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Background: The intervertebral disc has been implicated as an etiology of chronic spine
pain based on clinical, basic science, and epidemiological research. There is currently no way
to determine with absolute certainty whether or not the disc is a spinal pain generator. At our
current level of understanding, discography is thought of as the best tool to evaluate disc-related
pain.

Study Design: A systematic review.

Objective: To systematically assess the diagnostic accuracy of discography with respect to
chronic spinal pain.

Methods: A systematic review of the literature was performed to assess the diagnostic accuracy
of discography with respect to chronic spinal pain. Study inclusion/exclusion criteria were based
on the modern practice of discography. Selected studies were then subjected to two rating
instruments for diagnostic accuracy studies (AHRQ and QUADAS). Specific data were then culled
from these studies and tabulated. Evidence was then classified into five levels: conclusive, strong,
moderate, limited, or indeterminate.

Results: Evidence is strong for the diagnostic accuracy of discography as an imaging tool.
Evidence is also strong for the ability of discography to evoke pain. There is strong evidence
supporting the role of discography in identifying that subset of patients with lumbar discogenic
pain. There is moderate evidence supporting the role of discography in identifying a subset of
patients with cervical discogenic pain. There is limited evidence supporting the role of discography
in identifying a subset of patients with thoracic discogenic pain.

Conclusion: Discography is a useful imaging and pain evaluation tool in identifying a subset of
patients with chronic spinal pain secondary to intervertebral disc disorders.

Key words: Spinal pain, intervertebral disc, discography, pain generator, false-positives,
diagnostic accuracy
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iscography was mainly used as an imaging

tool in the past (1-11) and is considered to

be superior to radiographs, myelography,
and CT-scanning, in imaging intervertebral disc (IVD)
morphology (12). Discography is comparable to MR
imaging in detecting degenerative disc disease (DDD)
(4,13-16). The ability of discography to image the
IVD has been validated by direct cadaveric and intra-
operative examinations (17-21) and may be improved
by using thin slice CT-scanning (5,6,12,15,22-24).
Some authors tout the merits of knowing about IVD
morphology via discography (22).

Nonetheless, concerns about invasiveness, radia-
tion exposure, infectious risk, and the routine avail-
ability of CT/MR imaging have minimized the role of
discography as an imaging only tool (25). Further-
more, knowing IVD morphology, in isolation, may not
be useful. DDD occurs due to age-related and genetic
factors (26-30) and occurs with a similar frequency in
symptomatic and asymptomatic patients (13).

DDD is not necessarily painful and even then, the
pain may be variable (31). Although some authors (32)
report increased pain with DDD, careful inspection of
their data demonstrates that concordant pain occurs
in a small fraction of patients. Conversely, DDD wiill
not predict whether a disc is painful in a particular
patient (33). In the case of annular disruption, the site
of an annular tear may not correspond to the site of a
patient’s pain (29). Discograms do not image pain and
hence, do not provide insight into which neural path-
ways mediate discogenic pain (34-52). IVD morphol-
ogy should not change within a short interval, but
discographic images may change after only 2 weeks.
Technical errors account for only a small portion of
these changes (53).

Whereas discographic imaging alone may not
be useful, pain provocation in combination with real
time imaging may be useful. Pain provocation, actu-
ally, dominates modern discographic practice and is
used clinically (1,4-6,54-57). An integrative imaging
approach, which incorporates provocative discogra-
phy, may best select patients for intradiscal therapies
(58-66).

So why perform another systematic review of dis-
cography? Systematic reviews of diagnostic test stud-
ies aim to identify and evaluate peer-reviewed medi-
cal research pertaining to diagnostic test accuracy.
The quality assessment of diagnostic accuracy studies
differs from that of standard intervention studies. To
measure diagnostic accuracy, one must compare the
test to the criterion standard. Since there is no crite-

rion standard, a systematic review of the discography
literature is challenging. A systematic review of studies
evaluating existing studies that specifically examined
the ability of discography, as a pain-provoking and im-
aging tool, to diagnose discogenic pain was first per-
formed in 2005 (1). Since then, multiple publications
have appeared in the literature and the controversy
continues. Hence, this systematic review and update
were performed to determine whether discography
continues to be a useful test in the diagnostic evalua-
tion of patients with chronic spinal pain.

MEeTHODS

This systematic review was updated based on a
review performed in 2005 (1).

Inclusion Criteria
Types of Studies

Clinical studies in which discography was part of
the study design and analysis were included. Random-
ized clinical trials were given preference over cohort
and observational studies in the grading. Since the
key elements of discography are pain provocation and
imaging of the IVD, we specifically searched for con-
tingency tables or data that compared pain provoca-
tion to IVD imaging.
Types of Participants

Asymptomatic volunteers or symptomatic patients
with chronic spinal pain were included. Patients may
or may not have undergone prior surgery.
Types of Interventions

Discography, whether alone or in combina-
tion with other diagnostic tests, should be described
clearly. At a minimum, pain provocation and disc mor-
phology should be reported. Post-discography image
validation with CT scanning or MR imaging was not
mandatory (23,64).

Exclusion Criteria
Types of Studies

Non-clinical studies, technical papers, expert
opinion, review articles, and single case reports were
excluded. Also excluded were clinical studies that used
discography to select patients for treatment, but did
not analyze the discography data separately.
Types of interventions

If discography was not practiced in accordance
with modern principles, the study was excluded (1,4-
6,54-57,65): (1) the absence of ethical barriers, i.e.,
discography performed on unwilling or vulnerable
participants; (2) the absence of real time pain/archi-
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tecture assessment or serial radiographs used instead
of fluoroscopy; (3) the absence of systematic data re-
porting results that cannot be analyzed by the reader;
(4) the assessment of pain provocation alone or mor-
phology alone; and (5) the use of oil based or ionic,
high-osmolar, water soluble dyes as these agents can
be hazardous when used for spinal procedures.
Types of Patients

Patients with chronic spinal pain due to a disc
protrusion or verifiable non-discogenic etiology were
excluded.

Search Strategy
Relevant clinical trials meeting the inclusion cri-

teria for this review were identified in the following

manner:

1. A computerized database search was performed of
PUBMED (January 1, 2005 to November 30, 2006),
CINAHL (Cumulative Index to Nursing & Allied
Health Literature), EMBASE, and Evidence Based
Medicine Reviews (Cochrane Database and Co-
chrane Central Register of Controlled Trials). The
following terms were used in the search: disco-
gram, discography, intervertebral disc/diagnosis,
intervertebral disc/injection, and intervertebral
disc/pain. Boolean operators (AND/OR) and Bool-
ean logic were used to optimize the search. Mesh
headings were also used. A second iteration us-
ing the Mesh terms was used: Intervertebral Disk
Displacement/radiography, Intervertebral Disk

Displacement/surgery, Injections, Spinal, and Sen-
sitivity and Specificity, at the exclusion of the pre-
vious search strategy and at the exclusion of the
terms, intrathecal and epidural. Limits (Adults,
Human) were applied.

2. A review of the reference sections of selected ar-
ticles was performed to identify other relevant
studies.

3. Only English language articles were reviewed.

Method of Review

From the computerized database search, individu-
al citations containing the author, title, keywords, and
abstract were printed. Citations were reviewed for ex-
clusion criteria and if none were found, the journal
article was obtained. Five physicians reviewed these
articles. The articles were then tabulated based on: 1)
the methodological quality; 2) the study design; 3) the
number of patients; 4) the discography technique; 5)
the pain assessment; 6) the use of a control disc; 7) the
use of an advanced imaging tool, post-discography;
8) the use of discography as the criterion standard to
study another imaging tool; 9) the presence of contin-
gency tables or data to assess sensitivity and specificity
of the pain response for IVD morphology; and 10) the
conclusions.

Methodological Quality
The quality of each individual article was evalu-
ated by the AHRQ (Table 1) and QUADAS (Table 2)

Table 1. Domains and elements for diagnostic studies developed by the Agency for Healthcare Research and Quality (AHRQ).

Study Population
disease

Adequate Description of Test
Appropriate Reference Standard
Blinded Comparison of

Test and Reference

Avoidance of Verification Bias

« Subjects similar to populations in which the test would be used and with a similar spectrum of]

o Details of test and its administration sufficient to allow for replication of study

o Appropriate reference standard (gold standard) used for comparison
« Reference standard reproducible

« Evaluation of test without knowledge of disease status, if possible
« Independent, blind interpretation of test and reference

« Decision to perform reference standard not dependent on results of test under study

# Key domains are in italics.

* Elements appearing in italics are those with an empirical basis. Elements appearing in bold are those considered essential to give a system a

Yes rating for the domain.

Adapted from ref 67
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Table 2. Items utilized for assessment of quality of individual articles of diagnosiic studies by QUADAS iool (68)

Item

2. Were selection criteria clearly described?

not change between the two tests?

13. Were uninterpretable/intermediate test results reported?

14. Were withdrawals from the study explained?

1.  Was the spectrum of patients representative of the patients who will receive the test in practice?

3. Isthe reference standard likely to correctly classify the target condition?

4. Is the time period between reference standard and index test short enough to be reasonably sure that the target condition did

5. Did the whole sample or a random selection of the sample receive verification using a reference standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result?

7.  Was the reference standard independent of the index test (i.e. the index test did not form past of the reference standard)?
8.  Was the execution of the index test described in sufficient detail to permit replication of the test?

9.  Was the execution of the reference standard described in sufficient detail to permit its replication?

10. Were the index test results interpreted without knowledge of the results of the reference standard?

11. Were the reference standard results interpreted without knowledge of the results of the index test?

12. Were the same clinical data available when test results were interpreted as would be available when the test is used in practice?

rating scales (67-69). The AHRQ (5 points) and the
QUADAS (14 points) are diagnostic study scoring in-
struments. Their parameters are shown in Tables 1 and
2. We assigned pain provocation to be the index test
and IVD imaging to be the gold standard. As described
earlier, the validity of discography as an imaging tool
has been investigated. The imaging information is im-
portant since treating an anatomically normal disc, ir-
respective of its ability to cause pain, seems unethical
(13,70).

Studies were then scored according to the AHRQ
and QUADAS rating instruments, with the foregoing
assumptions in mind. For inclusion, the studies had to
meet at least 50% of the points for each scale (i.e., 3
of 5 for the AHRQ or 7 of 14 for the QUADAS); studies
were excluded if their scores were 2 of 5 for the AHRQ
and 6 of 14 for the QUADAS.

Strength of Evidence
The level of evidence was evaluated as shown in
Table 3.

REsuLTs

Literature Search

For the period of January 1, 2005, to November
30, 2006, the database search yielded 56 articles. 35
were immediately excluded, by title alone. 21 ab-
stracts were further reviewed. 16 were relevant to the
study question and 16 full text journal articles were
requested and reviewed. 6 articles failed to meet the
inclusion criteria. 10 articles met the inclusion crite-
ria. After scoring with the AHRQ and QUADAS rating
instruments, all 10 articles qualified (71-80). This cur-
rent systematic review addresses these 10 articles. In
combination, however, with the 71 articles (12,18,21-
25,31,32,66,70,81-140) identified in our prior system-
atic review (1), the total number of articles that have
met the threshold for inclusion is 81 (Fig. 1). The origi-
nal 71 articles are included in the references and the
original data detailing the articles and their scoring by
AHRQ and QUADAS criteria along with new data are
illustrated in Tables 4-6.
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Table 3. Designaiion of levels of evidence(2).

Level 1 Conclusive: Research-based evidence with multiple relevant and high-quality scientific studies or consistent reviews of meta-
analyses.

Level 11 Strong: Research-based evidence from at least 1 properly designed randomized, controlled trial; or research-based evidence
from multiple properly designed studies of smaller size; or multiple low quality trials.

Level 111 Moderate:
a) Evidence obtained from well-designed pseudorandomized controlled trials (alternate allocation or some other method);
b) evidence obtained from comparative studies with concurrent controls and allocation not randomized (cohort studies,
case-controlled studies, or interrupted time series with a control group);
¢) evidence obtained from comparative studies with historical control, two or more single-arm studies, or interrupted time
series without a parallel control group.

Level IV Limited: Evidence from well-designed nonexperimental studies from more than 1 center or research group; or conflicting
evidence with inconsistent findings in multiple trials.

Level V Indeterminate: Opinions of respected authorities, based on clinical evidence, descriptive studies, or reports of expert
committees.

Methodological Quality

In combination with our prior systematic review
(1), there was: 1) 1 prospective, randomized and con-
trolled study; 2) 2 randomized and prospective stud-
ies; 3) 7 prospective, controlled studies; 4) 1 paper that
was prospective and case controlled; 5) 1 prospective,
blinded study; 6) 39 prospective studies; 7) 1 paper
that was both retrospective and prospective; 8) 28
retrospective studies; 9) 1 retrospective and blinded
study; and 10) no double blinded, randomized con-
trolled studies. Overall, there were 10 papers pertain-
ing to cervical discography (66,82,94,108,109,115,12
2,123,127,139), two pertaining to thoracic discogra-
phy (124,137), and 69 pertaining to lumbar discog-
raphy (12,18,21,22-25,31,32,70-81,83-93,95-107,110-
114,116-121,125,126,128-136,138,140). Data from the
10 new articles are incorporated with old data in Ta-
bles 4-6. The 10 articles identified, subsequent to our
last systematic review (1), are summarized below. The
71 other articles have already been discussed in our
previous systematic review (1). For purposes of brev-
ity and due to ease of access, this information has not
been presented again.

Blankenbaker et al (71) studied 16 patients who
had concordant pain at discography. These patients
were then recruited for a study evaluating axial rota-
tion of the involved lumbar spinal motion segments.

There were placed on a special CT scanner table that
could rotate the pelvis 8° clockwise and counterclock-
wise with respect to the thorax. They found that con-
cordant pain at discography predicted increased axial
rotation at the lumbar disc level.

Carragee et al (72) performed a prospective, lon-
gitudinal study of 100 subjects with high risk factors
for serious low back pain (LBP) as determined by struc-
tural and psychosocial characteristics. All subjects had
known risk factors for degenerative lumbar disc dis-
ease and a history of mild, persistent but nondisabling
LBP. All subjects were evaluated for lumbar spinal pa-
thology by physical examination, plain radiography,
and MRI and also underwent psychological testing.
A subgroup of psychologically normal patients also
underwent provocative lumbar discography. They
were followed for 6 month intervals for 5 years and
assessed for disability due to LBP. The development
of serious LBP disability was strongly associated with
baseline psychosocial variables. Modic changes of the
vertebral endplate as seen on MRI were weakly associ-
ated with any adverse outcome. A positive provoca-
tive discogram at baseline did not predict any future
adverse outcome.

In a retrospective data review of positive (painful)
disc injections at low pressures among 69 subjects with
and without chronic LBP, Carragee et al (73) found

www.painphysicianjournal.com
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'

188
99 excluded - *
89
11 excluded *
due to low scores
78
35 excluded PR 2{
6 excluded *

due to low scores

16

l

abstracts reviewed

journal articles
reviewed

articles selected for
scoring

included in

systematic review (1)

Total Reviewed For Present Review = 56

abstracts reviewed

full articles reviewed

10 were selected for scoring

11 of them met inclusion criteria

Fig.1. Systematic review flow sheet, modified from and combined with Shah et al (1).

that the rate of low pressure (<22 psi) painful injec-
tion in subjects without significant chronic LBP is ap-
proximately 25%. This correlated with both anatomic
and psychosocial factors. They felt that 25% positive
painful discs in asymptomatic individuals may repre-
sent an unacceptable risk of false positive results.
Carragee et al (74) attempted to test the hypothe-
sis that positive discography accurately identifies a LBP
iliness due to a primary discogenic lesion as determined
by clinical cure with successful arthrodesis in a best case
clinical setting. They compared a group of patients with
LBP and a positive single-level low-pressure provocative
discogram to another group with single level unstable
Grade I-Il isthmic spondylolisthesis either at L4-5 or L5-

S1. Both groups later underwent spinal fusion of the
involved level. The subjects were followed for 2 years.
Several criteria were used to assess successful outcomes.
72% of the spondylolisthesis group versus 27% of the
discogenic pain group met the highly effective success
criteria. The authors felt that positive discography was
not highly predictive in identifying bona fide isolated
intradiscal lesions primarily causing LBP illness.

Derby et al (75) performed pressure-controlled
discography in 13 asymptomatic volunteers (43 discs).
The purpose of this prospective study was to deter-
mine the prevalence of positive responses to lumbar
discography in asymptomatic volunteers. 56% of the
injected discs were not painful. 44% were painful
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Table 4. Characteristics of articles included in review for cervical discography
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Motimaya et al (108) 3/5 7/14 R 16/ 46 LAO Y U N N N
Ohnmeiss etal (109) | > | 1/14 | R 161/269 | E Y N Y N N
Parfenchuck and 4/5 11/14 P 52 UAO Y U Y N Y
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Schellhas et al (122) 35 | 114 P 10 5 RAO | Y Y YN | N Y
Schellhas et al (123) 45 | 11/14 |RP |40 RAO | Y Y N N N
Siebenrock and Aebi 4/5 11/14 R 27139 L/RAO | Y N N N N
(127)
Zheng et al (139) 45 | 11/14 | R 55/ 161 RAO | Y U Y Y Y

R = retrospective; P = prospective; Y = yes; N = No; E = extrapedicular; L = left; U = unknown; UAO= side unknown, anterior oblique; RAO = right
anterior oblique; Asx = asymptomatic; SX = symptomatic

Table 5. Characteristics of articles included in review for thoracic discography
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R = retrospective; P = prospective; CC = case controlled; Y = yes; N = No; E = extrapedicular; Asx = asymptomatic; SX = symptomatic
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Table 6. Characteristics of articles included in review for lumbar discography.
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Abdelwahab et al (18) 3/5 7/14 R 15 E/1 Y N N Y N
Antti-Poika et al (12) 4/5 11/14 P 100 E Y U Y N Y
Aprill and Bogduk (81) 4/5 11/14 P 41 E Y Y Y Y Y
Bernard (22) 4/5 11/14 P 250 E Y N Y Y N
Blankenbaker et al (71) 3/5 7/14 P 16 pt/94d E Y N Y Y N
Block et al (25) 4/5 11/14 P 72 E Y Y Y Y Y
Braithwaite et al (83) 4/5 11/14 R 58 E Y Y Y Y Y
Carragee et al (84) 4/5 12/14 P/ C 26 Asx / 6 Sx E N-intensity N N N N
only
Carragee et al (85) 5/5 12/14 P/C 46 disco/ 49 no E N-intensity N N N N
disco only
Carragee et al (86) 4/5 11/14 P/ C 25 mild LBP52 E Y Y N N Y
severe LBP
Carragee et al (87) 4/5 11/14 | P/RA,C 20 Asx -27 Sx Y Y N N Y
Carragee et al (88) 3/5 10/14 P 8 Asx-iliac crest Y N N N Y
harvest
Carragee et al (89) 3/5 10/14 P 26 Asx pts. Y N N Y
Carragee et al (90) 4/5 11/14 P/C 42 Sx; 52 Asx Y Y Y31/ N Y
N 52
Carragee et al (72) 3/5 9/14 P 25 pt disco / 75 E Y Y N N Y
pt no disco;# d
not recorded
Carragee et al (73) 3/5 8/14 R,B 69 pt; but 20 pt E Y Y N N Y
wi/prev. surg.; # d
not recorded
Carragee et al (74) 3/5 8/14 P 32 pt disco/ 34 E Y Y N N Y
pt no disco. # d
not recorded
Cohen et al (91) 4/5 10/14 R 127 E Y Y N N N
Colhoun et al (92) 3/5 11/14 R 195 E Y U N N N
Collins et al (93) 4/5 11/14 P 29 E Y U N Y N
Derby et al (95) 4/5 11/14 R 146 E Y U U N N
Derby et al (75) 4/5 11/14 pC 13 pt/43d E Y N N N Y
Derby et al (76) 3/5 11/14 P 106 pt/337 d E Y N Y N Y
Derby et al (77) 4/5 11/14 PC 86 pt /279 d E Y N Y N Y
Donelson et al (96) 4/5 11/14 P 63 E Y Y Y Y N
Gill and Blumenthal (70) 3/5 9/14 R 53 U Y U N N N
Greenspan et al (97) 4/5 11/14 P 32/78 I Y U Y N Y
Heggeness et al (98) 3/5 8/14 R 83/238 U Y U N N Y
Horton and Daftari (99) 4/5 11/14 P 25/63 E Y U N Y N
Ito et al (100) 5/5 12/14 P 39/101 E Y U Y Y Y
Lam et al (101) 5/5 11/14 P B 73 E Y U N Y Y
Lim et al (78) 4/5 11/14 P 47 pt/97 d E Y N Y Y Y
Madan et al (102) 3/5 8/14 PC 73 E Y U N N N
154 www.painphysicianjournal.com
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Table 6 Continued. Characteristics of articles included in review for lumbar discography.

g
> — o - .
. o | & 3 E 3 EEERELIREEE LY
& = = & & a = S S |SAR|AEs R AE

Maezawa et al (103) 4/5 10/14 R 523 /1477 E Y U Y N Y
Manchikanti et al (104) 3/5 10/14 P, RA 50 E Y U N N N
Manchikanti et al (105) 3/5 8/14 P RA 120 E Y Y N N N
McCutcheon et al (24) 4/5 11/14 R 22 E/I Y U Y Y N
McFadden (106) 4/5 11/14 P 200 E Y U Y N N
Milette et al (21) 4/5 12/14 R 58 I Y U Y/N Y Y
Milette et al (107) 4/5 11/14 P 17 I Y U N N N
Moneta et al (31) 4/5 9/14 R 306/ 833 E Y U Y Y Y
Ohnmeiss et al (110) 4/5 11/14 P 170 E Y U Y N N
Ohnmeiss et al (111) 4/5 11/14 P 187 E Y U Y N Y
Ohnmeiss et al (112) 4/5 11/14 P 187 E Y U Y N Y
O'Neill and Kurgansky 4/5 11/14 R 253 /838 E Y Y N N N
(113)

Osti and Fraser (114) 4/5 11/14 P 33/114 E Y U N Y Y
Parker et al (116) 1/5 7/14 P 23 E Y Y N Y N
Peng et al (79) 3/5 8/14 P 52pt/142d E Y N Y Y N
Ricketson et al (117) 4/5 11/14 P 29 E Y U Y Y Y
Sachs et al (23) 4/5 11/14 P 59 E Y U Y N Y
Saiffudin et al (118) 4/5 11/14 R 58 /152 E Y U N Y Y
Saiffudin et al (119) 4/5 11/14 R 99 /260 E Y U N N Y
Schechter et al (120) 3/5 8/14 R 20/32 U Y N N N N
Schellhas et al (121) 4/5 11/14 R 63 E/T Y Y Y/N Y N
Schwarzer et al (125) 4/5 11/14 P 92 /255 E Y Y Y N Y
Schwarzer et al (126) 4/5 11/14 P 92 E Y Y Y N N
Shin et al (80) 4/5 11/14 P 21pt/51d E Y Y Y N Y
Simmons et al (128) 4/5 11/14 P 164 E Y U N Y Y
Smith et al (129) 4/5 11/14 R 72 E Y U Y Y Y
Smith et al (130) 3/5 11/14 R 36 E Y U N N N
Vanharanta et al (131) 4/5 11/14 P 291 /790 E Y Y Y Y Y
Vanharanta et al (32) 4/5 11/14 P 91/290 E Y Y Y Y Y
Vanharanta et al (132) 4/5 11/14 P 107 E Y Y Y Y Y
Vanaharanta et al (133) 4/5 11/14 P 300/ 816 E Y Y Y Y Y
Weishaupt et al (134) 4/5 11/14 P 50/ 122 E Y N N Y Y
Walsh et al (135) 5/5 13/14 P 10Asx/ 7 Sx E Y Y N N Y
Wetzel et al (136) 4/5 11/14 R 48 E Y N N N Y
Yrjama et al (138) 3/5 8/14 P 38 U Y Y N Y Y
Zucherman et al (140) 3/5 9/14 R 18 U Y Y Y Y N

RA = randomized; R = retrospective; P = prospective; C = controlled; CC = case controlled; B = blinded; Y = yes; N = no; E = extrapedicular; I = interlaminar; L = left;
U = unknown; UAO= side unknown, anterior oblique; RAO = right anterior oblique; Asx = asymptomatic; SX = symptomatic; #d=number of discs
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at varying pressures. In this latter group, high pres-
sures induced pain; even then, the pain was mild. The
authors generated a receiver operator characteristic
curve and a table displaying the probability of expe-
riencing a specified pain intensity versus a specified
pressure. From their data alone, the false positive rate
could be reduced to less than 10%. Particular scenarios
included 1) <20 psi above opening pressure and a pain
numerical rating scale (NRS) >0; and 2) >0 psi above
opening pressure and NRS >4. They subsequently com-
bined their data with Carragee et al (89) and devel-
oped operational criteria for discography. For an indi-
vidual disc, if the evoked pain-NRS >4 at <50 psi above
opening pressure (aop), the false-positive rate can be
reduced to <10%; if the evoked pain-NRS>4 at <30 psi
aop OR if the evoked pain-NRS>6 AT <50 psi aop, the
false positive rate is reduced to 0%.

Derby et al (76) performed pressure-controlled
discography in 16 volunteers without low back pain
(55 discs) and in 90 chronic low back pain patients
(282 discs). The purpose of this prospective study
was to determine if discography could distinguish
asymptomatic from symptomatic discs, in those that
are morphologically abnormal (Grade 3 annular dis-
ruption, only). A negative disc was defined as one in
which pain was absent or “unfamiliar”; if the disco-
gram, however, produced any severe pain, NRS >6 at
pressures <50 psi above opening pressure and at vol-
umes < 3.5 ml, this disc was excluded from the nega-
tive group. In the volunteer group, 58.2% of discs
had Grade Ill annular tears and all of these discs were
negative. In the chronic low back pain group, 70.6%
of discs had Grade Ill annular tears; in these Grade
Il discs, 52.3% were negative and 47.7% were posi-
tive. Please note that this “positive” group simply
included those discs that did not meet the negative
response criteria. Notably, a number of discs in this
study’s positive group would not meet the opera-
tional criteria for positivity established in two other
papers published by Derby et al (75,77). For instance,
a patient with familiar pain at pressures >50 psi or
NRS <6 would qualify as a ‘positive’ disc in this pa-
per, unlike Derby et al (77). In summary, the authors
found that discs with Grade Ill annular tears exhibit
different pain provocation characteristics. Control
and negative discs displayed similar traits in terms
of evoked pain intensity. Evoked pain intensity for
positive discs was significantly higher than control
or negative discs. They also stated that pressure-con-
trolled manometric discography using strict criteria

may distinguish asymptomatic discs among morpho-
logically abnormal discs with Grade 3 annular tears in
patients with chronic discogenic LBP.

Derby et al (77) performed pressure-controlled
discography on 86 chronic low back pain patients (279
discs). In a cross-sectional analysis of prospectively ac-
quired data, they analyzed the relationship between
computed tomography disc morphology — annular
disruption and discography findings. Using strict op-
erational criteria (75), a symptomatic disc was one
with evoked pain-NRS>6 at <50 psi above opening
pressure. They demonstrated a correlation between
annular disruption grade and the rate of symptomatic
discs. 44% of discs with an annular disruption grade
>3 are symptomatic. Negligible rates of symptomatic
discs were encountered at annular disruption grades
<2. Furthermore, anatomically normal discs — annular
disruption grade 0—were never symptomatic. Severe
pain intensity was proportional to pressure in Grade
4 (annular disruption and circumferential contrast ex-
tension) and Grade 5 (contrast leakage through the
outer annulus) discs. The authors concluded that an
annular disruption extending to, and beyond, the out-
er annulus is a key factor in pain generation. The au-
thors suggest that the specificity of discography can be
improved, if a positive disc is defined as one in which,
1) evoked pain-NRS>6 at <50 psi above opening pres-
sure; and 2) the morphology is abnormal - high grade
annular disruption.

Lim et al (78), in a prospective study, studied 47
patients who underwent discography followed by CT.
They then looked at the prior MRI and post discogram
CT images of patients who had positive or concordant
painful discs. Typical MRI findings in patients with con-
cordant pain at discography include grade 4 or 5 disc
degeneration and presence of a high intensity zone.
Typical CT discography findings with concordant pain
were fissured/ruptured discs and contrast extending
into/beyond the outer annulus on CT.

Peng et al (79) conducted a prospective study of
lumbar discography on 52 patients, but reported the
results of a subset of 17 patients with single level high
intensity zones (HIZ) on MRI. Based on the findings of
discography, post-discography CT scanning, and post-
fusion, histopathological analysis of the intervertebral
disc, the authors concluded that HIZ zones reproduce
concordant pain during discography. Furthermore, the
HIZ corresponds to a strip of vascularized, granulation
tissue in the outer annulus.

Shin et al (80) conducted a prospective study of
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lumbar discography on 21 patients and 51 discs. A posi-
tive disc was one in which, 1) pain was concordant or
similar; 2) pain intensity >6/10; 3) pressure above open-
ing pressure <50 psi; and 4) total volume injected < 3
ml. All patients underwent CT scanning, following dis-
cography. The authors noted a progressive reduction in
elastance (Apressure/Avolume), with increasing grades
of annular degeneration. There was a significant dif-
ference between elastance of Grade 0 (36.8) and Grade
5 (17.0) discs. In other words, the annular disruption
grade is proportional to compliance. All positive discs
demonstrated Grade 3 or higher annular disruptions.
All Grade 0 discs were negative. Pain responses corre-
lated with intradiscal pressure. Grade 3 and Grade 5
discs evoked pain at lower pressures in positive discs,
relative to negative discs. In fact, positive discs evoked a
higher intensity of pain, as compared to negative discs.
The authors concluded that discography was a useful
tool to diagnose discogenic pain and to guide surgical
therapy in conjuction with CT morphology disc.

Strength of Evidence

There is strong evidence for the utility of discog-
raphy as an IVD imaging tool. There is strong evidence
that intradiscal distention can produce pain. There is
strong evidence supporting the role of discography in
identifying patients with chronic lumbar discogenic
pain. There is moderate evidence supporting the role
of discography in identifying patients with chronic
cervical discogenic pain. There is limited evidence sup-
porting the role of discography in identifying patients
with chronic thoracic discogenic pain.

Discussion

Deeks (141) provided a framework to evaluate a
diagnostic study’s quality and likelihood of bias. Un-
like the AHRQ (67) or the QUADAS (68), this involved
looking at only 3 criteria: 1) patient sample, 2) refer-
ence standard, and 3) index test. Deeks (141) recom-
mended optimal patient recruitment, optimal execu-
tion of the index test, and optimal execution of the
reference standard. The majority of the papers met 2
of these criteria, but only a few met 3. All papers met
at least 50% of the AHRQ or QUADAS criteria (67,68).

Knottnerus et al (142) stated that there are sever-
al methodological challenges that must be addressed
in diagnostic accuracy studies. These include the gold
standard problem, spectrum and selection bias, “soft”
measures (subjective phenomena), observer variabil-
ity and bias, complex relations, clinical impact, sample

size, and the rapid progress of knowledge (142). In
this systematic review, we address these concerns, but
unfortunately, most discography studies cannot over-
come these methodological limitations.

There is no gold standard for discogenic pain
and thus, we considered pathological disc morphol-
ogy to be the gold standard. Treatment, particularly
a controversial treatment, should not serve as the
gold standard for a diagnostic test. Diagnostic tests
detect the presence or absence of a disease process/
entity. The presence or absence of treatment should
not influence whether or not the disease entity ex-
ists. Some authors, implicitly, assume that discography
is a pre-surgical screening tool. This suggests that the
validity of discography depends on the outcome of a
controversial treatment: spinal fusion (74). If this con-
cept is generalized, one could challenge the validity
of any diagnostic test by the treatment outcome. To
use a controversial treatment such as lumbar spinal
fusion for discogenic pain to evaluate the worthiness
of discography as a test for discogenic pain seems
flawed. The treatment of discogenic pain continues to
be a frustrating endeavor and no treatment has been
found yet that provides significant relief to a majority
of presumed discogenic back pain patients on a con-
sistent basis. In our opinion, abnormal disc morphol-
ogy should still serve as the gold standard and not the
response to a presumed treatment for a disease that is
particularly difficult to treat.

The majority of the selected studies were able
to describe, in detail, the index test (assessment of
pain) and reference or gold standard test (assessment
of disc morphology). All the studies suffered from
selection bias and a few from spectrum bias. The as-
sessment of pain is a soft measure and a few papers
challenged the ability of a patient to report pain, con-
sistently, during discography. Observer variability and
observer bias were present in all papers; only a few
attempted to minimize these factors. These few stud-
ies attempted blinding in which independent observ-
ers reviewed either the patient’s videotape or the dis-
cographic images. Inter-observer and intra-observer
validation of discographic imaging was performed in
only a few studies. Inter-observer validation of pain
response was performed in only a few studies; since
pain is a subjective experience, the utility of this lat-
ter validation scheme is questionable. Complex rela-
tions were not accounted for in all studies, since dis-
cography is no longer performed as an isolated test.
Discography is performed on patients with persistent
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spinal pain, after a number of other tests have been
ordered. Sample sizes for most studies were small. In
terms of patient selection, methodology was poor
for most papers and all papers could be criticized for
selection bias. Nonetheless, ethical barriers prevent
performing invasive tests on large patient samples
that may or may not have disease. This is why most
discography studies were retrospective or prospective,
but not randomized and double blinded. A number
of studies presented data in 2 x 2 contingency table
format. Since most discography results are presented
as positive or negative, a 2 x 2 format is useful to read-
ers; this format allows comparison between different
studies. Finally, the rapid progress in our understand-
ing of pain and pain processing may impact the diag-
nostic accuracy of discography.

Overall, discography is a useful imaging tool.
Intradiscal pathology may be missed by other stud-
ies. A post-discography CT scan may provide useful,
additional information, particularly to differentiate
annular tears from annular disruption. Discography
can produce pain in patients with mild or chronic
low back pain, with a chronic pain disorder, or with
no pain at all. Discography rarely provokes pain in
morphologically normal discs. Annular tears, particu-
larly those extending to the outer annulus, are of-
ten associated with discographically provoked pain.
Degenerative disc changes are not necessarily asso-
ciated with pain provocation. However, progressive
degeneration is associated with dissimilar and similar
pain provocation.

Discography cannot predict future back pain
problems or disability in asymptomatic patients. Dis-
cography should not be used as a screening test for
employment. Patients with persistent back pain may
have emotional and psychological problems which can
influence future outcomes such as response to therapy
and the development of disability due to chronic back
pain. False-positives may be reduced during discogra-
phy if only patients with normal psychometric profiles
and without other chronic pain syndromes or prior
lumbar spine surgery are selected. The background in-
cidence of minor back pain that is discogenically me-
diated may be high and may confound the identifica-
tion of those patients with severe discogenic pain.

If one considers discography to be a form of pres-
sure pain threshold (PPT), then one would expect both
normal and abnormal discs to produce pain. All tissues
can evoke pain if exposed to sufficiently high pressures.
In this scenario, one cannot arbitrarily decide between

a true-positive versus a false-positive, in an a priori
fashion; in a symptomatic low back pain population,
we cannot define false-positive rates based on pain
provocation in an asymptomatic population. Rather,
to define normality, one would have to tabulate PPTs
in a large population-based fashion. One example, as
suggested by O’Neill and Kurgansky (113) would be
to plot the number of individuals (y-axis) versus PPTs
(x-axis). This method could be applied prospectively to
an asymptomatic population with normal psychologi-
cal profiles, an asymptomatic population with abnor-
mal psychological profiles, an asymptomatic popula-
tion with chronic non-spinal pain, and a symptomatic
spinal pain population. Based on these population dis-
tributions, one could then define the probability of a
true- or false-positive in an individual patient. Similar
strategies are used in screening mothers during their
first trimester, the triple screen, to determine their risk
of delivering a baby with Down’s syndrome (143,144).

We can extend this concept further. We could
define discography results as numerical values rather
than as a binary, positive or negative, result. In other
words, if discography results were reported in terms
of PPTs, the sensitivity and specificity would change
at different PPT cutoffs. Then, the sensitivity (y-axis)
could be plotted versus 1-specificity (x-axis) by using
the results obtained at different PPT cutoffs. This will
define a receiver operator characteristic (ROC) curve,
which is an effective method for evaluating the qual-
ity of a diagnostic test (145-147). If the ROC curve
passes upwards to the left, the diagnostic test is near-
ly perfect in distinguishing disease from no disease. If
the ROC curve is diagonal (45 degrees), the diagnos-
tic test’s ability to detect disease will equal that of an
educated guess -- a guess based on prevalence data
(143,145-147). ROC curves can be generated by using
prospectively collected pressure pain threshold data
from discography. Our 2005 systematic review recom-
mended ROC curves for discography (1). Only one pa-
per, thus far, has done this. Derby et al (77) used this
ROC curve to develop strict operational criteria for
defining a symptomatic disc. They correlated this in-
formation with abnormal disc morphology (75). When
paired together, the false positive rate could be sig-
nificantly reduced during the performance of discog-
raphy. Future discography studies should consider this
model and generate ROC curves, in order to validate
the findings by Derby et al (75-77).

In the article by Carragee et al (73) evaluating
low-pressure discography in patients without
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significant low back pain, it is worth noting that
this is a retrospective study evaluating data used in
3 prior studies. From these data, 69 volunteers in 4
study groups were defined. Only the 10 patients in
the first group were truly asymptomatic, without
LBP or any chronic pain condition. A second group
of 14 patients did not have LBP but did have some
other chronic pain condition. More significantly,
the third group consisted of 20 patients who had
undergone lumbar laminectomy previously but were
now pain free. The last group included 25 patients
with ongoing clinically insignificant backache. Thus,
45 of the 69 patients, or 65% of patients, had a pre-
existing condition of the lumbar spine, whether due
to prior surgery or backache. In contrast, in Derby’s
two articles that included asymptomatic subjects
(75,76), the asymptomatic individuals were without
present LBP problems and were allowed no more than
3 episodes of LBP in the previous year in 1 study (75)
and no more than 2 episodes of LBP in the previous
year in the second (76). Of interest is the fact that
none of the patients in the Carragee’s subgroup of
truly asymptomatic patients (Group One) had a low-
pressure positive discogram. The group with the
largest number of low-pressure positive discograms
was the second group with 5 of 14 subjects positive,
or 36%. The overall number of low-pressure positive
subjects was 17 of 69 patients or 25%. One can see that
the whole study group was not entirely asymptomatic.
The authors state that their findings continue to offer
support for the conclusion that subjects with neither
LBP, a chronic pain state, nor previous surgery have
a low risk for low-pressure painful injections. Despite
their conclusions, the authors’ data suggest that truly
asymptomatic patients (and discs) are at a negligible
risk for discography-induced pain, at low pressures.
Nonetheless, they estimate the risk of false-positives in
this group at approximately 25%. This is much higher
than the 10% or less false-positive rate that Derby
suggests is attainable when strict pressure and pain
score criteria are used (75). These criteria are listed
above in the Results section (75).

In the absence of population-based data, the abil-
ity of discography to provoke pain should not be sur-
prising. The more difficult questions are: 1) whether
discography can select patients for treatment?; 2)
whether discography can predict outcomes following

surgical and non-surgical treatments?; and 3) whether
symptomatic internal disc disruption exists, as a dis-
crete anatomid/structural entity, in isolation from pe-
ripheral and central pain processes?

Future research is needed that investigates the
precise mechanisms of how discography induces pain
and how this correlates with functional activities. Also
needed is external validation, not based on subjective
pain assessments, of the ability of discography to pre-
cisely identify the disc as the pain generator. In those
patients with chronic spinal pain, perhaps advances
in functional imaging, pain processing neurobiology,
and clinical biomarkers can complement discography,
in ascertaining the relative contribution of the IVD to
pain. Lastly, population-based data on intradiscal pres-
sure pain thresholds, both in asymptomatic and symp-
tomatic patients, would enable practitioners to distin-
guish between true- and false-positives in individual
patients. Ideally, such pressure pain thresholds could
be used to generate a receiver operator characteris-
tic curve to better evaluate the diagnostic accuracy of
discography.

In the interim, questioning the validity of discog-
raphy warrants questioning the role of the interverte-
bral disc as a discrete pain generator, or more specifi-
cally, challenges the concept of symptomatic internal
disc disruption. If one considers discography to be a
useless test, then one may have to abandon the con-
cept of the IVD as a discrete pain generator and aban-
don the pursuit of intradiscal therapies, whether sur-
gical or non-surgical.

ConcLusIOnN

There is strong evidence for the utility of discog-
raphy as an IVD imaging tool. There is strong evidence
that intradiscal distention can produce pain. There is
strong evidence supporting the role of discography in
identifying patients with chronic lumbar discogenic
pain. There is moderate evidence supporting the role
of discography in identifying patients with chronic
cervical discogenic pain. There is limited evidence sup-
porting the role of discography in identifying patients
with chronic thoracic discogenic pain. The recent gen-
eration of a receiver operator characteristic curve for
discography should serve as a model for future discog-
raphy studies and may provide a practical tool for dis-
cographers.
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