
Background: The intervertebral disc has been implicated as a major cause of chronic lumbar 
spinal pain based on clinical, basic science, and epidemiological research. There is, however, a 
lack of consensus regarding the diagnosis and treatment of intervertebral disc disorders. Based on 
controlled evaluations, lumbar intervertebral discs have been shown to be the source of chronic 
back pain without disc herniation in 26% to 39% of patients. Lumbar provocation discography, 
which includes disc stimulation and morphological evaluation, is often used to distinguish a 
painful disc from other potential sources of pain. Despite the extensive literature, intense debate 
continues about lumbar discography as a diagnostic tool.

Study Design: A systematic review of the diagnostic accuracy of lumbar provocation and 
analgesic discography literature.

Objective: To systematically assess and re-evaluate the diagnostic accuracy of lumbar discography. 

Methods: The available literature on lumbar discography was reviewed. A methodological quality 
assessment of included studies was performed using the Quality Appraisal of Reliability Studies 
(QAREL) checklist. Only diagnostic accuracy studies meeting at least 50% of the designated 
inclusion criteria were included in the analysis. However, studies scoring less than 50% are 
presented descriptively and critically analyzed. 

The level of evidence was classified as good, fair, and limited or poor based on the quality of 
evidence developed by the U.S. Preventive Services Task Force (USPSTF).

Data sources included relevant literature identified through searches of PubMed and EMBASE 
from 1966 to September 2012, and manual searches of the bibliographies of known primary and 
review articles.

Results: Over 160 studies were considered for inclusion. Of these, 33 studies compared discography 
with other diagnostic tests, 30 studies assessed the diagnostic accuracy of discography, 22 studies 
assessed surgical outcomes for discogenic pain, and 3 studies assessed the prevalence of lumbar 
discogenic pain. The quality of the overall evidence supporting provocation discography based on 
the above studies appears to be fair. The prevalence of internal disc disruption is estimated to be 
39% to 42%, whereas the prevalence of discogenic pain without assessing internal disc disruption 
is 26%.

Conclusion: This systematic review illustrates that lumbar provocation discography performed 
according to the International Association for the Study of Pain (IASP) criteria may be a useful tool 
for evaluating chronic lumbar discogenic pain.

Key words: Lumbar intervertebral disc, lumbar discography, provocation discography, analgesic 
discography, diagnostic accuracy
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In an evaluation of physical examination and lum-
bar provocation discography, Laslett et al (89) found 
that the sensitivity, specificity, and positive likelihood 
ratios of centralization observed during repeated 
movement testing were 40%, 94%, and 6.9%, respec-
tively. Although centralization was highly specific for 
positive discography, the sensitivity was low. In an-
other study by Laslett and colleaugues (90) that sought 
to correlate clinical features with lumbar provocation 
discography findings, the authors were unable to iden-
tify any screening test useful for ruling out discogenic 
pain. Young et al (91) attempted to correlate clinical 
examination characteristics with 3 sources of chronic 
low back pain. They reported that centralization of 
pain was diagnostic for symptomatic discs. Donelson et 
al (92) also prospectively evaluated the centralization 
phenomenon as a predictive tool for discographic pain 
provocation and annular competence. They found that 
the McKenzie Assessment Process reliably differenti-
ated discogenic from non-discogenic pain as well as a 
competent annulus from an incompetent annulus, and 
concluded that discography was superior to MRI in dis-
tinguishing painful from non-painful discs. However, 
the ability of centralization to predict positive discog-
raphy was unreliable. 

When discography is combined with pain provo-
cation and analgesia, its diagnostic capabilities are 
considered superior to the single dimensional tools 
(31-37,46,81,102-112). However, others insist rather 
vigorously the contention that discography fails to im-
prove diagnostic capabilities (9,113-125). Furthermore, 
there is ongoing debate regarding the gold standard 
evaluation of discogenic pain (34,35,122,123), and the 
conservative, minimally invasive, and surgical manage-
ment of discogenic pain (43,123-147).

Although controversy exists and the debate contin-
ues on various modalities of treatments, there is some 
evidence that discogenic pain may respond as well as 
disc herniation, spinal stenosis and failed back surgery 
syndrome to epidural injections (133-154). Evidence 
also suggests that surgery does not afford superior re-
sults to non-invasive techniques (155-170).

The pathophysiology of discogenic pain de-
pends on the sensory nerves. Typically, these inner-
vate the outermost third of the annulus. However, 
in degenerated discs, the innervation is deeper and 
more widespread; some fibers even penetrate the 
nucleus pulposus (48,171-179). Aging causes fissures 
and tears in the annulus. There are also multiple 
types of chemical changes that occur in the degener-

In light of the increasing socioeconomic burden 
imposed by chronic low back pain, the resources 
utilized in treating it, the intense media attention 

devoted to the subject, and the growing number of 
modalities available for diagnosis and management, 
our understanding of the causes of low back pain has 
evolved over the past century (1-30). Nevertheless, 
providing a definitive diagnosis for patients remains 
a major challenge in the absence of overt disc 
herniations, pathognomonic physical findings, or 
confirmative electrodiagnostic findings (1,30-40). 
Kuslich et al (41) identified intervertebral discs, facet 
joints, ligaments, fascia, muscles, and nerve root dura 
as potential pain-generating structures in the low 
back. The intervertebral discs, the zygapophysial (facet) 
joints, and sacroiliac joints have all been demonstrated, 
with controlled diagnostic techniques to be common 
causes of chronic low back pain (1,34-40). Based on 
these evaluations, the prevalence of discogenic low 
back pain, with or without internal disc derangement, 
is estimated to affect between 26% and 39% of chronic 
low back pain sufferers without radicular symptoms 
(32,34-37). Further, the intervertebral disc has been 
implicated as a source of spinal pain based on decades 
of pre-clinical, clinical, and epidemiological research, 
though the precise mechanisms continue to be debated 
as the literature evolves (34-37,42-67). Diagnosis based 
on history, physical exam, and radiological imaging has 
low sensitivity and specificity in determining whether 
or not the disc is a primary source of low back pain 
(1,32-36,40,46,68-101). 

Hancock et al (40) performed a systematic review 
evaluating the ability of different diagnostic modali-
ties to identify the disc as the source of low back pain. 
They considered 28 studies investigating the disc. They 
showed that, in the majority of studies, various features 
observed on magnetic resonance imaging (MRI) (i.e., 
high-intensity zone, endplate changes, and disc degen-
eration) provided information that increased the prob-
ability of the disc being the source of low back pain. 
However, centralization was the only clinical feature 
found to increase the likelihood of the disc being the 
primary source of pain. The absence of degeneration 
on MRI was the only test found to reduce likelihood 
of the disc being the source of pain (89). The authors 
also found that whereas the presence of a high-inten-
sity zone significantly increased the probability of the 
disc(s) being a source of pain, a negative test does not 
meaningfully reduce the chances of the disc(s) being 
the pain generator. 
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ated discs, with release of inflammatory substances 
(42-51,54,73,77,78,80,180).  

The accuracy of a diagnostic test is pivotal when se-
lecting patients for treatment (1,19-22,24,29,30,34,35,38-
40,124,181-206). For a treatment with low costs and low 
risks such as facet joint radiofrequency denervation, a 
screening test with high sensitivity is desirable, as the 
failure to correctly diagnosis the index condition can 
lead to unnecessary expensive and invasive treatments 
(e.g., surgery). But for a treatment that carries consid-
erable risks and costs such as spine fusion, a test with 
high specificity and positive predictive value is prefer-
able, which reduces unnecessary risk exposure. The 
value of discography as a screening tool increases with 
the inexperience of the referring surgeon, as those with 
less selectivity will likely refer more patients with non-
discogenic pain, or a greater degree of psychosocial 
pathology. The greatest challenges concerning discog-
raphy continue to be the “gold standard” dilemma and 
the treatments applied based on the results of the test 
(1,9,19,34,35,122-125,127-129,159,186,187). Opponents 
of discography contend that escalating numbers of 
unnecessary fusions have been performed in the Unit-
ed States each year for indications of discogenic pain 
(123,124,207-214). Yet, when properly utilized, discog-
raphy screening can decrease the number of unneces-
sary operations. However, the lack of positive outcomes 
cannot be blamed on discography, since none of the sur-
gical interventions have been proven to be beneficial in 
discogenic pain. Proponents of discography argue that 
it is the only diagnostic modality that attempts to corre-
late pathology with symptoms. This point is reasonable 
given the fact that close to two-thirds of asymptomatic 
subjects have been found to have abnormal findings on 
MRI and computed tomography (CT) scans of their lum-
bar spines, with many of the findings of a non-specific 
nature (72,74,104,215-235). But opponents of discogra-
phy argue that the significance of discographic pathol-
ogy is low, the validity of provoked symptoms is un-
proven, and that fusion outcomes do not correlate with 
findings. These criticisms are further supported by the 
relative lack of specificity of discography, the inherent 
difficulty in validating provoked symptomatology, and 
multiple studies showing false-positive discograms in 
patients without low back symptoms (104,113-122,236). 

In a systematic review of lumbar discography as a 
diagnostic test for chronic low back pain (34), based on 
modified U.S. Preventive Services Task Force (USPSTF) 
level of evidence criteria, Manchikanti et al reported the 
strength of evidence was Level II-2 for the diagnostic 

accuracy of lumbar provocation discography utilizing 
International Association for the Study of Pain (IASP) 
criteria (237). Based on this systematic review, the au-
thors (34) recommended that lumbar provocation dis-
cography performed according to the IASP criteria may 
be a useful tool for evaluating chronic lumbar disco-
genic pain. 

The purpose of this review is to systematically 
evaluate the diagnostic accuracy of lumbar discogra-
phy utilizing provocation or analgesia, determine its 
applicability in clinical practice identifing deficiencies 
in the available evidence, and to describe implications 
for clinical practice and further research in this area. 
This systematic review is an update of a previously pub-
lished systematic review (34).

1.0 Methods

The IASP criteria (237) for lumbar discogenic pain 
include reproduction of a patient’s typical pain with 
disc stimulation, while injection of 2 adjacent interver-
tebral discs fails to provoke pain. In addition, the pain 
cannot be ascribed to some other source innervated by 
the same segments that innervate the putatively symp-
tomatic disc.

The degree of relief following local anesthetic in-
jected into one or more discs is, theoretically, a more 
robust method to determine the degree to which the 
discs are contributing to the patient’s symptoms (102). 
Thus, combining local anesthetic in equal concentra-
tion with contrast media injected into one or more 
discs during provocation discography confirms a posi-
tive provocative response and estimates the degree of 
pain caused by the one or more discs injected. Mixing 
local anesthetic with contrast is less traumatic than 
functional anesthetic discography, which requires us-
ing a large bore needle to enable the insertion of a 
catheter (102,103,112,238,239). Although the addi-
tion of local anesthetic to all injected discs cannot 
always distinguish symptomatic from asymptomatic 
discs, the degree of post-procedure relief experienced 
may help assuage concerns of false-positive responses 
(35,107,108,111,206,238,240-242). 

1.1 Criteria for Considering Studies for the 
Review

1.1.1 Types of Studies 
Diagnostic accuracy studies of lumbar discs    prov-

ocation and/or analgesic discography. 
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1.1.2 Types of Participants 
Participants of interest were adults aged at least 18 

years with chronic low back pain of at least 3 months 
duration.

Participants must have failed previous pharmaco-
therapy, exercise therapy, etc., prior to discography.

1.1.3 Types of Interventions
The interventions were lumbar provocation and/or 

analgesic discography.

1.1.4 Types of Outcome Measures 
♦	 The primary outcome parameter was either pain 

provocation and/or pain relief with analgesic 
discography. 

♦	 At least 2 of the review authors independently, in 
an unblinded standardized manner, assessed the 
outcome measures. Any disagreements between 
reviewers were resolved by a third author and 
consensus.

1.2 Literature Search 
Searches were performed from the following 

sources without language restrictions:
1. 	 PubMed from 1966

www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. 	 EMBASE from 1980

www.embase.com
3. 	 Cochrane Library

www.thecochranelibrary.com/view/0/index.html
4. 	 U.S. National Guideline Clearinghouse (NGC) 

www.guideline.gov
5. 	 Previous systematic reviews and cross references	
6. 	 Clinical Trials

clinicaltrials.gov

The search period was from January 1966 through 
September 2012.

1.3 Search Strategy 
The search strategy emphasized chronic low back 

pain and diagnostic interventional techniques with 
special emphasis on provocation and/or analgesic 
discography.

The search terms used were lumbar discography, 
discography, disc stimulation, analgesic discography, 
and provocation discograhy.

At least 2 of the review authors independently, in 
an unblinded standardized manner, performed each 
search. All searches were combined to obtain a unified 

search strategy. Any disagreements between reviewers 
were resolved by a third author and consensus.

1.4 Data Collection and Analysis 
This systematic review focused only on invasive di-

agnostic studies    provocation and analgesic discogra-
phy. The population of interest was patients suffering 
from chronic low back pain, with or without lower ex-
tremity pain, for at least 3 months. Only the diagnostic 
accuracy of lumbar discography with respect to chronic 
low back pain was evaluated. Reports without appro-
priate diagnosis, non-systematic reviews, book chap-
ters, and case reports were excluded.

The quality of each individual article used in this 
assessment was assessed using the Quality Appraisal of 
Reliability Studies (QAREL) checklist (Table 1) (195). This 
checklist has been validated and utilized in multiple sys-
tematic reviews (190-196). Each study in the final sample 
of eligible manuscripts was assessed using the 12-item 
checklist designed to assess quality and applicability. The 
face validity of this check was established by consulta-
tion with methodology experts (195) and comparison 
with similar checklists used in other systematic reviews 
examining diagnostic reliability (194,202,203,243-248). 
This checklist was also developed in accordance with the 
Standards for the Reporting Studies of Diagnostic Accu-
racy Studies (STARD) (191) and the Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS) (192) appraisal 
tool. Studies were not given an overall numeric quality 
score; instead each item was considered separately and 
graded as “yes,” “no,” “unclear,” or “not applicable.” 

1.4.1 Selection of Studies 
♦	 In an unblinded, standardized manner, 2 review 

authors screened the abstracts of all identified 
studies against the inclusion criteria.

♦	 All articles with possible relevance were then re-
trieved in full text for comprehensive assessment 
of internal validity, quality, and adherence to inclu-
sion criteria.

1.4.2 Inclusion and Exclusion Criteria
The following are the inclusion and exclusion 

criteria:
1.	 Are the patients described in sufficient detail to al-

low one to decide whether they are comparable to 
those who are treated in interventional pain man-
agement clinical practices?
A.	 Setting   office, hospital, outpatient, inpatient
B.	� Physician   interventional pain physician, gen-
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eral physician, anesthesiologist, physiatrist, 
neurologist, rheumatologist, orthopedic sur-
geon, neurosurgeon, etc.

C.	 Patient characteristics    duration of pain
D.	� Previous non-interventional techniques or sur-

gical intervention in the past
2.	 Is the intervention described in sufficient detail to 

enable one to apply its use to patients in interven-
tional pain management settings?
A.	 Nature of intervention
B.	 Frequency of intervention
C.	 Duration of intervention

3.	 Were clinically relevant outcomes measured?
A.	 Proportion of pain relief
B.	 Disorder/specific disability
C.	 Functional improvement

D.	� Allocation of eligible and non-eligible patients 
to return to work

E.	 Ability to work

1.4.3 Clinical Relevance 
The clinical relevance of the included studies was 

evaluated according to 5 questions recommended by the 
Cochrane Back Review Group (Table 2) (249). Each ques-
tion was scored positive (+) if the clinical relevance item 
was met, negative (–) if the item was not met, and unclear 
(?) if data were not available to answer the question.

1.4.4 Methodological Quality or Validity 
Assessment

Each study was evaluated by at least 2 authors 
against the stated criteria, and any disagreements 

Table 1. Quality Appraisal of  Diagnostic Reliability (QAREL) checklist.

Item Yes No Unclear N/A

1. Was the test evaluated in a spectrum of subjects representative of patients who would 
normally receive the test in clinical practice?

2. Was the test performed by examiners representative of those who would normally perform 
the test in practice?

3. Were raters blinded to the reference standard for the target disorder being evaluated?

4. Were raters blinded to the findings of other raters during the study?

5. Were raters blinded to their own prior outcomes of the test under evaluation?

6. Were raters blinded to clinical information that may have influenced the test outcome?

7. Were raters blinded to additional cues, not intended to form part of the diagnostic test 
procedure?

8. Was the order in which raters examined subjects varied?

9. Were appropriate statistical measures of agreement used?

10. Was the application and interpretation of the test appropriate?

11. Was the time interval between measurements suitable in relation to the stability of the 
variable being measured?

12. If there were dropouts from the study, was this less than 20% of the sample. 

TOTAL

Lucas N, et al. Reliability of physical examination for diagnosis of myofascial trigger points. Clin J Pain 2009; 25:80-89 (194).

Table 2. Clinical relevance questions.

P (+) N (-) U (unclear)

A) Are the patients described in sufficient detail to allow one to decide whether they are comparable to those 
who are treated in interventional pain management clinical practices

B) Are the interventions and treatment settings described in sufficient detail to apply its use in clinical practice?

C) Were clinically relevant outcomes measured and reported?

D) Is the size of the effect clinically meaningful?

E) Do the likely treatment benefits outweigh the potential harms?

Scoring adapted and modified from Staal JB, et al. Injection therapy for subacute and chronic low back pain. Cochrane Database Syst Rev 2008; 
3:CD001824 (249).
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were resolved with a third reviewer. Authors with a 
perceived conflict of interest for any manuscript were 
recused from reviewing that manuscript.

Only diagnostic accuracy studies meeting at least 
50% of applicable inclusion criteria were included for 
analysis. Studies scoring less than 50% are reported de-
scriptively with critical analysis. 

1.4.5 Data Extraction & Management 
Two review authors independently, in an unblinded 

standardized manner, extracted the data from the in-
cluded studies. Disagreements were resolved by discus-
sion between the 2 reviewers; if no consensus could be 
reached, a planned third author was called in to break 
the impasse. Data were analyzed separately based on 
whether the intervention was provocative or analgesic.

1.5 Analysis of Evidence
The evidence was analyzed using USPSTF criteria as 

illustrated in Table 3. These criteria have been utilized 
in many other reviews (9,19,163,185,250). 

The analysis was conducted using 3 levels of evi-
dence: good, fair, and limited or poor. 

At least 2 of the review authors independently, in 
an unblinded standardized manner, analyzed the evi-
dence. Any disagreements between reviewers were re-
solved by a third author and consensus. If there were 
any conflicts of interest (e.g., with authorship), those 
reviewers were recused from assessment and analysis.

1.6 Outcome of the Studies
Outcome evaluations included the prevalence of 

lumbar discogenic pain and false-positive results. 

2.0 Results

Figure 1 shows a flow diagram of study selec-
tion. There were 163 studies considered for inclusion 
(31,32,36,37,82-92,102-108,110-122,124-129,131-
170,205,216,238-242,251-326). 

2.1 Comparative Evaluation of Discography 
The correlation of discography was performed with 

radiologic studies. Table 4 describes 33 studies compar-
ing lumbar discography with CT scanning or MRI in 
patients with degenerative disc disease. Of these, 13 
showed good correlation, 7 showed fair correlation, 
and 13 showed limited or poor correlation. Overall, 20 
of 33 studies showed good or fair correlation.

2.2 Diagnostic Accuracy Studies 
Table 5 describes 30 studies evaluating the accu-

racy of discography. Of these, 25 studies evaluated 
provocation discography, 2 studies evaluated func-
tional anesthetic discography, and 4 studies evaluated 
anesthetic discography. Among the 25 studies evalu-
ating provocation discography, DePalma et al (67) re-
ported subgroup analysis in 5 additional manuscripts. 
Of the 25 manuscripts assessed, 16 confirmed the va-
lidity of diagnostic discography. In contrast, 9 of the 
25 manuscripts reported multiple confounding issues 
with provocation discography that could undermine 
its validity. 

Recently, the use of anesthetic discography has 
generated significant interest as a means to reduce 
the high false-positive rate associated with provoca-
tion discography in certain patient subgroups. The 
rationale for this contention is extrapolated based on 
the reference standard used for other diagnostic spi-
nal injections, such as facet and sacroiliac joint blocks 
(327). Currently, the ability of anesthetic discography, 
used as either an adjunct or replacement for provoca-
tion discography, to enhance the accuracy of diagno-
sis is mixed. One study by Alamin et al (112) conduct-
ed in 52 patients who underwent both procedures, 
found a 46% discordance rate between provocation 
and analgesic discography, with the large majority 
of discrepancies involving patients who were either 
found to be negative with analgesic discography af-
ter a positive provocation discogram (24%) or found 
to have only single-level disease on analgesic discog-
raphy instead of 2-level involvement (16%). However, 
in a recent multi-center study involving 251 patients 
using 4 different discography protocols and criteria, 
Derby et al (326) found no significant differences in 
prevalence rates between techniques involving pain 
provocation alone, pain provocation in combination 
with analgesic discography, or analgesic discography 
as a stand-alone test. 

2.3 Correlation with Surgical Outcomes 
Table 6 describes 22 studies of lumbar fusion 

and disc displacement surgery in patients with disco-
genic pain who were diagnosed using preoperative 
discography. 

Of these, only 4 studies reported good results, with 
the remaining studies reporting limited effectiveness of 
provocation discography as a diagnostic tool. 
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Table 3. Method for grading the overall strength of  the evidence for an intervention.

Grade Definition 

Good Evidence includes consistent results from well-designed, well-conducted studies in representative populations that directly assess 
effects on health outcomes (at least 2 consistent, higher-quality RCTs or studies of diagnostic test accuracy).

Fair

Evidence is sufficient to determine effects on health outcomes, but the strength of the evidence is limited by the number, quality, 
size, or consistency of included studies; generalizability to routine practice; or indirect nature of the evidence on health outcomes 
(at least one higher-quality trial or study of diagnostic test accuracy of sufficient sample size; 2 or more higher-quality trials or 
studies of diagnostic test accuracy with some inconsistency; at least 2 consistent, lower-quality trials or studies of diagnostic test 
accuracy, or multiple consistent observational studies with no significant methodological flaws).

Limited or 
Poor

Evidence is insufficient to assess effects on health outcomes because of limited number or power of studies, large and unexplained 
inconsistency between higher-quality trials, important flaws in trial design or conduct, gaps in the chain of evidence, or lack of 
information on important health outcomes.

Adapted and modified from methods developed by U.S. Preventive Services Task Force (9,250).

Fig. 1. The flow diagram illustrating published literature evaluating provocation and analgesic lumbar discography.

Computerized and manual 
search of literature

3,913

Articles excluded by titles
3,386

Abstracts excluded
369

Manuscripts considered for inclusion
Studies of comparative evaluation = 33

Studies of prevalence = 3
Studies of surgical outcomes = 22

Full manuscripts reviewed
163

Abstracts reviewed
527

Potential articles
527
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Table 5. Characteristics of  diagnostic accuracy studies. 

Study Participants / Results Authors’ Conclusion Review Conclusion

PD

Manchikanti 
et al, 2001 
(32)

120 patients with a chief complaint of low back pain were 
evaluated with precision diagnostic injections, which 
included medial branch blocks, provocative discography, 
and sacroiliac joint injections.

The facet joint is the most common pain 
generator in chronic low back pain, with 
identification of the facet joint in 40% of 
patients, followed by the disc in 26% of 
patients, and the sacroiliac joint in only 
2% of the patients. 

Prevalence of discogenic pain 
was present in 26% of the 
sample.

Schwarzer et 
al, 1994, 1995 
(36,37) 

92 consecutive patients with chronic low back pain and 
no history of previous lumbar surgery were studied. Each 
patient underwent a standard physical examination. CT 
discography was performed at a minimum of 2 levels.

Authors also used both discography and blocks of the 
zygapophyseal joints.

A diagnosis of internal disc disruption 
can be made in a significant proportion 
of patients with chronic low back pain, 
but no conventional clinical test can 
discriminate patients with internal disc 
disruption from patients with other 
conditions.
In patients with chronic low back pain, 
the combination of discogenic pain and 
zygapophysial joint pain is uncommon.

This study provided 
prevalence of internal disc 
disruption.

This study provided 
confirmation that combined 
discogenic and facet joint 
pain is rare.

Sheng et al, 
2010 (65)

A total of 34 patients with low back and radiating leg pain, 
but without lumbar disc herniation on CT or MRI were 
examined by electrophysiological studies and discography 
to identify whether or not there were annular tears and 
nerve root injury. 

To investigate whether annular tear is a 
cause of low back and radiating leg pain 
and explore the clinical characteristics 
and treatment for patients with this 
condition.

Even though MRI and 
electrophysiological studies 
play an important role in 
diagnosing annular tears, 
lumbar discography appears 
to be the decisive method for 
the diagnosis and potential 
interventions. 

Depalma et 
al, 2012 (67)

157 patients with chronic low back pain underwent 
definitive diagnostic injections. Of these, 71 patients 
underwent PD in this subgroup analysis assessing 
relationships between age, gender, and body mass index 
and the source of chronic low back pain. Age, gender, and 
BMI were each significantly associated with the source of 
chronic low back pain. Increases in age were associated with 
significant decreases in the odds of internal disc disruption. 

The authors concluded that lumbar 
internal disc disruption is more 
prevalent in young males.

The results of this subgroup 
analysis are in conformity 
with other studies.

DePalma et 
al, 2011 (82)

A total of 156 patients underwent diagnostic procedures 
including PD, dual diagnostic facet joint blocks, 
and sacroiliac joint injections. All patients suffered 
with chronic low back pain and failed conservative 
management. The PD was performed. Positive discography 
was defined as concordant or partial concordant low back 
pain above 6 or 10 at low pressure (below 50 psi) over 
opening pressure due to Grade III or higher annular tears. 
71 patients underwent PD with a prevalence of 41.8%. 

The authors concluded that the 
prevalence of internal disc disruption 
was present in 42% of the patients. 
Patients with internal disc disruption 
were significantly younger than those 
with facet joint pain or sacroiliac joint 
pain. Increased age was associated with 
a definitive probability of internal disc 
disruption and increased probability of 
facet joint pain and sacroiliac joint pain.

Well-performed evaluation 
in a group of patients with 
chronic low back pain 
yielding a prevalence of 
internal disc disruption of 
42%.

DePalma et 
al, 2011 (83)

Authors evaluated 27 motor vehicle collision-induced 
chronic low back pain patients with lumbar PD and 
other diagnostic blocks in a retrospective evaluation. 15 
of these patients tested positive with PD and meeting the 
diagnostic criteria for internal disc disruption yielding a 
56% prevalence of discogenic pain.

The authors claim that this is the first 
to demonstrate that diagnostic spinal 
injections can identify particular spinal 
structures, namely the intervertebral 
discs, facet joints, and sacroiliac joints, 
as a specific source of chronic low back 
pain due to inciting motor vehicle 
collisions.

As the authors claim, this is 
the first study; however, it 
includes a very small number 
of patients yielding a very 
high positive rate for internal 
disc disruption.

DePalma et 
al, 2012 (84)

The authors evaluated the history of surgical discectomy 
related to the source of chronic low back pain. A total of 
11 patients were included with surgical discectomy and of 
these, 82% were considered to have internal disc disruption 
compared to 41% internal disc disruption among patients 
with no previous surgical interventions.

Authors concluded that this is the 
first published investigation of the 
tissue source of chronic low back pain 
after surgical discectomy with 82% 
prevalence of internal disc disruption.

This is not the first study 
published in reference to 
internal disc disruption or 
discogenic pain after surgical 
discectomy. The study 
included a very small number 
of patients. Further, the issue 
has been discussed extensively.

DePalma et 
al, 2011 (85)

The authors evaluated the etiology of chronic low back 
pain in patients having undergone lumbar fusion in 28 
fusion cases identified from 170 low back pain patients 
undergoing diagnostic procedures with chronic pain. 
PD was performed. The results showed internal disc 
disruption in 7 patients with a prevalence of 25%.

The authors concluded that in patients 
recalcitrant to non-interventional 
care, after lumbar fusion, internal 
disc disruption is not as common as 
sacroiliac joint pain.

The study was performed 
retrospectively as a subgroup 
analysis in a small number of 
patients.
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Table 5 (cont). Characteristics of  diagnostic accuracy studies. 

Study Participants / Results Authors’ Conclusion Review Conclusion

Laplante et al, 
2012 (88)

The authors evaluated the relationship between pain 
referral patterns and the source of the chronic low back 
pain. This is the subgroup analysis of (82). 68 patients 
underwent PD with a prevalence of 43% of internal disc 
disruption.

The authors concluded that the presence 
or absence of thigh pain possesses a 
significant correlation on the source of 
chronic low back pain for varying ages. 
Younger age was predictive of internal 
disc disruption regardless of the presence 
or absence of thigh pain.

The results are similar to the 
original manuscript (82).

Derby et al, 
2005 (107) 

4 lay persons and 9 physicians underwent lumbar 
discography, with manometry.

Lumbar discs in asymptomatic volunteers can be made 
painful, but as a rule, the pain is mild and requires high 
pressures of injection.

If attention is paid to pressure of 
injection and intensity of response, 
operational criteria can be defined that 
provide lumbar discography with a 
potential false-positive rate of 0 or less 
than 10%.

This study provides a potential 
false-positive rate of less 
than 10% when lumbar 
PD is performed utilizing 
appropriate criteria.

Derby et al, 
2005 (108) 

16 healthy volunteers without current back pain and 90 
patients with chronic low back pain.
Pain tolerance was significantly lower in patients relative 
to symptomatic subjects. Negative patient discs and 
asymptomatic subject discs showed similar characteristics.

Pressure-controlled manometric discography 
using strict criteria may distinguish 
symptomatic discs among morphologically 
abnormal discs with grade III annular tears 
in patients with suspected chronic discogenic 
low back pain.

The study results indicated 
validity of discography.

Derby et al, 
2005 (110)

279 discs from 86 patients (55 men, 31 women) who were 
referred for discography of suspected chronic discogenic 
low back pain.Annular disruption reaching the outer 
annulus fibrosus is a key factor in pain generation.

Disk morphology, including annular 
disruptions extending beyond the 
outer annulus, may permit increased 
discography specificity.

The study indicates validity of 
discography.

Derby et al, 
1999 (111) 

Long-term outcome was ascertained in 96 patients who had 
lumbar discography and subsequently underwent interbody 
fusion alone, combined fusion, intertransverse fusion, or 
no surgery. Patients with highly (chemically) sensitive discs 
appear to achieve significantly better long-term outcomes 
with interbody/combined fusion than with intertransverse 
fusion. Patients without disc surgery have the least favorable 
outcome.

Precise prospective categorization of 
positive discographic diagnoses may 
predict outcomes from treatment, 
surgical or otherwise, thereby 
greatly facilitating therapeutic 
decision-making.

This was the only study 
which used manometry 
as a determining factor in 
discography interpretation 
in evaluation of surgical 
outcomes.

Carragee et al, 
2000 (113)

26 asymptomatic patients with (15) or without (11) 
psychological abnormalities

Significant back pain in patients with 
emotional problems.

Asymptomatic patients do 
not receive discography.

Carragee et al, 
2004 (114)

50 subjects without low back pain were recruited for 
clinical and psychometric testing, MRI scanning, and 
experimental lumbar discography to determine the rate of 
painful lumbar disc injections in select subjects without 
low back pain history.

Painful disc injections are poor 
independent predictors of subsequent 
LBP episodes in subjects initially without 
active lower back complaints. Annular 
disruption is a weak predictor of future 
LBP problems. Psychological distress and 
pre-existing chronic pain processes are 
stronger predictors of LBP outcomes.

Patients without low 
back pain do not receive 
discography; thus, the 
conclusions are inappropriate.

Carragee et al, 
2002 (115)

Mild chronic low back pain = 25
Chronic low back pain = 52

36% positive challenged specificity Similar to 26%–39% in 
controlled trials (32,35,37). 

Carragee et al, 
2000 (116) 

Asymptomatic postsurgery = 20
Intractable pain-laminectomy = 27

High false-positive rate after limited 
lumbar discectomy.

Poor operational criteria.

Carragee et al, 
1999 (117)

8 asymptomatic subjects who had undergone posterior 
iliac crest bone graft harvesting, and who, by pain 
drawing and psychometric testing, appeared to be reliable 
discography candidates.

Authors questioned the ability of a 
patient to separate spinal from non-
spinal sources of pain on discography 
and concluded that a response of 
concordant pain on discography may be 
less meaningful than often assumed.

Asymptomatic patients do 
not receive discography. 
Consequently, the usual 
gluteal area pain may not be 
reproduced. Reanalysis of the 
data showed a false-positive 
rate of 12.5% per patient or 
7.1% per disc in contrast to the 
false-positive rate reported by 
Carragee et al of 50% per patient 
and 28.6% per disc (35). 

Carragee et al, 
2000 (118)

26 individuals without low back pain, with 10 pain free, 10 
chronic neck pain, 6 primary SD.

Significant positive responses in 
patients with chronic neck pain (40%), 
SD (83%).

Inappropriate conclusions.
With strict operational criteria 
and standards, false-positive 
rate can be reduced to 0% in 
chronic neck pain patients. 
SD patients with small sample 
size, broad CI, incomplete data 
set in 2/6 patients.
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Table 5 (cont). Characteristics of  diagnostic accuracy studies. 

Study Participants / Results Authors’ Conclusion Review Conclusion

Carragee et al, 
2006 (121)

Asymptomatic of significant low back pain illness = 69
Clinical low back pain group = 52

25% positive discograms in patients 
without significant low back pain 
illness.

Very broad CI levels with 
poor inclusion criteria (e.g. 
SD patients and symptomatic 
chronic low back pain 
patients).

Carragee et al, 
2006 (122)

Discogenic pain = 32
Spondylolisthesis group = 30

Positive discography not highly 
predictive of success of fusion.

Fusion is not a proven 
treatment for discogenic 
pain.

Cohen et al, 
2002 (239)

The charts of 127 patients who underwent discography 
were evaluated to determine the relationship between the 
location of pain, needle insertion site, and discography 
results.

False-positive discography results are 
unlikely to result from performing the 
procedure on the same side as a patient’s 
reported pain.

This study provided the 
evidence that the results were 
similar when discograms were 
performed on the same side as 
the patient’s reported pain.

Manchikanti 
et al, 2001 
(259)

50 randomly assigned patients, with 25 patients in Group 
I without SD and 25 patients in Group II with diagnosis of 
SD. In addition, depression, generalized anxiety disorder, 
and combinations thereof were also evaluated.

Provocative discography provides 
similar results in patients with or 
without somatization, with or without 
depression, with somatization but with 
or without depression, or with other 
combinations of the psychological triad 
of SD, depression, and generalized 
anxiety disorder.

There was no difference when 
somatization was evaluated 
utilizing appropriate 
described criteria.

Shin et al, 
2006 (260)

21 patients with clinically suspected discogenic low back 
pain who underwent pressure-controlled discography.

Pressure-controlled discography was 
useful to diagnose discogenic pain and 
an excellent guide in decision-making 
for spinal operations.

Pressure-controlled 
discography was useful to 
diagnose discogenic pain.

Walsh et al, 
1990 (265)

7 patients with low back pain and 10 volunteers without 
history of low back pain underwent discography at 3 levels.
 patients had positive discograms on the basis of the 
study criteria, leading to the conclusion that with current 
techniques and in conjunction with standardized methods 
for assessment of pain, lumbar discography is a highly 
reliable and specific diagnostic test.

Authors concluded that discography 
is not the best diagnostic test for all 
patients who have low back pain.

This study provided a 
false-positive rate of 0% in 
asymptomatic subjects. The 
results indicate validity of 
discography.

FAD

Alamin et al, 
2011 (112) 

The study was designed in 52 patients to compare the 
results of standard pressure-controlled PD to those of the 
FAD in a series of patients presenting with chronic low 
back pain and considering surgical treatment.

The results on PD were 12% negative, 30% 2 level positive, 
and 58% one level positive with a positive rate of 88%. In 
contrast, on FAD, negative results were observed in 24% 
instead of 12% on PD. Overall, the 2 tests had divergent 
findings in 23 of the 50, or 46% of patients. In 13 of 50, 
the test was completely negative, whereas the provocative 
discogram had been positive; in 8 of 50, the test was 
positive at a single level only, whereas 2 or more discs were 
positive on provocation discogram; in 2 patients, a new 
positive was noted in the setting of a negative provocation 
discogram.

Authors concluded that the findings of 
the test differed from those of standard 
pressure controlled discography in 46% 
of the cases reported. 

It appears that there may be 
more false-positives with 
provocation discogram and 
some false-negatives. FAD 
was performed in provocative 
lumbar discography negative 
patients only if it was felt by 
the surgeon that the MRI 
scan was highly clinically 
suspicious for asymptomatic 
level based on the presence 
of extensive Type I Modic 
change. There was no specific 
protocol for this determination. 
Only 3 patients in the series 
had a FAD performed in the 
setting of a negative PD. The 
disadvantages include a larger 
needle and catheterization. The 
procedure was tedious and 
time-consuming.

Derby et al, 
2012 (326)

In this study authors compared subjective reported pain 
relief following provocative testing using the following 
protocols at three separate facilities: 23 patients undergoing 
routine provocative discography using contrast alone 
(PD); 47 patients undergoing provocative discography 
performed using an equal combination of local anesthetic 
and contrast (CPD); 120 patients injected with local 
anesthetic following routine PD (ADPD); 33 patients 
undergoing SAAD; and 28 patients injected with local 
anesthetic through a catheter (FAD) placed during 
provocative discogaphy testing.

The authors concluded if the criterion 
standard to confirm painful annular 
tears is concordant with pain 
provocation and 80% or greater pain 
relief following local anesthetic injected 
into lumbar discs, the SAAD, ADPD, 
and FAD protocols show statistically 
similar 20% to 30% prevalence.

There was no significant 
difference in prevalenc rate 
between techniques involving 
pain provocation alone, pain 
provocation with analgesic 
discograhy or FAD. 
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Table 5 (cont). Characteristics of  diagnostic accuracy studies. 

Study Participants / Results Authors’ Conclusion Review Conclusion

Anesthetic Discography

Derby et al, 
2010 (102) 

In this evaluation, 70 patients were studied with 23 patients 
in the non-analgesic group and 47 patients in the analgesic 
group with chronic low back pain. The objective was to 
confirm that injecting local anesthetic in intervertebral 
discs would provide convincing pain relief and that the 
degree of pain relief would help confirm or refute the 
findings of provocative discography.

The addition of local anesthetic to 
contrast significantly reduced pain 
scores by 2 x 10 or greater during 
forward flexion and equal or greater 
to 50%. Authors concluded that 
using equal mixtures of injected 
local anesthetic and contrast during 
provocative discography in a cohort 
of patients did not provide significant 
overall subjective pain relief compared 
to using contrast alone in a comparative 
separate cohort.

The addition of local 
anesthetic to pressure 
controlled PD technique 
did not affect the number of 
positive results.

Bartynski & 
Rothfus, 2012 
(106) 

The purpose of the study was to evaluate potential 
correlation between disc-margin shape and annular 
internal derangement on post-discogram CT in 
significantly painful discs encountered at provocation 
lumbar discography. Significantly painful discs were 
encountered at 126 levels in 86 patients studied by 
provocation lumbar discography where no prior surgery 
had been performed and response to intradiscal lidocaine 
after provocation resulted in neither substantial nor total 
relief or no improvement after lidocaine administration. In 
discs with focal protrusion, 79% or 50 of 63 demonstrated 
Grade III radial annular defect with 21% or 13 of 63 
patients demonstrating severe degenerative change only. 
In discs with generalized-bulge-only, 76% or 48 of 63 
demonstrated degenerative change only with 15 of 23, or 
24%, demonstrating a radial annular defect.

Pain elimination with intradiscal 
lidocaine correlated with discographic 
contrast leakage. Disc-margin shape 
correlates with features of internal 
derangement in significantly painful 
discs encountered at provocation 
lumbar discography. Discs with focal 
protrusion typically demonstrated 
radial annular defect while generalized 
bulging discs typically demonstrated 
degenerative changes. Disc margin 
shape may provide an important 
imaging clue to the cause of chronic 
discogenic low back pain. 

The results of this study 
showed pain elimination 
with intradiscal lidocaine 
correlated with discographic 
contrast leakage. Lidocaine 
injection did not influence 
any other findings. 

Oikawa et al, 
2012 (216)

In a prospective study of 212 patients with groin pain 
but without low back pain or radicular pain, discogenic 
pain was assessed. The authors selected 5 patients with 
groin pain alone for investigation with PD. All patients 
underwent interbody fusion surgery with significant 
improvement in pain after one year of surgery. 

The authors diagnosed discogenic 
groin pain by pain provocation 
on discography with pain relief by 
anesthetic discoblock, and lumbar 
surgery and treated them with lumbar 
surgery. The authors postulate that it is 
important to consider the existence of 
discogenic groin pain if patients do not 
show low back pain.

Very small number of 
patients with positive results 
leading to future evaluations, 
with limited evidence. 

Derby et al, 
2012 (326) 

In this study authors compared subjective reported pain 
relief following provocative testing using the following 
protocols at three separate facilities: 23 patients undergoing 
routine provocative discography using contrast alone (PD); 
47 patients undergoing provocative discography performed 
using an equal combination of local anesthetic and 
contrast (CPD); 120 patients injected with local anesthetic 
following routine PD (ADPD); 33 patients undergoing 
standalone analgesic discography (SAAD); and 28 patients 
injected with local anesthetic through a catheter (FAD) 
placed during provocative discogaphy testing.

The authors concluded if the criterion 
standard to confirm painful annular 
tears is concordant with pain 
provocation and 80% or greater pain 
relief following local anesthetic injected 
into lumbar discs, the SAAD, ADPD, 
and FAD protocols show statistically 
similar 20% to 30% prevalence.

There was no significant 
difference in prevalence rate 
between techniques involving 
pain provocation alone, pain 
provocation with analgesic 
discograhy or FAD.  

CT = Computed Tomography; MRI = Magnetic Resonance Imaging; BMI = Body Mass Index; SD = Somatization Disorder; CI = Confidence 
Interval; FAD = Functional Anesthetic Discography; SAAD Standalone Analgesic Discography; LBP = low back pain;  PD = Provocation Discogra-
phy
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Table 6. Summary of  outcome data for lumbar disc replacement or fusion surgery based on preoperative discography screening.

Study, Year
Number of Disc 
Replacement or 
Fusion Patients

Type of Surgery Outcomes Comments 

Derby et al, 
1999 (111)

96 patients who 
underwent 
discography for 
LBP

Interbody fusion, 
or combined 
fusion, or 
intertransverse 
fusion, or no 
surgery

In patients with chemically sensitized discs (≥6/10 
concordant pain @ < 15 psi above opening pressure, 
n = 36), success rates were 89% for interbody/
combined fusion, 20% for posterior intertransverse 
fusion, and 12% for no surgical treatment.
Mean follow-up for surgical patients: 28 months. 
No difference between outcomes for interbody/
combined fusion and posterior intertransverse fusion 
for surgical sample as a whole.

There were no significant 
differences in long-term surgical 
outcomes across the entire sample. 
Significant outcome differences 
exist across the subgroup of patients 
with chemically sensitive discs. 
Positive results in chemically 
sensitive discs. 

Carragee et 
al, 2006 (122) 

Total patients = 62

Discogenic pain 
= 32

Spondylolisthesis 
= 30

360° single level 
fusion with 
pedicle screw and 
bone graft

 In the control-spondylolisthesis group, 23 of 32 
patients (72%) met highly effective success criteria, 
compared with 8 of 30 in the presumed discogenic 
pain cohort (27%). The proportion of patients who 
met the “minimally acceptable outcome” was 29 of 
32 (91%) in the spondylolisthesis group and 13 of 30 
(43%) in the presumed discogenic pain group. Authors 
calculated the best case positive predictive value 
of discography to be 50% to 60%. They concluded 
that positive discography was not highly predictive 
in identifying bona fide isolated intradiscal lesions, 
primarily causing chronic serious low back illness.

Even though authors have rated 
this as a negative study, positive 
predictive value of discography 
was calculated to be 50% to 60%; 
however, the major issue appears 
to be comparing discogenic pain 
with spondylolisthesis, which 
has been shown to be responsive 
to fusion surgery compared to 
discogenic pain, thus the results 
provide only limited evidence or 
underdetermined.

Madan et al, 
2002 (124)

41 patients who 
underwent spinal 
arthrodesis without 
pre-op discography 
and 32 patients who 
underwent surgery 
based on positive 
discography.

Posterolateral 
interbody and 
posterior spinal 
arthrodesis

81% of patients who had surgery based on MRI and 
clinical findings had satisfactory outcome vs. 76% 
of patients who underwent arthrodesis based on 
positive discogram.

Mean follow-up was 2.4 years in discography group 
and 2.8 years in MRI/clinical group.

There was no significant difference 
whether the patients underwent 
discography or not. The results are 
negative. 

Ohtori et al, 
2009 (127)

42 

Discography versus 
discoblock for 
diagnosis

Anterior 
discectomy and 
interbody fusion

Authors concluded that pain relief after injection of 
a small amount of bupivacaine into the painful disc 
was a useful tool for the diagnosis of discogenic LBP 
compared with discography.

Patients undergoing disc block 
showed narrowly better results 
compared to those with provocation 
discography. The study had a small 
number of patients showing analgesic 
discography may be more useful. The 
results are undetermined. 

Willems et al, 
2007 (129)

82 Lumbar fusion Authors concluded that in patients with an uncertain 
indication for lumbar fusion, the preoperative 
states of adjacent levels as assessed by provocative 
discography did not appear to be related to the 
clinical outcome after fusion.

The results are negative.

Moore et al, 
2002 (158) 

58 Anterior and 
posterior 
arthrodesis 
and posterior 
instrumentation

Fusion levels were delineated by MRI and provocative 
discography in correlation with history and physical 
examination. The solid arthrosis rate was 95%. 88% 
of the patients were able to return to work. 19% of the 
patients required long-term narcotics, whereas, 48% 
of the patient population were on narcotics before 
surgery. 86% of the patients had a better rating at 
final follow-up. 10% of the patients were the same 
and 3% were worse. 
Authors concluded that selected patients with 
discography-proven severe LBP secondary to 
DDD, who failed extensive nonoperative treatment, 
were treated successfully with anterior-posterior 
instrument arthrodesis. The good arthrodesis rate, 
return to work rate, and the patient satisfaction may 
justify the consideration of this aggressive treatment 
option in this specific patient population.

This study with 58 patients is a 
reasonably large study without a 
control group showing positive 
results. Fair evidence in favor of 
using discography for selection of 
fusion in discogenic pain.
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Study, Year
Number of Disc 
Replacement or 
Fusion Patients

Type of Surgery Outcomes Comments 

Ohtori et al, 
2011 (159)

41 Anterior 
interbody fusion 
and posterolateral 
fusion with 
pedicle screws

In a randomized trial of 41 patients divided into 
3 groups: minimal treatment control, 20 patients; 
anterior interbody fusion, 15 patients; posterolateral 
fusion with pedicle screws, 6 patients. Results showed 
significant improvement in the 2 surgical groups 
compared with the minimal treatment control group 
2 years after treatment. The authors concluded that 
surgical therapy is suitable for its treatment with 
anterior interbody fusion giving good results.

This is an extremely small study 
with unclear results of superiority 
of a fusion or pedicle screws over 
non-surgical management.

Gill & 
Blumenthall, 
1992 (168)

53 patients with 
diagnosis of 
internal disc 
disruption at L5-S1.

A modified 
Crock anterior 
lumbar interbody 
fusion with 
allograft or 
autogenous iliac 
crest

A successful functional result after anterior lumbar 
fusion at L5-S1 was described as the ability to return 
to gainful occupation or normal activities, and no 
use of narcotic medications, with 76% to 100% relief 
of their back pain. Using these criteria 66% of the 
patients had a successful outcome of treatment.
When evaluated by discographic findings only 
50% of those patients with Type I discography, 
indicating a small annular tear that did not extend 
to the periphery and normal MRI scans, showed 
improvement on functional testing and pain report.
75% of those patients with Type II and III 
discography with annular tear and contrast extension 
to the periphery in Type II and beyond to the 
epidural space in Type III with MRI scans confirming 
degeneration of the nucleus signal and nuclear 
degeneration, showed significant improvement.

This is a positive study with good 
results based on provocation 
discography.

Parker et al, 
1996 (169) 

23 patients with 
mechanical LBP 
and positive 
discography.

Posterolateral 
intertransverse 
fusion

39% of patients reported good outcomes, 13% fair 
outcomes, and 48% had poor results.

Abnormal discogram was basis for surgery. Mean 
follow-up 47 months.

Indeterminate results with only 
39% with a good or excellent result.

Tsou et al, 
2004 (205)

113 Posterolateral 
transforaminal 
selective 
endoscopic 
discectomy 
and thermal 
annuloplasty

The results showed overall over 43% of the patients 
showed either good or excellent results, with 30% fair 
results, and 27% poor results. 

Seemingly good results; however, 
the relevance to discography is not 
clear. The results are unclear.
Limited success rate with a large 
proportion of missing data in a 
retrospective evaluation offering 
no information on provocation 
discography.

Colhoun et 
al, 1988 (263) 

162 patients with 
axial LBP

Anterior or 
posterior fusions, 
occasionally with 
a laminectomy

Of 137 patients in whom discogram revealed DDD 
and provoked concordant pain, 89% had favorable 
outcome. Only 52% of those patients in whom 
discography showed DDD but provoked no pain had 
a favorable outcome.
Mean follow-up 3.6 years.

Positive correlation with positive 
discography with superior results in 
89%, whereas it was 52% in those 
with negative discography.

Wetzel et al, 
1994 (282)

48 patients with 
axial LBP who 
underwent lumbar 
arthrodesis 
following 
provocative 
discography.

Arthrodesis At first follow-up (mean 5.3 wks), 66% had 
satisfactory outcome. At final follow-up (mean 35 
months), 46% had satisfactory outcome.

CT-discography used in all but one patient. Not all 
patients had a control disc (26 patients had single-
level discography).

Only 46% were judged to have a 
satisfactory clinical outcome. There 
was no comparative group. The 
results are undetermined.

Knox & 
Chapman, 
1993 (303)

22 patients who 
underwent anterior 
spinal fusion 
for discogram-
concordant LBP

Anterior lumbar 
interbody fusion

Poor results in all 5 patients with 2-level fusions. In 
single level fusions, 35% of patients had good results, 
18% fair, and 47% poor outcomes.
Strong correlation between subjective (clinical 
improvement) and objective (fusion success) results.

Only 35% with good results. The 
results are negative.

Vamvanij 
et al, 1998 
(304)

56 patients with 
discogenic LBP 
confirmed by CT 
discography who 
underwent one of 4 
fusion techniques.

Four-fusion 
techniques

Overall rate of patient satisfaction: 46%.

Success rate for patients who had anterior lumbar 
fusion with cage and facet fusion: 63%. Success rates 
for the other 3 groups ranged from 36% to 46%.

Very low success rate overall. The 
results are undetermined.

Table 6 (cont.). Summary of  outcome data for lumbar disc replacement or fusion surgery based on preoperative discography screening.
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Study, Year
Number of Disc 
Replacement or 
Fusion Patients

Type of Surgery Outcomes Comments 

Blumenthal 
et al, 2003 
(305)

57 Total disc 
replacement 

63% of patients improved at 2-year follow-up (based 
on > 20 point improvement on VAS score).

Limited improvement 

Shim et al, 
2003 (306)

46 Partial disc 
replacement

Mean VAS score: 8.5 pre-op, 3.1 at 1-year follow-up. 
11% had excellent and 67% good results.

Good results 

van Ooij et 
al, 2003 (307)

27 Total disc 
replacement 

Good outcome obtained in 12 of 26 patients, with 
variable follow-up period (range one month-10 
years).

Fair results

McAfee et al, 
2003 (309)

41 Total disc 
replacement

Mean VAS score: 73.5 pre-operatively, and 30.4 at 1–3 
year follow-up.

Fair results 

Zeegers et al, 
1999 (311)

50 Total disc 
replacement

32 of 46 patients followed for 2 years had a positive 
clinical result. Did not provide separate data for 
patients having discography.

Good results 

Hochshuler 
et al, 2002 
(313)

56 Total disc 
replacement

52.7% improvement in mean VAS scores at 6-week 
follow-up. In the 22 patients followed for ≥ one year, 
improvements in VAS and Oswestry scores were 
maintained.

Limited

Enker et al, 
1993 (317)

6 Total disc 
replacement

4 of 6 patients had satisfactory results (1 excellent, 2 
good, one fair).

Limited 

Berg et al, 
2012 (319) 

138 Not specified Authors concluded that a high frequency of decision-
making was altered in this group of surgeons when 
using discography as an additional examination in 
patients where uncertainty remains in how to treat after 
clinical examination, questioning, and MRI. However, 
it is unknown whether patient outcome improved, 
worsened, or was not affected by interpretation and use 
of the discography data in the study.

The results are unknown in 
reference to the significance of 
provocation discography in this 
group of patients.

Table 6 (cont.). Summary of  outcome data for lumbar disc replacement or fusion surgery based on preoperative discography screening.

NOTE(S). Table does not include studies lacking information about patient selection criteria.
Type I discogram designated as internal disc disruption (IDD) without extravasation of contrast associated with concordant pain reproduction. 
Types II and III denote the presence of annular disruption with spread of contrast to the periphery and epidural space, respectively. 
LBP = Low Back Pain; MRI = Magnetic Resonance Imaging; DDD = Degenerative Disc Disease; CT = Computed Tomography; VAS = Visual Ana-
log Scale

2.4 Methodological Quality Assessment 
A methodological quality assessment for preva-

lence studies was carried out utilizing QAREL criteria 
as shown in Table 7. Studies achieving 50% or higher 
scores were included. Scores of 67% or higher were con-
sidered to be high quality, ≥ 50% were considered to 
be moderate quality, and studies scoring less than 50% 
were considered to be of poor quality and excluded.

After the exclusion of duplicate publications, only 
3 studies met inclusion criteria for diagnostic accuracy 
studies of prevalence.  All 3 of them (32,36,82) met the 
methodological quality assessment criteria and all 3 
were determined to be of high quality. 

2.5 Clinical Relevance 
Table 8 shows the clinical relevance of diagnostic 

accuracy and prevalence studies. 

2.6 Prevalence Studies
Table 9 describes the 3 studies assessing the preva-

lence of discogenic low back pain. Two of the studies 
focused on internal disc disruption (36,82) and reported 
prevalence as 39% (36) and 42% (82), respectively. The 
third study evaluated only discogenic pain and report-
ed a prevalence of 26% (32).

2.7 Meta-Analysis
No meta-analysis was feasible due to differences 

in patient populations, methodology, and outcome 
criteria. Wolfer et al (35) evaluated false-positive rates 
in a systematic review and meta-analysis of lumbar 
provocation discography in asymptomatic subjects us-
ing IASP criteria. The authors (35) identified 11 stud-
ies meeting inclusion criteria for analysis. Combining 
all extractable data, a false-positive rate of 9.3% per 
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Table 7. Methodological quality appraisal of  diagnostic accuracy studies of  prevalence. 

Manchikanti et 
al, 2001 (32)

Schwarzer et 
al, 1995 (36)

DePalma et al, 
2011 (82)

1. �Was the test evaluated in a spectrum of subjects representative of patients who 
would normally receive the test in clinical practice? + + +

2. �Was the test performed by examiners representative of those who would 
normally perform the test in practice? + + +

3. �Were raters blinded to the reference standard for the target disorder being 
evaluated? + + +

4. �Were raters blinded to the findings of other raters during the study? + + +

5. �Were raters blinded to their own prior outcomes of the test under evaluation? + + +

6. �Were raters blinded to clinical information that may have influenced the test 
outcome? + + +

7. �Were raters blinded to additional cues, not intended to form part of the 
diagnostic test procedure? + + +

8. �Was the order in which raters examined subjects varied? + + +

9. �Were appropriate statistical measures of agreement used? + + +

10. �Was the application and interpretation of the test appropriate? + + +

11. �Was the time interval between measurements suitable in relation to the stability 
of the variable being measured? NA NA NA

12. �If there were dropouts from the study, was this less than 20% of the sample. + + +

TOTAL 11/11 11/11 11/11

Y=yes; N=no; U=unclear; N/A=not applicable

Lucas N, et al. Reliability of physical examination for diagnosis of myofascial trigger points. Clin J Pain 2009; 25:80-89 (194).

Table 8. Clinical relevance of  diagnostic accuracy and prevalence studies.

Manuscript Author(s)
A) Patient 
description

B) Description of  
interventions and 
treatment settings

C) Clinically 
relevant 

outcomes

D) Clinical 
importance

E) Benefits 
versus potential 

harms

Total 
Criteria 

Met

Manchikanti et al, 2001 (32) + + + + + 5/5

Schwarzer et al, 1995 (36) + + + + + 5/5

DePalma et al, 2011 (82) + + + + + 5/5

+ = positive; - = negative 
Scoring adapted from Staal JB, et al. Injection therapy for subacute and chronic low back pain. Cochrane Database Syst Rev 2008; 3:CD001824 
(249).

Table 9. Prevalence of  lumbar discogenic pain utilizing IASP criteria.

Study
Methodological 
Quality Scoring

Participants Prevalence

Manchikanti et al 
2001 (32)

11/11 From a group of 120 patients with low back pain, 
72 patients negative for facet joint pain underwent 
discography.

The prevalence of discogenic pain was 
established in 26% of total patient sample and 
43% of patients negative for facet joint pain.

Schwarzer et al 
1995 (36)

11/11 92 consecutive patients with chronic low back pain 
and no history of previous lumbar surgery referred 
for discography.

The diagnostic criteria for internal disc 
disruption were fully satisfied in 39% of the 
patients, most commonly at L5/S1 and L4/5.

DePalma et al, 
2011 (82)

11/11 Of the 156 patients, 71 underwent provocation 
discography. They also underwent other diagnostic 
blocks including facet joint nerve blocks and 
sacroiliac joint injections.

The prevalence of internal disc disruption in 
this study was 42%.
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patient and 6.0% per disc was found. 
Data pooled from asymptomatic sub-
jects without low back pain or con-
founding factors revealed a false-posi-
tive rate of 3.0% per patient and 2.1% 
per disc. In data pooled from chronic 
pain patients without low back pain, 
the false-positive rate was found to be 
5.6% per patient and 3.85% per disc. 
Chronic pain does not appear to be a 
confounding factor in a patient’s ability 
to distinguish between positive (patho-
logic) and negative (non-pathologic) 
discs. Among additional asymptomatic 
patient subgroups analyzed, the false-
positive rate per patient and per disc 
was as follows: iliac crest pain after bone 
grafting 12.5% and 7.1%; chronic neck 
pain 0%; somatization disorder 50% 
and 22.2%, and, post-discectomy 15% 
and 9.1%, respectively. In patients with 
chronic backache, no false-positive rate 
could be calculated. The authors con-
cluded that use of more stringent, low-
pressure positive criteria (≤ 15 psi a.o.) 
was associated with a low false-positive 
rate. Based on a meta-analysis of the 
data, using the International Spine In-
tervention Society (ISIS) standard, dis-
cography had a specificity of 0.94 (95% 
CI; 0.88 – 0.98) and a false-positive rate 
of 0.06 (35). These results are illustrated 
in Tables 10 and 11. Since the publica-
tion of this manuscript, there have not 
been any new studies that could affect 
these estimates. 

2.8 Diagnostic Accuracy 
As illustrated by Wolfer et al (35), 

significant debate and controversy sur-
rounds the accuracy of discography. 
Wolfer et al (35) demonstrated that 
using strict criteria, discography could 
provide valuable, accurate information 
regarding the intervertebral discs as po-
tential pain generators. Notwithstand-
ing the work by Carragee et al (117) 
who shed doubt on the utility of discog-
raphy in patients with chronic pain or 
poorly controlled psychopathology, the 
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present assessment shows at least fair evidence for di-
agnostic accuracy based on a total of 30 studies as listed 
in Table 5 with 8 studies showing negativity, whereas 
the remaining 22 studies show good to fair or positive 
evidence for accuracy. 

2.9 Results of Comparative Evaluation
Studies comparing lumbar discography with CT 

scanning or MRI in patients with degenerative disc dis-
ease are described in Table 4. There is good correlation 
in 13 of the 33 studies, indicating limited to fair accu-
racy for lumbar discography when compared to other 
non-invasive diagnostic techniques.  

2.10 Assessment with Outcomes
Outcomes data for lumbar disc replacement or fu-

sion surgery based on preoperative discography screen-
ing are described in Table 6. Given that very few fusion 
studies report significantly better outcomes following 
discography, there is limited evidence supporting the 
use of discography prior to surgical procedures. 

There is fair evidence supporting the management 
of discogenic pain with epidural injections (139-141). 

There is limited evidence supporting the manage-
ment of discogenic pain with intradiscal electrothermal 
therapy (IDET) and biacuplasty (166).

2.11 Analysis of Evidence
The evidence was available only for the prevalence 

of discogenic pain with provocation discography uti-
lizing IASP criteria evaluated in 3 high-quality studies 
(32,35,82). There was limited evidence supporting func-
tional anesthetic discography or provocation discogra-
phy with local anesthetic injection. 

The prevalence of internal disc disruption was es-
timated to be 39% in a younger cohort of patients fol-
lowing injury (36), and 42% in a heterogenous popula-
tion comprised of all age groups and all types of low 
back pain (82). In a study that sought to determine the 
prevalence of discogenic pain without assessing inter-
nal disc disruption, the reported prevalence rate was 
26% (32). 

Thus, the evidence for provocation discography is 
fair based on 3 well-performed accuracy studies. Due 
to ongoing debate on the accuracy of this test and the 
lack of outcome parameters in patients undergoing 
surgical interventions, the evidence is subject to other 
interpretation.

The correlation between discography and various 
diagnostic tests was moderate to strong in 13 out of 33 
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evaluations, yielding limited to fair accuracy for lumbar 
discography compared to other non-invasive modalities 
of assessment.

Outcomes assessing the value of surgery in manag-
ing discogenic pain are shown in Table 6. Based on the 
paucity of studies illustrating significantly better out-
comes with fusion following discography, there is lim-
ited evidence supporting the use of discography prior 
to surgical procedures. 

There is fair evidence supporting the management 
of discogenic pain with epidural injections (139-141).  

There is limited evidence supporting IDET and bi-
aculoplasty (166).

3.0 Complications

Potential complications from discography include 
discitis, injury to nerve roots, disc herniation, intra-
vascular uptake, bleeding, epidural abscess, allergic 
contrast reaction, subarachnoid puncture, chemical 
meningitis, and other side effects (321-323,328-355). A 
contrast allergy is a relative contraindication that can 
be circumvented by pre-medication with antihistamines 
and corticosteroids, substituting gadolinium for non-
ionic contrast, or injecting saline without contrast.

Perhaps the most feared complication, the inci-
dence of discitis is actually quite low, approximately one 
in 1,000. The treatment of discitis is compounded by the 
avascular nature of the disc, which makes the body’s 
ability to fight infection, and the use of antibiotics less 
effective. Infection may be secondary to contamination 
of the needle tip with skin flora, or less commonly from 
inoculation secondary accidental puncture of the bow-
el, or hematogenous spread. The incidence of discitis 
can be reduced with meticulous aseptic technique and 
prophylactic antibiotics (334,335). 

The use of a double-needle technique with stylets 
has been shown in one study to decrease the risk of 
discitis, though the contribution of each of these fac-
tors to reduce the infection rate is not known (334). The 
stylet prevents tissue from collecting within the needle 
and entering the disc. In the double-needle technique, 
a smaller needle is inserted through a larger gauge 
needle to puncture the disc, thereby avoiding contact 
with surface tissue. 

Patients with discitis after discography usually pres-
ent with symptoms of severe back pain 2 to 4 weeks 
after the procedure, though in some cases presentation 
may be delayed for several months. The pain is exac-
erbated by any motion and relieved by rest. Patients 
may report fever and chills, but true fevers or leukocy-

tosis are less common (336). If discitis is suspected, MRI 
and erythrocyte sedimentation rate (ESR) should be or-
dered immediately to confirm the diagnosis. In the first 
3 weeks after infection, bone scan, MRI, and ESR are 
commonplace (336), but MRI is considered the diagnos-
tic test of choice for early detection of discitis (337-339). 

Intravascular uptake of contrast material during 
lumbar discography has been reported (332) by Good-
man et al (332), who studied a total of 280 discs from 
L1/2 to L5/S1 in 160 patients and found that 40 discs 
(14.3%) demonstrated fluorscopically confirmed intra-
vascular uptake. Intravascular uptake during discogra-
phy can only be detected by real-time fluoroscopy. No 
statistically significant correlation was noted between 
the degree of disc degeneration and the incidence of 
intravascular uptake.

The benefits of discography must also be weighed 
against the possibility that disc penetration can accel-
erate, or even cause, disc degeneration. Animal stud-
ies have shown that percutaneous needle puncture is 
a valid and reliable model for inducing disc degenera-
tion, with the size of the needle and depth of penetra-
tion correlating with the degree of histological changes 
(356). Recently, Carragee et al (236) performed a pro-
spective study in 50 individuals without low back pain 
who underwent baseline MRI and 3-level discography 
with 22 or 25-gauge needles, and were followed be-
tween 7 and 10 years, at which time they underwent 
repeat MRI. The authors found a higher incidence of 
progression of disc degeneration (54 vs. 21) and her-
niation (55 vs. 22) with the latter more likely to occur 
on the side of disc penetration. Although older studies 
failed to find evidence of disc injury following discogra-
phy, these studies suffered from methodological flaws, 
less sensitive detection methods, and lack of long-term 
follow-up (357,358). 

4.0 Discussion

This systematic review of lumbar discography 
shows fair evidence supporting the diagnostic accuracy 
of prevalence studies after controlling for test variabili-
ty, lack of standardization, limitations in technique, and 
the paucity of studies evaluating outcomes. There is fair 
evidence for a significant correlation between discog-
raphy and radiologic investigations, but poor evidence 
for a correlation with physical examination. This system-
atic review also shows limited evidence for the use of 
lumbar discography as a screening tool prior to fusion 
surgeries. Limited evidence was found for the efficacy 
of IDET and biaculoplasty, but fair evidence exists for 
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the effectiveness of epidural injections with or without 
steroids, for discogenic pain. The work of Carragee et al 
(113-122), and several guidelines based on these stud-
ies (359-362), have led to to the suggestion that discog-
raphy may result in misdiagnosis, unnecessary surgery, 
and accelerated disc degeneration (9,19-21,363,364). 
The rationale for this conclusion is based on several 
studies describing the lack of accuracy of provocation 
discography, and a relatively modest positive predic-
tive value of around 50% for surgical fusion in patients 
with single-level, discography-confirmed degenerative 
disc disease (122). In fact, these premises are inherently 
flawed. First, one of the hallmarks of modern day dis-
cography is that one must provoke “concordant” pain 
during disc stimulation, which is not possible in patients 
with no active back pain complaints. Second, calculat-
ing a predictive value using a marginally effective treat-
ment intrinsically skews the interpretation.

The previous systematic review (34) showed an evi-
dence level of II-2 for lumbar provocation discography. 
The prevalence of discogenic pain was estimated to be 
around 26% (32), whereas internal disc disruption was 
shown to affect approximately 39% of individuals with 
suspected discogenic pain (36). Despite of the numer-
ous studies, commentaries, and guidelines on discogra-
phy, only 3 studies met the inclusion criteria for preva-
lence (32,36,82). There is one additional study (82) since 
the previous assessment (34). In a retrospective study by 
DePalma et al (82) performed in 156 patients, the au-
thors reported an overall prevalence of discogenic pain 
in 42% of the patients. They also published multiple 
subgroup analyses (67,83-85,88), showing prevalence 
rates of 56% after motor vehicle injuries, 82% after 
surgical discectomy, 25% after lumbar fusion. However, 
all the subgroup analyses suffered from multiple flaws, 
including small sample sizes. It is also possible that the 
high prevalence rate after discectomy may be partially 
due to a significant false-positive rate in this cohort 
(116). Overall, the results of this assessment are similar 
to some (19,34,35), but not other systematic reviews (9). 

The greatest challenge concerning discography 
continues to be the “gold standard” dilemma. Two 
prior systematic reviews (365,366) exhaustively dis-
cussed this issue, which is not unique to discography. 
Knottnerus et al (367) outlined the methodological 
challenges that must be addressed when interpreting 
diagnostic accuracy studies. These include the “gold 
standard” problem; spectrum and selection bias; “soft” 
outcome measures (subjective phenomena); observer 
variability and bias; complex relations; clinical impact; 

sample size deficiencies; and the rapid evolution of 
knowledge, technical advances, and evolving concepts 
of evidence-based medicine, and comparative effec-
tiveness research (9,19,24,367-373). These concerns 
have been explored in this and prior reviews. Unfortu-
nately, most discography studies cannot overcome the 
methodological limitations.

The issue of the necessity of placebo-controlled 
studies, and even what constitutes a placebo, continue 
to be major issues in coverage policies and analyses of 
the evidence (9,19,24,374). However, the injection of 
non-analgesic solutions (e.g., saline), once considered 
to be placebo treatments, into painful structures have 
been reported to result in significant pain relief, not 
only for the spinal pain, but also for other chronic pain 
conditions as well (375,376). In fact, the injection of 
sodium chloride solution into intervertebral discs, zyg-
apophysial joints, paraspinal muscles, epidural space, 
and over nerve roots has been shown to provide ben-
efit for multiple spinal conditions (377-387). There are 
also numerous psychophysiological and possibly even 
structural influences involved in eliciting placebo and 
nocebo effects (381). Further, local anesthetic injections 
have been shown to provide prolonged neural block-
ade resulting in long-term pain relief (388-398). In es-
sence, the interpretation of provocation discography 
encompasses a multitude of issues that cannot easily be 
overcome based on the present state  of knowledge.

Glasziou et al (369) reported an innovation in 
evaluating a “new reference standard.” They raised 
concerns about assessing the diagnostic accuracy of a 
test in isolation when deciding if an existing reference 
standard should be replaced. The authors suggested fo-
cusing on the clinical consequences of a decision, rather 
than on imperfect estimates of accuracy. 

The face validity of discography is based on the 
premise that pressurizing a disc reproduces the physi-
ological conditions that stress a disc until the nocicep-
tive threshold is reached. Construct validity can be es-
tablished by demonstrating a significant correlation 
between discography results and surgical outcomes. For 
a response to be considered positive, concordant pain 
must be reproduced, but in order to meet validity stan-
dards, at least one adjacent disc must be painless upon 
injection. 

The sensitivity and specificity of discographic pa-
thology are 81% and 64%, using radiological imag-
ing as the criterion standard. A recent meta-analysis 
of provocation discography in asymptomatic subjects 
found a false-positive rate of 6% when previously pub-
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lished data were re-analyzed based on IASP criteria 
(35,237). 

A series of published studies investigated the po-
tential for false-positive results by performing discogra-
phy on asymptomatic volunteers (107,113,115-118,265). 
The Holt study (288) was performed on prisoners, with 
outdated techniques and using noxious, irritating con-
trast dye (289). It did not consider pain response as a 
criterion for a positive discogram.

In an attempt to determine the effect establishing 
pressure thresholds has on the rate of false-positives, 
Carragee et al re-analyzed previously published data 
(115,116,118) according to low pressure criteria (121). 
They (121) reported a false-positive rate of 25% (17/69 
patients), which was not statistically significantly dif-
ferent from the 27% positive rate (14/52) in their com-
parison cohort of patients with presumed chronic dis-
cogenic pain. This exploratory post-hoc analysis was 
performed on 5 prior experimental groups (no pain 
(n = 10), no low back pain (n = 10); chronic pain (n = 
10); somatization disorder (n = 4); post-discectomy (n 
= 20); and mild persistent backache (n = 25). Low pres-
sure positive was defined as ≤ 22 psi above opening (ao) 
pressure, which is higher than the standard set by ISIS/
IASP of ≤ 15 psi a.o. (122). The individual groups were 
found to have the following false-positive responses: 
pain free 0/10, chronic pain 3/10, somatization disorder 
2/4, post-discectomy 5/20, and “benign” backache, 7/25 
patients. 

There are significant shortcomings in Carragee et 
al’s (121) re-analysis. Each subgroup merits individual 
scrutiny. The pain-free group had a 0% false-positive 
rate. The chronic pain group included 10 chronic pain 
patients who were disabled volunteers with failed cervi-
cal fusions, on regular medications (including opioids), 
and with markedly abnormal psychometric scores, and 
active worker’s compensation litigation. Using high 
pressure provocation (pressure ≤ 100 psi a.o.), Carragee 
et al (121) reported a false-positive rate of 40%; how-
ever, because of the small number of subjects, the 95% 
confidence level ranged between 10% and 70%. If one 
substitutes the ISIS/IASP (237,323) standard of ≤ 15 psi 
a.o., the false-positive rate decreases to 10% per pa-
tient (1/10) (95% CI, 0% – 33%) and 8.3% per disc (1/12) 
(95% CI, 0% – 27%) (35). Furthermore, the study includ-
ed 4 patients with somatization disorder in this analysis 
who might arguably be removed from consideration. A 
prospective study by Manchikanti et al (259) found no 
difference in the rate of positive discograms between 
patients with and without somatization disorder.

Lastly, Carragee et al (115) included 25 patients 
with a history of persistent, low intensity back pain, 
36% (n = 9) of whom were categorized as having a 
false-positive response in the original protocol analy-
sis, which decreased only slightly to 28% (n = 7) in the 
re-analysis. Yet, the contention that these patients rep-
resent false-positive responses is debatable. An alterna-
tive explanation is that they were in a more quiescent 
phase of their illness, or simply were more stoic. This ar-
gument is supported by the original 36% false-positive 
rate, which is similar to the 39% prevalence rate of dis-
cogenic pain reported by Schwarzer (36). In summary, 
Carragee et al’s (121) post-hoc analysis of select popula-
tions with low pressure positive discograms is subject to 
different interpretations. When more stringent criteria 
are applied, the false-positive rate in individuals with-
out confounding factors is very low.

Not all studies have found high false-positive rates 
in asymptomatic volunteers. Walsh et al (265) sought 
to replicate Holt’s work (288), but attempted to reme-
diate some of the shortcomings by including concor-
dance and observed pain behaviors in their criteria pain 
intensity ratings. Although discograms were morpho-
logically abnormal in 5 of the 10 subjects, none elicited 
concordant pain. More recently, Derby et al (108) per-
formed 3 or more discograms in 13 volunteers with no 
low back pain history. Although 44% of injected discs 
elicited pain, most required high pressures to reach the 
nociceptive threshold and, even then, were only mildly 
painful. The authors concluded that if one considers 
pain intensity and the amount of pressure needed to 
provoke symptoms, the false-positive rate is less than 
10%. Wolfer et al (35) conducted a meta-analysis of all 
complete data sets obtained from lumbar discography 
studies involving subjects asymptomatic for low back 
pain. Using ISIS/IASP standards, the pooled analysis of 
75 patients and 116 discs revealed a false-positive rate 
of 9.3% (95% CI; 3% – 16%) per patient and 6.0% (95% 
CI; 2% – 10%) per disc. This systematic literature review 
demonstrates that lumbar discography performed in 
accordance with accepted guidelines is associated with 
a low false-positive rate.

Treatments, particularly controversial ones, should 
not serve as the gold standard for a diagnostic test. 
Diagnostic tests detect the presence or absence of a 
disease process/entity. The effectiveness of a suspect 
treatment should not be misconstrued as evidence that 
confirms or negates the existence of a disease. Some 
authors implicitly assume that discography is a presur-
gical screening tool. This presupposes that the validity 



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE80 	 www.painphysicianjournal.com

of discography depends on the outcome of a contro-
versial treatment, i.e., spinal fusion. If this concept is 
generalized, one could theoretically challenge the va-
lidity of any diagnostic test used to identify a disease 
with ineffective treatment(s), such as pancreatic cancer. 
The treatment of discogenic pain continues to be a 
challenging problem, with no treatment providing sig-
nificant relief to a majority of patients on a consistent 
basis.

Carragee et al (122) used fusion results as the cri-
terion standard to demonstrate the lack of validity 
of lumbar provocation discography; however, there 
is sparse evidence that either fusion or disc replace-
ment is an effective treatment for discogenic low 
back pain (5,3,35,347-349,374,398-403). In spite of the 
widespread use of lumbar discography as a presurgical 
screening tool, few studies have evaluated its effect on 
surgical outcomes. The relative lack of controlled stud-
ies is further compounded by widespread variability in 
outcomes and the controversy surrounding spinal ar-
throdesis and disc prosthesis procedures for discogenic 
low back pain. The surgical outcomes for the treatment 
of internal disc disruption are widely acknowledged to 
be inferior to that for radiculopathy, with the reported 
success rates ranging from less than 50% to greater 
than 80% (214,398). The few randomized studies com-
paring fusion outcomes to conservative treatment have 
demonstrated mixed results at best (124,214,398-407). 
In addition, although there are multiple published 
studies evaluating disc replacement outcomes (132), 
none directly compared outcomes between patients 
whose selection was contingent on discography results 
and those who underwent disc replacement based sole-
ly on clinical and radiological findings. The presence of 
concomitant pain sources in most patients with disco-
genic pain, along with inconsistent clinical outcomes 
even with a technically successful surgery, are factors 
that must be considered when evaluating the predic-
tive value of discography for surgical outcomes.

In a health technology assessment of spinal fusion 
and discography for chronic low back pain secondary to 
uncomplicated lumbar degenerative disc disease (182), 
622 articles on the presurgical use of discography were 
reviewed. Issues that were evaluated included the reli-
ability of discography, the prediction of pain reduction 
and/or improvement in functional status/quality of life 
after lumbar fusion surgery with presurgical discogra-
phy, and the influence of presurgical discography on 
treatment outcomes. Conclusions were as follows: 1) 
the evidence is insufficient to permit conclusions about 

the reliability of discography for patients with chronic 
low back pain and uncomplicated lumbar degenerative 
disc disease; 2) because of low quality and heteroge-
neous results from 3 studies (n = 330 patients), the evi-
dence is insufficient to permit conclusions about the use 
of discography to predict fusion outcomes in patients 
with chronic low back pain and uncomplicated lumbar 
degenerative disc disease; 3) the evidence is insufficient 
to permit conclusions about the influence of discogra-
phy on fusion outcomes in patients with chronic low 
back pain and uncomplicated lumbar degenerative disc 
disease. The authors used 2 studies (80,408) to assess 
the test-retest and inter-rater reliability of discography. 
Both studies investigated at least one specific type of 
reliability: whether a given discogram is judged to have 
the same morphology grade by the same evaluator at 
different times (i.e., test-retest) or by different evalu-
ators (i.e., inter-rater). Neither study repeated disco-
grams on the same disc, nor investigated the reliability 
of patients’ reports of pain provocation or concordance.

The same authors evaluated the ability of pre-
surgical discography to predict outcomes. This was 
achieved through a comparison of surgical outcomes 
between patients who had positive pre-operative dis-
cography before surgery and those with negative dis-
cography. Three studies were included. However, all 
studies defined a positive discogram differently and 
assessed surgical outcomes differently. Willems et al 
(129) performed discography on disc(s) adjacent to 
segments selected for fusion based on pain relief after 
external fixation. They categorized 2 groups of surgi-
cal patients based on pain provocation in the adjacent-
discs: those in whom disc stimulation provoked typical 
pain (negative, n = 22); and those in whom disc injec-
tion elicited no or nonconcordant pain (positive; n = 
60). Gill and Blumenthal (168) categorized 3 groups 
of patients based on the morphology of the suspected 
disc: a small annular tear that did not extend to the 
periphery (type I, n = 14); an annular tear and contrast 
extension to the periphery, but not beyond (type II, n 
= 19); and an annular tear that extended beyond the 
periphery (type III, n = 20). Finally, Colhoun et al (263) 
categorized 4 groups of patients based on pain provo-
cation and morphology: typical pain provocation and 
abnormal morphology (n = 137); no pain provocation 
and abnormal morphology (n = 25); neither pain prov-
ocation nor abnormal morphology (n = 6); and total 
disc resorption at one or more levels that precluded 
categorization (n = 27). The results of this analysis re-
vealed that 2 of the 3 studies argued favorably for dis-



www.painphysicianjournal.com 	 SE81

Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

cographic screening. In the Willems et al study (129), 
no differences were found in fusion success rates be-
tween patients who had a positive discogram(s) adja-
cent to the fused levels and those who did not. How-
ever, these patients all had “equivocal” indications 
for lumbar fusion, with two-thirds having undergone 
previous surgery. In the Colhoun et al (263) study, 89% 
of those with provoked pain experienced a positive 
fusion outcome, which favorably compared to the 
52% success rate in those whose discograms revealed 
morphological abnormalities but no pain provocation. 
Gill and Blumenthal (168) reported a 75% success rate 
in patients with a type II or III discography vs. a 50% 
success rate in patients with a type I discography. One 
study excluded from the analysis was that of Derby 
et al (111), whose retrospective review found an 89% 
success rate following interbody/combined fusion in 
those patients with chemically sensitized discs vs. suc-
cess rates of 20% and 12% after an intertransverse fu-
sion and non-operative treatment, respectively.

With the exception of Derby et al (111), no study 
used manometry as a determining factor in discograph-
ic interpretation. Madan et al (124) failed to duplicate 
the results of Colhoun et al (263). In 2 reviews by Cohen 
et al (132,327), the authors found no pooled differenc-
es in fusion outcomes between studies that used dis-
cography and those that did not. However, the lack of 
strong evidence supporting the use of fusion in treating 
degenerative disc disease and methodological flaws in 
the component studies, make data interpretation ex-
ceptionally difficult (124,327). The present evaluation 
also shows only limited evidence supporting the use 
of provocation discography as a diagnostic modality 
in selecting patients for fusion. Thus, fusion outcomes 
should not be used as a criterion standard in evaluating 
the accuracy of lumbar provocation discography. 

In fact, one might alternatively classify discogra-
phy results in terms of a numerical continuum rather 
than as a binary (i.e., positive or negative) result. In 
other words, if discography results were reported in 
terms of pressure pain thresholds (PPTs), the sensitiv-
ity and specificity would change at different cutoffs. 
The sensitivity (Y-axis) could then be plotted against 
1-specificity (X-axis) by using the results obtained 
at different PPT cutoffs. This would establish a re-
ceiver operator characteristic (ROC) curve, which is 
an effective method for evaluating the quality of a 
diagnostic test and identifying an ideal cutoff value 
(354,409,410). If the ROC curve passes upwards to 
the left, the diagnostic test is nearly perfect in distin-

guishing disease from no disease. The previous sys-
tematic review recommended the use of ROC curves 
for discography (365). Only one subsequent paper 
has done so (110). Derby et al (110) used an ROC 
curve to develop strict operational criteria for defin-
ing a symptomatic disc, and then correlated this in-
formation with abnormal disc morphology. If paired 
together, the false-positive rate could be significantly 
reduced during discography.

A recent literature search demonstrated that inves-
tigators are attempting to optimize MRI criteria to bet-
ter identify painful discs. Lei et al (284) and O’Neill et 
al (71), however, concluded that MRI should continue 
to supplement discography rather than replace it. Wil-
lems et al (129) used an external transpedicular fixation 
system to select patients for spinal fusion; yet, this tech-
nique is not routinely used in the United States and is 
associated with a high risk of complications when com-
pared to discography. Other investigators are seeking 
surrogate tools, biomarkers, and sympathetic respons-
es to support and improve the diagnostic accuracy of 
discography. Finally, Derincek et al (286) continues to 
validate the concept that an anatomically normal disc 
rarely ever causes pain — a concept that has been con-
sistently confirmed over the past 20 years. 

Scuderi et al (285) conducted a prospective bio-
chemical analysis of disc leakage fluid obtained during 
discography. They found only weak correlations be-
tween demographic variables, Pfirrman grading (MRI), 
and discography. The authors concluded that pain 
provocation during discography could not be predicted 
by noninvasive means, including biomarker assays. De-
rincek et al (286) performed discography on a series of 
patients with back pain and MRI-supported evidence of 
degenerative disc disease. Those patients experiencing 
pain during injection into a morphologically normal 
disc were studied. These individuals then underwent 
repeat discograms on the morphologically normal disc, 
but only after the morphologically abnormal (adjacent) 
disc was first anesthetized. None of their patients expe-
rienced pain during the repeat discogram, suggesting a 
process analogous to central sensitization/expansion of 
receptive fields. The authors recommended anesthetiz-
ing the morphologically abnormal disc before testing 
potentially normal (control) discs.

In conclusion, there is fair evidence supporting the 
accuracy of provocation discography after controlling 
for various factors including methodological flaws, lack 
of standardization, and the absence of well-designed 
outcome studies. 
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5.0 Conclusion

This systematic review illustrates that lumbar prov-
ocation discography performed according to IASP cri-
teria may be a useful tool for evaluating chronic lum-
bar discogenic pain. The results suggest that, based 
on modified USPSTF evidence criteria, the indicated 
strength of the evidence is fair for the diagnostic accu-
racy of lumbar provocation discography utilizing IASP 
standards after consideration of confounding factors.

Acknowledgments

The authors wish to thank Vidyasagar Pampati, 
MSc, for statistical assistance; Sekar Edem for assistance 
in the search of the literature; Alvaro F. Gómez, MA, 
and Laurie Swick, BS, for manuscript review; and Tonie 
M. Hatton and Diane E. Neihoff, transcriptionists, for 
their assistance in preparation of this manuscript. The 
authors also thank Pain Physician for permission to re-
produce Wolfer et al’s (35) manuscript from 2008 and 
Manchikanti et al’s manuscript (34) from 2009. We 
would like to thank the editorial board of Pain Physician 
for review and criticism in improving the manuscript.

Author Affiliation
Dr. Manchikanti is Medical Director of the Pain 

Management Center of Paducah, Paducah, KY, and 
Clinical Professor, Anesthesiology and Perioperative 
Medicine, University of Louisville, Louisville, KY.

Dr. Benyamin is the Medical Director, Millennium 
Pain Center, Bloomington, IL, and Clinical Assistant Pro-
fessor of Surgery, College of Medicine, University of Il-
linois, Urbana-Champaign, IL.

Dr. Singh is Medical Director, Spine Pain Diagnostics 
Associates, Niagara, WI.

 Dr. Falco is Medical Director of Mid Atlantic Spine 
& Pain Physicians, Newark, DE; Director, Pain Medicine 
Fellowship Program, Temple University Hospital, Phila-
delphia, PA; and Associate Professor, Department of 
PM&R, Temple University Medical School, Philadelphia, 
PA.

Dr. Hameed is with Mid Atlantic Spine & Pain Physi-
cians of Newark, DE.

Dr. Derby is Medical Director of Spinal Diagnostics 
& Treatment Center and Chief Executive Officer, Com-
prehensive Spine Diagnostics Medical Group, Daly City, 
CA.

Dr. Wolfer is with The Center for Sports Medicine, 
Springfield, PA.

Dr. Helm is Medical Director, The Helm Center for 
Pain Management, Laguna Hills, CA.

Dr. Calodney is Medical Director, Texas Pain, The 
Texas Spine and Joint Hospital, Tyler, TX.

Dr. Datta is Medical Director, Laser Spine & Pain In-
stitute, New York, NY, and Professorial Lecturer, Mount 
Sinai School of Medicine, Department of Anesthesiol-
ogy, New York, NY.

Dr. Snook is Medical Director of Metropolitan Pain 
Management Consultants, Inc., Sacramento, CA.

Dr. Caraway, St. Mary’s Pain Relief Center, Hunting-
ton, WV.

Dr. Hirsch is Vice Chief of Interventional Care, Chief 
of Minimally Invasive Spine Surgery, Service Line Chief 
of Interventional Radiology, Director of Endovascular 
Neurosurgery and Neuroendovascular Program, Mas-
sachusetts General Hospital; and Associate Professor, 
Harvard Medical School, Boston, MA.

Dr. Cohen is Professor, Department of Anesthesiol-
ogy and Critical Care Medicine, Pain Management Di-
vision, Johns Hopkins School of Medicine, Baltimore, 
MD, and Professor, Department of Anesthesiology, 
Uniformed Services University of the Health Sciences, 
Bethesda, MD.

Conflict of Interest: 
Dr. Benyamin is a clinical investigator with Epimed 

and receives research support from Cephalon/Teva, Bio-
Delivery Sciences International, Inc., Mundipharma Re-
search GmbH & Co., AstraZeneca, Purdue Pharma, LP, 
and Theravance.

Dr. Derby has stock options with Laurimed and 
Metronic.

Dr. Falco is a consultant for St. Jude Medical Inc. 
and Joimax Inc.

Dr. Helm is a clinical investigator with Epimed and 
receives research support from Cephalon/Teva, Astra-
Zeneca, and Purdue Pharma, LP. He has attended an 
Advisory Group meeting for Activas.

Dr. Datta receives research support from Sucampo 
Pharmaceuticals and an honorarium from Smith and 
Nephew. 

Dr. Caraway is a consultant for Medtronic, Inc., Spi-
nal Modulation, Inc., and Vertos, Inc.

Dr. Calodney is a consultant for Stryker, Inc., 
Medtronic, Inc., and Nimbus Concepts.



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE83

References

1.	 Manchikanti L, Boswell MV, Singh V, 
Benyamin RM, Fellows B, Abdi S, Bue-
naventura RM, Conn A, Datta S, Derby 
R, Falco FJE, Erhart S, Diwan S, Hayek 
SM, Helm S, Parr AT, Schultz DM, Smith 
HS, Wolfer LR, Hirsch JA. Comprehen-
sive evidence-based guidelines for in-
terventional techniques in the manage-
ment of chronic spinal pain. Pain Physi-
cian 2009; 12:699-802.

2.	 Ivanova JI, Birnbaum HG, Schiller M, 
Kantor E, Johnstone BM, Swindle RW. 
Real-world practice patterns, health-
care utilization, and costs in patients 
with low back pain: The long road to 
guideline-concordant care. Spine J 2011; 
11:622-632.

3.	 Freburger JK, Holmes GM, Agans RP, 
Jackman AM, Darter JD, Wallace AS, 
Castel LD, Kalsbeek WD, Carey TS. The 
rising prevalence of chronic low back 
pain. Arch Intern Med 2009; 169:251-258.

4.	 Luo X, Pietrobon R, Sun SX, Liu GG, 
Hey L. Estimates and patterns of di-
rect health care expenditures among in-
dividuals with back pain in the United 
States. Spine (Phila Pa 1976) 2004; 29:79-
86.

5.	 Deyo RA, Mirza SK, Turner JA, Martin BI. 
Overtreating chronic back pain: Time to 
back off? J Am Board Fam Med 2009; 
22:62-68.

6.	 Manchikanti L, Caraway DL, Falco FJE, 
Benyamin RM, Hansen H, Hirsch JA. 
CMS proposal for interventional pain 
management by nurse anesthetists: Evi-
dence by proclamation with poor prog-
nosis. Pain Physician 2012; 15:E641-E664.

7.	 Staal JB, de Bie RA, de Vet HC, Hildeb-
randt J, Nelemans P. Injection therapy 
for subacute and chronic low back pain: 
An updated Cochrane review. Spine (Phi-
la Pa 1976) 2009; 34:49-59.

8.	 Rubinstein SM, van Middelkoop M, As-
sendelft WJ, de Boer MR, van Tulder 
MW. Spinal manipulative therapy for 
chronic low-back pain: An update of a 
Cochrane review. Spine (Phila Pa 1976) 
2011; 36:E825-E846.

9.	 Chou R, Huffman L. Guideline for the 
Evaluation and Management of Low Back 
Pain: Evidence Review. American Pain So-
ciety, Glenview, IL, 2009.

	 www.americanpainsociety.org/uploads/
pdfs/LBPEvidRev.pdf

10.	 Abbott ZI, Nair KV, Allen RR, Akuthota 
VR. Utilization characteristics of spinal 
interventions. Spine J 2012; 1:35-43.

11.	 Jacobs WC, van Tulder M, Arts M, Ru-
binstein SM, van Middelkoop M, Oste-

lo R, Verhagen A, Koes B, Peul WC. Sur-
gery versus conservative management of 
sciatica due to a lumbar herniated disc: 
A systematic review. Eur Spine J 2011; 
20:513-522.

12.	 Kovacs FM, Urrútia G, Alarcón JD. Sur-
gery versus conservative treatment for 
symptomatic lumbar spinal stenosis: A 
systematic review of randomized con-
trolled trials. Spine (Phila Pa 1976) 2011; 
36:E1335-E1351.

13.	  Manchikanti L, Falco FJE, Singh V, Pam-
pati V, Parr AT, Benyamin RM, Fellows 
B, Hirsch JA. Utilization of intervention-
al techniques in managing chronic pain 
in the medicare population: Analysis of 
growth patterns from 2000 to 2011. Pain 
Physician 2012; 15:E969-E982S.

14.	 Manchikanti L, Pampati V, Falco FJE, 
Hirsch JA. Growth of spinal intervention-
al pain management techniques: Analy-
sis of utilization trends and medicare ex-
penditures 2000 to 2008. Spine (Phila Pa 
1976) 2013; 38:157-168.

15.	  Manchikanti L, Helm II S, Fellows B, 
Janata JW, Pampati V, Grider JS, Bo-
swell MV. Opioid epidemic in the United 
States. Pain Physician 2012; 15:ES9-ES38.

16.	 Manchikanti L, Ailinani H, Koyyalagunta 
D, Datta S, Singh V, Eriator I, Sehgal N, 
Shah RV, Benyamin RM, Vallejo R, Fel-
lows B, Christo PJ. A systematic review 
of randomized trials of long-term opi-
oid management for chronic non-cancer 
pain. Pain Physician 2011; 14:91-121.

17.	 Manchikanti L, Vallejo R, Manchikanti 
KN, Benyamin RM, Datta S, Christo PJ. 
Effectiveness of long-term opioid thera-
py for chronic non-cancer pain. Pain Phy-
sician 2011; 14:E133-E156.

18.	 Manchikanti L, Singh V, Caraway DL, Be-
nyamin RM, Hirsch JA. Medicare physi-
cian payment systems: Impact of 2011 
schedule on interventional pain man-
agement. Pain Physician 2011; 14:E5-E33.

19.	 Manchikanti L, Datta S, Derby R, Wolfer 
LR, Benyamin RM, Hirsch JA. A critical 
review of the American Pain Society clin-
ical practice guidelines for interventional 
techniques: Part 1. Diagnostic interven-
tions. Pain Physician 2010; 13:E141-E174.

20.	 Manchikanti L, Hirsch JA. Obamacare 
2012: Prognosis unclear for interven-
tional pain management. Pain Physician 
2012; 15:E629-E640.

21.	 Manchikanti L, Singh V, Caraway DL, Be-
nyamin RM, Falco FJE, Hirsch JA. Pro-
posed physician payment schedule for 
2013: Guarded prognosis for interven-
tional pain management. Pain Physician 

2012; 15:E615-E627.
22.	 Manchikanti L, Singh V, Caraway DL, 

Benyamin RM, Falco FJE, Hirsch JA. 
Physician payment outlook for 2012: 
Déjà Vu. Pain Physician 2012; 15:E27-E52.

23.	 Manchikanti L, Parr AT, Singh V, Fel-
lows B. Ambulatory surgery centers 
and interventional techniques: A look at 
long-term survival. Pain Physician 2011; 
14:E177-E215.

24.	 Manchikanti L, Falco FJ, Benyamin RM, 
Helm S 2nd, Parr AT, Hirsch JA. The im-
pact of comparative effectiveness re-
search on interventional pain manage-
ment: Evolution from Medicare Mod-
ernization Act to Patient Protection and 
Affordable Care Act and the Patient-
Centered Outcomes Research Institute. 
Pain Physician 2011; 14:E249-E282.

25.	 Manchikanti L, Hirsch JA. Medicare phy-
sician payment rules for 2011: A primer 
for the neurointerventionalist. J Neuro-
intervent Surg 2011; 3:399-402.

26.	 Manchikanti L, Singh V, Hirsch JA. Saga 
of payment systems of ambulatory sur-
gery centers for interventional tech-
niques: An update. Pain Physician 2012; 
15:109-130.

27.	 Park CH, Lee SH, Jung JY. Dural sac 
cross-sectional area does not correlate 
with efficacy of percutaneous adhesioly-
sis in single level lumbar spinal stenosis. 
Pain Physician 2011; 14:377-382.

28.	 Manchikanti L, Caraway DL, Parr AT, 
Fellows B, Hirsch JA. Patient Protection 
and Affordable Care Act of 2010: Re-
forming health care reform for the new 
decade. Pain Physician 2011; 14:E35-E67.

29.	 Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics of 
comparative effectiveness research: Part 
1. Basic considerations. Pain Physician 
2010; 13:E23-E54.

30.	 Peng B, Fu X, Pang X, Li D, Liu W, Gao 
C, Yang H. Prospective clinical study on 
natural history of discogenic low back 
pain at 4 years of follow-up. Pain Physi-
cian 2012; 15:523-532.

31.	 Pang WW, Mok MS, Lin ML, Chang DP, 
Hwang MH. Application of spinal pain 
mapping in the diagnosis of low back 
pain—analysis of 104 cases. Acta Anaes-
thesiol Sin 1998; 36:71-74.

32.	 Manchikanti L, Singh V, Pampati V, 
Damron K, Barnhill R, Beyer C, Cash K. 
Evaluation of the relative contributions 
of various structures in chronic low back 
pain. Pain Physician 2001; 4:308-316.

33.	 Bogduk N. Low back pain. Clinical Anat-



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE84 	 www.painphysicianjournal.com

omy of Lumbar Spine and Sacrum. 4th 
edition. Churchill Livingstone, New 
York, 2005, pp 183-216.

34.	 Manchikanti L, Glaser S, Wolfer L, Derby 
R, Cohen SP. Systematic review of lum-
bar discography as a diagnostic test for 
chronic low back pain. Pain Physician 
2009; 12:541-559.

35.	 Wolfer L, Derby R, Lee JE, Lee SH. Sys-
tematic review of lumbar provocation 
discography in asymptomatic subjects 
with a meta-analysis of false-positive 
rates. Pain Physician 2008; 11:513-538.

36.	 Schwarzer AC, Aprill CN, Derby R, Fortin 
J, Kine G, Bogduk N. The prevalence and 
clinical features of internal disc disrup-
tion in patients with chronic low back 
pain. Spine (Phila Pa 1976) 1995; 20:1878-
1883. 

37.	 Schwarzer AC, Aprill CN, Derby R, Fortin 
J, Kine G, Bogduk N. The relative con-
tributions of the disc and zygapophysial 
joint in chronic low back pain. Spine (Ph-
ila Pa 1976) 1994; 19:801-806.

38.	 Falco FJE, Manchikanti L, Datta S, Se-
hgal N, Geffert S, Onyewu O, Singh V, 
Bryce DA, Benyamin RM, Simopoulos 
TT, Vallejo R, Gupta S, Ward SP, Hirsch 
JA. An update of systematic assessment 
of diagnostic accuracy of lumbar facet 
joint nerve blocks. Pain Physician 2012; 
15:E868-E907.

39.	 Simopoulos TT, Manchikanti L, Singh 
V, Gupta S, Hameed H, Diwan S, Co-
hen SP. A systematic evaluation of prev-
alence and diagnostic accuracy of sacro-
iliac joint interventions. Pain Physician 
2012; 15:E305-E344.

40.	 Hancock MJ, Maher CG, Latimer J, Spin-
dler MF, McAuley JH, Laslett M, Bogduk 
N. Systematic review of tests to identify 
the disc, SIJ or facet joint as the source 
of low back pain. Eur Spine J 2007; 
16:1539-1550.

41.	 Kuslich SD, Ulstrom CL, Michael CJ. The 
tissue origin of low back pain and sci-
atica: A report of pain response to tis-
sue stimulation during operation on the 
lumbar spine using local anesthesia. Or-
thop Clin North Am 1991; 22:181-187.

42.	 Dongfeng R, Hou S, Wu W, Wang H, 
Shang W, Tang J, Li Z, Lei G. The ex-
pression of tumor necrosis factor-α and 
CD68 in high-intensity zone of lum-
bar intervertebral disc on magnetic res-
onance image in the patients with low 
back pain. Spine (Phila Pa 1976) 2011; 
36:E429-E433.

43.	 Wuertz K, Quero L, Sekiguchi M, Klawit-
ter M, Nerlich A, Konno S, Kikuchi S, 
Boos N. The red wine polyphenol resve-

ratrol shows promising potential for the 
treatment of nucleus pulposus-mediat-
ed pain in vitro and in vivo. Spine (Phila 
Pa 1976) 2011; 36:E1373-E1384.

44.	 Hayes AJ, Smith SM, Gibson MA, Mel-
rose J. Comparative immunolocalization 
of the elastin fiber-associated proteins 
fibrillin-1, LTBP-2, and MAGP-1 with 
components of the collagenous and 
proteoglycan matrix of the fetal human 
intervertebral disc. Spine (Phila Pa 1976) 
2011; 36:E1365-E1372.

45.	 Cuellar JM, Golish R, Reuter MW, Cuel-
lar VG, Angst MS, Carragee EJ, Yeomans 
DC, Scuderi GJ. Cytokine evaluation in 
individuals with low back pain using dis-
cographic lavage. Spine J 2010; 10:212-
218.

46.	 Kallewaard JW, Terheggen MA, Groen 
GJ, Sluijter ME, Derby R, Kapural L, Me-
khail N, van Kleef M. Discogenic low 
back pain. Pain Pract 2010; 10:560-579.

47.	 Miyagi M, Ishikawa T, Orita S, Eguchi 
Y, Kamoda H, Arai G, Suzuki M, Inoue 
G, Aoki Y, Toyone T, Takahashi K, Ohto-
ri S. Disk injury in rats produces persis-
tent increases in pain-related neuropep-
tides in dorsal root ganglia and spinal 
cord glia but only transient increases in 
inflammatory mediators: Pathomech-
anism of chronic diskogenic low back 
pain. Spine (Phila Pa 1976) 2011; 36:2260-
2266.

48.	 Peng B, Wu W, Hou S, Li P, Zhang C, 
Yang Y. The pathogenesis of discogenic 
low back pain. J Bone Joint Surg Br 2005; 
87:62-67.

49.	 Kraychete DC, Sakata RK, Issy AM, Ba-
cellar O, Santos-Jesus R, Carvalho EM. 
Serum cytokine levels in patients with 
chronic low back pain due to herniat-
ed disc: Analytical cross-sectional study. 
Sao Paulo Med J 2010; 128:259-262.

50.	 Tian W, Qi H. Association between in-
tervertebral disc degeneration and dis-
turbances of blood supply to the verte-
brae. Chin Med J (Engl) 2010; 123:239-243.

51.	 David G, Ciurea AV, Iencean SM, Mohan 
A. Angiogenesis in the degeneration of 
the lumbar intervertebral disc. J Med Life 
2010; 3:154-161.

52.	 Beattie PF, Meyers SP, Stratford P, Mil-
lard RW, Hollenberg GM. Associations 
between patient report of symptoms 
and anatomic impairment visible on 
lumbar magnetic resonance imaging. 
Spine (Phila Pa 1976) 2000; 25:819-828.

53.	 Boos N, Semmer N, Elfering A, Schade 
V, Gal I, Zanetti M, Kissling R, Bucheg-
ger N, Hodler J, Main CJ. Natural histo-
ry of individuals with asymptomatic disc 

abnormalities in magnetic resonance 
imaging: Predictors of low back pain-
related medical consultation and work 
incapacity. Spine (Phila Pa 1976) 2000; 
25:1484-1492.

54.	 Sharma A, Pilgram T, Wippold FJ 2nd. 
Association between annular tears and 
disk degeneration: A longitudinal study. 
AJNR Am J Neuroradiol 2009; 30:500-
506. 

55.	 Peng B, Hou S, Wu W, Zhang C, Yang 
Y. The pathogenesis and clinical signif-
icance of a high-intensity zone (HIZ) of 
lumbar intervertebral disc on MR imag-
ing in the patient with discogenic low 
back pain. Eur Spine J 2006; 15:583-587. 

56.	 Borthakur A, Maurer PM, Fenty M, 
Wang C, Berger R, Yoder J, Balderston 
RA, Elliott DM. T1ρ magnetic resonance 
imaging and discography pressure as 
novel biomarkers for disc degeneration 
and low back pain. Spine (Phila Pa 1976) 
2011; 36:2190-2196.

57.	 Wang Y, Videman T, Battié MC. Modic 
changes: Prevalence, distribution pat-
terns, and association with age in white 
men. Spine J 2012; 12:411-416.

58.	 Mao HJ, Chen QX, Han B, Li FC, Feng 
J, Shi ZL, Lin M, Wang J. The effect of 
injection volume on disc degeneration 
in a rat tail model. Spine (Phila Pa 1976) 
2011; 36:E1062-E1069.

59.	 Buirski G, Silberstein M. The symptom-
atic lumbar disc in patients with low-
back pain. Magnetic resonance imaging 
appearances in both a symptomatic and 
control population. Spine (Phila Pa 1976) 
1993; 18:1808-1811.

60.	 Singh H. Disc disease and back pain in 
young adults. J Pain Palliat Care Pharma-
cother 2012; 26:174-175.

61.	 Cheung KM, Samartzis D, Karppinen J, 
Luk KD. Are “patterns” of lumbar disc 
degeneration associated with low back 
pain?: New insights based on skipped 
level disc pathology. Spine (Phila Pa 1976) 
2012; 37:E430-E438.

62.	 Liu Y, Li JM, Hu YG. Transplantation of 
gene-modified nucleus pulposus cells 
reverses rabbit intervertebral disc de-
generation. Chin Med J (Engl) 2011; 
124:2431-2437.

63.	 Weiler C, Nerlich AG, Schaaf R, Bach-
meier BE, Wuertz K, Boos N. Immu-
nohistochemical identification of no-
tochordal markers in cells in the aging 
human lumbar intervertebral disc. Eur 
Spine J 2010; 19:1761-1770.

64.	 Luoma K, Riihimäki H, Luukkonen R, 
Raininko R, Viikari-Juntura E, Lammin-



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE85

en A. Low back pain in relation to lum-
bar disc degeneration. Spine (Phila Pa 
1976) 2000; 25:487-492.

65.	 Sheng WB, Guo HL, Mai ED, Pu LT, 
Zhan YL, Jin GL, Deng Q, Zheng XF, 
Xun CH, Xu T, Tian J. Clinical charac-
teristics and treatment for patients with 
low back and leg pain caused by lumbar 
annular tears. Zhonghua Yi Xue Za Zhi 
2010; 90:3198-3202.

66.	 Alemo S, Sayadipour A. Sources and pat-
terns of pain in lumbar disc disease: Re-
visiting Francis Murphey’s theory. Acta 
Neurochir (Wien) 2010; 152:1555-1558. 

67.	 DePalma MJ, Ketchum JM, Saullo TR. 
Multivariable analyses of the relation-
ships between age, gender, and body 
mass index and the source of chron-
ic low back pain. Pain Med 2012; 13:498-
506. 

68.	 Walker J 3rd, El Abd O, Isaac Z, Muzin 
S. Discography in practice: A clinical and 
historical review. Curr Rev Musculoskelet 
Med 2008; 1:69-83.

69.	 Fishbain DA, Lewis JE, Gao J, Cole B, 
Steele Rosomoff R. Is chronic pain asso-
ciated with somatization/hypochondri-
asis? An evidence-based structured re-
view. Pain Pract 2009; 9:449-467. 

70.	 Kang CH, Kim YH, Lee SH, Derby R, 
Kim JH, Chung KB, Sung DJ. Can mag-
netic resonance imaging accurately pre-
dict concordant pain provocation dur-
ing provocative disc injection? Skeletal 
Radiol 2009; 38:877-885. 

71.	 O’Neill C, Kurgansky M, Kaiser J, Lau W. 
Accuracy of MRI for diagnosis of disco-
genic pain. Pain Physician 2008; 11:311-
326.

72.	 Cheung KM, Karppinen J, Chan D, Ho 
DW, Song YQ, Sham P, Cheah KS, Le-
ong JC, Luk KD. Prevalence and pattern 
of lumbar magnetic resonance imaging 
changes in a population study of one 
thousand forty-three individuals. Spine 
(Phila Pa 1976) 2009; 34:934-940.

73.	 Byun WM, Ahn SH, Ahn MW. Signifi-
cance of perianular enhancement as-
sociated with anular tears on magnet-
ic resonance imagings in diagnosis 
of radiculopathy. Spine (Phila Pa 1976) 
2008; 33:2440-2443.

74.	 Takatalo J, Karppinen J, Niinimäki J, 
Taimela S, Näyhä S, Järvelin MR, Kyl-
lönen E, Tervonen O. Prevalence of de-
generative imaging findings in lumbar 
magnetic resonance imaging among 
young adults. Spine (Phila Pa 1976) 2009; 
34:1716-1721.

75.	 Chen JY, Ding Y, Lv RY, Liu QY, Huang 

JB, Yang ZH, Liu SL. Correlation be-
tween MR imaging and discography 
with provocative concordant pain in 
patients with low back pain. Clin J Pain 
2011; 27:125-130.

76.	 Moneta GB, Videman T, Kaivanto K, 
Aprill C, Spivey M, Vanharanta H, Sachs 
BL, Guyer RD, Hochschuler SH, Rasch-
baum RF, Mooney V. Reported pain dur-
ing lumbar discography as a function of 
anular ruptures and disc degeneration. 
A re-analysis of 833 discograms. Spine 
(Phila Pa 1976) 1994; 19:1968-1974.

77.	 Kim HG, Shin DA, Kim HI, Yoo EA, Shin 
DG, Lee JO. Clinical and radiological 
findings of discogenic low back pain 
confirmed by automated pressure-con-
trolled discography. J Korean Neurosurg 
Soc 2009; 46:333-339. 

78.	 Thompson KJ, Dagher AP, Eckel TS, 
Clark M, Reinig JW. Modic changes on 
MR images as studied with provocative 
diskography: Clinical relevance--a retro-
spective study of 2457 disks. Radiology 
2009; 250:849-855.

79.	 Block AR, Vanharanta H, Ohnmeiss DD, 
Guyer RD. Discographic pain report. In-
fluence of psychological factors. Spine 
(Phila Pa 1976) 1996; 21:334-338.

80.	 Milette PC, Fontaine S, Lepanto L, Car-
dinal E, Breton G. Differentiating lum-
bar disc protrusions, disc bulges, and 
discs with normal contour but abnormal 
signal intensity. Magnetic resonance 
imaging with discographic correlations. 
Spine (Phila Pa 1976) 1999; 24:44-53.

81.	 Bogduk N. Lumbar discography. Spine 
(Phila Pa 1976) 1996; 21:402-404.

82.	 DePalma MJ, Ketchum JM, Saullo T. 
What is the source of chronic low back 
pain and does age play a role? Pain Med 
2011; 12:224-233.

83.	 DePalma M, Ketchum J, Saullo T, Schof-
ferman J. Structural etiology of chronic 
low back pain due to motor vehicle colli-
sion. Pain Med 2011; 12:1622-1627. 

84.	 DePalma MJ, Ketchum JM, Saullo TR, 
Laplante BL. Is the history of a surgi-
cal discectomy related to the source of 
chronic low back pain? Pain Physician 
2012; 15:E53-E58.

85.	 DePalma MJ, Ketchum JM, Saullo TR. 
Etiology of chronic low back pain in pa-
tients having undergone lumbar fusion. 
Pain Med 2011; 12:732-739.

86.	 Bokov A, Skorodumov A, Isrelov A, Stu-
pak Y, Kukarin A. Differential treatment 
of nerve root compression pain caused 
by lumbar disc herniation applying nu-
cleoplasty. Pain Physician 2010; 13:469-

480. 
87.	 Bokov A, Istrelov A, Skorodumov A, 

Aleynik A, Simonov A, Mlyavykh S. An 
analysis of reasons for failed back sur-
gery syndrome and partial results af-
ter different types of surgical lumbar 
nerve root decompression. Pain Physi-
cian 2011; 14:545-557.

88.	 Laplante BL, Ketchum, JM, Saullo TR, 
DePalma MJ. Multivariable analysis of 
the relationship between pain referral 
patterns and the source of chronic low 
back pain. Pain Physician 2012; 15:171-
178.

89. 	 Laslett M, Oberg B, Aprill CN, Mc-
Donald B. Centralization as a predictor 
of provocation discography results in 
chronic low back pain, and the influence 
of disability and distress on diagnostic 
power. Spine J 2005; 5:370-380.

90. 	 Laslett M, April CN, McDonald B, Oberg 
B. Clinical predictors of lumbar provo-
cation discography: A study of clinical 
predictors of lumbar provocation dis-
cography. Eur Spine J 2006; 15:1473-1484.

91. 	 Young S, Aprill C, Laslett M. Correlation 
of clinical examination characteristics 
with three sources of chronic low back 
pain. Spine J 2003; 3:460-465. 

92. 	 Donelson R, Aprill C, Medcalf R, Grant 
W. A prospective study of centralization 
of lumbar and referred pain. A predic-
tor of symptomatic discs and annular 
competence. Spine (Phila Pa 1976) 1997; 
22:1115-1122.

93.	 Kawchuk GN, Kaigle Holm AM, Ekström 
L, Hansson T, Holm SH. Bulging of the 
inner and outer annulus during in vivo 
axial loading of normal and degener-
ated discs. J Spinal Disord Tech 2009; 
22:214-218.

94.	 Hoppe S, Quirbach S, Mamisch TC, 
Krause FG, Werlen S, Benneker LM. Ax-
ial T2* mapping in intervertebral discs: 
A new technique for assessment of in-
tervertebral disc degeneration. Eur Ra-
diol 2012; 22:2013-2019.

95.	 Moon CH, Kim JH, Jacobs L, Zhao T, 
Sowa G, Vo N, Kang J, Bae KT. Part 1: 
Dual-tuned proton/sodium magnetic 
resonance imaging of the lumbar spine 
in a rabbit model. Spine (Phila Pa 1976) 
2012; 37:E1106-E1112.

96.	 Apeldoorn AT, Ostelo RW, van Helvoirt 
H, Fritz JM, Knol DL, van Tulder MW, de 
Vet HC. A randomized controlled trial 
on the effectiveness of a classification-
based system for subacute and chronic 
low back pain. Spine (Phila Pa 1976) 2012; 
37:1347-1356. 



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE86 	 www.painphysicianjournal.com

97.	 Zhang Z, Chan Q, Anthony MP, 
Samartzis D, Cheung KM, Khong PL, 
Kim M. Age-related diffusion patterns 
in human lumbar intervertebral discs: 
A pilot study in asymptomatic subjects. 
Magn Reson Imaging 2012; 30:181-188. 

98.	 Takashima H, Takebayashi T, Yoshimo-
to M, Terashima Y, Tsuda H, Ida K, Ya-
mashita T. Correlation between T2 re-
laxation time and intervertebral disk de-
generation. Skeletal Radiol 2012; 41:163-
167.

99.	 Livshits G, Popham M, Malkin I, Sam-
brook PN, Macgregor AJ, Spector T, 
Williams FM. Lumbar disc degenera-
tion and genetic factors are the main 
risk factors for low back pain in women: 
The UK twin spine study. Ann Rheum Dis 
2011; 70:1740-1745.

100.	 Bae WC, Masuda K. Emerging technol-
ogies for molecular therapy for interver-
tebral disk degeneration. Orthop Clin 
North Am 2011; 42:585-601, ix.

101.	 Inoue N, Espinoza Orías AA. Biome-
chanics of intervertebral disk degenera-
tion. Orthop Clin North Am 2011; 42:487-
499, vii.

102.	 Derby R, Lee JE, Lee SH. Analgesic dis-
cography: Effect of adding a local an-
esthetic to routine lumbar provocation 
discography. Pain Med 2010; 11:1335-
1342.

103.	 Choi WS, Shin DA, Kim HI, Lee SH, Der-
by R, Lee SH, Kim HJ. Toward more use-
ful pressure-controlled discography: In 
vitro evaluation of injection speed, sen-
sor location, and tube length. Pain Med 
2011; 12:36-44. 

104.	 Derby R, Lee SH, Lee JE, Lee SH. Com-
parison of pressure-controlled provoca-
tion discography using automated ver-
sus manual syringe pump manometry 
in patients with chronic low back pain. 
Pain Med 2011; 12:18-26.

105.	 Provenzano DA. Diagnostic discogra-
phy: What is the clinical utility? Curr Pain 
Headache Rep 2012; 16:26-34.

106.	 Bartynski WS, Rothfus WE. Peripher-
al disc margin shape and internal disc 
derangement: Imaging correlation in 
significantly painful discs identified at 
provocation lumbar discography. Interv 
Neuroradiol 2012; 18:227-241.

107.	 Derby R, Lee SH, Kim BJ, Chen Y, Aprill 
C, Bogduk N. Pressure-controlled lum-
bar discography in volunteers with low 
back pain symptoms. Pain Med 2005; 
6:213-221.

108.	 Derby R, Kim BJ, Lee SH, Chen Y, Seo 
KS, Aprill C. Comparison of disco-

graphic findings in asymptomatic sub-
ject discs and negative discs of chronic 
low back pain patients: Can discography 
distinguish asymptomatic discs among 
morphologically abnormal discs? Spine J 
2005; 5:389-394. 

109.	 Wang Y, Videman T, Battié MC. Lumbar 
vertebral endplate lesions: Prevalence, 
classification, and association with age. 
Spine (Phila Pa 1976) 2012; 37:1432-1439.

110.	 Derby R, Kim BJ, Chen Y, Seo KS, Lee 
SH. The relation between annular dis-
ruption on computed tomography scan 
and pressure-controlled diskography. 
Arch Phys Med Rehabil 2005; 86:1534-
1538.

111.	 Derby R, Howard MW, Grant JM, Let-
tice JJ, Van Peteghem PK, Ryan DP. The 
ability of pressure-controlled discogra-
phy to predict surgical and nonsurgi-
cal outcomes. Spine (Phila Pa 1976) 1999; 
24:364-371.

112.	 Alamin TF, Kim MJ, Agarwal V. Provoc-
ative lumbar discography versus func-
tional anesthetic discography: A com-
parison of the results of two different 
diagnostic techniques in 52 patients 
with chronic low back pain. Spine J 2011; 
11:756-765.

113.	 Carragee EJ, Chen Y, Tanner CM, Hay-
ward C, Rossi M, Hagle C. Can discog-
raphy cause long-term back symptoms 
in previously asymptomatic subjects? 
Spine (Phila Pa 1976) 2000; 25:1803-1808.

114.	 Carragee EJ, Barcohana B, Alamin T, 
van den Haak E. Prospective controlled 
study of the development of lower back 
pain in previously asymptomatic sub-
jects undergoing experimental dis-
cography. Spine (Phila Pa 1976) 2004; 
29:1112-1117.

115.	 Carragee EJ, Alamin TF, Miller J, Grafe 
M. Provocative discography in volunteer 
subjects with mild persistent low back 
pain. Spine J 2002; 2:25-34.

116.	 Carragee EJ, Chen Y, Tanner CM, Truong 
T, Lau E, Brito JL. Provocative discog-
raphy in patients after limited lumbar 
discectomy: A controlled, randomized 
study of pain response in symptomatic 
and asymptomatic subjects. Spine (Phila 
Pa 1976) 2000; 25:3065-3071.

117.	 Carragee EJ, Tanner CM, Yang B, Brito 
JL, Truong T. False-positive findings on 
lumbar discography. Reliability of sub-
jective concordance assessment during 
provocative disc injection. Spine (Phila 
Pa 1976) 1999; 24:2542-2547.

118.	 Carragee EJ, Tanner CM, Khurana S, 
Hayward C, Welsh J, Date E, Truong T, 

Rossi M, Hagle C. The rates of false-pos-
itive lumbar discography in select pa-
tients without low back symptoms. Spine 
(Phila Pa 1976) 2000; 25:1373-1381. 

119.	 Carragee EJ, Paragioudakis SJ, Khura-
na S. 2000 Volvo Award winner in clini-
cal studies: Lumbar high-intensity zone 
and discography in subjects without 
low back problems. Spine (Phila Pa 1976) 
2000; 25:2987-2992.

120.	 Carragee EJ, Alamin TF, Miller JL, Car-
ragee JM. Discographic, MRI, and psy-
chosocial determinants of low back pain 
disability and remission: A prospective 
study in subjects with benign persistent 
back pain. Spine J 2005; 5:24-35.

121.	 Carragee EJ, Alamin TF, Carragee JM. 
Low-pressure positive discography in 
subjects asymptomatic of significant 
low back pain illness. Spine (Phila Pa 
1976) 2006; 31:505-509.

122.	 Carragee EJ, Lincoln T, Parmar VS, Ala-
min T. A gold standard evaluation of the 
“discogenic pain” diagnosis as deter-
mined by provocative discography. Spine 
(Phila Pa 1976) 2006; 31:2115-2123. 

123.	 New Questions About the Safety of a 
Widely Employed Diagnostic Test. Back-
Letter: February 2012; 27:13, 19-21.

124.	 Madan S, Gundanna M, Harley JM, 
Boeree NR, Sampson M. Does provoca-
tive discography screening of discogen-
ic back pain improve surgical outcome? 
J Spinal Disord Tech 2002; 15:245-251.

125.	 Bertagnoli R, Yue JJ, Shah RV, Nanieva 
R, Pfeiffer F, Fenk-Mayer A, Kershaw T, 
Husted DS. The treatment of disabling 
single-level lumbar discogenic low back 
pain with total disc arthroplasty utilizing 
the Prodisc prosthesis: A prospective 
study with 2-year minimum follow-up. 
Spine (Phila Pa 1976) 2005; 30:2230-2236.

126.	 Peng B, Pang X, Zhao C, Song X. A ran-
domized placebo-controlled trial of in-
tradiscal methylene blue injection for 
the treatment of chronic discogenic low 
back pain. Pain 2010; 149:124-129.

127.	 Ohtori S, Kinoshita T, Yamashita M, In-
oue G, Yamauchi K, Koshi T, Suzuki M, 
Orita S, Eguchi Y, Nakamura S, Yamaga-
ta M, Takaso M, Ochiai N, Kishida S, 
Aoki Y, Takahashi K. Results of surgery 
for discogenic low back pain: A random-
ized study using discography versus dis-
coblock for diagnosis. Spine (Phila Pa 
1976) 2009; 34:1345-1348.

128.	 Bertagnoli R, Yue JJ, Shah RV, Nanieva 
R, Pfeiffer F, Fenk-Mayer A, Kershaw T, 
Husted DS. The treatment of disabling 
multilevel lumbar discogenic low back 
pain with total disc arthroplasty utiliz-



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE87

ing the ProDisc prosthesis: A prospec-
tive study with 2-year minimum follow-
up. Spine (Phila Pa 1976) 2005; 30:2192-
2199.

129.	 Willems PC, Elmans L, Anderson PG, 
van der Schaaf DB, de Kleuver M. Pro-
vocative discography and lumbar fu-
sion: Is preoperative assessment of ad-
jacent discs useful? Spine (Phila Pa 1976) 
2007; 32:1094-1099.

130.	 Zhou Y, Abdi S. Diagnosis and minimal-
ly invasive treatment of lumbar disco-
genic pain--A review of the literature. 
Clin J Pain 2006; 22:468-481.

131.	 Knight M, Goswami A. Lumbar percu-
taneous KTP532 wavelength laser disc 
decompression and disc ablation in the 
management of discogenic pain. J Clin 
Laser Med Surg 2002; 20:9-13,15.

132.	 Cohen SP, Larkin TM, Barna SA, Palmer 
WE, Hecht AC, Stojanovic MP. Lumbar 
discography: A comprehensive review 
of outcome studies, diagnostic accura-
cy, and principles. Reg Anesth Pain Med 
2005; 30:163-183.

133.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Smith HS. One year results 
of a randomized, double-blind, active 
controlled trial of fluoroscopic caudal 
epidural injections with or without ste-
roids in managing chronic discogenic 
low back pain without disc herniation or 
radiculitis. Pain Physician 2011; 14:25-36.

134.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Benyamin R. Fluoroscopic 
lumbar interlaminar epidural injections 
in managing chronic lumbar axial or 
discogenic pain. J Pain Res 2012; 5:301-
311.

135.	 Buttermann GR. The effect of spinal ste-
roid injections for degenerative disc dis-
ease. Spine J 2004; 4:495-505.

136.	 Lee JW, Shin HI, Park SY, Lee GY, Kang 
HS. Therapeutic trial of fluoroscopic in-
terlaminar epidural steroid injection for 
axial low back pain: Effectiveness and 
outcome predictors. AJNR Am J Neuro-
radiol 2010; 31:1817-1823.

137.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Benyamin RM. A preliminary 
report of a randomized double-blind, 
active controlled trial of fluoroscopic 
thoracic interlaminar epidural injections 
in managing chronic thoracic pain. Pain 
Physician 2010; 13:E357-E369.

138.	 Manchikanti L, Buenaventura RM, 
Manchikanti KN, Ruan X, Gupta S, 
Smith HS, Christo PJ, Ward SP. Effec-
tiveness of therapeutic lumbar trans-
foraminal epidural steroid injections in 

managing lumbar spinal pain. Pain Phy-
sician 2012; 15:E199-E245.

139.	 Parr AT, Manchikanti L, Hameed H, 
Conn A, Manchikanti KN, Benyamin 
RM, Diwan S, Singh V, Abdi S. Caudal 
epidural injections in the management 
of chronic low back pain: A systematic 
appraisal of the literature. Pain Physician 
2012; 15:E159-E198.

140.	 Benyamin RM, Manchikanti L, Parr AT, 
Diwan SA, Singh V, Falco FJE, Datta S, 
Abdi S, Hirsch JA. The effectiveness of 
lumbar interlaminar epidural injections 
in managing chronic low back and low-
er extremity pain. Pain Physician 2012; 
15:E363-E404.

141.	 Diwan SA, Manchikant L, Benyamin 
RM, Bryce DA, Geffert S, Hameed H, 
Sharma ML, Abdi S, Falco FJE. Effective-
ness of cervical epidural injections in the 
management of chronic neck and up-
per extremity pain. Pain Physician 2012; 
15:E405-E434.

142.	 Benyamin RM, Wang VC, Vallejo R, 
Singh V, Helm S II. A systematic evalu-
ation of thoracic interlaminar epidural 
injections. Pain Physician 2012; 15:E497-
E514.

143.	 Manchikanti L, Cash KA, Pampati V, 
Wargo BW, Malla Y. Cervical epidur-
al injections in chronic discogenic neck 
pain without disc herniation or radiculi-
tis: Preliminary results of a randomized, 
double-blind, controlled trial. Pain Phy-
sician 2010; 13:E265-E278.

144.	 Manchikanti L, Singh V, Rivera JJ, Pam-
pati V, Beyer CD, Damron KS, Barnhill 
RC. Effectiveness of caudal epidural in-
jections in discogram positive and neg-
ative chronic low back pain. Pain Physi-
cian 2002; 5:18-29.

145.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Falco FJE. The role of fluoroscopic 
interlaminar epidural injections in man-
aging chronic pain of lumbar disc herni-
ation or radiculitis: A randomized, dou-
ble-blind trial. Pain Pract 2012; in press.

146.	 Manchikanti L, Cash KA, Pampati V, 
Wargo BW, Malla Y. Management of 
chronic pain of cervical disc herniation 
and radiculitis with fluoroscopic cervi-
cal interlaminar epidural injections. Int 
J Med Sci 2012; 9:424-434.

147.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. A ran-
domized, controlled, double-blind tri-
al of fluoroscopic caudal epidural injec-
tions in the treatment of lumbar disc 
herniation and radiculitis. Spine (Phila 
Pa 1976) 2011; 36:1897-1905.

148.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. Effect 
of fluoroscopically guided caudal epi-
dural steroid or local anesthetic injec-
tions in the treatment of lumbar disc 
herniation and radiculitis: A random-
ized, controlled, double blind trial with a 
two-year follow-up. Pain Physician 2012; 
15:273-286.

149.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. Management of pain of 
post lumbar surgery syndrome: One-
year results of a randomized, double 
double-blind, active controlled trial of 
fluoroscopic caudal epidural injections. 
Pain Physician 2010; 13:509-521.

150.	 Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic cer-
vical interlaminar epidural injections in 
managing chronic pain of cervical post-
surgery syndrome: Preliminary results 
of a randomized, double-blind active 
control trial. Pain Physician 2012; 15:13-
26.

151.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Fellows B. Results of 2-year 
follow-up of a randomized, double-
blind, controlled trial of fluoroscopic 
caudal epidural injections in central spi-
nal stenosis. Pain Physician 2012; 15:371-
384.

152.	 Manchikanti L, Cash KA, McManus CD, 
Damron KS, Pampati V, Falco FJE. Lum-
bar interlaminar epidural injections in 
central spinal stenosis: Preliminary re-
sults of a randomized, double-blind, 
active control trial. Pain Physician 2012; 
15:51-63.

153.	 Manchikanti L, Malla Y, Cash KA, Mc-
Manus CD, Pampati V. Fluoroscopic 
epidural injections in cervical spinal 
stenosis: Preliminary results of a ran-
domized, double-blind, active control 
trial. Pain Physician 2012; 15:E59-E70.

154.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. Fluoroscopic caudal epi-
dural injections in managing post lum-
bar surgery syndrome: Two-year results 
of a randomized, double-blind, active-
control trial. Int J Med Sci 2012; 9:582-
591.

155.	 Pauza KJ, Howell S, Dreyfuss P, Peloza 
JH, Dawson K, Bogduk N. A random-
ized, placebo-controlled trial of intradis-
cal electrothermal therapy for the treat-
ment of discogenic low back pain. Spine 
J 2004; 4:27-35.

156.	 Tsou HK, Chao SC, Kao TH, Yiin JJ, Hsu 
HC, Shen CC, Chen HT. Intradiscal elec-
trothermal therapy in the treatment of 



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE88 	 www.painphysicianjournal.com

chronic low back pain: Experience with 
93 patients. Surg Neurol Int 2010; 1:37.

157.	 Davis TT, Delamarter RB, Sra P, Gold-
stein TB. The IDET procedure for chron-
ic discogenic low back pain. Spine (Phila 
Pa 1976) 2004; 29:752-756.

158.	 Moore KR, Pinto MR, Butler LM. De-
generative disc disease treated with 
combined anterior and posterior ar-
throdesis and posterior instrumenta-
tion. Spine (Phila Pa 1976) 2002; 27:1680-
1686.

159.	 Ohtori S, Koshi T, Yamashita M, Yamau-
chi K, Inoue G, Suzuki M, Orita S, Egu-
chi Y, Ochiai N, Kishida S, Takaso M, 
Kuniyoshi K, Aoki Y, Ishikawa T, Arai G, 
Miyagi M, Kamoda H, Suzuki M, Na-
kamura J, Toyone T, Takahashi K. Surgi-
cal versus nonsurgical treatment of se-
lected patients with discogenic low back 
pain: A small-sized randomized trial. 
Spine (Phila Pa 1976) 2011; 36:347-354.

160.	 Cao P, Jiang L, Zhuang C, Yang Y, Zhang 
Z, Chen W, Zheng T. Intradiscal injec-
tion therapy for degenerative chronic 
discogenic low back pain with end plate 
Modic changes. Spine J 2011; 11:100-106. 

161.	 Assietti R, Morosi M, Migliaccio G, 
Meani L, Block JE. Treatment of dis-
cogenic low back pain with Intradis-
cal Electrothermal Therapy (IDET): 24 
months follow-up in 50 consecutive 
patients. Acta Neurochir Suppl 2011; 
108:103-105.

162.	 Pimenta L, Oliveira L, Schaffa T, Coutin-
ho E, Marchi L. Lumbar total disc re-
placement from an extreme lateral ap-
proach: Clinical experience with a min-
imum of 2 years follow-up. J Neurosurg 
Spine 2011; 14:38-45. 

163.	 Moreno P, Boulot J. Comparative study 
of short-term results between total ar-
tificial disc prosthesis and anterior lum-
bar interbody fusion. Rev Chir Orthop 
Reparatrice Appar Mot 2008; 94:282-288.

164.	 Kapural L, Ng A, Dalton J, Mascha E, 
Kapural M, de la Garza M, Mekhail N. 
Intervertebral disc biacuplasty for the 
treatment of lumbar discogenic pain: 
Results of a six-month follow-up. Pain 
Med 2008; 9:60-67.

165.	 Peng B, Zhang Y, Hou S, Wu W, Fu X. 
Intradiscal methylene blue injection for 
the treatment of chronic discogenic low 
back pain. Eur Spine J 2007; 16:33-38. 

166.	 Helm S II, Deer TR, Manchikanti L, Dat-
ta S, Chopra P, Singh V, Hirsch JA. Effec-
tiveness of thermal annular procedures 
in treating discogenic low back pain. 
Pain Physician 2012; 15:E279-E304.

167.	 Assietti R, Morosi M, Block JE. Intradis-
cal electrothermal therapy for symptom-
atic internal disc disruption: 24-month 
results and predictors of clinical suc-
cess. J Neurosurg Spine 2010; 12:320-326.

168.	 Gill K, Blumenthal SL. Functional re-
sults after anterior lumbar fusion at L5-
S1 in patients with normal and abnor-
mal MRI scans. Spine (Phila Pa 1976) 
1992; 17:940-942.

169.	 Parker LM, Murrell SE, Boden SD, Hor-
ton WC. The outcome of posterolateral 
fusion in highly selected patients with 
discogenic low back pain. Spine (Phila Pa 
1976) 1996; 21:1909-1917.

170.	 Gerszten PC, Smuck M, Rathmell 
JP, Simopoulos TT, Bhagia SM, Mo-
cek CK, Crabtree T, Bloch DA; SPINE 
Study Group. Plasma disc decompres-
sion compared with fluoroscopy-guided 
transforaminal epidural steroid injec-
tions for symptomatic contained lumbar 
disc herniation: A prospective, random-
ized, controlled trial. J Neurosurg Spine 
2010; 12:357-371.

171.	 Coppes MH, Marani E, Thomeer RT, 
Groen GJ. Innervation of “painful” lum-
bar discs. Spine (Phila Pa 1976) 1997; 
22:2342-2349.

172.	 Freemont AJ, Peacock TE, Goupille P, 
Hoyland JA, O’Brien J, Jayson MI. Nerve 
ingrowth into diseased intervertebral 
disc in chronic back pain. Lancet 1997; 
350:178-181. 

173.	 Hurri H, Karppinen J. Discogenic pain. 
Pain 2004; 112:225-228. 

174.	 Peng B, Hao J, Hou S, Wu W, Jiang D, 
Fu X, Yang Y. Possible pathogenesis of 
painful intervertebral disc degeneration. 
Spine (Phila Pa 1976) 2006; 31:560-566. 

175.	 Peng B, Chen J, Kuang Z, Li D, Pang X, 
Zhang X. Expression and role of con-
nective tissue growth factor in painful 
disc fibrosis and degeneration. Spine 
(Phila Pa 1976) 2009; 34:E178-E182. 

176.	 Freemont AJ, Watkins A, Le Maitre C, 
Baird P, Jeziorska M, Knight MT, Ross 
ER, O’Brien JP, Hoyland JA. Nerve 
growth factor expression and innerva-
tion of the painful intervertebral disc. J 
Pathol 2002; 197:286-292. 

177.	 Freemont AJ. The cellular pathobiolo-
gy of the degenerate intervertebral disc 
and discogenic back pain. Rheumatology 
(Oxford) 2009; 48:5-10.

178.	 Wang Y, Videman T, Battié MC. ISSLS 
prize winner: Lumbar vertebral endplate 
lesions: Associations with disc degener-
ation and back pain history. Spine (Phila 
Pa 1976) 2012; 37:1490-1496.

179.	 Groen GJ, Baljet B, Drukker J. Nerves 
and nerve plexuses of the human ver-
tebral column. Am J Anat 1990; 188:282-
296.

180.	 Arndt J, Charles YP, Koebel C, Bogorin 
I, Steib JP. Bacteriology of degenerated 
lumbar intervertebral disks. J Spinal Dis-
ord Tech 2012; 25:E211-E216.

181.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Pampati V. Evaluation of lumbar fac-
et joint nerve blocks in managing chron-
ic low back pain: A randomized, double-
blind, controlled trial with a 2-year fol-
low-up. Int J Med Sci 2010; 7:124-135.

182.	 Health Technology Assessment. Wash-
ington State Health Care Authority. Spi-
nal Fusion and Discography for Chronic 
Low Back Pain and Uncomplicated Lum-
bar Degenerative Disc Disease. ECRI In-
stitute, October 19, 2007.

183.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Fellows B. Comparative outcomes 
of a 2-year follow-up of cervical me-
dial branch blocks in management of 
chronic neck pain: A randomized, dou-
ble-blind controlled trial. Pain Physician 
2010; 13:437-450.

184.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Pampati V, Fellows B. Comparative 
effectiveness of a one-year follow-up of 
thoracic medial branch blocks in man-
agement of chronic thoracic pain: A ran-
domized, double-blind active controlled 
trial. Pain Physician 2010; 13:535-548.

185.	 Shin DA, Kim SH, Han IB, Rhim SC, 
Kim HI. Factors influencing manomet-
ric pressure during pressure-controlled 
discography. Spine (Phila Pa 1976) 2009; 
34:E790-E793.

186.	 Pampati S, Cash KA, Manchikanti L. Ac-
curacy of diagnostic lumbar facet joint 
nerve blocks: A 2-year follow-up of 152 
patients diagnosed with controlled di-
agnostic blocks. Pain Physician 2009; 
12:855-866.

187.	 Manchikanti L, Pampati S, Cash KA. 
Making sense of the accuracy of diag-
nostic lumbar facet joint nerve blocks: 
An assessment of implications of 50% 
relief, 80% relief, single block or con-
trolled diagnostic blocks. Pain Physician 
2010; 13:133-143.

188.	 Falco FJE, Datta S, Manchikanti L, Seh-
gal N, Geffert S, Singh V, Smith HS, Bo-
swell MV. An updated review of diag-
nostic utility of cervical facet joint injec-
tions. Pain Physician 2012; 15:E807-E838.

189.	 Atluri S, Singh V, Datta S, Geffert S, Seh-
gal N, Falco FJE. Diagnostic accuracy of 
thoracic facet joint nerve blocks: An up-



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE89

date of the assessment of evidence. Pain 
Physician 2012; 15:E483-E496.

190.	 Manchikanti L, Derby R, Wolfer LR, 
Singh V, Datta S, Hirsch JA. Evidence-
based medicine, systematic reviews, and 
guidelines in interventional pain man-
agement: Part 5. Diagnostic accuracy 
studies. Pain Physician 2009; 12:517-540.

191.	 Bossuyt PM, Reitsma JB, Bruns DE, 
Gatsonis CA, Glasziou PP, Irwig LM, Li-
jmer JG, Moher D, Rennie D, de Vet HC; 
Standards for Reporting of Diagnostic 
Accuracy. Towards complete and accu-
rate reporting of studies of diagnostic 
accuracy: The STARD Initiative. Ann In-
tern Med 2003; 138:40-44.

192.	 Whiting P, Rutjes A, Reitsma J, Bossuyt 
P, Kleijnen J. The Development of QUA-
DAS: A tools for the quality assessment 
of studies of diagnostic accuracy includ-
ed in systematic reviews. BMC Med Res 
Methodol 2003; 3:25.

193.	 Whiting PF, Rutjes AW, Westwood ME, 
Mallett S, Deeks JJ, Reitsma JB, Leeflang 
MM, Sterne JA, Bossuyt PM; QUADAS-2 
Group. QUADAS-2: A revised tool for the 
quality assessment of diagnostic accura-
cy studies. Ann Intern Med 2011; 155:529-
536.

194.	 Lucas N, Macaskill P, Irwig L, Moran R, 
Bogduk N. Reliability of physical exam-
ination for diagnosis of myofascial trig-
ger points: A systematic review of the lit-
erature. Clin J Pain 2009; 25:80-89.

195.	 Lucas NP, Macaskill P, Irwig L, Bogduk 
N. The development of a quality ap-
praisal tool for studies of diagnostic re-
liability (QAREL). J Clin Epidemiol 2010; 
63:854-861.

196.	 Singh S, Chang SM, Matchar DB, Bass 
EB. Chapter 7: Grading a body of evi-
dence on diagnostic tests. J Gen Intern 
Med 2012; 27:47-55.

197.	 Aliu O, Chung KC. Assessing strength of 
evidence in diagnostic tests. Plast Recon-
str Surg 2012; 129:989E-998E. 

198.	 Chou R, Atlas SJ, Loeser JD, Rosen-
quist RW, Stanos SP. Guideline warfare 
over interventional therapies for low 
back pain: Can we raise the level of dis-
course? J Pain 2011; 12:833-839.

199.	 Manchikanti L, Benyamin RM, Fal-
co FJE, Caraway DL, Datta S, Hirsch JA. 
Guidelines warfare over interventional 
techniques: Is there a lack of discourse 
or straw man? Pain Physician 2012; 15:E1-
E26.

200.	 American Society of Anesthesiologists 
Task Force on Chronic Pain Manage-
ment; American Society of Regional An-

esthesia and Pain Medicine. Practice 
guidelines for chronic pain manage-
ment: An updated report by the Amer-
ican Society of Anesthesiologists Task 
Force on Chronic Pain Management 
and the American Society of Regional 
Anesthesia and Pain Medicine. Anesthe-
siology 2010; 112:810-833.

201.	 Reid MC, Lachs MS, Feinstein AR. Use 
of methodological standards in diag-
nostic test research. Getting better but 
still not good. JAMA 1995; 274:645-651.

202.	 Lijmer JG, Mol BW, Heisterkamp S, 
Bonsel GJ, Prins MH, van der Meulen 
JH, Bossuyt PM. Empirical evidence of 
design-related bias in studies of diag-
nostic tests. JAMA 1999; 282:1061-1066.

203.	 Whiting P, Harbord R, Kleijnen J. No 
role for quality scores in systematic re-
views of diagnostic accuracy studies. 
BMC Med Res Methodol 2005; 5:19.

204.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Pampati V, Fellows B. The role of 
thoracic medial branch blocks in man-
aging chronic mid and upper back pain: 
A randomized, double-blind, active-
control trial with a 2-year follow-up. An-
esthesiol Res Pract 2012; 2012:585806.

205.	 Tsou PM, Yeung CA, Yeung AT. Postero-
lateral transforaminal selective endo-
scopic discectomy and thermal annu-
loplasty for chronic lumbar discogenic 
pain: A minimal access visualized intra-
discal surgical procedure. Spine J 2004; 
4:564-573.

206.	 Saal JS. General principles of diagnos-
tic testing as related to painful lum-
bar spine disorders. A critical appraisal 
of current diagnostic techniques. Spine 
(Phila Pa 1976) 2002, 27:2538-2545.

207. 	Maghout-Juratli S, Franklin GM, Mir-
za SK, Wickizer TM, Fulton-Kohoe D. 
Lumbar fusion outcomes in Washing-
ton state workers’ compensation. Spine 
(Phila Pa 1976) 2006; 31:2715-2723.

208. 	Martin BI, Marza SK, Comstock BA, 
Gray DT, Kreuter W, Deyo RA. Are lum-
bar spine reoperation rates falling with 
greater use of fusion surgery and new 
surgical technology? Spine (Phila Pa 
1976) 2007; 32:2119-2126.

209. 	Martin BI, Marza SK, Comstock BA, 
Gray DT, Kreuter W, Deyo RA. Reoper-
ation rates following lumbar spine sur-
gery and the influence of spinal fusion 
procedures. Spine (Phila Pa 1976) 2007; 
32:382-387.

210. 	Deyo RA, Gray DT, Kreuter W, Mirza S, 
Martin BI. United States trends in lum-
bar fusion surgery for degenerative 

conditions. Spine (Phila Pa 1976) 2005; 
30:1441-1445.

211. 	 Weinstein JN, Lurie JD, Olson PR, Bron-
ner KK, Fisher ES. United States’ trends 
and regional variations in lumbar spine 
surgery: 1992 – 2003. Spine (Phila Pa 
1976) 2006; 31:2707-2714. 

212. 	 Lieberman IH. Disc bulge bubble: Spine 
economics 101. Spine J 2004; 4:609-613.

213.	 McCrory DC, Turner DA, Patwardhan 
MB, Richardson WL. Spinal fusion for 
degenerative disc disease affecting the 
lumbar spine (draft evidence report/
technology review prepared for the 
Medicare Coverage Advisory Committee 
meeting), November, 1, 2006. www.cms.
hhs.gov/determinationprocess/down-
loads/id41ta.pdf

214.	 Deyo RA, Nachemson A, Mirza SK. Spi-
nal-fusion surgery: The case for re-
straint. N Engl J Med 2004; 350:722-726.

215.	 Okada E, Matsumoto M, Fujiwara H, 
Toyama Y. Disc degeneration of cervi-
cal spine on MRI in patients with lum-
bar disc herniation: Comparison study 
with asymptomatic volunteers. Eur Spine 
J 2011; 20:585-591.

216.	 Oikawa Y, Ohtori S, Koshi T, Takaso M, 
Inoue G, Orita S, Eguchi Y, Ochiai N, 
Kishida S, Kuniyoshi K, Nakamura J, 
Aoki Y, Ishikawa T, Miyagi M, Arai G, Ka-
moda H, Suzuki M, Sainoh T, Toyone T, 
Takahashi K. Lumbar disc degeneration 
induces persistent groin pain. Spine (Ph-
ila Pa 1976) 2012; 37:114-118.

217.	 Kim SY, Lee IS, Kim BR, Lim JH, Lee J, 
Koh SE, Kim SB, Park SL. Magnetic res-
onance findings of acute severe lower 
back pain. Ann Rehabil Med 2012; 36:47-
54. 

218.	 Zobel BB, Vadalà G, Vescovo RD, Bat-
tisti S, Martina FM, Stellato L, Leoncini 
E, Borthakur A, Denaro V. T1ρ magnet-
ic resonance imaging quantification of 
early lumbar intervertebral disc degen-
eration in healthy young adults. Spine 
(Phila Pa 1976) 2012; 37:1224-1230.

219.	 Hutton MJ, Bayer JH, Powell JM. Mod-
ic vertebral body changes: The natural 
history as assessed by consecutive mag-
netic resonance imaging. Spine (Phila Pa 
1976) 2011; 36:2304-2307.

220.	 Takatalo J, Karppinen J, Niinimaki J, 
Taimela S. Nayha S, Mutanen P, Se-
queiros RB, Kyllonen E, Tervonen O. 
Does lumbar disc degeneration on 
magnetic resonance imaging associ-
ate with low back symptom severity in 
young Finnish adults? Spine (Phila Pa 
1976) 2011; 36:2180-2189.



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE90 	 www.painphysicianjournal.com

221.	 Stelzeneder D, Messner A, Vlychou M, 
Welsch GH, Scheurecker G, Goed S, 
Pieber K, Pflueger V, Friedrich KM, Trat-
tnig S. Quantitative in vivo MRI evalua-
tion of lumbar facet joints and interver-
tebral discs using axial T2 mapping. Eur 
Radiol 2011; 21:2388-2395. 

222.	 Sharma A, Parsons M, Pilgram T. Tem-
poral interactions of degenerative 
changes in individual components of 
the lumbar intervertebral discs: A se-
quential magnetic resonance imaging 
study in patients less than 40 years of 
age. Spine (Phila Pa 1976) 2011; 36:1794-
1800.

223.	 Pompan DC. Appropriate use of MRI 
for evaluating common musculoskele-
tal conditions. Am Fam Physician 2011; 
83:883-884.

224.	 Kettler A, Rohlmann F, Ring C, Mack 
C, Wilke HJ. Do early stages of lumbar 
intervertebral disc degeneration real-
ly cause instability? Evaluation of an in 
vitro database. Eur Spine J 2011; 20:578-
584. 

225.	 Endean A, Palmer KT, Coggon D. Po-
tential of magnetic resonance imag-
ing findings to refine case definition 
for mechanical low back pain in epide-
miological studies: A systematic review. 
Spine (Phila Pa 1976) 2011; 36:160-169.

226.	 Schenk P, Läubli T, Hodler J, Klipstein 
A. Magnetic resonance imaging of the 
lumbar spine: Findings in female sub-
jects from administrative and nursing 
professions. Spine (Phila Pa 1976) 2006; 
31:2701-2706.

227.	 Kleinstück F, Dvorak J, Mannion AF. Are 
“structural abnormalities” on magnetic 
resonance imaging a contraindication 
to the successful conservative treatment 
of chronic nonspecific low back pain? 
Spine (Phila Pa 1976) 2006; 31:2250-2257.

228.	 Wood KB, Blair JM, Aepple DM, Schen-
del MJ, Garvey TA, Gundry CR, Heithoff 
KB. The natural history of asymptomat-
ic thoracic disc herniations. Spine (Phi-
la Pa 1976) 1997; 22:525-529; discussion 
529-530.

229.	 Jarvik JG, Hollingworth W, Heagerty PJ, 
Haynor DR, Boyko EJ, Deyo RA. Three-
year incidence of low back pain in an 
initially asymptomatic cohort: Clinical 
and imaging risk factors. Spine (Phila 
Pa 1976) 2005; 30:1541-1548; discussion 
1549.

230.	 Kjaer P, Leboeuf-Yde C, Korsholm L, 
Sorensen JS, Bendix T. Magnetic res-
onance imaging and low back pain in 
adults: A diagnostic imaging study of 

40-year-old men and women. Spine (Ph-
ila Pa 1976) 2005; 30:1173-1180.

231.	 Kjaer P, Leboeuf-Yde C, Sorensen JS, 
Bendix T. An epidemiologic study of 
MRI and low back pain in 13-year-old 
children. Spine (Phila Pa 1976) 2005; 
30:798-806.

232.	 Elfering A, Semmer N, Birkhofer D, 
Zanetti M, Hodler J, Boos N. Risk factors 
for lumbar disc degeneration: A 5-year 
prospective MRI study in asymptomat-
ic individuals. Spine (Phila Pa 1976) 2002; 
27:125-134.

233.	 Edmondston SJ, Song S, Bricknell RV, 
Davies PA, Fersum K, Humphries P, 
Wickenden D, Singer KP. MRI evalua-
tion of lumbar spine flexion and exten-
sion in asymptomatic individuals. Man 
Ther 2000; 5:158-164.

234.	 Lebow RL, Adogwa O, Parker SL, Shar-
ma A, Cheng J, McGirt MJ. Asymptom-
atic same-site recurrent disc hernia-
tion after lumbar discectomy: Results 
of a prospective longitudinal study with 
2-year serial imaging. Spine (Phila Pa 
1976) 2011; 36:2147-2151.

235.	 Boden SD, Davis DO, Dina TS, Patronas 
NJ, Wiesel SW. Abnormal magnetic-res-
onance scans of the lumbar spine in as-
ymptomatic subjects. A prospective in-
vestigation. J Bone Joint Surg Am 1990; 
72:403-408.

236.	 Carragee EJ, Don AS, Hurwitz EL, Cuel-
lar JM, Carrino JA, Herzog R. 2009 ISSLS 
prize winner: Does discography cause 
accelerated progression of degenera-
tion changes in the lumbar disc: A ten-
year matched cohort study. Spine (Phila 
Pa 1976) 2009; 34:2338-2345.

237.	 Merskey H, Bogduk N. Classification 
of Chronic Pain. Descriptions of Chron-
ic Pain Syndromes and Definition of Pain 
Terms.2nd ed. IASP Press, Seattle, 1994, 
pp 180-181.

238.	 Derby R, Baker R, Wolfer L, DePalma M. 
Analgesic discography: Can analgesic 
testing identify a painful disc? SpineLine 
2008; Nov/Dec:17-24. 

239.	 Cohen SP, Larkin T, Fant GV, Oberfoell 
R, Stojanovic M. Does needle insertion 
site affect diskography results? A retro-
spective analysis. Spine (Phila Pa 1976) 
2002; 27:2279-2283.

240.	 Derby R, Lee SH, Chen Y, Kim BJ, Lee 
CH, Hong YK, Lee JE, Seo KS. The influ-
ence of psychologic factors on diskog-
raphy in patients with chronic axial low 
back pain. Arch Phys Med Rehabil 2008; 
89:1300-1304. 

241.	 Derby R, Lettice JJ, Kula TA, Lee SH, Seo 

KS, Kim BJ. Single-level lumbar fusion 
in chronic discogenic low-back pain: 
Psychological and emotional status as 
a predictor of outcome measured us-
ing the 36-item Short Form. J Neurosurg 
Spine 2005; 3:255-261. 

242.	 Seo KS, Derby R, Date ES, Lee SH, Kim 
BJ, Lee CH. In vitro measurement of 
pressure differences using manometry 
at various injection speeds during dis-
cography. Spine J 2007; 7:68-73.

243.	 Hestboek L, Leboeuf-Yde C. Are chiro-
practic tests for the lumbo-pelvic spine 
reliable and valid? A systematic critical 
literature review. J Manipulative Physiol 
Ther 2000; 23:258-275.

244.	 Hollerwoger D. Methodological quali-
ty and outcomes of studies addressing 
manual cervical spine examinations: A 
review. Man Ther 2006; 11:93-98.

245.	 May S, Littlewook C, Bishop A. Reliabil-
ity of procedures used in the physical 
examination of non-specific low back 
pain: A systematic review. Aust J Physio-
ther 2006; 52:91-102.

246.	 Stochkendahl MJ, Christensen HW, 
Hartvigsen J, Vach W, Haas M, Hestbaek 
L, Adams A, Bronfort G. Manual exami-
nation of the spine: A systematic critical 
literature review of reproducibility. J Ma-
nipulative Physiol Ther 2006; 29:475-485, 
.e1-10.

247.	 van Trijffel E, Anderegg Q, Bossuyt 
PM, Lucas C. Inter-examiner reliabil-
ity of passive assessment of interver-
tebral motion in the cervical and lum-
bar spine: A systematic review. Man Ther 
2005; 10:256-269.

248.	 van Tulder M, Furlan A, Bombardier C, 
Bouter L; Editorial Board of the Co-
chrane Collaboration Back Review 
Group. Updated method guidelines for 
systematic reviews in the Cochrane Col-
laboration Back Review Group. Spine 
(Phila Pa 1976) 2003; 28:1290-1299.

249.	 Staal JB, de Bie R, de Vet HC, Hildeb-
randt J, Nelemans P. Injection thera-
py for subacute and chronic low-back 
pain. Cochrane Database Syst Rev 2008; 
3:CD001824.

250.	 Harris RP, Helfand M, Woolf SH, Lohr 
KN, Mulrow CD, Teutsch SM, Atkins D; 
Methods Work Group, Third US Preven-
tive Services Task Force. Current meth-
ods of the US Preventive Services Task 
Force. Am J Prevent Med 2001; 20:21-35.

251.	 Horton WC, Daftari TK. Which disc as 
visualized by magnetic resonance imag-
ing is actually a source of pain? A corre-



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE91

lation between magnetic resonance im-
aging and discography. Spine (Phila Pa 
1976) 1992; 17:S164-S171.

252.	 Antti-Poika I, Soini J, Tallroth K, Yrjonen 
T, Konttinen YT. Clinical relevance of 
discography combined with CT scan-
ning. A study of 100 patients. J Bone Joint 
Surg Br 1990; 72:480-485.

253.	 Bernard TN Jr. Lumbar discography fol-
lowed by computed tomography. Refin-
ing the diagnosis of low-back pain. Spine 
(Phila Pa 1976) 1990; 15:690-707.

254.	 Sachs BL, Vanharanta H, Spivey MA, 
Guyer RD, Videman T, Rashbaum RF, 
Johnson RG, Hochschuler SH, Mooney 
V. Dallas discogram description. A new 
classification of CT/discography in low 
back disorders. Spine (Phila Pa 1976) 
1987; 12:287-294.

255.	 McCutcheon ME, Thompson WC III. CT 
scanning of lumbar discography. A use-
ful diagnostic adjunct. Spine (Phila Pa 
1976) 1986; 11:257-259.

256.	 Zucherman J, Derby R, Hsu K, Picetti G, 
Kaiser J, Schofferman J, Goldthwaite N, 
White A. Normal magnetic resonance 
imaging with abnormal discography. 
Spine (Phila Pa 1976) 1988; 13:1355-1359. 

257.	 Vanharanta H, Sachs BL, Spivey MA, 
Guyer RD, Hochschuler SH, Rashbaum 
RF, Johnson RG, Ohnmeiss D, Mooney 
V. The relationship of pain provocation 
to lumbar disc deterioration as seen by 
CT/discography. Spine (Phila Pa 1976) 
1987; 12:295-298.

258.	 Blankenbaker DG, Haughton VM, Rog-
ers BP, Meyerand ME, Fine JP. Axial ro-
tation of the lumbar spinal motion seg-
ments correlated with concordant pain 
on discography. A preliminary study. AJR 
2006; 186:795-799.

259.	 Manchikanti L, Singh V, Pampati VS, 
Fellows B, Beyer C, Damron K, Cash 
KA. Provocative discography in low back 
pain patients with or without somatiza-
tion disorder: A randomized prospective 
evaluation. Pain Physician 2001; 4:227-
239.

260.	 Shin DA, Kim HI, Jung JH, Shin DG, Lee 
JO. Diagnostic relevance of pressure-
controlled discography. J Korean Med Sci 
2006; 21:911-916.

261.	 Lim CH, Jee WH, Son BC, Kim DH, Ha 
KY, Park CK. Discogenic lumbar pain: 
Association with MR imaging and CT 
discography. Eur J Radiol 2005; 54:431-
437.

262.	 Braithwaite I, White J, Saifuddin A, Rent-
on P, Taylor BA. Vertebral end-plate 
(Modic) changes on lumbar spine MRI: 

Correlation with pain reproduction at 
lumbar discography. Eur Spine J 1998; 
7:363-368.

263.	 Colhoun E, McCall IW, Williams L, Cas-
sar Pullicino VN. Provocation discogra-
phy as a guide to planning operations 
on the spine. J Bone Joint Surg Br 1988; 
70:267-271. 

264.	 Collins CD, Stack JP, O’Connell DJ, 
Walsh M, McManus FP, Redmond OM, 
Ennis JT. The role of discography in lum-
bar disc disease: A comparative study of 
magnetic resonance imaging and dis-
cography. Clin Radiol 1990; 42:252-257.

265.	 Walsh TR, Weinstein JN, Spratt KF, 
Lehmann TR, Aprill C, Sayre H. Lumbar 
discography in normal subjects. A con-
trolled, prospective study. J Bone Joint 
Surg Am 1990; 72:1081-1088.

266.	 Greenspan A, Amparo EG, Gorczyca DP, 
Montesano PX. Is there a role for disk-
ography in the era of magnetic reso-
nance imaging? Prospective correlation 
and quantitative analysis of comput-
ed tomography-diskography, magnetic 
resonance imaging, and surgical find-
ings. J Spinal Disord 1992; 5:26-31.

267.	 Heggeness MH, Watters WC III, Gray 
PM Jr. Discography of lumbar discs af-
ter surgical treatment for disc hernia-
tion. Spine (Phila Pa 1976) 1997; 22:1606-
1609.

268.	 Ito M, Incorvaia KM, Yu SF, Fredrick-
son BE, Yuan HA, Rosenbaum AE. Pre-
dictive signs of discogenic lumbar pain 
on magnetic resonance imaging with 
discography correlation. Spine (Phila Pa 
1976) 1998; 23:1252-1258.

269.	 Lam KS, Carlin D, Mulholland RC. Lum-
bar disc high-intensity zone: The value 
and significance of provocative discog-
raphy in the determination of the dis-
cogenic pain source. Eur Spine J 2000; 
9:36-41.

270.	 Maezawa S, Muro T. Pain provocation 
at lumbar discography as analyzed by 
computed tomography/discography. 
Spine (Phila Pa 1976) 1992; 17:1309-1315. 

271.	 McFadden JW. The stress lumbar disco-
gram. Spine (Phila Pa 1976) 1988; 13:931-
933.

272.	 O’Neill C, Kurgansky M. Subgroups of 
positive discs on discography. Spine (Ph-
ila Pa 1976) 2004; 29:2134-2139.

273.	 Osti OL, Fraser RD. MRI and discogra-
phy of annular tears and intervertebral 
disc degeneration. A prospective clinical 
comparison. J Bone Joint Surg Br 1992; 
74:431-435.

274.	 Ricketson R, Simmons JW, Hauser BO. 

The prolapsed intervertebral disc. The 
high-intensity zone with discography 
correlation. Spine (Phila Pa 1976) 1996; 
21:2758-2762.

275.	 Saifuddin A, Emanuel R, White J, Rent-
on P, Braithwaite I, Taylor BA. An analy-
sis of radiating pain at lumbar discogra-
phy. Eur Spine J 1998; 7:358-362. 

276. 	 Schechter NA, France MP, Lee CK. Pain-
ful internal disc derangements of the 
lumbosacral spine: Discographic diag-
nosis and treatment by posterior lum-
bar interbody fusion. Orthopedics 1991; 
14:447-451.

277.	 Schellhas KP, Pollei SR, Gundry CR, 
Heithoff KB. Lumbar disc high-inten-
sity zone. Correlation of magnetic res-
onance imaging and discography. Spine 
(Phila Pa 1976) 1996; 21:79-86. 

278.	 Simmons JW, Emery SF, McMillin JN, 
Landa D, Kimmich SJ. Awake discogra-
phy. A comparison study with magnetic 
resonance imaging. Spine (Phila Pa 1976) 
1991; 16:S216-S221.

279.	 Vanharanta H, Sachs BL, Ohnmeiss DD, 
Aprill C, Spivey M, Guyer RD, Rashbaum 
RF, Hochschuler SH, Terry A, Selby D, 
Stith WJ, Mooney V. Pain provocation 
and disc deterioration by age. A CT/dis-
cography study in a low-back pain popu-
lation. Spine (Phila Pa 1976) 1989; 14:420-
423.

280.	 Vanharanta H, Sachs BL, Spivey M, 
Hochschuler SH, Guyer RD, Rashbaum 
RF, Ohnmeiss DD, Mooney V. A com-
parison of CT/discography, pain re-
sponse and radiographic disc height. 
Spine (Phila Pa 1976) 1988; 13:321-324.

281.	 Vanharanta H, Guyer RD, Ohnmeiss 
DD, Stith WJ, Sachs BL, Aprill C. Spiv-
ey M, Rashbaum RF, Hochschuler SH, 
Videman T, Selby DK, Terry A, Mooney 
V. Disc deterioration in low-back syn-
dromes. A prospective, multi-center CT/
discography study. Spine (Phila Pa 1976) 
1988; 13:1349-1351. 

282.	 Wetzel FT, LaRocca SH, Lowery GL, 
Aprill CN. The treatment of lumbar spi-
nal pain syndromes diagnosed by dis-
cography. Lumbar arthrodesis. Spine 
(Phila Pa 1976) 1994; 19:792-800.

283.	 Yrjama M, Tervonen O, Vanharanta H. 
Ultrasonic imaging of lumbar discs 
combined with vibration pain provoca-
tion compared with discography in the 
diagnosis of internal anular fissures of 
the lumbar spine. Spine (Phila Pa 1976) 
1996; 21:571-575.

284.	 Lei D, Rege A, Koti M, Smith FW, Ward-
law D. Painful disc lesion: Can modern 



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE92 	 www.painphysicianjournal.com

biplanar magnetic resonance imaging 
replace discography? J Spinal Disord Tech 
2008; 21:430-435.

285.	 Scuderi GJ, Brusovanik GV, Golish SR, 
Demeo R, Hyde J, Hallab N, Vaccaro AR. 
A critical evaluation of discography in 
patients with lumbar intervertebral disc 
disease. Spine J 2008; 8:624-629. 

286.	 Derincek A, Mehbod A, Schellhas K, Pin-
to M, Transfeldt E. Discography: Can 
pain in a morphologically normal disc 
be due to an adjacent abnormal disc? 
Arch Orthop Trauma Surg 2007; 127:699-
703. 

287.	 Massie WK, Steven DB. A critical evalua-
tion of discography. J Bone Joint Surg Am 
1967; 49A:1243-1244.

288.	 Holt EP. The question of lumbar discog-
raphy. J Bone Joint Surg Am 1958; 50:720-
726.

289. 	Simmons JW, Aprill CN, Dwyer AP, 
Brodsky AE. A reassessment of Holt’s 
data on: “The question of lumbar dis-
cography.” Clin Orthop Relat Res 1988; 
237:120-124.

290.	 Carragee EJ, Hurwitz E, Carrino J, Her-
zog R. Does provocative discography 
cause clinically important injury to the 
lumbar intervertebral disc? A ten-year 
matched cohort study. In: Proceedings at 
the 26th Annual Meeting, North American 
Spine Society, November 2-5, 2011. 

291.	 Sandhu HS, Sanchez-Caso LP, Par-
vataneni HK, Cammisa FP Jr, Girardi FP, 
Ghelman B. Association between find-
ings of provocative discography and ver-
tebral endplate signals as seen on MRI. J 
Spinal Disord 2000; 13:438-443.

292.	 Brightbill TC, Pile N, Eichelberger RP, 
Whitman M Jr. Normal magnetic reso-
nance imaging and abnormal discogra-
phy in lumbar disc disruption. Spine (Ph-
ila Pa 1976) 1994; 19:1075-1077.

293.	 Yu S, Haughton VM, Sether LA, Wagner 
M. Comparison of MR and discography 
in detecting radial tears of the annulus: 
A postmortem study. AJNR Am J Neuro-
radiol 1989; 10:1077-1081.

294.	 Kakitsubata Y, Theodorou DJ, Theodor-
ou SJ, Trudell D, Clopton PL, Donich AS, 
Lektrakul N, Resnick D. Magnetic reso-
nance discography in cadavers: Tears of 
the annulus fibrosus. Clin Orthop 2003; 
407:228-240.

295.	 Schneiderman G, Flannigan B, Kings-
ton S, Thomas J, Dillin WH, Watkins RG. 
Magnetic resonance imaging in the di-
agnosis of disc degeneration: Correla-
tion with discography. Spine (Phila Pa 

1976) 1987; 12:276-281.
296.	 Linson MA, Crowe CH. Comparison of 

magnetic resonance imaging and lum-
bar discography in the diagnosis of 
disc degeneration. Clin Orthop 1990; 
250:160-163.

297.	 Gibson MJ, Buckley J, Mawhinney R, 
Mulholland RC, Worthington BS. Mag-
netic resonance imaging and discogra-
phy in the diagnosis of disc degenera-
tion. A comparative study of 50 discs. J 
Bone Joint Surg 1986; 68B:369-373.

298.	 Yoshida H, Fujiwara A, Tamai K, Ko-
bayashi N, Saiki K, Saotome K. Diag-
nosis of symptomatic disc by magnet-
ic resonance imaging: T2-weighted and 
gadolinium-DPTA-enhanced T1-weight-
ed magnetic resonance imaging. J Spi-
nal Disord Tech 2002; 15:193-198.

299.	 Birney TJ, White JJ Jr, Berens D, Kuhn G. 
Comparison of MRI and discography in 
the diagnosis of lumbar degenerative 
disc disease. J Spinal Disord 1992; 5:417-
423.

300.	 Loneragan R, Khangure MS, McCor-
mick C, Hardcastle P. Comparison of 
magnetic resonance imaging and com-
puted tomographic discography in the 
assessment of lumbar disc degenera-
tion. Australas Radiol 1994; 38:6-9.

301.	 Aprill C, Bogduk N. High-intensity 
zone: A diagnostic sign of painful lum-
bar disc on magnetic resonance imag-
ing. Br J Radiol 1992; 65:361-369.

302.	 Abdelwahab IF, Gould ES. The role of 
diskography after negative postmyelog-
raphy CT scans: Retrospective review. 
AJNR Am J Neuroradiol 1988; 9:187-190.

303.	 Knox BD, Chapman TM. Anterior lum-
bar interbody fusion for discogram con-
cordant pain. J Spinal Disord 1993; 6:242-
244.

304.	 Vamvanij V, Fredrickson BE, Thorpe 
JM, Stadnick ME, Yuan HA. Surgical 
treatment of internal disc disruption: 
An outcome study of four fusion tech-
niques. J Spinal Disord 1998; 11:375-382.

305.	 Blumenthal SL, Ohnmeiss DD, Guyer 
RD, Hochschuler SH. Prospective study 
evaluating total disc replacement: Pre-
liminary results. J Spinal Disord Technol 
2003; 16:450-454.

306.	 Shim CS, Lee SH, Park CW, Choi WC, 
Choi G, Choi WG, Lim SR, Lee HY. Par-
tial disc replacement with the PDN 
prosthetic disc nucleus device. J Spinal 
Disord Technol 2003; 16:324-330.

307.	 van Ooij A, Oner FC, Verbout AJ. Com-
plications of artificial disc replace-

ment: A report of 27 patients with the 
SB Charite disc. J Spinal Disord Technol 
2003; 16:369-383.

308.	 Tropiano P, Huang RC, Girardi FP, Mar-
nay T. Lumbar disc replacement: Pre-
liminary results with Pro-Disc II after a 
minimum follow-up period of 1 year. J 
Spinal Disord Technol 2003; 16:362-368.

309.	 McAfee PC, Fedder IL, Saiedy S, Shu-
cosky EM, Cunningham BW. SB Charite 
disc replacement: Report of 60 prospec-
tive randomized cases in a U.S. center. J 
Spinal Disord Technol 2003; 16:424-433.

310.	 Kim WJ, Lee SH, Kim SS, Lee C. Treat-
ment of juxtafusional degeneration with 
artificial disc replacement (ADR): Pre-
liminary results of an ongoing study. J 
Spinal Disord Technol 2003; 16:390-397.

311.	 Zeegers WS, Bohnen LM, Laaper M, 
Verhaegen MJ. Artificial disc replace-
ment with the modular type SB Charite 
III: 2-year results in 50 prospectively 
studied patients. Eur Spine J 1999; 8:210-
217.

312.	 Bertagnoli R, Kumar S. Indications for 
full prosthetic disc arthroplasty: A cor-
relation of clinical outcome against a 
variety of indications. Eur Spine J 2002; 
11:S131-S136.

313.	 Hochschuler SH, Ohnmeiss DD, Guyer 
RD, Blumenthal SL. Artificial disc: Pre-
liminary results of a prospective study 
in the United States. Eur Spine J 2002; 
11:S106-S110.

314.	 Mayer HM, Wiechert K, Korge A, Qose 
I. Minimally invasive total disc replace-
ment: Surgical technique and prelim-
inary clinical results. Eur Spine J 2002; 
11:S124-S130.

315.	 Jin D, Qu D, Zhao L, Chen J, Jiang J. 
Prosthetic disc nucleus (PDN) replace-
ment for lumbar disc herniation. J Spi-
nal Disord Technol 2003; 16:331-337.

316.	 Zigler JE, Burd TA, Vialle EN, Sachs BL, 
Rashbaum RF, Ohnmeiss DD. Lumbar 
spine arthroplasty: Early results using 
ProDisc II: A prospective randomized 
trial of arthroplasty versus fusion. J Spi-
nal Disord Technol 2003; 16:352-361.

317.	 Enker P, Steffee A, McMillin C, Keppler 
L, Biscup R, Miller S. Artificial disc re-
placement: Preliminary report with a 
3-year minimum follow-up. Spine (Phila 
Pa 1976) 1993; 18:1061-1070.

318.	 Yu Y, Liu W, Song D, Guo Q, Jia L. Diag-
nosis of discogenic low back pain in pa-
tients with probable symptoms but neg-
ative discography. Arch Orthop Trauma 
Surg 2012; 132:627-632. 



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE93

319.	 Berg S, Isberg B, Josephson A, Fällman 
M. The impact of discography on the 
surgical decision in patients with chron-
ic low back pain. Spine J 2012; 12:283-291.

320.	 Wang Y, Boyd SK, Battié MC, Yasui Y, 
Videman T. Is greater lumbar vertebral 
BMD associated with more disk degen-
eration? A study using µCT and discog-
raphy. J Bone Miner Res 2011; 26:2785-
2791.

321.	 Quero L, Klawitter M, Nerlich AG, Leon-
ardi M, Boos N, Wuertz K. Bupivacaine-
-the deadly friend of intervertebral disc 
cells? Spine J 2011; 11:46-53.

322.	 Wang D, Vo NV, Sowa GA, Hartman RA, 
Ngo K, Choe SR, Witt WT, Dong Q, Lee 
JY, Niedernhofer LJ, Kang JD. Bupiva-
caine decreases cell viability and matrix 
protein synthesis in an intervertebral 
disc organ model system. Spine J 2011; 
11:139-146.

323.	 Bogduk N. Lumbar disc stimulation 
(provocation discography). In: Prac-
tice Guidelines for Spinal Diagnostic and 
Treatment Procedures, 1st edition. Inter-
national Spine Intervention Society, Se-
attle, 2004, pp 20-46.

324.	 Salem KH, Al Sharef B, Ladenburger A, 
Ohnsorge JA. Diagnostic value of CT 
discography in unclear radiculopathy. Z 
Orthop Unfall 2011; 149:546-549. 

325.	 Streitparth F, Hartwig T, Schnacken-
burg B, Strube P, Putzier M, Chopra S, 
De Bucourt M, Hamm B, Teichgräber U. 
MR-guided discography using an open 
1 Tesla MRI system. Eur Radiol 2011; 
21:1043-1049. 

326.	 Derby R, Aprill CN, Lee JE, Depalma MJ, 
Baker RM. Comparison of four different 
analgesic discogram protocols compar-
ing the incidence of reported pain relief 
following local anesthetic injection into 
concordantly painful lumbar interverte-
bral discs. Pain Med 2012 Oct 30. [Epub 
ahead of print]

327.	 Cohen SP, Hurley RW. The ability of di-
agnostic spinal injections to predict 
surgical outcomes. Anesth Analg 2007; 
105:1756-1775.

328.	 Poynton AR, Hinman A, Lutz G, Farm-
er JC. Discography-induced acute lum-
bar disc herniation: A report of five cas-
es. J Spinal Disord Tech 2005; 18:188-192.

329.	 Phillips H, Glazebrook JJ, Timothy J. 
Cauda equina compression post lumbar 
discography. Acta Neurochir (Wien) 2012; 
154:1033-1036. 

330.	 Di Martino A, Papapietro N, Lanotte A, 
Russo F, Vadalà G, Denaro V. Spondylo-

discitis: Standards of current treatment. 
Curr Med Res Opin 2012; 28:689-699.

331.	 Werner BC, Hogan MV, Shen FH. Can-
dida lusitaniae discitis after discogram 
in an immunocompetent patient. Spine 
J 2011; 11:E1-E6.

332.	 Goodman BS, Lincoln CE, Deshpande 
KK, Poczatek RB, Lander PH, Devivo MJ. 
Incidence of intravascular uptake dur-
ing fluoroscopically guided lumbar disc 
injections: A prospective observational 
study. Pain Physician 2005; 8:263-266.

333.	 Quinell RC, Stockdale HR, Willis DC. 
Observations of pressures within normal 
discs in the lumbar spine. Spine (Phila Pa 
1976) 1983; 8:166-169.

334. 	 Fraser HF, Osti OL, Vernon-Roberts B. 
Discitis after discography. J Bone Joint 
Surg Br 1987; 69:26-35. 

335. 	 Osti OL, Fraser HF, Vernon-Roberts B. 
Discitis after discography. The role of 
prophylactic antibiotics. J Bone Joint Surg 
Br 1990; 72:271-274.

336.	 Guyer RD, Collier R, Stith WJ, Ohn-
meiss DD, Hochschuler SH, Rashbaum 
RF, Regan JJ. Discitis after discography. 
Spine (Phila Pa 1976) 1988; 13:1352-1354.

337. 	 Szypyrt E, Hardy J, Hinton C, Worthing-
ton BS, Mulholland RC. A comparison 
between magnetic resonance imaging 
and scintigraphic bone imaging in the 
diagnosis of disc space infection in an 
animal model. Spine (Phila Pa 1976) 1988; 
13:1042-1048.

338. 	 Modic MT, Feiglin D, Pirano D, Boum-
phrey F, Weinstein MA, Duchesneau 
PM, Rehm S. Vertebral osteomyelitis: 
Assessment using MR. Radiology 1985; 
157:157-166.

339. 	 Arrington JA, Murtagh FR, Silbiger ML, 
Rechtine GR, Nokes SR. Magnetic res-
onance imaging of post-discogram dis-
citis and osteomyelitis in the lumbar 
spine. Case report. J Fla Med Assoc 1986; 
73:192-194.

340.	 Elliott DM, Yerramalli CS, Beckstein JC, 
Boxberger JI, Johannessen W, Vresilovic 
EJ. The effect of relative needle diameter 
in puncture and sham injection animal 
models of degeneration. Spine (Phila Pa 
1976) 2008; 33:588-596.

341.	 Moon JH, Kuh SU, Park HS, Kim KH, 
Park JY, Chin DK, Kim KS, Cho YE. Tri-
amcinolone decreases bupivacaine tox-
icity to intervertebral disc cell in vitro. 
Spine J 2012; 12:665-673.

342.	 Benyamin R, Vallejo R, Yousuf N, Tam-
razi A, Kramer J. Incidental diagnosis of 
intradural lumbar disc herniation dur-

ing discography: A case report. Pain 
Pract 2007; 7:332-336. 

343.	 Iatridis JC, Hecht AC. Commentary: 
Does needle injection cause disc degen-
eration? News in the continuing debate 
regarding pathophysiology associated 
with intradiscal injections. Spine J 2012; 
12:336-338.

344.	 Gruber HE, Rhyne AL, Hansen KJ, Phil-
lips RC, Hoelscher GL, Ingram JA, Nor-
ton HJ, Hanley EN Jr. Deleterious ef-
fects of discography radiocontrast so-
lution on human annulus cell in vitro: 
Changes in cell viability, proliferation, 
and apoptosis in exposed cells. Spine J 
2012; 12:329-335.

345.	 Manchikanti L, Malla Y, Wargo BW, Fel-
lows B. Infection control practices (safe 
injection and medication vial utiliza-
tion) for interventional techniques: Are 
they based on relative risk management 
or evidence? Pain Physician 2011; 14:425-
434.

346.	 Manchikanti L, Malla Y, Wargo BW, Cash 
KA, McManus CD, Damron KS, Jackson 
SD, Pampati V, Fellows B. A prospective 
evaluation of bleeding risk of interven-
tional techniques in chronic pain. Pain 
Physician 2011; 14:317-329.

347.	 Hebelka H, Gaulitz A, Nilsson A, Holm 
S, Hansson T. The transfer of disc pres-
sure to adjacent discs in discography: A 
specificity problem? Spine (Phila Pa 1976) 
2010; 35:E1025-E1029.

348.	 Smuck M, Yoon T, Colwell M. Intravas-
cular injection of contrast during lum-
bar discography: A previously unreport-
ed complication. Pain Med 2008; 9:1030-
1034.

349.	 Stojanovic MP, Cheng J, Larkin TM, Co-
hen SP. Psychophysical measurements 
during lumbar discography: A heart 
rate response study. J Spinal Disord Tech 
2007; 20:387-391.

350.	 Falco FJE, Zhu J, Irwin L, Onyewu 
CO, Kim D. Lumbar discography. In: 
Manchikanti L, Singh V (eds). Interven-
tional Techniques in Chronic Spinal Pain. 
ASIPP Publishing, Paducah, KY, 2007, pp 
527-552.

351.	 Korecki CL, Costi JJ, Iatridis JC. Needle 
puncture injury affects intervertebral 
disc mechanics and biology in an or-
gan culture model. Spine (Phila Pa 1976) 
2008; 33:235-241.

352.	 Manchikanti L, Benyamin RM, Swice-
good JR, Falco FJE, Datta S, Pampa-
ti V, Fellows B, Hirsch JA. Assessment 
of practice patterns of perioperative 



Pain Physician: April Special Issue 2013; 16:SE55-SE95

SE94 	 www.painphysicianjournal.com

management of antiplatelet and an-
ticoagulant therapy in interventional 
pain management. Pain Physician 2012; 
2012;E955-E968.

353.	 Horlocker TT, Wedel DJ, Rowlingson 
JC, Enneking FK, Kopp SL, Benzon HT, 
Brown DL, Heit JA, Mulroy MF, Rosen-
quist RW, Tryba M, Yuan CS. Regional 
anesthesia in the patient receiving an-
tithrombotic or thrombolytic therapy: 
American Society of Regional Anesthe-
sia and Pain Medicine Evidence-Based 
Guidelines (Third Edition). Reg Anesth 
Pain Med 2010; 35:64-101.

354.	 Horlocker TT. Regional anaesthesia in 
the patient receiving antithrombot-
ic and antiplatelet therapy. Br J Anaesth 
2011; 107:i96-i106.

355.	 Torres-Ramos FM, Botwin K, Shah CP. 
Candida spondylodiscitis: an unusu-
al case of thoracolumbar pain with re-
view of imaging findings and descrip-
tion of the clinical condition. Pain Phy-
sician 2004; 7:257-260.

356.	 Han B, Zhu K, Li FC, Xiao YX, Feng J, 
Shi ZL, Lin M, Wang J, Chen QX. A sim-
ple disc degeneration model induced by 
percutaneous needle puncture in the rat 
tail. Spine (Phila Pa 1976) 2008; 33:1925-
1934.

357.	 Johnson RG. Does discography injure 
normal discs? An analysis of repeat dis-
cograms. Spine (Phila Pa 1976) 1989; 
14:424-426.

358.	 Flanagan MN, Chung BU. Roentgen-
ographic changes in 188 patients 10-
20 years after discography and chemo-
nucleolysis. Spine (Phila Pa 1976) 1986; 
11:444-448.

359.	 American College of Occupational and 
Environmental Medicine (ACOEM) Low 
back Disorders. In: Occupational Medi-
cine Practice Guidelines: Evaluation and 
Management of Common Health Prob-
lems and Functional Recovery of Workers. 
Second Edition. American College of 
Occupational and Environmental Med-
icine Press, Elk Grove Village, 2007.

360.	 American College of Occupational and 
Environmental Medicine (ACOEM) 
Chronic Pain. In: Occupational Medicine 
Practice Guidelines: Evaluation and Man-
agement of Common Health Problems 
and Functional Recovery of Workers. Sec-
ond Edition. American College of Occu-
pational and Environmental Medicine 
Press, Elk Grove Village, 2008.

361.	 Chou R, Baisden J, Carragee EJ, Resnick 
DK, Shaffer WO, Loeser JD. Surgery for 
low back pain: A review of the evidence 

for an American Pain Society Clinical 
Practice Guideline. Spine (Phila Pa 1976) 
2009; 34:1094-1109.

362.	 Chou R, Atlas SJ, Stanos SP, Rosenquist 
RW. Nonsurgical interventional thera-
pies for low back pain: A review of the 
evidence for an American Pain Society 
clinical practice guideline. Spine (Phila 
Pa 1976) 2009; 34:1078-1093.

363.	 Manchikanti L, Singh V, Derby R, Schul-
tz DM, Benyamin RM, Prager JP, Hirsch 
JA. Reassessment of evidence synthe-
sis of occupational medicine practice 
guidelines for interventional pain man-
agement. Pain Physician 2008; 11:393-
482.

364.	 Department of Health and Human Ser-
vices (DHHS). Centers for Medicare & 
Medicaid Services (CMS). CMS Manual 
System. Pub. 100-04 Medicare Claims 
Processing. Transmittal 1646. Non-cov-
ered decisions for Thermal Intradis-
cal Procedures (TIPs). Effective Date 
09/29/2008.

365.	 Shah RV, Everett C, McKenzie-Brown 
A, Sehgal N. Discography as a diagnos-
tic test for spinal pain: A systematic and 
narrative review. Pain Physician 2005; 
8:187-209.

366.	 Buenaventura RM, Shah RV, Patel V, Be-
nyamin R, Singh V. Systematic review of 
discography as a diagnostic test for spi-
nal pain: An update. Pain Physician 2007; 
10:147-164.

367.	 Knottnerus JA, van Weel C, Muris JW. 
Evaluation of diagnostic procedures. 
BMJ 2002; 324:477-480.

368.	 Riegelman RK. Testing a test (Section II). 
In: Riegelmann RK (ed). Studying a Study 
and Testing a Test: How to Read the Medi-
cal Evidence. 5th ed. Lippincott Williams 
& Wilkins, Philadelphia, 2005, pp 137-
192.

369.	 Glasziou P, Irwig L, Deeks JJ. When 
should a new test become the current 
reference standard? Ann Intern Med 
2008; 149:816-822.

370.	 Chua NH, Vissers KC, Arendt-Nielsen L, 
Wilder-Smith OH. Do diagnostic blocks 
have beneficial effects on pain process-
ing? Reg Anesth Pain Med 2011; 36:317-
321.

371.	 Concato J. When to randomize, or “Ev-
idence-based medicine needs Medi-
cine-based evidence.” Pharmacoepidemi-
ol Drug Saf 2012; 21:6-12. 

372.	 Quill TE, Holloway RG. Evidence, pref-
erences, recommendations--finding the 
right balance in patient care. N Engl J 

Med 2012; 366:1653-1655.
373.	 Gelijns AC, Gabriel SE. Looking be-

yond translation--integrating clinical 
research with medical practice. N Engl J 
Med 2012; 366:1659-1661.

374.	 Health Evidence Review Commission 
(HERC). Coverage Guidance: Lumbar 
Discography, Oregon Health Authority, 
08/09/2012.

375.	 Egmose C, Lund B, Bach Andersen R. 
Hip joint distension in osteoarthrosis. A 
triple-blind controlled study comparing 
the effect of intra-articular indoprofen 
with placebo. Scand J Rheumatol 1984; 
13:238-242.

376.	 Rabinovitch DL, Peliowski A, Furlan AD. 
Influence of lumbar epidural injection 
volume on pain relief for radicular leg 
pain and/or low back pain. Spine J 2009; 
9:509-517.

377. 	 Indahl A, Kaigle AM, Reikeras O, Holm 
SH. Interaction between the porcine 
lumbar intervertebral disc, zygapophysi-
al joints, and paraspinal muscles. Spine 
(Phila Pa 1976) 1997; 22:2834-2840.

378.	 Carette S, Leclaire R, Marcoux S, Mo-
rin F, Blaise GA, St-Pierre A, Truchon R, 
Parent F, Levesque J, Bergeron V, Mont-
miny P, Blanchette C. Epidural cortico-
steroid injections for sciatica due to her-
niated nucleus pulposus. N Engl J Med 
1997; 336:1634-1640.

379.	 Carette S, Marcoux S, Truchon R, Gron-
din C, Gagnon J, Allard Y, Latulippe M. 
A controlled trial of corticosteroid in-
jections into facet joints for chronic low 
back pain. N Engl J Med 1991; 325:1002-
1007.

380. 	Karppinen J, Malmivaara A, Kurunlahti 
M, Kyllonen E, Pienimaki T, Nieminen 
P, Ohinmaa A, Tervonen O, Vanharanta 
H. Periradicular infiltration for sciatica: A 
randomized controlled trial. Spine (Phila 
Pa 1976) 2001; 26:1059-1067.

381. 	 Manchikanti L, Giordano J, Fellows B, 
Hirsch JA. Placebo and nocebo in inter-
ventional pain management: A friend 
or a foe - or simply foes? Pain Physician 
2011; 14:E157-E175.

382. 	 Pham Dang C, Lelong A, Guilley J, 
Nguyen JM, Volteau C, Venet G, Perrier 
C, Lejus C, Blanloeil Y. Effect on neuro-
stimulation of injectates used for peri-
neural space expansion before place-
ment of a stimulating catheter: Normal 
saline versus dextrose 5% in water. Reg 
Anesth Pain Med 2009; 34:398-403.

383. 	 Tsui BC, Kropelin B, Ganapathy S, Finu-
cane B. Dextrose 5% in water: Fluid me-



Update of the Systematic Appraisal of Lumbar Discography in Chronic Low Back Pain

www.painphysicianjournal.com 	 SE95

dium maintaining electrical stimulation 
of peripheral nerve during stimulating 
catheter placement. Acta Anaesthesiol 
Scand 2005; 49:1562-1565.

384. 	 Indahl A, Kaigle A, Reikeras O, Holm S. 
Electromyographic response of the por-
cine multifidus musculature after nerve 
stimulation. Spine (Phila Pa 1976) 1995; 
20:2652-2658.

385. 	 Bhatia MT, Parikh LCJ. Epidural saline 
therapy in lumbo-sciatic syndrome. J In-
dian Med Assoc 1966; 47:537-542. 

386. 	Gupta AK, Mital VK, Azmi RU. Observa-
tions of the management of lumbosci-
atic syndromes (sciatica) by epidural sa-
line. J Indian Med Assoc 1970; 54:194-196.

387.	 Kang YM, Choi WS, Pickar JG. Electro-
physiologic evidence for an interseg-
mental reflex pathway between lumbar 
paraspinal tissues. Spine (Phila Pa 1976) 
2002; 27:E56-E63.

388.	 Grigoras A, Lee P, Sattar F, Shorten G. 
Perioperative intravenous lidocaine de-
creases the incidence of persistent pain 
after breast surgery. Clin J Pain 2012; 
28:567-572.

389.	 Cui W, Li Y, Li S, Wang R, Li J. System-
ic administration of lidocaine reduces 
morphine requirements and postoper-
ative pain of patients undergoing tho-
racic surgery after propofol-remifent-
anil based anaesthesia. Eur J Anaesthe-
siol 2010; 27:41-46.

390.	 Koppert W, Zeck S, Sittl R. Low dose li-
docaine suppresses experimentally in-
duced hyperalgesia in humans. Anesthe-
siology 1998; 89:1345-1353.

391.	 Koppert W, Ostermaier N, Sittl R, Wei-
dner C, Schmelz M. Low dose lidocaine 
reduces secondary hyperalgesia by a cen-
tral mode of action. Pain 2000; 85:217-
224.

392.	 Kawamata M, Takahashi T, Kozuka Y, 
Nawa Y, Nishikawa K, Narimatsu E, 
Watanabe H, Namiki A. Experimental 
incision induced pain in human skin: 
Effects of systemic lidocaine on flare 
formation and hyperalgesia. Pain 2002; 
100:77-89.

393.	 Hollmann MW, Durieux M. Local anes-
thetics and the inflammatory response. 
Anesthesiology 2000; 93:858-875.

394.	 Sugimoto M, Uchida I, Mashimoto T. 
Local anaesthetics have different mech-
anisms and sites of action at the recom-
binant NMDA receptors. Br J Pharmacol 
2003; 138:876-882.

395.	 Louhiala P, Puustinen R. Rethinking the 
placebo effect. J Med Ethics 2008; 34:107-
109. 

396.	 Louhiala P. The ethics of the placebo in 
clinical practice revisited. J Med Ethics 
2009; 35:407-409.

397.	 Blease C. The principle of parity: The 
“placebo effect” and physician commu-
nication. J Med Ethics 2012; 38:199-203.

398.	 Hellum C, Johnsen LG, Storheim K, 
Nygaard OP, Brox JI, Rossvoll I, Rø M, 
Sandvik L, Grundnes O; Norwegian 
Spine Study Group. Surgery with disc 
prosthesis versus rehabilitation in pa-
tients with low back pain and degen-
erative disc: Two year follow-up of ran-
domised study. BMJ 2011; 342:d2786. 

399.	 Park CK, Ryu KS, Lee KY, Lee HJ. Clinical 
outcome of lumbar total disc replace-
ment using ProDisc-L in degenerative 
disc disease: Minimum 5-year follow-up 
results at a single institute. Spine (Phila 
Pa 1976) 2012; 37:672-677.

400.	 Gibson JN, Waddell G, Grant IC. Sur-
gery for degenerative lumbar spondy-
losis. Cochrane Database Syst Rev 2000; 
2:CD001352.

401.	 Junge A, Frohlich M, Ahrens S, Hasen-
bring M, Sandler A, Grob D, Dvorak J. 
Predictors of bad and good outcome 
of lumbar spine surgery. A prospec-
tive clinical study with 2 years follow up. 
Spine (Phila Pa 1976) 1996; 21:1056-1064.

402.	 Zdeblick TA. The treatment of degenera-
tive lumbar disorders. A critical review of 
the literature. Spine (Phila Pa 1976) 1995; 
20:126S-137S.

403.	 Carragee EJ. Persistent low back pain. N 
Engl J Med 2005; 352:891-898.

404.	 Fairbank J, Frost H, Wilson-MacDonald 

J, Yu LM, Barker K, Collins R; Spine Sta-
bilisation Trial Group. Randomised con-
trolled trial to compare surgical stabili-
sation of the lumbar spine with an in-
tensive rehabilitation programme for 
patients with chronic low back pain: 
the MRC spine stabilisation trial. BMJ 
2005; 330:1233. Erratum in: BMJ 2005; 
330:1485.

405.	 Brox JI, Sørensen R, Friis A, Nygaard Ø, 
Indahl A, Keller A, Ingebrigtsen T, Erik-
sen HR, Holm I, Koller AK, Riise R, Reik-
erås O. Randomized clinical trial of lum-
bar instrumented fusion and cognitive 
intervention and exercises in patients 
with chronic low back pain and disc de-
generation. Spine (Phila Pa 1976) 2003; 
28:1913-1921.

406.	 Brox JI, Reikerås O, Nygaard Ø, Sø-
rensen R, Indahl A, Holm I, Keller A, In-
gebrigtsen T, Grundnes O, Lange JE, 
Friis A. Lumbar instrumented fusion 
compared with cognitive intervention 
and exercises in patients with chronic 
back pain after previous surgery for disc 
herniation: a prospective randomized 
controlled study. Pain 2006; 122:145-155.

407.	 Fritzell P, Hagg O, Wessberg P, Nor-
dwall A; Swedish Lumbar Spine Study 
Group. 2001 Volvo Award Winner in 
Clinical Studies: Lumbar fusion versus 
nonsurgical treatment for chronic low 
back pain: A multicenter randomized 
controlled trial from the Swedish Lum-
bar Spine Study Group. Spine (Phila PA 
1976) 2001;26:2521-2532.

408.	 Agorastides ID, Lam KS, Freeman BJ, 
Mulholland RC. The Adams classifica-
tion for cadaveric discograms: Inter and 
intra-observer error in the clinical set-
ting. Eur Spine J 2002; 11:76-79.

409.	 Wassertheil-Smoller S. Mostly about 
screening. In: Wassertheil-Smoller S 
(ed). Biostatistics and Epidemiology A 
Primer for Health and Biomedical Pro-
fessionals. Springer-Verlag, New York, 
2004, pp 129-140.

410.	 Weinstein S, Obuchowski NA, Lieber 
ML. Clinical evaluation of diagnostic 
tests. AJR Am J Roentgenol 2005; 184:14-
19.




