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Provocative discography as predictor of discogenic pain
and therapeutic outcome

Clarence S. Ivie, DO, Daniel Gianoli, MD, Carlos A. Pino, MD
From the Department of Anesthesiology, University of Vermont College of Medicine, Burlington, Vermont.
The use of provocative discography (discography) in diagnosing degenerative disk disease and pre-
dicting surgical outcomes is a subject of ongoing debate. Magnetic resonance imaging and computed
tomography are the preferred methods for visualizing disk morphology. While these advanced imaging
studies produce a superior anatomical assessment and can identify surgically correctable lesions,
discography is the only available method to determine whether an abnormally appearing disk is also
painful. Discography is a subjective test, relying entirely on the patient’s description of pain during the
procedure. Therefore, controversies and concerns for its diagnostic accuracy and validity have been
abundant since the technique was first described. Due to the perplexing problem of evaluating and
treating chronic low back pain, discography is still considered by many to provide useful information
in planning the surgical management of spinal pain from discogenic disease. This article presents a
general overview of lumbar discography and the current state of evidence for its use in predicting
treatment outcomes.
© 2011 Elsevier Inc. All rights reserved.
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Low back pain (LBP) is a highly prevalent condition and
major cause of suffering and impairment throughout the
world, affecting individuals of all ages. Based on a recent
review of epidemiologic data, the lifetime prevalence rate
for LBP ranges from 51% to 84% among the general pop-
ulation, with 2% to 5% seeking medical attention for LBP
annually.1,2 Furthermore, findings from cross-sectional sur-
vey studies suggest that prevalence rates for LBP are in-
creasing.1,3,4 Most acute LBP cases will resolve after a
benign self-limited course; however, approximately 20%
will experience a recurrent episode within 6 months.5 The
ercentage of patients who progress to chronic LBP has
een estimated from 5% to 20%.6-10

Many patients with chronic LBP are able to manage their
symptoms with standard conservative therapies. For pa-
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tients who continue to experience severe pain and disability
despite these measures, it may be appropriate to consider
consultation with a spine specialist11 for consideration of
more advanced therapies. In these difficult cases, successful
treatment is commonly thought to rely on identification of
the primary pain-producing structure.12-14 Many interven-
tional therapies are directed toward specific pathology and
should not be expected to produce significant improvement
without an accurate diagnosis. The importance of establish-
ing specific pain diagnosis is not without opposition.11,15

Guidelines for the treatment of LBP from the American
Pain Society point to a lack of evidence that using this
approach improves outcomes.11

Identifying the specific pathology responsible for an in-
dividual patient’s LBP can be particularly challenging. The
presentation and symptomatology of LBP is often nonspe-
cific, with many possible etiologies. Possible sources of
chronic LBP include soft tissue structures (muscles, fascia,
and ligaments of the lumbar spine), intervertebral disks,

facet joints, and the sacroiliac joints.16-18 Complicating the
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matter further, axial LBP may be referred from sources
outside of the spinal column.19,20 Conventional imaging
eveals a high prevalence of abnormal anatomic findings
mong asymptomatic populations, while patients with
hronic LBP may appear normal.21-24 In this article we
resent a general overview of discogenic LBP (DLBP),
escribe the diagnostic role of lumbar discography, and
iscuss the current state of evidence for its use in predicting
herapeutic outcomes.

Discogenic low back pain

DLBP, defined as pain arising from internal disk disruption,
is now a commonly accepted clinical entity.25-27 Our un-
erstanding of the pathophysiology involved in disk degen-
ration, as it relates to pain, has improved considerably over
he last 3 decades. Several studies have produced convinc-
ng evidence to support the theory of intervertebral disks as
source of axial back pain.
Most importantly, studies have confirmed that disks are

nnervated and can be a source of pain.28,29 In the normal
lumbar intervertebral disk, sensory fibers extend into the
outer third of the annulus.30 Posteriorly, the disk is inner-
vated by the sinuvertebral nerve, formed by a recurrent
branch of the ventral ramus and a branch of the gray ramus
communicantes.31 The ventral surface of the disk is inner-
vated by a plexus formed by the sympathetic trunk, its rami
communicantes, and perivascular nerves. Branches from the
gray rami communicantes also supply the lateral surface of
the annulus. Additionally, each lumbar sinuvertebral nerve
sends branches superiorly and inferiorly, supplying the disk
above and below, in addition to the disk at the level of origin
of the nerve.32 Degenerated disks exhibit abnormally wide-
spread innervation with sensory nerve fibers penetrating
deeper into the nucleus pulposus.32,33

In addition to understanding disk innervation, our knowl-
edge of common pathologic findings observed in painful
disks has grown in recent years. We know that most disks
with positive pain provocation on discography will exhibit
radial fissures within the annulus.34 Histologic studies dem-
nstrate ingrowth of vascularized granulation tissue along
he annular fissures.35 By studying the granulation tissue
hrough immunohistochemical analyses, researchers have
ound cytokine-sensitized nocioceptors, phagocytic cells,
nd perivascular neoinnervation. There may also be small
ree nerve fibers (axonogenesis), not only in the outer an-
ulus, but also extending to the inner annulus and nucleus
ulposus.33,36-39

It is also evident that the process of disk degeneration
produces an inflammatory response, generated by cells
within the nucleus pulposus, where a large number of in-
flammatory factors are released. Patients with DLBP have
significantly higher levels of released interleukin-1 (IL-1),
IL-6, and IL-8 compared to patients with disk herniation.37
These inflammatory factors migrate through fissures into the
outer third of the annulus, or into the end plate, where
stimulation of free nerve endings results in pain. Therefore,
degenerative disks exhibit free nerve endings (pain recep-
tors) and inflammation, 2 factors responsible for inducing
pain.40

Despite a growing body of evidence, the existence of
DLBP remains a topic of debate. Some investigators con-
sider the concept of discogenic pain to be unfounded.
Weiner and Nordin state there is no definitive link yet
established between these diagnostic findings in disk degen-
eration and clinical signs and symptoms. As such, they
proclaim DLBP remains at best a theory worthy of further
investigation, but does not have the scientific support
needed to guide treatment protocols.41

Many studies have examined the relative contributions of
various causes of chronic LBP. The intervertebral disk is
thought to play a principal role in 26% to 43% of chronic
LBP cases.14,42,43

The workup of chronic LBP begins with a thorough
patient history and physical examination. Imaging studies
may include plain radiographs, computed tomography (CT),
or magnetic resonance imaging (MRI). Relevant findings
from each of these techniques and their respective implica-
tions in DLBP have been described extensively in previous
publications.17,44,45 Each component of the evaluation pro-
vides additional diagnostic clues that contribute to our un-
derstanding of the ailment; however, such tests have low
sensitivity and specificity in determining whether the disk is
a primary source of LBP.17 Inclusion of provocative dis-
ography provides an additional component to the evalua-
ion of chronic LBP, the ability to correlate pathology with
ymptomatology. Many believe this additional information
eads to improved accuracy in diagnosing DLBP.46

Discography

Discography is an invasive diagnostic test used in the eval-
uation of chronic back pain when there is persuasive evi-
dence supporting the diagnosis of a discogenic pain origin.
The procedure first appeared in medical literature in 1948 as
a technique for diagnosing herniated nucleus pulposus.47

During that period, imaging of the lumbar spine consisted of
plain radiographs and myelography using an oil-based con-
trast agent, which was associated with significant compli-
cations. In the 1950s and early 1960s, discography became
the preferred imaging study for detecting anatomic abnor-
malities within the intervertebral disk.47-49 The introduction
f CT in 1973, and the later development of MRI, presented
ess invasive, more accurate, and simpler methods for de-
ecting internal disk disruption.50 Although MRI provided
uperior imaging, it was not capable of assessing whether
he disk produced pain.22,23,51 Discography therefore re-

mained valuable as a diagnostic tool for stimulating the disk
to identify the source of pain. Several key aspects of dis-

cography have been the subject of controversy and continue
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to be debated. The controversies pertain to its diagnostic
accuracy (sensitivity, specificity, and positive predictive value)
and the potential complications that have been thoroughly
described and argued in multiple publications.46,52-63

The procedure is performed by inserting a needle into the
nucleus pulposus and injecting radiographic contrast mate-
rial. The pattern of contrast spread is observed radiograph-
ically, providing visualization of the internal disk anatomy
and identification of annular degeneration. Injection of
small volumes into the nucleus causes an increase in intra-
discal pressure, which provokes pain in symptomatic
disks.64 In this regard, discography is unique in its ability to
correlate the symptom of pain with structural pathology,
which is often the missing piece of the puzzle needed to
confirm or reject the clinical suspicion of discogenic pain.
Many spine surgeons, and interventional pain physicians,
consider this additional level of diagnostic information a
valuable component in the workup of an otherwise chal-
lenging condition.

Indications

The indications for discography are controversial and
poorly defined. The decision to perform diagnostic proce-
dures should be based on a patient’s clinical presentation.
Discography is not recommended for use as a routine test in
the evaluation of nonspecific LBP.65 However, it is a rea-
onable consideration when investigating chronic LBP in
atients whose history, physical examination, and imaging
ndings suggest a discogenic source of pain. Additionally,

dentification of symptomatic disks has more relevance
hen applied to patients for whom the anticipated course of

Table 1 Patient Selection for Discography66

Further evaluation of demonstrably abnormal disks to help
assess the extent of abnormality or correlation of the
abnormality with the clinical symptoms. Such may include
recurrent pain from a previously operated disk and lateral
disk herniation.

Patients with persistent, severe symptoms in whom other
diagnostic tests have failed to reveal clear confirmation of
a suspected disk as a source of pain.

Assessment of patients who have failed to respond to
surgical procedures to determine whether there is painful
pseudarthrosis or a symptomatic disk in a posteriorly fused
segment, or to evaluate possible recurrent disk herniation.

Assessment of disks before fusion to determine whether the
disks within the proposed fusion segment are symptomatic
and to determine whether disks adjacent to this segment
are normal.

Assessment of minimally invasive surgical candidates to
confirm a contained disk herniation or to investigate dye
distribution pattern before chemonucleolysis or other
intradiscal procedures.
reatment includes interventions expected to reduce disk-
elated pain and disability. Discography not only assists in
iagnosing the source of discogenic pain, but also provides
nformation that may be helpful in planning interventions,
uiding patient selection for surgery, and potentially pre-
icting outcomes. The North American Spine Society is-
ued a position statement stating that “discography should
e viewed as an invasive test to be used to seek abnormality
hen results from other tests are equivocal or inconsistent,

n a patient with symptoms severe enough to require further
valuation.”66 Specific indications and contraindications for
iscography have been presented by Guyer and Ohnmeiss
Tables 1 and 2).66 Furthermore, guidelines from the Inter-
ational Spinal Injection Society recommend that 2 control
evels be obtained for adequate interpretation of disk stim-
lation.67

Technique

Discography is an invasive and potentially dangerous
procedure that should be performed by a spine specialist
or a radiologist who is experienced with the procedure.
The patient should be informed of the risks, complica-
tions, benefits, alternatives, and goals of the procedure.
Prior to the procedure, a detailed assessment of the pa-
tient’s pain symptoms should be obtained and all relevant
imaging studies should be reviewed. This information
will not only aid in selecting the best approach to each
disk but it will also allow the provider to better determine
whether provocation of pain is concordant or discordant
with the patient’s usual symptoms. To begin, the patient
is placed in the prone position and prophylactic intrave-
nous antibiotic is administered. Monitoring should follow
the sedation guidelines developed by the American So-
ciety of Anesthesiologists.68 This procedure is uncom-
fortable, often requiring mild sedation during needle
placement, followed by intravenous analgesics once the
pain provocation results have been obtained. The proce-
dure should be performed under strict sterile technique,
with fluoroscopy and/or use of CT. Once appropriate
sterile prep and drape have been applied, the image
intensifier of the fluoroscope is positioned using oblique

Table 2 Contraindications for discography64,94,100

Absolute Absence of informed consent
Patients on anticoagulation therapy
Patients with a known bleeding disorder
Pregnancy
Systemic infection
Local infection over the site of injection
Bony fusion that restricts access to the disk
Psychiatric conditions (PTSD or schizophrenia)

Relative Severe spinal canal stenosis at the level being
evaluated101,102

Allergy to radiographic contrast, antibiotic, or
local
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and craniocaudal angulation to reveal the middle third of
the intervertebral disk space and to provide visualization
of the vertebral end plates adjacent to the intervertebral
space being evaluated. The disk is accessible by placing
the needle just anterior to the superior articulating pro-
cess at the desired level. A 2-needle coaxial approach
contralateral to the patients’ usual pain is then used to
access the nucleus pulposus. The use of antibiotics and a
2-needle technique (Figure 1) are precautionary measures
proposed to reduce the risk of infection.69,70 Entering
from the side contralateral to the patient’s usual pain is
preferred to avoid confusing disk pain from procedural
pain related to needle placement. Intermittent fluoros-
copy should be used for advancement of the needle into
each desired disk. Upon entrance into the disk, antero-
posterior and lateral fluoroscopic views should be taken
to confirm that the needle tip lies in the middle third of
the disk. Once the final needle position has been con-
firmed, radiographic contrast dye, with or without an

Figure 1 Lumbar discography using a double needle tech-
nique.

Figure 2 Anteroposterior image of the lumbar spine following

lumbar discography at L3-4, L4-5, and L5-S1.
antibiotic, is injected (Figures 2 and 3). During the in-
jection phase of the procedure, careful attention must be
paid to interpreting the patient’s pain response. Concor-
dance is achieved if the pain and/or peripheral symptoms
generated by provocation are similar in severity and
location to the patient’s usual pain. In addition to pain
provocation, the discographer must also be cognizant of
the resistance experienced during injection, amount of
contrast injected, pattern of dye distribution, and extrav-
asation. It has been proposed that the use of pressure
measuring devices may improve the validity of the pa-
tient’s response. While this has not yet been established,
its use provides for standardization of the procedure and
provides some semi-quantitative information. The Inter-
national Spine Intervention Society has proposed that
pressure measuring devices be used on a routine basis
and have developed a scoring system for determining the
results of discography.71 Although analysis of the live
and post injection fluoroscopic images allows for the
determination of disk pathology, it has been proposed
that a post discography CT be obtained for a more de-
tailed view of the intervertebral disk architecture and the
contrast distribution pattern.53 Cohen et al have sug-
gested that post discography CT imaging allows for the
identification of small annular tears and can confirm the
presence of a contained herniation, which may be other-
wise missed by fluoroscopic imaging.53,72 Therefore, post

iscography CT scan is useful when a detailed descrip-
ion of the annulus is necessary in addition to the dis-
ography findings that primarily focus on determining the
resence or absence of disk symptomology. The pain
istribution, and pattern, is often reported using the mod-
fied Dallas discogram scale.73 The morphologic changes

of degenerative disks do not always correlate with symp-
tomatic disks. Several authors have suggested that disks
with annular tears grade 3 or higher tend to produce
concordant pain during the provocation phase of discog-

Figure 3 Lateral image of the 3 lower lumbar disks after needle
placement.
raphy.63,74-76
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Complications and safety

The overall rate of reported complications from discography
ranges from 0% to 2.5%.60,61,66,74-81 Complications may be
lassified as infectious, hematological, neurological, aller-
ic, or other (Table 3). Infection and bleeding can occur
nywhere along the path of the needle, from skin to the
ucleus pulposus, placed during the procedure. The most
erious and frequently encountered complication is discitis
ith a reported incidence from 0% to 4.9% per patient or
% to 1.3% per disk investigated.82 The most common

organisms identified have been Staphylococcus epidermidis
and Staphylococcus aureus.80,81 Preventive measures to re-
uce the risk of infection include employing a meticulous
septic technique, prophylactic antibiotic administration,
nd use of a 2-needle technique with styletted needles to
ccess the disk.70,80,83,84 The use of a 2-needle technique

was investigated by Fraser et al, who reported a reduced
infection rate with a 2-needle technique using styletted
needles (0.67%) compared to a single-needle technique
(2.7%).70 Prophylactic IV and intradiscal antibiotic admin-
istration have also been shown to reduce the risk of disci-
tis.83,84 Interestingly, while these preventive methods do
ppear to reduce the occurrence of discitis, neither have
een shown to offer protection beyond standard sterile tech-
ique.82 However, considering the relative risks involved,
dministering systemic and intradiscal antibiotics may be
arranted, especially in patients at high risk for infection.82

Hemorrhage into the subcutaneous and paraspinal structures
can result in significant hematoma formation. Adherence to
the guidelines set forth by the American Society of Regional

Table 3 Complications associated with discography81,82

Hematologic
Epidural hematoma
Paraspinous hematoma
Retroperitoneal hematoma
Intrathecal hemorrhage

Infectious
Discitis
Meningitis
Arachnoiditis
Osteomyelitis
Superficial infection/abscess
Paraspinal abscess
Retroperitoneal abscess
Epidural abscess

Neurologic
Nerve injury
Dural puncture headache
Intradural injection

Other
Acute lumbar disk herniation101

Needle breakage
Allergic/anaphylactic reaction to contrast, antibiotic, or
local
Anesthesia and Pain Medicine for patients receiving anti-
thrombotic therapy may decrease the occurrence of this
complication.85

Discussion

A number of systematic reviews have attempted to interpret
the results of studies evaluating discography as a predictor
of surgical and nonsurgical treatment outcomes.

Resnick and coworkers produced guidelines for spinal
fusion and discography based on a comprehensive review
on behalf of the American Association of Neurological
Surgery and the Congress of Neurological Surgeons. Their
guidelines stated discography was sensitive for the diagno-
sis of discogenic LBP but not specific. They defined a
“positive” discographic study as 1 that elicits concordant
pain from a morphologically abnormal disk. Additionally,
they recommended against using discography as a stand-
alone test for making treatment decisions and that it should
not be performed without MRI evidence of disk degenera-
tion. They concluded that discography appears to have a
role in the evaluation of patients with LBP, but be limited to
the evaluation of abnormal interspaces identified on MRI,
the investigation of adjacent-level disk disease, and as a
means to rule out cases of nonorganic pain from surgical
consideration.86

In 2007, The Washington State Health Care Authority
produced a Health Technology Assessment of discography
and found insufficient evidence to permit conclusions about
the reliability of discography as a diagnostic test in chronic
LBP or its use to predict fusion outcomes.87

Cohen et al performed a systematic review evaluating the
role of spinal injections in predicting surgical outcomes.
They presented findings from the available studies looking
at the effect of discography on spinal fusion outcomes. They
described the methodologies and results from 2 prospective
and 3 retrospective outcome studies.60,74,88-90 They found
imited evidence that discography improves fusion out-
omes in patients with DLBP, but also stated that interpre-
ation of the data is exceptionally difficult due to method-
logical flaws in the studies and the lack of strong evidence
upporting fusion as an effective treatment for degenerative
isk disease.91 This review also included an assessment of

discography in presurgical screening for lumbar disk re-
placement. They presented findings from 25 studies evalu-
ating disk replacement outcomes. Preoperative discography
was performed in approximately one half the studies; how-
ever; these studies were not designed to compare outcomes
between patients selected for surgery based on the results of
discography and those selected for surgery based on other
methods. Despite this limitation, an indirect comparison
was performed that did not reveal evidence that preopera-
tive discography affected outcomes.91

Walker and colleagues produced a review of the litera-
ture to assess the role of discography in presurgical screen-

ing. They included lumbar fusion studies by Derby et al74
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and Carragee et al60 as well as cervical fusion studies by
otimaya et al92 and Whitecloud and Seago.93 To summa-

ize their conclusions, discography may improve surgical
utcomes for properly selected patients. This group would
nclude patients with persistent pain with disk abnormalities
ho did not have significant psychological conditions or

econdary gain issues.94

In 2009 Manchikanti and coworkers published a system-
atic review of discography.46 After a thorough review of the
literature, they concluded lumbar discography may be a
useful tool for evaluating chronic DLBP when performed
according to the International Association for the Study of
Pain (IASP). Additionally, based on modified U.S. Preven-
tive Services Task Force evidence criteria, they found the
indicated evidence to be level II-2 for the diagnostic accu-
racy of lumbar provocation discography using IASP stan-
dards.46

In regard to nonsurgical treatment outcomes, intradiskal
electrothermal therapy, biaculplasty, and percutaneous disk
decompression are among the most common nonsurgical
intradiscal treatments available for DLBP. Many studies
have evaluated the utility of these procedures, all of which
have used discography in the patient selection process;
therefore, the ability of discography to predict outcomes
cannot be determined.

Conclusions

DLBP is a major source of suffering and disability. Efforts
to establish meaningful therapies for patients affected by
this condition have been hindered by an incomplete under-
standing and a limited ability to accurately diagnose disco-
genic pain. Our understanding of the pathophysiology in-
volved in disk degeneration and disk-related pain has
expanded considerably over the past few decades. This
knowledge has yet to lead to a proven and accepted diag-
nostic method for discogenic pain. Provocative discography
seems to be a reasonable method for identifying painful
disks, at least in theory, but without a gold standard by
which to compare, the sensitivity and specificity for this
technique (or any other technique) cannot be precisely es-
tablished. With no promise of a gold standard on the hori-
zon, some have proposed using therapeutic outcomes to
measure the accuracy of discography. That is to say, if
positive therapeutic outcomes were strongly correlated with
discographic findings, by either positive or negative associ-
ation, the role of discography could be clarified. However,
the validity of using the outcome of a controversial treat-
ment, such as spinal fusion for discogenic pain, as a gold
standard for discography, is also a questionable concept.62

Surgery may be warranted to provide mechanical stabiliza-
tion in many clinical circumstances; however, the surgical
treatment of discogenic pain has been disappointing.95-97

Furthermore, even proven therapies are unlikely to produce

positive outcomes, beyond a placebo effect, when treatment
is undertaken for inaccurate diagnoses. The primary role of
discography is to determine whether a patient’s chronic
LBP has a discogenic component. Unfortunately, there is
a great deal of uncertainty surrounding the utility of
discography. The results from primary studies evaluating
the effect of discography on outcomes are often contra-
dictory.60,74,75,88-90,98,99 Systematic reviews, and efforts
to pool data from these studies, have produced inconsis-
tent conclusions. Ongoing investigation on the role of
intradiscal pressures, clinical biomarkers, functional an-
esthetic discography, and functional imaging may help
clinicians distinguish true discogenic pain from morpho-
logically abnormal, yet asymptomatic, intervertebral
disks.
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