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Discography

Aaron Calodney and Andrew T. Vest

�Introduction

Approximately 80% of the U.S. population suffers at least 
one episode of back pain at some time in their lives, while 
5–10% of patients develop chronic back pain [1]. In 2011, 
the Center for Disease Control and Prevention’s (CDC) 
National Center for Health Statistics reported that 28.4% of 
adults over age 18 experienced lower back pain during the 
previous 3 months [2].

As reported in the 2016 National Health Interview Survey, 
back pain significantly limits work and daily activity for 
28.4% of Americans [3]. A commonly repeated figure sug-
gests that, cumulatively, Americans lose 149 million work-
days each year due to back-related disability [4, 5]. Despite 
the availability of multiple imaging modalities and clinical 
examination, ascertaining the source of any given patient’s 
back pain can be challenging.

Discogenic pain is a mechanical pain that is usually expe-
rienced in the axial spine distribution. It is exacerbated by 
activity and relieved by rest. It accounts for 26–42% of 
chronic low back pain [6–8].

Discography is a diagnostic procedure used to assess dis-
cogenic pain by evaluating the intervertebral disc in the cer-
vical, thoracic, and lumbar spine. Disc morphology, pressure, 
and volume along with the patient’s response to injection are 
recorded and used to confirm or exclude the disc as the 
source of pain. This allows correlation of findings from spi-
nal imaging studies with the patient’s pain symptoms and 
pattern [9–11]. In theory, discography identifies a painful 
disc by stimulating nociceptors in the outer third of the annu-
lus, stimulating annular tears extending into the nucleus that 

have developed neoinnervation or by stimulation of nocicep-
tors within the vertebral endplate [12].

Discography is the only diagnostic technique that directly 
correlates a patient’s symptoms with disc morphology [13]. 
In this way, discography is conceptually similar to manual 
palpation. Pain provocation on discography is analogous to 
tenderness elicited on palpation [14, 15]. Consistent and 
reproducible pain portends greater diagnostic certainty. 
Numerous formal investigations have demonstrated that dis-
cography performed by experienced interventionalists can 
improve both surgical and nonsurgical treatment outcomes 
[16–21].

Advances in MR imaging detect increasingly minute 
degenerative changes, which often require clinical correla-
tion [14, 22–24]. Any of these findings are asymptomatic. 
Discography is unique in allowing a link between radio-
graphic findings and clinical presentation. MRI findings 
including degenerative changes in disc morphology do not 
correlate with symptoms of lower back pain [25–27].

To better understand the role discography can play in the 
diagnosis of spinal pain, this chapter will review:

•	 Historical use of the procedure
•	 Procedure validation
•	 Disc anatomy and physiology
•	 Disc pathophysiology
•	 Indications and contraindications
•	 Patient selection criteria
•	 Pre-and peri-procedure considerations
•	 Discography procedure
•	 Post-procedure care
•	 Complications
•	 Results: interpretation, documentation, and follow-up
•	 Correlation of discography with other imaging studies
•	 Evidence supporting and controversies regarding the 

procedures
•	 Use of discography in treatment planning—regenerative/

biologic treatment
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�History of Discography

The identification of the intervertebral disc as a source of 
back pain and radiculopathy was advanced by the early work 
of Schmorl and Junghanns reported in 1932. Their imaging 
and dissection of 10,000 cadaveric spines demonstrated that 
the intervertebral disc could be a source of pain and intro-
duced discography as an anatomic study of the internal struc-
ture of the cadaveric disc [11]. In 1934, Mixter and Barr 
further confirmed the intervertebral disc as a pain generator 
by surgically removing a prolapsed posterior disc, leading to 
pain relief [28]. Prior to discography, clinicians relied on 
Myelography with iophendylate (Pantopaque) to visualize 
spinal pathology; however, the disc and the epidural space 
remained opaque to this form of imaging inspection. Multiple 
authors published clinical reports throughout the 1940s [29] 
and 1950s [30] that advanced understanding of disc physiol-
ogy, pathophysiology, the use of injected dyes to illuminate 
disc innervation and degeneration, and the evolving use of 
discography to diagnose disc pathology [11, 28, 31].

Lindblom has been credited with identifying discogenic 
pain as a primary source of back pain in 1941. He injected 
contrast into a cadaveric disc and concluded that injection of 
an opaque medium into the disc reveals disc ruptures and 
protrusions and identifies whether the patient’s pain ema-
nates from the punctured disc [31, 32]. Wise and Weiford 
performed the first discography in the USA in 1951 [33].

In 1964, Holt published a study of 50 patients with no his-
tory of neck or arm pain that challenged the validity of cervi-
cal discography as a diagnostic tool. In an examination of 
148 discs, only 10 could be characterized as retaining injec-
tate within the central confines of the annulus typically 
described as normal by other authors. He concluded that cer-
vical discography is without diagnostic value [34]. Schellhas 
et al. compared MRI and cervical discography in 10 subjects 
without painful neck symptoms and 10 subjects with neck 
pain. The authors found that normal discs were not painful in 
either symptomatic or nonsymptomatic subjects. When pres-
surized, painful discs corresponded to the pain reported by 
the patient [35]. Holt in 1968 published a study questioning 
the credibility of lumbar discography. Discography was car-
ried out on 30 volunteers from a penitentiary inmate popula-
tion. He reported a 37% false-positive rate [36]. Simmons 
and Aprill reassessed Holt’s paper finding four major issues. 
First, Hypaque contrast is irritating and likely irritated sur-
rounding structures. Secondly, needle placement was likely 
improper as neither CT nor fluoroscopy was utilized. Thirdly, 
the study population and motivation for participation in this 
penitentiary study population are problematic, and lastly, 
errors in accounting of data are noted [37].

Walsh and Aprill replicated Holt’s study in 1990  in 10 
asymptomatic volunteers and 7 patients with lower back 
pain. Six of seven low back pain patients had positive disco-

grams, while none of the ten asymptomatic volunteers had 
positive studies. The false-positive rate was 0%, and specific-
ity was 100% [38].

�Validation

There exists a gold standard dilemma. There is no histopath-
ologic correlate of a painful disc against which to measure an 
imaging or diagnostic test such as discography. This lack of 
a criterion standard for lumbar discogenic pain—other than 
discography itself—implies that the validity of discography 
cannot be directly determined. The false-positive rate can be 
determined by studying the prevalence of positive responses 
in a group of asymptomatic volunteers [12].

Methodological variability in study design, clinical tech-
niques, definitions, and interpretations of discography, as 
well as little consensus about what constitutes a false-positive 
rate, has made the reliability of systematic review, and thus 
evidence-based guideline development, challenging [12, 
39–46]. Techniques and safeguards to address concerns 
identified in the clinical literature have developed. Lumbar 
discography was routinely performed without manometry 
until Derby demonstrated the importance of pressure mea-
surement and operational criteria [17, 47]. The use of strict 
criteria including injection pressure and response intensity 
can decrease false positives and protect against putative risk 
of damage to the disc [9, 39, 41].

The operational definition of a “positive” vs a “negative” 
response to disc provocation is important. Derby et al. were 
able to demonstrate that when discography was applied 
with appropriate pressure, volume, and response intensity 
criteria the procedure yielded 0–10% false-positive results 
[12, 42, 48].

Guidelines by the Spine Intervention Society and the 
American Society of Interventional Pain Physicians focus on 
criteria for the use and interpretation of provocative discog-
raphy [49].

�Positive Discography Criteria

In ideal situations, a gold standard or criterion is obtained by 
tissue confirmation of the presence or absence of a disease. 
Surgical inspection of a degenerated disc and advanced 
imaging cannot assess the presence of discogenic pain [1].

Guidelines for provocation discography have been devel-
oped by multiple professional medical societies. The tech-
nique of lumbar discography has been standardized by the 
International Association for the Study of Pain as well as the 
Spine Intervention Society. Comprehensive literature reviews 
have been provided in the American Society for Interventional 
Pain Medicine guidelines of 2009, 2013, and 2018 [8, 50, 51].
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In 2013, the Spine Intervention Society established the 
following criteria for definitive diagnosis of discogenic pain 
using provocation discography: [49].

•	 Concordant pain response of ≥6/10
•	 Volume limit of 3 mL
•	 Pressurization of the disc to no greater than 50 psi above 

the opening pressure
•	 Adjacent disc(s) provide controls

–– For one control disc: Painless response or nonconcor-
dant pain that occurs at a pressure greater than 15 psi 
over opening pressure

–– For two adjacent control discs: Painless response at 
both levels or one painless disc and one disc with non-
concordant pain that occurs at a pressure greater than 
15 psi over opening pressure

Similar criteria have been developed by the American 
Society of Interventional Pain Physicians (ASIPP) [1]. A dis-
cogram can be interpreted as positive only if the target disc:

Produces concordant pain with an intensity of ≥7 on a 
10-point numerical pain rating scale or 70% of the highest 
reported pain (i.e. worst spontaneous pain of 7  =  7 × 
70% = 5).

Two adjacent discs do not produce any pain at all with 
provocation discography or only one disc in the case of L5/
S1 with low-volume and low-pressure injection.

“Concordant pain” will be defined here as pain during 
provocation that closely approximates the patient’s usual pain 
pattern, whereas “nonconcordant pain” is a pain response 
upon pressurization that does not mirror usual pain pattern.

�Disc Anatomy and Physiology

Intervertebral discs function primarily to transmit loads and 
facilitate movement between vertebral bodies. They are 
complex structures comprised of a thick fibrous outer ring of 
cartilage and an annulus fibrosus that surrounds an inner 
gelatinous centre called the nucleus pulposus. The disc is 
positioned between the inferior and superior cartilage end-
plates [31].

The annulus fibrosus is comprised of concentric lamellae 
of fibrocartilage. Each lamella consists primarily of collagen 
type I fibres that pass obliquely between vertebral bodies, 
with the orientation of the fibres reversed in alternating 
lamellae [52]. Annular fibres provide resistance to vertical, 
forward, backward, and lateral sliding movements in 
response to outward expansion of the nucleus pulposa. The 
annulus fibrosus acts like a ligament to restrain movement 
and stabilize the vertebral joint [31].

The nucleus pulposus, which is the central core of the 
disc, is located posteriorly within the disc [28]. It absorbs 

shock during axial loading by expanding radially and resists 
spinal compression by spreading axial load evenly across 
the vertebral body, even when the spine is flexed or extended 
[31, 52]. The nucleus pulposus consists of a proteoglycan 
and water gel held together loosely by an irregular network 
of fine collagen type II and elastin fibres. Aggrecan, the 
major proteoglycan of the disc, has a high anionic glycos-
aminoglycan content of chondroitin sulphate and keratan 
sulphate, which provides the osmotic properties needed to 
preserve hydration and resist compression [31, 52]. Because 
the nucleus pulposus does not have its own blood supply, it 
receives its nourishment via diffusion from the vasculature 
along the periphery of the annulus fibrosa and vertebral 
body [28].

The vertebral endplate is a thin (less than 1 mm), horizon-
tal layer of hyaline cartilage that is weakly bonded to the 
perforated cortical bone of the vertebral body and the colla-
gen fibres of the annulus and nucleus [31, 52]. Only the car-
tilaginous endplates have blood supply. Biochemically, the 
important constituents of the disc are collagen fibres, elastin 
fibres, and aggrecan [53].

Two interconnected nerve plexes innervate the cervical, 
thoracic, and lumbar discs. Both plexes innervate the annu-
lus fibrosus to a depth of 3.5 mm, with most nerve endings 
concentrated dorsally and posterior laterally. Branches of 
two sympathetic trunks, the proximal ends of the lumbar 
ventral rami and the grey rami communicans, form the plex-
uses that innervate the anterior part of the disc. The sinover-
tebral nerve provides the main nerve supply to the posterior 
intervertebral disc and to every other structure of the spinal 
canal [31]. The density of receptors within the lumbar end-
plates and the annulus is similar. Endplate innervation is 
densest centrally, near the nucleus [53] (Fig. 16.1).

Fig. 16.1  Innervation of the intervertebral disc. (From: Maus and 
Aprill [106]. Used with permission of Mayo Foundation for Medical 
Education and Research, all rights reserved)
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The intervertebral disc changes degeneratively, morpho-
logically, and biochemically over the course of the human 
life cycle. With advancing age, proteoglycans and water 
decrease within the nucleus pulposus, resulting in insuffi-
cient hydrodynamic transfer of axial stress to the outer annu-
lus fibrosus [52]. This decreased hydration results in loss of 
mechanical tension in the annulus fibrosus collagen fibres 
and results in abnormal spinal axial loading forces and seg-
mental instability. Minor changes in stress forces on the 
spine can result in the development of neck or back pain and 

narrowing of the spinal canal over time. In early stage degen-
eration, the disc undergoes an imbalance of anabolic and 
catabolic factors that leads to extracellular matrix degrada-
tion [54, 55] (Fig. 16.2).

Abnormal distribution of axial stress results in the tearing 
of the annulus fibrosus, which reduces the structural integrity 
of the disc [56]. Excessive mechanical loading, whether 
through trauma, sustained physical activity such as sports, or 
activities of daily living, disrupts the disc’s structure, pre-
cipitating cell-mediated responses that lead to further disrup-

Injury

Role of Inflammation in Lumbar Pain

Peripheral annulus fibrosus and posterior
longitudinal ligament supplied with
nociceptors (small unmyelinated nerve
fibers with free or small capsular-type
nerve endings). Nociceptors connect
to sinuvertebral nerve and/or to somatic
afferent nerves carried within the
sympathetic chain to the upper lumbar
levels, which lead to dorsal root ganglion
in spinal nerve root.

Injury to disc initiates
inflammatory process in
nucleus pulposus.

Dorsal root
ganglion

Sinuvertebral
nerve

Discogenic pain Herniated nucleus pulposus

Neovascularization of disc

Inflammatory
cell infiltrate
(chemical
signal for
revascularization)

Nucleus pulposus
Phospholipase A2
Prostaglandins
Nitric oxcide
Metalloproteinases
? Unidentified
inflammatory
agents

Nerve root-dura interface
may be involved by
inflammatory process.
Chemical factors and
compression both contribute
to lumbar pain.

Chemicals may reach
nociceptors via fissure
to lower threshold
for firing. Pain caused
by mechanical forces
superimposed on
chemically activated
nociceptors.

Dorsal
root ganglion

Nociceptors
in annulus
fibrosus

Sinuvertebral
nerve

Fissure in
annulus
fibrosus

Fig. 16.2  Anatomic 
relationship of the lumbar 
disc, endplate, and nerve root. 
Pathologic changes secondary 
to neovascularization of the 
disc. (Source: Netterimages. 
Role of Inflammation In 
Lumbar Pain. Image# 7408. 
Netter illustration used with 
permission of Elsevier Inc. 
All rights reserved. www.
netterimages.com)

A. Calodney and A. T. Vest

http://www.netterimages.com
http://www.netterimages.com


159

tion. Genetic inheritance likely contributes to degenerative 
susceptibility [52]. Pathological changes within the disc are 
distinct from other types of disc degenerative disease such as 
herniation [6, 57].

�Pathophysiology

The pathophysiology of the intervertebral disc is complex, 
and only a brief summary will be considered here. 
Degenerated discs exhibit abnormally widespread innerva-
tion with sensory nerve fibres penetrating deep into the 
nucleus pulposus [58, 59]. Most discs with positive pain 
provocation on discography show radial fissures within the 
annulus [60].

The process of disc degeneration produces an inflamma-
tory response, generated by cells within the nucleus pulposus, 
where multiple inflammatory factors are released. Histologic 
studies reveal ingrowth of vascularized granulation tis-
sue along the annular fissures [59]. Immunohistochemical 
analyses have demonstrated cytokine-sensitized nociceptors, 
phagocytic cells, and perivascular neoinnervation (axono-
genesis). Small, free nerve fibres may be found in the outer 
annulus and extend to the inner annulus and nucleus pulpo-
sus [59, 61–63].

Patients with discogenic back pain have significantly 
higher levels of released interleukin-1, interleukin-6, and 
interleukin-8, compared to patients with disc herniation [61]. 
Nerve fibres in the disc may contain nociceptive neurotrans-
mitters, such as substance P, calcitonin gene-related peptide, 
and vasoactive intestinal peptide. These inflammatory fac-
tors migrate through fissures into the outer third of the annu-
lus or into the endplate, where stimulation of free nerve 
endings results in pain [62]. The degenerating discs thus 
exhibit free nerve endings (pain receptors) and inflamma-
tion, which are two of the factors responsible for the pain 
response [64].

�Patient Selection

There is little discussion in the literature about how to iden-
tify which patients are suitable candidates for discographic 
procedures. In general, a high level of suspicion for disco-
genic pain, where the persistent level of pain is severe enough 
to consider surgical intervention, is required [31]. Because 
most patients with low back pain experience improvement 
and resolution within 3 months, discography is typically 
reserved for adults who report back pain for an extended 
period. Earlier discography should be considered rarely and 
only for specific extraordinary cases, and it should not be 
used as a routine procedure for patients with nonspecific 
back pain [31, 64–66]. Prior to discography, the patient 

should try multiple more conservative treatment modalities, 
(e.g. lifestyle and activity modification, medication, physical 
therapy, fluoroscopically guided injections, and other con-
servative methods) with insufficient therapeutic success [11, 
28, 31]. The patient must also be able to understand the pur-
pose of the procedure, comply with instructions, and provide 
meaningful feedback during the stimulation [11]. For exam-
ple, the patient must be able to clearly describe any pain pro-
duced during disc stimulation and compare it to their usual 
pain [10]. The procedure is often performed using conscious 
sedation. This method supports patient comfort and allows 
the patient to be responsive during the pressurization phase 
of procedure.

�Indications

Various authors describe the conditions for which discogra-
phy is a suitable procedure [10, 11, 28, 64, 66]. These recom-
mendations are not entirely uniform and, to some extent, 
vary based on the clinician’s specialty (e.g. anaesthesiolo-
gist/interventional pain specialist, pain medicine and reha-
bilitation specialist, or radiologist).

Updated guidelines by the North American Spine Society 
enumerate a core set of criteria for which there is widespread 
agreement and which have withstood the test of time [65]. 
According to these criteria, indications for discography 
include, but are not limited to:

•	 Assessment of demonstrably abnormal discs to help eval-
uate the extent of abnormality or correlate the abnormal-
ity with the clinical symptoms. Such symptoms may 
include recurrent pain from a previously operated disc 
and lateral disc herniation.

•	 Assessment of patients with persistent, severe symptoms 
in whom other diagnostic tests have failed to reveal clear 
confirmation of a suspected disc as the source of pain.

•	 Assessment of patients who have failed to respond to sur-
gical intervention, to determine if there is painful pseud-
arthrosis or a symptomatic disc in a posteriorly fused 
segment and to help evaluate possible recurrent disc 
herniation.

•	 Assessment of discs before fusion, to determine if the 
discs within the proposed fusion segment are symptom-
atic and to determine if discs adjacent to the segment are 
normal.

•	 Assessment of candidates for minimally invasive surgical 
intervention to confirm a contained disc herniation or to 
investigate dye distribution pattern before chemonucleol-
ysis or percutaneous procedures.

A report by Walker et al. concurs with these criteria and 
adds that potential candidates for discography should have 
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no contraindications, particularly evidence of psychogenic 
pain [31].

�Contraindications

The main contraindications to discography are similar to 
those of other interventional procedures:

•	 Known bleeding disorder and use of anticoagulation/anti-
thrombotic therapy that cannot be with temporary medi-
cation discontinuation

•	 Pregnancy
•	 Systemic infection or skin infection over the puncture site
•	 Allergy to radiologic contrast that precludes testing with 

contrast media, local anaesthetic, or antibiotics (pretreat-
ment with antihistamine and corticosteroids or use of 
gadolinium may ameliorate these problems in some 
patients)

•	 Psychiatric conditions, such as psychogenic pain, post-
traumatic stress disorder, or psychotic diagnoses

•	 Inability or unwillingness to provide informed consent to 
the procedure

•	 Inability to assess the patient’s response to the procedure, 
for example, due to sedation or significant analgesic use

•	 Anatomic features that would preclude a safe and effec-
tive procedure, for example, severe spinal stenosis result-
ing in intraspinal obstruction

•	 Solid bone fusion that prevents access to the disc
•	 Severe spinal canal compromise at the disc level to be 

investigated [11, 28, 31]

Some of the above contraindications, such as infection, 
can be temporary, and others, such as allergy and anticoagu-
lation/antithrombotic therapy, can be addressed in the pre- 
and perioperative period.

�Preoperative Considerations

Patient preexisting conditions, such as allergies to contrast, 
latex, iodine, and antibiotics must be addressed. Prophylactic 
medications, such as diphenhydramine and a steroid agent 
for allergy management, can be prescribed for those patients 
whose allergy is not severe. Patient compliance must be 
ensured [10].

Familiarity with all medications a patient is taking is 
essential, including herbs and supplements. Instructions 
regarding the use of approved medications prior to the proce-
dure vary. The potential benefit to the patient receiving dis-
cography must outweigh the risk of withholding essential 
medications. Recommendations for patients receiving anti-
platelet/anticoagulant/antithrombotic medications vary and 

have changed over time. Communication with the clinician 
managing the patient’s medication is essential. Pain, anti-
inflammatory, sedative, and any other medications or sub-
stances that alter the patient’s perception of pain should not 
be used the day of the procedure to ensure test results are not 
comprised [10].

�Perioperative Considerations

Clinicians concur that the usual perioperative protocols and 
precautions common to other spine interventions also apply 
to discography. A complete history and physical examination 
should be performed. The patient’s CT and MR imaging 
should be reviewed to determine the levels to be studied. The 
patient needs to be informed of the risks and benefits of dis-
cography, and it should be made clear to the patient that his/
her response to disc stimulation is the basis for the test 
results. The procedure should be explained to the patient in 
sufficient detail to convey what to expect, including the like-
lihood of discomfort or pain during the provocation portion 
of procedure and soreness for a few days afterwards, so that 
the patient can provide informed consent. Further, it is criti-
cally important for patients to fully understand that they will 
be required to actively participate in the provocation portion 
of the procedure by comparing the pain evoked by the proce-
dure with their usual pain. They should also be made aware 
of the potential for complications, including pneumothorax 
if thoracic or lower cervical segments are to be tested [10, 
11, 28, 31, 64]. Options for patients with severe iodine con-
trast allergy include gadolinium contrast and saline.

On the day of the discography, the patient can drink flu-
ids, but should not eat for 2 hours before the procedure. 
Instructions regarding approved medications prior to the pro-
cedure vary [10].

Prior to the procedure, the patient is typically positioned 
in a prone position, prepped, and draped in a sterile manner. 
To avoid any confusion between needle-induced annular 
pain and a provocative pain response, the disc can be 
approached from the asymptomatic side, if the typical pain is 
predominantly on one side. Patients can also be positioned in 
a modified lateral decubitus position with the symptomatic 
side down. This position also facilitates optimal fluoroscopic 
imaging and keeps the image intensifier out of the way dur-
ing initial needle placement.

Intravenous sedation can be given to relax the patient, 
providing that it does not compromise the patient’s ability to 
participate during the procedure. Short-acting analgesics that 
can be readily reversed are generally preferred. Analgesia 
should be individually titrated to avoid oversedation. Heart 
rate, pulse oximetry, blood pressure, and respiration should 
be monitored throughout the procedure.
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Standard infection prophylaxis practice is to administer 
intravenous and intradiscal antibiotics prior to the procedure, 
which have been reported to reduce the risk of infection and 
discitis [28, 49, 67–69]. The skin is also typically prepped 
with a povidone-iodine solution to further mitigate infection 
risk as S. aureus/epidermidis are typical constituents of nor-
mal skin flora [70–74]. In patients with a known iodine 
allergy, there are noniodine or alcohol-based solutions that 
can be used instead. The proceduralist must maintain sterile 
technique throughout the procedure. At no time should the 
needle tip be touched with the gloved hand; sterile gauze can 
be used to manipulate the needle tip. Intradiscal and/or oral 
antibiotics can be given at the discretion of the physician 
[40]. The consequences of discitis are so significant that 
many practitioners consider the use of prophylactic antibiot-
ics to be the standard of care, especially for high-risk patients 
[28]. In a survey of its members, the Spine Intervention 
Society reported that 83.81% use preoperative antibiotics 
and 84.97% use intradiscal antibiotics [75].

�The Procedure

�Lumbar Discography

The most likely level of the pain generator and the two 
adjoining levels should be investigated. It is uncommon to 
study more than four segments. When stimulating the discs, 
the patient is blinded regarding the onset and level stimu-
lated. If the patient’s usual pain is localized to one side, the 
disc space can be approached from the contralateral, asymp-
tomatic, side. Approaching the asymptomatic side can poten-
tially reduce confusion regarding the source of any provoked 
pain. The American Society of Interventional Pain Physicians, 
[28] and the Spine Intervention Society guidelines detail rec-
ommendations for this procedure [49].

Patients are typically positioned prone. Foam pillows or 
pads can be utilized to reduce lumbar lordosis. Both single-
needle and two-needle techniques have been described. A 
two-needle system uses a longer, small-gauge procedure 
needle passed through a shorter, larger gauge needle into the 
disc. A single-needle technique uses a single styletted needle 
passed through the skin and directly into the disc. A retro-
spective study of 100 thoracic discographies used a single-
needle technique, a 24-gauge, 3.5-inch needle inserted 
directly through the skin into the thoracic disc, using inter-
mittent fluoroscopic guidance and bevel rotation. No patient 
experienced any serious complications [76]. Both single- 
and double-needle techniques must utilize styletted needles. 
The stylet prevents tissue from accumulating in the needle 
and entering the disc [77]. The fluoroscope is used to obtain 
an anterior–posterior (AP) image of the target level. The 
fluoroscope is then angled cephalad or caudad until the 

image beam is parallel to the planes of the inferior and supe-
rior endplates that surround the target disc. (Fig. 16.3).

The fluoroscope is next rotated obliquely towards the side 
of needle entry until the facet joint line is in the midline of 
the target disc. The needle is to be passed just lateral to the 
lateral aspect of the superior articular process (SAP) at the 
level of the target disc. (Fig. 16.4) (ring apophysis) [78] of 
L5 superiorly. (Fig. 16.5) A curved tipped needle can be used 
to avoid the iliac crest while obtaining disc access. (Fig. 16.6).

Fig. 16.3  AP View with the L4–5 endplates parallel to fluoroscopy 
beam

Fig. 16.4  L4–5 Oblique view. The SAP is in the midline of the disc 
space. The needle is slightly lateral to the SAP

16  Discography



162

Fig. 16.5  L5-S1 Oblique view. The fluoroscopy beam has been angled 
cephalad to displace the iliac crest inferior. The existing needles are 
placed in the L3–4 and L4–5 disc spaces

Fig. 16.6  L5-S1 Oblique view with needle inserted. Iliac crest is infe-
rior, SAP medial to the needle. The curved tip needle can be used to 
avoid the iliac crest

Fig. 16.7  Lateral view with needles inserted in the L3–4, L4–5 and 
L5-S1 discs. The needle is advanced into the centre of the disc as 
viewed laterally

The authors’ standard needle length is 7 inches, although 
shorter needles can be used in slender patients. A longer nee-
dle, up to 10 inches, may be needed to access the L5-S1 disc 
in a large patient. A 22- or 25-gauge needle can be used to 
obtain disc access; however, 25-gauge needles can be diffi-
cult to manipulate due to their compliance but are less trau-
matic to the annular tissue. The needle is inserted through the 

skin parallel to the fluoroscopic beam and advanced just lat-
eral to the SAP. If bone obstructs needle placement, the dis-
cographer must determine if the SAP or an endplate has been 
contacted and make the proper needle correction. Once the 
needle has been advanced distal to the SAP, the fluoroscopy 
beam is rotated to obtain a lateral image. (Fig. 16.7)

Care must be taken when crossing the level of the inter-
vertebral foramen not to strike the ventral ramus. If the 
patient complains of paraesthesia during this portion of the 
procedure, the needle must be slightly withdrawn and redi-
rected. The needle is then advanced, and, if no paraesthesia 
is elicited, the next structure that the needle will encounter is 
the disc annulus. A firm resistance will be felt by the discog-
rapher at this point. It is common for the patient to experi-
ence a dull ache in the lower back or buttock as the needle 
passes through the annulus. The needle is then advanced into 
the centre of the disc, and final needle position is confirmed 
with both lateral and AP imaging. (Fig. 16.8).

After proper placement of the needle into the target disc, 
the stylet is removed from the needle. The needle is con-
nected to a syringe that will inject contrast mixed with anti-
biotic. If the patient has a known allergy to contrast, either 
saline or gadolinium [79] mixed with antibiotic can be 
injected. At least one painless disc must be identified as a 
control level during provocation discography in order to vali-
date the procedure. If all discs studied are painful, the 
discogram can be considered invalid, and an adjacent level 
should be tested in order to identify a control. The diagnosis 
is stronger if the concordant disc displays a grade 3 fissure or 
greater on a post-discography CT scan. The diagnosis is 

A. Calodney and A. T. Vest



163

Fig. 16.8  AP view with needle in L3–4, L4–5, and L5-S1 discs. 
Needle placement should be midline in the AP and the lateral views. 
Note larger gauge needle used as introducer for FAD catheter

Fig. 16.9  Lateral view of a normal L3–4 disc. The L4–5 disc demon-
strates a posterior tear. The L5-S1 disc space is narrowed and shows a 
posterior tear and posterior disc protrusion

Fig. 16.10  AP view with normal L3–4 disc morphology and degenera-
tive L4–5 and L5-S1 discs

most robust if a single disc demonstrates concordant pain 
production and the two adjacent discs are nonpainful [12].

Regardless of the technique employed, after the needles are 
positioned in the disc(s), each disc is evaluated by injecting con-
trast. Depending on the patient’s size, a normal lumbar disc 
accepts from 0.5 mL to 3 mL with a firm endpoint or high dis-
cometric pressure [80]. Lumbar intradiscal pressure can be 
directly measured with a pressure gauge in psi at the onset of 
pain or with a firm endpoint. The volume and pressures are 
recorded while contrast is injected. The patient’s response to the 
injection is noted [81]. In a normal disc, contrast remains in the 
nucleus and appears as a “cotton ball” (Figs. 16.9 and 16.10).

If the patient experiences pain with injection, the loca-
tion, severity, and quality are documented. Transient pain 
can be provoked when fissures are opened. To be truly posi-
tive, the pain must be sustained during injection [17]. 
“Concordant pain” is pain during provocation that replicates 
the patient’s usual pain pattern. “Nonconcordant pain” is 
pain during provocation that does not replicate the usual 
pain pattern. Disc morphology, including disc height, tears, 
and leaks, are also recorded. A confirmatory repressuriza-
tion of a concordant disc or indeterminant disc is routinely 
performed to reconfirm the discographer’s findings. Another 
method used to verify the consistency of the patient’s 
response to disc pressurization is the use of a sham injec-
tion. The patient is told that the disc is being injected, while 
the syringe is held in the operator’s hands. Any pain response 
is noted. Patients are expected to survive sham injection 
without response and to respond consistently to repressur-
ization. A robust result would be one in which the patient 

survives sham injection without a painful response but 
responds consistently with a pain response to pressurization 
and repressurization to the disc.

Injection is continued until:

	1.	 Pain is reproduced at a level of 6/10 or greater
	2.	 Intradiscal pressure > 50 psi above opening pressure in a 

disc with a grade 3 annular tear
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	3.	 4.0 ml of volume is reached
	4.	 80–100 psi is reached in a normal appearing disc [42, 82]

The opening pressure, pressure at onset of pain, and peak 
pressure are also recorded [79]. The use of manometry to 
measure intradiscal pressure during lumbar discography 
generates quantifiable, objective data which improve proce-
dural consistency [17]. Intradiscal pressure monitoring also 
reduces the incidence of false-positive results by decreasing 
the likelihood of over-pressurization [83]. Pressures greater 
than 50 psi over opening pressure have been associated with 
a very high false-positive rate based on a retrospective study 
of pressure and pain response by O’Neill and Kurgansky [84].

Upon completion of the injections, x-rays of the lumbar 
spine are obtained in the posteroanterior and lateral views. A 
nucleogram of a normal lumbar disc appears as a rounded or 
bilobular-contained component of the lumbar disc. Annular 
disruption shows contrast spread beyond the nuclear border, 
typically in a radial fashion. Nucleogram patterns can range 
from normal (cotton ball and lobular) to abnormal (irregular, 
fissured, ruptured, and degenerative).

�Post-Lumbar Discography Imaging

Post-lumbar discography CT imaging provides further 
detailed information about the presence and degree of annu-
lar pathology, as well as disc degeneration. The extent of 
annular pathology on CT-discography correlates with the 
likelihood of a concordantly painful disc [44]. The modified 
Dallas discogram classification system assists in assessing 
patients with lumbar spine pain for annular pathology. Grade 
3–5 annular tears demonstrate a high correlation with con-
cordant low back pain.

Graded morphology of internal disc structure:

•	 Grade 0: Normal disc morphology
•	 Grade 1: Contrast spreads radially along a fissure to the 

inner 1/3 of the annulus
•	 Grade 2: Contrast spreads into middle 1/3 of the annulus
•	 Grade 3: Contrast spreads to the outer 1/3 of the annulus, 

involving <30(degrees) of the disc circumference
•	 Grade 4: Contrast spreads to the outer 1/3 of the annulus, 

involving >30(degrees) of the disc circumference
•	 Grade 5: Full-thickness tear with extra-annular leakage 

into epidural space

Vanharanta and colleagues [60] were able to demonstrate 
from post-discography CT imaging that increasing disc 
degeneration was associated with increased likelihood of 
pain provocation. Discs with severe (grade 3 and above) 
annular disruption were associated with pain provocation 
77% of the time.

Colhoun et al. [20] compared post-discography morphol-
ogy with improved surgical outcomes. Patients with abnor-
mal disc morphology and consistent response to pain 
provocation had successful surgical outcomes 89% of the 
time. Comparatively, they found successful surgical out-
comes only 52% of the time in patients with abnormal disc 
morphology without pain provocation. (Table 16.1).

�Cervical Discography

With some alterations, the pre- and peri-operative consider-
ations discussed above also apply to cervical discography. 
Meticulous sterile technique and wide prep are important. 
Cervical discography may be performed using the original 
anterior approach or a modified anterolateral approach. The 
latter has been associated with less risk and has become the 
most commonly used approach. (Fig. 16.11).

The original anterior paratracheal technique places the 
patient in the supine position. The C-arm fluoroscope is 
employed to visualize the cervical spine. The patient’s head 
and neck are placed in extension to widen the anterior disc 
space for easier access into the disc. Through patient or fluo-
roscope positioning, the spinous processes are aligned mid-
line with visualization of the vertebral endplates and uncinate 
processes. (Fig. 16.12).

The oesophagus is typically located left of midline, so 
using a right-sided approach when performing cervical dis-
cography can lessen the risk of puncturing the oesophagus. 
With the nondominant hand, palpate anterior cervical struc-
tures with index and/or middle finger. Move the trachea and 
oesophagus medially and the carotid artery and internal jug-
ular vein laterally. Direct the needle towards the anterolateral 
border of the endplate just below the target disc. This safety 
step is used to prevent overpenetration of the needle, which 
can travel through disc and directly into the spinal canal. 
Upon bony contact, the needle is held firmly, and the C-arm 
rotated into a lateral projection to confirm positioning. The 
needle is then walked off of the endplate superiorly into the 
disc annulus. The operator should be able to appreciate the 
clear tactile difference between hard bone and the more com-
pliant disc. PA and lateral fluoroscopic views are used to 

Table 16.1  Discography predicted success of subsequent surgical 
intervention.

Therapeutic utility
Response to treatment
Success Failure

Disc stimulation Positive 121 16
Negative 16 15

Colhoun’s data [20] showed sensitivity of 0.88 and specificity 0.48 in 
patients with positive discograms who underwent cervical spine sur-
gery. Note that very few patients with negative discograms underwent 
surgery which may contribute to a selection bias
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Fig. 16.11  Lateral and 
midline line approach 
trajectories. Cervical 
discography is typically done 
from the right side due to the 
left-sided location of the 
oesophagus. (From: Melnik 
et al. [126]; with permission 
of Springer Nature)

Fig. 16.12  AP C-spine with caudal tilt to square vertebral endplates. 
(From: Calodney and Griffin [127]; used with permission of Springer 
Nature)

advance tip into the centre of the disc space. A lateral view 
should be assessed as soon as the firm annulus fibrosis is felt.

Alternatively, the oblique approach has the advantage of 
keeping the operator’s hand out of the fluoroscopic beam and 
is often the only way to enter lower cervical discs in larger 
patients. The disadvantage is that it puts the carotid artery at 
greater risk, as the course of the carotid can be anatomically 
variable. The patient is again positioned supine, and the 

C-arm is first positioned for a PA view of the cervical spine 
and then tilted caudally until the beam is parallel to the target 
disc space. The C-arm is then rotated towards the side of 
entry (generally the right side) to obtain open neural forami-
nal view. Using the focus of the beam as a guide directs the 
needle towards the medial edge of the uncinate process lat-
eral and inferior to the disc space. Walk the needle off medi-
ally and superiorly into the disc annulus. (Figs.  16.13 and 
16.14).

Again, once contact with annulus is felt, PA and lateral 
fluoroscopic views are utilized to advance the needle into the 
centre and confirm proper positioning. (Figs.  16.15 and 
16.16).

After successful placement within the centre of the disc, 
the stylet is removed and the needle hub is filled with a few 
drops of contrast. Normal cervical discs can have volumes as 
small as 0.1 ml. In lieu of these small cervical volumes, even 
the dead space of the needle hub becomes important to con-
sider. A 3 cc syringe and low volume extension tubing filled 
with contrast (containing the antibiotic) are attached to the 
needle. Often significant pressures are needed to reach dye 
point (the pressure at which contrast is first seen entering the 
disc) in the cervical spine, particularly in younger, normal 
discs. Additionally, dye point can be sudden and produce 
what we term an “opening snap”, which can startle the 
patient and may be uncomfortable. It is important to distin-
guish this sensation from a positive painful discogenic 
response. Confirmatory techniques including sham injection 
and repressurization can help make this distinction and 
improve validity of patient response. (Fig. 16.17).

Contrast volume used for cervical discography ranges 
from approximately 0.1–0.5 ml. Occasionally, volumes over 
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Fig. 16.13  Oblique view with needle tapping the medial edge of the 
uncinate process

Fig. 16.14  Oblique view, needle walked off uncinate process medially 
and superiorly into the centre of the disc

Fig. 16.15  AP view of the needle placed in the centre of the C6–7 disc 
space

Fig. 16.16  Lateral view with needle in the centre of the disc space
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Fig. 16.17  Lateral view with contrast demonstrating small posterior 
tear and bulge

0.5  ml up to 1  ml may be required to pressurize the disc. 
These larger volumes can be an indication of incompetent or 
severely degenerated cervical discs. The average cervical 
disc volume noted by Ohnmeiss and colleagues [85] and cor-
roborated by the authors’ years of clinical experience is 
about 0.23  ml. Indeed, care should be taken if volumes 
exceed 0.5 cc. The injection of contrast should be terminated 
if a large leak is noted, firm resistance develops, or signifi-
cant pain is experienced by the patient.

When investigating multiple cervical discs, the first nee-
dle is typically inserted into the most cephalad disc, followed 
by needle insertion into the remaining discs in a sequential 
and caudad direction. A single 25-gauge spinal needle is 
used to enter each disc level for the study. The needle entry 
should be more laterally at the C2/3 and C3/4 disc levels to 
avoid the hypopharynx and more medially at the C7/T1 level 
to avoid the apex of the lung.

�Post-Cervical Discography Imaging

Post-cervical discography CT imaging is more challenging 
secondary to smaller injected contrast volumes. Generally, 
the CT should be done within 30–60 minutes of the contrast 
injection lest the contrast be largely redistributed before 
obtaining the CT images. Annular tears and protrusions 
involving the cervical disc that are detected by 
CT-discography are not always visualized by MRI, because 
the typical 3–5 mm MRI slice does not provide the neces-
sary detailed information. CT-discography is optimal with 

1  mm slices with gantry angles appropriately parallel to 
each cervical disc.

�Thoracic Discography

Thoracic discography is less common and thus less studied 
than either lumbar or cervical discography. The general pre- 
and peri-procedural recommendations discussed in the cor-
responding cervical and lumbar sections also apply here. The 
technique used is similar to lumbar discography with some 
alterations to ensure the safety of the spinal cord in the tho-
racic spine. Another important pre-procedural consideration 
is that upper thoracic levels may be difficult to enter. Shorter 
disc heights and the close approximation of the ribs and cos-
tovertebral joints make this anatomy difficult to investigate. 
Additionally, degenerative changes tend to complicate mat-
ters further. Lower and midthoracic discs are generally easier 
and safer to study in most patients.

The patient should be placed in a prone position on the 
table. Adjust the C-arm to provide a posterior oblique posi-
tion with the superior articular process one-third to one half-
way across the disc space with squared endplates. The 
endplates at each level are squared off to ensure the parallel 
orientation of the beam with the sub- and supra-adjacent ver-
tebral body margins. This view creates a “box” configuration 
formed by the endplates, the superior articular process\lam-
ina, and the rib head. (Fig. 16.18).

The box defines a safe pathway into the annulus while 
avoiding the spinal cord medially and the lung laterally. 
Advance the needle within the confines of the box to the 
outer annulus. The needle must stay medial to the rib head 
and costovertebral joint in order to avoid the pleura. The 
needle must stay lateral to the lamina and interpedicular line 
to avoid entering the spinal canal. (Figs. 16.19, 16.20, 16.21, 
16.22, and 16.23).

After encountering, the outer annulus continues into the 
central third of the disc using fluoroscopic guidance. 
Subsequent procedural steps are similar to those discussed in 
detail earlier in the text in regard to cervical contrast injec-
tion, as manometry is not generally used in with the thoracic 
or cervical regions.

�Post-Thoracic Discography Imaging

CT imaging provides further detailed post-thoracic discogra-
phy information on the degree of annular pathology and disc 
degeneration. The modified Dallas discogram classification 
system for annular pathology can be used to define the degree 
of abnormal findings.
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Fig. 16.18  The needle passes through a “box” bounded laterally by rib head, medially by lamina, and superiorly and inferiorly by endplates. 
(Reproduced with permission from Bogduk [128])

Fig. 16.19  Needle trajectory remains medial to the rib head and lateral 
to lamina to avoid pleura and spinal canal. (Reproduced with permis-
sion from Bogduk [128])

Fig. 16.20  Note that the endplates are squared and the C-arm is rotated 
towards the side of entry until the “box” is approximately 25% across 
the disc space
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Fig. 16.21  Endplates must be parallel at the level of entry. The needles 
can be seen passing medial to the rib heads into the thoracic disc

Fig. 16.22  Lateral view with needle in the middle of the disc space. 
The upper two discs appear normal. The Lower two levels demonstrated 
posterior annular abnormalities and recreated familiar pain on injection 
of contrast

Fig. 16.23  AP view with contrast in the thoracic discs

�Post-Procedure Care

Patients should be observed for at least 30–60 minutes fol-
lowing the procedure and instructed not to drive until the 
next day following the procedure. If needed, patients 
should be provided with post-procedure analgesia. Advise 
patients to call if they experience symptoms such as wors-
ening pain, fever, chills, malaise, and night sweats within 
1 week of the procedure, which could indicate a disc infec-
tion. Shortness of breath could indicate pneumothorax. 
Note: Discitis symptoms, which are typically severe back 
pain, may not appear for weeks to months after discogra-
phy [10, 28, 76].

�Interpretation and Documentation

The disc pressure (discometry or manometry) at the onset of 
pain during lumbar discography can be measured and 
recorded with a pressure gauge in pounds per square inch 
(psi). As mentioned above, manometry provides additional 
objective measure and its use in lumbar discography is gen-
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erally considered standard of care. Manometry is infre-
quently used in cervical and thoracic discography.

Painful lumbar discs can be categorized into one of four 
categories with the aid of manometry [28]:

	1.	 Normal discs: no pain
	2.	 Chemically sensitive disc: pain <15  psi above opening 

pressure
	3.	 Mechanically sensitive disc: pain >15  psi and  <  50  psi 

above opening pressure
	4.	 Indeterminate disc: pain >50 psi above opening pressure

Derby and colleagues [17] found that patients with chem-
ically sensitive discs had better outcomes with interbody 
fusion when compared with intertransverse fusion or nonop-
erative treatment.

The pain level reaction reflects the pain intensity experi-
enced by the patient during the injection regardless of 
whether the pain is concordant or discordant. The intensity is 
graded verbally on a numeric pain rating scale, often using 
10 as the greatest degree of pain and 0 as no pain at all.

The pain quality is crucial because it establishes whether 
pain provoked during the procedure mirrors the pain experi-
enced by the patient. The pain can be vague and discordant, 
partly concordant, (i.e. merely a component of their typical 
pain), or an exact reproduction of the patient’s concordant 
pain.

Strict diagnostic criteria are crucial for discography as it 
is a provocational study; as such, it is inherently prone to the 
challenges of objectivity. Subjective patient input, the previ-
ous lack of standardization, and questionable specificity 
have fuelled debate among proceduralists [12, 17, 38, 42, 
86–88]. The resultant discussions among peers have helped 
to advance the standards and ultimately the objective mea-
sure of discography.

The specificity of discography has historically been a 
source of controversy. However, data from a recent meta-
analysis were able to demonstrate that lumbar discography 
adhering to updated practice guidelines is associated with a 
low false-positive rate [51]. A recent Wolfer et al. [42] meta-
analysis of all completed data sets involving subjects asymp-
tomatic for lower back pain using ISIS/IASP guidelines found 
a false-positive rate of 9.3% per patients and 6.0% per disc.

Others have been able to demonstrate a similarly low 
false-positive rate with cervical and thoracic discography. 
Schellhas et al., [35] in a study of 40 cervical discs in asymp-
tomatic patients, there were no pain responses. Wood and 
colleagues [89] found that of asymptomatic volunteers 3 of 
40 (7.5%) injections were painful. However, all three of 
these discs demonstrated prominent Schmorl’s nodes, and 
the provoked response was unfamiliar and nonconcordant.

Strict diagnostic guidelines and procedural modifications 
have clearly increased the diagnostic accuracy of discogra-

phy. However, controversy remains. Carragee has published 
multiple papers questioning the validity of discography. His 
works have suggested that discography may result in misdi-
agnosis, unnecessary surgery, and potentially accelerate disc 
degeneration [42].

Carragee demonstrated high false-positive rates of 40% in 
a sample of 20 post-discectomy or post-laminectomy patients 
who were asymptomatic at the time of discography [87]. 
These results are considered by many to be heavily influ-
enced by the study’s patient population and Carragee’s use of 
higher-pressure cut-offs [82]. Greater than 75% of his patient 
sampling had somatization disorder. Discography is ulti-
mately a subjective test as patient participation is a required 
component. Therefore, caution is needed when interpreting 
discography response in patients with low pain tolerances or 
in those with abnormal psychometric profiles. Secondly, this 
particular observational study was taken from a population 
who had previously undergone lumbar spine surgery in the 
form of discectomy or laminectomy. The results demonstrate 
a high likelihood of having a positive discogram at a previ-
ously operated level for both symptomatic and asymptomatic 
groups alike. False-positive rates may indeed be dispropor-
tionately higher in post-discectomy patients. This does not 
invalidate its efficacy but rather it implies that extra care 
should be taken when interpreting discography outcomes in 
these patient populations.

In 2009, prospective longitudinal cohort data were pub-
lished to investigate the long-term impact of discography by 
comparing MRI indices in individuals who had undergone 
discography with matched controls [41]. A cohort of 75 sub-
jects were followed for 7–10  years after baseline workup. 
The research group showed that individuals who received 
discography were subsequently found to have higher rates of 
lumbar disc degeneration, lumbar disc herniation, spine sur-
gery, significant lower back pain episodes, and more medical 
follow-up compared to the control group [41].

Deeper review found that for the sample sizes used in this 
study the confidence intervals between study and control 
groups overlap with regard to higher levels of disc degenera-
tion and Modic changes and are therefore not likely to be 
statistically significant [40]. Foraminal disc herniations were 
found to be 2–5 times more common in the post-discography 
group. However, the rates of foraminal herniation in the gen-
eral population are nearly equivalent with those found in his 
treatment group, while his control group was curiously less 
affected [40]. A similar trend was observed with regard to the 
prevalence of Modic changes. The control cohort had signifi-
cantly lower rates of Modic changes (11%) compared to 
those found in the general population (36%) [9]. Other ques-
tions arose with regard to this study’s substantial loss to fol-
low-up, lack of adherence to current SIS/IASP procedural 
guidelines, and the exclusion of appropriate discography 
candidates [9]. The loss to follow-up rate was substantial. 
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While a high attrition rate is generally expected in long-term 
clinical studies, the loss to follow-up was reported as high as 
30% in the 2009 data [9]. The magnitude of this attrition rate 
significantly impairs the ability to comment on true patient 
outcomes [9]. With regard to procedural technique, inappro-
priately high disc pressures were produced in a majority of 
subjects. In fact, 96% of subjects were subjected to pressures 
of 80 psi or greater. This is an important procedural error, as 
high disc pressures have been demonstrated to cause annular 
disruption [90].

Other long-term cohort studies have not demonstrated 
higher rates of disc degeneration associated with discogra-
phy. In a small prospective study (N = 36), Pfirrmann scores 
in subjects with symptomatic low back pain who had under-
gone provocation discography with or without confirmation 
by intradiscal bupivacaine injection were compared with 
matched controls [91]. Ohtori et al. found that no significant 
difference in disc degeneration was observed on MRI 
between both groups at 3–5-year follow-up intervals. 
Similarly, a cross-sectional cohort study found no evidence 
of degenerative disc changes 10–20 years after discography 
[92]. However, radiography (not MRI) was used to assess 
degree of change. Without MRI to detect minute changes, it 
is hard to draw definitive conclusions from this longitudinal 
study. Data from a 7-year matched cohort study using MRI, 
likewise, found no relationship between progression of 
degenerative disc disease and provocative discography. In 
this study by McCormick et al., 66 discs exposed to provoca-
tive discography following SIS/ASIP guidelines were 
matched to a control cohort of patients with low back pain. 
There was no difference in proportion of punctured discs that 
advanced in Pfirrmann scores compared to matched cohort, 
nor was there a difference between puncture and nonpunc-
tured discs within the provocative discography group. The 
same study also found no differences in T2-signal-intensity-
to-CSF ratio, disc height, new disc herniations, new HIZs, or 
new Type 1 Modic changes in the group exposed to provoca-
tive discography [93].

Published animal data seem to suggest that disc puncture 
with small-gauge needles does not cause a progressive 
increase in disc degeneration, [9] These data seem even more 
relevant when considering needle size to disc height ratio in 
these smaller animal models [94].

In conclusion, Carragees’ studies demonstrate that dis-
cography has false positives like any other diagnostic test. 
Abnormal psychometric testing and patients with previously 
operated discs have disproportionately higher false rates, and 
therefore, their results should be interpreted with caution. 
Likewise, strict adherence to SIS/IASP guidelines is impor-
tant both to limit number of false positives and to limit risk 
of over-pressurization injury. The risk of progression of disc 
degeneration following provocative discography has not 
been reproduced in similar matched cohort studies. The find-

ings of Carragee may have been influenced with methodo-
logic flaws in study design, lack of adherence to current 
guidelines, and substantial loss to follow-up.

�Complications

The overall complication rate for discography is quite low 
(i.e. estimated to be less than 1 per cent) [95]. Improved 
injection techniques, advanced imaging, and better contrast 
materials have all contributed to a decreased incidence of 
complications over time. Infection is a potential and well-
recognized complication of any interventional procedure. 
The two most grave complications of discography are disci-
tis and neural injury. Incidence of discitis has significantly 
declined after widespread use of prophylactic intradiscal and 
intravenous antibiotics. Likewise, the use of proper tech-
nique can avoid neural injury. A paraesthesia is a clear indi-
cation to the discographer to withdraw and redirect the 
needle. Overall reported complications associated with lum-
bar discography range between 0% and 2.7% of patients.

A retrospective analysis of 4400 cervical disc injections 
in 1357 patients, to assess the morbidity and mortality of cer-
vical discography, was reported by Zaidman et al. in 1995. 
The authors found that less than 0.6% of the patients experi-
enced a significant adverse event, and 0.16% of cervical dis-
cograms resulted in patient injury [96]. In a systematic 
review of cervical discography, Kapoor et al. found a discitis 
rate of 22  in 14,133 disc injections (0.15%) in 21 of 4804 
patients (0.44%) [97].

Willems et  al. reported on a case series of 200 lumbar 
discography patients (435 discograms) and also conducted a 
systematic review of the literature to identify discitis risk 
and assess the need for prophylactic antibiotics. In nine 
studies reviewed, the authors found an incidence of 12 cases 
of discitis in 4891 patients (0.25%) and 12,770 discs 
(0.094%) where clinicians had not used prophylactic antibi-
otics. In one study examined, where clinicians used prophy-
lactic antibiotics in 127 patients, no cases of discitis were 
reported [98].

Thoracic discography is rare, and no recent analysis of 
complications for thoracic discography was identified. 
Pobiel et al. conducted a retrospective review of 12,634 dis-
cographies performed at all levels in 10,663 patients over a 
12-year period. Of these, thoracic discographies were done 
on 1141 patients and 3083 discs. While 17 cases could not be 
completed, no instances of thoracic discitis occurred. At all 
spinal levels and procedures, only two patients experienced 
discitis, for an overall incidence of 0.016% [69].

Potential, although very rare, complications include:

•	 allergic contrast allergy
•	 bleeding
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•	 bowel perforation
•	 bruising
•	 discitis
•	 epidural abscess
•	 increased pain
•	 meningitis
•	 myelopathy
•	 nerve root injury
•	 pneumothorax
•	 retroperitoneal structures, including the kidney and spleen
•	 subarachnoid puncture
•	 trauma to the spinal cord
•	 vagal response [10, 28, 31, 49]

�Correlating Imaging with Discography

Disc degeneration is a ubiquitous term often meaning differ-
ent things to different experts. The process by which a disc 
becomes painful has not be directly established [40]. The 
microenvironment within the disc shifts as ageing chondro-
cytes become less able to maintain the homeostasis of the 
matrix [99]. Cyclic loading, genetic, epigenetic, and meta-
bolic environment all seem to play a role in disc degenera-
tion [99]. However, age is the strongest correlate of 
degenerative changes [99]. The epidemiologic evidence 
demonstrates that these changes are not painful, and the 
moniker may in itself be a source of distress to patients [99].

Internal disc disruption is not an age-related phenomenon 
and is associated with axial pain [99]. The aetiology of inter-
nal disc disruption is fatigue failure occurring with cyclic 
loading with the subsequent recruitment of inflammatory 
cytokines and activation of metalloproteases [99]. Vertebral 
endplates are susceptible to fatigue failure when subjected to 
repeated compression loads as small as 50% to 60% of the 
ultimate tensile strength of the endplate [100]. The endplate 
can fracture after as few as 100 reps [40]. Stress profilometry 
can be used to detect and quantify endplate disruption. A 
pressure transducer is inserted across the diameter of the disc 
and slowly withdrawn, while intradiscal pressures are moni-
tored. (Fig. 16.24).

Internal disc disruption generally demonstrates a charac-
teristic profilometry profile with posterior endplate fractures 
[99]. Internal disc disruption is characterized by isolated 
radial fissures through the annulus fibrosis of lumbar inter-
vertebral discs. These findings can be seen on post-
discography CT imaging.

Rapidly advancing imaging technology provides the cli-
nician with vast amounts of digital data; however, in the 
absence of clear clinical correlates, these data can quickly 
become a barrier to selecting patient appropriate therapy. 
Provocation discography remains the reference standard for 
the diagnosis of discogenic pain; however, it is reasonable to 

consider if the diagnosis can be established based on imag-
ing alone.

Many studies have been able to demonstrate that as disc 
degeneration advances so too does the potential for disco-
genic pain [101, 102]. In a population of symptomatic 
patients with axial pain considered discogenic in nature, 
severe loss of disc height has a specificity of at least 97% and 
a PPV of 90%. (Fig. 16.25).

O’Neill and colleagues were able to demonstrate that 
changes in disc contour, specifically disc bulge, were associ-
ated with a + LR of 5.3 [103]. Analysis of available data per-
formed by Maus & Aprill in 2012 found that uniformly dark 
T2 signal with or without loss of disc height is a likewise a 
finding of high specificity (88–96%). Discs with severe T2 
signal loss are rarely nonpainful. Endplate marrow changes 
were originally classified by Modic in 1988 [104]:

•	 Type 1 change represents ingrowth of vascularized granu-
lation tissue into sub-endplate marrow. Type I Modic 
change exhibits hypointense T1 and hyperintense T2 sig-
nals on MR imaging.

•	 Type II change exhibits elevated T1 and T2 signals and 
reflects fatty infiltration of the sub-endplate marrow.

•	 Type III changes are hypointense on T1 and T2 and are 
likely representative of an area of bony sclerosis. Type III 
Modic changes are typically not associated with pain (B1).

Stress Profilometry: Internal Disc Disruption

STRESS

posterior

NP

 N Bogduk 2012

anterior

2MPa

Fig. 16.24  Features of a normal disc and one affected by internal disc 
disruption (IDD) under stress profilometry. Graph showing the magni-
tude of stresses within the disc across a diameter as probe passes from 
the anterior annulus to the posterior annulus. In normal disc, the stresses 
are uniform. In a disc with IDD, the stresses in the nucleus pulposus are 
irregular, decreased, and may be zero, but the stress in the posterior 
annulus is increased substantially more than normal. (From: Bogduk 
[129]. By permission of Oxford University Press)
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Fig. 16.25  Symptomatic patients who have severe loss of disc height 
and signal loss on MRI strongly correlate with a positive result on dis-
cography. L5 disc space narrowing, L4 nuclear signal loss in a patient 

with concordant pain at L4 and L5 on discography. (From: Maus and 
Aprill [106]; with permission from Elsevier)

Type I changes are felt to represent an active inflamma-
tory state compared to type II or type III changes. Toyone 
and colleagues found that type I or type II Modic changes 
involving greater than 25% of the vertebral body strongly 
correlate with a positive result on provocation discography 
[105]. These findings were associated with high specificity, 
PPV, and LRs. (Fig. 16.26).

A high-intensity zone (HIZ) is believed to represent a 
complex grade 4 circumferential tear where nuclear material 
has been trapped within the annulus fibrosis [106]. The pres-
ence of an HIZ was found to have a sensitivity of 82% and a 
specificity of 89%. Additionally, an HIZ represents a LR of 
7.3 [106] (Fig. 16.27).

These five structural changes correlate strongly with a 
positive result on discography. However, the presence of 
these features in the symptomatic patient population are rare 
and are generally felt to represent the advanced stages of 
internal disc disruption. The absence of these features does 
not preclude the disc as a potential source of pain. 
Additionally, some of these features may be seen in asymp-
tomatic patients usually of advanced age [99]. On the oppo-
site end of the spectrum, a normal disc on MRI is associated 
with high negative likelihood ratios [40, 106]. The normal 
discs on MRI are rarely painful. Although, a recent publica-
tion by Zucherman et al. demonstrated that a normal MRI 
can still surprise with a positive discography [107]. In syn-

thesizing these data, it is reasonable to conclude that MRI is 
most helpful when characterizing the extremes of internal 
disc disruption. Intermediate MRI changes do not provide 
the clinician with definitive evidence for or against the pos-
sibility of discogenic sources of pain. Provocative discogra-
phy continues to be the reference standard for the diagnosis 
of discogenic pain [106].

�Uses of Discography in Regenerative 
Medicine

Our understanding of the cellular biology of the disc has 
advanced greatly over the last decade paralleled nicely by the 
development of new potential regenerative interventions. 
Despite these advancements, there are still gaps in our under-
standing of the pathogenesis of disc degeneration. The pre-
sumed aetiology of the degenerative process appears to be 
driven by changes in the behaviour of resident cells, which cul-
minates in the loss of disc hydration, changes in the extracellular 
matrix, and ultimately changes in gross architecture and load-
bearing potential [108]. The majority of this information has 
largely been extrapolated by examining discs taken at autopsy, 
removed during surgery, or from large animal studies [108, 
109]. Here is a brief summary of the histopathologic changes 
that have been observed in the degenerative disc [108, 109]:
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Fig. 16.26  L5 level demonstrating Type I Modic change involving >25% of vertical height of a vertebral body. (From: Maus [130]. Copyright 
International Spine Intervention Society 2015; used with permission)

•	 Markedly higher concentrations of proteases (i.e. aggre-
canase and metalloprotease)—Macromolecular degrada-
tion outpaces the macromolecular synthesis [108]

•	 Decreased aggrecan (a large polyanionic proteoglycan 
with a high osmotic pressure [110])—with less of this 
proteoglycan, there is less osmotic potential. Disc desic-
cation ensues.

•	 Lamellar disorganization—the discs lose structural integ-
rity and load-bearing potential [108]

•	 Cartilaginous endplates calcify—decreasing nutrient 
transport to cells [111]

•	 Angiogenesis and neurogenesis occur in response to cel-
lular damage/stress—healthy discs are generally avascu-
lar aneural structures [108]

•	 Recruitment of inflammatory cells (i.e. macrophages) is 
amplified by angiogenesis—healthy discs are generally 
avascular and therefore are relatively nutrient poor. 
Higher concentrations of more metabolically active mac-
rophages deplete native nutrient pools quickly. Glucose 
and pH decrease [108]

•	 Inflammatory cytokines at higher concentrations due to 
larger populations of inflammatory cells in the degener-
ated disc—this upregulates matrix degradation and exac-
erbates nutritional stresses [108]

•	 Decrease in viable and functional cell numbers, with large 
populations of senescent cells—calcified cartilaginous 
endplates greatly limit the recruitment of new cells. 
Specific chemokines, CCL5, and CXCL6 are upregulated 
and play a role in cellular recruitment [108] (Fig. 16.28)

Cell therapy in the form of mesenchymal stem cells 
(MSCs), bone marrow aspirate concentrate (BMAC), and 
platelet-rich plasma (PRP) have shown great potential to 
slow or even potentially reverse the degenerative process 
before major structural changes occur [112]. Svanvik et al. 
found that MSCs co-cultured with native IVD cells have the 
potential to differentiate towards chondrocyte-like cells that 
are phenotypically similar to those found within the NP of 
the disc [113]. These cells are capable of mobilizing endog-
enous populations of stem/progenitor cells, stimulating ana-
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Fig. 16.27  L4 level demonstrating presence of a high-intensity zone (HIZ) and subsequent positive discogram at that level. (From: Maus and 
Aprill [106]; with permission from Elsevier)

bolic processes, and dampening inflammatory activity [114]. 
These observations highlight the potential therapeutic bene-
fits of intradiscal MSCs in preventing and possibly even 
reversing the early steps of the degenerative cascade. Early 
data for cellular regenerative therapy using various animal 
models have been promising [115] (Fig. 16.29).

Likewise, positive outcomes have been achieved with 
human disc cells or mesenchymal stem cell transplantations 
into porcine models [113]. Mesenchymal stem cells seem to 
demonstrate some ability to interact with resident cell popu-
lations, regulate local homeostasis, and attract additional 
cells. Stem cells have demonstrated in  vitro chondrogenic 
differentiation potential and may, therefore be, capable of 
stimulating new ECM; however, the regenerative potential 
seems to be limited to reversing or slowing earlier degenera-
tive changes before structural remodelling can occur [113]. 
More research is needed to determine the precise point at 
which biologic therapy is likely to be of little use. Additional 
concerns regarding safety and efficacy remain, and much 
more data are required before definitive statements can be 
made.

�Conclusion

Discography has become an indispensable tool in the evalu-
ation of spinal pain [38, 116–118]. The differential diagnosis 
when evaluating patients with back pain is broad, and the 
disc is a common potential culprit. The clinical picture is 
further complicated by ubiquitous age-related degenerative 
changes [99]. These changes accumulate and do not neces-
sarily implicate a specific source of pain. There are a handful 
of radiologic findings which strongly implicate discogenic 
pain; however, these are rare and may potentially be present 
in asymptomatic patients. Discography continues to be the 
reference standard for diagnosing discogenic pain. There are 
both historical and current controversies surrounding its use 
[17, 38, 42, 87, 88, 119]. This has generated healthy discus-
sion and advanced the standards of this diagnostic procedure. 
The use of manometry, sham injection, and strict criteria for 
identifying positive discs are all intended to limit the likeli-
hood of a false-positive result. It is acknowledged that 
discography has been interpreted with caution in patients 
with certain behavioural pathology.
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Goals of interventional treatment

Microenvironment
catabolism

Microenvironment
anabolism

Tissue degeneration

Tissue regeneration

• ≠ Interleukin (IL-1, IL-6)
• ≠ Tumor necrosis factor-alpha (TNF-α)
• ≠ Matrix Metalloproteinases (MMPs)
• ≠ Nitric Oxide (NO)
• ≠ Prostaglandin E2 (PGE-2)

• ≠ Transforming Growth Factor-beta
• ≠ (TGF-beta)
• ≠ Bone Morphogenetic Proteins
• ≠ BMP-7 (OP-1), BMP-14 (GDF-5)
• ≠ Insulin-like growth factor-1 (IGF-1)
• ≠ Epidermal growth factor (EGF)
• ≠ Platelet-derived growth factor
• ↓ Tumor necrosis factor-alpha (TNF-α)
• ↓ Matrix Metalloproteinases (MMPs)
• ≠ Nuclear matrix

Fig. 16.28  Figure 19.28 Goals of interventional treatment are to 
improve the microenvironment of the disc to allow for tissue regenera-
tion. (a) Increasing inflammatory cytokine favours the development of 
a catabolic microenvironment. Goals of biologic therapy are to down 

regulate the production of inflammatory cytokines in order to decrease 
catabolic activity and (b) up regulate extracellular matrix proteins that 
increase anabolic activity

There is an expanding role for new, minimally invasive 
spinal interventions for the treatment of painful discogenic 
back pain. Emerging biologic therapies in the form of cellu-
lar replacement or cell-rich scaffolding offer potentially ther-
apeutic options where previously there were none. These 
potential treatments demand a sensitive diagnostic test to 
select appropriate potential candidates. Discography is the 
current standard. However, new noninvasive diagnostic 
modalities are currently being developed. Magnetic reso-
nance spectroscopy (MRS) is a noninvasive study being used 
to characterize in vivo metabolic features within tissues in 
several clinical [120]. Keshari and colleagues were able to 
demonstrate that certain disc chemicals specifically lactate 
and proteoglycan can provide spectroscopically quantifiable 
biomarkers for discogenic pain [120]. These biomarkers 

have well-documented features of the degenerative disc 
microenvironment. Early data suggest that MRS may be a 
highly specific screening modality for patients with disco-
genic sources of pain. MRS as it is used to work up disco-
genic pain is in the early stages of development, and it may 
yet be many years before this technology experiences wide-
spread clinical use.

It is the authors’ contention that discography when used 
in conjunction with radiographic imaging is the preferred 
method to evaluate the lumbar disc as a potential source of 
axial back pain. Discography can help clarify the clinical 
picture, identify which patients may benefit from novel 
regenerative techniques, and guide surgical intervention.

When using a diagnostic test to select patients for treat-
ment, the accuracy of the test is important [121–124]. A rela-
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Catabolic OA cartilage/degenerate IVD microenvironment

TNFα IL-1β

TGF-β
CTGF

Growth Factors: Anti-inflammatory

Restoration of a healthy, anabolic cell phenotype

Tissue regeneration

MMps
ADAMTSs
Cytokines

AC/NP markers: SOX-9,
Type II Collagen,

Aggrecan, Versican.
NP markers: KRT18/19,
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TSG-6
GDFS
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Fig. 16.29  Catabolic 
environment of the painful 
degenerative disc is associated 
with increased levels of 
pro-inflammatory mediators. 
Regenerative biologics may 
help restore a healthy, 
anabolic phenotype. (From: 
Richardson et al. [131]; with 
permission of Elsevier)

tively inexpensive and low-risk procedure such as an intradiscal 
biologic favours the use of a highly sensitive screening test. If 
the diagnosis is missed, the patient may be subject to more 
costly and invasive treatments such as surgery. A test with high 
specificity and positive predictive value is preferred for more 
costly and risky intervention including spine fusion. This 
would reduce unnecessary exposure to risk for the patient.

There are potential limitations associated with any inter-
ventional procedure, discography notwithstanding. A posi-

tive level on discography does not rule out the presence of 
other sources of pain; it does not prove the clinical signifi-
cance of the pain, nor guarantee interventional or surgical 
outcome. A negative discogram effectively rules the disc out 
as a pain generator. It has diagnostic utility and negative 
predictive value. It acts as a barrier to excessive surgery and 
disc-related intervention and provides closure.

The lumbar intervertebral disc is a common cause of 
chronic lower back pain. Discography can accurately iden-
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tify appropriate candidates for current and future intradiscal 
or subchondral therapies [125]. The skill set for performing 
discography includes disc access, which is needed for any 
intradiscal injection procedure.

References

	 1.	Manchikanti L, Singh V, Datta S, Cohen SP, Hirsch 
JA.  Comprehensive review of epidemiology, scope, and impact 
of spinal pain evidence-based medicine. Pain Physician. 
2009;12:35–70.

	 2.	National Center for Health Statistics. Health, United States, 
2011: with special feature on socioeconomic status and health. 
Hyattsville; 2012.

	 3.	Dahlhamer J, Lucas J, Zelaya C, Nahin R, Mackey S, DeBar L, 
et  al. Prevalence of chronic pain and high-impact chronic pain 
among adults — United States, 2016. MMWR Morb Mortal Wkly 
Rep. 2018;67(36):1001–6.

	 4.	Ma VY, Chan L, Carruthers KJ. Incidence, prevalence, costs, and 
impact on disability of common conditions requiring rehabilita-
tion in the United States: stroke, spinal cord injury, traumatic brain 
injury, multiple sclerosis, osteoarthritis, rheumatoid arthritis, limb 
loss, and back pain. Arch Phys Med Rehabil. 2014;95(5):986–95.

	 5.	Gou HR, Tanaka S, Halperin WE, Cameron LL. Back pain preva-
lence in US industry and estimates of lost workdays. Am J Public 
Health. 1999;89(7):1029–35.

	 6.	Verrills P, Nowesenitz G, Barnard A. Prevalence and characteris-
tics of discogenic pain in tertiary practice: 223 consecutive cases 
utilizing lumbar discography. Pain Med. 2015;16(8):1490–9.

	 7.	Skulpoonkitti B, Day M.  Sphenopalatine ganglion blocks. In: 
Manchikanti L, Kaye AD, FJE F, Hirsch JA, editors. Essentials of 
interventional techniques in managing chronic pain. 1st ed. Cham: 
Springer International Publishing; 2018. p. 519–29.

	 8.	Manchikanti L, Benyamin RM, Singh V, Falco FJE, Hameed H, 
Derby R, et al. An update of the systematic appraisal of the accu-
racy and utility of lumbar discography in chronic low back pain. 
Pain Physician. 2013;16(2 Suppl):SE55–95.

	 9.	Mccormick ZL, Defrancesch F, Loomba V, Moradian M, Bathina 
R, Rappard G. Diagnostic value, prognostic value, and safety of 
provocation discography. Pain Med. 2018;19:3–8.

	 10.	Calodney A, Griffith D.  Discography. In: Mathis JGS, editor. 
Image-guided spine interventions. New  York: Springer; 2010. 
p. 107–46.

	 11.	Landers MH. Intervertebral disk stimulation. Provocation diskog-
raphy. In: Pimheiro-Franco JL, Vaccaro AR, Benzel EC, Mayer 
HM, editors. Advanced concepts in lumbar degenerative disk dis-
ease. 1st ed. Philadelphia: Elsevier Inc.; 2011. p. 117–38.

	 12.	Derby R, Lee S-H, Kim B-J, Chen Y, Aprill C, Bogduk N. Pressure-
controlled lumbar discography in volunteers without low back 
symptoms. Pain Med. 2005;6(3):213–21.

	 13.	Lindblom K.  Technique and results of diagnostic disc puncture 
and injection (discography) in the lumbar region. Acta Orthop 
Scand. 1951;20(4):315–26.

	 14.	Schellhas KP, Pollei S, Gundry C, Heithoff K. Lumbar disc high-
intensity zone: correlation of magnetic resonance imaging and 
discography. Spine (Phila Pa 1976). 1996;21(1):79–86.

	 15.	Bogduk N, Aprill C, Derby R.  Discography. In: White A, 
Schofferman A, editors. Spine care diagnosis and conservative 
treatment. St. Louis: Mosby; 1995. p. 219–36.

	 16.	KOZAK JA, OʼBRIEN JP.  Simultaneous combined anterior 
and posterior fusion, an independent analysis of a treatment 
for the disabled low-back pain patient. Spine (Phila Pa 1976). 
1990;15(4):322–8.

	 17.	Derby R, Howard MW, Grant JM, Lettice JJ, Van Peteghem PK, 
Ryan DP. The ability of pressure-controlled discography to pre-
dict surgical and nonsurgical outcomes. Spine (Phila Pa 1976). 
1999;24(4):364–71; discussion 371–2

	 18.	BLUMENTHAL SL, BAKER J, DOSSETT A, SELBY DK. The 
role of anterior lumbar fusion for internal disc disruption. Spine 
(Phila Pa 1976). 1988;13(5):566–9.

	 19.	Newman MH, Grinstead GL.  Anterior lumbar interbody 
fusion for internal disc disruption. Spine (Phila Pa 1976). 
1992;17(7):831–3.

	 20.	Colhoun E, McCall IW, Williams L, Cassar Pullicino 
VN. Provocation discography as a guide to planning operations 
on the spine. J Bone Joint Surg Br. 1988;70(2):267–71.

	 21.	Cohen SP, Hurley RW. The ability of diagnostic spinal injections 
to predict surgical outcomes. Anesth Analg. 2007;105(6):1756–
75, table of contents.

	 22.	Lam KS, Carlin D, Mulholland RC. Lumbar disc high-intensity 
zone: the value and significance of provocative discography in 
the determination of the discogenic pain source. Eur Spine J. 
2000;9(1):36–41.

	 23.	Saifuddin A, Braithwaite I, White J, Taylor BA, Renton 
P.  The value of lumbar spine magnetic resonance imaging in 
the demonstration of annular tears. Spine (Phila Pa 1976). 
1998;23(4):453–7.

	 24.	 Ito M, Incorvaia KM, Yu SF, Fredrickson BE, Yuan HA, 
Rosenbaum AE.  Predictive signs of discogenic lumbar pain on 
magnetic resonance imaging with discography correlation. Spine 
(Phila Pa 1976). 1998;23(11):1252–8.

	 25.	Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic 
MT, Malkasian D, Ross JS.  Magnetic resonance imaging of 
the lumbar spine in people without back pain. N Engl J Med. 
1994;331(2):69–73.

	 26.	Modic MT, Obuchowski NA, Ross JS, Brant-Zawadzki MN, 
Grooff PN, Mazanec DJ, et al. Acute low back pain and radicu-
lopathy: MR imaging findings and their prognostic role and effect 
on outcome. Radiology. 2005;237(2):597–604.

	 27.	Borenstein DG, O’Mara JW, Boden SD, Lauerman WC, Jacobson 
A, Platenberg C, et al. The value of magnetic resonance imaging 
of the lumbar spine to predict low-back pain in asymptomatic sub-
jects. J Bone Jt Surg-Am Vol. 2001;83(9):1306–11.

	 28.	Manchikanti L, Kaye AD, Falco FJE, Hirsch JA. Discography. In: 
Manchikanti L, Kaye AD, Falco FJE, Hirsch JA, editors. Essentials 
of interventional techniques in managing chronic pain. 1st ed. 
Cham: Springer International Publishing; 2018. p. 273–300.

	 29.	Roofe PG. Innervation of annulus fibrosus and posterior longitudi-
nal ligament. Arch Neurol Psychiatr. 1940;44(1):100.

	 30.	Cloward RB. The anterior approach for removal of ruptured cervi-
cal disks. J Neurosurg. 1958;15(6):602–17.

	 31.	Walker J, El Abd O, Isaac Z, Muzin S. Discography in practice: 
a clinical and historical review. Curr Rev Musculoskelet Med. 
2008;1:69–83.

	 32.	Lindblom K. Diagnostic puncture of intervertebral disks in sci-
atica. Acta Orthop. 1948;17(1–4):231–9.

	 33.	Wise RE, Weiford EC.  X-ray visualization of the intervertebral 
disk; report of a case. Cleve Clin Q. 1951;18(2):127–30.

	 34.	Holt EP. Fallacy of cervical discography. Report of 50 cases in 
normal subjects. JAMA. 1964;188:799–801.

	 35.	Schellhas KP, Smith MD, Gundry CR, Pollei SR. Cervical disco-
genic pain: prospective correlation of magnetic resonance imag-
ing and discography in asymptomatic subjects and pain sufferers. 
Cerv Spine. 1996;21:300–11.

	 36.	HOLT EP. The question of lumbar discography. J Bone Jt Surg. 
1968;50(4):720–6.

	 37.	Simmons J, Aprill C, Dwyer A, Brodsky A.  A reassessment of 
Holt’s data on: the question of lumbar discography. – PubMed – 
NCBI. Clin Orthop Relat Res. 1988;237:120–4.

A. Calodney and A. T. Vest



179

	 38.	Walsh TR, Weinstein JN, Spratt KF, Lehmann TR, Aprill C, Sayre 
H. Lumbar discography in normal subjects. A controlled, prospec-
tive study. J Bone Joint Surg Am. 1990;72(7):1081–8.

	 39.	Cuellar JM, Stauff MP, Herzog RJ, Carrino JA, Baker GA, 
Carragee EJ.  Does provocative discography cause clinically 
important injury to the lumbar intervertebral disc? A 10-year 
matched cohort study. Spine J. 2016;16:273–80.

	 40.	Bogduk N, Aprill C, Derby R. Lumbar discogenic pain: state-of-
the-art review. Pain Med. 2013;14:813–36.

	 41.	Carragee EJ, Don AS, Hurwitz EL, Cuellar JM, Carrino JA, 
Carrino J, et  al. 2009 ISSLS prize winner: does discography 
cause accelerated progression of degeneration changes in the lum-
bar disc: a 10 year matched cohort study. Spine (Phila Pa 1976). 
2009;34(21):2338–45.

	 42.	Wolfer L, Wolfer LR, Derby R, Lee J-E, Lee S-H.  Systematic 
review systematic review of lumbar provocation discography 
in asymptomatic subjects with a meta-analysis of false-positive 
rates. Pain Physician. 2008;11(4):513–38.

	 43.	Carragee EJ, Lincoln T, Parmar VS, Alamin T. A gold standard eval-
uation of the discogenic pain diagnosis as determined by provoca-
tive discography. Spine (Phila Pa 1976). 2006;31(18):2115–23.

	 44.	Derby R, Kim B-J, Chen Y, Seo K-S, Lee S-H.  The relation 
between annular disruption on computed tomography scan 
and pressure-controlled diskography. Arch Phys Med Rehabil. 
2005;86(8):1534–8.

	 45.	Carragee EJ, Alamin TF.  Discography. A review. Spine J. 
2001;1(5):364–72.

	 46.	Massie W. A critical evaluation of discography. J Bone Jt Surg. 
1967;49:1243–4.

	 47.	Derby R, Kine G, Schwarzer A.  Pain provocation in normal 
nucleograms during discography. Prevalence and relationship 
of intradiscal pressure. Sci Newsl Int Spine Inject Soc Newsl. 
1993;1:8–17.

	 48.	Derby R, Kim B-J, Lee S-H, Chen Y, Seo K-S, Aprill 
C. Comparison of discographic findings in asymptomatic subject 
discs and the negative discs of chronic LBP patients: can discog-
raphy distinguish asymptomatic discs among morphologically 
abnormal discs? Spine J. 2005;5(4):389–94.

	 49.	Bogduk N.  In: Bogduk N, editor. Practice guidelines for spinal 
diagnostic and treatment procedures. 2nd ed. International Spine 
Intervention Society: San Francisco; 2013. 685 p.

	 50.	Manchikanti L, Glaser SE, Wolfer L, Derby R, Cohen 
SP. Systematic review of lumbar discography as a diagnostic test 
for chronic low back pain. Pain Physician. 2009;12:541–59.

	 51.	Manchikanti L, Soin A, Benyamin RM, Singh V, Falco FJ, 
Calodney AK, et al. An update of the systematic appraisal of the 
accuracy and utility of discography in chronic spinal pain. Pain 
Physician. 2018;21:91–110.

	 52.	Adams MA, Roughley PJ. What is intervertebral disc degenera-
tion, and what causes it? Spine (Phila Pa 1976). 31(18):2151–61.

	 53.	Raj PP.  Intervertebral disc: anatomy, physiology, pathophysiol-
ogy, treatment. Pain Pract. 2008;8(1):18–44.

	 54.	Pennicooke B, Moriguchi Y, Hussain I, Bonssar L, Härtl 
R.  Biological treatment approaches for degenerative disc dis-
ease: a review of clinical trials and future directions. Cureus. 
2016;8(11):e892.

	 55.	Sivan SS, Hayes AJ, Wachtel E, Caterson B, Merkher Y, Maroudas 
A, et al. Biochemical composition and turnover of the extracel-
lular matrix of the normal and degenerate intervertebral disc. Eur 
Spine J. 2014;23(Suppl 3):S344–53.

	 56.	Kim S-M, Lee S-H, Lee B-R, Hwang J-W. Analysis of the cor-
relation among age, disc morphology, positive discography and 
prognosis in patients with chronic low Back pain. Ann Rehabil 
Med. 2015;39(3):340–6.

	 57.	Deer TR, Mekhail N, Provenzano D, Pope J, Krames E, Leong 
M, et  al. The appropriate use of neurostimulation of the spinal 

cord and peripheral nervous system for the treatment of chronic 
pain and ischemic diseases: the neuromodulation appropriateness 
consensus committee. Neuromodulation. 2014;17(6):515–50; dis-
cussion 550

	 58.	Edgar MA. The nerve supply of the lumbar intervertebral disc. J 
Bone Jt Surg. 2007;89-B(9):1135–9.

	 59.	Freemont AJ, Peacock TE, Goupille P, Hoyland JA, O’Brien J, 
Jayson MIV. Nerve ingrowth into diseased intervertebral disc in 
chronic back pain. Lancet. 1997;350:178–81.

	 60.	Vanharanta H, Sachs BL, Spivey MA, Guyer RD, Hochschuler 
SH, Rashbaum RF, Johnson RG, Ohnmeiss DMV. The relation-
ship of pain provocation to lumbar disc deterioration as seen by 
CT discography. Spine (Phila Pa 1976). 1987;12(3):295–8.

	 61.	Burke J, Watson R, McCormack D, Dowling F, Walsh M, 
Fitzpatrick J.  Intervertebral discs which cause low back pain 
secrete high levels of proinflammatory mediators. J Bone Jt Surg 
[Br]. 2002;84:196–201.

	 62.	Peng B, Wu W, Hou S, Li P, Zhang C, Yang Y.  The patho-
genesis of discogenic low back pain. J Bone Joint Surg Br. 
2005;87-B(1):62–7.

	 63.	Coppes MH, Marani E, Thomeer RTGG.  Innervation of painful 
lumbar discs. Spine (Phila Pa 1976). 1997;22(20):2342–9.

	 64.	 Ivie CS, Gianoli D, Pino CA. Provocative discography as predic-
tor of discogenic pain and therapeutic outcome. Tech Reg Anesth 
Pain Manag. 2011;15:12–9.

	 65.	Guyer RD, Ohnmeiss DD, Guyer RD, Ohnmeiss DD. Lumbar dis-
cography. Spine J. 2003;3:11S–27S.

	 66.	Resnick D, Malone D, Ryken T.  Guidelines for the use of dis-
cography for the diagnosis of painful degenerative lumbar disc 
disease. Neurosurg Focus. 2002;13(2):E12.

	 67.	Fraser RD, Osti OL, Vernon-Roberts B. Discitis after discography. 
J Bone Joint Surg Br. 1987;69(1):26–35.

	 68.	Osti OL, Vernon-Roberts B, Fraser RD. Volvo Award in experi-
mental studies. Annulus tears and intervertebral disc degeneration. 
An experimental study using an animal model. Spine (Phila Pa 
1976). 1990;15(8):762–7.

	 69.	Pobiel RS, Schellhas KP, Pollei SR, Johnson BA, Golden MJ, 
Eklund JA. Diskography: infectious complications from a series 
of 12,634 cases. Am J Neuroradiol. 2006;27:1930–2.

	 70.	Arrington JA, Murtagh FR, Silbiger ML, Rechtine GR, Nokes 
SR.  Magnetic resonance imaging of postdiscogram discitis and 
osteomyelitis in the lumbar spine: case report. J Fla Med Assoc. 
1986;73(3):192–4.

	 71.	Guyer RD, Collier R, Stith WJ, Ohnmeiss DD, Hochschuler SH, 
Rashbaum RF, et  al. Discitis after discography. Spine (Phila Pa 
1976). 1988;13(12):1352–4.

	 72.	Guyer RD, Ohnmeiss DD. Lumbar discography. Position statement 
from the North American Spine Society Diagnostic and Therapeutic 
Committee. Spine (Phila Pa 1976). 1995;20(18):2048–59.

	 73.	Klessig HT, Showsh SA, Sekorski A. The use of Intradiscal anti-
biotics for discography: an in vitro study of gentamicin, cefazolin, 
and clindamycin. Spine (Phila Pa 1976). 2003;28(15):1735–8.

	 74.	Grogan J, Hemminghytt S, Williams A, et  al. Another strat-
egy recommended by Balderstone et  al. J Spinal Disord Tech. 
2004;17:248–50.

	 75.	Kim D, Wadley R. Variability in techniques and patient safety pro-
tocols in discography. J Spinal Disord Tech. 2010;23(6):431–8.

	 76.	Schellhas K, Pollei S, Dorwart R. Thoracic discography. A safe and 
reliable technique. Spine (Phila Pa 1976). 1994;19(18):2103–9.

	 77.	Sharma SK, Jones JO, Zeballos PP, Irwin SA, Martin TW. The 
prevention of discitis during discography. PMID:19643677. 
https://doi.org/10.1016/j.spinee.2009.06.001.

	 78.	Pauza K.  Nomenclature and terminology for spine specialists 
(appropriate words meant to replace the most commonly misused 
words of the spine specialists). PASSOR Educational Guidelines 
Task Force. 2005;

16  Discography

https://doi.org/10.1016/j.spinee.2009.06.001


180

	 79.	Khot A, Bowditch M, Powell J, Sharp D. The use of intradiscal 
steroid therapy for lumbar spinal discogenic pain. Spine (Phila Pa 
1976). 2004;29(8):833–6.

	 80.	Derby R, Lee SHH, Lee JE, Lee SHH. Comparison of pressure-
controlled provocation discography using automated versus man-
ual syringe pump manometry in patients with chronic low back 
pain. Pain Med. 2011;12:18–26.

	 81.	Zhou Y, Abdi S.  A review of the literature. Clin J Pain. 
2006;22(5):468–81.

	 82.	Bogduk N.  Lumbar disc stimulation (provocation discography). 
In: Bogduk N, editor. Practice guidelines for spinal diagnostic and 
treatment procedures. ISIS; 2004. p. 20–46.

	 83.	Cavanaugh JM, Kallakuri S, Özaktay AC. Innervation of the rab-
bit lumbar intervertebral disc and posterior longitudinal ligament. 
Spine (Phila Pa 1976). 1995;20(19):2080–5.

	 84.	O’Neill C, Kurgansky M. Subgroups of positive discs on discog-
raphy. Spine (Phila Pa 1976). 2004;29(19):2134–9.

	 85.	Ohnmeiss DD, Guyer RD, Mason SL. The relation between cervi-
cal discographic pain responses and radiographic images. Clin J 
Pain. 2000;16(1):1–5.

	 86.	Carragee EJ, Chen Y, Tanner CM, Hayward C, Rossi M, 
Hagle C.  Can discography cause long-term Back symptoms 
in previously asymptomatic subjects? Spine (Phila Pa 1976). 
2000;25(14):1803–8.

	 87.	Carragee EJ, Alamin TF, Miller J, Grafe M. Provocative discog-
raphy in volunteer subjects with mild persistent low back pain. 
Spine J. 2002;2(1):25–34.

	 88.	Carragee EJ, Tanner CM, Yang B, Brito JL, Truong T.  False-
positive findings on lumbar discography. Reliability of subjective 
concordance assessment during provocative disc injection. Spine 
(Phila Pa 1976). 1999;24(23):2542–7.

	 89.	Wood KB, Schellhas KP, Garvey TA, Aeppli D. Thoracic discog-
raphy in healthy individuals. A controlled prospective study of 
magnetic resonance imaging and discography in asymptomatic 
and symptomatic individuals. Spine (Phila Pa 1976). 1999;24(15, 
1548):–55.

	 90.	Veres SP, Robertson PA, Broom ND.  ISSLS prize winner: how 
loading rate influences disc failure mechanics: a microstruc-
tural assessment of internal disruption. Spine (Phila Pa 1976). 
2010;35(21):1897–908.

	 91.	Ohtori S, Inoue G, Orita S, Eguchi Y, Ochiai N, Kishida S, et al. 
No acceleration of intervertebral disc degeneration after a single 
injection of bupivacaine in young age group with follow-up of 5 
years. Asian Spine J. 2013;7(3):212–7.

	 92.	Flanagan MN, Chung BU.  Roentgenographic changes in 188 
patients 10–20 years after discography and chemonucleolysis. 
Spine (Phila Pa 1976). 1986;11(5):444–8.

	 93.	McCormick ZL, Lehman VT, Plastaras CT, Walega DR, 
Huddleston P, Moussallem C, et al. Low-pressure lumbar provo-
cation discography according to spine intervention society/inter-
national association for the study of pain standards does not cause 
acceleration of disc degeneration in patients with symptomatic 
low back pain: a 7 year matched cohort study. Spine (Phila Pa 
1976). 2019;1

	 94.	Elliott DM, Yerramalli CS, Beckstein JC, Boxberger JI, 
Johannessen W, Vresilovic EJ. The effect of relative needle diam-
eter in puncture and sham injection animal models of degenera-
tion. Spine (Phila Pa 1976). 2008;33(6):588–96.

	 95.	Peh WCG.  Provocative discography: current status. Biomed 
Imaging Interv J. 2005;1(1):e2.

	 96.	Zeidman S, Thompson K, Ducker T.  Complications of cervi-
cal discography analysis of 4400 diagnostic disc injections. 
Neurosurgery. 1995;37(3):414–7.

	 97.	Kapoor SG, Huff J, Cohen SP. Systematic review of the incidence 
of discitis after cervical discography. Spine J. 2010;10(8):739–45.

	 98.	Willems PC, Jacobs W, Duinkerke ES, De Kleuver M. Lumbar 
discography: should we use prophylactic antibiotics? A study of 
435 consecutive discograms and a systematic review of the litera-
ture. J Spinal Disord Tech. 2004;17(3):243–7.

	 99.	Bogduk N. Degenerative joint disease of the spine. Radiol Clin N 
Am. 2012;50(4):613–28.

	100.	Hansson TH, Keller TS, Spengler DM. Mechanical behavior of 
the human lumbar spine. II. Fatigue strength during dynamic com-
pressive loading. J Orthop Res. 1987;5(4):479–87.

	101.	Videman T, Nummi P, Battié MC, Gill K. Digital assessment of 
MRI for lumbar disc desiccation\a comparison of digital ver-
sus subjective assessments and digital intensity profiles versus 
discogram and macroanatomic findings. Spine (Phila Pa 1976). 
1994;19(Supplement):192–8.

	102.	Lei D, Rege A, Koti M, Smith FW, Wardlaw D.  Painful disc 
lesion: can modern biplanar magnetic resonance imaging replace 
discography? J Spinal Disord Tech. 2008;21(6):430–5.

	103.	O’Neill C, Kurgansky M, Kaiser J, Lau W. Accuracy of MRI for 
diagnosis of discogenic pain. Pain Phys. 11(3):311–26.

	104.	Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter 
JR. Degenerative disk disease: assessment of changes in vertebral 
body marrow with MR imaging. Radiology. 1988;166(1):193–9.

	105.	Toyone T, Takahashi K, Kitahara H, Yamagata M, Murakami M, 
Moriya H. Vertebral bone marrow changes in degenerative lumbar 
disc disease. An MRI study of 74 patients with low back pain. J 
Bone Joint Surg Br. 1994;76(5):757–64.

	106.	Maus TP, Aprill CN.  Lumbar diskogenic pain, provocation 
diskography, and imaging correlates. Radiol Clin North Am. 
2012:681–704.

	107.	Zucherman J, Derby R, Hsu K, Picetti G, Kaiser J, Schofferman J, 
et al. Normal magnetic resonance imaging with abnormal discog-
raphy. Spine (Phila Pa 1976). 1988;13(12):1355–9.

	108.	Bendtsen M, Bunger C, Colombier P, Le Visage C, Roberts S, 
Sakai D, et al. Biological challenges for regeneration of the degen-
erated disc using cellular therapies. Acta Orthop. 2016.

	109.	Masuda K, Lotz JC.  New challenges for intervertebral disc 
treatment using regenerative medicine. Tissue Eng Part B Rev. 
2010;16(1):147–58.

	110.	Sivan S, Merkher Y, Wachtel E, Ehrlich S, Maroudas A. Correlation 
of swelling pressure and intrafibrillar water in young and aged 
human intervertebral discs. J Orthop Res. 2006;24(6):1292–8.

	111.	Kletsas D. Senescent cells in the intervertebral disc: numbers and 
mechanisms. Spine J. 2009;9(8):677–8.

	112.	Yoshikawa T, Ueda Y, Miyazaki K, Koizumi M, Takakura Y. Disc 
regeneration therapy using marrow mesenchymal cell transplanta-
tion. Spine (Phila Pa 1976). 2010;35(11):E475–80.

	113.	Svanvik T, Henriksson HB, Karlsson C, Hagman M, Lindahl A, 
Brisby H. Human disk cells from degenerated disks and mesen-
chymal stem cells in co-culture result in increased matrix produc-
tion. Cells Tissues Organs. 2010;191(1):2–11.

	114.	Hohaus C, Ganey TM, Minkus Y, Meisel HJ.  Cell transplanta-
tion in lumbar spine disc degeneration disease. Eur Spine J. 
2008;17(S4):492–503.

	115.	Wang Z, Perez-Terzic CM, Smith J, Mauck WD, Shelerud RA, 
Maus TP, et al. Efficacy of intervertebral disc regeneration with 
stem cells – a systematic review and meta-analysis of animal con-
trolled trials. Gene. 2015;564(1):1–8.

	116.	Buirski G, Silberstein M. The symptomatic Lumbar disc in patients 
with low-back pain. Spine (Phila Pa 1976). 1993;18(13):1808–11.

	117.	Milette PC, Fontaine S, Lepanto L, Cardinal É, Breton 
G. Differentiating lumbar disc protrusions, disc bulges, and discs 
with normal contour but abnormal signal intensity. Spine (Phila Pa 
1976). 1999;24(1):44–53.

	118.	Manchikanti L, Singh V, Pampati V, Fellows B, Beyer C, Damron 
K, et al. Provocative discography in low back pain patients with or 

A. Calodney and A. T. Vest



181

without somatization disorder: a randomized prospective evalua-
tion. Pain Physician. 2001;4(3):227–39.

	119.	Carragee EJ, Tanner CM, Khurana S, Hayward C, Welsh J, Date 
E, et al. The rates of false-positive lumbar discography in select 
patients without low back symptoms. Spine (Phila Pa 1976). 
2000;25(11):1373–80; discussion 1381

	120.	Gornet MG, Peacock J, Claude J, Schranck FW, Copay AG, 
Eastlack RK, et al. Magnetic resonance spectroscopy (MRS) can 
identify painful lumbar discs and may facilitate improved clinical 
outcomes of lumbar surgeries for discogenic pain. Eur Spine J. 
2019;28(4):674–87.

	121.	Manchikanti L, Boswell MV, Singh V, Benyamin RM, Fellows B, 
Abdi S, et al. Comprehensive evidence-based guidelines for inter-
ventional techniques in the management of chronic spinal pain. 
Pain Phys. 12(4):699–802.

	122.	Falco FJE, Manchikanti L, Datta S, Sehgal N, Geffert S, Onyewu 
O, et  al. An update of the systematic assessment of the diag-
nostic accuracy of lumbar facet joint nerve blocks. Pain Phys. 
15(6):E869–907.

	123.	Simopoulos TT, Manchikanti L, Singh V, Gupta S, Hameed H, 
Diwan S, et al. A systematic evaluation of prevalence and diag-
nostic accuracy of sacroiliac joint interventions. Pain Phys. 
15(3):E305–44.

	124.	Hancock MJ, Maher CG, Latimer J, Spindler MF, McAuley JH, 
Laslett M, et  al. Systematic review of tests to identify the disc, 

SIJ or facet joint as the source of low back pain. Eur Spine J. 
2007;16(10):1539–50.

	125.	Lorio M, Clerk-Lamalice O, Beall DP, Julien T. International soci-
ety for the advancement of spine surgery guideline—intraosseous 
ablation of the basivertebral nerve for the relief of chronic low 
back pain. Int J Spine Surg. 2020;

	126.	Melnik I, Derby R, Baker RM. Provocative discography. In: Deer 
TR, Leong MS, editors. Comprehensive treatment of chronic pain 
by medical, interventional, and integrative approaches. New York: 
Springer Nature; 2013. p. 461–77.

	127.	Calodney A, Griffin D. Discography. In: Mathis JM, Golovac S, 
editors. Image guided spine interventions. New York: In, Springer 
Science+Business Media; 2010.

	128.	Bogduk N.  Practice guidelines for spinal diagnostic and treat-
ment procedures. 2nd ed. San Francisco: International Spine 
Intervention Society; 2013.

	129.	Bugden N.  Degenerative joint disease of the spine. Pain Med. 
2013;14(6):813–36.

	130.	Maus TP. SIS presentation on modic changes. Int Spine Intervent 
Soc. 2015.

	131.	Richardson SM, Kalamegam G, Pushparaj PN, et al. Mesenchymal 
stem cells in regenerative medicine: focus on articular cartilage 
and intervertebral disc regeneration. Methods. 2016;99:69–80.

16  Discography


	16: Discography
	Introduction
	History of Discography
	Validation
	Positive Discography Criteria
	Disc Anatomy and Physiology
	Pathophysiology
	Patient Selection
	Indications
	Contraindications
	Preoperative Considerations
	Perioperative Considerations
	The Procedure
	Lumbar Discography
	Post-Lumbar Discography Imaging
	Cervical Discography
	Post-Cervical Discography Imaging
	Thoracic Discography
	Post-Thoracic Discography Imaging

	Post-Procedure Care
	Interpretation and Documentation
	Complications
	Correlating Imaging with Discography
	Uses of Discography in Regenerative Medicine
	Conclusion
	References


