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Abstract

BACKGROUND CONTEXT: The pathophysiology underlying degenerative disc disease and its
implication in painful syndromes remain unclear. However, spine magnetic resonance imaging
(MRI) can demonstrate changes in disc water content and the annulus; provocative discography
purportedly identifies degenerate discs causing serious low back pain; and biochemical assays have
identified local inflammatory markers. No study to date has correlated pain on disc injection during
discography evaluation with relevant MRI findings and biochemical markers.
PURPOSE: The purpose of this study was to correlate concordant pain on during discography to
biochemical markers obtained by disc lavage and MRI findings.
STUDY DESIGN: This is a Phase 1 Diagnostic Test Assessment Cohort Study (Sackett and
Haynes).
PATIENT SAMPLE: The patient sample included 21 symptomatic patients with suspected
discogenic pain and three Phase 1 control subjects.
OUTCOME MEASURES: The outcome measures included discography pain scores, MRI degenerative grades, and immunoreactivity to various inflammatory cytokine concentrations present in
disc lavage samples.
METHODS: Twenty-one symptomatic patients with lumbar degenerative disc disease and three
control subjects underwent discography, MRI, and biochemical analysis of disc lavage fluid.
Lumbar MRI was scored for Pfirrmann grading of the lumbar discs, and annular disruption was
identified by nuclear disc lavage. Disc lavage samples were analyzed for biochemical markers
by high-sensitivity immunoassay.
RESULTS: Eighty-three discs from 24 patients were studied: 67 discs from 21 patients with axial
back pain (suspected discogenic pain group) and 16 discs from 3 scoliosis patients without back
pain (Phase 1 control subjects). Among the biochemical markers surveyed, interferon gamma
(IFN-g) immunoreactivity was most consistently identified in patients with axial back pain. Discs
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with annular disruption and concordant pain reproduction at a visual analog scale of 7 to 10/10 had
greater IFN-g immunoreactivity than those without this finding (p5.003); however, at least some
IFN-g immunoreactivity was found in all but one disc in the symptomatic group.
CONCLUSIONS: Among the potential inflammatory markers tested in this Phase 1 study, IFN-g
immunoreactivity was most commonly elevated in discogram ‘‘positive’’ discs but absent in asymptomatic controls. However, this marker was also frequently elevated in degenerative but ‘‘negative’’
discography discs. From these findings, Phase 2 and Phase 3 validity studies are reasonable to pursue. Phase 4 utility studies may be performed concurrently to assess this method’s predictive value
in outcome studies. Ó 2010 Elsevier Inc. All rights reserved.
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Introduction

Methods

Chronic low back pain (LBP) remains a challenging
condition to treat. Medical expenditures by Americans with
axial back pain syndromes rose approximately 65% from
1997 to 2005 [1]. Although imaging studies, such as magnetic resonance imaging (MRI), can be used to document
pathologic and age-related changes in the spine, studies
have shown a poor correlation between MRI findings and
clinical presentation. Rates of disc degeneration and herniation increase with normal aging and do not consistently result in pain [2]. Discography, which emerged as a potential
diagnostic test to determine if discs were a primary source
of axial pain, has demonstrated limited success [3]. Alternative strategies have suggested that it may be the presence
of specific inflammatory mediators that determines if a disc
is clinically painful.
Although few previous studies have measured inflammatory markers in discs in vivo [4], several in vitro studies
have postulated a role for various cytokines in disc-related
pain syndromes [5–14]. Tumor necrosis factor-a and interleukin (IL)-8 have been identified in surgical disc specimens removed for the treatment of pain [4,11]. Kang
et al. [12] identified matrix metalloproteinase, nitric oxide,
prostaglandin E2, and IL-6 in cultures of discs retrieved in
patients with a lumbar disc herniation and radiculopathy.
Similarly, Takahashi et al. [13] identified IL-1-beta, IL-6,
and tumor necrosis factor-a in prepared tissue specimens
from retrieved human herniated disc tissue . Burke et al.
[14] identified high levels of both IL-6 and IL-8 in patients
with symptomatic degenerative disc disease who underwent
spinal fusion. It has been postulated that even a small
amount of these factors may be sufficient enough to initiate
an inflammatory process after rupture of the nucleus pulposus because of their ability to recruit other cytokine-producing cells and stimulate the upregulation of genes coding for
proinflammatory mediators [15].
Newer methods for rapid and sensitive cytokine detection have since been developed. We hypothesized that
provocative discography and/or radiographic change on
MRI would correlate to specific inflammatory mediators
detected in the disc space by using a highly sensitive
protein immunoassay on samples obtained during disc
lavage.

This study was performed from June 2006 to June 2008.
Institutional review board approval was obtained according
to Health and Human Services Guidelines, and patients
provided informed consent at the time of enrollment.
Symptomatic subjects’ screening
Twenty-one patients ranging in age from 21 to 75 years
with axial back pain of at least 6 months’ duration were
enrolled in this study (study group). The patients were identified among 119 consecutive patients offered study
enrollment for the evaluation of their chronic pain. This
cohort was drawn from a single board-certified orthopedic
surgeon trained in spine surgery (G.J.S.). Patients with
a history of oral or injected corticosteroid medication
within a 3-month period before discography and those with
chronic medical conditions associated with metabolic or inflammatory disorders (insulin-dependent diabetes mellitus,
severe coronary artery disease, and rheumatic or
autoimmune diseases) were excluded from the study.
Demographic information was obtained including
gender, age, insurance, work status, and reported pain on
a visual analog scale (VAS) of 0 to 10 before the procedure.
Provocative discography, recording annular disruption, pain
intensity, and concordance for each disc injected, was performed by an experienced discographer.
A blinded analysis of MRI was performed with each
injected disc level classified according to the Pfirrmann
grading scale [16] by a board certified radiologist.
Phase 1 control subjects
A Phase 1 Diagnostic Validity Control (ie, application of
test in subjects definitively known not to have the index disease) by Sackett and Haynes Criteria [17] was also performed using disc lavage samples from asymptomatic
subjects and adolescents undergoing surgical treatment
for scoliosis deformity. Disc lavage, without subsequent
discography contrast injection, was carried out intraoperatively before excision of each disc. Each lavage was done
under the supervision of the lead investigator (G.J.S.). As
described in the Sackett and Haynes model for assessing diagnostic test validity, this Phase 1 assessment is a necessary,
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Context
There are no unique radiographic or pathologic markers
that accurately identify disc pathology that is causing
chronic low back pain.
Contribution
In this study of discography lavage, the authors found most
inﬂammatory markers did not correlate with degeneration
grade or response to disc injection. Only IFN immunoreactivity was consistently present in patients with low back
pain and absent in controls without low back pain; but only
modestly correlated with disc injection pain.
Implications
Despite years of investigation, no unique marker or technique has been found to accurately identify primary discogenic pain. Anular ﬁssures, Modic changes,
provocative or anaesthetic discography, inﬂammatory
markers, and other candidates have thus far demonstrated poor test validity. This has led some to suggest
this search is misdirected (the illness is not primarily
structural) and others to suggest the search will be
fruitful with the emergence of newer technologies.
While the current ﬁndings are intriguing, it is unclear if
IFN is simply a marker for degeneration (rather than
painful degeneration) and if disc puncture and lavage
is a safe and reproducible sampling method. However,
these results suggest further exploration is reasonable.
—The Editors

but not sufficient, first screening for test validity. That is, if
the test is positive in this group (ie, the finding of a specific
cytokine at high concentrations), this will provide evidence
against test validity.
Disc lavage technique
All symptomatic study participants underwent lumbar
discography to evaluate their chronic axial pain. The patient
was placed prone on a radiolucent table and prepared using
standard sterile procedure. Intravenous antibiotics were
given before the commencement of discography. After infiltrating the subcutaneous tissue with 1% xylocaine with epinephrine, a 22-gauge needle was used to enter the annulus,
followed by fluoroscopic placement confirmation. Approximately 1 to 3 mL of sterile physiologic saline was injected
into each disc space, and the lavage fluid was immediately
withdrawn back into the same syringe, yielding ~0.5 mL of
lavasate, which was then placed into 2-mL Eppendorf tubes
containing a protease inhibitor cocktail tablet (Roche Diagnostics, Indianapolis, IN, USA) dissolved in phosphate-buffered saline to reach a total volume of 130 mL (~0.045 tablet/
mL per sample) and immediately frozen at 20 C. Samples

were then transported to the laboratory where the fluid was
stored at 80 C until analysis.
A nucleogram with Omnipaque was performed at all
levels considered as potential pain sites, in addition to
a ‘‘control’’ injection at a level with negative findings on
MRI in each subject. Pain provocation, intensity, concordance, and annular disruption were recorded.
The Bio-Plex system (BioRad, Hercules, CA, USA),
a multiplex bead array immunoassay, was used for analysis
of lavasate. This system uses a sandwich-style immunoassay
with capture antibodies linked to polystyrene beads and
detection antibodies conjugated to fluorophores. It has been
validated against standard enzyme-linked immunosorbent
assays in human blood [18]. The immunoreactivity (immunofluorescence) of 17 cytokines/chemokines (interferon
gamma [IFN-g], IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10,
IL-12, IL-13, IL-17, granulocyte colony-stimulating factor,
granulocyte macrophage colony-stimulating factor, tumor
necrosis factor-a, IL-1b, MCP-1, and macrophage inflammatory protein-1Beta (MIP-1b) was measured using the premixed human inflammatory 17-plex panel. Each multiplex
assay was performed in duplicate and according to the manufacturer’s specifications. Standard curves were included in
each run, and sample concentrations were calculated with
Bio-Plex Manager software from these fluorescence measurement curves.
Statistical analysis
Statistical analyses were performed with SPSS v.14
(SPSS Inc., Chicago, IL, USA). The study was designed
by a prior power analysis. For N567 discs (study group
analysis), the power of the t test of significance of the Pearson correlation statistic with an alpha value of 0.05 is
99.7% for a large effect size (Pearson r50.5). The power
of the chi-square test of a two-by-two contingency table
analysis with an alpha value of 0.05 is 98.4% for a large
effect size (w statistic50.5). The power of the F test of significance of multiple regression with an alpha value of 0.05
is 99.2% for a large effect size (F2 statistic50.35).

Results
A total of 83 discs from 24 patients were studied: 67 discs
from 21 patients with LBP (study group) and 16 discs from 3
Phase 1 control subjects (scoliosis patients) with no pain.
In the LBP group, there were 13 men and nine women
with mean age 44611 years (range 20–64) and mean preoperative VAS of 7.461.3. In the LBP groups, IFN-g
was the only cytokine tested that was consistently identified, with mean (6standard deviation), median, and range
of immunoreactivity corresponding to a concentration of
2766455, 136, and 4.7–2,814.0 pg/mL, respectively. Of
the other 16 cytokines, mean and median calculated concentrations were zero except for IL-2 (mean51.361.7,
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median50.6, range50–9.3) and granulocyte macrophage
colony-stimulating factor (mean511.1620.8; median50;
range 5 0–83.8).
In the asymptomatic control group, there were two
males and one female with mean age of 1660.6 years
(range 15–16). The mean (6standard deviation) and
median concentration of IFN-g were 2.766.1 and 0.4 pg/
mL, respectively (range 0.0–23.0).
The level of IFN-g detected in lavage samples from
discs of symptomatic subjects was significantly greater than
that detected in discs from asymptomatic control subjects
(p5.003; one-way analysis of variance [ANOVA] controlling for age) (Fig. 1).
Analysis of IFN-g immunoreactivity in symptomatic
subjects
In the symptomatic group, IFN-g concentrations were
consistent with an exponential (log10) distribution but not
a normal distribution (Fig. 2; p !0.001). Subsequent
regression and correlation analyses were therefore
performed with log10 (IFN-g) concentrations. The results
did not change with the use of untransformed IFN-g
concentrations.
Analysis of IFN-g concentrations with respect to the
pain intensity rating during provocative discography results
was performed (Fig. 2). Using a cutoff pain intensity value
of 6 (as recommended by Walsh et al. [19]) to separate positive from negative painful injection, there was no significant difference in IFN-g concentrations by t test (Fig. 3;
p5.43). Using a cutoff pain intensity value of 7 (as

Fig. 2. A scatter plot showing interferon gamma concentration in picograms per milliliter (pg/ml; on a log scale) from all lavage samples taken
during discograms of patients with axial pain. Patient-reported pain during
discography was rated on a visual analog scale (VAS) of 1 to 10 and is represented on the x-axis.

recommended by Derby et al. [20]), there was a significant
difference in IFN-g concentrations (Fig. 3; p5.003).
These results did not change (ie, significance obtained
with a cutoff value of 7 but not with 6) using a matched
analysis in which IFN-g levels were normalized (either by
subtraction or division) by the ‘‘control level’’ of the discogram (ie, the level tested by discogram with the lowest intraoperative VAS score) or with the use of log10 IFN-g
measurements. There was no significant correlation between
IFN-g concentration and injection pain intensity with
ANOVA or log-linear analysis with the use of main effects
and two-way effects when the data were not dichotomized
into painful versus not painful groups with a cutoff value.
Analysis of IFN-g versus Pfirrmann grade on MRI
Analysis of IFN-g concentrations with respect to Pfirrmann grade on MRI was performed (Fig. 4) using a grouping of grades 1 to 2 as mild, grades 3 to 4 as moderate, and
grade 5 as severe. There was no significant difference in
IFN-g concentration by t test. The results did not change
with the use of log10 IFN-g measurements, with the use
of ANOVA or log-linear analysis using main effects and
two-way effects when the data were not dichotomized painful and not painful groups with a cutoff value, or with
a matched analysis in which IFN-g levels were normalized
(by either subtraction or division) by the ‘‘control level’’ of
the discogram (ie, the level tested by discogram with the
lowest Pfirrmann MRI grade).

Fig. 1. A comparison of interferon gamma concentration in picograms per
milliliter (pg/ml; on a log scale) between patients with low back pain
(N567 discs) who underwent discography and those without back pain
(asymptomatic scoliosis controls; N516 discs). The error bars represent
the standard error of the mean. The difference is significant by one-way
analysis of variance controlling for age (p5.008).

Analysis of discography versus MRI findings
Statistical analysis of the relationship between discography and MRI findings was undertaken irrespective of IFNg concentration (Table 1). In the study group, there were no
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Fig. 4. A comparison of interferon gamma concentration in picograms per
milliliter (on a log scale) among patients with magnetic resonance imaging
changes graded by Pfirrmann scores 1 to 2, 3 to 4, and 5. The error bars
represent the standard error of the mean. The differences are not significant
by analysis of variance (p5.77).

Fig. 3. (Top) A comparison of interferon gamma (IFN-g) concentration in
picograms per milliliter (on a log scale) between patients with selfreported pain on discography rated on a visual analog scale (VAS) of 1
to 10, grouped by VAS of 1 to 5 and 6 to 10, with mean IFN-g concentration (6standard error of the mean) of 246648 and 3426145, respectively.
The differences are not significant by t test (p5.43). (Bottom) A comparison of IFN-g concentration in picograms per milliliter (on a log scale)
between patients with pain on discography grouped by visual analog scale
of 1 to 6 and 7 to 10, with mean (6standard error of the mean) IFN-g
concentration of 213639 and 6866309, respectively. The differences are
significant by t test (p5.003).

significant correlations (either bivariate marginal or trivariate
partial) among provocative discogram pain intensity with injection (VAS) and Pfirrmann MRI grade by Pearson correlation (p value greater than .05). The results did not change with
the use of Spearman correlations, ANOVA, or log-linear
analysis or with the use of main effects and two-way effects.

Discussion
Our understanding of the pathophysiology of axial back
pain on a molecular level continues to evolve but remains
an area of active investigation. On a clinical level,

differentiating the subset of discs that may cause seriously
painful back disability from either normal aging or clinically painless degeneration is similarly difficult. Provocative discography and MRI are tests that physicians
consider in identifying an underlying source of back pain.
However, recent studies suggest that discography and
MRI are at best modestly predictive of outcomes following
interventions directed at suspected ‘‘discogenic’’ pain [19].
In light of these limitations, a clinical assay of biochemical
markers to complement other diagnostic modalities is
desirable.
The study provides a Sackett and Haynes Phase 1 analysis of a possible diagnostic test for identifying discogenic
pain. This first-stage diagnostic test assessment is intended
to survey the results of lavage technique quantification of
inflammatory markers in discs from subjects suspected to
have discogenic pain and compare these to the findings in
discs definitively without discogenic pain (asymptomatic
scoliosis subjects) and discs highly unlikely to be the
Table
Summary of statistical analysis among intraoperative provocative discogram visual analog scale (VAS; 1–10 scale), magnetic resonance imaging
Pfirrmann grade (1–5 scale), and preoperative VAS (1–10 scale)
Grade Scale
Intraoperative
VAS
MRI Pfirrmann grade
Preoperative
VAS

Intraoperative
VAS

MRI Pfirrmann
grade

Preoperative
VAS

—

r50.07; p5.59

r50.12; p5.35

—

r50.16; p5.20
—

Data are Pearson correlation (r) and p values; there are no significant
differences (p value greater than .05). The results do not change with the
use of Spearman correlations.
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source of discogenic pain (morphologically normal discs
without pain on disc injection in LBP symptomatic subjects). It should be emphasized that this Phase 1 study cannot provide a high confidence in positive test validity.
However, if the test were repeatedly positive in discs and
subjects without discogenic pain, then the prima facie
evidence would indicate that this is very unlikely to be
a valid test with Phase 2 or Phase 3 investigations.
The present study showed mixed results. IFN-g immunoreactivity was the most consistent positive assay detected
in the lavage fluid of discs sampled in symptomatic subjects. Higher levels of IFN-g immunoreactivity were
obtained from discs with the greatest pain response on disc
injection. However, some IFN-g immunoreactivity (greater
than 10 pg/mL) was detected in all but one disc in the
symptomatic group, even from those discs with relatively
normal MRI findings or an apparently ‘‘negative control’’
discography designation. On the other hand, the samples
from disc lavage in the asymptomatic group did not show
appreciable IFN-g immunoreactivity.
Although various inflammatory cytokines have been
identified in the intervertebral disc as it undergoes degeneration, it is not known if any of these specific inflammatory
chemicals plays a significant role in axial LBP [13,21–23].
Inflammatory cytokines have been previously identified in
cerebrospinal fluid of patients with symptomatic degenerative disc disease, although the source and concentration of
inflammatory mediators at the level of the symptomatic
nerve root are unknown [7,24]. It has been postulated that
inflammatory mechanisms are most likely involved in the
painful state in axial pain syndromes [4,6,24,25]. Identification of matrix fragments, nonenzymatic glycation
products, and neuropeptides is representative of the many
ongoing products and processes that occur with aging
and degeneration but does not necessarily generate
pain [26].
A practical sampling technique for specific biomarkers
that may accurately predict serious LBP generated intrinsic
to that disc would greatly help our understanding of symptomatic degenerative disc disease and perhaps direct appropriate clinical care. Although further research with more
detailed biochemical peptide analyses to delineate its role
is required to confirm our findings, this study suggests that
IFN-g immunoreactivity may be an important clinical
biomarker for some axial pain syndromes associated with
common degenerative findings.
It is interesting that our preliminary data suggest that the
correlation between discography findings, MRI findings,
and levels of biochemical markers of inflammation was
not strong in this patient population using this sampling
technique. This finding may reflect the heterogeneity of
cytokine concentrations in different parts of the disc. The
lavage technique will necessarily retrieve substances
preferentially from the nuclear center, as opposed to the
subannular or subligamentous space. Spot sampling in
the epidural space or along the annulus or in specific

217

annular fissures may yield different results. It is also probable that some LBP syndromes with common degenerative
findings may be because of primarily mechanical or other
processes without a strong intradiscal inflammatory
component.
In conclusion, this study suggests that IFN-g immunoreactivity from a disc lavage sampling has at least preliminary Phase 1 assessment support for potential test validity
in discogenic pain. From these findings, Phase 2 and Phase
3 validity studies are reasonable to pursue. Phase 4 utility
studies may be performed concurrently to assess this method’s predictive value in outcome studies.
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