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Imaging is a significant, but not independent, component of 
the multifaceted evaluation of the patient with spine or limb 
pain. Imaging must be interpreted in concert with the history, 
physical exam, electrodiagnostic evaluation, and responses to 
image-guided anesthetic or provocative procedures. It does 
not stand alone, but can only be understood in its proper 
context: the individual patient’s unique syndrome of pain or 
neurologic dysfunction.

Pain of spinal origin is extremely common; low back pain 
is the second most common cause of symptomatic office visits 
in the United States.1,2 There is a nearly 75% lifetime preva-
lence of back pain in the United States,3 and one third of U.S. 
adults report back pain in the previous 3 months.1 Advanced 
imaging is applied to this complaint with ever-increasing fre-
quency; the number of lumbar magnetic resonance imaging 
(MRI) scans among Medicare beneficiaries rose fourfold 
from 1994 to 2005.4 Over 40% of patients with acute low back 
pain underwent immediate imaging in a private insurance 
claims database study.5 In another Medicare-based study of 
low back pain patients without red flags for systemic disease, 
nearly 30% underwent imaging (radiography or advanced 
imaging) within 28 days.6 In a study in an emergency depart-
ment environment, the use of advanced imaging (computed 
tomography [CT] or MRI) for low back pain tripled from 
2002 to 2006.7 Approximately one third of Medicare low 
back pain patients who undergo outpatient MRI studies have 
not received any prior conservative therapy.8

Despite this intensity of imaging and the downstream 
effects of increasing minimally invasive interventions and sur-
gical procedures that flow from them, there is no evidence 
that patient outcomes are improving. Measures of physical 
functioning, work/school limitations, and mental health 
in U.S. adults with back or neck complaints were similar or 
worse in 2005 than in 1997.9 A regional study (North Caro-
lina) demonstrated that the proportion of adults with chronic 
low back pain causing activity impairment rose from 3.9% in 
1992 to 10.2% in 2006.10 A review article by Chou, Deyo, and 
Jarvik examined the evidence for our inefficient utilization 
of imaging in the back pain patient, underlying causal forces 
and mechanisms for initiating improvements.11 The purpose 
of this chapter is to foster the rational decision making they 
advocate in the use of spine imaging, based on evidence, 
as we in the pain management community seek to improve 
patient outcomes.

THE GOAL OF IMAGING

The primary goal of imaging in the patient with spine or 
limb pain is to identify patients who are suffering from an 

undiagnosed systemic process causal of the pain/dysfunc-
tion syndrome. This is an uncommon phenomenon. An 
analysis by Jarvik and Deyo12 suggests that 95% of low back 
pain is due to benign processes. In patients presenting to 
a primary care setting with low back pain, only 0.7% suffer 
from undiagnosed metastatic neoplasm. Spine infection, 
including pyogenic and granulomatous diskitis, epidural 
abscess, or viral processes, is present in only 0.01% of sub-
jects. Noninfectious inflammatory spondyloarthropathies, 
such as ankylosing spondylitis, account for 0.3% of presen-
tations. Osteoporotic compression fractures are the most 
common systemic pathologic process to present as back 
pain, accounting for 4% of patients.12 Imaging seeks to 
identify the approximately 5% of patients with back or limb 
pain who have undiagnosed systemic disease as the etiology 
of their pain. A related imaging goal is to characterize and 
assist in therapy planning in the very small percentage of 
patients who have neural compressive disease resulting in 
radiculopathy or radicular pain syndromes that fail conser-
vative therapy and require surgical or minimally invasive 
intervention.

SPECIFICITY: ASYMPTOMATIC IMAGING 
FINDINGS

The low prevalence of systemic disease as a cause of back 
pain implies that most imaging studies primarily describe 
what are often, and inappropriately, termed “degenerative” 
phenomena. These may include anterior and lateral verte-
bral body osteophytes, loss of T2 signal in the intervertebral 
disk, and structural changes of facet arthrosis. Degeneration 
is a pejorative term implying disease; these changes have no 
relationship to pain syndromes and correlate only with age. 
They are best referred to as age or age-related change. These 
age changes are typically relatively uniform across the spine, 
although the lowest lumbar segments are over-represented. 
Evidence for the lack of specificity of such imaging findings 
for spine pain syndromes is evident in cadaver studies, imag-
ing studies in asymptomatic populations, and population 
studies.

Nathan13 described the presence of anterior and lateral 
osteophytes in 100% of cadavers at the age of 40, whereas 
posterior osteophytes are present only in a minority of 
cadavers at 80 years of age. Hult14 studied adults with spine 
radiographs and showed that by age 50 years, 87% will have 
radiographic evidence of disk age-related change (narrowing 
of the disk space, marginal sclerosis with osteophytes, vacuum 
phenomena). In a second study including a cohort of asymp-
tomatic workers, Hult15 noted radiographic evidence of disk 
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“disease” in 56% of those aged 40 to 44 years, which rose to 
95% in subjects 50 to 59 years old. With the evolution of more 
sophisticated spine imaging techniques, this lack of specificity 
of degenerative findings has not improved. Hitselberger and 
Witten16 studied plain myelography of asymptomatic volun-
teers and noted that 24% showed abnormalities that would 
have been considered significant in a clinical context of back 
or leg pain. A study of lumbar spine CT in asymptomatic 
volunteers by Wiesel and colleagues17 showed that in patients 
older than 40 years, 50% had “significant” abnormalities. 
Similarly, Boden and colleagues18 evaluated MRI of the lum-
bar spine in asymptomatic volunteers; in patients older than 
60 years, 57% had abnormalities that would have been 
considered significant in an appropriate clinical setting. 
Jarvik and colleagues19 studied a large patient population 
with MRI. This study noted that only extrusions, moderate 
to severe central canal stenosis, and direct visualization of 
neural compression were likely to be significant and would 
separate patients with pain from asymptomatic volunteers. 
Disk protrusions, zygapophysial joint (z-joint or facet joint) 
arthrosis, and anterolisthesis or retrolisthesis were virtually 
always asymptomatic findings. Imaging studies of asymptom-
atic volunteers are compiled in Table 15.1.20-25

A study by Kanayama26 in 200 healthy adults (mean age 
40, with no current complaint or therapy for back pain nor 
any history of lumbar surgery) segregated lumbar MRI find-
ings by segmental level (Table 15.2). Asymptomatic T2 signal 
loss and disk herniations were most common at the L4 and 
L5 segmental levels; this series also had a high prevalence 
of asymptomatic high intensity zones (HZ) (24% at L4 and 
L5). More recent studies have addressed the prevalence 
of disk “degenerative” imaging findings (T2 signal loss, loss 
of disk space height) in younger populations, primarily in 

Scandinavian countries; these are MRI population-based 
studies without regard to symptomatology. Kjaer and col-
leagues,27 studying children age 13 years, found a 21% 
prevalence of disk “degeneration.” In a study of adolescents, 
Salminen and colleagues28 found a 31% prevalence of disk 
“degeneration” in 15-year-olds, which rose to 42% in 18-year-
olds. Takatalo and colleagues29 evaluated 558 young adults 
aged 20 to 22 years. Using the 5-point Pfirrmann classifica-
tion of disk degeneration, they noted disk degeneration of 
grade 3 or higher in 47% of these young adults. There was 
a higher prevalence in males (54%) than in females (42%). 
Multilevel degeneration was identified in 17%.

As in the lumbar region, age changes in the cervical and 
thoracic spine are common, asymptomatic, and increase in 
prevalence with age. Matsumoto studied nearly 500 asymp-
tomatic patients with MRI; he noted a loss of T2 signal within 
cervical disks in 12% to 17% of patients in their twenties, 
but in 86% to 89% of patients older than 60 years of age.30 
Asymptomatic cervical cord compression was observed in 
7.6% of patients, largely over the age of 50. Similarly, Boden 
studied 63 asymptomatic subjects with MRI and noted cervi-
cal disk “degeneration” in 25% of those younger than 40, 
and in excess of 60% of patients older than 40 years of age.31 
Asymptomatic subjects older than 40 years of age had a 5% 
rate of disk herniations and a 20% rate of foraminal stenosis. 
Teresi studied 100 asymptomatic subjects with MRI and noted 
asymptomatic cervical cord compression in 7% and either 
disk protrusion or annular bulge in 57% of subjects older 
than 64 years of age.32 In the thoracic spine, Wood studied 90 
asymptomatic patients with MRI.33 In this population, 73% of 
the patients had positive thoracic imaging findings, 37% had 
disk herniations, 53% demonstrated disk bulges, and asymp-
tomatic cord deformity was present in 29%.

Table 15.1  Imaging Abnormalities in Asymptomatic Subjects

Test
Author  
(reference), Date Patients (N)

Age Range 
(mean)

Disk 
Herniation

Disk 
Bulge

Disk 
Degeneration

Central Canal 
Stenosis

Annular 
Fissure

X-ray Hult (15)

1954
1200 40-44

55-59
56%
95%

X-ray Hellstrom (20)

1990
143 14-25 20%

Myelogram Hitselberger (16)

1968
300 (51) 31%

CT Wiesel (17)

1984
51 (40) 20% 3.4%

MRI Weinreb (21)

1989
86 (28) 9% 44%

MRI Boden (18)

1990
53 < 60

≥ 60
22%
36%

54%
79%

46%
93%

1%
21%

MRI Jensen (22)

1994
98 (42) 28% 52% 7%

MRI Boos (23)

1995
46 (36) 76% 51% 85%

MRI Stadnik (24)

1998
36 (42) 33% 81% 56% 56%

MRI Weishaupt (25)

1998
60 (35) 60% 28% 72% 20%

MRI Jarvik (19)

2001
148 (54) 38% 64% 91% 10% 38%

 

From Maus T. Imaging the back pain patient. Phys Med Rehabil Clin N Am. 2010; 21:725-766, Table 3.
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The evidence is deep and overwhelming. The struc-
tural spine imaging findings most commonly referred to 
as “degenerative changes” or “degenerative disk disease,” 
including anterior and lateral osteophytes, loss of T2 signal 
in the disk, loss of disk space height, disk bulges and protru-
sions, and facet arthrosis, are ubiquitous and unassociated 
with pain syndromes; their only association is with age. They 
can only be avoided by a youthful death. They are not a dis-
ease state and are best referred to as normal age change or 
age-related change.

A consequence of this high prevalence of asymptomatic 
age-related changes is that the imager must know the nature 
of the pain syndrome if he or she is to properly focus on 
findings significant to the unique patient under consider-
ation. There must be concordance of the imaging finding 
and the pain syndrome it is postulated to elicit. Imaging 
cannot prove causation, hence the need for anesthetic and 
provocative procedures. Communication regarding the 
nature of the pain syndrome is essential, whether this occurs 
through a robust electronic medical record, an intake docu-
ment at the imaging site, or direct interaction of the imager 
with the patient.

SENSITIVITY: PHYSIOLOGIC IMAGING

There is also a major sensitivity fault associated with spine 
imaging. The majority of patient symptoms referable to 
the spine occur in axially loaded positions, either sitting 
or standing. A substantial portion of radiographs and most 
advanced imaging (CT and MRI) are obtained in a recum-
bent position, removing the effects of axial load and physi-
ologic posture. This may fail to reveal the lesion responsible 
for the index pain.

There is ample evidence of the effect of axial load and 
physiologic posture on the biomechanical and structural 
characteristics of the spine, derived from biomechanical, 
cadaver, and imaging studies. Lumbar intradiskal pressures 
are higher when sitting or standing than when in a recum-
bent position.34 The cadaver study of Inufusa demonstrated 
a reduction in the cross-sectional area of the lumbar central 
canal and lateral recesses in extension, with an increase in 
flexion.35 Lumbar neural foraminal cross section is also 
diminished in extension and increased in flexion. Fujiwara 
noted a reduction in cadaveric lumbar neural foraminal area 
with side bending or rotation toward the index foramen; 
an increase in area was observed with side bending or rota-
tion away from the foramen.36 Studying normal volunteers, 
Schmid observed a 40-mm2 reduction in the cross-sectional 

area of the dural sac at the L3-L4 level with movement from 
flexion to extension.37 The lumbar neural foraminal cross-
sectional area was reduced by 23% in moving from an upright 
neutral to an upright extended position. Danielson38 noted a 
significant decrease in the dural sac cross-sectional area with 
axial loading in 56% of subjects, most commonly at L4-L5; 
this was more common with increasing age. Dynamic reduc-
tion in dural sac area with loading was less frequent in normal 
volunteers than in a population of patients with neurogenic 
intermittent claudication. Hansson and colleagues identi-
fied the ligamentum flavum as the most important struc-
ture resulting in dynamic reduction in the lumbar central 
canal area under physiologic loading.39 Physiologic posture 
(lumbar lordosis) is likely more important than axial load.40 
Multiple studies in patients with upright imaging have dem-
onstrated the enlargement of lumbar disk bulges or protru-
sions with axial load, which may be further exacerbated with 
extension.41,42 Synovial cysts, which may be provocative of 
radicular pain syndromes or contribute to neurogenic inter-
mittent claudication, may be undetectable on recumbent 
imaging when synovial fluid remains in the facet joint space. 
Upon the assumption of axial load and apposition of the facet 
articular surfaces, the fluid is forced from the joint space into 
the cyst, where it may act as a neural compressive lesion.

The cervical spine similarly exhibits dynamic physiologic 
change with posture and load. Cadaveric studies have demon-
strated increased disk bulging and buckling of the ligamentum 
flavum in cervical spine extension; the ligamentum flavum 
effect was most significant.43 MRI studies of patients44,45 noted 
an increase in central canal stenosis with both extension and 
flexion of the cervical spine relative to neutral posture; the 
decrease was most marked in extension. Cervical neural  
foramina diminish in cross section, width, and height in exten-
sion and increase in all these parameters in flexion.46

In summary, physiologic extension and axial load reduce 
the area of all lumbar spine compartments; these are 
increased in flexion. The cervical central canal is diminished 
in areas in extension more so than in flexion; it is maximal in 
the neutral position. Cervical foramina increase in all dimen-
sions in flexion and diminish in extension. These dynamic 
changes constitute the greatest sensitivity fault in imaging: 
conventional supine imaging may fail to reveal a lesion that 
is causal of the patient’s symptoms when that lesion is only 
expressed in physiologic postures.

Several methods have been devised to overcome this sen-
sitivity fault. Radiographs should always be obtained upright;  
this allows assessment of sagittal and coronal balance in a phys-
iologic posture. Flexion-extension radiographs may detect  
instability not observed on neutral upright views, but the yield 

Table 15.2  Segmental Distribution of Asymptomatic Lumbar Age-Related Change

Segment Disk 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% 49.5% 11% 23.5%
L5 35% 53% 10% 24%

 

Data abstracted from Kanayama M, Togawa D, Takahashi C, et al. Cross-sectional magnetic resonance imaging study of lumbar disk degen-
eration in 200 healthy individuals. J Neurosurg Spine. 2009;11:501-507.
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of diagnostic information is very low. In studies in both the 
lumbar and cervical spine segments, less than 1% of flexion-
extension radiographic studies provided information over 
that noted on static upright radiographs.47,48 The cost and 
radiation exposure is best deferred to a presurgical setting, not 
during an initial evaluation of the back or neck pain patient.

Advanced imaging can be performed with axial loading 
devices on conventional CT or MRI scanners. These devices 
can improve the sensitivity to the detection of clinically sig-
nificant central canal compromise.49 The 2011 North Ameri-
can Spine Society’s evidence-based guidelines on evaluation 
and treatment of spinal stenosis suggest axially loaded 
imaging in the setting of suspected neurogenic intermit-
tent claudication and stenosis unconfirmed by conventional 
imaging, with a canal diameter of less than 110 mm.22,50 
Willén and colleagues demonstrated that surgical results of 
cases of occult lumbar spinal stenosis detected only by axially 
loaded MRI were comparable to those of stenosis observed 
in unloaded MRI examinations.51

MRI scanning in an upright position—sometimes referred 
to as dynamic, positional, or kinetic MRI—is now commer-
cially available and widely marketed. The practical challenge 
is that currently available systems are of low field strength 
(0.6T), with an unavoidable reduction in image quality. This 
reduction in image quality can have important consequences 
for clinical image interpretation. If current low field strength 
dynamic systems were applied selectively to cases where con-
ventional imaging failed to demonstrate a correlative lesion 
causal of the patient’s pain, the patient would likely benefit. 
All too often, however, the cost of these systems results in 
their routine use, or even promotion as the best available 
imaging tool for all spine conditions. This practice could 
harm patients, as diminished image quality reduces sensitiv-
ity to the detection of sinister lesions, which is the primary 
goal of imaging the back pain patient (Fig. 15.1).

VALIDITY

Spine imaging must be undertaken with a full understanding 
of the specificity and sensitivity faults inherent in its use. The 
ultimate question, of course, is one of validity: Does perform-
ing an imaging study of the spine segment in question result 
in improved patient outcomes through a more timely and 
accurate diagnosis of the process causing the patient’s pain? 
This is well studied, particularly in the application of imaging 
to the acute presentation of back pain. Chou and colleagues 
performed a meta-analysis of the six randomized controlled 
trials (n = 1804) examining the role of imaging in the acute 
presentation of back or limb pain with no clinical features 
suggesting systemic disease.52 They identified no benefit in 
pain, function, quality or life, or patient-rated improvement 
in patients undergoing imaging (radiographs, CT, or MRI) 
at presentation versus those undergoing clinically directed 
conservative care. Although routine imaging might have 
been expected to provide reassurance, imaged patients did 
not have better psychological outcomes.

Carragee and colleagues elegantly demonstrated the 
lack of utility of imaging in the acute setting in a 5-year 
prospective observational study.53 A cohort of asymptom-
atic subjects deemed to be at risk for back pain resulting 
from labor-intensive vocations underwent lumbar spine 
MRI. This patient cohort was followed periodically over the 

subsequent 5 years; a subset of these subjects presented to 
a medical care provider with acute back or leg pain during 
this 5-year period and a second lumbar MRI was obtained. 
Less than 5% of the MRI scans obtained at the time of acute 
presentation with back or leg pain showed clinically relevant 
new findings; virtually all of the “positive findings” noted on 
the images at the time of presentation with back/leg pain 
had been present on the baseline studies obtained when the 
patient was asymptomatic. Only direct evidence of neural 
compression in patients with a corresponding radicular pain 
syndrome was considered to be useful imaging information. 
Of particular note, psychosocial factors, not the morphol-
ogy seen on imaging, were the best predictors of the degree 
of functional disability caused by back or leg pain.53

A study by Modic,54 also in the acute presentation of low 
back pain or radiculopathy, showed no relationship between 
the extent of disk herniations and presenting signs or symp-
tom. The type, size, or location of a herniation at presenta-
tion, or change in size or type over time, did not correlate 
with clinical outcomes. MRI imaging characteristics did not 
have measurable value in planning conservative care. The 
study emphasized that the surgical decisions must be made 
on clinical grounds, given the inability of imaging to predict 
outcomes. The Modic study, like that of Carragee, demon-
strated that psychosocial factors predict functional disability 
better than imaging parameters.54

Although the depth of evidence regarding the inability of 
imaging to improve outcomes in back and limb pain patients 
is most profound in the acute setting, it applies more broadly 
as well. Chou and colleagues11 explored the seemingly coun-
terintuitive finding that routine imaging does not lead to bet-
ter outcomes in back or limb pain. This lack of utility can be 
attributed to the favorable natural history of back and limb 
pain, the low prevalence of sinister disease as causal of back 
pain, the weak correlation between imaging findings and 
symptoms (the specificity fault), and the minimal impact of 
imaging on clinical decision making. Given the demonstra-
ble modest utility of imaging, the decision to undertake this 
path must be a carefully reasoned one.

IMAGING RISK/BENEFIT

The decision to proceed with any medical test or procedure 
should be preceded by a consideration of likely benefit 
weighed against risk or actual harms. Certainly there are 
benefits to be derived from imaging. Foremost, imaging may 
suggest the diagnosis of previously unsuspected systemic 
disease. In the patient with a radicular pain syndrome or 
radiculopathy that has not responded to conservative ther-
apy, imaging may supply invaluable information that allows 
planning of minimally invasive or surgical procedures. Neg-
ative imaging should also have value in providing reassur-
ance that there is no sinister disease present and in stopping 
further workup in appropriate circumstances. Finally, in 
patients with chronic pain syndromes, imaging may assist in 
the identification of the structural or inflammatory cause of 
such pain. Only when a specific pain generator is identified 
can a specific plan of therapeutic intervention, whether it be 
conservative or invasive, be developed.

There are direct harms and potential risks associated with 
imaging, which must be balanced against potential benefits. 
These include radiation dose, cost, the labeling effect, and 
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the downstream risk of provoking minimally invasive or sur-
gical interventions of dubious efficacy.

Radiation dose in radiography, CT or CT/myelography, 
and nuclear medicine studies constitutes a direct patient 
harm. Radiation exposure from radiographs, CT, and 
nuclear medicine studies carries a cumulative risk of neo-
plasm induction. This risk becomes particularly problematic 
when serial studies are performed. The biologically effec-
tive absorbed radiation dose is measured by the Sievert (Sv); 
in North America, the average annual natural background 
exposure is approximately 3 mSv.55 A frontal and lateral 
chest radiograph is often considered the common currency 
of radiation exposure, incurring a dose of approximately 
0.1 mSv. A three-view lumbar spine radiographic series is 
then worth approximately 15 chest radiographs, or 1.5 mSv; 
cervical spine radiographs incur a dose 0.2 mSv. A dose of 
6 mSv is typical for a lumbar spine CT scan, a value of 60 
chest radiographs. Cervical spine CT incurs 2 mSv, or 20 
chest radiographs. A technetium bone scan has a dose of 6.3 
mSv. The cumulative radiation exposure creates real harm; 

the 2.2 million lumbar spine CT scans performed in the 
United States in 2007 were projected to result in 1200 future 
cancers.56 Although less radiation intensive, lumbar radi-
ography is performed much more frequently than CT and 
contributes nearly fivefold the cumulative radiation burden 
to the U.S. population.57 The average annual radiation expo-
sure from lumbar radiographs is 75 times that of chest radi-
ography.57 Radiation risks of spine imaging are made more 
acute by the necessary inclusion of radiosensitive tissues, the 
gonadal structures in the pelvis, and the thyroid in the neck.

Imaging studies of the spine are costly. In the United 
States, the medical imaging community incurs more than 
$100 billion of societal cost per year. The 2012 Medicare 
reimbursements58 for lumbar spine imaging include 
radiographs: $41; noncontrast CT: $264; myelogram: 
$506; noncontrast MRI: $439; whole-body positron emis-
sion tomography (PET)/CT: $1183; bone scan with single-
photon emission CT (SPECT): $261.18 Nominal fees are 
typically 3 to 5 times the Medicare reimbursements. It is 
easy to appreciate how quickly imaging costs can accrue.

D E
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Figure 15.1 Diminished sensitivity of low field strength upright MRI to sinister lesions. A 74-year-old female presented with bilateral lower 
extremity weakness and pain with a low field strength upright MRI from another institution. Sagittal T2 image (A) and axial T2 image (B) at the 
L4 level show degenerative spondylolisthesis at L4 with central canal compromise. She underwent an L3-L5 decompression without change in 
symptoms. A 1.5 Tesla MRI performed 3 weeks postoperatively demonstrated nodularity (arrows) in the cauda equina on a T2 sagittal image (C). 
Gadolinium-enhanced fat-saturated T1 sagittal (D) and axial (E) images demonstrate diffuse leptomeningeal metastases from breast cancer. She 
died in 2 months. A high-quality preoperative MRI would have likely led to the diagnosis and avoided an unnecessary operation. (From Khalil JG, 
Nassr A, Maus TP. Physiologic imaging of the spine. Radiol Clin North Am. 2012;50:599-611.)
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The labeling effect refers to the inevitable identification 
of age-related change, usually described as “degenerative 
change,” or “degenerative disk disease” on imaging studies 
obtained in evaluation of back or limb pain. The patient may 
then perceive that he or she suffers from a degenerative spine 
condition; the term degenerative has only negative connota-
tions. Fearing further damage to their “degenerative” spine, 
they may give up favorite activities and exercise, resulting in 
deconditioning and contributing to depression. These fear-
avoidance behaviors can be a major impediment to recovery. 
In a study in which back pain patients were randomized to 
either receiving or being blinded to the results of their MRI 
imaging, those who were privy to the results (which were all 
benign) had a lesser sense of well-being.54 A study of subacute 
or chronic back pain patients showed that those who under-
went spine radiography reported more pain, had a diminished 
global health state, and consumed more follow-up care than 
those who were not imaged.59 These findings emphasize the 
need for patient education regarding the insignificance of age-
related imaging findings; imaging professionals should care-
fully choose descriptive language in imaging reports and avoid 
the use of pejorative terms such as “degenerative change.”

Finally, and most ominously, imaging may precipitate 
interventions that have little evidence of efficacy and expose 
the patient to harm. Jarvik and colleagues60 documented 
that obtaining advanced imaging (MRI) early in a patient’s 
spine pain syndrome leads to increased surgical interven-
tions despite equivalent pain and disability profiles, when 
compared with un-imaged patients. Likewise, Lurie and col-
leagues61 examined the dramatic regional variation (12-fold) 
in the rate of surgical intervention for central canal stenosis. 
These investigators noted that the rate of surgical interven-
tion correlated directly with the intensity of CT and MRI 
use. Webster and colleagues, evaluating subjects with acute 
job-related back pain, noted that undergoing an MRI in the 
first month of symptoms was associated with an eightfold 
increased risk for surgery and a fivefold risk for more medi-
cal care consumption than that noted for clinically matched, 
un-imaged subjects.62 Many of the interventions directed 
toward spine pain, both surgical and minimally invasive, have 
only modest, if any, evidence basis.

IMAGING RECOMMENDATIONS

Imaging is performed to identify sinister disease as a cause 
of a patient’s back or limb pain. Spine imaging has major 
specificity and sensitivity faults. The decision to initiate imag-
ing must occur as a reasoned decision, weighting potential 
benefit against real harms and risk. The evidence is clear 
that there is no benefit to imaging in the acute presentation 
of back or limb pain in the absence of signs or symptoms of 
systemic disease. These principles are firmly based on evi-
dence and have led to the imaging guidelines promulgated 
by several scientific societies.

These guidelines are not new. In 1994, the Agency for 
Health Care Policy and Research recommended against 
imaging patients with back pain within the first month of a 
pain syndrome in the absence of signs of systemic disease.63 
The American College of Radiology (ACR) consensus prac-
tice guidelines were restated in 2009.64 Imaging is not indi-
cated in the patient who presents with acute low back pain 

with or without radiculopathy except in the presence of “red 
flag” features including the following:

	•	 	Recent	 significant	 trauma,	 minor	 trauma	 in	 a	 patient	
older than 50 years

	•	 	Unexplained	weight	loss
	•	 	Unexplained	fever
	•	 	Immunosuppression
	•	 	History	of	neoplasm
	•	 	Prolonged	steroid	use	or	osteoporosis
	•	 	Age	greater	than	70	years
	•	 	Known	intravenous	drug	abuse
	•	 	Progressive	neurologic	deficit	with	intractable	symptoms
	•	 	Duration	longer	than	6	weeks

A 2007 joint recommendation from the American College 
of Physicians (ACP) and the American Pain Society stated 
that imaging should not be obtained in patients with non-
specific low back pain.65 Imaging should only be performed 
when severe or progressive neurologic deficits are present or 
when serious underlying systemic disease is suspected. Fur-
thermore, patients with signs or symptoms of radiculopathy 
or spinal stenosis should be imaged only if they are candi-
dates for surgical or minimally invasive intervention (e.g., 
epidural steroid injection). In a further elaboration on these 
guidelines, the ACP, in its initiative to promote high-value 
medical care, provided more specific imaging recommenda-
tions based on clinical scenarios (Table 15.3).66

There is evidence that of the small proportion of subjects 
with sinister disease as the cause of their back or limb pain, 
virtually all have risk factors that trigger imaging under 
these guidelines. A retrospective study of 963 patients pre-
senting with acute low back pain noted that the 8 subjects 
with neoplasm all had clinical risk factors.67 In a prospective 
study of 1170 acute low back pain patients without clinical 
risk factors, no cases of neoplasm were found.68 No sinister 
disease was missed in the absence of clinical risk factors in a 
subsequent systematic review.69

Despite these well-supported, evidence-based guidelines, 
clinical practice in the United States remains greatly diver-
gent from this ideal. By one estimate, between one third 
and two thirds of all advanced spine imaging is inappropri-
ate when measured against existing guidelines.4 Utilization 
of spine imaging is accelerating despite a complete lack of 
evidence of its effectiveness in improving the outcomes of 
back and limb pain patients. Chou and colleagues have enu-
merated causes of this overutilization: inappropriate patient 
expectations, direct and indirect financial incentives on the 
part of providers, defensive medicine, and provider time 
constraints.11 These issues present great challenges to imag-
ing professionals and those who utilize imaging to improve 
the clinical state of their patients. Solutions will undoubt-
edly be multifactorial, but education of the patient, the 
imaging professional, and imaging consumers would seem 
to be at the heart of the matter. It is hoped that the evidence 
presented here will assist in more rational decision making 
regarding imaging the spine pain patient (Box 15.1).

RADIOGRAPHS

With the failure of clinically directed conservative care, 
and having made a reasoned decision to initiate imaging of 
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the spine pain patient, imaging should begin with upright, 
weight-bearing radiographs of the appropriate spine seg-
ment. The ACR and the ACP are consistent in their recom-
mendations that patients with “red flag” features of recent 
trauma, osteoporosis, age greater than 70 years, or clinically 
suspected inflammatory spondyloarthropathy should ini-
tially undergo radiographs; advanced imaging should be 
reserved for patients with progressive neurologic deficits 
or a strong clinical suspicion of infection or neoplasm.64-66 
Radiographs provide a modest sensitivity screen for sinister 
conditions, establish spine enumeration, and when per-
formed in physiologic positions allow assessment of sagittal 
and coronal plane balance.

Spine enumeration is a critical but underappreciated role 
of radiographs. The typical spine morphology of 24 mobile, 
presacral spine segments (7 cervical, 12 rib-bearing tho-
racic, and 5 lumbar type vertebral bodies) is not uniformly 
present; deviation can result in confusion in establishing the 
origin of pain syndromes, or wrong segment minimally inva-
sive or surgical interventions. It can be reasonably assumed 
in the human species that there are 7 cervical vertebrae. 
There is considerable variation in the number and distribu-
tion of thoracic and lumbar segments that may be difficult 
to appreciate on MRI alone; radiographs can establish this 
enumeration and serve as the foundation for subsequent 
advanced imaging description.

In a study by Carrino and colleagues using complete 
spine radiographs, 91.8% of subjects had 24 presacral verte-
bral segments: 4.8% had 23 and 3.4% had 25.70 Akbar and 
colleagues, using full spine sagittal MRI localizer images, 

identified 23 presacral segments in 3.3% of subjects and 25 
in 3.3%; these anomalies of spine enumeration were not 
mentioned in the radiology report in nearly 70% of cases.71 
In Carrino’s study, if one considers both anomalous number 
and distribution (e.g., 13 rib-bearing vertebrae + 4 lumbar 
type vertebrae) of thoracolumbar spine segments, 10.9% of 
subjects have nonclassical anatomy.70 For the spine interven-
tionalist, this implies these situations are in the procedure 
room regularly; failure of recognition virtually guarantees 
wrong segment procedures.

Anomalous segmentation is predicted by the presence of 
transitional thoracolumbar or lumbosacral vertebral bodies,  

Table 15.3  Suggestions for Imaging in Patients with Acute Low Back Pain

Imaging Action and Clinical Situation Suggestions for Initial Imaging

Immediate Imaging
Radiography plus erythrocyte sedimentation 

rate*
Magnetic resonance imaging

Major risk factors for cancer (new onset of low back pain with history of cancer, multi-
ple risk factors for cancer, or strong clinical suspicion for cancer)

Risk factors for spinal infection (new onset of low back pain with fever and history of 
intravenous drug use or recent infection)

Risk factors for or signs of the cauda equina syndrome (new urine retention, fecal 
incontinence, or saddle anesthesia)

Severe neurologic deficits (progressive motor weakness or motor deficits at multiple 
neurologic levels)

Defer Imaging after a Trial of Therapy
Radiography with or without erythrocyte 

sedimentation rate

Magnetic resonance imaging

Weaker risk factors for cancer (unexplained with weight loss or age > 50 years)
Risk factors for or signs of ankylosing spondylitis (morning stiffness that improves 

with exercise, alternating buttock pain, awakening because of back pain during the 
second part of the night, or younger age (20 to 40 years)

Risk factors for vertebral compression fracture (history of osteoporosis, use of corticos-
teroids, significant trauma, or older age [> 65 years for women or > 75 years for men])

Signs and symptoms of radiculopathy (back pain with leg pain in an L4, L5, or S1 
nerve root distribution or positive result on straight leg raise or crossed straight leg 
raise test) in patients who are candidates for surgery or epidural steroid injection

Risk factors for or symptoms of spinal stenosis (radiating leg pain, older age, or pseu-
doclaudication) in patients who are candidates for surgery

No imaging No criteria for immediate imaging and back pain improved or resolved after a 1-month 
trial of therapy

Previous spinal imaging with no change in clinical status

 

*Consider magnetic resonance imaging if the initial imaging result is negative but a high degree of clinical suspicion for cancer remains.
Adapted from Chou R, Qaseem A, Owens DK, et al. Diagnostic imaging for low back pain: advice for high-value health care from the American 

College of Physicians. Ann Intern Med. 2011;154:181-189, Table 4.)

	•	 	The primary role of imaging is the identification of undiag-
nosed systemic disease.

	•	 	Spine imaging has a significant specificity fault: a high 
prevalence of asymptomatic age-related “degenerative” 
findings.

	•	 	Significance of imaging findings depends on concordance: 
the imager must know the pain/dysfunction syndrome.

	•	 	Spine imaging may be insensitive to dynamic lesions.
	•	 	No imaging is indicated in the acute presentation of back or 

limb pain in the absence of “red flag” features.
	•	 	The decision to undertake imaging must be a reasoned 

harms and risk/benefit judgment.
	•	 	Imaging correlates poorly with clinical presentation and 

course.

Box 15.1  Spine Imaging Principles
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which may be a source of confusion in their own right. 
Thoracolumbar transitional segments have hypoplastic  
ribs at the lowest rib-bearing segment; they were present in 
4.1% of subjects in Carrino’s study.70 Lumbosacral transi-
tional segments have characteristics of both the L5 lumbar 
body and the superior sacral segment; their described preva-
lence ranges from 4% to 30%.72 The Castellvi classification 
(Fig. 15.2) describes the morphologic types, ranging from 
an expanded (height > 19 mm) dysplastic transverse pro-
cess (type I), through a pseudoarticulation between the 
transverse process and sacral ala (type II), to osseous fusion 
between the transverse process and the sacrum (type III).73 
Type IV denotes the presence of a type II transition on one 
side and a type III on the other. Unilateral (a) and bilateral 
(b) subtypes are also described. On lateral radiographs or 
sagittal MRI images, a transitional segment can be suggested 
in the presence of a perceived narrow S1-S2 disk, which 
extends for the entire anterior-posterior (AP) width of the 
sacral body with parallel end plates and a squared upper 
sacral segment (Fig. 15. 3).72 The presence of a transitional 
lumbosacral segment increased by sevenfold the likelihood 
of an anomalous number of presacral segments. In patients 
with radicular pain syndromes and lumbosacral transitional 
anatomy, the pain practitioner must also be aware of the 
possibility of an extraforaminal nerve entrapment between 
the enlarged transverse process and sacral ala.

Correlation of pain syndromes with imaging findings 
can be confounded in patients with transitional anatomy 
or anomalous segmentation. It is best to consider that, in 
general, radicular innervation patterns remain relatively 
constant when counted caudally from the skull base, but 

the skeletal anatomy may change about them. For example, 
the 26th nerve (8 cervical nerves, 12 thoracic, 5 lumbar, 1st 
sacral nerve) from the skull base most commonly innervates 
the medial head of the gastrocnemius and the soleus mus-
cles, the basis of the S1 radicular pain pattern. In a patient 
with 25 presacral vertebral segments, this may exit under the 
pedicle of the lowest lumbar type vertebral body, creating 
confusion for the unwary practitioner (Fig. 15.4). There is 
also variation in typical innervation patterns in the presence 
of transitional anatomy, which may introduce further local-
ization challenges. Only meticulous attention to spine enu-
meration, best provided by plain radiographs, sometimes 
supplemented by total spine MRI localizer images, will pro-
tect the spine pain patient and interventionalist from wrong 
segment invasive procedures (Box 15.2).

When radiographs are obtained, they should be upright, 
weight-bearing images. Only in a physiologic posture can 
one assess sagittal and coronal balance (Fig. 15.5). Upright 
radiographs demonstrate more thoracic kyphosis and lum-
bar lordosis than do recumbent images.74 Weight-bearing 
images may also demonstrate instability, most commonly 
L4-L5 degenerative spondylolisthesis, which would be 
occult on recumbent films.75 In spinal deformity patients, 
the exacerbation of spinal curves with weight bearing can 
be dramatic. Flexion-extension radiographs in the lumbar 
or cervical spine are not indicated as part of an initial imag-
ing investigation. There is no role for oblique radiographs 
of the spine; in the lumbar region they double the gonadal 
dose and do not provide useful information that will affect 
clinical decision making.75 Cervical spine oblique views simi-
larly serve only to irradiate sensitive tissue (thyroid, lens of 
the eye) without clinical benefit.

ADVANCED IMAGING MODALITIES

When radiographs are not explanatory of an unremitting 
pain syndrome or suggest underlying systemic disease, 
advanced imaging (CT, MRI, nuclear medicine) may be 
obtained. CT has undergone a revolution since the early 
2000s with the advancement of multidetector technology. 
A data set for the lumbar spine can now be obtained in a 
few seconds, eliminating motion artifact and dramatically 
improving patient tolerance. This data set can then be recon-
structed in any plane without a loss of spatial resolution or 
additional radiation exposure. CT provides superior imaging 
of cortical and trabecular bone when compared with MRI. 
For this reason, CT may be necessary to characterize pri-
mary bone tumors of the spine. CT also provides reasonable 
contrast resolution and can identify root compressive lesions 
such as disk herniations or characterize central canal, lateral 
recess, and foraminal compromise in the majority of cases. 
CT cannot identify intrathecal pathology and is less sensitive 
than MRI in the detection of early inflammatory or infec-
tious processes, neoplasm, or paraspinal soft tissue lesions. 
Radiation dose must always be considered when employing 
CT, particularly in young patients or in serial studies. One 
by-product of the rapid technological advance of CT is that 
the literature contains no comparative studies between MRI 
and the latest generation of multidetector CT scanners in 
the detection and characterization of disk herniations.

MRI has been the dominant spine imaging modality 
since the 1990s, despite modest technological advancement 
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Figure 15.2 Castellvi classification of lumbosacral transitional seg-
ments.
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in the realm of spine imaging in that time span. MRI has 
superior contrast resolution and thus the ability to distin-
guish between soft tissue types, allowing it to detect intrathe-
cal pathology and identify subtle root compressive lesions. 
MRI has superior sensitivity in the detection of neoplasm 
and infection. With the use of gadolinium contrast, or heav-
ily T2-weighted imaging sequences (short-tau inversion 
recovery [STIR] or fast spin echo T2 sequences with fat 

saturation), MRI can detect the physiologic parameters of 
edema, hyperemia, and inflammatory change. It has greater 
specificity than CT in characterizing the chronicity of frac-
tures. With gadolinium enhancement, MRI can distinguish 
between recurrent disk herniation and scarring in the post-
operative patient. MRI does not evaluate cortical bone well. 
Patient acceptance remains problematic because of pro-
longed imaging times and up to 10% examination failures 
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Figure 15.3 Transitional segments. Lateral radiograph (A) and sagittal T2 MRI image (B) demonstrate typical findings of a transitional segment 
interspace (arrows): a narrow disk space with parallel end plates and normal T2 signal intensity. Castellvi IIa transitional segment is demonstrated 
in frontal (C) and lateral (D) radiographs. Note right pseudoarticulation. In another patient, frontal radiograph (E) shows a left-sided pseudoarticu-
lation, also seen on the axial CT image (arrows in [F]). Narrow, parallel end plates are visible in the transitional interspace on the lateral radiograph 
(G). This patient had axial pain attributed to the pseudoarticulation; this was injected (H) with relief of the index pain.
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caused by claustrophobia. Open magnets have improved 
patient acceptance, but at the cost of image quality. A small 
percentage of patients are MRI incompatible due to pace-
makers, spinal cord stimulators, or other implanted devices. 
MRI remains costly. The sensitivity challenges imposed by 
recumbent MRI imaging were discussed earlier; the hope 
is that the engineering challenges of high field strength, 
weight-bearing MRI imaging will be met in the near future.

CT myelography retains a problem-solving role in the 
lumbar spine; it will substitute for MRI in the incompatible 

patient. CT myelography has superior spatial resolution 
when compared with MRI but lacks its soft tissue contrast 
resolution. It can provide an exquisite demonstration of root 
compressive lesions and central canal, lateral recess, and 
foraminal compromise. In the cervical spine, the superior 
spatial resolution of CT myelography and its ability to dis-
criminate between bone and soft tissue compressive lesions 
give it a continuing role. CT myelography is minimally inva-
sive, expensive, operator dependent to a degree, and also 
requires current CT technology to be maximally useful.
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Figure 15.4 The importance of segmental enumeration. This 36-year-old male who has failed conservative care presents with a left-sided L5 
radicular pain pattern involving the lateral thigh, lateral calf, and dorsum of the foot. His MRI (sagittal T2 [A] and axial T1 [B] at level of dotted line) 
shows a subtle disk extrusion in the left lateral recess (arrow in [B]) at the penultimate interspace. The lowest-most disk appears transitional. MRI 
scout (C) image demonstrates 24 presacral segments. Frontal and lateral radiographs (D and E) may suggest 5 lumbar vertebrae on cursory exami-
nation; careful counting at fluoroscopy noted 11 rib-bearing vertebrae. T12 has no ribs and L5 is transitional, Castellvi type 4. The transforaminal 
epidural steroid injection (F and G) was performed under the pedicle bearing the dysplastic left T5 transverse process and relieved the patient’s pain. 
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Cone-beam CT, weight-bearing myelography holds prom-
ise for assessing position-dependent pain syndromes, at least 
in part defeating the sensitivity fault of recumbent advanced 
imaging. In this technology, arising from rotational angiog-
raphy roots, the C-arm rapidly rotates about the standing 
patient who has had contrast introduced into the thecal sac. 
A flat panel fluoroscopy detector gathers a data set that can 
be reconstructed in any plane. Soft tissue contrast does not 
approach that of true CT, and the longitudinal field of view 
is limited to the length of the flat panel detector. Despite 
these limitations, the high inherent contrast among intrathe-
cal contrast, the soft tissue structures of the spinal column, 
and bone allows for a very good depiction of central canal, 
lateral recess, and foraminal compromise. This technology 
will only improve (Fig. 15.6).

Nuclear medicine studies are growing in importance 
in spine imaging. Technetium pyrophosphate bone scans 
detect increased blood flow and accelerated bone metabolic 
activity. With the addition of SPECT and SPECT/CT image 
fusion, significant additional spatial localization of hyperemia 
and increased metabolic activity are possible. This imaging 
is traditionally useful in assessing the burden of metastatic 
disease but can also be valuable in assessing non-neoplastic 
inflammatory states such as spondylolysis. SPECT/CT can 
potentially identify inflammatory synovitis in the facet and 
sacroiliac joints, which might guide interventions. However, 
validation studies of these techniques against accepted refer-
ence standards such as comparative blocks in the facet joints 
or intra-articular sacroiliac blocks have not yet been done. 
When MRI is not technically feasible, technetium bone scan-
ning can be used to characterize the chronicity of vertebral 
fractures in selecting patients for bone augmentation. The 
technetium bone scan, in combination with gallium scan, 
offers sensitivity equal to MRI in the detection of spondy-
lodiscitis. However, these techniques provide less anatomic 
information and MRI may ultimately be necessary to char-
acterize the degree of central canal compromise that may 
influence surgical decision making. PET or PET/CT scans 
have an increasing role in assessing the burden of metastatic 
disease and in selecting lesions for percutaneous biopsy.

	•	 	Approximately 11% of subjects will have anomalies of number 
or distribution of thoracolumbar vertebral bodies.

	•	 	Anomalous segmentation is predicted by the presence of 
transitional thoracolumbar or lumbosacral vertebral bodies.

	•	 	Ideally, vertebral numbering should occur from the skull 
base caudally.

	•	 	Practically, the human cervical spine is homologous and 
can be assumed to have seven segments.

	•	 	T1 is marked by the first upward inclined transverse 
process.

	•	 	Meticulous enumeration on every case will prevent wrong 
segment procedures.

Box 15.2  Spine Enumeration
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Figure 15.5 The effect of upright weight-bearing radiographs on balance and deformity. Recumbent radiograph (A) shows lumbar sco-
liosis with a rotatory component, which is significantly exacerbated in a subsequent upright radiograph (B). In another patient, the recumbent 
radiograph (C) underestimates the true scoliotic curve seen on an upright radiograph (D). Sagittal and coronal balance can only be assessed on 
upright, weight-bearing imaging.

G

Figure 15.4, cont’d Note (G) the typical appearance of a transitional 
disk space. Careful enumeration of every case is the only way to avoid 
wrong segment interventions.



196 PART 3 — EVALUATION AND ASSESSMENT

IMAGING OF AXIAL PAIN GENERATORS

Axial pain that may have an imaging correlate derives 
primarily from stimulation of nociception of the spinal 
articulations: the intervertebral disk, the zygapophysial 
or facet joints, and the sacroiliac joint. More broadly, it 
may include pain originating from the muscular or liga-
mentous structures in the supporting architecture of the 
spine. Axial pain is clinically characterized as constant, 
dull, deep, poorly localized, and aching, located primarily 
in the paraspinous region with inconstant referral to the 

proximal extremities. This is in distinction to the neuro-
pathic pain of radicular character, which is typically sharp, 
electric, lancinating, and experienced in a bandlike distri-
bution into the more distal extremities. The prevalence 
of axial spine pain generators has been well described by 
Depalma (Table 15.4).76,77 Intervertebral disk disruption 
(IDD) was the most common axial pain generator in this 
series, followed by the facet joint, the sacroiliac joint, and 
insufficiency fractures of the spine or pelvis. This work also 
emphasized the age dependence of these pain sources. 
Patients with diskogenic pain (IDD) were significantly 
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Figure 15.6 Ligamentum flavum redundancy (buckling) on upright myelography (cone beam CT). A 66-year-old man imaged for neuro-
genic intermittent claudication. Conventional myelogram in the lateral plane with the patient in the prone position (A) and postmyelogram sagittal 
(B) and axial CT at L4-5 interspace (C) with the patient in the prone position show minimal redundancy of the ligamentum flavum (black arrows) 
and mild central canal compromise at the L4-5 level. Cone beam CT myelography with the patient in an upright position demonstrates a marked 
increase in ligamentous buckling (white arrow) on the sagittal reconstruction (D) and complete effacement of the thecal sac on the axial recon-
struction (E). (Courtesy of Kent Thielen, MD, Mayo Clinic, Rochester, MN.)
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younger than patients with facet or sacroiliac joint pain. 
As age increased, the probability of IDD as a pain source 
decreased and the probability of facet or sacroiliac pain 
increased, up to approximately age 70.76 A later multivari-
able analysis also showed a gender relationship, with IDD 
more prevalent in young men.78 This echoes the earlier 
work of Schwarzer, who demonstrated that lumbar facet–
mediated pain was uncommon in a population of young 
workers (∼15%) but more highly prevalent in an aged pop-
ulation (∼32%).79,80

IMAGING CORRELATES OF DISKOGENIC 
PAIN

The imaging diagnosis of diskogenic pain is made challenging 
by the lack of a pathoanatomic gold standard against which to 
assess imaging parameters. It is not possible to evaluate a disk, 
either at surgery or upon histologic examination, and deem 
it painful. The current most stringent reference standard for 
the diagnosis of diskogenic pain is manometrically controlled 
provocation diskography with normal control levels as docu-
mented in the practice guidelines of the International Spine 
Intervention Society (ISIS).81

It is important to observe, however, that examination 
of the same body of evidence regarding the validity of 
diskography as the reference standard has resulted in dia-
metrically opposed recommendations regarding its use by 
different physician societies. The ISIS,81 the North Ameri-
can Spine Society,82 and the International Association for 
the Study of Pain83 accept diskography as a useful diagnos-
tic tool in back pain patients and recommend its use. The 
American Pain Society rejects diskography as a diagnosti-
cally useful test.84 A comprehensive review of diskography 
in the journal of the American Society of Regional Anes-
thesia and Pain Medicine notes that whereas CT diskogra-
phy is the gold standard for the assessment of structural 
disk alteration, there is no convincing evidence that the 
use of diskography as a selection tool improves surgical 
outcomes.85 Any analysis of imaging findings in diskogenic 
pain patients thus remains based on a reference standard 
(provocation diskography) that is ultimately unproved 

against a pathoanatomic gold standard. This is further 
confounded by evolution of the criteria for a positive disk-
ogram since the 1990s. For the purposes of this discussion, 
only concordant pain responses were considered to repre-
sent a positive diskogram. A significant concordant pain 
response without a specification of pain intensity or the use 
of manometry is defined as a Walsh criterion.86 Inclusion of 
the requirement for a normal control disk elevates the cri-
teria to that of the International Association for the Study 
of Pain (IASP).83 None of the studies reviewed here mean-
ingfully used manometric control or met the ISIS criteria 
for positive diskography.81

Although challenging, there is motivation to make the 
diagnosis of diskogenic pain via noninvasive imaging. Dis-
kography has until recently been considered a minimally inva-
sive and nondestructive test. There is now in vitro and in vivo 
evidence suggesting that disk puncture or diskography may 
contribute to disk dysfunction. Korecki and colleagues87 
noted that in a bovine disk model, single punctures with 
a 25-gauge needle resulted in biomechanical degradation 
of disk function with cyclic loading. Carragee and cowork-
ers88 demonstrated on 10-year follow-up MR imaging that 
asymptomatic subjects who had undergone investigational 
diskography showed more degenerative phenomena than 
did matched control subjects. Although the clinical signifi-
cance of these observations remains uncertain, noninvasive 
diagnosis is desirable.

The specificity fault inherent in spine imaging was pre-
viously discussed: manifestations of disk “degeneration” 
are ubiquitous, usually asymptomatic, and primarily rep-
resent normal age change. In a population of symptom-
atic patients with suspected diskogenic pain, however, are 
there imaging findings that correlate with positive provo-
cation diskography? The findings evaluated in the litera-
ture include (1) loss of disk space height, (2) generalized 
alterations in T2 signal within the disk, (3) alterations of 
disk contour, (4) Modic end plate marrow changes, and 
(5) the presence of high intensity zones (HIZ) or fissures 
within the posterior disk annulus. These imaging features 
are examined initially as independent variables with sub-
sequent discussion of the more limited literature in which 
they are combined in a multivariate analysis. A significant 
portion of the presented data were drawn from a system-
atic review of imaging and clinical markers of axial pain 
generators in the lumbar spine performed by Hancock 
and colleagues.89 Additional studies not included in that 
report or published subsequent to it have been added.90 
A common set of measures was compiled from the many 
studies: sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and likelihood 
ratios (LRs). When imaging features were quantified (T2 
signal loss in the disk was reported as normal, moder-
ate, or severe), a threshold was used. Original data were 
combined and recalculated to reflect setting a detection 
threshold as moderate (including moderate and severe 
cases) or severe only. Because the diagnosis of dis kogenic 
pain may provoke therapeutic interventions (most of 
which carry risk and have unproved efficacy), emphasis 
was placed on those measurements that inform about false-
positive results: specificity (true negatives/ true negatives 
+ false positives) and PPV (true positives/true positives +  
false positives).

Table 15.4  Prevalence of Sources of Axial Low Back 
Pain, Age Correlation

Pain Source
Prevalence 
(%)

Mean Age 
(Std Dev)

Intervertebral disk disruption 
(IDD)

41.8 43.7 (10.3)

Facet joint 30.6 59.6 (13.1)
Sacroiliac joint 18.2 61.4 (17.7)
Vertebral insufficiency fracture 2.9 79 (11.8)
Pelvic insufficiency fracture 1.8 71.3 (11.7)
Baastrup’s disease 1.8 75.3 (4.7)
Fusion hardware 2.9 59.6 (19.4)

 

Data from DePalma MJ, Ketchum JM, Saullo T. What is the 
source of chronic low back pain and does age play a role? Pain 
Med. 2011;12:224-233.
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DISKOGENIC PAIN

LOSS OF DISK SPACE HEIGHT

The reports of Ito and colleagues,91 Lim and colleagues92 
and O’Neill and colleagues93 studied loss of disk space 
height as an imaging finding that may correlate with positive 
provocation diskography. The studies of Ito and colleagues 
and O’Neill and colleagues both suggest that in a popula-
tion of symptomatic patients with axial pain considered 
diskogenic in nature, severe disk space narrowing, although 
an uncommon imaging finding (approximately 10%), is 
strongly predictive of a painful disk. Specificity of this finding 
was at least 97% in these studies with PPVs of 78% and 90%, 
respectively. Lim’s study was less supportive. It is reasonable 
to conclude that in a patient with suspected diskogenic pain 
undergoing provocation diskography, severe loss of disk 
space height is a strong predictor of a positive diskogram.

NUCLEAR T2 SIGNAL LOSS

Studies addressing the correlation between MR imaging evi-
dence of disk “degeneration,” primarily nuclear T2 signal loss, 
and diskogenic pain reach back to the 1990s.91-98 The chal-
lenges in this analysis are well illustrated in Table 15.5.91-100 
Although disk “degeneration” definitions are inconsistent, 

original data have been recalculated into threshold values 
to provide a reasonable basis of comparison. The changes in 
diskography criteria over time are also noted. Despite these 
shortcomings, conclusions can be reasonably drawn. The 
NPV of disks of normal nuclear signal is uniformly high and 
–LRs are highly informative; disks of normal nuclear signal 
are rarely painful. Severe, uniform loss of T2 signal, with or 
without loss of disk space height, is a finding of high speci-
ficity (88% to 96% in studies using a three-part classification 
system) with strongly informative +LR. Disks with severe T2 
signal loss are rarely nonpainful. The utility of this finding is 
reduced by its low prevalence (it is found in 13% to 25% of 
disks undergoing diskography) and low sensitivity (23%, 24%, 
37%, and 70% in the studies with a three-part classification 
system). Disks with intermediate signal loss may be painful but 
with less certainty (Fig. 15.7).

DISK CONTOUR ABNORMALITY

The studies of O’Neill and colleagues92 and Kang and 
colleagues93 included data correlating disk contour 
abnormalities and diskography. Both studies showed a sta-
tistically significant correlation of disk contour abnormal-
ity with positive provocation diskography. In O’Neill and 
colleagues’ study, a disk bulge was the contour abnormality 
most predictive of a positive diskogram, with a +LR of 5.3.

Table 15.5  T2 Signal Loss as a Predictor of Positive Provocation Diskography

Author (ref), 
Date

Diskogram 
Criteria

T2 Signal 
Criteria Prevalence Sensitivity Specificity PPV NPV +LR (CI) −LR (CI)

Osti (95) 1992 Walsh Moderate + 
Severe

47% 70% 64% 50% 80% 1.9
(1.3-2.7)

0.49
(0.3-0.8)

Severe only 13% 23% 92% 60% 70% 2.8
(1.1-7)

0.83
(0.7-1)

Horton(96) 1992 Walsh Moderate + 
Severe

69% 95% 43% 44% 94% 1.6
(1.2-2.2)

0.18
(0.04-0.9)

Severe only 20% 37% 88% 58% 74% 2.8
(1.1-7.3)

0.72
(0.5-1)

Ito (91) 1998 Walsh Moderate + 
Severe

63% 96% 46% 34% 97% 1.7
(1.4-2.2)

0.14
(0.03-0.6)

Severe only 25% 70% 89% 64% 91% 5.7
(3-11)

0.36
(0.2-0.7)

Weishaupt (97)
2001

IASP 3-5 of 5-grade 
Pearce

65% 98% 59% 64% 98% 2.3
(1.8-3.1)

0.05
(0.01-0.3)

Lim (92) 2005 Walsh 4 and 5 of 
5-grade Pearce

62% 88% 52% 50% 89% 1.8
(1.4-2.4)

0.25
(0.1-0.6)

Lei (98) 2008 IASP 3 and 4 of 
4-point 
Woodward

57% 94% 77% 78% 94% 4
(2.5-6.4)

0.07
(0.02-0.2)

O’Neill (93) 2008 IASP Moderate + 
Severe

62% 90% 67% 75% 86% 2.7
(2.2-3.3)

0.16
(0.1-0.2)

Severe only 15% 24% 96% 87% 54% 6
(3-11.7)

0.79
(0.7-0.9)

Kang (94) 2009 IASP 3, 4, and 5 on 
Pfirrmann 
5-point scale

70% 95% 39% 34% 96% 1.6
(1.3-1.8)

0.12
(0.03-0.5)

 

PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; IASP, International Association for the Study of Pain.
From Maus TP, Martin DP. Imaging for discogenic pain. In: Kapural L, Kim P, Deer T, eds. Diagnosis, Management, and Treatment of Discogenic 
Pain. Philadelphia: Elsevier/Saunders; 2012, p 38, Table 3-5.)
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MODIC END PLATE CHANGES

The functional unity of the disk and the cartilaginous end 
plate is manifest in signal changes within the end plate and 
adjacent subchondral marrow that accompany nuclear 
matrix degradation. End plate marrow changes were 

originally classified by Modic in 1988 (Fig. 15.8).101 Type I 
change represents ingrowth of vascularized granulation tis-
sue into sub–end plate marrow; it exhibits a hypointense T1 
and hyperintense T2 signal on MRI and may enhance with 
gadolinium. Type II change exhibits elevated T1 and T2 
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Figure 15.7 Disk height and nuclear T2 signal loss. Lateral radiograph (A) of a 50-year-old male with intractable axial pain. Note loss of height 
of lumbosacral disk, which contains gas. There is slight retrolisthesis of L4 on L5 and L5 on S1. Sagittal fat-saturated T2-weighted MRI (B) shows 
loss of T2 signal in the L4-5 and L5-S1 disks; normal upper lumbar disks. Axial T2-weighted images at L3-4 (C), L4-5 (D), and L5-S1 (E) demon-
strate normal L3-4 disk, loss of T2 signal in L4-5 with a small central herniation, and a broad bulge at L5-S1. Sagittal CT diskogram (F) and axial 
images at L3-4 (G), L4-5 (H, and L5-S1 (I) shows normal L3-4 disk, Grade IV annular disruption at L4-5 and L5-S1 with leak of contrast from the 
right posterolateral annulus at L5-S1. Patient had concordant axial pain at L4-5 and L5-S1 with a normal control disk at L3-4. (From Maus TP, Aprill 
CN. Lumbar discogenic pain, provocation diskography, and imaging correlates. Radiol Clin North Am. 2012;50:681-704.)
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signal and reflects fatty infiltration of sub–end plate marrow. 
Type III change is hypointense on T1 and T2; it correlates 
with bony sclerosis. Type I change is thought to represent an 
active inflammatory state, with type II more quiescent and 
type III post-inflammatory. Ohtori and colleagues102 noted 
elevated levels of protein gene product 9.5–immunoreactive 
nerve fibers and TNF-α immunoreactive cells in the cartilag-
inous end plates of patients with Modic changes. The immu-
noreactive nerve ingrowth was noted exclusively in patients 
with diskogenic low back pain. TNF-α immunoreactive cells 
were more common in type I end plate changes.

Modic end plate changes do carry an association with 
low back pain, particularly type I change. Toyone and col-
leagues103 found that 73% of patients with type I change 
had low back pain as opposed to 11% of type II patients. 
Likewise, Albert and Manniche104 reported low back pain 
in 60% of patients with Modic changes but in only 20% 
of those without Modic changes. Type I change was more 
strongly associated with low back pain than type II change. 
Modic type I change may also be associated with segmental 
instability. Persistent type I change after fusion surgery raises 
concern for pseudarthrosis; patients with solid fusions more 
likely have either persistent type II change or resolution of 
all marrow abnormality.

The data in Table 15.691-94,97,98,105,106 describe Modic-type 
end plate changes as predictors of diskogenic pain. The 
studies discussed previously suggested that type I Modic 
change would be more strongly correlated with positive 
provocation diskography than type II; that conclusion is not 
borne out by the data, which suggest that either type I or 
type II Modic change correlates with positive diskography, 
although not uniformly. The studies of Braithwaite and col-
leagues,105 Weishaupt and colleagues,97 Lei and colleagues,98 
and O’Neill and colleagues93 had few false-positive results  
(i.e., disks with adjacent type I or type II end plate changes 
that were nonpainful). The specificity, PPV, and +LRs in 
these studies were high. The usefulness of the MR imaging 
findings were only hampered by their infrequency. Other 
studies were less supportive but may be confounded by tech-
nical flaws. The compelling results presented by Weishaupt 
and colleagues97 suggest a significant threshold for marrow 
change; with a threshold at 25% of vertebral body height, 
there were no false-positive results in this series. A reason-
able conclusion is that Modic type I or II marrow change of 
this severity (25% of vertebral height) is an infrequent but 
highly specific finding, with a high PPV for diskogenic pain.

HIGH INTENSITY ZONE (HIZ)

In 1992, Aprill and Bogduk described the HIZ as an imag-
ing marker of a painful disk at provocation diskography.107 
Their definition of the HIZ is a

high-intensity signal (bright white) located in the substance of the 
posterior annulus fibrosis, clearly dissociated from the signal of 
the nucleus pulposis in that it is surrounded superiorly, inferiorly, 
posteriorly and anteriorly by the low intensity (black) signal of 
the annulus fibrosis and is appreciably brighter than that of the 
nucleus pulposis. Page 362

This finding was identified on a midsagittal T2-weighted 
image; it may occur centrally in an otherwise normal 

A B

C D

E F

Figure 15.8 Modic end-plate changes. Modic I Sagittal T2 (A) 
and T1 (B) images demonstrate elevated T2 and diminished T1 sig-
nal involving the superior half of the L5 vertebral body. The histologic 
correlate of Modic I is vascularized granulation tissue. There are disk 
herniations at the L3-4 and L4-5 disks.

Modic II Sagittal T2 (C) and T1 (D) images reveal elevated T1 and 
T2 signal in the sub–end plate marrow involving L2-L5. The histologic 
correlate of Modic II is fatty infiltration.

Modic III Sagittal T2 (E) and T1 (F) images show diminished T2 and 
T1 signal in the sub–end plate marrow about the L5 interspace. The 
histologic correlate of Modic III is sclerotic bone.
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annulus, in a bulging annulus, or be located superiorly or 
inferiorly behind the edge of the vertebral body in a severely 
bulging annulus. In a series of 500 consecutive patients, the 
per-patient prevalence was 29%; the per-disk prevalence of 
an HIZ was 6%. The majority of HIZs were present at the L4 
and L5 disk levels, confirmed on later studies.

The relationship of the HIZ to pain production was eval-
uated in a subset of 41 patients, selected for the presence 
of an HIZ on prediskography MR imaging.107 Diskography 
was performed with the requirement of a nonpainful con-
trol disk for a diagnosis of diskogenic pain. Pain responses 
were tabulated both as “exact” reproduction of pain as well 
as “similar” pain (Table 15.7). In all, 118 disks were tested 
in 41 patients; the per-disk prevalence of the HIZ was 34%, 
reflecting the selection bias. In detecting exact pain, the 
HIZ had a sensitivity of 82% and specificity of 89%, a 70% 
PPV, and a +LR of 7.3. When the diskographic criteria were 
relaxed to exact or similar pain, the specificity rose to 97% 

with a PPV of 95%; there were only two false-positive cases 
where a disk bearing an HIZ was nonpainful. The investiga-
tors postulated that the HIZ represents a complex grade 4 
fissure where the nuclear material has been trapped within 
the lamellae of the annulus fibrosis and become inflamed, 
accounting for the T2 hyperintensity, brighter than that 
of the parent nucleus. They advanced the HIZ finding as 
pathognomonic of a symptomatic disk. The publication 
of these findings elicited considerable interest and many 
subsequent studies91,93,94,97,98,108-113 attempting to verify or 
refute its conclusions.

Table 15.7 demonstrates informative +LR and high spec-
ificity in most of the studies. There are dissenting voices. 
Carragee and colleagues evaluated the correlation of the 
HIZ and painful disks at provocation diskography in both 
symptomatic and asymptomatic subjects. In symptomatic 
patients, 30% of disks had an HIZ; only 9% of disks in asymp-
tomatic subjects contained an HIZ (significant, P < 0.0001). 

Table 15.6  End Plate (Modic) Change as a Predictor of Positive Provocation Diskography

Author  
(reference), 
Date

Diskogram 
Criteria Modic Type

Prevalence  
per Disk Sensitivity Specificity PPV NPV +LR −LR

Braithwaite (105)

1998
Walsh I + II 25% imaged

15% tested
24% 96% 91% 47% 6

(1.7-21.2)
0.80

(0.7-0.9)
I 4% tested 5% 100% 100% 42% 7.4

(0.4-131)
0.95

(0.9-1)
II 12% tested 18% 96% 89% 48% 4.4

(1.2-16.1)
0.86

(0.8-0.9)
Ito (91) 1998 Walsh I + II + III 9% 23% 94% 56% 80% 4

(1.3-12.8)
0.82

(0.7-1)
Weishaupt (97)

2001
IASP I 14% 29% 97% 88% 66% 9.9

(2.4-41.6)
0.73

(0.6-0.9)
II 9% 19% 99% 90% 63% 12.75

(1.7-97.3)
0.83

(0.7-0.9)
I + II 22% 48% 96% 88% 72% 10.86

(3.5-34.1)
0.55

(0.4-0.7)
I + II Mod  

+ Severe
16% 38% 100% 100% 69% 52.1

(3.2-844)
0.63

(0.5-0.8)
Kokkonen (106)

2002
Walsh I 17% 19% 85% 41% 65% 1.25

(0.5-3)
0.96

(0.8-1.2
II 19% 19% 80% 35% 64% 0.96

(0.4-2.2)
1

(0.8-1.2)
I + II 36% 38% 65% 38% 65% 1.1

(0.6-1.8)
0.95

(0.7-1.3)
Lim (92) 2005 Walsh I + II 14% 9% 83% 21% 62% 0.6

(0.2-1.7)
1.1

(0.9-1.3)
Lei (98) 2008 IASP I + II 14% 32% 98% 94% 62% 19.25

(2.7-140)
0.69

(0.6-0.8)
O’Neill (93) 2008 IASP I 4% 6% 99% 88% 49% 6.94

(1.6-29.9)
0.95

(0.9-1)
II 4% 7% 99% 90% 50% 8.32

(1.9-35.5)
0.93

(0.9-1)
I + II 8% 14% 98% 89% 51% 7.63

(2.8-21.2)
0.88

(0.8-0.9)
Kang (94) 2009 IASP I + II 13% 14% 87% 26% 76% 1.08

(0.5-2.6)
0.99

(0.9-1.1)

 

PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; IASP, International Association for the Study of Pain.
From Maus TP, Martin DP. Imaging for discogenic pain. In: Kapural L, Kim P, Deer T, eds. Diagnosis, Management, and Treatment of Discogenic 
Pain. Philadelphia: Elsevier/Saunders; 2012.
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The statistics for the symptomatic group are presented in 
Table 15.7; an HIZ disk had an 84% specificity, a 73% PPV, 
and a +LR of 2.8 for diskogenic pain. These data are sup-
portive of the HIZ as a useful marker for the painful disk. 
The investigators, however, point out that the presence of an 
HIZ disk was strongly predictive of a positive pain response 
at diskography in both the symptomatic (73%) and asymp-
tomatic (69%) groups. The asymptomatic group had also 
been stratified by psychometric evaluation; in participants 
with either chronic pain or abnormal psychometric studies, 
all HIZ disks produced pain with pressurization. The investi-
gators contend that the similar painful response rate of HIZ 
disks in symptomatic and asymptomatic subjects devalues 
the HIZ as a useful finding, because the total weight of diag-
nosis depends on concordance versus nonconcordance of 
pain response.

The study by O’Neill and associates93 stratified HIZ lesions 
by relative signal intensity, and expanded the definition of 

the HIZ to include posterolateral and lateral lesions and 
those that demonstrated a connection to the nuclear com-
partment. Original data were recalculated to establish a 
three-part threshold of HIZ intensity: markedly intense cases, 
markedly and moderately intense cases, and a combination 
of all three. As the threshold tightened, the specificity and 
+LR rose; the PPV remained high for all three threshold lev-
els. For only markedly hyperintense HIZs, the specificity was 
98%, the PPV was 86%, and the +LR was 6.8. This would sup-
port Bogduk’s comments that “low intensity zones may well 
occur in asymptomatic volunteers, but that when activated 
(ostensibly inflamed), these fissures become painful and 
assume a higher signal intensity” (Fig. 15.9) page 1260.114

MULTIVARIATE ANALYSIS

The studies of Kang94 and O’Neill93 included multivari-
ate analyses. O’Neill and associates showed that the disk 

Table 15.7  High Intensity Zone (HIZ) as a Predictor of Positive Provocation Diskography

Author  
(reference), 
Date

Diskogram 
Criteria

HIZ 
Criteria

Prevalence  
per Disk Sensitivity Specificity PPV NPV +LR (CI) −LR (CI)

Aprill (107) 1992 IASP
Exact pain

Aprill 34%* 82% 89% 78% 91% 7.3
(3.9-13.7)

0.21
(0.1-0.4)

Exact or  
similar pain

Aprill 63% 97% 95% 72% 18.4
(4.6-72.7)

0.38
(0.3-0.5)

Schellhas (108)  
1996

IASP Schellhas† 60%* 97% 83% 87% 97% 5.7
(3.5-9.3)

0.03
(0.01-0.11)

Ricketson (109)  
1996

Walsh Aprill 9% 12% 92% 57% 54% 1.5
(0.4-5.6)

0.96
(0.8-1.1)

Saifuddin (110)  
1998

Walsh Aprill 18% 27% 94% 89% 47% 4.8
(1.7-14.2)

0.77
(0.7-0.9)

Ito (91) 1998 Walsh Aprill 20% 52% 89% 60% 87% 4.8
(2.3-10.2)

0.54
(0.4-0.8)

Smith (111) 1998 Walsh Aprill 13% 27% 90% 40% 80% 2.6
(1.2-5.6)

0.82
(0.7-1)

Carragee (112)  
2000

Walsh Carragee‡ 30% 45% 84% 73% 62% 2.8
(1.5-5.5)

0.7
(0.5-0.9)

Weishaupt (97)  
2001

IASP Aprill 20% 27% 85% 56% 62% 1.8
(0.8-3.7)

0.86
(0.7-1)

Peng (113) 2006 Walsh Aprill 12% NC NC 100% NC NC NC
Lei (98) 2008 Walsh Aprill 19% 25% 87% 62% 57% 1.8

(0.8-4.1)
0.87

(0.7-1.1)
O’Neill (93) 2008 IASP O’Neill§

1+2+3
Intensity 

grades

28% 44% 89% 82% 60% 4.1
(2.7-6.1)

0.62
(0.5-0.7)

2+3 16% 26% 95% 86% 54% 5.7
(3-10.9)

0.78
(0.7-0.8)

3 9% 15% 98% 86% 52% 6.8
(2.7-17.1)

0.87
(0.8-0.9)

Kang (94) 2009 IASP Aprill 26% 57% 84% 53% 86% 3.46
(2.2-5.5)

0.52
(0.4-0.7)

 

*Sensitivity and prevalence values are not meaningful due to this selection bias.
†Includes lesions with thin line of T2 hyperintensity within annulus or connecting nucleus to HIZ
‡Includes posterolateral lesions, HIZ signal intensity within 10% of CSF T2 signal
§Schellhas criteria plus posterolateral and lateral lesions
PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; IASP, International Association for the Study of Pain.
From Maus TP, Martin DP. Imaging for discogenic pain. In: Kapural L, Kim P, Deer T, eds. Diagnosis, Management, and Treatment of Discogenic 
Pain. Philadelphia: Elsevier Saunders; 2012:43, Table 3-7.
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structural findings—loss of disk height, loss of nuclear sig-
nal, and disk contour abnormalities—correlated strongly 
with each other; the inflammatory findings, HIZ, and end 
plate change did not, with the exception of HIZ and disk 
contour abnormality. The rank correlation of the MRI 
findings with a positive diskogram was as follows: signal 
abnormality > disk height > disk contour > HIZ > end plate 
change. Disk signal change alone was as accurate as other 
individual parameters or combinations thereof. This was 
most evident at the two extremes of the receiver operating 
characteristic (ROC) curve: when disk signal was normal, it 
was highly unlikely the disk was painful regardless of other 
findings, and when there was severe signal loss, the disk was 
highly likely to be painful. Other parameters become useful 
when disk signal was intermediate. Kang and colleagues47 
introduced a new MRI classification system combining the 
findings that were previously addressed as independent vari-
ables: class 1, normal or bulging disk without an HIZ; class 2, 

normal or bulging disk with an HIZ; class 3, disk protrusion 
without HIZ; class 4, disk protrusion with HIZ. Disk extru-
sions and sequestrations were excluded from the analysis. 
Logistic regression analysis showed that class 4, disk protru-
sion with HIZ, had the strongest correlation with concor-
dant pain at diskography. This combination had a specificity 
of 87% and a PPV of 98%. This finding had a prevalence of 
13% and a sensitivity of 45%.

IMAGING CORRELATES: CONCLUSION

Imaging identification of diskogenic pain is challenging 
for a variety of reasons. (1) There is no pathologic or sur-
gical gold standard. (2) The existing standard of compari-
son, diskography, is ultimately unproven, subjective in its 
interpretation, and has evolved over time in its criteria for 
a positive test. None of the studies reviewed earlier use the 
most current and restrictive criteria, those of ISIS. (3) The 
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Figure 15.9 High Intensity Zone (HIZ). Middle-aged male has previously undergone L4-5 decompressive procedure, without diskectomy, for 
back and leg pain. Axial back pain was unrelieved. A, Sagittal T2-weighted MRI shows loss of T2 signal in the L4 disk with an HIZ in the posterior 
annulus. D, Axial T2 MRI image at L4-5 interspace demonstrates the HIZ (arrow) in the posterior annulus. E, Axial-enhanced T1 MRI image showing 
enhancement in the HIZ, also demonstrated in the sagittal fat-saturated T1 image (B). Sagittal postdiskogram CT (C) demonstrates annular fissure 
at L4-5 leading to HIZ. Pressurization of the L4-5 disk produced concordant axial pain at < 20 pounds per square inch (PSI) above opening pressure. 
(From Maus TP, Aprill CN. Lumbar discogenic pain, provocation diskography, and imaging correlates. Radiol Clin North Am. 2012;50:681-704.)
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imaging findings likely have threshold effects, where only  
a significant expression of the finding (intensity of an HIZ, 
extent of marrow change) is a useful predictor of diskogenic 
pain. Most studies do not account for this factor. (4) Imag-
ing findings are likely technique dependent to an unknown 
degree, and imaging techniques are evolving.

From the tangle of data, useful information can emerge; 
the imaging correlates of diskogenic pain are summa-
rized in Box 15.3. These imaging predictors of diskogenic 
pain, when applied to a select population of patients with 
axial back pain, in whom other pain generators have been 
excluded, could perhaps be used to initiate a proven ther-
apy possessing a good safety profile. No such therapy exists. 
Diskography remains the reference standard for the diagno-
sis of diskogenic pain.

CERVICAL DISKOGENIC PAIN: IMAGING 
CORRELATES

This discussion has purposely focused on the lumbar spine. 
The lumbar spine segment is most commonly afflicted with 
diskogenic pain, and the literature regarding its pathogen-
esis and evaluation with imaging and provocation diskogra-
phy, although challenging, is of greatest depth. The cervical 
intervertebral disk is structurally distinct from the lumbar 
disk. These is no posterior annulus, and the small nuclear 
compartment disappears early in life; the residual fibrocarti-
laginous plate normally develops fissures as mere age-related 
change.81 There are no morphologic features at diskography 
that contribute to a diagnosis of diskogenic pain. Diagnosis 
is reliant entirely on the provocation of concordant pain, 
with the requirement of nonpainful control disks.

As in the lumbar segment, structural age changes (loss of 
T2 signal, loss of disk space height, contour abnormality) are 
ubiquitous on cervical MRI studies. The Matsumoto30 study 
cited earlier examined 2480 cervical disks in asymptomatic 
subjects and noted loss of T2 signal in 17% of males and 
12% of females between ages 20 to 30, and 89% of males 
and 86% of females over 60 years of age. In another study 
by Okada,115 89% of asymptomatic subjects (mean age 49) 

exhibited structural age changes on MRI; another group of 
patients (mean age 46) with symptomatic lumbar disk her-
niations but asymptomatic of neck pain showed cervical disk 
age-related change in 98%. There is a paucity of literature 
addressing the correlation of imaging findings with cervical 
diskography. An early study by Parfenchuck (1994) showed 
only a modest ability of MRI findings of T2 signal loss or disk 
contour abnormality to predict a positive cervical diskogram 
(sensitivity = 73%, specificity = 67%).116 Schellhas’ 1996 study 
suggested that MRI cannot reliably predict a positive cervi-
cal diskogram.117 A more recent study by Zheng118 again 
demonstrated only a modest predictive value of MRI using 
parameters of T2 signal loss and disk contour abnormality 
(sensitivity = 73%, specificity = 49%). The inflammatory disk 
parameters that proved to have such high specificity in the 
lumbar region are either unusual or little studied (Modic 
change) or have no anatomic existence (HIZ) in the cer-
vical region. Occasionally foci of elevated T2 signal are 
observed in the posterior cervical disk, but in the absence of 
a posterior annulus, the anatomic correlate is unclear. Imag-
ing identification of diskogenic pain in the cervical spine 
remains elusive. Cervical diskography remains the reference 
standard in diagnosis of cervical diskogenic pain.

The imaging investigation of diskogenic pain highlights a 
theme common to this chapter: physiologic parameters have 
greater significance in pain syndromes than purely struc-
tural alteration. To be ultimately valuable in the diagnosis of 
diskogenic pain, imaging must move beyond macroscopic 
descriptions of morphology to the realm of biochemi-
cal imaging, quantifying the change in nuclear constitu-
ents over time. In addition to characterizing biochemical 
nuclear matrix degradation, imaging will also need to more 
precisely identify inflammatory mediators in the disk and 
adjacent cartilaginous end plate. Perhaps then we will truly 
be capable of the noninvasive diagnosis of diskogenic pain.

IMAGING OF AXIAL PAIN GENERATORS

ZYGAPOPHYSIAL JOINT (Z JOINT, FACET JOINT)

The supporting structure of the posterior column of the 
spine includes the paired facet joints with their associated 
capsules, the ligamentum flavum, the intraspinous and 
supraspinous ligaments joining the spinous processes, and 
the intertransverse ligaments. The inferior articular pro-
cess of the facet joint faces anteriorly and is convex in con-
figuration; on axial images the inferior articular process is 
the more posterior component of the joint. The superior 
articular process (SAP) has a concave articular surface that 
faces posteriorly and medially; on axial images it appears as 
the anterior component of the joint. In an erect standing 
position, the lumbar facet joints bear approximately 16% of 
the compressive load; in a flexed sitting position they bear 
essentially no load. With loss of disk space height, the lum-
bar facet joints will bear proportionally more axial load. The 
fibrous joint capsule has been demonstrated to be richly 
innervated by nociceptors and proprioceptive fibers.119 In a 
normal state, nociceptors such as those seen in the facet joint 
capsule have a high threshold and would not be expected 
to discharge unless loads are supraphysiologic. However, 
in the presence of pathologic joint inflammation, synovitis, 

	•	 	The disk structural markers—loss of disk space height, loss 
of nuclear T2 signal, and disk herniation—correlate strongly 
with one another; loss of nuclear signal is most significant.

	•	 	Severe nuclear signal loss or severe loss of disk space 
height strongly predicts a painful disk.

	•	 	Normal nuclear signal virtually excludes a painful disk.
	•	 	When nuclear signal is intermediate, the inflammatory 

markers of the high intensity zone and end plate marrow 
change come into play.

	•	 	A truly high-intensity zone is infrequent but strongly predicts 
a painful disk.

	•	 	When an HIZ is observed in combination with a disk protru-
sion, it strongly predicts a painful disk.

	•	 	Marrow end plate change of type I or type II involving 
greater than 25% of the vertebral body is uncommon, but it 
strongly predicts a painful disk.

Box 15.3  Imaging Correlates of Diskogenic 
Pain (IDD)
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chemical mediators may sensitize these nociceptors and sup-
raphysiologic levels of stress may no longer be required to 
stimulate pain. Such inflammatory mediators (substance P,  
bradykinin, phospholipase A2) have been detected in the 
facet joint capsule.120

There is thus a pathoanatomic basis for facet joint- 
mediated pain, particularly in the presence of facet synovitis. 
The imaging challenge in identifying a potentially painful 
joint lies in the well demonstrated specificity fault, that imag-
ing changes of morphologic facet arthrosis (subchondral 
sclerosis, erosions, or cyst formation, osteophytes, joint space 
narrowing, vacuum phenomena) are age related change 
and do not correlate with pain. The reference standard 
for facet pain is positive comparative dual medial branch 
blocks, as there are no reliable physical exam or historical 
features allowing a confident diagnosis of Z-joint pain.81 
Schwarzer and colleagues semi-quantitatively scored CT 
finding of structural facet arthrosis and found no relation-
ship to Z-joint pain as determined by placebo controlled 
medial branch blocks.121 More recently, Cohen and associ-
ates showed no association between MRI findings of struc-
tural facet arthrosis and pain relief with dual medial branch 
blocks and subsequent radiofrequency rhizotomy.122 These 
structural changes become universal by the sixth or seventh 
decade of life; they do not represent active inflammatory 
disease causal of pain.123

Rather, imaging must look to identify physiologic, not struc-
tural, markers of active facet synovitis. Imaging techniques 
that may be applicable include the technetium pyrophosphate 
bone scan (including its technologic evolution SPECT and 
SPECT/CT) and the MRI physiologic imaging parameters of 
T2 hyperintensity and gadolinium enhancement. Technetium 
pyrophosphate bone scans detect hyperemia and accelerated 
bone turnover, which may be considered manifestations of 
active inflammation. Dolan and associates124 compared the 
response to intra-articular facet joint injection guided by clini-
cal exam versus positive SPECT studies; there was a signifi-
cantly greater short term (1- to 3-month) clinical response in 
the SPECT-guided injections. A similar study by Holder and 
colleagues, using response to uncontrolled intra-articular 
injections as the reference standard, identified a 100% sen-
sitivity and 71% specificity for SPECT scans in the detection 
of facet joint–mediated pain.125 Pneumaticos and colleagues 
prospectively studied patients undergoing intra-articular 
injections in three groups: injections guided by positive 
SPECT scans, injections in patients with negative SPECT scan 
guided by clinical exam, and injections in patients without 
SPECT studies guided by clinical exam.126 The patients whose 
injections were directed to SPECT-positive joints had signifi-
cantly better clinical outcomes than the other two groups, as 
well as lower costs as fewer joints were injected. McDonald 
used SPECT/CT to identify joints for injection in 37 patients 
with clinical facet joint lumbar pain. The mean visual analog 
score (VAS) dropped from 7.2 to 2.8, with an average dura-
tion of benefit of 2.2 months; only 1 in 37 patients did not 
report benefit. The fused SPECT/CT images were useful in 
distinguishing the L4-5 and L5-S1 facet joints.127

There is no correlation between the degree of morpho-
logic facet arthrosis and the intensity of SPECT activity.124 
Rather, the phase of active synovitis correlating with pain 
production may occur relatively early in the progressive 
development of structural changes of facet arthrosis. Kim 

and colleagues correlated MRI findings in the facet joints 
with SPECT; they noted that the MRI appearance of T2 
hyperintensity in the synovium, intrasynovial fluid, and car-
tilage disruption best correlated with a positive SPECT, here 
used as a reference standard for active facet synovitis.128 
More extensive structural manifestations of facet arthro-
sis did not demonstrate the physiologic finding of SPECT 
activity. Cervionke and colleagues have demonstrated an 
indirect association of T2 hyperintensity within and about 
the facet joint with axial pain.129 T2 hyperintensity in the 
adjacent pedicle has also been associated with axial pain of 
facet origin; this finding can also be seen in pedicle or pars 
stress fractures. T2 hyperintensity accompanying facet syno-
vitis may also be seen in the surrounding multifidus muscle, 
occasionally sufficiently extensive as to raise concern for a 
sinister process. Gadolinium enhancement in and about the 
facet joint is also suggestive of facet synovitis. Ultimately, the 
physiologic parameters of edema, hyperemia and acceler-
ated metabolic activity as detected by increased SPECT or 
SPECT/CT activity, and T2 hyperintensity and gadolinium 
enhancement on MRI must be evaluated as predictors of 
facet joint pain against the current reference standard, com-
parative medial branch blocks. Prevalence studies of these 
parameters in populations asymptomatic of back pain are 
also needed for researchers to understand the specificity 
of these imaging observations. Despite the lack of absolute 
validation, if the patient is going to undergo an MRI for eval-
uation of axial pain, a fat-saturated or short tau inversion 
recovery (STIR) sequence should be performed, as it rep-
resents the best chance of demonstrating physiologic find-
ings (T2 hyperintensity), which may identify an axial pain 
generator (Fig. 15.10).

SPACE OF OKADA

A tissue pathway between same segment, contralateral facet 
joints was initially described in the cervical region by Dr. 
Kikuzo Okada in 1981; 80% of cervical facets demonstrated 
a communication between the joint capsules via a space 
situated dorsal to the ligamentum flavum in the axial plane 
and in the interlaminar space in the coronal plane.130 This 
communication is frequently observed in intra-articular 
injections of cervical facet joints that are structurally nor-
mal on imaging or exhibit only modest evidence of synovitis 
or structural arthrosis. In the lumbar region, this commu-
nicating pathway is commonly observed only in the face of 
advanced facet arthrosis; it may also be observed in the pres-
ence of defects in the pars interarticularis. This lumbar ret-
roligamentous pathway also commonly communicates with 
an adventitial bursa within the interspinous ligament (i.e., 
Baastrup’s disease).131

This pathway may serve as a means of transmission of 
infection or, more commonly, noninfectious inflammatory 
change between multiple joints and tissue compartments.131 
In patients with lumbar axial pain and spondylolytic defects, 
this posterior element inflammatory complex may involve 
four facet joints, the bilateral pars defects, and the interspi-
nous ligament. It may have a capacity of 4 to 6 cc of fluid 
in the author’s experience. It is also a potential confound-
ing space in interlaminar epidural steroid injections. This 
space may provide a false loss of resistance superficial to the 
dorsal epidural space; contrast injection may subsequently 
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Figure 15.10 Imaging of facet arthrosis and synovitis. The changes of arthrosis (i.e., joint space narrowing, osteophytes, subchondral cysts, or 
sclerosis) as seen in the CT image (A) the T2 MRI image (B) or the radiographic image (C) do not correlate with pain. Planar bone scan image (D) of 
the same patient as (C) shows increased uptake near the lumbosacral junction on the left in this patient with left-sided axial pain. SPECT/CT image 
(E) provides better anatomic localization to the left L4-5 facet. In another patient with right-sided axial lumbar pain, T1 MRI image (F) shows low 
signal in right L5 pedicle, right L4-5 facet. Fat-saturated T2 sagittal image (G) demonstrates T2 hyperintensity in L4 and L5 pedicles, L4-5 facet, and 
adjacent soft tissues. Enhanced T1 sagittal (H) and axial (I) images also demonstrate the extensive inflammatory response in this patient with active 
synovitis. T2 hyperintensity or enhancement in pedicles can occur in facet synovitis or stress fractures of the pars or pedicle.
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fill either facet joint at that segment level or the interspi-
nous ligament (Fig. 15.11).

SACROILIAC JOINT

The sacroiliac joint is a large irregular synovial joint lined 
by thick hyaline cartilage on its sacral surface and thin-
ner fibrocartilage on its iliac surface. The inferior and 

antero-superior aspects of the radiographically perceived 
joint are synovial; its superior and posterior aspect is liga-
mentous. The posterior surface of the joint is covered by 
thick interosseous and dorsal sacroiliac ligaments. There is 
minimal movement of the joint, except under the hormonal 
influences of pregnancy. This modest mobility is, however, 
vital to appropriate gait. The synovial portion of the joint is 
uniformly present in young adults, with a cartilage thickness 
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Figure 15.11 The Space of Okada. Frontal fluoroscopic image (A) demonstrates the space of Okada providing communication between the 
bilateral C6-7 facets via the right-sided injection. In another patient (B), an attempted right L4 transforaminal injection opacified the superior recess 
of the L4-5 facet, traversed an L5 pars defect (white arrow) to the right L5-S1 facet, and opacified the space of Okada to a left L5 pars defect (black 
arrow) and the left L4 and L5 facets. Subsequent CT (C, D, E, F) confirms opacification of all these structures. The space of Okada is marked by 
the white arrows in (D). The space of Okada may contain a small amount of fluid, which appears as T2 hyperintensity (white arrows, G, H, I). Note 
continuity with interspinous ligament (arrow in [H] and [I]). 

Continued
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of 2 to 5 mm; the synovial space may be attenuated in older 
adults by fibrous adhesions, but fusion across the joint is 
not a normal change of aging. Potential communications 
between the synovial space and the dorsal sacral foramina, 
the L5 epiradicular sheath, and the ventrally situated lum-
bosacral plexus have been observed.132 These could explain 
radicular pain associated with sacroiliac joint dysfunction. 
Although the surface area of the joint is large, its synovial 
space is of small volume, ranging from 1 to 2.5 cc.133,134 
Innervation of the sacroiliac joint is complex and remains 
controversial. Consensus suggests a dominant dorsal inner-
vation from the L5 and S1-S4 dorsal rami.

Osteoarthrosis of the sacroiliac joints may be seen in 
pathologic specimens of young adults, but it is not generally 
appreciable radiographically until middle age. Changes of 
cartilage degeneration are more prominent on the iliac side 
of the joint. Beyond age 40, many subjects have detectable 
narrowing of the sacroiliac joint, especially in its inferior 
portion. This may be accompanied by subchondral sclerosis 
and osteophyte formation, most prominent anteriorly and 
inferiorly. A vacuum phenomenon may be seen. As in the 
facet joint, changes of osteoarthrosis are a normal aging 
phenomenon and are not predictive of pain.

Evaluation of imaging features predictive of sacroiliac joint  
pain is yet again confounded by the lack of a pathoanatomic 

gold standard. Medical history and physical exam provocative 
maneuvers are not capable of consistently identifying pain-
ful sacroiliac (SI) joints.135 The reference standard for sacro-
iliac joint pain is relief of index pain with an intra-articular  
anesthetic block; this should ideally be either placebo con-
trolled or a comparative block paradigm. Potential leakage 
from the joint capsule may complicate diagnostic specific-
ity. Schwarzer136 studied patients with chronic low back 
pain experienced below the lumbosacral junction. Using 
response to single blocks as the diagnostic criteria for sacro-
iliac pain yielded a prevalence of 30%. Requiring a positive 
block and a ventral capsular tear on postarthrographic CT 
yielded a prevalence of 21%; adding pain provocation with 
joint distension to the criteria lowered prevalence to 16%. 
The Maigne study using double blocks suggested a preva-
lence of 18.5%.137 More recent work by DePalma76 identi-
fied a prevalence of 18%; sacroiliac joint pain increased in 
prevalence with age up to approximately 70 years.

Structural changes of osteoarthrosis in the sacroiliac joint 
are poor predictors of pain. Elgafy and colleagues138 scored 
CT features of arthrosis in SI joints and noted a sensitivity of 
58% and a specificity of 69%. Physiologic imaging param-
eters suggesting the presence of hypervascularity, edema, or 
inflammation are more likely to predict pain. In the stud-
ies of Maigne139 and Slipman,140 technetium bone scans 
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Figure 15.11 cont’d, In a final patient, an attempted interlaminar injection (needle placement images J, K) opacified the interspinous ligament 
(white arrow in [L]) and the left L4-5 facet (black arrows in [L]) via the space of Okada. This space (black arrows in [M]) is posterior to the liga-
mentum flavum; the needle was advanced ventrally into the epidural space without incident. (From Murthy NS, Maus TP, Aprill C. The retrodural 
space of Okada. AJR Am J Roentgenol. 2011;196:W784-W789.)
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achieved specificities of 89.5% and 100%, although with low 
sensitivity, for sacroiliac pain as referenced by uncontrolled 
intra-articular injections. The MRI physiologic parameters 
of T2 hyperintensity and gadolinium enhancement have 
been studied primarily in the context of inflammatory spon-
dyloarthropathies. MRI evidence of active inflammation 
(sacroiliitis) is intrinsic to the diagnoses of spondyloarthrop-
athies and correlates well with clinical disease activity and 
therapeutic response to disease modifying agents (TNFα 
inhibitors) (Box 15.4).

BAASTRUP’S DISEASE

Baastrup’s disease, the apposition of the lumbar spinous 
processes resulting from hyperlordosis, segmental insta-
bility, or loss of disk space height, may degrade the inter-
spinous ligament with formation of a pseudarthrosis or 
pseudobursa.141 This may be a cause of focal midline lum-
bar pain. Such pseudobursa may have a synovial membrane 
and can communicate with facet joints or pars defects via 
the retroligamentous space of Okada.130 The pseudobursa 
may extend anteriorly through a midline cleft in the liga-
mentum flavum and present on MRI or CT as a midline 
posterior epidural cyst, causing neural compression and 
contributing to radicular or claudicatory pain. It may 
be mistaken for a synovial cyst of facet origin but is dis-
tinguished by its midline posterior location, the relative 
absence of facet degeneration, and inflammatory change 
in the interspinous ligament.

Baastrup’s disease may be identified on radiographs as 
contact between adjacent spinous processes with sclerosis, 
flattening, and enlargement. Not surprisingly, this struc-
tural change is commonly observed in asymptomatic indi-
viduals; in one study it was present in 81% of individuals 
greater than 80 years of age.142 The authors also noted 
that “Baastrup’s phenomenon” was observed in 41% of 
patients undergoing CT imaging for non-low-back pain 
indications.142 MRI findings of edema, inflammation (T2 
hyperintensity, gadolinium enhancement), or a cystic fluid 
collection in the interspinous ligament are more likely to 
represent symptomatic disease, although this has not been 
well validated against anesthetic blocks. DePalma’s study 
suggested that Baastrup’s disease accounted for approxi-
mately 2% of axial low back pain.76 In an MRI study by 

Maes and associates, imaging evidence of Baastrup’s dis-
ease was present in 8.2% of subjects, most commonly at the 
L4-5 segment; nearly half of the patients had multiple-level 
involvement.143 Baastrup’s disease may also be identified 
as hyperemia and increased metabolic activity on techne-
tium pyrophosphate SPECT or SPECT/CT studies as well 
as Fluorodeoxyglucose (FDG)-PET/CT scans. Focal uptake 
in the spinous processes is most likely to be inflammatory 
and should not be misinterpreted as metastatic disease; 
the distinction should be obvious when correlated with the 
simultaneously obtained CT images, which will show typical 
structural changes of arthrosis.

BERTOLOTTI’S SYNDROME

Bertolotti’s syndrome describes the controversial associa-
tion of transitional lumbosacral segments with mechanical 
back pain. It does not imply a specific mechanism of pain 
production. Transitional lumbosacral segments occur in 4% 
to 30% of the general population.72 In a large study of 4000 
patients, Tini found no correlation between the presence 
of a transitional segment and low back pain.144 The disk at 
the level of the transitional segment is often rudimentary, 
with little nuclear material; disk herniations seldom occur at 
this level.72 Rather, stresses may be accentuated at the supra-
adjacent disk level, where accelerated disk degeneration 
and an increased incidence of disk herniations have been 
reported.

Axial low back pain in the presence of an asymmetric 
transitional segment has also been attributed to abnormal 
unbalanced motion at this level, with the neoarticulation of 
the transverse process with the sacral ala or the contralat-
eral facet as the specific pain generator. Jonsson reported 11 
cases of mechanical pain attributed to the neoarticulation 
despite normal bone scans. Nine of 11 patients obtained pain 
relief with local anesthetic injection in the neoarticulation; 
a similar proportion of patients had improvement in pain 
with resection of the neoarticulation.145 Physiologic imaging 
parameters (MRI T2 fat-saturated or STIR images, SPECT/
CT) are more likely to be useful than structural changes, 
although no systematic studies have been performed. Brault 
reported a case of an adolescent athlete with focal mechani-
cal pain consistently relieved by intra-articular injection of 
the facet contralateral to the neoarticulation. Interestingly, 
bone scan showed increased uptake at the neoarticulation, 
but not at the contralateral facet. Surgical resection of the 
neoarticulation resulted in complete relief of the contra-
lateral pain at 1 year.146 This may represent a case of pain 
generated by excessive facet capsular stresses caused by the 
asymmetric motion at this level, without detectable facet 
synovitis.

Transitional lumbosacral segments thus may be associ-
ated with axial pain, related to a neoarticulation, the contra-
lateral facet at the level of an asymmetric neoarticulation, or 
IDD in the at-risk disk above a transitional segment. Radic-
ular pain may be caused by a herniation in the adjacent 
segment disk or an extraforaminal entrapment at a neoar-
ticulation. The presence of a transitional segment should 
always prompt meticulous attention to segmental enumera-
tion, because of both its intrinsic capacity for confusion and 
the sevenfold increased likelihood of an anomalous number 
of mobile presacral segments (Fig. 15.12).72

	•	 	Structural arthrosis as seen by radiographs, CT, or MRI 
does not predict pain.

	•	 	Physiologic parameters of hyperemia, edema, and 
increased metabolic activity may predict pain.

	•	 	These physiologic parameters may be assessed by T2 
hyperintensity (STIR or fat-saturated T2 images), gadolinium 
enhancement, or increased uptake on SPECT or SPECT/CT.

	•	 	There are no validation studies of physiologic parameters 
against accepted reference standards (dual, comparative 
blocks).

	•	 	There are no studies addressing specificity—that is, the 
prevalence of these findings in asymptomatic subjects.

Box 15.4  Zygapophysial (Facet) and 
Sacroiliac Joint Pain
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Figure 15.12 Baastrup’s disease and Bertolotti’s syndrome as posterior element pain generators. An elderly male presents with neurogenic 
intermittent claudication. T2 fat-saturated sagittal image (A) and axial T2 image at the L4-5 interspace (B) demonstrate that the compressive 
lesion is a right paramedian dorsal cyst in continuity with the interspinous pseudobursae of Baastrup’s disease. There are also facet joint effu-
sions. In another patient with axial pain (C), a fat-saturated, enhanced T1-weighted image shows inflammatory enhancement in the interspinous 
ligaments of T12-L4. Sagittal T2 (D) and T1 (E) images of another patient demonstrate a large complex midline dorsal cyst emerging from an 
interspinous pseudobursae at the L3-4 interspace (axial T2 image [F]). A 17-year-old female (frontal lumbar spine radiograph [G]) presented 
with intractable left lumbosacral junction region pain. Note left pseudoarticulation (Bertolotti’s syndrome). SPECT/CT image (H) shows markedly 
increased uptake at the pseudoarticulation; pain was relieved with injection into this site (fluoro image [I]; note that the patient is prone).
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COCCYDYNIA

The radiographic evaluation of the sacrococcygeal region in 
patients with coccydynia remains controversial. This largely 
female pain syndrome is probably multifactorial in origin 
with contributions by somatic and neuropathic pain.147  
A single lateral view of the coccyx to evaluate for destruc-
tive bony lesions is a reasonable screening study. Maigne 
has described a dynamic radiographic study to more fully 
evaluate the mobility of the coccyx.148 This consists of a lat-
eral radiograph with the patient standing for 10 minutes 
to visualize the coccyx without load, followed by a sitting 
lateral view, with the patient altering the pelvic position to 
that which stimulates the usual pain. Maigne and colleagues 
have studied coccygeal mobility and suggested that a normal 
coccyx may undergo from 5 to 25 degrees of angulation in 
moving from a standing to a sitting position. Flexion of the 
coccyx by more than 25 degrees with sitting as well as pos-
terior subluxation of the coccyx with sitting and reduction 
with standing are considered pathologic and may be the 
anatomic basis of coccydynia.148 Aggressive treatment deci-
sions based on this evaluation are controversial. Advanced 
imaging has little role in this setting unless there is clinical 
suspicion of underlying systemic disease.

PSEUDARTHROSIS, POSTOPERATIVE AXIAL PAIN

Patients with posterior fusion instrumentation may develop 
pain related to pseudarthrosis, infection, implant fracture 
or loosening, or at the interface between the metal and the 
overlying soft tissue. Radiographs should be scrutinized 
for integrity of the implant construct, loosening of pedicle 
screws (which will manifest as a halo of lucency surrounding 
the screws), or imaging evidence of pseudarthrosis. Anes-
thetic injection about prominent hardware may be useful in 
identifying this as a pain generator.

Despite advances in surgical technique and fixation hard-
ware, fusion remains an imperfect procedure. Pseudarthro-
sis is defined as the failure to achieve a solid bony fusion  
1 year after attempted surgical fusion. It is manifested as per-
sistent motion at the segment and absence of bony trabecu-
lae bridging the vertebrae. Approximately 15% of lumbar 
spinal fusions result in pseudarthrosis; the range of success-
ful reported technical and clinical outcomes spans 16% to 
95%.149 Rates of pseudarthrosis increased with the increas-
ing number of fused levels and with risk factors including 
prior surgery, instability, deficient bone graft quality and 
quantity, and nicotine use (Fig. 15.13).

Detection of pseudarthrosis with imaging is of signifi-
cance, as it is a cause of persistent or recurrent pain fol-
lowing surgery. The correlation is not exact; patients with 
radiographic pseudarthrosis may be pain free and patients 
with solid fusions by all imaging techniques may have persis-
tent pain arising from other factors. The clinical questions, 
therefore, are twofold: Is a pseudarthrosis present, and, if 
so, is it the cause of persistent or recurrent pain? The ulti-
mate gold standard for fusion is surgical exploration; even 
this is not foolproof, as patients who have had hardware 
removal after intra-operative evaluation of stability have sub-
sequently gone on to develop progressive deformity.150

Weight-bearing radiographs are the primary tool in 
assessing stability and adequate fusion. In this setting, 

flexion-extension views likely add value. Radiographic evi-
dence of instability includes translation of 3 mm or more at 
L1-L4 or 5 mm at L5-S1. Radiographic fusion may take 6 to 9 
months, with ongoing remodeling for up to 2 years. Criteria 
for a radiographic solid interbody fusion are as follows:151

	•	 	No	motion,	or	 less	than	3	degrees	of	 intersegment	posi-
tion change on lateral flexion and extension views

	•	 	Lack	of	a	lucent	area	around	the	implant
	•	 	Minimal	loss	of	disk	height
	•	 	No	fracture	of	the	implant,	bone	graft,	or	vertebrae
	•	 	No	sclerotic	change	in	the	bone	graft	or	adjacent	vertebrae
	•	 	Visible	osseous	formation	in	or	around	the	cage

CT will provide greater sensitivity in the detection of pseud-
arthrosis, which manifests as lucent fracture lines with 
adjacent sclerosis or fragmentation of the bone graft, and 
fracture or lucency about implants. Ideally, to verify solid 
fusion, one would like to be able to confirm the presence 
of continuous bony trabeculae across the site of fusion. In 
patients with intervertebral cage devices, bony trabeculae 
should be seen bridging the interspace through the cage 
and external to the cage.

Technetium bone scans with SPECT may be helpful. The 
fusion mass will be metabolically active for a prolonged 
period after surgery, and increased tracer uptake diffusely 
in the fusion mass is expected for several months. In normal 
healing, studies with serial bone scans have shown a steady 
decrease in tracer uptake after 3 months, with only minimal 
increased uptake at 1 year.152 Increased uptake within the 
fusion mass beyond 1 year after surgery, or new increased 
uptake not present on prior studies, should raise concern 
for pseudarthrosis. On MRI, solid bone graft should exhibit 
signal characteristics of normal marrow. Focal zones of T1 
hypointensity, T2 hyperintensity, and gadolinium enhance-
ment may indicate a site of pseudarthrosis with ongoing 
motion and inflammation. This requires careful inspection.

With disk arthroplasty, postoperative evaluation can occur 
by radiography or CT; radiography is more conservative of 
cost and radiation for serial follow-up. The implant should 
be centered between the pedicles on AP images without 
penetration of the end plates. On lateral or sagittal images, 
the center of rotation should be in the posterior half of the 
disk space, but the implant should not extend beyond the 
posterior vertebral line.

The clinician and imager must also be aware of symptom-
atic adjacent segment disease as a cause of recurrent pain in 
the post fusion patient. Although controversial, this likely 
occurs at a rate of approximately 3% per year following lum-
bar fusion;153 a similar rate has been associated with cervi-
cal fusion. The imaging findings will be those of diskogenic 
pain. Radiographic evidence of adjacent segment disease 
may or may not be clinically symptomatic.

Pseudarthrosis and adjacent segment disease are two pri-
mary causes of pain in the post-operative patient, sometimes 
labeled the “failed back.” Although conventionally consid-
ered a dread diagnosis, studies have shown that careful 
clinical evaluation, augmented by high-quality imaging and 
provocation and anesthetic interventions, can identify the 
specific cause of pain in the majority of cases. Waguespack 
and Slipman have each published large series of patients 
with so-called failed back syndrome.154,155 A specific diag-
nosis identifying the pain generator was achieved in over 
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90% of patients in both of these series. The most common 
diagnoses were foraminal stenosis (> 20%), diskogenic pain 
(20%), pseudarthroses (14%), neuropathic pain (10%), 
and recurrent disk herniation (7% to 12%), with lesser con-
tributions from facet and SI joints. Each of these morpho-
logic lesions has been individually addressed in preceding 
sections. The imaging challenge is to systematically evalu-
ate each segmental level for these potential pain generators 
despite the confusion of the surgically altered anatomy.

IMAGING OF RADICULAR PAIN, 
RADICULOPATHY, AND MYELOPATHY

DISK HERNIATION

Radicular pain, or radiculopathy or myelopathy, has as its 
substrate neural compression and inflammation. Degrada-
tion of the nuclear matrix of the disk may occur in response 
to a variety of insults, including end plate infraction, geneti-
cally determined apoptotic chondrocyte cell death, diabetes 

mellitus, ochronosis, smoking, or infection. The nuclear 
compartment of the disk can no longer bear axial load, shift-
ing its burden to the posterior annulus, which may undergo 
structural failure in the form of radial fissures, the anatomic 
basis of IDD. In addition to potentially causing axial pain, 
these fissures may allow herniation of nuclear material 
into the outer annular lamellae as a contained protrusion 
or breach the annulus and pass into the epidural space as 
an extrusion. The mechanical compression of neural tissue 
and an induced inflammatory response conspire to provoke 
radicular pain or radiculopathy.

Mixter and Barr initially described the disk herniation 
as the cause of sciatica in 1934; this observation, and the 
ability to relieve pain and neurologic dysfunction by surgi-
cal extirpation of the offending herniation, provided the 
basis for the first 70+ years of spine imaging. Myelography, 
CT, CT/myelography, and MRI were deemed useful in the 
patient with radicular pain or radiculopathy in the ability 
to first indirectly and later directly visualize the disk hernia-
tion and neural compression. The pathogenesis of radicu-
lar pain or radiculopathy is more complex than the simple 
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Figure 15.13 Pseudarthrosis on CT Myelography. This 71-year-old female is post multiple spine surgeries and has an instrumented fusion 
from the upper thoracic region to L5. She presents with bilateral leg pain in an L5 radicular distribution. Radiographs (A, B) show lucency with 
surrounding sclerosis at the L5 level. CT myelography sagittal reconstructions (C, D) reveal a pseudarthrosis at L5-S1 with Charcot or infectious 
features. Cultures were negative. Despite the instrumentation, the thecal sac is well demonstrated; it is patent at the L5 vertebral level (E) but 
obliterated at the L5-S1 disk level (F). (From Thakkar RS, Malloy JP, Thakkar SC, et al. Imaging the postoperative spine. Radiol Clin North Am. 
2012;50:731-747.)
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compression of neural elements; an inflammatory response 
is also necessary to produce pain. The evidence supporting 
an inflammatory component in radicular pain was summa-
rized by Mulleman and colleagues.156,157 Neural compres-
sion in isolation produces nerve dysfunction, but not pain; 
exposure of compressed neural elements to the inflamma-
tory response induced by disk nucleus pulposis results in 
radicular pain. This inflammatory response is mediated by 
phospholipase A2, interleukins 1 and 6, TNFα, and nitric 
oxide. The necessity of an induced inflammatory response 
for pain production provides a measure of understanding 
for the glaring specificity fault of disk herniation imaging: 
large disk herniations are often asymptomatic, and the sever-
ity of symptoms bears no relationship to herniation size.

The imaging description of disk herniations has his-
torically been chaotic, with significant disparities among 
medical specialties and regionally. Clarity was restored by a 
lexicon of nomenclature produced as a cooperative venture 
between multiple spine societies in 2001.158 In this construct, 
spondylosis deformans describes those changes thought to 
be due to normal aging. Degradation of the nuclear matrix 
may occur without structural failure of the annulus, hence 
there is preservation of disk space height and normal carti-
laginous end plate and subchondral marrow. Anterior and 
lateral osteophytes are observed. MRI imaging shows loss of 
the normal intranuclear cleft and mild to moderately dimin-
ished T2 signal within the disk. Small concentric and trans-
verse annular tears may be seen in spondylosis; radial tears 
are not considered a normal aging phenomenon. Small 
amounts of gas may be present within the disk that may be 
detected on plain films.

In this lexicon, pathologic discovertebral change is 
termed intervertebral osteochondrosis. This includes the 
changes of IDD, radial and large circumferential fissures 
extending to the outer annulus. They may be accompanied 
by the development of posterior osteophytes that encroach 
on the central canal. In addition to posterior osteophytes, 
plain film manifestations of intervertebral osteochondrosis 
include large amounts of gas within the interspace, loss of 
disk space height, and end plate irregularity. On T2-weighted 
MRI images, the disk is of markedly diminished signal inten-
sity. Disk herniations are common.158

The inclusive term for displacement of disk material is 
herniation. A localized herniation is defined as involving 
less than 50% of the disk circumference; generalized disk 
displacement of more than 50% of the circumference is a 
bulging disk. Localized herniations are further subdivided: 
displacement of the disk over less than 25% of its circum-
ference is called a focal herniation, and disk displacement 
between 25% and 50% is called a broad-based herniation. 
The distinction between protrusion and extrusion is one of 
shape (Fig. 15.14). In a protrusion, the width of displaced 
disk material, in any plane, does not exceed the width of 
its base against the normal ring apophysis. In an extrusion, 
the width of the displaced disk material exceeds its base in 
any plane. The presence of an extrusion shape suggests that 
there has been complete disruption of the outer annulus 
and disk material has entered the epidural space. Seques-
tration is the term for loss of continuity of a disk fragment 
with the parent disk from which it arose. Displacement of 
disk material away from the parent disk is termed migration. 
Migration can occur caudally or cranially. A herniated disk 

can further be classified as contained or uncontained. A 
contained disk herniation is one in which the outer annulus 
fibrosis is intact, whereas an uncontained herniation is one 
in which the annulus is completely disrupted. The shape 
definitions of protrusion and extrusion speak to this, but 
only by implication, not direct observation. CT or MRI can 
only rarely directly establish containment; post-CT diskogra-
phy can make this distinction.

Description of displaced disk material (Fig. 15.15) in the 
axial plane is defined by zones: the central zone defined by the 
medial margins of the facets, the subarticular zone extending 
from the medial facet margin to the medial pedicle margin, 
the foraminal zone extending from the medial to lateral mar-
gins of the pedicle, and the extraforaminal zone peripheral to 
the lateral pedicle margin. A right-sided focal disk herniation 
may therefore be described as right central, right subarticular, 
right foraminal, or right extraforaminal. Similarly, the location 
in the sagittal plane (superior-inferior) is defined by levels in 
relationship to the vertebral end plate and pedicle margins. 
Extending from superior to inferior, the designations include 
the disk level, suprapedicular level, pedicle level, infrapedicu-
lar level, and the subsequent disk level. Although an element 
of subjectivity remains inherent in any usable system of termi-
nology, careful adherence to these descriptors should allow a 
more coherent discussion of disk pathology.

Imaging of patients with radicular pain or radiculopathy 
should begin with upright radiographs of the involved spine 
segment. This will establish the enumeration, assess balance 
and stability, and act as a low-sensitivity screen for sinister 
disease. Advanced imaging may be needed in the setting of 
intractable radicular pain or progressive neurologic deficit. 
MRI has long been considered the primary imaging modal-
ity in the evaluation of disk herniations, but this has little 
basis in evidence. There are no studies comparing current 
generation CT with MRI technology in the detection and 
characterization of disk herniations. MRI remains the initial 
modality of choice largely because of its superior sensitivity 
and specificity in the detection of sinister disease causal of 
back or limb pain, which, it must be remembered, is the 
primary goal of imaging. CT myelography retains a problem-
solving role in the lumbar region, but it plays a more promi-
nent role in the cervical spine, where its ability to distinguish 
disk from bone may impact surgical planning.

IMAGING RELIABILITY
MRI has shown good reliability in the assessment of disk 
herniations. Lurie and colleagues159 analyzed MRI studies 
of patients with disk herniations from the Spine Patient Out-
comes Research Trial (SPORT) trial; interobserver reliability 
was high (κ = 0.81) for disk morphology when classified as 
normal/bulge, protrusion, and extrusion/sequestration. 
There was moderate inter-observer agreement for thecal sac 
(κ = 0.54) and nerve root compression (κ = 0.47). Pfirrmann 
and colleagues160 proposed a grading system for nerve root 
compression. The authors divided the relationship of the her-
niated disk and the nerve root into four categories: no com-
promise, contact with the nerve root, deviation of the nerve 
root, and compression of the nerve root. The intra-observer 
(κ = 0.62 to 0.67) and intra-observer (κ = 0.72 to 0.77) reli-
ability results were good. The correlation for a higher grade 
of nerve root involvement (compression) was better than for 
low-grade nerve root involvement.
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Figure 15.15 Zones and levels of disk displacement. In the axial plane (A) the location of displaced disk material is described by zones. 
Moving from the midline laterally, these zones are the right or left central zone, demarcated by the medial margins of the facet joints; the subar-
ticular zone (lateral recess), bounded by the medial aspect of the facet joint and the medial aspect of the pedicle; the foraminal zone, bounded 
by the medial and lateral aspects of the pedicle; and the extraforaminal or far-lateral zone, peripheral to the lateral margin of the pedicle. These 
zones are also illustrated in the coronal plane (B). The displacement of disk material in the cephalocaudal dimension is described by levels, as 
illustrated in (B) and (C).

Figure 15.14 Disk herniation 
definitions. Disk herniation defi-
nitions are depicted in the axial  
(A) and sagittal (B) planes. Note that 
the normal L1-L4 disks, shown here, 
are not round, but an oblate struc-
ture whose dorsal margin is convex 
anteriorly. The L5 disk is normally 
oval in configuration, convex poste-
riorly. The definitions are elaborated 
in the accompanying text.

a
b

a
b

Bulge Protrusion
a > b

Extrusion
b > a

Sequestration

Normal disk Diffuse bulge Broad-based
protrusion (25–50%

circumference)

Sequestration
(loss of contact)
with parent disk)

Extrusion
(b > a)

Focal protrusion
(<25% circumference)

a
b

A

B A. B. C. D.



215 CHAPTER 15 — RADIOLOGIC ASSESSMENT OF THE PATIENT WITH SPINE PAIN

IMAGING OBSERVATIONS
MRI T2-weighted images can well display the interface 
between disk herniations and the thecal sac. The herniated 
material may be of low T2 signal intensity comparable to 
the parent disk that has undergone nuclear matrix deg-
radation, but not uncommonly extruded disk material is 
of higher T2 signal than its parent disk. This may in part 
reflect inflammatory reaction surrounding extruded mate-
rial; it can make detection of extruded material in the lat-
eral recesses or foramina challenging on Fast Spine Echo, 
Turbo Spin Echo (FSE, TSE) T2-weighted images in which 
fat is also bright. Comparison with matched T1-weighted 
images will identify the now dark disk material against the 
bright fat in the lateral recess or foramina. Occasionally, 
disk herniations may be associated with a small amount 
of hemorrhage in the epidural space, which may manifest 
itself as an epidural process of high T1 and variable T2 sig-
nal intensity. This hemorrhage may be related to the patho-
genesis of discal cysts, relatively rare cystic lesions in the 
epidural space, which may present with radicular pain and 
be the result of prior disk extrusion and hemorrhage with 
incomplete resorption.161

Ninety percent of lumbar disk herniations occur at the L4 
or L5 interspace levels. The vector of disk displacement in 
most herniations is posterolateral. In the lumbar spine, the 
exiting nerve passes immediately inferior to the vertebral 
pedicle and exits the foramen above the interspace level. 
Therefore, most disk herniations do not affect the exiting 
nerve, but rather impinge on the traversing nerve, which 
exits under the next lower vertebral pedicle. For example, 
a posterolateral L4-L5 disk herniation results in an L5 
radicular pain syndrome or radiculopathy. For a lumbar 
disk herniation to affect the like numbered nerve, it must 
be an extrusion with lateral and cephalad migration of disk 
material into the neural foramen. The greater spatial resolu-
tion of CT myelography may identify subtle lateral recess or 
foraminal lesions less well seen on MRI.

Contrast material is not typically used when MRI is 
undertaken to evaluate for causes of radicular pain or 
radiculopathy except in the presence of red flag features 
raising concern for infection of neoplasm, or prior surgery. 
Unenhanced imaging can primarily detect the mechanical 
compression of a nerve, not the inflammatory response, 
which is also necessary to provoke radicular pain. T2 hyper-
intensity on STIR or fat-saturated images may identify this 
reaction. If gadolinium is given, it is often observed that the 
soft tissue seen on unenhanced images, thought to be her-
niated disk material, is largely enhancing inflammatory/
granulation tissue about a small disk fragment. When con-
fronted by a patient with clinically evident radicular pain 
or radiculopathy and no evidence of a neural compressive 
lesion on standard imaging, an enhanced exam may reveal 
an inflammatory process associated with a disk whose annu-
lus is incompetent.162 This is described as chemical radicu-
litis. The neural compressive component of the lesion may 
only be present on imaging with axial load and physiologic 
positioning (Fig. 15.16).

POSTOPERATIVE IMAGING
Gadolinium-enhanced MRI does have a well-defined role 
in the evaluation of the postoperative patient. Plain films, 
CT, and CT myelography are relatively uninformative in 

the postoperative patient, as they cannot reliably distin-
guish recurrent disk herniation from epidural fibrosis/
scar. Following diskectomy, extensive anatomic changes 
evolve over time, confounding imaging interpretation. 
Great caution must be used in interpreting MRI within 6 
weeks of surgery.163 In this time frame, MRI is most use-
ful in the evaluation for hemorrhage, pseudomeningo-
cele, or diskitis; evaluation for recurrent disk herniation 
is tenuous. The diagnosis of postoperative diskitis is also 
complicated by the normal linear enhancement that may 
be observed in the postoperative disk.163 As postoperative 
tissue disruption and edema stabilize, MRI with gadolin-
ium enhancement has been reported to be 96% to 100% 
accurate in distinguishing recurrent disk herniation from 
scar.163 Scar or epidural fibrosis enhances rapidly and uni-
formly following gadolinium administration; disk mate-
rial does not enhance for the first 20 to 30 minutes. Early 
post-gadolinium images in the postoperative patient will 
show recurrent disk herniation as a nonenhancing zone; 
enhancing epidural fibrosis may surround this. Extensive 
scar or epidural fibrosis is in itself a negative prognostic 
sign, associated with an increased incidence of postopera-
tive radiculopathy.164 In the postoperative setting, the the-
cal sac should be examined for evidence of arachnoiditis. 
In this condition, the roots of the cauda equina are either 
clumped together or adherent to the dural tube. The dural 
tube may even appear empty of roots, which are smoothly 
scarred to its wall. Roots may exhibit enhancement in this 
condition.

IMAGING NATURAL HISTORY
The imaging natural history of disk herniation is resolu-
tion.165 Large disk herniations, extrusions, and sequestra-
tions, which have entered the highly vascular epidural 
space, are most likely to undergo resorption mediated by 
macrophage produced metalloproteases.166-168 This inflam-
matory response is integral to the profound pain these 
patients feel, but it will ultimately resorb the extruded disk 
material. If the inflammatory response can be attenuated by 
the targeted administration of corticosteroids, thus allowing 
the patient to remain functional, over time natural history 
will bear out with resolution of the herniated disk material 
and the radicular pain syndrome. Contained protrusions 
and bulges, with intact outer annulus shielding the hernia-
tion from the full fury of the immune system, tend not to 
change over time.

VALIDITY OF DISK HERNIATION IMAGING: 
CORRELATION WITH SYMPTOMS/SIGNS
The fundamental specificity fault of spine imaging is very 
evident in the imaging of disk herniations. Modic54 dem-
onstrated that there was no relationship between hernia-
tion type, size, or change over time and patient outcome. 
Most of the imaging findings observed on an imaging study 
obtained at presentation with radicular pain will have been 
present at a time when the patient was asymptomatic.53 In 
another study by Masui, disk herniations treated conserva-
tively were followed over 7 years.169 Clinical outcomes were 
unrelated to the size of the herniation or age changes in the 
disk. To assign causality to a disk herniation, there must be 
concordance, a perfect match of the patient’s pain or dys-
function syndrome, and the expected detriment caused by 
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an observed herniation. The imager must know the nature 
of the pain syndrome to identify its likely cause among the 
distracters of asymptomatic findings. The sensitivity fault 
is also evident; disk herniations that do not appear to con-
tact neural tissue on recumbent imaging may be compres-
sive under axial load and physiologic posture. Willén and 
Danielson demonstrated that significant additional infor-
mation was demonstrated in 14% of sciatica patients on 
images obtained under extension and axial load, including 
accentuation of disk herniations, increasing lateral recess or 
foraminal stenosis, and distension of synovial cysts that con-
tributed to root compression (Box 15.5).170

RADICULAR PAIN

LATERAL RECESS, FORAMINAL STENOSIS

As the nerve root exits the common dural sac into its root 
sleeve, it leaves the central canal, passing caudally and lat-
erally into the lateral recess or subarticular zone. Compro-
mise of the lateral recess may be causal of radicular pain or 
radiculopathy. Lateral recess stenosis is primarily a product 
of facet joint arthrosis with overgrowth of the superior artic-
ular process. This encroaches on the posterior aspect of the 
lateral recess, impinging on the exiting nerve root. This is 
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Figure 15.16 Disk herniations. Sagittal T2 MRI (A) and axial T2 images at L3-4 (B), L4-5 (C), and L5-S1 (D) disks demonstrate a normal L3-4 
disk, a central protrusion at L4-5, and a right central extrusion with caudal migration at L5-S1. Axial T2 (E) and T1 (F) MRI images at the S1 end 
plate level demonstrate a left-sided sequestered disk fragment contacting the thecal sac. Fat-saturated T1 axial image (G) and sagittal image (H) 
show that much of the apparent disk herniation enhances and is inflammatory reaction about a small disk fragment. Enhancing Modic I change 
is present. Another patient with left S1 radicular pain due to an L5-S1 disk extrusion (I, J) was treated with a transforaminal epidural steroid 
injection with resolution of pain. He returned 4 years later with new L5 distribution pain and was reimaged (K, L). Note that the L5-S1 extrusion 
has completely resolved; ([L] is at the identical level as [J]) and a new L4-5 extrusion has developed. The natural history of disk extrusion is 
resolution.
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best demonstrated on axial MRI or CT myelographic images 
(Fig. 15.17). These images should be scrutinized to be cer-
tain that the nerve root in question is indeed entrapped 
within the lateral recess rather than simply displaced medi-
ally into the central canal. The minimum normal A-P dimen-
sions of the lateral recess have been variably reported as 3 
mm to 4 mm.171 The lumbar level most commonly involved 
with lateral recess stenosis is the L4-5 interspace level.

As the exiting nerve root continues to progress caudally 
and laterally under its similarly numbered lumbar pedicle, 
it enters the foraminal zone. The intervertebral foramen is 
an inverted teardrop-shaped orifice; the exiting root is situ-
ated in the larger, superior aspect of the foramen. An annu-
lar bulge or lateral protrusion may intrude into the inferior 
portion of the neural foramen without causing neural com-
pression. A disk extrusion with cranial migration of disk 
material into the foramen may compress the exiting root. 
Other degenerative phenomena causing foraminal steno-
sis include osteophytes arising from the posterior margin 
of the vertebral body or superior articular process, synovial 
cysts, or abnormalities of vertebral alignment, including the 
concavity of a scoliotic curve or spondylolisthesis resulting 
from spondylolysis or facet arthropathy. Foraminal stenosis 
is best demonstrated on sagittal MRI images (see Fig. 15.17). 
The low signal nerve root and accompanying small veins 
should always be surrounded by high-signal fat on T1- or 
T2-weighted sagittal MRI images. Axial MRI images may also 
demonstrate foraminal stenosis, although to less advantage.

SYNOVIAL CYSTS

Synovial cysts may accompany facet osteoarthrosis and may 
be a cause of radicular pain, neurogenic claudication, and 
may be associated with axial low back pain. Synovial cysts 
are thought to originate with a degenerative or traumatic 
defect in the fibrous facet joint capsule, with subsequent 

herniation of the synovial membrane through the defect. 
Expansion of the synovial outpouching, no longer con-
strained by the joint capsule, results in a cystic lesion, which 
may impinge on adjacent neural structures or simply serve 
as an imaging marker of capsular pathology. Synovial cysts 
may retain or potentially lose their communication with the 
facet joint. Ganglion cysts may have a similar gross appear-
ance but histologically lack a synovial lining; they may be 
indistinguishable on imaging studies.

Although relatively unusual, synovial cysts are not rare: 
the series of Doyle and associates172 demonstrated a preva-
lence of nearly 10% in a population of patients undergoing 
MRI for back or leg pain. In this series, anterior or intra-
spinal cysts, often arising from the superior recess, had a 
prevalence of 2.3%; posterior or extraspinal cysts were 
more common with a 7.3% prevalence. Synovial cysts are 
prevalent in an elderly population, with an average age of 
63 in Metellus’ study,173 61 in Apostolaki’s174 study popula-
tion, and 66 years in the large surgical series of Lyons.175 
Reported male-to-female ratios are inconsistent, varying 
from a 1:1 ratio in the Lyons series to 1.2:1 in the Metellus 
series to 1:2 in the Apostolaki study; Doyle noted a female 
predominance in posterior cysts only. Synovial cysts are far 
more common in the lumbar region than in the thoracic 
or cervical spine. The literature has consistently shown that 
60% to 70% of lumbar synovial cysts will be at L4/5 level, 
followed in relative order by L5/S1, L3/4, and L2/3. Ante-
rior or intraspinal synovial cysts most commonly occur pos-
terolateral to the thecal sac in close association to the facet 
joint. They may be embedded in the ligamentum flavum. 
Uncommonly, cysts may be located directly dorsal to the the-
cal sac, laterally within the neural foramen, or in a far lateral 
or extraforaminal site. Far lateral synovial cysts typically arise 
from the superior recess of the joint, which extends over the 
superior margin of the superior articular process; the com-
munication with the joint will not be seen on an axial image 
but may be apparent on sagittal images.

Synovial cysts often arise from facet joints exhibiting sig-
nificant arthrosis, with sclerosis, osteophytes, and increased 
joint fluid, although most joints with arthrosis do not pro-
duce cysts. Segmental hypermobility is postulated as an 
underlying cause of synovial cysts. This is supported by the 
strong association with the most mobile lumbar segment 
(L4/5) and the frequent (42% to 65%) association with 
degenerative spondylolisthesis.174 Disk age-related changes 
are commonly present at the level of the cyst. Metellus173 
also noted that most cysts arise from joints with a predomi-
nant sagittal orientation; this orientation is also associated 
with segmental instability.

Synovial cysts may be detected by CT, CT myelography, or 
MRI; MRI is thought to be most sensitive (Fig. 15.18). Calci-
fied cysts may rarely be seen on plain radiographs. Synovial 
cysts have great variation in their histology, with correspond-
ing variety in their imaging appearance. Synovial cysts may 
be thin-walled collections of pure synovial fluid, or they may 
be complicated by varying degrees of chronic or acute hem-
orrhage and inflammation. Pure cysts have a high T2 signal, 
equal to or exceeding that of cerebrospinal fluid (CSF), with 
a thin, low-signal wall. With chronic hemorrhage, cyst con-
tents may develop a high T1 signal (methemoglobin) and a 
variable T2 signal; the wall often enhances with gadolinium. 
In the presence of chronic inflammation and calcification, 

	•	 	Radicular pain requires both compression of neural tissue 
and an inflammatory response, likely mediated by TNFα.

	•	 	Standard imaging can only detect nerve root displacement 
or compression, which are necessary but insufficient to 
cause symptoms.

	•	 	This is in part the basis of the specificity fault: many disk 
herniations are asymptomatic.

	•	 	Assignment of causality of symptoms to a disk herniation 
requires concordance: there must be a key in lock match 
of the lesion and the syndrome of pain and neurologic 
dysfunction.

	•	 	The imager must know the nature of the radicular pain/
radiculopathy syndrome to consider ascribing symptoms to 
a disk herniation.

	•	 	The natural history of disk herniations is resolution; larger 
herniations, extrusions, and sequestrations are more likely 
to resolve.

	•	 	There is no relationship between the size, type, or change in 
disk herniations over time and patient outcomes.

	•	 	Decisions regarding surgical intervention must be based on 
clinical grounds, not imaging appearance.

Box 15.5  Disk Herniations and Radicular 
Pain
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Figure 15.17 Subarticular zone (lateral recess) and foraminal compromise. Axial T2 MRI image (A) at the S1 superior end plate demon-
strates a widely patent central canal, but severe bilateral subarticular zone stenosis (arrows) resulting from facet hypertrophy. Consecutive CT 
images (B, C) at the L5 pedicle level in another patient show severe central canal stenosis, but also severe subarticular zone stenosis primarily 
caused by end plate osteophytes. T2 sagittal and L4-5 disk axial images (D, E) in a patient with left anterior thigh pain reveal a left foraminal disk 
extrusion, displacing the dorsal root ganglion (DRG) superiorly and laterally. Axial CT images (F, G) in another patient with left L4 radicular pain 
also demonstrate a left L4 foraminal and extraforaminal extrusion (arrows) effacing the fat about the exiting L4 DRG and ventral ramus. A final 
patient with L5 spondylolysis (H) demonstrates the typical S-shaped foraminal stenosis at L5-S1 seen in this setting. Note normal foramina at 
L3-4 and L4-5 with abundant fat surrounding the DRG and small veins.
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the wall may become quite thick, with a very low T1 and 
T2 signal. On CT, calcification is variably observed and cyst 
contents range from hypodense to slightly hyperdense rela-
tive to muscle. Changes of arthrosis in the adjacent facet 
joint are typical, including abnormal marrow signal (T2 

hyperintensity, T1 hypointensity) in the articular processes 
and pedicle. A direct communication with the facet joint is 
not always demonstrable on either CT or MRI. Synovial cysts 
may not be evident on recumbent CT or MRI imaging, as 
the synovial fluid recedes into the joint space, collapsing the 
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Figure 15.18 Synovial cysts. Typical bilateral L4 intraspinal synovial cysts (A) compress the thecal sac on a T2 axial image. A different patient 
(B) demonstrates a synovial cyst in the left L5-S1 neural foramen as well as a posterior extraspinal cyst. Another patient with right L5 radicular 
pain demonstrates an L4-5 synovial cyst on sagittal (C) and axial (D) T2 images. The patient underwent a right L5 transforaminal epidural steroid 
injection and an intra-articular injection of the facet joint/cyst. Her pain resolved. She presented 4 years later with axial pain. MRI T2 sagittal (E) and 
axial (F) show a new L5 compression fracture; the synovial cyst has resolved. A final patient demonstrates an irregular thick-walled cyst (arrows) 
arising from the left 3-4 facet (G, H, I). Note the T1 hyperintensity (H). CT (J) shows the cyst is calcified (arrow).



220 PART 3 — EVALUATION AND ASSESSMENT

cyst; when the patient assumes axial load, the joint surfaces 
are opposed, driving the fluid into the cyst, which then exerts 
mass effect on neural elements. Not infrequently synovial 
cysts will fill when the joint is pressurized by intra-articular 
injection, despite no evidence of their existence on recum-
bent advanced imaging. The imaging differential diagnosis 
includes conjoined nerve root sleeves, sequestered disk frag-
ments, cystic nerve sheath tumors, and degenerative cysts of 
other origins, such as pseudobursae in Baastrup’s disease.

Anterior or intraspinal synovial cysts often present as 
lesions causing unilateral radicular pain or contributing 
to neurogenic claudication. Anterior synovial cysts may 
cause focal neural compression in the lateral recess, fora-
men, or extraforaminal space, or they may contribute to 
central canal stenosis. Posterior cysts do not cause neural 
compression but may be associated with axial pain and be 
an imaging sign of facet capsular disease. Synovial cysts may 
regress spontaneously. Radicular pain resulting from syno-
vial cysts may be treated by an injection of corticosteroid 
into the facet joint bearing the cyst, with a transforaminal 
epidural steroid injection at the same procedural setting. 
This strategy successfully allowed 50% of patients to avoid 
surgical injection in a series by Sabers and colleagues.176 
Other nonoperative therapies have included aspiration, 
fenestration, or rupture of cysts under CT or fluoroscopic 
guidance. A large case series (n = 101) of percutaneous cyst 
rupture showed surgical sparing in about 50% of cases.177 
Surgical resection of synovial cysts generally has a favorable 
outcome, but it may require facetectomy, laminectomy, and 
possible fusion.

CERVICAL DISK HERNIATIONS

The cervical intervertebral disks differ structurally from the 
lumbar disk. The cervical disks are thicker anteriorly than 
posteriorly and have a less well defined nuclear/annular 
structure. There is no discrete annulus at the posterior disk 
margin. The cervical disks function less to disburse axial 
load. They undergo maturational change with age; intradis-
kal T2 signal loss is a poor predictor of axial pain. Cervical 
radicular pain or radiculopathy is less common than lumbar 
symptomatology. Cervical radicular pain is most commonly 
caused by foraminal compromise of multifactorial origin: 
uncovertebral joint and facet hypertrophy, loss of disk space 
height, and less frequently disk herniation. In a population-
based study in Rochester, Minnesota, disk herniations were 
causal of only 22% of cervical radiculopathies.178 The C6 
and C7 nerves were most commonly affected. As in the lum-
bar region, the vector of herniation is usually posterolateral, 
but as the cervical nerves exit low in the foramen, a hernia-
tion will likely affect the exiting nerve, not the traversing 
nerve. The C6 nerve exits low in the C5-6 neural foramen; 
a herniation at this segment will most likely impinge on the 
C6 nerve.

The natural history of cervical disk herniations parallels 
the lumbar region. Cervical disk herniations may undergo 
spontaneous regression. As in the lumbar region, extrusions, 
migrated disk material, and laterally situated disk hernia-
tions are more likely to undergo spontaneous regression. As 
most lesions causing cervical radicular pain are not purely 
soft disk but are, at least in part, bony, overall regression of 

the root compressive lesion is less likely than in the lumbar 
region. MRI remains the primary advanced imaging modal-
ity, but CT myelography may play a larger role. It provides 
the best spatial resolution, critical in the narrow confines of 
the cervical region, and excels at discriminating bone from 
soft disk, which may alter the surgical approach (Fig. 15.19).

THORACIC DISK HERNIATIONS

Symptomatic thoracic disk herniations are rare; only 1% 
to 2% of all disk surgeries are performed in the thoracic 
segment.179 The expected specificity fault applies; disk age-
related changes are ubiquitous, and herniations are often 
asymptomatic. The majority of disk herniations occur in 
the mid and lower thoracic region. In the surgical series 
of Stillerman,180 the T8 to T11 levels were most commonly 
affected. In this series, 76% of patients presented with pain, 
61% with either motor or sensory dysfunction, and 24% 
with bladder dysfunction. Nearly two thirds of the disk her-
niations showed evidence of calcification on CT imaging. 
At surgery, 7% showed intradural extension. Thoracic disk 
herniations involving the conus can mimic lumbar radicular 
pain; MRI studies of the lumbar spine should always extend 
to the conus on the sagittal sequences.

Imaging of thoracic radicular pain should involve MRI or 
CT myelography. CT myelography has the greatest spatial 
resolution and may better demonstrate the presence of cal-
cification within thoracic disks. MRI can detect signal abnor-
mality within the cord, which may identify cord edema or 
venous hypertension, verifying the physiologic significance 
of a disk herniation. All imaging evaluation for thoracic disk 
disease must include careful enumeration of the segmental 
level involved. If a lesion that may require surgical or percu-
taneous intervention is detected, the imaging study should 
be extended to include sagittal images from the sacrum to 
the skull base. Communication between radiologist and sur-
geon or spine interventionalist is critical to avoid wrong seg-
ment interventions.

DEGENERATIVE SPONDYLOLISTHESIS

Spondylolisthesis refers to the abnormal anterior or poste-
rior displacement of one vertebral body relative to another. 
Displacement caused by defects in the pars interarticularis 
(spondylolytic spondylolisthesis) will be discussed later. 
Degenerative anterolisthesis is the anterior displacement 
of a vertebral body relative to the body immediately caudal 
to it. The etiology of degenerative anterolisthesis is primar-
ily facet joint arthrosis, often with a relative sagittal orienta-
tion of the facets. Disk structural failure is also necessary. 
Degenerative anterolisthesis may be present in 4% to 14% 
of elderly patients.181 Anterolisthesis is most frequent at 
the L4 level, with less common occurrence at L5, followed 
by L3. It is significantly more common in women than in 
men.181 Radiographic findings of degenerative anterolis-
thesis include the obvious displacement itself, joint space 
narrowing and sclerosis in the associated facets, and find-
ings of intervertebral osteochondrosis, including a loss of 
disk space height, gas within the disk, and subchondral 
sclerosis.
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Degenerative retrolisthesis describes the posterior dis-
placement of the index vertebral body relative to that 
below it; the primary causative process is intervertebral 
osteochondrosis. As there is a loss of disk space height, 
the oblique orientation of the facet results in the more 

superior vertebral body gliding posterior relative to its infe-
rior counterpart. Degenerative retrolisthesis is most com-
monly seen at the L2 interspace level, with less common 
occurrence at L1, followed by L3. There is no significant 
gender difference.
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Figure 15.19 Cervical and thoracic disk herniations. A patient with prior C5-6 anterior cervical diskectomy and fusion presents with new right 
C7 distribution radicular pain. Sagittal T2 image (A) shows disk extrusion with caudal migration from the adjacent C6-7 segment. Note that the 
extruded material has higher T2 signal than parent disk, perhaps a reflection of the inflammatory response. Axial fast spine echo (FSE) T2 (B) and 
gradient echo (C) axial images at the C6-7 interspace well demonstrate the extrusion. In another patient with a right C6 radiculopathy axial FSE T2 
images (D, E) at the C5-6 interspace suggest a disk-osteophyte complex and uncovertebral joint osteophytes compromise the right C5-6 foramen. 
The primary bony nature of the process is confirmed on CT images (F, G). In the cervical spine, compressive lesions are more likely to be osseous 
than soft disk alone. Thoracic disk extrusion in a 51-year-old woman with progressive thoracic myelopathy is shown in images H, I, and J. Sagittal 
T2 MR image (H) shows large T5-6 disk extrusion. Low T2 signal suggests calcification. The cord is displaced and compressed by the right-sided 
extrusion on T2-weighted axial MR image (I). Axial CT image (J) demonstrates coarse calcification in the disk extrusion. Note the linear defect with 
marginal sclerosis in the end plate, a finding often accompanying disk herniations.
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Degenerative spondylolisthesis may be associated with 
axial low back pain. The Kauppila study showed that patients 
with degenerative spondylolisthesis had a higher prevalence 
of daily low back symptoms.181 There was, however, no 
increased disability in spondylolisthesis patients relative to 
controls. In this study, the overall incidence of degenerative 
spondylolisthesis approached 20%. Degenerative spondylo-
listhesis carries with it the risk of neural element compro-
mise with secondary central canal stenosis, lateral recess 
stenosis, or foraminal compromise.

SPINAL STENOSIS: LUMBAR NEUROGENIC 
INTERMITTENT CLAUDICATION (NIC)

Lumbar spinal stenosis is an imaging observation; it may 
give rise to the clinical syndrome of NIC. NIC is the most 
common cause of spine surgery in patients over 65 years of 
age.182 The hallmark is the induction of gluteal and lower 
extremity pain with upright exercise or specific postural 
positions, and palliation by forward flexion, sitting, or 
recumbency. The most common symptoms in patients with 
lumbar spinal stenosis are back pain (prevalence of 95%), 
claudication (91%), leg pain (71%), weakness (33%), and 
voiding disturbances (12%).183 There may be a paucity of 
physical findings, even in the presence of symptoms.

Despite its significance, few prevalence or natural his-
tory data are available for NIC. Kalichman and colleagues 
utilized data from the Framingham study to establish the 
prevalence of congenital and acquired lumbar central canal 
stenosis in a community population.184 Using the anterior-
posterior dimension of the central canal derived from CT 
studies (12 mm = relative stenosis, 10 mm = absolute steno-
sis), they noted congenital central canal narrowing of rela-
tive degree in 4.7% of the population and absolute stenosis 
in 2.6%. Acquired stenosis was identified in 22.5% (relative) 
and 7.3% (absolute) of individuals. Their review of the lit-
erature noted that the prevalence of acquired lumbar steno-
sis ranged from 1.7% to 13.1%. The prevalence of acquired 
stenosis (absolute) increased from 4% in patients younger 
than 40 years of age to 14.3% in patients older than 60. 
The North American Spine Society (NASS) 2011 evidence-
based guidelines on the diagnosis and treatment of spinal 
stenosis suggest, in the absence of reliable evidence, that the 
natural history of patients with clinically mild to moderately 
symptomatic degenerative stenosis is favorable in one third 
to one half of patients.185 In patients with mild to moder-
ately symptomatic stenosis, rapid or catastrophic neurologic 
decline is a rare phenomenon.

PATHOPHYSIOLOGY

The pathogenesis of NIC in lumbar spinal stenosis has been 
a subject of investigation for half a century. Verbiest initially 
described mechanical compression of the nerve roots of the 
cauda equina as a cause of NIC in 1954.186 Subsequent inves-
tigators have postulated that arterial and venous ischemia,  
perhaps exacerbated by restriction of CSF flow (which par-
ticipates in nerve root nutrition), are contributors to the 
clinical syndrome. The current preponderance of evidence 
favors venous congestion secondary to mechanical compres-
sion. This hypothesis emphasizes the importance of multiple 

levels of compression and the physiologic effects of lumbar 
extension. Both of these observations have significant rel-
evance to imaging.

The animal work of Takahashi and Olmarker dem-
onstrated that two zones of modest compression in the 
cauda equina would dramatically reduce blood flow to the 
intervening nerve segment because of venous congestion; 
this venous congestion could precipitate neural dysfunc-
tion.187,188 Kobayashi examined cauda equina histology after 
the application of a modest stenosis (30% of cross-sectional 
area) to the dural tube.189 The cauda equina demonstrated 
congestion and dilatation of intraradicular veins and an 
inflammatory cellular infiltrate. There was disruption of 
the blood-nerve barrier, both at the site of the compres-
sion and also in more distant sites of Wallerian degenera-
tion. The necrotic debris created by Wallerian degeneration 
stimulated macrophage activity generating inflammatory 
molecules such as interleukin-1 and TNFα. Macrophages 
stimulate cytotoxic activity by the release of nitric oxide and 
proteases. They are considered the chief effector cells caus-
ing an inflammatory neuritis that results in aberrant ectopic 
neural discharge and conduction disturbance leading to 
the pain and neural dysfunction of neurogenic intermittent 
claudication.189

Multiple sites of venous congestion are key to this model 
of NIC; it is supported by clinical studies. Sato demonstrated 
that patients with two-level central canal stenosis were sig-
nificantly more likely to exhibit NIC than were patients with 
a single level of canal compromise. In two-level stenosis, the 
symptomatic expression most closely matched the radicular 
distribution of the more caudal of the two stenotic levels; 
in patients with compromise at the L3 and L4 disk levels, 
the pain pattern matched that of the traversing L5 roots.190 
Porter and Ward noted that the sites of compression may 
be either in the central canal or in the neural foramina.191 
In their cohort of 49 patients with NIC, 94% had either 
multilevel central canal stenosis or central canal plus neu-
ral foraminal stenosis. The work of Morishita emphasized 
the importance of the neural foramen as a potential zone 
of compression, particularly with dynamic changes in pos-
ture.192 Even without demonstrable foraminal compromise 
by imaging in a neutral position, in lumbar extension intra-
foraminal pressures exceeded venous pressure and neural 
dysfunction was documented by electromyography (EMG). 
All levels of neural compromise, central, lateral recess, and 
foraminal, are potentially significant and must be detected 
by imaging.

CONGENITAL CENTRAL CANAL STENOSIS

A small proportion of patients with clinical NIC will have 
developmental narrowing of the lumbar central canal, with 
only modest spondylotic changes necessary to produce 
clinical symptoms. Singh and colleagues studied the mor-
phologic characteristics of a cohort of surgically treated 
patients carrying the clinical diagnosis of congenital lum-
bar stenosis.193 They noted that these patients had a sig-
nificantly shorter pedicle length and, as a result, a smaller 
cross-sectional spinal canal area when compared with age- 
and sex-matched controls. The patients with a congenitally 
narrowed lumbar central canal typically exhibit these mor-
phologic characteristics over several vertebral segments, 
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maximal at the L3 level. This contrasts with purely acquired 
stenosis, which is often more focal, particularly at the L4 
disk level. Congenital central canal stenosis patients tend to 
present at a younger age (40 to 50 years old) and with less 
spondylotic change than typical.

ACQUIRED SPINAL STENOSIS

The great majority of patients presenting with neurogenic 
intermittent claudication have acquired spondylotic change 
as their primary cause of central canal, lateral recess, or 
foraminal compromise. The changes that result in compro-
mise of the central canal are rooted in the three-joint struc-
ture of the spine motion segment: the disk and the paired 
facet joints. In the anterior column, degradation of the disk 
nuclear matrix places excessive load on the posterior annu-
lus, and annular failure results in posterior end plate osteo-
phytes and disk herniation. These changes encroach on the 
ventral aspect of the central canal or lateral recesses. Loss of 
disk space height obligates narrowing of the neural foram-
ina and contributes to increased facet load and ultimately 
arthrosis; facet capsular hypertrophy and superior articu-
lar process osteophytes compromise the lateral recesses. 
Synovial cysts, particularly at the L4 level, may contribute 
to central canal, lateral recess, or foraminal compromise. 
The reduced height of the segment and the loss of elasticity 
of the ligamentum flavum result in its buckling centrally as 
a dominant cause of the loss of cross-sectional area of the 
central canal. The ligamentum flavum may also thicken, 
although it is unclear if this represents true hypertrophy. 
These several anterior and posterior column phenomena 
conspire to narrow the central canal most commonly at the 
L4-5 disk level, followed by L3-4, L5-S1, and L1-2.194

There are a number of measurable parameters that could 
quantify the degree of stenosis depicted by radiography, 
myelography, CT, or MRI. Verbiest, in his early descriptions 
of the entity of spinal stenosis, suggested that a 10- to 12-mm 
anterior-posterior diameter of the dural sac on conventional 
myelography constituted relative stenosis, with a measure-
ment of < 10 mm denoting absolute stenosis.186 Steurer, in a 
2011 review, surveyed the numerous measurements applied 
by various authors in the intervening decades in 25 unique 
studies and four systematic reviews.171 The most common 
descriptors of central stenosis include the anterior-posterior 
(AP) dimension of the osseous canal or the dural sac and 
the cross-sectional area of the dural sac. A dural sac AP 
dimension of < 10 mm or a dural sac cross-sectional area of 
< 100 mm2 constitutes stenosis. Descriptors of lateral recess 
(LR) or subarticular stenosis include the height and the lat-
eral recess angle. Height is defined as the shortest distance 
between the most anterior point of the superior articular 
process (SAP) and the posterior vertebral body, and the LR 
angle is the angle formed by the posterior vertebral body 
and the pars interarticularis. LR stenosis is typically defined 
as height < 3 mm or angle < 30 degrees. Descriptors of 
foraminal stenosis most commonly used suggest a diameter 
of ≤ 2 to 3 mm as indicative of stenosis.

The multiplicity of quantitative parameters suggests that 
no single measurement has proven satisfactory. Indeed, the 
very notion of a readily quantifiable measure of stenosis may 
be flawed. There is a wide normal variation in central canal 
and dural tube diameters; an assessment of stenosis must 

address not simply diameter or cross-sectional area but the 
crowding or compression of neural tissue. The semiquan-
titative criteria advanced in 2001 by Fardon and Milette158  
simply defines reduction in expected area by less than one 
third as mild, by one third to two thirds as moderate, and 
by greater than two thirds as severe. This allows a subjec-
tive judgment of neural compression at the potential cost 
of reliability. Lurie and associates studied the reliability of 
the subjective grading of stenosis of the central canal, lateral 
recesses, and neural foramina and measurement of central 
canal and dural sac area aided by specific definitions and 
imaging examples of the criteria.195 Stenosis was subjectively 
rated as none, mild, moderate, and severe using the Far-
don and Milette definitions; nerve root compromise in the 
foramen was categorized as none, touching, displacing, or 
compressing. Inter-reader reliability in assessing the central 
canal was substantial, with a κ = 0.73. There was moderate to 
substantial reliability for foraminal stenosis and nerve root 
impingement (κ = 0.58. 0.51, respectively). Reliability for 
subarticular stenosis was only moderate at κ = 0.49. These 
results emphasize the importance of a clear definition of cri-
teria for reliably grading stenosis by subjective scales.

Other imaging observations have been employed in an 
attempt to identify significant stenosis. The observation of 
nerve root redundancy as a qualitative marker of central 
canal compromise dates from the original description of 
the entity of spinal stenosis by Verbiest.186 This is presumed 
to originate from mechanical entrapment of the root at 
the site of compression, with subsequent elongation of 
the nerve above this site under the tensile stress of physi-
ologic flexion and extension motion. Some of these promi-
nent structures may also represent dilated veins. Although 
frequently observed, this sign has been subjected to little 
study. Redundant nerve roots are present in 34% to 42% 
of surgical candidates with clinical NIC.196 In a 2007 study 
by Min and colleagues, redundant nerve roots were more 
commonly observed in older patients, but there was no sig-
nificant association with duration of symptoms, diameter of 
the spinal canal, preoperative symptom intensity or surgi-
cal outcomes.196 There was a nonsignificant trend toward 
poorer surgical outcomes in patients with redundant roots.

A 2010 study by Barz described the “nerve root sedimen-
tation sign” as a marker of symptomatic NIC.197 In patients 
without central canal compromise, the roots of cauda 
equina lie in the dorsal aspect of the dural sac on supine 
MRI imaging. A positive sedimentation sign was defined as 
the absence of nerve root sedimentation to the dorsal dural 
sac on at least one axial MRI image at a level above or below 
the zone of compression; the two nerve roots leaving the 
dural sac at the next most caudal segment are exceptions. 
This retrospective study utilized a total of 200 patients: 100 
patients with low back pain but without clinical NIC, and 
a dural cross-sectional area (DCSA) of > 120 mm2 and a 
cohort of 100 patients with clinical NIC, a maximum walk-
ing distance of less than 200 m, and a DCSA of less than 80 
mm² on at least one level. There was no correlation between 
the smallest DCSA and patient disability as measured by the 
Oswestry Disability Index (ODI). The sedimentation sign, 
however, was identified in 94 of the patients in the NIC 
cohort but in none of the low back pain group. It remains to 
be demonstrated that this sign provides additional specific-
ity over a quantitative measurement of the DCSA.
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Given the specificity challenges of purely anatomic imag-
ing, the more physiologic parameter of gadolinium enhance-
ment may have a role. This is not a new observation; in 1993, 
Jinkins observed abnormal intrathecal nerve root enhance-
ment at the site of stenosis on enhanced MRI in patients with 
NIC.198 He postulated that this represented a breakdown 
of the blood-nerve barrier at sites of nerve root injury with 
subsequent Wallerian degeneration. This has been elegantly 
confirmed in a canine model by the work of Kobayashi.189 
Histologic examination demonstrated congestion and dila-
tation of intra-radicular veins and an inflammatory cellular 
infiltrate at sites of gadolinium enhancement. Gadolinium 
enhancement may provide added specificity in the correla-
tion of imaging and the clinical symptomatology of NIC; this 
remains to be proven in clinical studies (Fig. 15.20).

SPECIFICITY OF IMAGING FINDINGS

The ultimate challenge in establishing the utility of diag-
nostic imaging in the diagnosis of NIC is the lack of a gold 
standard against which to measure imaging parameters. 
Surgical findings may be subjective. Clinical outcomes are 
highly dependent on the technical success of the instituted 
surgical therapy and the outcome instruments used in any 
such measurement.

The specificity fault in imaging of central canal stenosis 
can be seen in studies of asymptomatic volunteers. Boden 
and associates noted significant central canal stenosis on 
MRI in 21% of asymptomatic subjects over the age of 60.18 
Jarvik and colleagues demonstrated that asymptomatic ste-
nosis on MRI increases in prevalence with age: moderate to 
severe central canal stenosis was observed in 7% of subjects 
< 45; in 6% of subjects age 45 to 55; in 11% of subjects age 
55 to 65, and in 21% of subjects over age 65.19

Against this background of asymptomatic central canal 
narrowing, numerous conflicting studies have attempted 
to establish a relationship between imaging quantitation of 
central canal or dural size and clinical expression of NIC. 
For example, Hamanishi and colleagues showed that a 
decrease in the DCSA to less than 100 mm² at more than 
two of three lumbar levels (L2-3, L3-4, L4-5) was highly 
associated with the presence of clinical NIC.199 For each 
study showing such an association, several others refute it. 
Sirvanci examined patients undergoing decompressive sur-
gery for NIC.200 Morphologic stenosis was assessed by DCSA 
(> 100 mm2: normal; 76 to 100 mm2: moderately stenotic; 
< 76 mm2: severely stenotic) and a 4-point grading of sub-
articular and foraminal stenosis. There was no correlation 
between any of the measured parameters in any spine com-
partment and patient disability as measured by the Oswestry 
Disability Index (ODI). This applied both to patients with 
multilevel central stenosis and to a subset with degenerative 
spondylolisthesis. The NASS guidelines185 conclude that 
there is insufficient evidence to recommend for or against 
a correlation between clinical symptoms or function and 
the presence of anatomic narrowing of the spinal canal on 
cross-sectional imaging.

SENSITIVITY OF IMAGING FINDINGS

There is also a basic sensitivity flaw in advanced imaging. 
NIC is by definition intermittent; most patients with NIC 

report exacerbation of symptoms with extension and weight 
bearing. It is well known that the cross-sectional area of the 
central spinal canal, subarticular zone or lateral recess, and 
neural foramina is maximized with flexion positioning; the 
dimensions of these structures diminish with extension 
and axial load. Intradiskal pressures are significantly lower 
when one is in a recumbent position than when sitting or 
standing. A 2009 study by Hansson and associates identi-
fied the ligamentum flavum as the greatest dynamic con-
tributor to central canal compromise with axial load and 
extension.39 The average cross-sectional area of the central 
canal diminished by 23 mm² at the L3 disk level and 14 
mm² at the L4 level under load. The ligamentum flavum 
was responsible for 50% of the reduction at the L3 level 
and 85% of the reduction at the L4 level. Madsen and asso-
ciates attempted to distinguish between the effects of axial 
load and extension; their work suggested that lumbar spine 
extension is the dominant cause of reduction in DCSA in 
the standing patient.40 Mechanisms circumventing this flaw 
include upright axial loading devices, the technologically 
immature upright MRI, and cone beam CT myelography 
(Box 15.6).

THORACIC SPINAL STENOSIS

Symptomatic central canal stenosis in the thoracic segment 
of the spine resulting from age-related change is far less 
common than in the cervical and lumbar regions, likely 
because of the added mechanical stability imparted by the 
rib cage. Systemic disease accounts for a correspondingly 
greater proportion of cases. Systemic processes leading to 
thoracic central canal compromise include achondropla-
sia, osteochondrodystrophy, Scheuermann’s disease, dif-
fuse idiopathic skeletal hyperostosis (DISH), and Paget’s 
disease.

Compromise of the thoracic spinal canal may be mani-
fest clinically as myelopathy, radiculopathy, or a mixed pre-
sentation. The segmental level of canal compromise is most 
commonly reported to be in the lower thoracic region. 
Thoracic spine mobility, particularly flexion-extension 
motion, is greatest near the thoracolumbar junction, likely 
the biomechanical underpinning to this distribution of age-
related pathology. Posterior element age-related changes 
play a greater role in the genesis of thoracic central canal 
compromise. This takes the form primarily of unilateral or 
bilateral facet joint hypertrophy. Thoracic disk herniations 
or disk-osteophyte complexes may also contribute. Both the 
ventral and dorsal contributions to thoracic central canal 
compromise are clearly visible on CT, CT/myelography, 
and MRI.

Other causes of thoracic central canal stenosis include 
ossification of the thoracic ligamentum flavum (OLF), a 
well-recognized cause of thoracic stenosis in an Asian popu-
lation, but rare among Caucasian subjects. Epidural lipo-
matosis is a rare cause of central canal compromise in the 
thoracic or lumbar spine. It may be idiopathic or second-
ary to endogenous or exogenous steroid excess. Obesity is 
a common factor in both groups. Excess epidural fat acts 
as a mass compressing the dural sac, most commonly from 
a dorsal vector in the thoracic region; it is more likely to be 
circumferential in the lumbar region.
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Figure 15.20 Central canal stenosis manifest as neurogenic intermittent claudication (NIC). A 24-year-old male 
presents with incapacitating leg pain with walking and recent voiding disturbance. Lateral radiograph (A) demon-
strates short pedicles throughout the lumbar spine. Sagittal CT image (B) and axial images at L3-4 (C), L4-5 (D), and 
L5-S1 (E) demonstrate the developmentally narrow spinal canal with superimposed disk herniations at L4-5 and  
L5-S1. There is severe central canal compromise at L4-5 and L5-S1. The L3-4 disk has a broad bulge without canal 
compromise. A 62-year-old male has classic symptoms of NIC; a sagittal T2 MRI image (F) demonstrates mild loss of 
disk space height and annular bulges at L2-3 and L3-4; the dominant element constricting the spinal canal is the liga-
mentum flavum. Axial T2 images at L1-2 to L4-5 (G, H, I, J, respectively) confirm the severe central canal compromise 
at L2-3 and L3-4 primarily because of ligamentum flavum thickening. A 68-year-old male has severe NIC with a walking 
tolerance of 10 to 20 m. A T2 sagittal image (K) shows severe stenosis at L4-5 and an L1-2 herniation. T1 unenhanced 
(L) and fat-saturated, T1-enhanced (M) images show intrathecal enhancement at L4-5 consistent with breakdown 
of blood-nerve barrier and Wallerian degeneration. Note also enhancing Modic I change and disk herniation at L1-2.
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CERVICAL STENOSIS: CERVICAL 
SPONDYLOTIC MYELOPATHY (CSM)

Cervical spondylotic myelopathy (CSM) is the most com-
mon cause of spinal cord dysfunction in patients over  
55 years of age.201 Stookey originally described cervical spon-
dylotic myelopathy in 1928.202 Although its pathophysiology 
remains incompletely understood, it is widely acknowledged 
to involve static factors causing stenosis of the cervical canal 
and dynamic factors causing repetitive cord injury.201 These 
mechanical factors both directly injure neural tissue and ini-
tiate secondary ischemia, inflammation, and apoptosis. The 
histologic characteristics in the cord in CSM include cystic 
cavitation and gliosis of the central gray matter and demyelin-
ation of the medial portions of the white matter long tracks. 
There is Wallerian degeneration in the posterior columns 
and posterolateral tracts cephalad to the site of compression. 
Loss of anterior horn cells and corticospinal tract degenera-
tion are visible at and caudal to the site of compression.

The developmentally narrow spinal canal is a more uni-
versal substrate for CSM than is the case with NIC in the 
lumbar region. The sagittal diameter of the adult spinal 
cord is nearly constant, measuring about 8 mm from C3-C7; 
the cervical cord enlargement occurs primarily in the trans-
verse plane.201 The normal cervical spinal canal sagittal 
diameter (posterior vertebral body to spinolaminar line) 
is 17 to 18 mm (C3-C7) in a Caucasian population; these 
subjects rarely develop sufficient age-related change to pro-
voke CSM. Edwards and LaRocca observed that patients 
with developmentally narrowed midcervical sagittal diam-
eters of < 10 mm were often myelopathic, patients with 
canals of 10 to 13 mm were at risk for CSM, canals of 13 to 
17 mm were noted in patients with symptomatic spondylosis 
but rarely myelopathy, and subjects with canals > 17 mm 
were not prone to develop spondylosis.203 Morishita stud-
ied the kinematics of subjects with congenitally narrowed 
canals; there is hypermobility in the lower cervical region, 
providing a biomechanical explanation for the significantly 

greater age-related change seen in this setting.204 Hence, 
the individual with a congenitally narrowed canal is at risk 
because of both the limited space available for the cord and 
a greater propensity to age-related spondylotic change.

Acquired cervical central canal stenosis encompasses 
age-related spondylotic change (most common), ossifica-
tion of the posterior longitudinal ligament (OPLL), and 
OLF. Disk degradation results in a loss of disk space height, 
excess loading of the uncovertebral joints with osteophyte 
formation, excess facet loading causing hypertrophy, and 
central buckling of the ligamentum flavum. These processes 
circumferentially narrow the canal and directly compress 
the cord, exiting nerves, and the anterior spinal artery. The 
most common levels of compromise were C3-4 (27%), C4-5 
(37%), and C-56 (29%) in a surgical series.205 This series 
included patients with spondylosis only and those with 
OPLL. It is also known that the cross-sectional area of the 
cervical canal diminishes in both extension and flexion, 
with greater effects during extension.44,45 Ventral compres-
sion of the cord compromises flow through the arterioles 
arising from the anterior spinal artery in the ventral sulcus 
of the cervical cord; dorsal compression reduces perfusion 
to the central gray matter. Oligodendrocytes are extremely 
sensitive to ischemic injury; resultant apoptotic cell death 
may cause the demyelination characteristically observed in 
CSM.201 Animal evidence further supports the role of an 
inflammatory cascade in apoptotic cell death.206

IMAGING

Historically, radiographic assessment of cervical anatomic 
stenosis relied on the anterior-posterior dimension of the 
central canal as measured from the posterior vertebral body 
to the spinolaminar line. The normal sagittal diameter from 
C3 through C7 is considered to be 17 to 18 mm; Edwards 
and LaRocca noted that a cervical canal with a sagittal diam-
eter of less than 13 mm was at risk for myelopathy; absolute 
stenosis was defined as being less than 10 mm.203 The advent 
of cross-sectional imaging has allowed us to directly measure 
the diameters and cross-sectional areas of the cervical spi-
nal canal and the cervical cord. MRI has also given us the 
ability to evaluate physiologic parameters: T2 hyperintensity, 
T1 hypointensity, gadolinium enhancement, and, with diffu-
sion tensor imaging (DTI), fractional anisotropy (FA), and 
apparent diffusion coefficient (ADC).

A 2010 study by Naganawa and associates demonstrated 
good intra- and inter-observer reliability in evaluation of 
the cross sections of the cervical canal and spinal cord with 
both CT/myelography and MRI.207 They noted that dural 
sac diameter and cross-sectional area measurements were 
slightly but significantly larger with CT/myelography than 
fast spin echo T2-weighted MRI; conversely, the diameters 
and cross-sectional areas of the spinal cord were slightly 
but significantly larger with MRI. MRI graded the stenosis 
as slightly, but significantly, more severe than CT/myelogra-
phy. A 2009 study by Song and associates found no signifi-
cant difference in inter-observer or intra-observer reliability 
between CT/myelography and MRI.208 With its superior 
spatial resolution, CT/myelography was somewhat better in 
assessing foraminal stenosis and much better in discriminat-
ing bony versus soft tissue lesions. MRI was more reliable in 
identifying direct nerve root compression (Fig. 15.21).

	•	 	Decompression procedures for lumbar spinal stenosis are 
the most common spine surgery in the elderly.

	•	 	Neurogenic intermittent claudication (NIC) is a clinical syn-
drome; spinal stenosis is an anatomic observation.

	•	 	The best evidence of NIC pathophysiology suggests venous 
congestion from multiple sites of compression initiates 
an inflammatory reaction and Wallerian degeneration with 
blood-nerve barrier disruption and intra-radicular edema.

	•	 	Clinically, multiple sites of compression, at different seg-
ment levels or different spine compartments (central, lateral, 
foraminal) are necessary for NIC.

	•	 	Beware the specificity fault: The correlation between quan-
titative measures of central canal or dural sac size and 
patient symptoms or function is poor.

	•	 	Beware the sensitivity fault: Dynamic lesions, present only 
with extension and axial load, may make recumbent imaging 
insensitive.

Box 15.6  Lumbar Spinal Stenosis: 
Neurogenic Intermittent 
Claudication
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Figure 15.21 Cervical central canal compromise manifest as cervical spondylotic myelography (CSM). A 36-year-old female presents 
with very subtle bilateral hand incoordination, neck pain, and left arm symptoms. Her lateral radiograph (A) shows no lamina posterior to the 
articular pillar. Compare to a normal lateral radiograph (B). Sagittal T2 (C) and T1 (D) images show effacement of CSF and cord compression 
from the C4-C6 interspaces with subtle T2 hyperintensity in the cord at the C5-6 interspace level. Note that no dorsal epidural fat is visible above 
the C7-T1 level, a typical finding.

A 48-year-old female had intractable upper extremity pain and dysesthesia involving the right lateral forearm. There were also long tract signs. 
Sagittal T2 (E) and T2 with fat saturation (F) demonstrate cord deformity at the C6-C7 interspace level, with focal T2 hyperintensity in the right 
side of the cord, as seen on the axial FSE image (G). Postgadolinium sagittal T1-weighted image with fat saturation (H) shows enhancement at 
the site of T2 hyperintensity, a negative prognostic sign.

A 77-year-old Caucasian male has slowly progressive myelopathy on clinical examination. Lateral radiograph (I) demonstrates OPLL in the up-
per cervical spine; note the coexistent manifestations of DISH. CT sagittal reconstruction (J) and sagittal T2 (K) images better depict the severe 
cord deformity at C2.
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IMAGING SPECIFICITY

The significant prevalence of asymptomatic cervical central 
canal stenosis was noted earlier in this chapter. When a pop-
ulation of patients with a clinical diagnosis of CSM is stud-
ied, the correlations appear more favorable. The transverse 
area of the spinal cord as measured by MRI correlates well 
with the severity of myelopathy and the pathologic changes 
observed in the cord in CSM.209 The physiologic parame-
ters of T2 hyperintensity or T1 hypointensity have provided 
further insight into the evolution of CSM. The several stud-
ies addressing these correlates are explored in a review.210 
From these studies we can conclude the following:

 1.  Intramedullary T2 hyperintensity represents a range of 
reversible (edema) and irreversible (demyelination, glio-
sis, cystic necrosis) pathology.

 2.  Faint and indistinct T2 hyperintensity is more likely to 
reflect reversible edema.

 3.  Very intense and well-defined T2 hyperintensity more 
likely represents fixed gliosis or cystic necrotic change.

 4.  Intramedullary T1 hypointensity represents irreversible 
necrosis and myelomalacia.

A 2010 study by Ozawa211 and a 2011 study by Cho212 com-
pared CSM patients who exhibited gadolinium enhance-
ment with a nonenhancing control group. The zone of 
enhancement was always within and smaller than a zone 
of T2 hyperintensity at the site of maximal compression, 
with extension caudally. It was typically observed in the 
posterior or posterolateral cord. There was no correla-
tion of enhancement with preoperative clinical symptoms. 
Enhancement disappeared in most patients within 1 year 
of surgical decompression; patients who exhibited preop-
erative enhancement had a poorer postoperative progno-
sis than those who did not. Floeth studied 20 CSM patients 
with FDG-PET in the setting of a single level stenosis at  
C3/C4 or C4/C5.213 All the CSM patients showed a signifi-
cant decrease in 18F-FDG uptake in the lower cord below 
the stenosis, relative to normal controls. A cohort of these 
patients also exhibited increased uptake at the level of the 
stenosis. The patients with increased 18F-FDG uptake at the 
stenosis had a significantly shorter duration of symptoms, 
a more precipitous decline in function in the 3 months 
prior to decompression, and ultimately exhibited signifi-
cant improvement after decompression. Patients without 
increased uptake at the stenotic zone did not recover neuro-
logic function after decompression.

Early reports suggest that diffusion tensor imaging may 
offer greater accuracy in the identification of symptomatic 
cord compromise than T2 hyperintensity or T1 hypoin-
tensity. The measured parameters are fractional anisot-
ropy (FA), mean diffusivity (MD), or apparent diffusion 
coefficient (ADC). The ADC or MD values reflect overall 
diffusivity in the tissue irrespective of directional depen-
dence. Anisotropy (directional dependence) of diffusion in 
white matter tracts results from oriented membrane struc-
ture (i.e., axons and myelin). Diminished FA values may 
reflect loss of directionally oriented membrane structures, 
increased extracellular edema, or both. Several studies210 
suggest diminished FA is more sensitive in the detection of 
early cord injury than intramedullary T2 hyperintensity and 
is better correlated with symptoms. This may assist in the 

selection of patients for surgical decompression, although 
additional work remains to be done.

IMAGING CORRELATES WITH DECOMPRESSION 
PROGNOSIS

The ultimate goal of imaging must be to improve the clinical 
outcomes of patients. In the CSM population, this currently 
implies the timely and appropriate selection of patients for 
therapeutic interventions, primarily surgical decompres-
sion. There is a large body of literature210 that has examined 
the role of imaging in predicting clinical response to surgical 
decompression; imaging parameters under consideration 
include the cross-sectional area of the cord, intramedullary 
T2 hyperintensity, including its degree of intensity and mul-
tifocality, intramedullary T1 hypointensity, change or stabil-
ity of intramedullary signal after decompression, recovery 
of cord cross-sectional area after decompression, and intra-
medullary gadolinium enhancement. These are summa-
rized in Box 15.7. Utilization of these findings should assist 
in the selection and counseling of CSM patients regarding 
surgical decompression.

OSSIFICATION OF THE POSTERIOR LONGITUDINAL 
LIGAMENT (OPLL)

Ossification of the posterior longitudinal ligament (OPLL) 
is a multifactorial disease, whose genetic basis is a defect in 
the nucleotide pyrophosphatase (NPPS) gene.201 The preva-
lence is 1.9 to 4.3% of the Japanese population and approx-
imately 3% of the populations of Korea and Taiwan. It is 

 1.  Intramedullary T2 hyperintensity diminishes prognosis rela-
tive to normal signal.

 a.  Intense, focal T2 hyperintensity is a more negative prog-
nostic sign than ill-defined hyperintensity.

 b.  Multilevel T2 hyperintensity is a more negative prognostic 
sign than single level change.

 c.  Resolution of T2 hyperintensity postoperatively improves 
prognosis.

 d.  Expansion of T2 hyperintensity postoperatively diminishes 
prognosis.

 2.  Intramedullary T1 hypointensity greatly diminishes 
prognosis.

 a.  Evolution of T1 hypointensity postoperatively diminishes 
prognosis.

 3.  Intramedullary gadolinium enhancement greatly diminishes 
prognosis.

 4.  Increased metabolic activity at the site of compression 
on 18F-FDG PET improves prognosis over no increased 
activity.

 5.  Postoperative residual compression and failure of re-
expansion of the cord cross section are negative prognos-
tic signs.

From Maus TP. Imaging of spinal stenosis: neurogenic intermittent 
claudication and cervical spondylotic myelopathy. Radiol Clin North 
Am. 2012;50:651-679.

Box 15.7  Cervical Spondylotic Myelopathy: 
Prognostic Factors for Surgical 
Decompression
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implicated in up to 25% of North American and Japanese 
cases of CSM. It has a significant association (up to 50%) 
with DISH, and some consider it a subtype of DISH. Like 
age-related causes of structural central canal narrowing, it 
is often asymptomatic. The ossification is most common in 
the cervical region, where it causes static narrowing of the 
canal; repeated impact of the ventral cord on the bony mass 
contributes to myelopathic injury. Patients may present in 
their 40s and 50s with pain, chronic myelopathy, or acute 
neurologic injury after modest trauma. The natural history 
of the ossification is progression. Close clinical follow-up is 
warranted.

The ligamentous ossification may be identified on radio-
graphs, CT, and MRI. On lateral radiographs, reduction of 
the sagittal canal diameter available for the cord by > 60% 
correlates strongly with myelopathy.213 The ossification is 
located from C2-4 in 70% of cases, T1-4 in 15%, and L1-3 
in 15%.214 On CT, the ossification may be classified as seg-
mental (posterior to individual vertebrae, 39%), continu-
ous (bridging across vertebra, 27%), mixed type (29%), and 
other (ossification posterior to disks, variable sagittal exten-
sion, 5%).215 In addition to documenting the degree of cen-
tral canal compromise, the CT characteristics of OPLL can 
suggest dural penetration. CSF leaks are a significant risk in 
anterior decompression surgery, particularly when the dura 
is ossified or inseparable from the bony ligamentous mass. 
On MRI, mature ligamentous ossification is of diminished 
signal intensity on all sequences; early OPLL may have inho-
mogeneous signal and exhibit slight enhancement.215 When 
mature, there is no enhancement, allowing differentiation 
from epidural fibrosis. The secondary signal alterations in 
the cord were described earlier in the chapter.

SYSTEMIC DISEASE CAUSAL  
OF SPINE/LIMB PAIN

In the context of the very low prevalence of systemic disease 
as causal of spine or limb pain, this chapter has focused on 
the mechanical and inflammatory processes involving the 
articulations of the spine that most commonly provoke axial 
or radicular pain syndromes and syndromes of neurologic 
dysfunction. It must be remembered, however, that detec-
tion of undiagnosed systemic disease—including stress frac-
tures, infection, spondyloarthropathy, neoplasm, and dural 
fistula—is the primary role of spine imaging.

STRESS FRACTURES

Stress fractures encompass fatigue fractures, in which normal 
osseous architecture is subjected to sustained supraphysi-
ologic loads, and insufficiency fractures, in which deficient 
osseous structure fails under normal load conditions. Insuf-
ficiency (osteoporotic) fractures are the most common mani-
festation of systemic disease to present as back pain. In 2005, 
an estimated 2 million osteoporotic fractures occurred in the 
United States in patients > 50 years of age; 27% were vertebral 
body fractures.216 This is an underestimate of prevalence, as 
many vertebral fractures remain asymptomatic. Each verte-
bral wedge configuration fracture accentuates load on the 
anterior aspect or adjacent vertebra and increases the annual 
risk of additional fractures fivefold.217

Imaging of vertebral compression fractures begins with 
weight-bearing radiographs, which provide a low-cost 
means of assessing change over time with serial images but 
are relatively insensitive in fracture detection. Radiographic 
findings include a wedge deformity, most commonly of 
the superior end plate, which may be accompanied by 
increased density in the involved end plate in the acute or 
subacute phase. Chronic deformities often demonstrate 
remodeled osteophytes. MRI or bone scan are much more 
sensitive in fracture detection and can better assess acuity. 
The presence and extent of a marrow edema pattern (T1 
hypointense, T2 hyperintense, most conspicuous on STIR 
or fat-saturated images) can provide an estimate of acuity. 
The signal abnormality in the marrow tends to be bandlike, 
paralleling the involved end plate; it may be traversed by a 
low signal line, adding further confidence to the diagnosis 
of fracture.

A primary role of imaging in this setting is the charac-
terization of a vertebral fracture as benign or malignant. 
Malignant lesions are much more likely to exhibit dimin-
ished T1 signal throughout the vertebral body. Extension of 
diminished T1 signal to the vertebral pedicles or posterior 
elements is relatively specific for malignancy. Paravertebral 
or epidural mass associated with a fracture is more common 
in malignant lesions. Posterior bowing of the vertebral body 
strongly suggests malignancy. Gadolinium enhancement to 
a level greater than that noted in normal marrow suggests a 
malignant lesion. Associated disk rupture and retropulsion 
of a bony fragment without bowing of the posterior margin 
of the vertebral body suggest a benign lesion. Discrete lin-
ear zones of T2 hyperintensity similar to CSF adjacent to 
the fractured end plate (the fluid sign) are visible in 40% 
of osteoporotic compression fractures and are a finding of 
high specificity for a benign fracture.218 Advanced MRI tech-
niques, such as diffusion sequences or chemical shift imag-
ing, may play a problem-solving role.219

In the non-MRI compatible patient, CT can aid in charac-
terization of fractures but is less sensitive to marrow abnor-
mality than MRI. Trabecular preservation within the vertebral 
body outside the fracture zone suggests a benign process. 
The ability of CT to display cortical or trabecular destruction 
or an adjacent soft tissue mass can aid in the diagnosis of a 
malignant lesion. The fluid sign noted earlier is occasionally 
visible as a vacuum cleft containing gas under the fractured 
end plate, marking a benign osteoporotic compression. Bone 
scans are highly sensitive in fracture detection, but they are of 
poor specificity in characterization.

Pelvic insufficiency fractures are increasingly recognized 
as a cause of axial and somatic referred pain experienced 
in the low back, pelvis, groin, and proximal lower extremi-
ties. Postmenopausal osteoporosis is the dominant risk 
factor, along with pelvic radiation, corticosteroid use, rheu-
matoid arthritis, and osteomalacia. The role of osteoporo-
sis is emphasized by the marked female predominance of 
these lesions, with a reported female-to-male ratio of 9:1.220 
Patients are typically in their sixth decade or older. There is 
often significant morbidity associated with insufficiency frac-
tures. Taillandier and colleagues220 noted that 50% of their 
patients did not recover their former level of independence, 
and in 25% the insufficiency fracture precipitated institu-
tionalization in their elderly study population. Sacral insuf-
ficiency fractures are the most common expression of this 
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condition; pubic ramus fractures, parasymphyseal fractures, 
and para-acetabular fractures have also been described.

Sacral insufficiency fractures were first described by Lourie  
in 1982.221 Plain radiographs of the pelvis are relatively 
insensitive. The most common radiographic finding is a ver-
tical sclerotic band in the sacral ala paralleling the SI joint, 
representing trabecular compression and callous formation.

Less commonly one may see cortical disruption at the 
superior or inferior margins of the sacrum or directly visual-
ize a fracture line. These are difficult findings to appreci-
ate in the setting of osteoporotic bone and overlying bowel 
gas. In Grangier’s222 series, only 25% of patients had typical 
plain film findings. CT is more sensitive in detecting cortical 
disruption and the sclerotic margins of the fracture. Axial 
CT demonstrates the vertical component of the fracture. 
There is often a horizontal fracture line extending through 
the sacral body; this may be missed on axial images and will 
be better identified on coronal CT images. A vacuum phe-
nomenon may also be observed within the fracture.

Technetium bone scan also represents a sensitive means of 
insufficiency fracture detection. The classic finding is the so-
called Honda sign. Increased metabolic activity in bilateral 
vertical sacral ala fracture lines are bridged by a horizontal 
line representing a fracture through the sacral body, result-
ing in a representation of the letter H. In Fujii’s223 series, 
63% of patients with sacral insufficiency fractures exhibited 
this sign in toto, with 35% showing a variant thereof such as 
two vertical lines without a crossbar or a single vertical and 
horizontal line. In this series, the Honda sign taken with its 
variants had a 96% sensitivity and 92% positive predictive 
value for sacral insufficiency fracture.

MRI is more sensitive than CT in the early detection of 
insufficiency fractures; it will reveal marrow edema (low 
T1, high T2 signal with gadolinium enhancement) in a pat-
tern typical of insufficiency fracture (Honda sign) before 
sclerosis or a fracture line can be visualized with CT.219 
Imaging in the coronal plane is preferred; fat-saturated or 
STIR sequences are mandatory. In Grangier’s series, mar-
row edema was observed in all cases as early as 18 days after 
symptom onset.222 Over time, the fracture line will become 
visible within the zone of marrow edema as a line of dimin-
ished signal. Fluid (very high, homogeneous T2 signal) 
may be detected within insufficiency fractures. The confi-
dence in the diagnosis of sacral insufficiency fracture will 
be increased by the presence of similar bone lesions in the 
pubic rami, immediately about the pubic symphysis, and in 
the para-acetabular region, also typical sites of insufficiency 
fracture.

SPONDYLOLYSIS

Spondylolysis, or isthmic spondylolisthesis, describes a 
defect in the pars interarticularis, which may be unilateral or 
bilateral. It is considered a fatigue fracture occurring within 
a vulnerable pars; the vulnerability may be related to the dis-
tribution of ossification centers within the posterior neural 
arch, not a deficit in bone quality. Spondylolysis has a famil-
ial predisposition. There is a 2-4:1 male-to-female predomi-
nance. The incidence of spondylolysis has been estimated 
at 7% in the U.S. population.224 Spondylolysis is frequently 
asymptomatic, but it is a particular clinical issue in adoles-
cent athletes. A retrospective study of lumbar radiographs 

in more than 4000 athletes demonstrated a 13.9% rate of 
spondylolysis with concomitant spondylolisthesis in 47%.224 
Spondylolysis occurs most commonly at the L5 level (67%), 
followed by the L4 level (15% to 20%), and L3 (1% to 2%). 
It is unusual in the cervical region, where it most often 
occurs at the C6 level. Spondylolysis is extremely rare in 
the infant population but appears to develop in childhood 
or adolescence, with no significant change in its incidence 
beyond age 20.

Although considered a fatigue fracture, it is unusual in 
that there is seldom an effective healing response, and the 
bony defect is persistent. The pars defect is frequently a 
synovial-lined pseudoarthrosis. Shipley demonstrated that 
injection of the facet immediately superior to a pars defect 
showed communication with the pars defect cavity in 30 of 
32 facets, with communication to the next most inferior facet 
in 20 of 32 facets.225 The presence of synovial fluid in the 
defect likely contributes to its diminished capacity to heal.

Radiographic findings of spondylolysis are often evident 
on lateral plain films where a radiolucent band can be 
directly visualized across the pars interarticularis, with or 
without a sclerotic margin; there is no role for oblique radio-
graphs. Spondylolisthesis refers to the anterior translation of 
the vertebral body bearing the spondylolytic defects in rela-
tion to the vertebral body below (Fig. 15.22). The degree of 
spondylolisthesis is graded from I to V based on the percent-
age of anterior translation relative to the anterior-posterior 
dimension of the vertebrae: grade I, 0% to 25%; grade II, 
26% to 50%; grade III, 51% to 75%; grade IV, 76% to 100%; 
and grade V, > 100% (spondyloptosis).219 Most cases of 
spondylolisthesis are of grade I. A trapezoidal appearance 
of L5 with a dome-shaped superior end plate of S1 can be 
observed in chronic spondylolysis with spondylolisthesis.

Computed tomography allows direct visualization of the 
pars defect interposed between the adjacent facet joints on 
axial images. Sagittal reconstructions make the defect more 
obvious. Care must be taken to distinguish between a true 
pars defect and severe facet arthrosis. CT will also help dis-
tinguish between a stress response (sclerosis, hypertrophy) 
in the contralateral pedicle or pars in a unilateral spondy-
lolysis, and an osteoid osteoma. CT allows characterization 
of the process as a stress response (sclerosis), an incomplete 
fracture, or a completed fracture. Fujii and colleagues cat-
egorized these types as early, progressive, and terminal.226 
The early stage consists of a narrow fissure with sharp mar-
gins; the progressive stage consists of a narrow fissure with 
less well-defined, rounder margins; and the terminal stage 
consists of a wide defect with rounded, sclerotic margins. 
Early stage lesions healed with conservative care, including 
bracing, more frequently than progressive lesions; no termi-
nal stage lesions healed (see Fig. 15.22).226

The defect in the pars interarticularis can be directly 
visualized on sagittal MRI images. Several ancillary signs 
have been described on MRI including (1) an increase in 
the sagittal diameter of the central canal at the level of the 
pars defect, (2) reactive marrow changes (hypointense T1, 
hyperintense T2) within the adjacent pedicle, and (3) wedg-
ing of the posterior aspect of the associated vertebral body, 
usually L5.227 Reactive marrow changes in a vertebral ped-
icle are not specific for the presence of spondylolysis and 
may be observed in the presence of adjacent facet arthrosis 
or synovitis. Hollenberg and colleagues developed an MRI 
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classification of spondylolysis (Table 15.8).228 A subsequent 
study comparing CT staging and MRI findings noted that 
CT-defined early stage lesions all exhibited T2 hyperinten-
sity in the ipsilateral pedicle; terminal stage lesions never 
exhibited T2 hyperintensity in the pedicle.228 Nearly 80% 
of lesions with T2 hyperintensity in the pedicle healed with 
conservative care.229

Spondylolysis has also been assessed with SPECT/CT, 
although at the cost of radiation dose to a typically young 
population. Gregory and colleagues assessed the diagnos-
tic value of combining SPECT with CT in the evaluation of 
spondylolysis.230 They described four categories of patients: 
group A: (+) SPECT and (+) CT findings for spondylolysis; 
group B: (+) SPECT and (−) CT findings for spondylolysis 
+/− sclerosis of the pars; group C: (−) SPECT and (+) CT 

findings for spondylolysis; and group D: (−) SPECT and (−) 
CT findings for spondylolysis. Group A and B patients were 
felt to have a healing potential with early fatigue fractures 
or stress responses; group C patients had terminal lesions 
without healing potential, and group D patients had other 
pain generators, often the disk.230 Although adult spondy-
lolysis is often asymptomatic, there is a tendency to develop 
significant disk failure at the level of the pars defect, which 
may result in late progression of the degree of vertebral dis-
placement and neural element compromise resulting from 
foraminal stenosis, which is well demonstrated on sagittal 
MRI. Spondylolysis patients may then experience axial pain 
caused by the inflammatory change about the pars defect, 
diskogenic pain from the failed disk, and radicular pain 
from secondary foraminal compromise.

Characterization of pars defects sufficient for therapeu-
tic planning requires assessment of both morphologic and 
physiologic parameters. A stress response in the pars, or an 
incomplete fracture, may respond to conservative therapy 
with healing; completed chronic fractures seldom heal and 
are often asymptomatic. Persistent symptoms in the face of a 
chronic completed fracture may reflect secondary phenom-
ena of diskogenic pain or radicular pain from foraminal 
stenosis. The combined morphologic and physiologic char-
acterization can be performed with SPECT/CT or MRI. The 
interested reader is referred to a far more complete review 
by Murthy.219

SPINE INFECTION

Extradural spinal infections are primarily the result of arte-
rial seeding. In children, the disk and end plate have a rich 
blood supply; infection occurs initially in the disk itself. In 
the adult, the disk is avascular; an infection develops in the 
anterior subchondral vertebral body with secondary spread 
to the disk, adjacent vertebrae, and subligamentous (deep to 
the anterior longitudinal ligament) space. Most disk space 

Figure 15.22 Spondylolisthesis, 
modified Meyerding classifica-
tion. Modified Meyerding classifi-
cation of spondylolisthesis: grade 
I, 0% to 25%; grade II, 26% to 
50%; grade III, 51% to 75%; grade 
IV, 76% to 100%; grade V, greater 
than 100% (spondyloptosis [falling 
off]). (From Murthy NS. Imaging of 
stress fractures of the spine. Radiol 
Clin North Am. 2012;50:799-821.)

Normal Grade I
0–25%

Grade II
26–50%

Grade III
51–75%

Grade IV
76–100%

Grade V
>100%

Table 15.8  MRI Classification of Spondylolysis

Grade Description MRI Features

0 Normal Normal bone marrow signal
No cortical disruption

1 Stress reaction Bone marrow edema
No cortical disruption

2 Incomplete fracture Bone marrow edema
Incomplete fracture through 

the pars interarticularis
3 Acute complete Bone marrow edema

Complete fracture through 
the pars interarticularis

4 Chronic complete No bone marrow edema
Complete fracture through 

the pars interarticularis

 

From Murthy NS. Imaging of stress fractures of the spine. Radiol 
Clin North Am. 2012;50:799-821, Table 1.
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infections involve two adjacent lumbar vertebrae. Spread 
from contiguous infection or direct inoculation of the disk 
(surgery, injections, diskography) is much less common.

Pyogenic disk space infection involves men much 
more commonly than women (2-3:1) in the fifth to sev-
enth decades of life.231 Infection is usually unimicrobial, 
Staphylococcus aureus is the most common pathogen, and 
urinary tract infections are the most common source of 
seeding.232 Clinical symptoms may precede radiographic 
findings by 1 to 8 weeks. Clinical signs of elevated sedi-
mentation rate, white cell count, and C-reactive protein 
are usually present. Plain films reveal early rarefaction 
of anterior subchondral bone, followed by a loss of disk 
space height (at 1 to 3 weeks) with subsequent destructive 
changes in the vertebral end plates. Late changes include 
variable amounts of sclerosis, kyphotic deformity from 
vertebral collapse, and ankylosis. CT in pyogenic diskitis 
shows early hypodensity in the disk, moth-eaten destruc-
tion of the vertebral end plates, inflammatory changes in 
paravertebral soft tissues, and epidural mass. Scattered gas 
formation may be observed as well. Extensive gas forma-
tion in the central portion of the disk is typical of nonin-
fectious disk degeneration; the disappearance of such a 
vacuum disk sign may herald infection.

MRI is the preferred imaging modality for the evaluation 
of diskitis, with a greater than 90% sensitivity and specific-
ity in disease detection.231,232 It also provides critical ana-
tomic information. Early marrow changes are elevated T2 
signal (best observed with fat saturation or STIR), dimin-
ished T1 signal, and gadolinium enhancement (Fig. 15.23). 
There is loss of the crisp dark cortical line of the vertebral 
end plate. Within the disk, the intranuclear cleft is lost 
and foci of elevated T2 signal and gadolinium enhance-
ment develop. The paravertebral and epidural soft tissues 
show diffuse enhancement (phlegmon) or frank abscess 
formation with zones of hypo-enhancement and increased 
T2 signal where liquid purulent material is present. The 
imaging differential diagnosis consists of a Modic type I 
degenerative change, atypical cartilaginous (Schmorl’s) 
nodes, adjacent metastatic lesions, osteomalacia second-
ary to osteodystrophy, and pseudoarthroses in patients with 
ankylosing spondylitis or a Charcot spine. Discrimination 
from a Modic type I end plate change can be particularly 
vexing; differential points are presented in Table 15.9. In 
challenging cases, image-guided biopsy and culture are  
appropriate.

MRI abnormalities lag behind the clinical syndrome. 
Imaging may be minimally abnormal early in the disease 
process and remain quite dramatic even after a gratifying 
clinical response to antibiotics. In following the short-term 
efficacy of antibiotic therapy, erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), and white cell count will 
be more useful than repeated imaging. Follow-up imaging 
should be reserved for patients in whom there is a clinical 
concern for continued infection with central canal compro-
mise. Persistently elevated or increasing ESR or CRP at week 
4 of antibiotic therapy predicts treatment failure.233

Nuclear medicine scans using gallium-67 citrate and  
technitium-99m diphosphonate are complementary in the 
evaluation for suspected spondylodiscitis. A series by Hadjipav-
lou and colleagues demonstrated 100% sensitivity, specificity, 
and accuracy for the combination of gallium and technetium 

scans when compared with surgical biopsy results.234 Gal-
lium may be useful in following resolution of the infection. 
All nuclear medicine techniques lack anatomic information; 
they are unable to define the extent of epidural or paraspinal 
disease or central canal compromise.

Pyogenic epidural abscesses may arise from the contigu-
ous spread of adjacent spondylodiscitis or facet joint infec-
tion, but they are most commonly primary, because of the 
hematogenous dissemination or direct inoculation of the 
epidural space. S. aureus is the most common pathogen; 
immune compromise, especially diabetes, is common.231 
Emergent MRI is the imaging modality of choice. This will 
demonstrate a T1 hypointense, T2 hyperintense epidural 
process with peripheral or heterogenous enhancement, 
depending on the physical state of abscess versus phlegmon. 
The midline ventral epidural septum may be violated; most 
neoplasms respect this structure. Compression of the dural 
sac is common; severe compromise with neurologic deficit 
precipitates emergent decompression. Imaging resolution 
of an epidural abscess more closely parallels the clinical 
state than in spondylodiscitis.

Pyogenic facet joint infection is uncommon; it is usually 
the result of hematogenous dissemination, although direct 
inoculation caused by invasive procedures is reported. 
Clinical presentation may resemble spondylodiscitis, 
although most commonly with lateralizing symptoms; the 
lumbar spine segment is most frequently affected. Bilateral 
involvement may occur via the space of Okada.130 CT will 
demonstrate an erosive process centered on the joint with 
inflammatory change in adjacent multifidus muscle. MRI 
will demonstrate marrow edema in the articular processes, 
a joint effusion, and edematous changes in the multifidus; 
enhancement in the joint with peripheral enhancement 
about an adjacent paraspinal or epidural abscess or uni-
form heterogeneous enhancement within a phlegmon may 
be noted.

Tuberculosis (TB) remains the most common cause of 
spinal infection worldwide, and it is of increasing incidence 
in industrialized societies. Clinical symptoms are usually 
insidious. Whereas 90% to 100% of patients will have back 
pain, only 50% will have constitutional symptoms or fever. 
Tuberculous spondylitis (Pott’s disease) arises from hema-
togenous (arterial) spread of tuberculous bacilli, usually 
from a pulmonary source. This initially lodges in the ante-
rior subchondral bone. There is early anterior subligamen-
tous extension and then spread to adjacent vertebrae, often 
multiple, as well as spread across the disk. Neurologic deficit 
occurs in a moderate number of patients due to epidural 
extension. Posterior elements tend to be spared. Exten-
sive anterior column destruction with gibbus deformity is 
characteristic.

Tuberculous spondylitis with diskitis shows disk space nar-
rowing, vertebral osteolysis with collapse, and gibbus defor-
mity on plain films. The thoracolumbar junction is most 
frequently affected, with less frequent involvement as one 
ascends the thoracic or descends the lumbar spine.231 Plain 
films may not be abnormal until 2 to 5 months after the 
onset of infection. Paraspinal soft tissue masses caused by 
subligamentous spread, particularly with calcification, are 
characteristic. CT will demonstrate the osteolytic changes of 
spinal tuberculosis earlier than plain films will. It more read-
ily demonstrates epidural involvement, particularly when 
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calcification or bone fragments are visible in the epidural 
space. Paraspinal involvement is also well demonstrated.

MRI is the primary imaging procedure for the detection of 
spinal TB. Early changes of tuberculous spondylitis with diskitis 
are very similar to pyogenic disk space infection, with marrow 

and disk inflammatory changes consisting of elevated T2 sig-
nal, diminished T1 signal, and enhancement. Extensive sublig-
amentous spread of disease suggests TB. Paraspinal abscesses, 
granulomas, and epidural involvement are common. Epidural 
involvement may be observed in 60% to 80% of cases.231
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Figure 15.23 Stress fractures. Spondylolysis at L5 is visible on flexion (A) and extension (B) radiographs. Although there is no translation of 
L5 on S1, the degree of rotation (12 degrees) qualifies this as unstable. In unilateral spondylolysis, the contralateral pars often shows hypertrophy 
and sclerosis (C). CT can be used to stage pars fractures as early stage (D) with a narrow, sharply marginated fissure; progressive stage (E) with 
a narrow fissure having slightly rounded margins; and terminal stage (F) with a wide fissure with rounded margins and sclerosis. Typical sacral 
stress fracture (arrows) demonstrates a low signal fracture line on a coronal T1 image (G), a linear zone of T2 hyperintensity on a STIR image (H), 
whereas CT demonstrates a linear zone of sclerosis (I). The integrity of the neural foramina is better defined on CT. (From Murthy NS. Imaging of 
stress fractures of the spine. Radiol Clin North Am. 2012;50:799-821.)
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A second pattern of tuberculous infection is spondyli-
tis without diskitis (see Fig. 15.23).235 This describes lytic 
lesions in the central portions of the vertebral bodies, often 
multiple, without disk involvement. This pattern of involve-
ment was present in approximately 50% of patients in one 
large series.234 Imaging findings consist of discrete, destruc-
tive vertebral body lesions. Plain films show well-defined 
lytic lesions, often multifocal, and with more frequent pos-
terior element and cervical involvement than is observed in 
tuberculous diskitis. Lytic lesions may exhibit marginal scle-
rosis on CT, indicating a more indolent lesion than a typical  
metastatic deposit. These lesions typically enhance peripher-
ally on MRI, often with a cystic central cavity. There may be 
cortical destruction with an adjacent paravertebral abscess. 
Because of the greater frequency of multiple lesions, this 
entity must be distinguished from metastasis, myeloma, or 
lymphoma.

MRI has significantly advanced the diagnosis of spinal 
infection, allowing this to be suggested as a likely diagno-
sis before destructive changes have evolved. The MRI find-
ings remain unspecific, however, and accurate diagnosis and 
therapy require tissue sampling for histology and culture. 
Image-guided percutaneous aspiration/biopsy with large 
caliber bone cutting needles can provide minimally invasive 
tissue sampling.

INFLAMMATORY SPONDYLOARTHROPATHY

Noninfectious inflammatory disease of the spine includes 
rheumatoid arthritis (RA) and the seronegative spondylo-
arthropathies (SpA), of which ankylosing spondylitis is the 
prototype. These diverse entities have spine involvement in 
common and may present with axial spine pain.

Rheumatoid arthritis is most common in the cervical 
spine, sometimes referred to as the fifth limb in RA patients. 
Symptoms and signs of cervical spine involvement are pres-
ent in 60% to 80% of RA patients.236 The most frequent 
site of involvement is the atlantoaxial articulation. Inflam-
matory pannus may be seen on MRI as a low T1, high T2 
signal-enhancing mass posterior to the dens. This may cause 
compression of the cervicomedullary junction. The inflam-
matory change may destroy the transverse and alar liga-
ments, resulting in atlantoaxial instability in 20% to 25% of 
RA patients. A distance of greater than 4 mm between the 
posterior arch of C1 and the cortical surface of the dens 
on radiographs is abnormal and is most evident in flexion 
views. The destruction of supporting structures at the cra-
niocervical junction may also result in cranial settling, a ver-
tical migration of the dens into the foramen magnum, with 
possible compression of the C1 and C2 cranial nerves, the 
medulla, and vertebral arteries.

The cervical spine below the C1-2 articulations demon-
strates erosive arthritis in the uncovertebral and facet joints in 
RA patients. The inflammatory change can be demonstrated 
on MRI as increased T2 signal on STIR sequences and gad-
olinium enhancement on fat-saturated T1 sequences. This 
results in multilevel instability, with anterior subluxation of 
successive vertebral bodies in flexion, the so-called step lad-
der cervical spine, noted in up to 30% of RA patients.236 Disk 
space narrowing and end plate sclerosis are common, but 
this may be a secondary phenomenon to the posterior ele-
ment instability.

Involvement of the thoracic and lumbar spine in RA is 
uncommon. Synovitis and erosive change may be present in 
the facet and costovertebral joints but is inconstant and not 
well demonstrated. Discovertebral changes may be present, 

Table 15.9  Differentiating Spondylodiscitis from Modic Type I End Plate Changes

Favoring 
Spondylodiscitis

Favoring Modic Type I End 
Plate Changes Pitfall/Comments

Disk Space Signal T2 hyperintensity T2 hypointensity or lack of T2 
hyperintensity

Severely degenerated disks rarely can be 
T2 hyperintense (even fluid signal)

Disk Space Enhancement Present Absent Rarely absent in infection; rarely present 
in Modic I

Disk Space Vacuum Sign Absent, or only scattered Often present; large amount of 
confluent gas on radiographs 
virtually exclude infection

Gas may be present early in infection, in 
rare gas-forming bacterial infection, or 
in rare fistulas with the gastrointestinal 
tract

Vertebral Body End Plates End plate destruction Lack of end plate destruction Modic I can have end plate irregularity; CT 
is very useful here

Paraspinal, Epidural Spaces Inflammation or abscess Absent Peripherally enhancing disk herniation can 
be confused for abscess

Location Anteriorly eccentric Laterally eccentric: at point of 
biomechanical stress (e.g., 
inner aspect of curve)

Both spondylodiscitis and Modic I are 
often along entire end plate

Fever, Elevated  
Inflammatory Markers

Present Absent Fever is only variably present in spon-
dylodiscitis; inflammatory markers are 
nonspecific

Short-Term Follow-up Progression Stability If remote comparison images are avail-
able, even Modic I can show significant 
progression

 

From Diehn FE. Imaging of spine infection. Radiol Clin North Am. 2012;50:777-798.
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but it is again unclear if these are primary inflammatory 
lesions or a response to facet instability. The sacroiliac joints 
may show inflammatory change, but with much less fre-
quency and severity than in ankylosing spondylitis patients.

The seronegative spondyloarthropathies are a group of 
rheumatoid factor negative inflammatory disease processes 
affecting the spine and sacroiliac joints, with a unique pre-
dilection for entheses. Historically these have included 
ankylosing spondylitis, psoriatic arthritis, reactive arthritis 
(formerly known as Reiter’s syndrome), and the arthritis 
associated with inflammatory bowel disease. The catego-
rization of these diseases has evolved, most recently in 
2009 with the designation of axial spondylarthritis for the 
spectrum of disease with axial, as opposed to peripheral, 

dominance.237 Axial spondylarthritis requires active sacroi-
liitis on MRI plus one or more features of spondylarthritis, 
or human leukocyte antigen B27 (HLA-B27) positivity with 
two or more features of spondylarthritis. This discussion 
only encompasses the axial imaging features of the classi-
cally defined processes (Fig. 15.24).

MRI is the necessary imaging modality for the assessment 
of disease activity in the SI joints and spine articulations. 
MRI or CT can demonstrate the aftermath of disease: joint 
space narrowing, subchondral erosions, reactive sclerosis, or 
periarticular fat deposition (a Modic II analog); only MRI 
can assess active inflammation with T2 hyperintensity (STIR 
or fat-saturated images) and gadolinium enhancement on 
fat-saturated T1 images.
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Figure 15.24 Spondylodiscitis. A lateral radiograph (A) demonstrates early pyogenic spondylodiscitis manifest as subtle destruction of the 
anterior inferior aspect of the L3 vertebrae. In another patient, a sagittal CT reconstruction (B), sagittal T1-unenhanced (C) and enhanced (D) and 
axial T1-enhanced MRI images (E) of a patient with L2-3 pyogenic diskitis. Note loss of disk space height, end plate destruction, low T1 signal 
and extensive vertebral, epidural, and paraspinal enhancement.

Sagittal T2-weighted MRI (F) of a back pain patient without myelopathy demonstrates vertebral destruction with kyphotic deformity; this is 
tuberculous spondylodiscitis. Coronal T1-enhanced MRI (G) in the same patient demonstrates the extensive paraspinal disease typical of Pott’s 
disease. A sagittal T2-weighted MRI (H) in another patient with tuberculous spondylodiscitis; note the multiple vertebral lesions with sparing of 
the disks. This can be confused with metastatic disease. Tissue sampling is essential. (From Maus T. Imaging the back pain patient. Phys Med 
Rehabil Clin N Am. 2010;21:725-766.)
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Ankylosing spondylitis (AS) is the prototypical seronega-
tive spondyloarthropathy; active disease in the SI joints by 
MRI criteria is integral to its diagnosis. AS has a prevalence 
of up to 0.1% in the general population; a very high per-
centage will be HLA B27 positive. Males dominate by 4:1.
The disease involves synovial and cartilaginous joints and 
entheses (ligament and tendon insertions on bone) with a 
strong predilection for the axial skeleton. The most com-
mon presentation is low back pain with inflammatory fea-
tures (Calin criteria, 4 out of 5 of insidious onset, age < 40, 
3 months persistence, morning stiffness, and pain improved 
by exercise). Radiating pain mimicking sciatica may be 
observed in up to 50% of patients.

Imaging findings in AS include sacroiliitis, ultimately bilat-
erally symmetric and multiple manifestations of spondylitis 
(see Fig. 15.24). Sacroiliitis is the uniform initial imaging 
finding. Early plain film findings of sacroiliitis are blurring 
of the subchondral cortex by small erosions, predominantly 
on the iliac side of the joint. As the erosions coalesce, the 
joint space appears widened and ill defined; sclerotic reac-
tion develops in the trabecular bone about both sides of the 
joint. Over time the joint undergoes ankylosis via direct bony 
bridging; the joint space is no longer visible and the sclero-
sis resolves.238 MRI can detect inflammation in the SI joint 
in symptomatic patients with normal plain films. Inflamma-
tion can be reliably identified with low interobserver vari-
ability as high T2 signal on STIR sequences or gadolinium 
enhancement on fat-saturated T1 images.239 In patients with 
recent onset axial low back pain with inflammatory clinical 
characteristics, SI joint inflammation may be detected by 
MRI in one third of patients and structural changes in one 
sixth of patients.239 Inflammation is initially observed in the 
iliac side of the joint at its caudal and dorsal aspects, and in 
the adjacent dorsal entheses.

Spine findings in AS are present in 50% of patients and 
include osteitis, syndesmophyte formation, discovertebral 
lesions, and inflammation leading to ankylosis of facet and 
costovertebral joints.238 Osteitis is observed at the anterior 
margins of the discovertebral junction, termed the Romanus  
lesion. On plain films, sclerosis at these sites leads to 
increased density of the anterior corners of the vertebra, 
termed the shiny corners sign.238 Remodeling of the anterior 
margin of the vertebral body as a result of osteitis straightens 
the normally concave anterior vertebral margin, referred 
to as “squaring” of the vertebra. These findings are most 
evident in the lumbar region. MRI is more sensitive to the 
early detection of osteitis, recognized as diminished T1 and 
increased T2 signal and enhancement at the anterior ver-
tebral corners.238 Osteitis at the margins of the discoverte-
bral junctions leads to reactive bone formation in the outer 
annulus fibrosis, which ultimately bridges the margins of 
adjacent vertebrae. These vertically oriented bony struts are 
syndesmophytes. They are distinguished from osteophytes 
by their vertical orientation and gracile nature; osteophytes 
are oriented in the horizontal plane and are bulkier. Syn-
desmophytes are most common at the anterior and lateral 
aspects of the vertebral body; when long standing, the ossifi-
cation may involve the anterior longitudinal ligament.

Erosions at the discovertebral junction are termed Anders-
son lesions; this inflammatory destruction of the vertebral end 
plate with intravertebral disk displacement can progress to 
pseudarthrosis. End plate destruction is visible on plain films; 

MRI demonstrates structural and inflammatory change. The 
inflammatory change will undergo evolution reminiscent of 
the progression from Modic type 1 to Modic type 2. Over 
time there is sclerosis and transdiscal ossification leading to 
ankylosis. The facet and costovertebral joints show similar 
findings, with initial periarticular erosions followed by sclero-
sis and ankylosis. Enthesitis of the posterior interspinous and 
supraspinous ligament attachments ultimately leads to ossi-
fication of these structures, visible as a vertical midline bony 
band on frontal radiographs, the so-called dagger sign. The 
inflammatory spinal lesions are most common in the mid-
thoracic spine (T7-T8) and in the midlumbar region (L2-3).

AS may also produce changes at the atlanto-axial articu-
lation. Synovitis may result in erosive changes in the dens, 
although the extent of inflammatory change seldom reaches 
that noted in RA. Atlanto-axial subluxation may be present. 
The extensive ankylosis observed in patients with long-
standing AS leads to flattening of the lumbar lordosis and 
exaggeration of the thoracic kyphosis. The rigidity places 
these patients at risk for catastrophic fracture-dislocations 
with modest trauma, most commonly with a hyperextension 
mechanism. The cervical spine is most frequently involved; 
neurologic deficits are common. Plain film evaluation is dif-
ficult because of the osteopenia typical of these patients; 
the three-column nature of these fractures is best appreci-
ated with CT or MRI. The threshold for use of advanced 
imaging in the AS patient with trauma should be low. Three-
column fractures that do not cause acute neurologic injury 
or go undetected may be a cause of chronic focal pain as a 
pseudarthrosis. MRI will show a linear zone of inflammatory 
change, often through a disk space with extension through 
the posterior elements. The cortical disruption may be best 
appreciated on CT. Finally, some AS patients will have find-
ings of dural ectasia (see Fig. 15.24). The thecal sac will be 
abnormally capacious with diverticular-like outpouchings; 
there is associated bony erosion in the posterior elements, 
medial margins of the pedicles, and the posterior vertebral 
body. These patients may present with a cauda equina syn-
drome, perhaps related to arachnoiditis.

Psoriatic arthritis (PA) is far less common than AS; it 
affects 7% of patients with cutaneous psoriasis.238 Approxi-
mately 10% to 25% of patients with moderate to severe skin 
disease will have abnormal SI joint radiographs. Spondylitis 
is present in a roughly similar proportion but may or may 
not coexist with sacroiliitis. Males and females are equally 
affected.238 The sacroiliitis is usually bilateral but asymmet-
ric, with a lesser tendency to progress to bony ankylosis. 
Erosions and foci of reactive sclerosis tend to be larger and 
more discrete than in AS. The spondylitis in psoriatic arthri-
tis is characterized by asymmetric, coarse paravertebral 
ossification more resembling osteophytes than syndesmoph-
ytes. Vertebral squaring and shiny corners are absent. Facet 
involvement is infrequent.

Reactive spondylarthritis describes an inflammatory 
arthropathy, preferentially affecting the heel and large 
peripheral joints.238 Sacroiliitis is very common, affecting up 
to 45% of patients. It is more commonly unilateral or asym-
metric than in AS; ankylosis is rare. Spine involvement may be 
identical to that of PA but more common; the lumbar spine 
is involved in 30% of RS patients.238 In the setting of a trig-
gering infection (often chlamydia) and the triad of urethritis, 
uveitis, and arthritis, the term Reiter’s syndrome may be applied.
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Enteropathic arthritis may also be observed in associa-
tion with ulcerative colitis or Crohn’s disease. The initial 
presentation of back pain may precede symptoms of gastro-
intestinal disease. The spondylitis and sacroiliitis noted in 
association with these conditions are indistinguishable from 
classic ankylosing spondylitis. Sacroiliitis is usually bilaterally 
symmetric progressing to ankylosis; spondylitic findings of 
vertebral squaring, discovertebral lesions, syndesmophytes, 
and involvement of the facet joints are typical.

SPINE NEOPLASM

Spinal neoplasms are classified by the anatomic compartment 
from which they arise: extradural, intradural-extramedullary, 
or intramedullary. Extradural neoplasms arise from the ver-
tebral bodies, within the paravertebral soft tissues, or within 
the epidural space. These include metastatic lesions, hema-
tologic malignancies, and primary osseous or cartilaginous 
tumors. Intradural-extramedullary lesions arise within the 
dural tube but are extrinsic to the spinal cord itself. Lesions 
in this category include meningiomas, Schwannomas, neuro-
fibromas, and leptomeningeal metastatic disease. Intramed-
ullary lesions are those that arise primarily from the spinal 
cord or filum terminale. Astrocytomas, ependymomas, and 
hemangioblastomas make up the majority of these lesions.

Extradural neoplasms are common. MRI provides the 
best combination of lesion detection, morphologic charac-
terization, and assessment of neural compromise. Nuclear 
medicine techniques such as technetium bone scan and 
PET scanning provide high sensitivity to lesion detection 
and excellent body wide assessment of tumor burden (Fig. 
15.25). Nuclear medicine studies will not provide anatomic 
information regarding compression of neural elements. CT 
is less sensitive than MRI in lesion detection; plain films are 
far less sensitive.

Extradural neoplasms may narrow the subarachnoid 
space (cerebrospinal fluid) as they extrinsically intrude 
into the spinal canal. They exhibit diminished T1 signal, 
elevated T2 signal, and gadolinium enhancement on MRI. 
The unenhanced T1 image is the mainstay of lesion detec-
tion; normal adult marrow should be brighter than the 
intervertebral disks. Fat-saturated T2-weighted images and 
STIR images provide high sensitivity to lesion detection. Fat-
saturated postgadolinium images will also display extradural 
neoplasm with high sensitivity. On axial images, compres-
sion of the thecal sac or exiting nerve roots can be directly 
displayed. CT and plain films play a role in characterizing 
primary bone and cartilaginous tumors including malignant 
lesions such as osteosarcoma, chondrosarcoma, chordoma, 
and the benign tumors, including hemangioma, osteoid 
osteoma, giant cell tumor, and aneurysmal bone cyst.

Metastases are the most common extradural spine tumor, 
and the spinal column is the most common site of osseous 
metastases. An overwhelming majority of spine metastases 
are due to prostate, lung, and breast cancer. The thoracic 
spine is most commonly involved (70%), followed by the 
lumbar and cervical segments. Involvement of the verte-
bral body is most common (85%), with less frequent spread 
to the paravertebral tissues or epidural space. The disks, 
dura, and the anterior longitudinal ligament are resistant 
to invasion by metastatic tumor; the posterior longitudi-
nal ligament is more readily involved, as it is penetrated by 

numerous venous channels. Vertebral body metastases may 
be blastic (bone forming), lytic (destructive), or mixed. 
Blastic lesions are observed as ill-defined areas of increased 
density on plain films or CT; on MRI, blastic lesions will have 
low T1 and T2 signal with enhancement. Common primary 
tumors are prostate, carcinoid, or bladder cancer. Lytic 
metastases show destruction on plain films and CT, and low 
T1 and variable T2 signal with enhancement on MRI. Lytic 
metastases are most commonly produced by breast, lung, 
renal, and thyroid neoplasms. Mixed lytic and blastic lesions 
are visible in lung, breast, cervical, and ovarian primaries.

Hemangiomas are the most common spine tumor, pres-
ent in up to 10% to 12% of adults. They are frequently mul-
tiple. Typical hemangiomas are benign and of no clinical 
significance; they are identified by their fatty content on 
MRI (high T1 and T2 signal) and a corduroy appearance on 
plain films or CT. This is due to sparse, thickened trabeculae 
surrounded by fat; on axial images this results in a polka dot 
appearance.

Osteoid osteomas occur in patients under the age of 30, 
and they typically present with pain, often nocturnal. Aspi-
rin or nonsteroidal anti-inflammatory drugs (NSAIDs) can 
usually relieve pain. The lesion consists of a small nidus, less 
than 1.5 cm in diameter, surrounded by a larger zone of scle-
rotic reaction or soft tissue inflammation, visible on plain 
films or CT. The nidus is intensely enhancing on CT, MRI, 
or bone scan. Ten percent of osteoid osteomas occur in the 
spine, almost exclusively in the posterior neural arch. The 
lumbar spine is involved in 59% of spinal osteoid osteomas, 
the cervical region in 27%, and the thoracic spine in 12%. 
Lesions larger than 1.5 cm are considered osteoblastomas.

Myeloma is the most common malignant primary tumor 
of bone; it presents with bone pain in 75% of patients. It 
is often widespread at presentation. Its imaging appearance 
can range from discrete destructive lesions to diffuse loss of 
bone density indistinguishable from osteoporosis on plain 
films. CT is better able to resolve the discrete destructive 
lesions in trabecular or cortical bone. The MRI appearance is 
variable, with diminished T1 marrow signal and gadolinium 
enhancement in a multifocal or diffuse pattern. Compres-
sion fractures are common and they may be indistinguish-
able from benign osteoporotic fractures. Single focal lesions 
(plasmacytomas) are expansile and lytic on imaging.

Leukemia may present with spine pain in the setting of 
diffuse marrow involvement and associated compression 
fractures. The most common imaging finding is that of dif-
fuse marrow replacement, with osteopenia on plain films 
and CT, and generalized loss of the normal T1 marrow sig-
nal. Normal marrow should always be brighter than disk sig-
nal on T1 images. Focal extra-osseous soft tissue masses of 
leukemic tissue may be present and are termed chloromas.

Lymphoma is the great mimic. It can present in the spine 
as vertebral lesions indistinguishable from metastases, as an 
epidural soft tissue mass without bone involvement, as a dif-
fuse leptomeningeal process, and as a primary intramedul-
lary lesion.

Intradural-extramedullary neoplasms are situated within 
the dural sac, widening the subarachnoid space as they 
displace the cord or cauda equina. Meningiomas typically 
exhibit a broad base against the dural surface and enhance 
uniformly. Schwannomas and neurofibromas are indis-
tinguishable on imaging. They may enhance uniformly 
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Figure 15.25 Spondyloarthropathy. Changes of sacroiliitis are detectable on radiographs (A) as irregularity, erosions, and sclerosis, dominant on 
the iliac side of the joint. In the end stage of ankylosing spondylitis (AS), the sacroiliac joints are fused and the sclerosis resolves (B); this radiograph 
also depicts the dagger sign, as the fused spinous processes make a continuous sclerotic structure in the midline. CT (C) is more sensitive in the 
detection of erosions and early sclerotic reaction in AS; this structural change may simply reflect prior disease. Only MRI can detect disease activity 
(D) as demonstrated by the T2 hyperintensity in and about both SI joints in this AS patient. The gracile vertical syndesmophytes bridging lumbar 
vertebrae and the fused posterior elements are well seen on CT (E); the spine in AS is rendered vulnerable to three-column unstable fractures with 
modest trauma (F). These situations deserve CT imaging. The spondyloarthropathy of inflammatory bowel disease may present as back pain (T2 
sagittal [G] and enhanced T1 fat-saturated sagittal [H]) with evidence of multifocal inflammatory spondyloarthropathy. The differential diagnosis here 
is multilevel spondylodiscitis, especially Pott’s disease (tuberculosis). Changes of sacroiliitis in inflammatory bowel disease (I) may be indistinguish-
able from AS. Asymmetric sacroiliitis (T1-enhanced, fat-saturated coronal MRI [J]) is typical of reactive spondylarthritis (formerly Reiter’s syndrome).
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or show central zones of cystic degeneration. The classic 
“dumb-bell” neurofibroma may issue through and widen 
a neural foramen. They may also occur entirely within the 
dural sac or in a paravertebral location. Leptomeningeal 
metastatic disease is most typically seen as enhancement 
on the surface of the cord or within the roots of the cauda 
equina. In some cases more discrete small masses may be 
observed within the cauda equina. CSF cytology remains 
more sensitive than MRI in the detection of leptomeningeal 
metastatic disease.

Intramedullary neoplasms are rare entities, but they may 
present with pain or dysfunction that can mimic degen-
erative disease. Ependymomas arise from the ependymal 
cells lining the central canal of the cord. Ependymomas 
are the most common intramedullary tumor in adults; they 
are most frequently located in the conus medullaris and 
filum terminale (myxopapillary ependymoma). Because of 
their slow growth, they may cause bony erosion and scal-
loped enlargement of the central canal. MRI demonstrates 
an enlarged cord or filum terminale with an elevated T2 
signal and heterogenous enhancement. Small cysts or 
hemorrhage are frequent. Astrocytomas are typically low-
grade neoplasms, more commonly noted in young patients 
and in the cervical region. They typically extend over 
multiple vertebral segments within the cord with poorly 
defined margins. The cord is enlarged with heterogenous 
enhancement. The entire cross section of the cord is typi-
cally involved. Considerable edema within the white matter 
of the cord extends cephalad and caudal to the enhanc-
ing neoplasm itself. Peritumoral cysts may be present. 
Hemangioblastomas are rare lesions that typically occur 
in the cervical and thoracic spine. An intensely enhancing 
vascular nodule adjacent to the pial surface, often associ-
ated with an intramedullary cyst, is typical. About one third 
of patients with hemangioblastomas will have Von Hippel 
Lindau syndrome.

SPINAL DURAL ARTERIOVENOUS FISTULA (AVF)

Spinal dural AVFs are the most common form of vascu-
lar malformation involving the spine. This lesion merits 
description in that it may present with pain and progressive 
neurologic deficit, mimicking neurogenic intermittent clau-
dication; it frequently remains undiagnosed for prolonged 
periods. In Atkinson’s series, the mean delay from symptom 
onset to diagnosis was 23 months.240 Patients are frequently 
subjected to misdirected interventions, including decom-
pressive surgery. When diagnosed, it is treatable with arrest 
of the progressive neurologic deficit.

Spinal dural AVFs are an acquired lesion, with a fistulous 
communication within the dura of a root sleeve and intra-
thecal venous drainage to the venous plexus surrounding 
the cord. This results in venous hypertension within the 
cord and ultimately cord dysfunction. The fistula is most 
commonly in the low thoracic or lumbar spine. It is a lesion 
of elderly males. Gilbertson’s series241 had a mean age of 
62, with a range from 37 to 81; Atkinson’s series240 reported 
a 4:1 male predominance. Pain was a reported symptom 
in 53% of patients; many of these patients described a 
burning, dysesthetic pain in the lower extremities; 15% 
had low back pain when erect, which worsened with use 
of the lower extremities. This is typically accompanied by 

a slowly progressive or stepwise worsening myelopathy, 
manifest as lower extremity fatigue and weakness. Atkin-
son’s series240 reported that 69% of patients had upper 
and lower motor neuron signs; 30% had only lower motor  
neuron signs.

Imaging findings of dural AVFs have been well described.242  
On CT myelography, abnormally prominent tortuous ves-
sels are present in 100% of cases; this may give the cauda 
equina a beaded appearance. On MRI, there will be T2 
hyperintensity in the cord in nearly 100% of cases (Fig. 
15.26). This typically extends over multiple vertebral seg-
ments and may be accompanied by cord enlargement in 
45% of cases. There may be patchy cord enhancement; 
these findings may raise a concern for tumor. A differen-
tiating finding is the presence of prominent flow voids or 
intravascular enhancement caused by the dilated veins, par-
ticularly on the dorsal surface of the cord. The T2 hyperin-
tensity in the cord usually involves the low thoracic cord and 
conus; this does not predict the site of the fistula. Magnetic 
resonance angiography (MRA) is useful in predicting the 
site of the fistula (Fig. 15.27)242 and reducing the scope of 
spinal angiography, which provides the definite diagnosis. 
The fistula then may be disconnected surgically or by an 
endovascular approach.

The goal of diagnosis and therapy is primarily to arrest 
the progression of the neurologic deficit and possibly 
improve the current disability. After successful occlusion 
of the fistula, either surgically or by endovascular embolic 
techniques, gait improvement was noted in 67% to 80% of 
patients.242 Bowel/bladder dysfunction or pain is relieved 
in only a minority of patients. Worsening of motor symp-
toms should prompt an imaging investigation for recana-
lization of the fistula.242 After successful fistula occlusion, 
cord enlargement, enhancement, and T2 hyperintensity 
and the prominent veins about the conus will slowly resolve; 
T2 hyperintensity and enhancement may persist for up to 
a year.

CONCLUSION

As a synopsis of the imaging assessment of the patient with 
spine or limb pain, this chapter has ranged widely over large 
swaths of pathology and imaging technology. There are 
enduring themes. The primary role of imaging is to detect 
systemic disease causal of the patient’s pain or neurologic 
dysfunction; such disease is uncommon. Imaging is currently 
overutilized to the detriment of patients and society. It has no 
value in the initial presentation of the patient in the absence 
of red flag features suggesting systemic disease. The decision 
to begin imaging should be a reasoned one, considering 
benefits of improved outcomes versus real risks and harms. 
The ACR and the ACP have promulgated evidence-based 
guidelines for imaging use; they should be respected. When 
imaging occurs, it must be done with a full appreciation of 
its inherent specificity and sensitivity faults. There is a high 
prevalence of asymptomatic, age-related change evident 
on all types of spine imaging; loss of T2 signal in the disk 
nucleus, anterior and lateral vertebral osteophytes, disk pro-
trusions, and facet and sacroiliac joint arthrosis do not cor-
relate with pain. Imaging performed without axial load and 
physiologic posture may be insensitive to dynamic lesions. 
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Figure 15.26 Spine neoplasm. Sagittal T2 (A) and T1 (B) images show a lesion in the L2 vertebral body characterized by increased signal 
intensity on both sequences, typical of hemangioma, the most common benign spinal extradural neoplasm. A CT image in another patient  
(C) demonstrates the classic CT features of hemangioma: thickened trabeculae surrounding increased marrow fat, resulting in a polka dot ap-
pearance. Blastic metastases (D) have increased bone density; CT is more sensitive than radiographs (E), particularly in the detection of lytic 
metastases (F). Myeloma can be challenging to detect on radiographs, mimicking osteoporosis (G); MRI in the same patient (H) identifies the 
myriad of tiny destructive lesions. The MRI T1 sagittal sequence (I) typically reveals metastatic disease as focal hypointense lesions, as in this 
patient with prostate cancer, as the bright signal of normal marrow fat is replaced. When marrow replacement is diffuse, this can be difficult to 
detect. Normal marrow should always be brighter than adjacent disks. Note that normal marrow in (J) is completely replaced 2 years later by 
leukemia (K) when this patient presented with back pain. Osteoid osteoma is a posterior element benign neoplasm causal of pain, often noctur-
nal and relieved by salicylates. It is visible as a small nidus (arrow in [L]) with surrounding sclerotic reaction (M). Leptomeningeal metastases or 
lymphoma may be imaged as diffuse enhancing tissue coating the cord and cauda equina (N).
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Structural alterations detected by imaging are of less signifi-
cance than physiologic parameters of edema, hyperemia, dis-
ruption of blood-nerve barrier, or accelerated metabolism 
noted with T2 hyperintensity (STIR or fat-saturated images), 
gadolinium enhancement, or nuclear medicine techniques. 
Always treat the patient, not the images.
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	•	 	The primary role of imaging is to identify systemic 
disease; no imaging is indicated in the acute 
presentation of back or limb pain without “red flag” 
features.

	•	 	All spine imaging has a significant specificity fault: a 
high prevalence of asymptomatic age-related findings, 
including disk “degeneration” and facet arthrosis.

	•	 	Spine imaging performed without physiologic 
positioning and axial load may be insensitive to 
dynamic lesions.

	•	 	Imaging correlates poorly with clinical presentation  
and course.

	•	 	Meticulous enumeration of spine segmentation from 
the skull base caudally is necessary to avoid wrong 
segment procedures.

	•	 	Magnetic resonance imaging (MRI) findings can 
reasonably predict positive lumbar diskography; 
the high intensity zone and significant expression of 
Modic end plate change have high specificity but low 
sensitivity.

	•	 	Imaging cannot identify cervical diskogenic pain.
	•	 	Findings of structural arthrosis of the facet or sacroiliac 

joints (osteophytes, joint space narrowing, sclerosis) 
have no relationship to pain; physiologic findings 
(positive bone scan, MRI T2 hyperintensity) may predict 
pain but have not been tested against an appropriate 
reference standard.

KEY POINTS

	•	 	Radicular pain requires both neural compression and 
an inflammatory response; standard imaging detects 
only the neural compression.

	•	 	There is no relationship among the size, type, or change 
in disk herniations over time and patient outcomes.

	•	 	The imaging natural history of disk herniation is 
resolution.

	•	 	Neurogenic intermittent claudication requires 
compression at multiple segmental levels or in multiple 
compartments (central, lateral recess, foraminal) for 
clinical expression.

	•	 	MRI signal changes in the cervical cord can provide 
prognostic guidance for decompression in the cervical 
spondylotic myelopathy patient.
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