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Background: The intervertebral disc 
has been implicated as an etiology of chron-
ic spine pain based on clinical, basic science, 
and epidemiological research. Unfortunately, 
there is no way to determine with absolute 
certainty whether or not the disc is a spinal 
pain generator. Recent advances in the neu-
robiology of pain processing further under-
score the possibility that we may never know 
the source of a patient’s pain. At our current 
level of understanding, from an empirical 
standpoint, discography is thought of as the 
best tool to evaluate disc-related pain. 

Study Design: A systematic review
Objectives: To systematically assess 

the quality of clinical studies evaluating the 
diagnostic accuracy of discography with re-

spect to chronic spinal pain.
Methods: A systematic review of the 

literature was performed to assess the di-
agnostic accuracy of discography with re-
spect to chronic spinal pain. Study inclusion/
exclusion criteria were based on the mod-
ern practice of discography. Selected stud-
ies were then subjected to two rating instru-
ments for diagnostic accuracy studies (AHRQ 
and QUADAS). Specifi c data were then culled 
from these studies and tabulated. Evidence 
was then classifi ed into fi ve levels: conclu-
sive, strong, moderate, limited, or indeter-
minate.

Results: Evidence is strong for the diag-
nostic 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 discogra-
phy 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 cervi-
cal discogenic pain. There is limited evidence 
supporting the role of discography in identi-
fying a subset of patients with thoracic dis-
cogenic pain. 

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

Keywords: Spinal pain, intervertebral 
disc, discography, pain generator, false-posi-
tives, diagnostic accuracy
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Discography was mainly used as an 
imaging tool, in the past (1-5) and is con-
sidered to be superior to radiographs, my-
elography, and CT-scanning, in imaging 
intervertertebral disc (IVD) morpholo-
gy (6). Discography is comparable to MR 
imaging in detecting degenerative disc dis-
ease (DDD) but is inferior in detecting 
disc protrusions (HNP) (7-11). The ability 
of discography to image the IVD has been 
validated by direct cadaveric and intra-op-
erative examinations (12-16) and may be 
improved by using thin slice CT-scanning 
(6, 9, 17-21). Some authors tout the mer-
its of knowing about IVD morphology via 

discography (17).
Nonetheless, concerns about inva-

siveness, radiation exposure, infectious 
risk, and the routine availability of CT/
MR imaging have minimized the role of 
discography, as an imaging only tool (22). 
Furthermore, knowing IVD morphology, 
in isolation, may not be useful. DDD oc-
curs due to age-related and genetic factors 
(23-26) and occurs with a similar frequen-
cy in symptomatic and asymptomatic pa-
tients (7). DDD is not necessarily painful 
and even then, the pain may be dissimilar 
(27). Although some authors (28) report 
increased pain with DDD, careful inspec-
tion of their data demonstrates that con-
cordant pain occurs in a small fraction of 
patients. Conversely, DDD will not pre-
dict whether a disc is painful in a particu-
lar patient (28). In the case of annular dis-
ruption, the side of annular tear may not 
correspond to the side of a patient’s pain 
(29). Discograms do not image pain and 
hence, do not provide insight into which 
neural pathways mediate discogenic pain 
(30-35). IVD morphology should not 
change within a short interval, but disco-
graphic images may change, after only two 
weeks − technical errors account for only 

a small portion of these changes (36). 
Whereas discographic imaging alone 

may not be useful, pain provocation in 
combination with real time imaging 
may be useful. Pain provocation, actually, 
dominates modern discographic practice 
and is used clinically. An integrative 
imaging approach, which incorporates 
provocative discography, may best select 
patients for intradiscal therapies (37-40).

So why perform a systematic review 
of discography? Systematic reviews of di-
agnostic test studies aim to identify and 
evaluate peer-reviewed medical research 
pertaining to diagnostic test accuracy. The 
quality assessment of diagnostic accuracy 
studies differs from that of standard inter-
vention studies. To measure diagnostic ac-
curacy, 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. This 
systematic review evaluates those studies 
that specifically examine the ability of dis-
cography, as a pain-provoking and imag-
ing tool, to diagnose discogenic pain. This 
systematic review was performed to deter-
mine whether discography is a useful test 
in the diagnostic evaluation of patients 
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with chronic spinal pain.

METHODS

Inclusion Criteria

Types of Studies
Clinical studies, in which, discogra-

phy was part of the study design and anal-
ysis were included. Randomized 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 contingency 
tables or data that compared pain provo-
cation to IVD imaging. 

Types of Participants
Asymptomatic volunteers or symp-

tomatic patients with chronic spinal pain 
were included. Patients may or may not 
have undergone prior surgery.

Types of Interventions 
Discography, whether alone or in 

combination with other diagnostic tests, 
should be described clearly. At a mini-
mum, pain provocation should be report-
ed as no pain, dissimilar pain, or familiar/
exact pain. Disc architecture should be re-
ported in terms of disc morphology. Post-
discography image validation with CT 
scanning or MR imaging was not man-
datory (20, 41). The assessment of pain 
provocation and disc architecture should 
occur simultaneously. Non-ionic, water-
soluble contrast media should be used. 
Ionic or oil-based dyes are hazardous, ir-
ritate discs, and are no longer in routine 
use (42).

Exclusion Criteria

Types of studies
Non-clinical studies, technical pa-

pers, expert opinion, review articles, and 
single case reports were excluded. Also ex-
cluded were clinical studies that used dis-
cography 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 (18,19,43): (1) the 
absence of ethical barriers, i.e., discogra-
phy performed on unwilling or vulner-
able participants; (2) the absence of real 
time pain/architecture assessment − seri-
al radiographs used instead of fluorosco-
py; (3) the absence of systematic data re-

Domain# Elements*

Study Population • Subjects similar to populations in which the test would be 
used and with a similar spectrum of disease

Adequate Description of Test • Details of test and its administration suffi cient to allow 
for replication of study 

Appropriate Reference 
Standard

• Appropriate reference standard (“gold standard”) used for 
comparison

• Reference standard reproducible 

Blinded Comparison of Test 
and Reference 

• Evaluation of test without knowledge of disease status, if 
possible

• Independent, blind interpretation of test and reference 

Avoidance of Verifi cation 
Bias

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

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

# 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. 44

Item

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

2. Were selection criteria clearly described?

3. Is the 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 not change between the two tests?

5.
Did the whole sample or a random selection of the sample, receive verifi cation 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 suffi cient detail to permit replication of 
the test?

9.
Was the execution of the reference standard described in suffi cient 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?

13. Were uninterpretable/intermediate test results reported?

14. Were withdrawals from the study explained?

Table 2. Items utilized for assessment of  quality of  individual articles of  
diagnostic studies by QUADAS tool

Adapted from ref. 45
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the study design; (3) the number of pa-
tients; (4) the discography technique; (5) 
the pain assessment; (6) the use of a con-
trol disc; (7) the use of an advanced imag-
ing tool, post-discography; (8) the use of 
discography as the criterion standard to 
study another imaging tool; (9) the pres-
ence of contingency tables or data to as-
sess sensitivity and specificity of the pain 
response for IVD morphology; and (10) 
the conclusions. 

Methodological Quality
The quality of each individual article 

was evaluated by the AHRQ (Table 1) and 
QUADAS (Table 2) rating scales (44-47). 
The AHRQ (5 points) and the QUADAS 
(14 points) are diagnostic study scoring 
instruments − their parameters are shown 
in Tables 1 and 2. We assigned pain provo-
cation to be the index test and IVD imag-
ing to be the gold standard. As described 
earlier, the validity of discography as an 
imaging tool has been investigated. The 
imaging information is important since 
treating an anatomically normal disc, irre-
spective of its ability to cause pain, seems 
unethical (7, 47). The validity of discogra-
phy as a pain assessment tool remains un-
answered. 

Studies were then scored according 
to the AHRQ and QUADAS rating in-
struments, with the foregoing assump-
tions in mind. For inclusion, the studies 
had to meet at least 50% of the points for 
each scale (i.e.,  three of five for the AHRQ 
or seven of 14 for the QUADAS); studies 
were excluded if their scores were  two of 
five for the AHRQ and six of 14 for the 
QUADAS. 

Strength of Evidence
The level of evidence was evaluated 

as shown in Table 3. 

RESULTS

Literature Search
The database search yielded 3,036 ar-

ticles. Based on title alone, 2,439 could be 
excluded − 607 abstracts were further re-
viewed. Of these, 431 were not relevant to 
the study question. One hundred and sev-
enty-six full text journal articles were re-
quested and reviewed. Ninety-four articles 
failed to meet the inclusion criteria. Eighty-
two articles met the inclusion criteria, but 
after scoring with the AHRQ and QUA-
DAS rating instruments, 11 (7, 8, 48-55) 
were excluded and 71 qualified (Fig. 1). 

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

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

Level III 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); c) 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 one center or research group; or confl icting evidence with 
inconsistent fi ndings in multiple trials. 

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

Table 3. Designation of  levels of  evidence 

porting − results cannot be analyzed by 
reader; (4) the assessment of pain prov-
ocation alone or morphology alone; and 
(5) the use of oil based or ionic, high-os-
molar, 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-dis-
cogenic etiology were excluded. These ex-
clusions include, but are not limited to, 
spinal stenosis, radiculopathy, traumati-
cally or atraumatically induced fracture, 
instability, malignancy, myelopathy, infec-
tion, or systemic illness.

Search Strategy
Relevant clinical trials meeting the 

inclusion criteria for this review were 
identified in the following manner:

1.  A computerized database search was 
performed of PUBMED (1940s-De-
cember 31, 2004), CINAHL − Cu-
mulative Index to Nursing & Al-
lied Health Literature, EMBASE, 
and EBM − Evidence Based Medi-
cine Reviews (Cochrane Database 
and Cochrane Central Register of 
Controlled Trials). The following 
terms were used in the search: dis-

cogram, discography, intervertebral 
disc/diagnosis, intervertebral disc/
injection, and intervertebral disc/
pain. Boolean operators (AND/OR) 
and Boolean logic were used to opti-
mize the search. Mesh headings were 
also used. A second iteration using 
the Mesh terms was used: Interverte-
bral Disk Displacement/radiography, 
Intervertebral Disk Displacement/
surgery, Injections, Spinal, and Sensi-
tivity and Specificity, at the exclusion 
of the previous search strategy and at 
the exclusion of the terms, intrathe-
cal and epidural. Limits (Adults, Hu-
man) were applied.

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

3.  Only English language articles were 
reviewed

Method of Review
From the computerized database 

search, individual citations, containing 
the author, title, keywords, and abstract, 
were printed. Citations were reviewed 
for exclusion criteria and if none were 
found, the journal article was obtained. 
Three physicians reviewed these articles. 
The articles were then tabulated based 
on: (1) the methodological quality; (2) 
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Methodological Quality
There was one prospective, random-

ized, and controlled study. There were 
two randomized and prospective studies. 
There were seven prospective, controlled 
studies. There was one prospective, blind-
ed study. There were 32 prospective stud-
ies. There were 27 retrospective studies. 
There was one paper that was both ret-
rospective and prospective. There were no 
double blinded, randomized controlled 
studies. There were nine papers pertain-
ing to cervical discography, two pertain-
ing to thoracic discography, and 60 per-
taining to lumbar discography. Additional 
data are tabulated in Table 4.

The findings of the 71 selected arti-
cles (6, 13, 16, 17, 20-22, 27, 28, 42, 47, 56-
85, 87-102, 104, 105, 107-118) are sum-
marized below. 

In patients with negative post-my-
elography CT scans, Abdelwahab and 
Gould (13) reported that lumbar disco-
graphic imaging was normal; only two 
patients reported discordant pain, but 
otherwise the intradiscal injections were 
painless. 

Annitta-Poika et al (6) reported that 

exact reproduction of pain was more like-
ly in ruptured or fissured discs and less 
likely in degenerative discs; based on the 
Adam’s classification, the sensitivity and 
specificity of IVD morphology was 81% 
and 64% respectively for pain. CT scan-
ning post-discography provided minimal 
additional information.

Aprill and Bogduk (56) reported that 
a high intensity zone correlates signifi-
cantly with the presence of a high grade 
annular disruption − a radial tear that ex-
tends to the outer annulus and circumfer-
entially spreads − and with concordant 
pain provocation. The positive predictive 
value of a high intensity zone for internal 
disc disruption is 86%.

Bernard (17) prospectively studied 
patients undergoing lumbar discography 
followed by CT. In 93% of patients, new 
information was obtained over prior CT 
or MR imaging and patient management 
was altered. The author supports the diag-
nostic utility of lumbar discography. 

Block et al (22) determined that dis-
cographic pain reports are related to an-
atomic abnormalities, but are also influ-
enced by personality. Patients with elevat-

ed Minnesota Multiphasic Personality In-
ventory (MMPI) hysteria, hypochondria-
sis, and depression scores, may over report 
pain. In particular, patients that reported 
pain in a non-disrupted disc were more 
likely to test high on these MMPI scales.

Bogduk and Aprill (57) reported 
that the prevalence of concomitant cervi-
cal discogenic and cervical facet pain was 
41% in patients with post-traumatic neck 
pain. Cervical discogenic pain alone was 
prevalent in 20%, and cervical zygapoph-
yseal joint pain alone was prevalent in 
23%. The pain was neither discogenic nor 
facetogenic in 17%. Cervical discography 
and cervical facet blocks together should 
be used in the investigation of neck pain.

Braithwaite et al (58) demonstrated 
that Modic endplate changes on MR im-
aging are specific, but poorly sensitive for 
identifying painful discs on discography. 
The sensitivity, specificity, positive predic-
tive value, and negative predictive value of 
Modic endplate changes as a marker for a 
painful disc is 23.3%, 96.8%, 91.3%, and 
46.5%, respectively.

Carragee et al (59) performed a 
prospective controlled study on patients 
without low back pain who had under-
gone lumbar discography. They found 
that patients, with significant emotional 
and chronic pain problems, report signif-
icant back pain for at least one year after 
injection. Patients with outstanding dis-
ability claims account for more than 80% 
of those with persistent pain following 
discography. Patients with normal psy-
chometric test results had no reports of 
significant long-term back pain follow-
ing discography.

Carragee et al (60) performed a pro-
spective controlled, longitudinal study on 
50 subjects without low back pain who 
had undergone lumbar discography. A 
painful disc injection, independent of 
psychological profile, did not predict low 
back pain at the four-year follow-up. In 
this asymptomatic group, annular fis-
sures, via discography and high intensity 
zones (HIZ), via MR imaging, were only 
weakly associated with a cumulative inci-
dence of low back pain. Future back pain 
correlated with abnormal psychometric 
profiles, medication usage, chronic neck 
pain, and work loss. 

In a prospective, controlled study, 
Carragee et al (61) performed lumbar 
discography in patients with mild per-
sistent low back pain. In the group with 
mild back pain, 36% had significant, con-

677 
abstracts reviewed

176
 journal articles 

reviewed

82 articles
 selected for scoring

71 included in 
systematic review

94
excluded

11 excluded 
due to low scores

Fig. 1. Systematic review fl ow sheet
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cordant pain reproduced during discog-
raphy; in contrast, 73% of the patients 
with chronic low back pain had at least 
one positive disc injection. Since mild 
low back pain is “clinically insignificant”, 
a positive disc injection in these patients 
should be false positive. Based on preva-
lence estimates of mild low back pain and 
chronic low back pain in an unselected 
back pain population, Carragee estimated 
the specificity of discography to be 74% 
and the positive predictive value to be 
31%. Even if a strict, low-pressure criteri-
on is applied, the rate of positive discogra-
phy in the mild low back pain group was 
28% versus 27% in the chronic low back 
pain group. If patients with chronic low 
back pain are assumed to have had earlier 
episodes of mild low back pain, then there 
is a 30%-50% chance of having a positive 
concordant discogram prior to the devel-
opment of serious low back pain illness. 
This implies that chronic low back pain 
illness may have nothing to do with a dis-
cogenic process, per se. 

Carragee et al (62) performed dis-
cography in patients with and without 
low back pain following laminotomy/
discectomy. In this prospective observa-
tional study, a high percentage (40%) of 
asymptomatic patients with normal psy-
chometric testing reported significant 
pain on injection. Symptomatic patients 
had a rate of 63%, but this higher rate 
may have been partly related to psycho-
logical and chronic pain issues. 

Carragee et al (63) performed dis-
cography in eight patients without a his-
tory of low back pain, all of whom under-
went iliac crest harvesting for non lumbar 
procedures. In this prospective study, 50% 
of the volunteers reported usual and or-
dinary pain from their iliac crest harvest 
sites; the paper raised doubts about a pa-
tient’s ability to differentiate spinal from 
non-spinal pain. Notably, the presence of 
an annular disruption predicted concor-
dant pain reproduction. There are two ca-
veats about this paper: (1) incisions can 
induce central facilitation/dorsal horn 
activation/secondary hyperalgesia (64); 
and (2) posterior iliac crest harvest sites, 
along with lower lumbar discs, will send 
afferent input to the upper lumbar and 
lower thoracic dorsal root ganglia (34, 
35, 65). Albeit speculative, discography 
may experimentally induce pain that is 
referred to the iliac crest harvest site and 
hence, affect a patient’s ability to differen-
tiate between spinal and non-spinal pain.

Carragee et al (66) prospectively per-
formed lumbar discography on 26 indi-
viduals, who had no history of low back 
pain. In the asymptomatic, chronic cer-
vical pain, and somatoform disorder 
groups, positive disc injections occurred 
in 10%, 40%, and 83% of patients, respec-
tively. The false-positive rate of discogra-
phy may be reduced if selected patients 
have normal psychometric profiles and 
do not have chronic pain. Annular dis-
ruption was associated with pain provo-
cation. Curiously, control levels could be 
obtained in all patients and radiologically 
normal discs were typically painless. Spe-
cifically, patients with somatoform disor-
der could discriminate between painful 
and non-painful discs and could tolerate 
the procedure without sedation. 

Carragee et al (67) performed a pro-
spective, observational study of patients 
with and without low back pain to in-
vestigate the relevance of the high inten-
sity zone to discographic pain provoca-
tion. The HIZ prevalence in the asymp-
tomatic group was 24% and in the symp-
tomatic group, 59%. In the asymptomatic 
group, 69.2% of the discs with a HIZ were 
painful, compared to 10% without a HIZ. 
In the symptomatic group 72.7% of the 
discs with a HIZ were painful, compared 
to 38.2% of the discs without a HIZ. The 
authors concluded that the prevalence of 
the HIZ, in asymptomatic patients, is too 
high for the HIZ to be a reliable marker of 
symptomatic internal disc disruption.

Over a three-year period, Cohen et al 
(68) conducted a retrospective review of 
patients with chronic low back pain. The 
prevalence of discogenic pain in this pop-
ulation was 65%, irrespective of whether 
the patients had prior back surgery. Nee-
dle insertion site does not affect the per-
centage of positive discogram results.

Colhoun et al (69) determined that 
lumbar discography has a sensitivity of 
90.3% and a false-negative rate of 9.7%, 
when surgical outcomes are used as the 
criterion standard. Pain provocation was 
most common with posterior annular 
tears. Outcome was 89% in those patients 
selected by provocative discography, com-
pared to those 52% for those selected by 
noninvasive imaging.

Collins et al (70) determined that 
the correlation between MR imaging and 
discography in the evaluation of lumbar 
DDD was 89.5%. No specific features on 
MRI, except annular bulging, could prog-
nosticate outcomes following posterior 

spinal fusion. In patients selected by dis-
cography, nine of 12 patients improved 
with surgery.

Connor and Daren (71) conclud-
ed that cervical discography did not pro-
vide sufficient clinical utility to justify the 
potential risks and complications. In their 
retrospective review of 31 patients, 26 
patients had concordant symptoms. Of 
these, 10 had excellent/good outcomes 
and 12 had fair/poor results.

Derby et al (72) concluded that pa-
tients with “chemically sensitized” discs 
had significantly better outcomes follow-
ing interbody/combined fusion versus 
posterolateral fusions. “Chemically sen-
sitized” refers to those discs wherein the 
static pressure, above opening static pres-
sure, provokes familiar pain at less than 15 
pounds per square inch (psi). Based on 
earlier disco manometry data, the authors 
suggest that reproduction of concordant 
pain at these low pressures is unlikely to 
represent physiological loads. The authors 
speculated that these discs represent path-
ological discs that have undergone in-
flammatory sensitization of their annu-
lar nociceptors.

Donelson et al (73) determined that 
McKenzie pain centralization assessments 
may reliably differentiate discogenic from 
non-discogenic pain and competent from 
incompetent annuli. Repeated end-range 
assessments may provide more relevant 
information than non-invasive imaging 
tests in identifying patients with disco-
genic pain. 

Gill and Blumenthal (47) demon-
strated that only 50% of patients with 
discographically positive inner-annular 
tears, but normal MR imaging, improve 
after anterior lumbar interbody fusion. 
Seventy-five percent of patients with an-
nular tears that extend to the periphery 
or epidural space demonstrate function-
al improvement. This raises doubts about 
treating concordantly painful, but mor-
phologically normal discs.

Grubb and Kelly (42) concluded that 
cervical discography is a safe and valu-
able technique. Discography should be 
performed in patients with chronic neck 
pain prior to surgical intervention; all ac-
cessible discs must be investigated. More 
than half the patients in their series had 
concordant pain provocation at three or 
more levels. Given the prevalence of mul-
tilevel, painful discs, only 10% of the au-
thors’ patients underwent surgery follow-
ing discography. The authors believed that 
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Cervical Spine

Grubb and Kelly (42) 4/5 9/14 R 173 RAO Y Y Y N Y

Bogduk and Aprill (57) 4/5 11/14 R 56   RAO Y N N N N

Connor and Darden (71) 3/5 10/14 R 31 RAO Y U N N N

Motimaya et al (85) 3/5 7/14 R 16 / 46 LAO Y U N N N

Parfenchuck and Janssen 
(93)

4/5 11/14 P 52 UAO Y U Y N Y

Schellhas et al (100) 3/5 11/14 P 10 Asx / 10 Sx RAO Y Y Y/N N Y

Schellhas et al (101) 4/5 11/14 R, P 40 RAO Y Y N N N

Siebenrock and Aebi 
(106)

4/5 11/14 R 27 / 39 L/RAO Y N N N N

Zheng et al (122) 4/5 11/14 R 55 / 161 RAO Y U Y Y Y

Thoracic Spine

Wood et al (120) 4/5 11/14 P, CC 10 Asx/10 Sx E Y Y N Y Y

Schellhas et al (102) 4/5 11/14 R 100 E Y Y Y/N N N

Lumbar Spine

Abdelwahab et al (13) 3/5 7/14 R 15 E/I Y N N Y N

Antti-Poika et al (6) 4/5 11/14 P 100 E Y U Y N Y

Aprill and Bogduk (56) 4/5 11/14 P 41 E Y Y Y Y Y

Bernard (17) 4/5 11/14 P 250 E Y N Y Y N

Block et al (22) 4/5 11/14 P 72 E Y Y Y Y Y

Braithwaite et al (58) 4/5 11/14 R 58 E Y Y Y Y Y

Carragee et al (59) 4/5 12/14 P/ C 26 Asx / 6 Sx E
N-inten-
sity only

N N N N

Carragee et al (60) 5/5 12/14 P/ C
46 disco/ 

49 no disco
E

N-inten-
sity only

N N N N

Carragee et al (61) 4/5 11/14 P/ C
25 mild LBP

52 severe LBP
E Y Y N N Y

Carragee et al (62) 4/5 11/14
P/ RA, 

C
20 Asx -27 Sx-

discectomy
E Y Y N N Y

Carragee et al (63) 3/5 10/14 P
8 Asx-iliac crest 

harvest
E Y N N N Y

Carragee et al (66) 3/5 10/14 P 26 Asx pts. E Y N N N Y

Carragee et al (67) 4/5 11/14 P/ C 42 Sx ;  52 Asx E Y Y
Y 31/
N 52 

N Y

Cohen et al (68) 4/5 10/14 R 127 E Y Y N N N

Colhoun et al (69) 3/5 11/14 R 195 E Y U N N N

Collins et al (70) 4/5 11/14 P
29

E Y U N Y N

Derby et al (72) 4/5 11/14 R 146 E Y U U N N

Donelson et al (73) 4/5 11/14 P 63 E Y Y Y Y N

Table 4. Characteristics of  articles included in systematic review

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

Table 4. Continued on next page 
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Gill and Blumenthal (47) 3/5 9/14 R 53 U Y U N N N

Greenspan et al (74) 4/5 11/14 P 32 / 78 I Y U Y N Y

Heggeness et al (75) 3/5 8/14 R 83 / 238 U Y U N N Y

Horton and Daftari (76) 4/5 11/14 P 25 / 63 E Y U N Y N

Ito et al (77) 5/5 12/14 P 39 / 101 E Y U Y Y Y

Lam et al (78) 5/5 11/14 P, B 73 E Y U N Y Y

Madan et al (79) 3/5 8/14 P, C 73 E Y U N N N

Maezawa et al (80) 4/5 10/14 R 523 / 1477 E Y U Y N Y

Manchikanti et al (81) 3/5 10/14 P, RA 50 E Y U N N N

Manchikanti et al (82) 3/5 8/14 P, RA 120 E Y Y N N N

McCutcheon et al (21) 4/5 11/14 R 22 E/I Y U Y Y N

McFadden (83) 4/5 11/14 P 200 E Y U Y N N

Milette et al (16) 4/5 12/14 R 58 I Y U Y/N Y Y

Milette et al (84) 4/5 11/14 P 17 I Y U N N N

Moneta et al (27) 4/5 9/14 R 306 / 833 E Y U Y Y Y

Ohnmeiss et al (86) 4/5 11/14 R 161 / 269 E Y N Y N N

Ohnmeiss et al (88) 4/5 11/14 P 170 E Y U Y N N

Ohnmeiss et al (89) 4/5 11/14 P 187 E Y U Y N Y

Ohnmeiss et al (90) 4/5 11/14 P 187 E Y U Y N Y

O’Neill et al (91) 4/5 11/14 R 253 / 838 E Y Y N N N

Osti (92) 4/5 11/14 P 33 / 114 E Y U N Y Y

Parker et al (94) 1/5 7/14 P 23 E Y Y N Y N

Ricketson et al (95) 4/5 11/14 P 29 E Y U Y Y Y

Sachs et al (20) 4/5 11/14 P 59 E Y U Y N Y

Saiffudin et al (96) 4/5 11/14 R 58 / 152 E Y U N Y Y

Saiffudin et al (97) 4/5 11/14 R 99 / 260 E Y U N N Y

Schechter et al (98) 3/5 8/14 R 20 / 32 U Y N N N N

Schellhas et al (99) 4/5 11/14 R 63 E/I Y Y Y/N Y N

Schwarzer et al (103) 4/5 11/14 P 92 / 255 E Y Y Y N Y

Schwarzer et al (104) 4/5 11/14 P 92 E Y Y Y N N

Simmons et al (110) 4/5 11/14 P 164 E Y U N Y Y

Smith et al (112) 4/5 11/14 R 72 E Y U Y Y Y

Smith et al (113) 3/5 11/14 R 36 E Y U N N N

Vanharanta et al (114) 4/5 11/14 P 291 / 790 E Y Y Y Y Y

Vanharanta et al (28) 4/5 11/14 P 91 / 290 E Y Y Y Y Y

Vanharanta et al (115) 4/5 11/14 P 107 E Y Y Y Y Y

Vanaharanta et al (116) 4/5 11/14 P 300 / 816 E Y Y Y Y Y

Weishaupt et al (117) 4/5 11/14 P 50 / 122 E Y N N Y Y

Walsh et al (118) 5/5 13/14 P 10Asx/ 7 Sx E Y Y N N Y

Wetzel et al (119) 4/5 11/14 R 48 E Y N N N Y

Yrjama et al (121) 3/5 8/14 P 38 U Y Y N Y Y

Zucherman et al (123) 3/5 9/14 R 18 U Y Y Y Y N

Table 4. Continued from previous page
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investigating fewer levels on discography 
could lead to errors in surgical decision-
making.

Greenspan et al (74) demonstrated 
that CT-discography was more successful 
than MRI in staging disc pathology. This 
implies that discography should be used 
as a confirmatory test, but not as a screen-
ing test. An MRI can be used as a screening 
test. Although this paper claimed to study 
patients with disc protrusions (HNP), 
careful review of their materials and 
methods sections suggested that these pa-
tients had chronic low back and leg pain. 
Furthermore, these patients were contem-
plating elective spine surgery and did not 
present with radiculopathy or radicular 
pain. Hence, we included this paper.

Heggeness et al (75) performed dis-
cography on patients who underwent 
laminectomy and partial discectomy. Sev-
enty-two percent of operated discs were 
concordantly painful, as compared to 
38% of non-operated discs. Thirty-four 
percent of the operated discs leaked dye 
posteriorly, as compared to 21% of the 
non-operated discs.

Horton and Daftari (76) concluded 
that the vast majority of relatively normal 
appearing discs on T2-weighted MRIs 
(white/bulged, white/flat) appear nor-
mal or do not provoke pain during dis-
cography: normal discs negatively corre-
late with discogenic pain. Conversely, sin-
gle level abnormalities on MRI, such as 
a dark/torn disc, are useful in predicting 
discogenic pain. If the MRI demonstrates 
an intra-annular cleft, speckled and dark/
bulging discs, or multilevel disc abnor-
malities, then discography is indicated for 
diagnosis and surgical planning.

Ito et al (77) noted that radial tears 
are commonly found on MRI, but have a 
low correlation with concordant pain re-
production. Combined tears (posterior 
radial + concentric tears) represent the 
high intensity zone that is seen on lum-
bar spine MRIs. Discography is more ac-
curate than MRIs in detecting outer an-
nular disruptions. MR imaging identifi-
cation of combined tears, severe disc de-
hydration, and severe disc narrowing/
massive disc degeneration are good pre-
dictors of concordant pain during discog-
raphy. Moderate disc dehydration and loss 
of disc height are not good predictors of 
concordant pain. 

Lam et al (78) demonstrated that 
HIZs have a sensitivity, specificity, and 
positive predictive value for pain provoca-

tion of 81%, 79%, and 87%. The HIZ may 
represent painful internal disc disruption.

Madan et al (79) concluded that pa-
tients selected for circumferential (360°) 
lumbar fusion by discography (Group B), 
did as well as those not undergoing dis-
cography (Group A). They concluded that 
provocative discography is not needed 
to select patients for spinal fusion. Care-
ful examination of their paper reveals 
that a higher percentage of Group A pa-
tients (65.8%), as compared to Group B 
(43.7%), had high grade degenerative 
changes on MRI: sequestered hernia-
tions, intervertebral instability, listhesis, 
or  >50% loss of disc height. Additionally, 
in Group A there was an increased preva-
lence of Modic endplate changes as com-
pared to Group B. Given the presence of 
this selection bias, the author’s conclu-
sions may be challenged.

Maezawa and Muro (80) demon-
strated that pain provocation ratios were 
extremely low in patients with Dallas 
Discogram Description grade 0 annu-
lar degeneration. In patients with Grade 
1, Grade 2, and Grade 3 annular degen-
eration, concordant pain was more like-
ly than discordant pain to be reproduced 
during discography. The discrepancy be-
tween concordant pain ratios and discor-
dant pain ratios tended to decrease, how-
ever, with Grade 3 annular degeneration. 
Grade 0 annular tears were not likely to 
be associated with pain, but Grade 3 an-
nular tears were. The rate of discordant 
and concordant pain responses rose in re-
lation to the annular tear grade. Howev-
er, the rate of concordant pain responses 
outpaced discordant pain responses with 
progressive annular tear grade. Despite 
the author’s conclusions that pain provo-
cation ratios bear little relation to annu-
lar degeneration and annular tears, their 
reported data don’t support their con-
clusions.

Manchikanti et al (81) demonstrat-
ed that provocative discography can pro-
duce similar results in patients with and 
without somatization disorder, with and 
without depression, and with and with-
out generalized anxiety disorder. This im-
plies that psychological factors do not im-
pair a patient’s ability to report pain dur-
ing discography.

Using diagnostic spinal injections, 
Manchikanti et al (82) studied the rela-
tive contributions of various structures in 
the low back. Of those patients with tru-
ly negative and falsely positive facet joint 

pain, 43% reported concordant discogen-
ic pain. 

McCutcheon and Thompson (21) 
were the first to report CT scanning, post 
discography. Discography reproduced 
symptoms in 77% of patients with intrac-
table low back pain for whom physical ex-
amination, EMGs, CTs, and metrizamide 
myelography were negative. The direction 
of intradiscal contrast dispersion corre-
sponded to usual pain in 73% of patients. 
Outer annular tears were present in 82% 
of patients.

McFadden (83) reported rates of 
100% and 46% respectively for back and 
leg pain reproduction in patients with 
chronic low back pain that underwent 
lumbar discography. Reproduction of leg 
pain was more likely to occur during dis-
cography in those patients experiencing 
>50% of their average daily pain just pri-
or to discography.

Millette et al (16) concluded that disc 
height loss, decreased central disc inten-
sity, and the HIZ, on MR imaging, highly 
predict symptomatic outer annular tears. 
With respect to the degree of disc degen-
eration, extent of disruption, or the pres-
ence of discogenic pain, there was no sig-
nificant difference between disc protru-
sions, disc bulges, and discs with normal 
contours, but abnormal signal. Hence, 
classifying disc pathology based on the 
Disc Extension Beyond the Interspace 
(DEBIT) model (i.e., normal, bulging, 
protruded, or extruded) is not useful for 
discogenic pain; this classification system 
does not provide significant discrimina-
tive information to the reader in terms of 
identifying discogenic pain.

Using strict inclusion criteria, Mil-
lette et al (84) identified 33 patients who 
had concordant reproduction of single 
level back and leg pain following discog-
raphy. Intradiscal lidocaine was instilled, 
but was successful in only 17 patients. A 
75%-100% reduction of leg pain (16 of 
17) and back pain (13 of 17) occurred. 
Discography may reproduce leg pain, 
which is referred from the disc and not 
due to iatrogenic nerve injury.

Moneta et al (27) noted that only 
outer annular tears predicted similar or 
exact reproduction of a patient’s pain. 
Grade 2 and 3 annular tears had an odds 
ratio of 51.2 and 126.8 for reproducing 
exact pain, as compared to no pain or 
“just pressure.” Generalized disc degen-
eration was only able to predict dissimilar 
pain. Gender, age, and spinal level had no 
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affect on these conclusions. These results 
agree with the data from Maezawa (80). 

Motimaya et al (85) demonstrat-
ed that 14 of 16 patients who underwent 
discography had good or excellent results 
following anterior cervical discectomy 
and fusion. They concluded that cervi-
cal discography might help localize symp-
tomatic levels in patients with intractable 
neck pain and indeterminate non-invasive 
imaging studies.

Ohnmeiss et al (86) demonstrat-
ed, during cervical discography, a signif-
icant relationship between IVD morphol-
ogy and pain provocation. Among nor-
mal appearing discs, concordant pain was 
provoked in 14.3% and among abnormal 
discs, concordant pain was provoked in 
77.8%. Abnormal discs are those with dis-
ruption or disruption/extravasation. Pain-
less, but abnormal appearing discs tended 
to be associated with older patients. 

Pain drawings can be scored by a sys-
tem developed by Ransford (87); these 
scores can predict how the majority of pa-
tients test on the hysteria and hypochon-
driasis scales of the Minnesota Multipha-
sic Personality Inventory (87). According 
to Ohnmeiss et al (88), there is good in-
tra-rater reliability in using the Ransford 
system to score pain drawings as abnor-
mal or normal. Ohnmeiss et al (88) dem-
onstrated a relationship between pain 
drawings and lumbar CT-discography, 
in which a false positive discogram is de-
fined as similar or exact pain provocation 
in a non-disrupted disc. The false-positive 
rate in patients with normal pain draw-
ings is 12.3%, compared to 50% for those 
with abnormal pain drawings. In patients 
with normal pain drawings, 6.4% report 
pain at all three levels and 24.8% at no lev-
el. In patients with abnormal pain draw-
ings, 24.4% report pain at all three lev-
els and 11.1% at no level. The specifici-
ty, sensitivity, and accuracy of pain draw-
ings in identifying patients with false-pos-
itive pain reports during discography are 
83.6%, 58.1%, and 78.0%. In contrast to 
Carragee’s (63) paper, Ohnmeiss’s paper 
supports the ability of patients during dis-
cography to recall and compare their base-
line to provoked pain. In fact, patients in 
Ohnmeiss’s group were, in effect, “blind-
ed” to the etiology of their pain. Some pa-
tients had non-dermatomal pain draw-
ings, but by their willingness to undergo 
discography, one can assume that these 
patients did not have insight into the 
physiology/etiology of discogenic pain. 

In Carragee’s (63) paper, patients experi-
enced pain following iliac crest harvesting, 
and prior to discography knew the etiolo-
gy of their pain. 

Ohnmeiss et al (89,) in a study simi-
lar to their earlier study (87) further stud-
ied those patients with normal and abnor-
mal pain drawings. Normal pain drawings 
were significantly related to painful, dis-
rupted lumbar discs, particularly when 
a single disc level was involved. Surpris-
ingly, 58.3% of patients with pain draw-
ings confined to their low back and but-
tocks did not have disc pathology. If there 
was pain in the posterior, but not anteri-
or thigh or leg, more than 75% of these 
patients had a positive L5-S1 disc. In pa-
tients with anterior thigh pain and with/
without posterior thigh/leg pain, the L4-
5 disc was involved (>63%). In patients 
with exclusively anterior leg pain, the L3-
4 disc was primarily involved (71.4%). In 
patients with abnormal pain drawings 
there was no relationship between disc 
pathology and pain location.

In Ohnmeiss et al (90), outer annu-
lar disc disruption that did not deform the 
outer annular wall was as frequently asso-
ciated with lower extremity pain as were 
discs with severe disruption and outer an-
nular wall deformation. This paper lends 
support to Milette’s (16) argument that 
the DEBIT classification is clinically not 
very useful for lumbar discogenic pain. 
Patients with grade 2 disruptions were 
more likely to report aching pain than 
were patients with grade 3 disruptions. 
Since grade 2 and 3 disruptions both pro-
duce distal lower extremity pain, this re-
port corroborates the findings of O’Neill 
(51): lower extremity pain may be referred 
from the disc, in the absence of frank neu-
ral compression. In patients presenting 
with lower extremity pain, 81.7% had 
symptomatic disc disruptions. In patients 
with pain radiating below the knee, 84.1% 
had symptomatic disc disruptions. In pa-
tients whose pain was confined to the low 
back or buttocks, 41.7% had symptomatic 
disc disruptions.

O’Neill and Kurgansky (91) used an 
analytical model to calculate the false-
positive rate of a painful lumbar disc 
during pressure controlled discography. 
Their data, from a group of symptom-
atic low back pain patients, were com-
pared to an asymptomatic low back pain 
group, culled from Carragee et al (61-66). 
All positive discs from Carragee’s groups 
were considered to be false-positive. Two 

hundred fifty-three patients had at least 
one concordantly painful disc and one 
pain free control. In all, there were 441 
concordantly painful and morphological-
ly abnormal discs. A histogram of number 
of discs versus distention pressures (pain 
thresholds) was generated. Fifty-one discs 
were painful upon the immediate delivery 
of contrast; these were classified as con-
tact-sensitive discs, because they had dis-
tention pressure of zero. The remaining 
discs were classified as pressure-sensitive 
discs, with a distention pressure that was 
≥1. This group had a mean pain thresh-
old of 19.8 psi with standard deviation 
of 15 psi. However, there were two peaks 
in the histogram, one at 8 psi and anoth-
er at 30 psi. This suggested that the his-
togram could be a composite of two dis-
tributions: One group that was minimal-
ly sensitive to pressure; and another group 
that was moderately sensitive to pressure. 
The authors assumed minimally-sensitive 
discs to be false-positives. The disc fre-
quency-distention pressure distributions, 
from the asymptomatic and minimally-
sensitive groups, could both be modeled 
with gamma distributions. Hence, the au-
thors were able to estimate the false-pos-
itive rate at arbitrary distention pressure 
(pain threshold) cut-offs. At 50 psi, the 
false-positive rate was 100%. At 25 psi, the 
false- positive rate was 50% and at 14 psi, 
the false-positive rate was 10%. The false-
positive rate of discs with pain thresholds 
of less than 10 psi could not be calculated. 
For patients with pain thresholds less than 
10 psi, the authors deferred to the practi-
tioner’s clinical judgment.

Osti and Fraser (92) demonstrated 
that discography was more accurate than 
MR imaging in detecting annular pathol-
ogy. None of their discographically nor-
mal discs reproduced typical pain. Nine-
ty-two percent of discs (36 of 39) with 
typical pain reproduction demonstrated 
outer annular tears.

Parfenchuck and Janssen (93) dem-
onstrated that certain MRI patterns cor-
relate with positive, equivocal, or nega-
tive cervical discography. There was no 
relationship between pain response and 
morphology as seen on discography or 
CT-discography. Leakage of contrast oc-
curred in almost all discs irrespective of 
their ability to provoke pain. 

Parker et al (94) investigated the out-
come of posterolateral fusion in those pa-
tients selected by lumbar discography. 
Only 39% of patients had good outcomes 
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at an average of 47 months. Patients on 
worker’s compensation or on chronic dis-
ability tended to do poorly. Due to con-
cerns about operative complications, the 
authors questioned the merits of inter-
body fusion, irrespective of discograph-
ic findings. 

Ricketson et al (95) noted that HIZs 
are not necessarily associated with a con-
cordant pain response during lumbar dis-
cography. HIZs, however, were not seen in 
morphologically normal discs. The au-
thors noted a significant correlation be-
tween the grade of annular tear and a 
concordant pain response at the L3-4 and 
L4-5 levels, but not the L5-S1 levels. Re-
view of their data, however, demonstrates 
that 11 of 14 patients, with grade 3 annu-
lar tears at L5-S1, had concordant pain re-
production. None of the discs with grade 
0 annular tears had concordant pain re-
sponses.

Sachs et al (20) developed the Dal-
las Discogram Description for classifying 
low-back disorders, via CT-discography. 
The contrast-enhanced, axial view of the 
IVD was useful for imaging disc patholo-
gy. Of particular importance was the abil-
ity of CT-discography to distinguish be-
tween disc degeneration and annular dis-
ruption. The authors noted a correlation 
with disc degeneration severity and pain 
concordancy. A better correlation was 
demonstrated for annular disruption and 
pain concordancy.

Saiffudin et al (96), in contrast to 
Ricketson et al (95), noted that the HIZ is 
a marker of a painful annular tear. For di-
agnosing a concordantly painful, annular 
tear, the MRI sensitivity, specificity, posi-
tive predictive value, and negative predic-
tive value, were 26.7%, 95.2%, 88.9%, and 
47%, respectively. Notably, during discog-
raphy 43 discs had normal morphology 
and all were pain free. These discograph-
ically normal discs were normal on MRI. 
Out of 80 with posterior annular tears, 70 
had concordantly painful discograms. 

Saiffudin et al (97) demonstrat-
ed that pain experienced in the buttock, 
hip, groin, or lower limb can arise from 
the posterior annulus of the interverte-
bral disc without direct involvement of 
the nerve root. There was a significant as-
sociation between isolated posterior tears 
and the production of concordant pain 
in the back or legs. Isolated anterior an-
nular tears were not associated with pain 
radiation. With regard to the reproduc-
tion of radiating pain, there was no sig-

nificant difference between full and par-
tial thickness tears. These results support 
those of Ohnmeiss et al (90) and Milette 
et al (16). There was no significant rela-
tionship between level of discography and 
extent of radiation of pain. These results 
differ somewhat from Ohnmeiss et al (90) 
but both authors concur that radiating leg 
pain can occur in the absence of a com-
pressive disc lesion.

Schecter et al (98) retrospectively re-
viewed the outcomes of 25 patients with 
internal disc disruption, following sin-
gle-level, posterior lumbar interbody fu-
sion with autogenous, iliac crest bone 
grafts. Of these patients, 20 had pre-oper-
ative lumbar discography. Overall, 89% of 
the patients had an excellent or good out-
come. These results are better than the re-
sults of Parker et al (94) wherein the inter-
vertebral disc was not excised or fused.

Schellhas et al (99) performed lum-
bar discography in 63 patients, with a to-
tal of 100 HIZ discs on MRI. Eighty-seven 
of these proved to be concordantly pain-
ful. In these 63 patients, 67 control discs 
were studied. Sixty-five of the 67 discs 
were non-concordantly painful. In pa-
tients with symptomatic low back pain, 
the HIZ was shown to be a reliable marker 
of outer annular disruption.

Schellhas et al (100) performed four-
level cervical discography on 10 asymp-
tomatic volunteers and 10 patients with 
chronic neck/head pain. Based on MRI, 20 
discs were morphologically normal and 
20 were abnormal in the asymptomatic 
group. Based on discography, five were 
normal and 35 discs were abnormal in 
this asymptomatic group. Out of these 35 
discs, 17 demonstrated extraanular leak-
age. None of the discs were intensely pain-
ful: the average pain intensity was 2.42 out 
of 10. By definition, all painful discs were 
discordant. In the symptomatic group, 
based on MRI, 11 discs were normal and 
29 were abnormal. In this group, only one 
disc was discographically normal. The in-
tensity of provoked pain per disc level was 
high; the average pain intensity was 5.2 
out of 10. Often, due to provoked pain, 
the injection had to be terminated earli-
er than anticipated. Ten out of the 11 MRI 
normal discs demonstrated annular tears, 
of which two were painful. Overall, disco-
graphically normal cervical discs are pain-
less and intensely painful discs have tears 
in the inner and outer annulus.

Schellhas et al (101) performed up-
per cervical discography, C2-3, C3-4, and 

C4-5, on 40 patients with head/neck pain. 
Eighteen of these patients had reproduc-
tion of concordant craniovertebral pain 
during C2-3 injection, nine patients re-
ported neck pain, 19 patients report-
ed head pain, and four patients reported 
shoulder pain. Pre-procedure MRIs dem-
onstrated normal or mildly degenerative 
discs. All patients had fissuring of the C2-
3 disc. The authors demonstrated concor-
dant pain responses, particularly head-
ache, following C2-3 discography. Pain 
reproduction at C2-3, however, does not 
correspond to C2-3 discographic or MR 
morphology. Similar, but lesser, findings 
were noted at C3-4. Almost all the patients 
with C2-3 pain had multilevel symptom-
atic cervical disc disease and these patients 
were not deemed to be appropriate surgi-
cal candidates. Paradoxically, the authors 
noted that the majority of patients did 
well with upper cervical medial branch 
radiofrequency thermocoagulation. This 
raises an interesting question: Should sin-
gle level C2-3 provocative discography be 
used to exclude surgical candidates, rath-
er than performing C3-7 cervical discog-
raphy to select patients for surgery (42)? 
Similarly, this study raises doubts about 
cervical discs as isolated pain generators, 
such as: If a patient has concordant dis-
cogenic pain, but does well with therapies 
targeting a different pain generator (up-
per cervical medial branches), then an 
anatomical/structural model of cervical 
discogenic pain must be challenged.

Schellhas et al (102) concluded that 
thoracic discography could be performed 
safely. They performed thoracic discogra-
phy on 100 patients at one to eight levels. 
The results were presented in descriptive 
fashion. Pain was typically reproduced in 
the posterior thoracic spine. Extraspinal 
pain in the chest and abdomen was also 
reproduced, but not in isolation. The lo-
cation of the annular tears correlated with 
the location and type of pain. Overall, the 
authors noted that vertebral endplate ab-
normalities were painful approximately 
75% of the time. Pain concordancy, how-
ever, was poor at 50%. 

Schwarzer et al (103) performed 
lumbar discography and lumbar facet/
lumbar medial branch blocks on 92 con-
secutive patients with chronic low back 
pain. Forty-five patients (49%) had nei-
ther discogenic nor zygapophyseal joint 
pain; 33 patients (39%) only had lum-
bar discogenic pain; five patients (6%) 
had exclusively zygapophyseal joint pain; 
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three patients (3%) had both zygapophy-
seal and discogenic pain; and six patients 
were excluded from the analysis because 
they did not undergo confirmatory z-
joint blocks or discography. In this pop-
ulation, discogenic pain was more com-
mon than zygapophyseal joint pain, and 
both were unlikely to co-exist. The au-
thors challenged the concept that interre-
lated degenerative processes involving the 
three-joint complex produce symptoms at 
all three joints. 

Schwarzer et al (104) determined 
that the rate of internal disc disruption in 
a prospective group of chronic low back 
pain was 39%. Apparently, the patients 
in this paper are identical to previous-
ly reported patients (103) and the prev-
alence of discogenic pain was already re-
ported (103). The unique features of this 
paper were that the findings on history 
and physical exam bore no relationship 
to the presence or absence of discogenic 
pain. These findings included referral of 
pain to the leg. This paper did not evalu-
ate the McKenzie Assessment, which was 
shown to correlate with lumbar discogen-
ic pain (73).

Siebenrock and Aebi (106) report-
ed 73% successful outcomes with a good 
to excellent result in patients who under-
went one or two level anterior cervical dis-
cectomy and fusion following cervical dis-
cography. They reported better outcomes 
than the 35 to 46% rates reported in the 
literature (107, 108, 109). Hence, the au-
thors considered cervical discography to 
be valuable for patient selection.

Simmons et al (110) demonstrated 
that lumbar discography and MR imaging 
agreed in 55% of cases and disagreed in 
45%. Similarly, at the disc level there was 
agreement in 80% of cases and disagree-
ment in 20%. Seventy-six percent of the 
discs considered to be abnormal by both 
imaging techniques, were symptomat-
ic. In those discs that were morphologi-
cally abnormal by MRI, but normal by 
discography, 100% were asymptomatic. 
In those discs that were morphologically 
normal by MRI, but abnormal by discog-
raphy, 62% were symptomatic. MRI alone 
should not be used to diagnose symptom-
atic internal disc disruption. One cave-
at of this study was that abnormality was 
defined as either loss of intradiscal signal 
or annular bulging. As stated in Ohnmeiss 
et al (90) and Millette et al (16), annu-
lar bulging is not predictive of discogen-
ic pain. Simmon’s paper was published 

before introduction of the high intensity 
zone (56) and did not mention endplate 
abnormalities (111).

Smith et al (112) demonstrated a fair 
to good interobserver reliability for de-
tecting HIZs. The sensitivity of the HIZ 
for detecting high-grade, symptomatic 
annular tears was poor at 31%. The speci-
ficity of the HIZ in detecting high-grade, 
symptomatic annular tears was high at 
90%. Overall, the positive predictive val-
ue of the HIZ for detecting high-grade, 
symptomatic annular tears was only 40%. 
In patients with a grade 0 to 1 annular 
disruption, 88% had no pain provoca-
tion. Of those patients with grade 4 annu-
lar disruptions, 36% had exact pain repro-
duction and 59% had no pain. Thus, the 
vast majority of patients with exact pain 
reproduction had discographic evidence 
of abnormal morphology. Conversely, the 
majority of patients with discographic ev-
idence of abnormal morphology do not 
have exact pain reproduction. 

Smith et al (113) demonstrated that 
68% of patients with lumbar discogen-
ic pain had improved at a mean follow-
up of 4.9 years. Favorable indicators were 
pain onset at an older age, shorter dura-
tion of symptoms, and the absence of psy-
chiatric disease.

Vanharanta et al (114) demonstrat-
ed that normal discs are typically pain-
less and degenerated discs are painful; 
however, severely degenerated discs that 
are painless often occur with advancing 
age. Degenerative processes are associat-
ed with aging and are poorly correlated 
with symptomatic low back pain. Annu-
lar disruption scores are significantly low-
er in painless discs, as compared to pain-
ful discs.

Vanharanta et al (28) demonstrated 
that annular tears develop prior to disc 
degeneration and are more likely to be the 
source of pain. Patients reporting pres-
sure, as compared to those reporting pain, 
are more likely to have lower degeneration 
and annular disruption scores. In patient 
groups with different types of pain (exact, 
similar, dissimilar), the degeneration and 
annular disruption scores were about the 
same. However, in young males and fe-
males with concordant pain, the annular 
disruption scores were higher than the de-
generation scores.

Vanharanta et al (115) noted that 
measuring IVD height is a poor method 
to detect early, painful disc deterioration, 
but does correlate with disc degeneration. 

Discs demonstrating slight degeneration 
are often painful, but detecting this nar-
rowing occurs only with moderate to se-
vere degeneration. 

Vanaharanta et al (116) demonstrat-
ed that CT/discography is useful when a 
clinical diagnosis cannot be confirmed by 
conventional imaging. In their series, re-
ferred patients carried diagnoses such as 
HNP, DDD, lumbar syndrome, or lumbar 
radiculopathy; however, the authors con-
sidered these to be non-specific low back 
pain. Intradiscal deterioration and exact/
similar reproduction of pain played a role 
in 86%, 80%, 56%, and 59%, of those 
patients with HNP, DDD, lumbar syn-
drome, and lumbar radiculopathy. Even 
with a high index of clinical suspicion, 
CT/discography is useful for precision di-
agnosis. 

Weishaupt et al (117) demonstrated 
that normal discs on MRI are generally 
not painful and have a negative predictive 
value of 98%. Disc degeneration and HIZs 
have a 59% and 56% positive predictive 
value for symptomatic internal disc dis-
ruption; these results are similar to Smith 
(112). Modic type 1 and type 2 (106) end-
plate changes correlate with concordant 
pain provocation. In contrast to the con-
clusions of Saiffudin et al (97) and Aprill 
and Bogduk (56), but in agreement with 
the conclusions of Ricketson et al (95) and 
Carragee et al (67), Weishaupt did not be-
lieve the HIZ is a reliable marker of symp-
tomatic internal disc disruption.

Walsh et al (118) performed lum-
bar discography on 10 asymptomatic vol-
unteers and seven symptomatic patients 
with low back pain. In the assessment of 
pain intensity, pain related behaviors, and 
pain concordancy, the interrater reliabili-
ty was high at 0.99, 0.93, and 0.88, respec-
tively. In the asymptomatic group, if a 
positive disc was defined as a disc that re-
produced significant pain, then the false-
positive rate was 0. In the asymptomat-
ic group, five of the 30 discs reproduced 
pain of low-level intensity. Six of the seven 
symptomatic patients had positive disco-
grams, based on the study criteria: abnor-
mal disc morphology and reproduction 
of typical pain. In the symptomatic group, 
seven discs out of 20 tested were positive 
(35%). The percentage of abnormal dis-
cographic morphology in the asymptom-
atic group was 17%, versus 65% in the 
symptomatic group. Lumbar discography 
is a specific diagnostic test.

Wetzel et al (119) retrospectively 
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studied 48 patients with low back pain, 
11 of which had prior surgery. All patients 
underwent lumbar discography at 1-3 lev-
els, but not at the previously operated lev-
els. All patients underwent a lumbar ar-
throdesis to include all discographically 
symptomatic levels. A variety of different 
types of surgical techniques were used and 
some patients required multiple revisions. 
Overall, 46% of patients had satisfacto-
ry outcomes at a mean of 35.2 months. 
Outcomes strongly correlated with solid 
arthrodesis. Negative correlates included 
smoking and prior surgery.

Wood et al (120) demonstrated that 
Schmorl’s nodes in thoracic discs may be 
intensely painful. In asymptomatic pa-
tients, however, this pain is non-concor-
dant. They performed four-level thorac-
ic discography on 10 asymptomatic vol-
unteers and multilevel thoracic discogra-
phy on 10 patients with chronic thorac-
ic pain. In asymptomatic patients, the av-
erage pain response per disc level was 2.4 
out of 10. However, only three out of 40 
discs in this group were intensely painful 
and these three discs had Schmorl’s nodes. 
The remaining 37 of 40 discs just demon-
strated pressure or no pain; thoracic dis-
cography is not painful in the truly as-
ymptomatic patient. In the symptomatic 
patients, 24 of 48 discs were concordant-
ly painful, 17 of 48 discs were discordant, 
and seven discs were painless. The concor-
dantly painful discs registered pain inten-
sities averaging 8.5 of 10. The discordant-
ly painful discs registered pain intensities 
averaging 4.8 of 10. A number of mor-
phologically abnormal discs via discogra-
phy were read as normal on MR imaging. 
There was a general trend toward more 
painful responses in patients with great-
er degrees of pathology, particularly in 
those with Scheuermann’s disease. In the 
symptomatic group, 55% of the discs re-
produced concordant pain, which raises 
doubts about surgical treatments for tho-
racic pain. 

Yrjama et al (121) studied a group of 
patients with low back pain using bony vi-
bration, ultrasound, and discography. The 
authors concluded that, prior to discog-
raphy, the combination of bony vibra-
tion and ultrasound might be useful as a 
screening test.

As compared to cervical discogra-
phy, Zheng et al (122) demonstrated that 
MR imaging has a 51% false-negative 
and a 27% false-positive rate in identify-
ing symptomatic disc patients for fusion. 

They suggested that there is a high chance 
that a hypointense signal and small disc 
protrusions are pain generators, but this 
is not always true. Discography may spare 
unnecessary levels from being fused.

Zucherman et al (123) identified 
concordantly painful annular tears in 
discs that were normal by MR criteria. 
The authors commented that the inter-
pretation of normality in MR imaging is 
subjective and may miss other markers of 
internal disc disruption, such as a high in-
tensity zone. This paper underscores the 
importance of having the discographer 
view MR images personally.

Strength of Evidence
Based on the review of all the avail-

able studies, there is strong evidence for 
discography as an imaging tool for prov-
ocation of pain with intradiscal disten-
sion, and in identification of patients with 
chronic lumbar discogenic pain. The ev-
idence was moderate in identification of 
patients with chronic cervical discogen-
ic pain, whereas it was limited in chronic 
thoracic discogenic pain.

DISCUSSION

This systematic evaluation showed 
strong evidence for the utility of discog-
raphy as an IVD imaging tool. There is 
strong evidence that intradiscal disten-
tion can produce pain. There is strong ev-
idence supporting the role of discography 
in identifying patients with chronic lum-
bar discogenic pain. There is moderate ev-
idence supporting the role of discography 
in identifying patients with chronic cervi-
cal discogenic pain. There is limited evi-
dence supporting the role of discography 
in identifying patients with chronic tho-
racic discogenic pain. 

Methodological Criteria
Deeks (124) provided a framework 

to evaluate a diagnostic study’s quality 
and likelihood of bias. Unlike the AHRQ 
(44) or the QUADAS (45), this involved 
looking at only three criteria: 1) patient 
sample, 2) reference standard, and 3) in-
dex test. Deeks (124) recommended opti-
mal patient recruitment, optimal execu-
tion of the index test, and optimal execu-
tion of the reference standard. The major-
ity of the papers met two of these criteria, 
but only a few met three. All papers met at 
least 50% of the AHRQ or QUADAS cri-
teria (44, 45). 

Knottnerus et al (125) stated that 

there are several methodological challeng-
es that must be addressed in diagnostic 
accuracy studies. These include the “gold 
standard’ problem, spectrum and selec-
tion bias, “soft” measures (subjective phe-
nomena), observer variability and bias, 
complex relations, clinical impact, sam-
ple size, and the rapid progress of knowl-
edge (125). In this systematic review, we 
address these concerns, but unfortunate-
ly, most discography studies cannot over-
come these methodological limitations.

There is no “gold standard” for dis-
cogenic pain and thus, we considered 
pathological disc morphology to be the 
“gold standard”. The majority of the se-
lected studies were able to describe, in de-
tail, the index test (assessment of pain) 
and reference or “gold standard” test (as-
sessment of disc morphology). All the 
studies suffered from selection bias and a 
few from spectrum bias. The assessment 
of pain is a soft measure and a few pa-
pers challenged the ability of patient’s to 
consistently report pain during discog-
raphy. Observer variability and observer 
bias were present in all papers and only a 
few attempted to minimize these factors. 
These few studies attempted blinding, in 
which, independent observers reviewed 
either the patient’s videotape or the disco-
graphic images. Inter-observer and intra-
observer validation of discographic imag-
ing 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 utili-
ty of this latter validation scheme is ques-
tionable. Complex relations were not ac-
counted for in all studies, since discogra-
phy is no longer performed as an isolat-
ed test. Discography is performed on pa-
tients with persistent spinal pain, after a 
number of other tests have been ordered. 
Sample sizes for most studies were small. 
In terms of patient selection, methodolo-
gy was poor for most papers and all pa-
pers could be criticized for selection bias. 
Nonetheless, ethical barriers prevent per-
forming invasive tests on large patient 
samples that may or may not have dis-
ease. This is why most discography stud-
ies were retrospective or prospective, but 
not randomized and double blinded. A 
number of studies presented data in 2 
by 2 contingency table format. This for-
mat is useful to readers and could be used 
to compare study results. Since, discogra-
phy results were presented as only positive 
or negative, receiver operator characteris-
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tic curves could not be generated.  Finally, 
the rapid progress in our understanding 
of pain and pain processing may impact 
the diagnostic accuracy of discography. 

Historical Context
In the early 1900s, the HNP was 

thought to be the most common etiology 
of low back pain (126, 127). Unfortunate-
ly, the diagnosis could not be made with-
out the use of oil-based myelograms or 
exploratory surgery, both of which were 
hazardous (117, 132). A safer diagnostic 
tool was required to identify symptomat-
ic intervertebral disc disorders. Discogra-
phy was introduced in the 1950s (1-5) as a 
diagnostic imaging tool, but failed to gain 
widespread acceptance due to concerns 
about damaging the disc (127). Further-
more, Holt’s (128, 129, 130) publications 
in the 1960s severely damaged the reputa-
tion of discography. The development of 
water-soluble, non-ionic contrast agents 
and advances in imaging technology 
paved the way during the 1970s and 1980s 
for routine clinical use of myelography, 
CT scanning, and MR imaging to evalu-
ate spinal disorders (127-133). However, 
these imaging studies are unable to iden-
tify the pain generator in most patients 
with chronic spinal pain (18-19). Discog-
raphy has the ability to evoke pain, which 
is unique among imaging studies. This 
provocative component has preserved the 
role of discography, but continues to gen-
erate controversy. Nonetheless, increased 
utilization of discography and increased 
physician-specialty representation among 
discographers suggests that discography 
has shed its pariah status (134). 

The renaissance era of discography 
was ushered in by the concept of disco-
genic pain, a term synonymous with in-
ternal disc disruption (IDD). Crock (135) 
defined IDD as an “alteration in the in-
ternal architecture of the disc, specifical-
ly excluding the escape of the disc frag-
ment from the confines of the space [an-
nulus]” (135) and suggested that discog-
raphy “provides the single, most valuable, 
special investigation in cases of disc dis-
ruption (135).” 

Lack of a “Gold” Standard
Early successes with anterior lum-

bar fusions in patients selected by dis-
cography, reinforced Crock’s opinions 
(136, 137). Nonetheless, for several rea-
sons, pain relief following fusion surgery 
cannot serve as the criterion standard for 

discography. Technical factors may influ-
ence surgical outcomes; during an anteri-
or lumbar interbody fusion, a symptom-
atic posterior annulus and posterior lon-
gitudinal ligament may be spared in order 
to preserve the strength of the construct 
(138). Surgical outcomes, irrespective of 
fusion type, are similar and even then, 
could be due to placebo or might not de-
pend on effective fusion (138-142). 

The surgical treatment of discogen-
ic pain often centers upon stabilization. 
Surgeons debate the relative merits of im-
mobilization (postero-lateral fusion), disc 
removal/fusion (interbody fusion), or do-
ing both and removing all nociceptive 
sources (360 or circumferential fusion) 
(138). Discogenic pain, however, is not 
synonymous with “segmental instability” 
or “painful motion segment” (138). Seg-
mental instability pain can emanate from 
spinal structures distinct from the disc. 

Similarly, percutaneous intradiscal 
procedures cannot be used to validate or 
refute discography. For example, there is 
enough controversy centered upon the 
clinical outcomes and the mechanisms of 
action of intradiscal electrothermal ther-
apy (IDET) that one could not use IDET 
to serve as the criterion standard for dis-
cography (39, 40, 143-147). Arguably, one 
could simply assign discography face va-
lidity, but ultimately all diagnostic tests 
must be investigated for accuracy.

Basic Principles
A diagnostic test is used to ascer-

tain the disease/health status in a patient. 
A test may refer to any procedure that is 
used to gather information on the health 
status of an individual. The detection of 
disease is important in guiding therapy, 
particularly when therapy may reduce 
morbidity and mortality, and in facilitat-
ing research. 

Diagnostic accuracy studies assess a 
diagnostic test’s ability to detect the target 
condition. Typical features of diagnostic 
accuracy studies include: 1) administering 
the test in question (index test) and a ref-
erence standard to a series of patients; and 
2) measuring how well the index test did 
in comparison to the reference (45). 

Measurements of the index test’s per-
formance are reported as statistics: sen-
sitivity, specificity, positive and nega-
tive predictive values, positive and nega-
tive likelihood ratios, diagnostic odds ra-
tios, and receiver operator characteris-
tic curves. Although these measurements 

are mathematically interrelated, sensitivity 
and specificity are relevant in the research 
setting where one knows, or can ascertain, 
the disease status of a patient. In a clini-
cal setting where the practitioner doesn’t 
know the disease status of a patient, the 
predictive values are relevant; the practi-
tioner obtains a diagnostic test result (pos-
itive or negative) and wants to “predict” 
the truthfulness of the patient’s test result 
(124, 148-150). These measurements are 
influenced by: 1) how one defines a pos-
itive or negative result; and 2) the preva-
lence of a disease in a population.

Diagnostic test results often ap-
pear as continual or ordinal data. A cut-
off for normality/abnormality may have 
to be chosen arbitrarily. Choosing a cut-
off, however, influences the test’s sensitiv-
ity and specificity at each other’s expense. 
A diagnostic test with high sensitivity, a 
low false negative rate, is most useful as a 
screening test to rule out a disease. A diag-
nostic test with high specificity, a low false 
positive rate, is most useful as a second or 
confirmatory test to rule in a disease (124, 
148-150). 

Disease prevalence affects the pre-
dictive value, i.e., the post-test probability, 
of a test. The pre-test probability of a dis-
ease is, by definition, the prevalence. Low-
ering the prevalence of a disease will in-
crease the negative predictive value, but 
will decrease the positive predictive val-
ue. In a population with low disease prev-
alence, a negative result is more likely to 
be true and a positive result is more like-
ly to be false. Raising the prevalence of a 
disease in a tested population will lower 
the negative predictive value and increase 
the positive predictive value. In a popula-
tion with high disease prevalence, a posi-
tive value is more likely to be a true and a 
negative value is more likely to be a false 
(124, 148-150). 

A study that selects the tested popu-
lation (i.e., artificially controls the preva-
lence of disease) may obtain results that 
are not relevant to clinical practice. In 
clinical practice, one would never per-
form discography on an asymptomatic 
patient; the positive and negative predic-
tive values of discography in an asymp-
tomatic population will differ from those 
seen in clinical practice. For instance, the 
positive predictive value of discography in 
a population that does not have back pain 
should be 0 (all false-positives). The same 
positive result in a theoretical popula-
tion with a 100% prevalence of discogen-
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ic pain should have a PPV of 100% (124, 
148-150). 

As a tool to evaluate pain, the sensi-
tivity of discography can approach 100% 
in absolute and relative − relative to oth-
er imaging modalities − terms, depending 
on the definition of a negative result. If a 
negative disc is defined as one that is pain 
free and pathology free, then a false-nega-
tive could only occur when: 1) the patient 
is overly sedated; 2) there is an unrecog-
nized equipment malfunction during in-
tradiscal injection; 3) a placebo response 
occurs with discography; 4) intradiscal 
pathology is missed that could be detect-
ed by direct pathological inspection (15, 
151); 5) technical failure, such as an annu-
lar injection (77, 152); 6) partial nuclear 
filling due to the presence of a septum or 
intranuclear inhomogeneity (77, 152); or 
7) lack of continuity between the nuclear 
cavity and the annulus − the annulus may 
be prolapsed, but not the nuclear material 
(143); These scenarios are unlikely if dis-
cography is performed properly and post 
procedure CT scanning is obtained (9, 17, 
43, 110). Perhaps a false negative could oc-
cur due to a placebo response from dis-
cography. Placebo responses have induced 
pain relief following intradiscal sham 
procedures, even though a prior intradis-
cal provocation caused pain (39). Such a 
strict definition of a negative result, how-
ever, will increase the probability of false-
positives; any evoked pain, whether con-
cordant or not, would be positive. 

Since discography, in routine prac-
tice, is performed on symptomatic pa-
tients, the pain provocation component is 
most important (76). This mandates that 
the specificity of discography be increased 
in order to reduce the false-positive rate. 
Under these circumstances, one can de-
fine true positive as evoked pain that is 
identical to the patient’s baseline pain in 
a pathological IVD. Guidelines have been 
published to enhance the specificity of 
discography and these guidelines advo-
cate assessing pain concordancy, measur-
ing pain intensity, and identifying pain 
free control levels (18, 19, 153).

Discogenic Pain: Assumptions
Before studying the diagnostic ac-

curacy of discography and ultimate-
ly, performing a systematic review, sev-
eral assumptions have to be made about 
the model of “discogenic” pain. Curious-
ly, many practitioners consider these as-
sumptions to be truths (i.e., to have face 

validity). It’s the disc, stupid! These as-
sumptions include: 1) discogenic pain ex-
ists, which implies that therapies direct-
ed at the intervertebral disc can effective-
ly treat a subset of patients with chron-
ic spine pain; 2) discogenic pain has a 
structural/pathological basis that can be 
imaged; and 3) discogenic pain can be 
reproduced by experimentally inducing 
physiological intradiscal loads. All three 
assumptions have been challenged.

In principle, therapies targeted at the 
IVD appear promising (154-160). In re-
ality, these treatments are not the magic 
bullets one would expect (39, 139, 161-
164). The ability to provoke pain with dis-
cography is self-evident, but one cannot 
summarily claim the disc to be the pu-
tative pain generator. “Discogenic” pain 
is inferred because of several factors: 1) 
the presence of “painful” discs that dem-
onstrate neural ingrowth,  neovascular-
ization, and a zone of granulation tissue 
through the posterior annulus (165-168); 
2) immunohistochemical evidence of 
pain biomarkers (e.g., Substance P, nerve 
growth factor, neurofilament, vasoactive 
intestinal peptide) (166-168); 3) high in-
nervation densities clustered around the 
endplates and annulus fibrosis (169); 4) 
the presence of inflammation, as suggest-
ed by tumor necrosis factor alpha (170, 
171); and, 5) the presence of dense extra-
discal neural plexi and definable neural 
pain pathways (30-35, 172, 173). 

Unfortunately, inference is not proof. 
Routine real time imaging of spinal pain 
processing is unavailable. So, one cannot 
know, in real time, whether the disc is the 
source of a patient’s pain. Lastly, how does 
mechanical loading induce discogenic 
pain? Specifically, how is a physiological-
ly normal stimulus (pressure) transduced 
into a pain signal? 

Blunt pressure (i.e., forces distrib-
uted over a large surface area) can acti-
vate deep afferent nociceptors in healthy 
volunteers (174). These afferents are poly 
modal and respond to mechanical stimu-
li (174). In patients with chronic pain syn-
dromes, afferent fibers become peripher-
ally sensitized to lower threshold mechan-
ical stimuli. This mechanical hyperalge-
sia occurs in the stimulated area (prima-
ry) and in uninvolved areas (secondary). 
Enhanced pain sensitivity may also occur 
secondarily to central sensitization (174). 
Polymodal mechanoreceptors are present 
in the outer annulus of the IVD (175). Al-
though these receptors may play a role in 

spinal proprioception, in preserving spi-
nal tone, and in maintaining spinal re-
flexes, they may be capable of nociception 
(175). These receptors are more common-
ly found in patients with low back pain 
compared to pain free scoliotic controls 
(175). The association between the pres-
ence of mechanoreceptors and the occur-
rence of pain, although plausible, is spec-
ulative (175).  

One can question whether similar 
processes are relevant, yet confounding, to 
diagnosing discogenic pain with discogra-
phy: 1) Could discogenic pain occur due 
to pressure induced mechanical hyperal-
gesia or evoked allodynia?; 2) could pain, 
with intradiscal pressurization, occur in 
healthy volunteers and not be consid-
ered a false-positive?; and, 3) could pain, 
secondary to mechanical hyperalgesia, be 
evoked in control discs and not be consid-
ered a false-positive?

Pressure Pain Thresholds
Algometry and palpation have 

construct validity in the assessment of 
pressure-induced pain (174, 176). Pres-
sure pain threshold (PPT) is defined as 
the minimum pressure that induces pain 
(176). PPTs can be measured with a pres-
sure algometer and are used to evaluate a 
variety of myofascial pain syndromes: ar-
thritis, whiplash, ankylosing spondylitis, 
temporomandibular joint dysfunction, 
and tension-type headache (165, 166). 

PTs have large intra- and inter-in-
dividual variability (176, 177). In healthy 
volunteers, Prushansky (176) reported 
cervical area PPTs with means ranging 
from 140-200 kPas, approximately 20-35 
psi. In the distal limbs of healthy volun-
teers, average deep pain thresholds range 
from 520-615 kPas, approximately 75-90 
psi (177). 

In patients with chronic low back 
pain, PPTs correlate with a patient’s base-
line functional status and pain intensity 
(178). The mean pressures needed to in-
duce intense pain are higher in healthy 
controls, as compared to patients with 
chronic low back pain and fibromyalgia. 
To induce moderate or severe pain in lo-
cations similar to a patient’s pain, pres-
sures of 38.4 psi (2.7kg/cm2), and 69.7 
psi (4.9kg/cm2), respectively, are needed 
(179). However, the standard deviations 
for these means were large enough that 
PPTs overlapped between all three groups, 
i.e., patients could develop pain at similar 
PPTs (179). The authors did not challenge 
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the construct validity of algometry de-
spite this overlap of pressures. If discogra-
phy is considered to be a PPT assessment, 
then “discogenic” pain may be induced in 
healthy controls (61-63, 66, 91) and not 
necessarily challenge the construct valid-
ity of discography.

In a healthy, asymptomatic volun-
teer, baseline pressure measurements in 
the L4-5 disc will vary with different ac-
tivities (180, 181): 43.5 psi with relaxed 
sitting, 101 psi with axial rotation, and 
160 psi with forward flexion while stand-
ing. The maximum pressure was 334 psi, 
recorded while the volunteer held a 20 
kg object away from his center of gravi-
ty (180, 181). This volunteer did not have 
back pain during the experiment. Such 
large pressure excursions are not needed 
to produce pain in symptomatic patients 
undergoing discography; often a pressure 
differential of 100 psi is sufficient (61-63, 
66, 72, 91). 

O’Neill and Kurgansky (91) have 
postulated that PPT assessments of the 
intervertebral disc may identify two dis-
tinct symptomatic subgroups. One sub-
group may have PPTs that are similar to 
asymptomatic patients and are classified 
as minimally sensitive. In this group, the 
false-positive rate can be estimated. The 
caveat in using the term false-positive is 
that this term refers to the diagnosis of 
discogenic pain. However, as discussed 
earlier, the PPT is a characteristic of all tis-
sues and should not, in isolation, be used 
to determine whether a tissue is patholog-
ical or diseased − hence, the overlap of 
PPTs between asymptomatic and symp-
tomatic patients. 

Sophistry (182) suggests that a re-
duction in PPT depends on tissue char-
acteristics (nociceptor ingrowth, periph-
eral sensitization, disc morphology) and 
pain processing (central sensitization) 
(91), but one cannot prove this with a sin-
gle isolated PPT assessment. One cannot 
prove this even if this PPT is compared 
to PPTs in asymptomatic patients. Ideal-
ly, one would have to assess the PPT in the 
same patient longitudinally: first, when 
the patient is asymptomatic, and then 
when the patient is symptomatic. This 
methodology should be applied to a large 
number of patients in order to determine 
how much of a PPT differential is clinical-
ly relevant. Unfortunately, such method-
ology would be impractical and unethical. 
Until then, however, relying on intradiscal 
PPTs from a small group of asymptomatic 

patients may not be a valid means of de-
termining whether an isolated PPT in a 
patient is abnormal or normal.

Intradiscal Distention
Adams et al (183) studied the 

dispersal of an aqueous solution 
following intradiscal injection. The 
resultant intradiscal pressure will depend 
on the deformability of the endplates 
and annulus. Initially, endplates bulge 
vertically and raise IVD height, because 
the endplates are more deformable than 
the annulus (183). The dye/contrast 
mixture will pool near the endplate and 
not at the nuclear/annular junction (183). 
The aqueous mixture will eventually 
diffuse into the nucleus pulposus (183). 
Endplate defl ection with intradiscal 
pressurization has been corroborated 
by other investigators (184). One must 
wonder, then, whether intradiscal 
pressures become dissipated before 
reaching the annulus.

Could the pain during discogra-
phy be due to peak pressures that exceed 
the endplate PPT? The high innervation 
density of the endplate (169), the initia-
tion of disc degeneration following end-
plate fractures (26), and the association 
of severe back pain with endplate dam-
age (117, 185, 186), support this conten-
tion. Weishaupt et al (117) suggests that 
moderate and severe endplate abnormali-
ties may predict discogenic pain in symp-
tomatic low back pain patients. Perhaps 
then, during discography, the simultane-
ous provocation of pain and demonstra-
tion of a posterior annular tear may sim-
ply be coincidence and not imply causal-
ity. Nonetheless, whether discogenic pain 
is due to endplate abnormalities or not 
is an issue that remains unsolved (184). 
Kokkonen et al (187) suggests that an-
nular tears and concordant pain during 
discography are not associated with end-
plate degeneration. Saifuddin et al (97) 
argues that endplates are unlikely to be 
the source of radiating discogenic pain. 
In their study, anterior annular tears were 
not associated with radiating pain, as were 
posterior tears. If the endplates were the 
source of pain, then provocation should 
be equally distributed between patients 
with anterior and posterior tears. 

Could peak pressures be transmitted 
to the annulus and exceed annular PPTs? 
The intranuclear pressure that is trans-
mitted during discography to an annu-
lar tear may differ from those pressures 

transmitted to an intact annulus. An an-
nular tear may be receiving high peak 
pressures and simultaneously have a re-
duced PPT, secondary to the factors men-
tioned above. Using cadavers, Adams et 
al (183) demonstrated that intranuclear 
pressures are reduced with disc degener-
ation and these pressures are transmitted 
to the torn posterior annulus. In symp-
tomatic patients, high stress concentra-
tions may develop in the torn posterior 
annulus and cause pain (183).  Stress pro-
filometry, in subjects with chronic lumbar 
discogenic pain, has corroborated this ca-
daveric data (188). Symptomatic patients 
may demonstrate depressurization of the 
nucleus, multiple stress concentrations in 
the posterior annulus, or broadening of 
the posterior annulus (188).  

Lee et al (189) studied the relation-
ship between intradiscal pressure and 
outer annular pressure in porcine inter-
vertebral discs, with and without experi-
mentally-induced annular tears. Intradis-
cal injections into discs with an intact an-
nulus resulted in a sharp increase in intra-
discal pressure, but pressures in the outer 
annulus remained low. In discs with an-
nular tears, higher pressures were noted in 
the outer annulus. Mean pressures at the 
central nucleus pulposus, the outer third 
of intact annuli, and the torn annuli were 
93.4+/-40.9 psi, 14.8+/-1.9 psi and 85.7+/
-24.8 psi, respectively. In human discs 
without observable radial tears, the in-
trinsic pressure averages 25 psi in an un-
weighted position (72). In discs with radi-
al tears, the average unweighted intrinsic 
pressure is lower at 15 psi (72). Intradiscal 
volumetric injections will induce a paral-
lel rise between intranuclear and intraan-
nular pressures in those discs with a torn 
annulus. This data is consistent with the 
findings by Adams et al (183), but differs 
from McNally et al (188) in that the nucle-
us pulposus remains pressurized. In any 
event, absolute intradiscal (intranuclear) 
pressures may not represent pressures at 
the posterior annulus and pressures at a 
torn posterior annulus may demonstrate 
unpredictable pressure peaks (183, 188, 
189). The torn posterior annulus may de-
form and broaden, as a consequence of 
these “stress” peaks. (188).

Annular tears may explain, after all, 
why discography evokes pain in patho-
logically torn discs compared to nor-
mal discs. Alternatively, multiple sources 
around the IVD may be causing pain in 
concert: endplates, annulus, microtrabec-
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ular trauma, bony strains, and bony irri-
tation (184).

Discogenic Pain: Caveats
Annular tears and endplate dam-

age may be plausible etiologies for dis-
cogenic pain, because they fulfill Bog-
duk’s [anatomic/structural] criteria (190) 
for pain generators: 1) the structure must 
have a nerve supply; 2) the structure must 
be capable of producing the patient’s pain; 
and, 3) the structure must be susceptible 
to disease or injury. Unfortunately, such 
criteria conflict with modern theories 
about pain processing. Bogduk’s criteria 
(190) may be easily fulfilled in the search 
for structures that cause acute pain, but 
not with chronic pain. Anatomic and 
structural diagnoses are often inaccurate 
in identifying the etiology of a patient’s 
chronic pain. 

Discogenic pain may be more com-
plicated than a pathological disc (61). Ge-
netic, psychological, and neurobiologi-
cal mechanisms may be at play (61, 181). 
Polymorphisms in the interleukin-one lo-
cus and inflammatory mechanisms in-
volving TNF-alpha, IL-I, and IL-8, may be 
responsible (170, 192-194). Woolf (195) 
suggested that chronic pain is a disease of 
the nervous system that involves periph-
eral and central sensitization. The com-
plexity of disc innervation and the lack 
of consistent correlation between disc 
pathology and pain (28-35) suggest that 
practitioners should not look at the disc 
in isolation. 

Even if one is not convinced of scien-
tific theories, clinical and epidemiological 
studies challenge this structural/anatomic 
model of discogenic pain. Back pain does 
not necessarily worsen with age, but de-
generation does (196, 197). Disc degen-
eration does not represent a pathological 
state, but occurs as a part of aging − start-
ing in the second decade of our lives (26, 
191). Segmental instability and degenera-
tive disc disease have both been linked to 
chronic spinal pain (196-199): (1) pain 
that worsens with standing correlates with 
the severity of degeneration (196); and (2) 
pain that worsens with sitting, but abates 
with standing is associated with instabil-
ity (198). However, degeneration and in-
stability are present in asymptomatic pa-
tients (198, 200). 

Kirkaldy-Willis postulated a “resta-
bilization phase” in disc degeneration 
that has been supported by radiological 
(201) and biomechanical studies (131, 

199, 202). In degenerative spondylolisthe-
sis, restabilization is associated with pain 
relief (203). Curiously, surgical spine sta-
bilization in chronic low back pain does 
not always work (94, 139). Disc remov-
al and fusion do not improve the results 
of stabilization alone (94, 139). If disco-
genic pain occurs because of intradiscal/
annular neural mechanisms rather than 
structural problems (165-169), one would 
expect better results upon disc removal 
or neurolysis (39, 139, 154-158), as com-
pared to posterolateral fusion. This has 
not borne out in randomized controlled 
trials (139). The introduction of total disc 
replacements, Graf ligamentoplasty, and 
the Dynesys system confounds the prob-
lem further: motion preservation and 
“soft” stabilization may have outcomes 
that are comparable to motion stabiliza-
tion (154-157, 204, 205). This represents a 
paradoxical paradigm shift in the surgical 
treatment of discogenic pain. Collectively, 
this literature suggests that an exclusive-
ly anatomical/structural model of spine 
pain is suspect.

Discogenic Pain: Analogies
Several authors challenge the con-

cept that a “pain generator” can be con-
fined to a discrete anatomic structure (61, 
195, 206, 207). Woolf (195) has proposed 
that a disease or anatomic-based classifi-
cation of pain be replaced with a neurobi-
ological mechanism-based classification. 
Advances in pain imaging, with respect 
to PET scanning and functional MR im-
aging, underscore the complexity of pain 
processing (208-210). Imaging pain is dis-
tinct from imaging a structure and infer-
ring that a structure is the cause of pain. 

In irritable bowel syndrome, rectal 
balloon distention of the sigmoid can 
evoke pain compared to controls. In this 
condition, pressure-evoked pain is thought 
to be due to altered sensory processing. 
These lowered sensory thresholds may be 
due to peripheral, spinal, and supraspinal 
sensitization (210). Pain intensity ratings 
may be exaggerated due to hypervigilance. 
This increased selective attention to 

potentially threatening stimuli is a central 
component of sensitization (210). In this 
model of pain, the rectum is not the only 
“pain generator,” per se, and one should 
not infer that removing or surgically 
treating the rectum would treat the pain. 

A similar conceptual framework 
may apply to discography and “disco-
genic” pain. Giesecke et al (179) demon-

strated that if equal amounts of pressure 
were applied to their patients, functional 
MRI could detect five common regions of 
neuronal activation in pain-related corti-
cal areas, in the chronic low back pain and 
fibromyalgia patients, but not the asymp-
tomatic groups. Activation in the symp-
tomatic groups occurred in the contralat-
eral primary and secondary [S2] somato-
sensory cortices, the inferior parietal lob-
ule, the cerebellum, and the ipsilateral S2 
somatosensory cortex. In the asymptom-
atic patients, only the contralateral S2 so-
matosensory cortex is activated. If sub-
jects in all three groups receive different 
amounts of pressure that are sufficient to 
evoke subjectively equal pain, then com-
mon neuronal areas are activated (179). 
Augmented central processes are involved 
in chronic low back pain (179), but there 
may be overlap between asymptomatic 
and symptomatic patients. Despite this 
paradigm, there is no readily available way 
to measure these pain processes in the in-
dividual patient (211, 212).

Discogenic Pain: Convictions
Until we can routinely measure pain 

processing, we have no choice but to rely 
on existing classifications of spinal pain. 
Despite the limitations of the anatomical/
structural model of spine pain, this model 
is most widely believed by interventional 
pain physicians and spine surgeons. Dis-
cography is considered to be the crite-
rion standard for diagnosing discogenic 
pain (191). The greatest problem faced by 
discographers, then, stems from how dis-
cography can be optimized to best select 
those patients in whom the pain emanates 
primarily from the disc − as opposed to 
“non-specific factors.” The ultimate goal 
is to identify that subset of patients who 
will most likely succeed from surgical and 
non-surgical disc treatment.

Discography
The Executive Committee of the 

North American Criteria developed a 
position statement on discography (18). 
“Discography is an important procedure 
in current use in the field of spine care 
and [should not be removed]: it provides 
information which [cannot] be obtained 
by other methods. At a minimum, the 
modern practice of discography should 
consist of proper technique, an assess-
ment of the intensity and concordancy of 
evoked pain, and an assessment by post-
discography CT-scanning of intradiscal 
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architecture.” 
Post-discography CT scanning, ini-

tially introduced by McCutcheon and 
Thompson (21), can confirm accu-
rate intranuclear placement of contrast 
spread. Yasuma et al (151) demonstrat-
ed that atypical discograms were often 
due to technical errors, such as intraan-
nular injections. These can be missed in 
the absence of a CT scan. Of processes in-
volved in DDD, annular fissures, particu-
larly radial fissures, are the most impor-
tant as an etiology of chronic spine pain 
(14). This underscores the importance of 
an axial IVD view (213). CT-discography 
provides the best axial IVD view (17, 20). 
In our review, we could not mandate a re-
quirement for CT scanning, since many 
well designed studies would have been 
excluded.

Overall, discography is a useful im-
aging tool. Intradiscal pathology may be 
missed by other studies. A post-discog-
raphy CT scan may provide useful, addi-
tional information, particularly to differ-
entiate annular tears from annular dis-
ruption. 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, if ever, 
provokes pain in morphologically normal 
discs. Annular tears, particularly those ex-
tending to the outer annulus, are often as-
sociated with discographically provoked 
pain. Degenerative disc changes are not 
necessarily associated with pain provoca-
tion. However, progressive degeneration 
is associated with dissimilar and similar 
pain provocation.

Discography cannot predict future 
back pain problems or disability in as-
ymptomatic patients. Discography should 
not be used as a screening test for employ-
ment. Patients with persistent back pain 
following discography may have emotion-
al and psychological problems. False-pos-
itives may be reduced during discography 
if only patients with normal psychometric 
profiles and without other chronic pain 
syndromes are selected. The background 
incidence of minor back pain that is dis-
cogenically mediated may be high and 
may confound the identification of those 
patients with severe discogenic pain. 

If one considers discography to be a 
form of 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 sce-

nario, one cannot arbitrarily decide be-
tween a true-positive versus a false-pos-
itive, in an a priori fashion; in a symp-
tomatic low back pain population, we 
cannot define false-positive rates based 
on pain provocation in an asymptomat-
ic population. Rather, to define normali-
ty, one would have to tabulate PPTs in a 
large population based fashion. One ex-
ample, as suggested by O’Neill and Kur-
gansky (91) would be to plot the num-
ber of individuals (y-axis) versus PPTs (x-
axis). This method could be applied pro-
spectively to an asymptomatic population 
with normal psychological profiles, an as-
ymptomatic population with abnormal 
psychological profiles, an asymptomatic 
population with chronic non-spinal pain, 
and a symptomatic spinal pain popula-
tion. Based on these population distribu-
tions, one could then define the probabil-
ity of a true- or false-positive in an indi-
vidual patient. Similar strategies are used 
in screening mothers during their first tri-
mester − the triple screen − to determine 
their risk of delivering a baby with Down’s 
syndrome (214, 215).

We can extend this concept further. 
We could define discography results as 
numerical values rather than as a bina-
ry, positive or negative, result. In other 
words, if discography results were report-
ed 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 opera-
tor characteristic (ROC) curve, which is 
an effective method for evaluating the 
quality of a diagnostic test (148-150). If 
the ROC curve passes upwards to the left, 
the diagnostic test is nearly perfect in dis-
tinguishing disease from no disease. If the 
ROC curve is diagonal, the diagnostic test 
has no value above simply knowing the 
prevalence of the disease in actually de-
tecting the disease (124, 148-150). To gen-
erate an ROC curve at this juncture would 
be premature, since only a few papers 
have prospectively collected pressure pain 
threshold data during discography.

In the absence of population-based 
data, the ability of discography to pro-
voke pain should not be surprising. The 
greater paradoxes are: 1) whether discog-
raphy can select patients for treatment; 2) 
whether discography can prognosticate 
outcomes following surgical and non-sur-

gical treatments; and 3) whether symp-
tomatic internal disc disruption exists, 
as a discrete anatomic/structural entity, 
in isolation from peripheral and central 
pain processes.

Future research is needed that in-
vestigates 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 precisely identi-
fy the disc as the pain generator. In those 
patients with chronic spinal pain, perhaps 
advances in functional imaging, pain pro-
cessing neurobiology, and clinical bio-
markers can complement discography, in 
ascertaining the relative contribution of 
the IVD to pain. Lastly, population-based 
data on intradiscal pressure pain thresh-
olds, both in asymptomatic and symp-
tomatic patients, would enable practi-
tioners to distinguish between true- and 
false-positives in individual patients. Ide-
ally, such pressure pain thresholds could 
be used to generate a receiver operator 
characteristic curve to better evaluate the 
diagnostic accuracy of discography.

In the interim, questioning the valid-
ity of discography warrants questioning 
the role of the intervertebral disc as a dis-
crete pain generator, or more specifical-
ly, challenges the concept of symptomat-
ic internal disc disruption. If one consid-
ers discography to be a useless test, then 
one may have to abandon the concept of 
the IVD as a discrete pain generator and 
abandon the pursuit of intradiscal thera-
pies, whether surgical or non-surgical.

CONCLUSION

There is strong evidence for the util-
ity of discography as an IVD imaging 
tool. There is strong evidence that intra-
discal 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 supporting the role of 
discography in identifying patients with 
chronic thoracic discogenic pain.
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