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practice guidelines

Recommendations

Standards. There is insufficient evidence to recommend
a treatment standard.

Guidelines. 1) It is recommended that MR imaging be
used as a diagnostic test instead of discography for the ini-
tial evaluation of patients with chronic low-back pain. 2)
It is recommended that MR imaging-documented disc
spaces that appear to be normal not be considered for treat-
ment as a source of low-back pain. 3) It is recommended
that lumbar discography not be used as a stand-alone test
on which treatment decisions are based for patients with
low-back pain. 4) If discography is performed as a diag-
nostic tool to identify the source of a patient’s low-back
pain, it is recommended that both a concordant pain re-
sponse and morphological abnormalities be present at the
pathological level prior to initiating any treatment directed
at that level.

Options. 1) It is recommended that discography be re-
served for use in patients with equivocal MR imaging
findings, especially at levels adjacent to clearly patholog-
ical levels. 2) It is recommended that patients in whom

Abbreviations used in this paper: CT = computerized tomogra-
phy; HIZ = high-intensity zone; MR = magnetic resonance; NPV =
negative predictive value; PLF = posterolateral fusion; PPV = pos-
itive PV.

e magnetic resonance imaging < discography e

discography is positive but in whom MR imaging evi-
dence of disc degeneration is absent not be considered
candidates for operative intervention.

Rationale

The successful surgical treatment of patients with low-
back pain depends on an accurate diagnosis of the source of
pain. In the absence of gross deformity or neural compres-
sion, the diagnosis of “discogenic" low-back pain may be
established using diagnostic imaging and functional stud-
ies. Discography has been used as a diagnostic tool for the
evaluation of patients with low-back pain with normal spi-
nal alignment and without evidence of neural compression.
The purpose of this review is to examine the medical evi-
dence in the literature regarding discography as a diagnos-
tic test for the localization of the source of low-back pain in
these patients.

Literature Search

The database of the National Library of Medicine was
searched for articles published between 1966 and Novem-
ber 2003. Use of the search terms “discography or disco-
gram" limited to “human" and “English language” result-
ed in 304 matches. The titles and abstracts of these 304
abstracts were reviewed and duplicates, technical notes,
reviews, and other papers that did not describe the use of
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discography for the diagnosis and management of patients
with low-back pain were discarded. The reference lists of
the remaining articles were inspected and several more
relevant papers were identified. References consisting of
clinical series of patients managed with discography were
identified and are briefly described in Table 1. A number
of other references served as background information and
are included in the bibliography.

Scientific Foundation

Discography has been used for decades for the diagnosis
of lumbar intervertebral disc abnormalities in patients with
low-back pain.IFR2 Currently, discography is the only diag-
nostic test that has a physiological end point used in the
assessment of such patients (that is, the reproduction of
concordant low-back pain).430Proponents of discography
argue that the technique is more sensitive for the diagnosis
of anatomical disc abnormalities and injuries than plain
radiography, myelography, or MR imaging.878 0Critics of
discography claim that the test is not specific because mor-
phological abnormalities do not always correlate with clin-
ical complaints and because intradiscography pain provo-
cation occurs in patients with lumbar pain caused by
nonspinal entities.1 Indeed, several studies have demon-
strated that severe low-back pain may be elicited by discog-
raphy in individuals with no prior complaints of low-back
pain.11112 Controversy also exists as to whether discogra-
phy adds any diagnostic information to the data provided
by MR imaging, a sensitive and specific noninvasive test
for lumbar disease w , is021.%5 2733336 A14364749-5157

Several studies have examined the sensitivity, specifici-
ty, and predictive value of MR imaging compared with the
morphological findings on discography. In a large series of
patients Bernard2compared MR imaging and discography
and reported that the PPV of an abnormal MR image for a
morphologically abnormal discogram was 92%. The NPV
of a normal MR image in the same series was 88%. Using
T,-weighted MR imaging and discography to treat 101 disc
levels, Schneiderman and colleaguesil reported that MR
imaging was 99% accurate in predicting abnormal mor-
phological findings on discography. One group reported
complete agreement between abnormal MR imaging find-
ings and stage-two or stage-three disc disruption identified
on CT discography (Dallas Pain Questionnaire).143 Sep-
arate small studies by Lonergan, etal.,¥4and Gibson, et al.,D
noted an approximate 90% concordance rate between ab-
normalities identified on MR imaging and discography.
Although discography may, on occasion, identify abnor-
malities in patients with normal MR imaging findings, the
significance of these findings is unclear. Current evidence
indicates that MR imaging is a very good imaging tool for
the determination of abnormal disc morphology and that it
avoids the expense and invasiveness of discography.w2
For these reasons, lumbar MR imaging is recommended as
the neuroimaging study of choice for the evaluation of
patients with low-back pain.

The clinical significance of MR imaging- or discog-
raphy-identified morphological abnormalities of an in-
tervertebral disc has been questioned. Both modalities
are sensitive to disc abnormalities. The frequency of disc
abnormalities identified by discography is quite high in
patients with low-back pain. Grubb, et al.,2reported that
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78% of patients undergoing discography assessment for
low-back pain had morphologically abnormal discs at one
or more levels despite normal plain spine radiography and
myelography. Similarly, Schwarzer and colleaguessl de-
scribed abnormal discographic findings in 39% of 92 pa-
tients evaluated for low-back pain. Park, et al.,£also noted
abnormal discographic findings in patients whose radio-
logical evaluation for low-back pain was otherwise unre-
markable. Morphologically abnormal discograms, howev-
er, have also been observed in 17 to 37% of asymptomatic
patients. 143

In an attempt to improve the diagnostic utility of dis-
cography, Walsh and associates'®required that discogra-
phy result in the production of pain identical or very sim-
ilar to the patient’s usual pain complaints to be considered
“positive.” The authors also required that this pain res-
ponse occur in association with demonstrable morpholog-
ical abnormalities of the disc space in question. The sever-
ity of the patient’s pain, as determined using a visual analog
scale as well as observation of patient behavior, must also
be severe (three of five, or six of 10 on the visual analog
scale). 43 The authors’ description of a “positive” disc-
ogram has been adopted by most investigators and authors
as a “concordant” discogram.

Several comparisons between disc morphology and con-
cordant pain provocation during discography have been
performed. These studies have revealed a discrepancy
between morphological disc abnormalities and pain per-
ception during discography. Antti-Poika and colleagueslre-
ported that 13% of patients they reviewed reported pain on
injection of morphologically normal discs. Millette and
MelansonBreported that only 37% of patients with abnor-
mal disc morphology experienced concordant pain with
injection. Five percent of patients reported pain despite the
presence of normal morphology.®Sachs, et al.,43reported a
13% incidence of abnormal disc morphology identified
by discography in which concordant pain provocation was
absent in their large series. Saifudin, et al.,88found that only
anular tears could be reliably associated with the provoca-
tion of pain during discography and that other degeneration
patterns were not necessarily associated with a pain re-
sponse during injection. These studies indicate that disc
morphology, as assessed by discography, does not ade-
quately predict the provocation of symptomatic low-back
pain. Therefore, the presence of abnormal discography-
documented morphology in the absence of a concordant
pain response should not be used to justify intervention at
that disc level.

Abnormal disc morphology identified on MR imaging,
including loss of T, signal intensity, disc space collapse,
modic changes, and HIZs, are commonly observed in pa-
tients evaluated for low-back pain.94l As with discogra-
phy, these disc space abnormalities are also seen frequent-
ly on imaging studies obtained in asymptomatic patients.?
The correlation of MR imaging abnormalities and pain
provocation during discography has been examined in
several series. Linson and Crowell performed a prospec-
tive comparison of T,-weighted MR imaging and discog-
raphy findings. They found a likelihood ratio of 30 for an
abnormal MR image and concordant pain provocation
during discography. In another study, Braithwaite and col-
leagues'3reported that modic changes on MR images were
a specific, but not necessarily sensitive, predictor of con-
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Authors & Year

Holt, 1968

Simmons & Segil, 1975
Brodsky & Binder, 1979
Park, et al., 1979
Milette & Melanson,
1982
Johnson & Macnab, 1985
Gibson, et al., 1986
Grubb, et al., 1987
Sachs, et al., 1987
Schneiderman, et al.,
1987

Blumenthal, et al, 1988

Colhoun, et al., 1988

Vanharanta, et al., 1988

Zucherman, et al., 1988

Vanharanta, et al., 1989

Antti-Poike, et al., 1990

Bernard, 1990

Linson & Crowe, 1990

Walsh, et al., 1990

Simmons, et al., 1991

Summary ofstudies involving MR imaging and discographyfor selection of lumbar surgery*

Class

11 (MRI vs disco morphology)

11

11

1

11

111 (no patients w/ normal
disco treated; selection
criteria unclear; definition
of success unclear)

IK

in

n

11 (discographic morphology
Vs pain provocation)

111 (utility of disco); 11 (MRI
vs disco)
1

111 (no sensitivity able to be
reported)

11 (MRI vs disco as gold
standard); 111 (MRI or dis-
co vs painful disc disease)

TABLE 1

Description

Disco was performed on 30 patients w/o history of LBP. 37% reported onset of back (no
leakage but irregularity of disc space noted) or back & leg (leakage of dye) pain w/ in-
jection.

Painful disc injection was used as guide for op (either simple discectomy or discectomy &
PLF) in large pre-MRI & CT series. Most patients did well.

Discogram was used to select patients for op. Many w/ negative myelography had positive
discograms.

14/400 patients w/ back pain who had abnormal discograms despite normal plain films &
in some cases venography or radiculography.

Retrospective review of large disco series: 5% normal morphology had pain response,
37% abnormal morphology had pain response.

24 patients w/ surgically documented pseudarthrosis at 33 levels were studied preop w/
disco. 20/29 successfully injected levels resulted in typical back pain. There were 3
false-positive & 9 false-negative discograms.

50 discs studied w/ MRI & disco. Concordant morphometric findings were noted in 44, &

in 6 discs errors were made by the observers.

Disco was performed on 346 discs in 108 patients. 78% had pain reproduced at 1 or more
levels; 37% had abnormalities on plain films or myelograms.

Developed new classification system for CT disco & applied it to group of 59 patients.
13% of patients had positive CT disco findings w/o pain provocation.

101 disc levels studied by T2 MRI & discography. MRI was 99% accurate in predicting
morphological discographic results.

34 patients w/ positive disco underwent ALIF. Of those who achieved fusion, 73% had a
good clinical result.

195 patients were studied w/ disco & 182 went on to solid fusion (of some type). Of those
w/ abnormal & painful discs (137), 89% derived benefit from fusion. Of those with ab-
normal but nonpainful discs (25), 52% had good outcomes.

816 discograms performed in patients with multiple low-back disorders. Many abnormal-
ities seen.

18 patients identified w/ normal MRI & abnormal disco.

790 discs studied w/ discogram. Scored by DPQ. 87% of normal discs were painless. Slight
degeneration was associated w/ pain in 33% of younger patients & 12% of oldest group.
This pattern was reproduced in moderately & severely degenerated discs.

Abnormal morphology on discograms associated w/ pain provocation 52.8%; normal
morphology associated w/ pain provocation 13.2%. Use of postdisco CT did not add
to diagnostic accuracy; morphology PPV 53% & NPV 87%.

250 patients studied w/ disco/CT. Disco added useful information 93% of the time (ac-

cording to radiologist author). PPV of MRI compared w/ disco was 92%, NPV was 84%.

Prospective comparison btwn T2 MRI & disco was performed (94% correlation). PPV MRI
vs painful disco was 98% & NPV was 88%.

7 LBP patients & 10 volunteers underwent multilevel disco. Disco was abnormal 17% of
the time in asymptomatic patients, but no patient had a positive pain response.

164 patients w/ LBP underwent disco & MRL Compared to pain-provoking disco, MRI had
an NPV of94% & a PPV of 58%.

Conclusions

Disco unreliable for diagnosis of discogenic
back pain due to high false positive rate.

Disco can help to localize pathological levels
in patients w/ back pain & radiculopathy.
Disco may be positive in the face of a normal
myelogram.

Disco may disclose abnormalities in patients
w/ back pain otherwise normal films.

Disco useful for the diagnosis of LBP; pain
response is important.

Disco appears to be useful in demonstrating
pain related to PA.

MRI is as good or superior to disco for identifi-
cation of disc degeneration; LR+ 8, LR—0.05.

Disco more sensitive than plain films or myelo-
gram for evaluation of LBP.

New classification of CT disco aids in diagnosis:
LR+ 1.46; LR- 0.16.

MRI 99% accurate in predicting morphological
discogram results. LR+ 49; LR- 0.02.

Successful fusion of disco-positive discs w/
ALIF results in good results 73% of the time.

Treatment of discs w/ pain provocation & ab-
normal morphology results in successful out-
come 89% of the time. Treatment of abnormal
but not painful discs results in success 52%
of the time.

Disco abnormalities are common in patients
w/ low-back disorders.

Discos may be abnormal in face of normal MRL

Proportion of painless but degenerated discs on
disco increases w/ age.

Normal morphology has NPV of 87% for pain
provocation & abnormal morphology has a
PPV of 53% for pain provocation. LR+ 3;
LR- 0.34.

MRI correlated w/ disco/CT 89% of the time.

Abnormal MRI has high likelihhood for pain-
ful disc on disco (LR+ 30) & normal MRI
hasan LR- 0.09.

Radiological results of disco are unreliable.
Pain response is reliable for the determina-
tion of painful disc disease.

MRI is oversensitive for diagnosis of painful
disc disease. Abnormal disco occurs despite
negative MRI1 6% of the time.

Continued
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Authors & Year

Gill & Blumenthal, 1992

Horton & Daftari, 1992

Maezawa & Muro, 1992

Murtagh & Arrington,
1992

Buirski & Silberstein,
1993

Knox & Chapman, 1993

Brightbill, et al., 1994
Loneragan, et al., 1994

Moneta, et al., 1994

Wetzel, et al., 1994

Rhyne, et al., 1995

Schwarzer, et al., 1995
Block, et al., 1996

Ricketson, et al., 1996

Schelhas, et al., 1996

Heggeness, et al., 1997

Braithwaite, et al., 1998

Class

Il (MRI vs disco)

TABLE 1 Continued

Description

53 patients underwent L5-S1 fusion for concordant pain on disco. Those w/ concordant
pain & abnormal MRI did well 75% of the time; those w/ concordant pain & normal
MRI did well 50% of the time. The authors found that MRI predicted morphological
changes on disco 100% of time.

63 discs in 25 patients studied w/ MRI and disco. MRI signal patterns correlated w/ disco
findings.

Large series of disco (1477). Imperfect relationship of pain to radiographic findings in
patients w/ LBP was found.

Authors studied discs adjacent to degenerative levels to determine whether to include ad-
jacent level in fusion. They found morphological discographic abnormalities in 54% of
adjacent discs.

MRI abnormal discs were characterized in symptomatic & asymptomatic patients. No in-
tergroup differences were seen in terms of frequency or severity of MR changes. All
MRI abnormal discs subjected to discography were found to be painful.

22 patients w/ disco-positive pain had ALIF performed based on disco. All 2-level fusions

did poorly. Among single-level fusions, 35% were good, 18% were fair, & 47% were poor.

7 patients were found to have abnormal disco despite normal MRI.

Small series of patients were subjected to disco & MRI. Overall concordance for the 2
modalities was 90%.

Correlation was noted btwn discographic pattern & pain provocation. Outer anular tears
were associated w/ pain; however, generalized but degeneration was not.

48 patients treated w/ fusion based on symptomatic disco. 46% of patients had an excellent
or good (satisfactory) outcome. Of the 23 w/ a solid arthrodesis, 22 had satisfactory
clinical outcomes.

25 patients w/ LBP and concordant provocative disco were followed nonop for various
reasons for a minimum of 3 yrs: 68% improved, 8% stayed the same, 24% worsened.
Most patients who worsened had significant psychiatric disease.

92 patients w/ LBP studied w/ disco. Provocation disco was positive in 39%.

Patients w/ LBP were studied with disco & MMPL Those who reported pain had signifi-
cantly higher hypochondriasis & hysteria scores on the MMPL

80 discs in 29 patients studied w/ MRI & disco. No patient w/ HIZ had a morphologically
normal disc. No definite relationship was found btwn HIZ & pain response (only 7 pa-
tients w/ H1Z; discrepancy btwn tables & reported results).

100 patients w/ HIZ discs & 67 patients w/ non-HIZ discs subjected to discography.
87/100 HIZ discs and 2/67 non-HIZ discs painful: PPV HIZ 87%, NPV non-HIZ 97%.
Retrospective review of 83 postdiscectomy patients who underwent discography was per-

formed.

Disco performed at 152 levels including 23 w/modic changes. PPV for modic changes
predicting concordant pain was 91.3% & the NPV was 46.5%.

Conclusions

MRI predicts morphological changes on disco
well. Patients w/ normal MRI & concordant
pain on disco do relatively poorly following
fusion. PPV of abnormal MRI1 in this setting
is 74% (as opposed to 66% overall for con-
cordant pain response).

Certain MRI findings are highly associated w/
concordant pain provocation & a normal im-
age was highly associated w/ no concordant
pain. There are intermediate signal character-
istics that do not reliably predict pain provo-
cation.

Disc morphology & pain response not neces-
sarily related.

Morphological abnormalities are present in
~ half of discs adjacent to other degenerative
discs.

MRI is unreliable for the identification of painful
discs.

ALIF based on discography associated w/ poor
results.

Normal MRI does not exclude abnormal disco.

Concordance btwn MRI & CT disco (morphol-
ogy) is -90%.

Anular disruption as seen on disco is associ-
ated w/ a pain response.

Symptomatic discography predicts surgical
results in 46% of patients. This result may
be related to fusion success.

Most patients w/ disco concordant back
pain improve w/o treatment.

Provocative disco is positive in a large number
of patients w/ back pain.

Psychological factors contributed heavily to
disco results.

Presence of HIZ does not necessarily predict
painful disc: LR+ 1.3; LR—0.96.

Presence of HI1Z highly correlated w/ pain on
disco (LR+ 5.76; LR—0.002).

Previously op discs were more frequently pain-
ful than nonop discs (72 vs 38%). Dye ex-
travasation was associated w/ pain 75% of
the time.

Modic changes on MRI are relatively specific,
but not sensitive for the concordance of pain
on discography. LR+ 7.6, LR- 0.8.

Continued
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Authors & Year

Ito. et al.. 1998

Saifuddin, et al.. 1998

Saifuddin, et al.. 1998

Smith, et al.. 1998

Carragee, et al.. 1999

Derby, et al.. 1999

Milette. et al.. 1999

Rankine, et al.. 1999
Carragee, et al.. 2000

Carragee, et al., 2000

Carragee, et al., 2000

Carragee, et al., 2000

Lam. et al., 2000

Sandhu, et al., 2000

Slipman, et al., 2001

Weishaupt, et al., 2001

Class

11 (MRI vs disco)

11 (H1Z vs painful disco)

in

in

11 (MRI vs disco)

TABLE 1 Continued

Description

Retrospective comparison of MRI HIZ vs painful disc on disco wene penfonmed.

Monphology of disco compnned w/ pnin response; nesponse usually associated w/ isolated
postenion anulan tean.

HIZ pnesence was companed w/ disco nesults: sensitivity 26.7%, specificity 95.2%,
PPV 88.9%, & NPV 47%.

Retnospective analysis of patients w/ MRI & discognam w/in same yean. A k value of 0.57
was found btw'n neunonadiologists evaluating scans fon HIZ. Sensitivity of HIZ fon an-
ulan dismption w'as only 25%, but specificity w'as 99%. Sensitivity fon pain nesponse
w'as 23% & specificity 90%.

24 discs in 8 selected patients w¥ nonspinal LBP wene injected: concordant pnin elicited in
8 discs & 4 patients had severe pain in 1disc & no pain in others (met criteria for op).

Retrospective cornpnrison of patients w¥ positive disco w'ho underw'ent different fusion
procedures.
Retrospective cornpnrison of MRI findings & disco findings w'as performed.

Observational study of 83 patients w/ back &/or leg pain. 45% had an HIZ noted on MRI.
26 patients w>/o back pain follow'ed for 1yr after discography. No patient w>/o a somatiza-
tion disorder suffered back pnin as a result of disco.

2 selected groups of patients status postdiscectomy w or w>/o back pain. Disco wsss positive
in 40% of asymptomatic group & 63% of symptomatic group.

Selected populations of LBP & non-LBP studied w/ MR1 & disco. LBP patients had sig-
nificantly higher rate of HIZ, but 24% of asymptomatic patients also had HIZ.

False-positive rate of disco in noncompensated patient w'as low' (10%), but much higher in
compensated patients & those WY somatization disorders.

92 HIZs w'ere identified in 73 patients undergoing w'orkup for fusion for LBP. Blinded
cornpnrison btw'n MR1 presence of HIZ & pnin response. PPV for HIZ for pnin
response was 87%.

Compared modic changes & results of discography in 53 patients w LBP. Not all levels
underw'ent disco. Authors found no relationship btw'n modic changes & pnin provoca-
tion on disco.

40 carefully selected discograms evaluated to determine relation of side of anular tear &
side of symptoms in patients w¥ concordant back pnin. No relationship found.

Prospective study of 50 patients wf LBP w'ho underw'ent MRI & disco. Normal MRI had
NPV for pain provocation of 98%. Only moderate-to-severe endplate changes had a
high PPV (100%).

Conclusions

HIZ w'as sensitive for predicting a painful disc
(87%) but not specific (65%; PPV 43%).
“Massive degeneration” or “severe disc space
collapse” w'as specific for painful disco. The
PPV for nonconcordant pnin or no pain for a
normal MRI appearance w'as 97.3%.

Isolated posterior anular tears significantly as-
sociated w concordant pain.

HIZ is highly specific & associated w¥ a high
likelihood for pnin provocation; LR+ 6.8;
LR- 0.7.

HIZ is a specific but not very sensitive indica-
tor of painful disc dismption.

Lumbar disco cannot reliably differentiate the
source of LBP due to a high-false positive
rate (50%); LR+ 0.72, LR- 0.72.

Patients w “chemically sensitive” discs do bet-
ter w/ an interbody fusion compared w> PLF.

Loss of disc space height, abnormal central sig-
nal intensity, protrusions & disc bulges pre-
dicted Stage 2 or 3 disruptions on disco;
most of these w'ere pninlinl.

HIZ is a common finding in patients w/ LBP.

Disco does not cause chronic LBP in patients
w'/o somatization disorders. Pnin correlates
w> somatization (p < 0.03).

Lumbar disco has a high-false positive rate in
patients w>/o back pain (40%); LR+ 1.05,
LR- 0.93.

HIZ is too nonspecific for clinical use in LBP;
it may predict discogram pain: LR+ 14.6,
LR- 0.60.

Positive discogram rates correlated closely wy/
disability claims, somatization, & anular dis-
ruption.

HIZ good predictor of pninlinl disco.

Modic changes on MRI do not predict pnin
provocation w/ disco.

Side of anular tear not related to side of back
or leg pain.

MRI good tool for predicting pnin provocation
w/ disco.

* ALIF = anterior lumbar interbody fusion; disco = discography; DPQ = Dallas Pain Questionnaire; LBP = low-back pain; LR = likelihood ratio; MMPI = Minnesota Multiphasic Personality Inventory;

PA = pseudarthrosis.
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cordant pain provocation during discography. Weishaupt,
et al.,6l found that moderate-to-severe endplate changes
predicted a concordant pain response 100% of the time. In
contrast, Sandhu, et al.,® did not identify a significant
relationship between modic changes on MR imaging and
concordant pain responses during discography. Ito and
colleaguesbfound that the absence of an HIZ had a strong
likelihood (negative ratio 0.08) of predicting the absence
of a pain response. Conversely, Saifuddin, et al.,& report-
ed that the presence of an HIZ on MR imaging was spe-
cific (96%) and predictive (likelihood ratio 6.8) of a con-
cordant pain response during discography. Schelhas, et
al.,.Dreported similar findings in that the presence (posi-
tive likelihood 5.8) or absence (negative likelihood 0.002)
of an HIZ on MR imaging was predictive of the presence
or absence, respectively, of concordant pain during dis-
cography.

Lam and colleaguesll performed a prospective blinded
evaluation of HIZs identified on MR imaging compared
with discography. They found an 87% PPV of the HIZ for
the provocation of pain with discography and reported
sensitivity and specificity values of 81 and 79%, respec-
tively. Ricketson and colleagues4 identified a significant
association between the presence of an HIZ and concor-
dant back pain during discography; however, only seven
HIZs were noted. Several other studies confirmed the high
NPV (94-100%) of a normal MR image for the produc-
tion of a concordant pain response during discography.5%
43HEL Although there are conflicting reports, the majori-
ty of evidence reported in the literature indicates that cer-
tain MR imaging findings, particularly the presence of an
HI1Z, are closely correlated with the provocation of disco-
graphic concordant pain in patients with low-back pain. It
is also apparent that a concordant pain response is ex-
tremely uncommon in the presence of normal MR imag-
ing findings.

The knowledge of the relative ability of one imaging
study (such as MR imaging) to predict the results of
another diagnostic test (such as provocative discography)
is useful for the selection of diagnostic tests; however, the
true litmus test is the ability of the diagnostic test to pre-
dict the outcome of treatment based on the results of the
test. In the low-back pain population, fusion is often per-
formed to treat patients with recalcitrant low-back pain.
The next relevant question concerns the ability of discog-
raphy or MR imaging to predict the outcome after lumbar
fusion. If discography (or MR imaging) were to have an
accuracy of 100% in terms of diagnosing the source of a
patient's low-back pain and if successful fusion of the
pathological interspace diagnosed using discography (or
MR image) were 100% effective for the treatment of low-
back pain, then every patient with a positive discogram (or
MR image) and a successful fusion would be expected to
experience relief of low-back pain. Conversely, a patient
with a negative discogram (or MR image) would not ex-
perience pain relief despite a successful fusion.

To address this issue. Gill and Blumenthal2 reported on
the outcomes of 53 patients who underwent L5-S1 fusion,
based primarily on concordant pain provocation during
discography. They found that patients with concordant pain
and abnormal MR imaging findings did well approximate-
ly 75% of the time. This success rate was compared with
results obtained by the same authors in a group of patients
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similarly treated based on concordant pain on discography
but in whom MR imaging was normal. Only half of these
latter patients experienced a favorable result. There was a
trend for an abnormal MR imaging study to predict func-
tional outcome following surgery (p < 0.10). Colhoun and
colleagues® reported an 89% favorable result following
fusion in patients with abnormal disc morphology and a
concordant pain response compared with a 52% favorable
rate in patients with abnormal disc morphology alone. Both
of these studies provide Class Il medical evidence sug-
gesting that both anatomical abnormality and a concordant
pain response together are required for a discogram to have
a PPV for fusion outcome after lumbar surgery.

Other authors have provided more sobering reports of
outcomes following lumbar fusion when discography alone
has been used as a diagnostic tool. Wetzel, et al.,@ and
Knox and Chapman® each described surgical series in
which patient selection was dependent primarily on discog-
raphy. The results of both of these series are disappointing,
with successful outcome rates of 35 to 46%. These results
are particularly troubling given the findings by Rhyne, et
al., 4 that the majority (68%) of patients with discographic
concordant pain in their experience improved without sur-
gical treatment during a 3-year follow-up period. The fu-
sion rates and techniques may have influenced the overall
results. In the series by Wetzel, et al.,@for example, in the
majority of cases believed to represent a successful fusion
outcomes were satisfactory. Some authors argue that the
techniques used to achieve fusion are important. For exam-
ple, Derby and colleaguesBhave suggested that the elimi-
nation of motion at the pathological disc space through the
use of interbody implants is important for adequate relief
of discogenic pain. This hypothesis is partly based on the
observation that discography can elicit pain at disc spaces
within a solidly fused segment following PLF.2B Conse-
quently, although acceptable results following surgical treat-
ment of discography-diagnosed low-back pain have been
reported, the best medical evidence suggests that treatment
of a disc in a patient with low-back pain, a positive disco-
gram, and a normal MR imaging study is not likely to influ-
ence favorably the natural history of the pain. Discography
is not, therefore, recommended for the evaluation of pa-
tients with normal MR imaging examinations of the lumbar
spine.

Discography has been used as an adjunct for the study of
discs associated with equivocal MR imaging findings, par-
ticularly those adjacent to clearly pathological interspaces
considered for fusion. Discs that are morphologically ab-
normal but painless at discography may be excluded from
the fusion construct.0Discography may also have arole in
the diagnosis of painful pseudarthrosis, although the litera-
ture on this is scant.BProvocation of pain at disc levels that
are morphologically normal on MR imaging is a contra-
indication for surgical (or other invasive) intervention.
Discography-provoked pain at multiple disc levels in a pa-
tient with equivocal morphological findings on discogra-
phy or MR imaging should raise a significant red flag for
the presence of factors reported to be associated with poor
surgical outcomes following lumbar fusion surgery.41

Summary
Discography is an exquisitely sensitive but not specific
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diagnostic test for the diagnosis of discogenic low-back
pain. The restriction of the definition of a positive disco-
graphic study to one that elicits concordant pain from a
morphologically abnormal disc improves the definition's
accuracy. Fusion surgery based on discography alone,
however, is not reliably associated with clinical success.
Therefore, discography is not recommended as a stand-
alone test for treatment decisions in patients with low-
back pain. Magnetic resonance imaging is a sensitive and
noninvasive test for the presence of degenerative disc dis-
ease. Discography should not be attempted in patients
with normal lumbar MR images. Discography appears to
have a role in the evaluation of patients with low-back
pain, but it is best limited to the evaluation of abnormal
interspaces identified on MR imaging, the investigation
of adjacent-level disc disease, and as a means to rule out
cases of nonorganic pain from surgical consideration.

Directions for Future Research

A large cohort series comparing the results of discogra-
phy and MR imaging for predicting the success of surgi-
cal intervention via a standardized protocol would be a
valuable addition to the literature. These data would pro-
vide at least Class Il evidence for the value of either imag-
ing technique for predicting the response of a patient to a
given treatment strategy.
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