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Does a Fibronectin and Aggrecan Complex Play a
Role in Painful Vertebral Disks?
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Objective: To determine the presence of a fibronectin-aggrecan complex (FAC) in the
disk space of persons with chronic low back pain as relates to provocative diskography.
Design: A single-center prospective consecutive case series.
Setting: A single private practice setting.

atients: Thirty-seven patients with symptomatic degenerative disk disease of the cervical,
thoracic, or lumbar spine undergoing provocative diskography to identify a source of pain.
Methods: Diskographic lavage for analysis was simultaneously performed at each disk
level injected during diskography.
Main Outcome Measures: Visual analog scale (VAS) pain scores, Pfirrmann magnetic
resonance imaging grade, and biochemical analysis of disk material were statistically
analyzed.
Results: A total of 105 levels in 37 patients had a complete set of data (mean age 43.2 �
11.9 years; 15 male/22 female). The FAC was present in 43 of 108 levels and in at least one
level in 25 of 37 patients. The Pfirrmann magnetic resonance imaging grade did not differ
between complex-positive and negative levels (P � .125), nor did the intraoperative VAS
(IO-VAS) score for pain by level (P � .206). A significant but loose correlation was found
between Pfirrmann grade and IO-VAS (R2 � 0.4, P � .001), but no significant correlation

as found between VAS or IO-VAS and complex concentration (R2 � 0.08, P � .11 and
2 � 0.003, P � .5).

Conclusions: The FAC was identified in some painful disks by diskography. There was
no significant correlation between the Pfirrmann grade or pre/intraoperative pain scores
during diskography and complex concentrations within the disk measured by disk lavage.
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INTRODUCTION

Debilitating low back pain (LBP) is a ubiquitous problem in industrialized countries and is
associated with enormous morbidity and costs that continue to increase [1]. Although
surgical treatment of axial LBP allows some patients to return to their normal activities of
daily living, it continues to have great limitations and high failure rates [2-5]. The most
challenging aspect of surgical treatment for LBP that health care providers face is selecting
persons for whom surgical treatment is most likely to be efficacious. To that end, provoca-
tive diskography has been purported as beneficial [6]. Diskography has been used as an
adjunct to magnetic resonance imaging (MRI), which is commonly used by physicians to
help identify an underlying source of back pain; however, studies suggest that diskography
and MRI are at best modestly predictive of outcomes after interventions directed at
suspected “diskogenic” pain [6]. Moreover, recent work has cast a shadow on the use of
diskography because accelerated degeneration and increased morbidity have been de-
scribed [7].

A potential molecular marker of connective tissue (ie, intervertebral disk) degeneration
hat is correlated with the painful state causing radiculopathy from nerve root irritation in
ersons with degenerative diseases of the spine has been identified [8-10]. Moreover, this
marker is predictive of functional improvement after a lumbar epidural steroid injection is
S
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administered. In the present study, we sought to identify the
presence of this fibronectin-aggrecan complex (FAC) in per-
sons with chronic back pain syndromes.

Protein biomarkers associated with lumbar disk disease
have been studied as diagnostic indicators and therapeutic
targets. A complex molecular and cellular cascade of disk
degeneration is being elucidated, which involves inflamma-
tory mediators (eg, cytokines, nitric oxide, and signal trans-
duction pathways), structural proteins and their degradation
fragments (eg, fibronectin, aggrecan, and collagens), and
proteases/protease inhibitors (eg, matrix metalloproteinases
and aggrecanases) [11-15]. Numerous disease-modifying
therapies have been proposed to intervene in this cascade,
including antibody [16], stem cell [11], and gene [17] ther-
pies, but their efficacy remains unproven.

The relationship among inflammatory cytokines and
tructural matrix proteins such as aggrecan and fibronectin in
he pathophysiology of degenerative joint diseases, although
ell established, continues to be clarified. Inflammatory cy-

okines are associated with fibronectin and its fragments in
egenerative disease of the intervertebral disk [18] and syno-

vial joints [19]. Aggrecan and its fragments also have been
implicated in degenerative disease of the intervertebral disk
[20], as have aggrecanases [21] and tissue inhibitors of met-
alloproteinases [22].

In synovial joints, aggrecan cleavage is associated with
fibronectin fragments [19]. Furthermore, there is apparent
cross-immunoreactivity between interferon-gamma and the
complex of fibronectin and aggrecan in some commercial
antibodies [9]. Moreover, it was recently reported that lavage
fluid from the epidural space that demonstrates the presence
of the FAC is significantly correlated with pain relief after
epidural steroid injections for the treatment of radiculopathy
with herniated nucleus pulposus [23]. These observations
suggest a possible role for FAC in the pathophysiology of
connective tissue degeneration and may aid in the selection
of disks to treat in persons with LBP. To further elucidate the
role of FAC in persons with painful degenerative disk disease,
a comprehensive study including follow-up of persons with
chronic LBP (CLBP) in whom the FAC is identified in select
disks needs to be undertaken.

We measured levels of this protein complex in the disk
spaces of patients undergoing lumbar diskography for CLBP
refractory to conservative treatment. Our objective was to
determine whether this marker was present in all degenera-
tive disks or identified only in select disks, such as those with
high-grade degeneration.

MATERIALS AND METHODS

Subjects

Independent Institutional Review Board approval was ob-

tained (Sterling, Inc., Atlanta, GA), and all patients provided

G

informed consent for study participation. Patients considered
candidates for provocative diskography were between 21 and
75 years of age with a history of CLBP of 6 months or longer
and had failed to reasonably improve with treatment, includ-
ing nonsteroidal anti-inflammatory drugs, activity modifica-
tion, and/or physical therapy. The patients were identified
among 119 consecutive patients who were offered diskogra-
phy for the evaluation of their chronic pain (study group).
This cohort was drawn from the practice of a single board-
certified orthopedic spine surgeon (G.J.S.) from January
2008 to May 2009.

Patients with a history of oral or injected corticosteroid
medication use within a 3-month period before diskography,
patients who had previously undergone diskography, and
patients with chronic medical conditions associated with
metabolic or inflammatory disorders (eg, insulin-dependent
diabetes mellitus, severe coronary artery disease, or rheu-
matic or autoimmune diseases) were excluded from the
study.

Demographic information, including gender, age, insur-
ance, work status, and reported pain on a 0 to 10 visual
analog scale (VAS), was obtained before the procedure. Pro-
vocative diskography, with recording of anular disruption,
pain intensity during the procedure (ie, intraoperative VAS
[IO-VAS] score), and concordance for each disk injected was
performed by an experienced diskographer (M.R.). A blinded
analysis of MRI was performed by an experienced, indepen-
dent examiner (G.J.S.), with each injected disk level classified
according to the Pfirrmann grading scale (Table 1) [24].

Sample Acquisition, Storage, and
Preparation

At the time of diskography, lavage was undertaken before
injection as previously described [10,25]. In summary, the
patient was positioned prone on a radiolucent table, and
monitored anesthesia was induced. After preparation with
1% povidone iodine, a 22-gauge spinal needle was placed
into the disk space with the use of C-arm fluoroscopy in
multiple planes. Lavage was undertaken by injection and
aspiration of 1-2 mL of 0.9% normal saline solution without
preservative with use of a 3-mL syringe. The lavage fluid was

Table 1. Breakdown of study disks by Pfirrmann grade

Pfirrmann
Grade Description of Grade

No. (%) of
Disks

I Homogeneous, bright white 13 (12.4)
II Inhomogeneous with or without

horizontal bands
34 (32.4)

III Inhomogeneous, gray 31 (29.5)
IV Inhomogeneous, gray to black 18 (17.1)
V Inhomogeneous, black,

collapsed disc space
9 (8.6)
rand total 105 (100)
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aliquoted into a sterile polypropylene tube and frozen at
�80°C until the time of sample analysis [26]. At the time of
analysis, each patient sample was thawed to room tempera-
ture, clarified by centrifugation at 5000g, and filtered using a
0.45-�m low-protein binding filter. The collected filtrate was
immediately assayed as described in the next section.

Sandwich Enzyme-Linked Immunosorbent
Assay Analysis

A heterogeneous sandwich enzyme-linked immunosorbent
assay (ELISA) was developed and validated with a previous
series of patients [9]. This assay detects a protein complex of
fibronectin and the aggrecan G3 domain (ie, FAC). A heter-
ogeneous ELISA was developed for detection of FAC with the
use of an antibody against one protein for capture and against
the other protein for detection. Assay conditions were opti-
mized to minimize background signal, and individual pro-
teins were used as negative controls.

In summary, an antiaggrecan G3 domain antibody (Santa
Cruz Biotechnology, Santa Cruz, CA) in phosphate-buffered
saline/Tween 20/thimerosal was used to coat a 96-well mi-
croplate. The plate was treated with bovine serum albumin in
the same buffer overnight at 4°C to block excess binding
sites, then washed with 6 washes of phosphate-buffered
saline/Tween 20/thimerosal. The centrifuged and filtered
sample was aliquoted at 3 serial dilutions in triplicate into the
microplate and incubated for 1 hour to facilitate binding of
the complex to the immobilized antibody. After washing 6
times with the wash buffer, an antifibronectin antibody la-
beled with horseradish peroxidase (US Biological, Swamp-
scott, MA) was added and incubated for 1 hour. After 6

Table 2. Study population

Characteristic N or Mean � SD

Males 15
Females 22
Age 43.2 � 11.9
VAS 8.0 � 1.3
IO-VAS 4.3 � 3.3

IO-VAS � intraoperative visual analog score for pain; VAS � visual analog
core for pain (preoperative).

able 3. Sample site and presence of complex

Level
No. of

Samples
Average FAC

Concentration � SD

L1/2 6 0.010 � 0.005
L2/3 12 0.058 � 0.132
L3/4 29 0.070 � 0.153
L4/5 31 0.100 � 0.209
L5/S1 27 0.150 � 0.442

Grand total 105 0.095 � 0.270

AC � fibronectin-aggrecan complex (concentration is measured in optical

ensity units); L � lumbar; S � sacral. .
washes, the 3,3=,5,5=-tetramethylbenzidine (TMB) substrate
was added and the reaction product was measured by optical
density (OD) at 450-nm wavelength (therefore measure-
ments are reported in relative OD units rather than an abso-
lute concentration). Human fibronectin (BD Biosciences, San
Jose, CA) at 10 �g/mL concentration was used as a negative
control.

Statistical Methods

Data Analysis. Least-squares correlation regression anal-
yses were used to quantify a correlation between VAS and
IO-VAS and protein complex concentration measured with
ELISA and Pfirrmann grade for each disk. The t-test was used
for the comparison of 2 means. Univariate analysis of vari-
ance was used to compare 3 or more means, such as compar-
ing mean FAC concentration by Pfirrmann score.

RESULTS

Thirty-seven patients (15 men and 22 women with a mean
age of 43 � 12 years) were enrolled from January 2008 to
May 2009 (Table 2). Tables 1 and 3 provide a breakdown
of patient population by Pfirrmann grade and interverte-
bral disk level. Use of diskography was determined by the
physician and performed in a range of 1 to 4 disks in each
patient. The FAC was present in 43 of 105 disks and in at
least one level in 25 of 37 patients. The FAC concentration
from disks with different Pfirrmann scores are presented
in Table 4. The Pfirrmann MRI grade did not differ be-
tween FAC-positive and FAC-negative levels (P � .125),
nor did the IO-VAS differ by level (P � .206). A trend was

able 4. FAC concentration at different Pfirrmann scores

Pfirrmann Female Male Combined

1 0.060 � 0.121 0.055 � 0.082 0.058 � 0.100
2 0.066 � 0.166 0.034 � 0.074 0.055 � 0.140
3 0.148 � 0.566 0.090 � 0.180 0.120 � 0.420
4 0.128 � 0.260 0.232 � 0.240 0.180 � 0.249
5 0.072 � 0.099 0.010 � 0.016 0.046 � 0.077

Grand total 0.103 � 0.353 0.090 � 0.167 0.095 � 0.270

FAC � fibronectin-aggrecan complex (concentration is measured in optical
density units).

Table 5. FAC positivity by Pfirrmann grouping (high 3-5, low
1-2)*

FAC-Negative FAC-Positive Grand Total

firrmann 3-5 32 26 58
firrmann 1-2 30 17 47
rand total 62 43 105

AC � fibronectin-aggrecan complex.
*There was a trend for greater FAC concentration in disks with a Pfirrmann
core of 3 or 4, but this finding did not reach statistical significance (P �

09).
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noted for greater FAC concentration in disks with a
Pfirrmann score of 3 or 4, but this trend did not reach
statistical significance (P � .09; Table 5 and Figures 1 and
2) when all disks were included in the analysis. FAC-positive
disks with a Pfirrmann score of 3 or 4 had an average greater
FAC level compared with FAC-positive disks with a
Pfirrmann score of 1, 2, or 5 (mean 0.32 versus 0.14; P �
.05). A statistically significant (P � .001) but weak correla-
tion (R2 � 0.4) was found between Pfirrmann grade and
IO-VAS, but no significant correlation was found between
VAS or IO-VAS and complex concentration (R2 � 0.08, P �
11, and R2 � 0.03, P � .07, respectively).

DISCUSSION

The present study demonstrates that FAC does exhibit a
presence in disk lavage fluid of a majority of patients with
CLBP, as predicted by recent studies [8,9,26]. However,
there was no significant correlation with prediskography or
intradiskography pain scores or Pfirrmann MRI grades to the
presence of the protein complex. This finding differs from
that of a previous study in which patients with suspected
spinal nerve root irritation were examined with use of epidu-
ral lavage [23] and could reflect either a difference between
he intradiskal space compared with the epidural space or the

Figure 1. The average concentration (reported as optical
density units) of the fibronectin-aggrecan complex (FAC) is
plotted in relative absorption units measured by custom en-
zyme-linked immunosorbent assay for each group of disks,
organized by Pfirrmann grade (error bars represent standard
error of the mean). This figure reports averages for all study
disks. There was a trend for greater FAC concentration in disks
with a Pfirrmann score of 3 or 4, but this finding did not reach
statistical significance (P � .09) when all disks were included in
the analysis.
atient population. The differing finding also might reflect
the inherent challenges in the interpretation of provocative
diskography, a modality well known to be problematic in its
clinical reliability in patients with CLBP [27-29].

The observation in the present study that FAC was not
detected in all degenerative disks is contrary to growing
evidence that inflammatory cytokines are associated with
fibronectin, fibronectin fragments, aggrecanases, and aggre-
can fragmentation in degenerative disease of the interverte-
bral disk [13,14,18]. Several possible explanations exist for
the large percentage of degenerative disks with a negative
FAC test. Performing diskography at the wrong level is one
possibility. It has been shown that each disk annulus and
endplate receive multisegmental innervation from both the
recurrent branch of the ventral primary ramus of the spinal
nerve (sinuvertebral nerve) and the paravertebral sympa-
thetic trunk [30-32]. For example, studies in animals have
demonstrated that the L5-L6 disk is innervated via the sinu-
vertebral nerves from dorsal root ganglia (DRG) L3-L5 and
via the sympathetic trunk by DRG T13-L2 [33-35]. Con-
tralateral DRG involvement also occurs via both pathways
[36,37]. These observations may explain the relatively diffuse
spread of axial spinal pain and difficulty in the accurate
localization of pain and the pain-generating disk.

Another distinct possibility is dilution of the small amount
of FAC to levels below the assay’s level of detection, which
might occur because of the small aspirate volumes achieved

Figure 2. The average concentration (reported as optical
density units) of the fibronectin-aggrecan complex (FAC) is
plotted in relative absorption units measured by custom en-
zyme-linked immunosorbent assay for each group of disks,
organized by Pfirrmann grade (error bars represent standard
error of the mean). This figure reports averages for only the disks
that were positive for FAC. FAC-positive disks with a Pfirrmann
score of 3 or 4 had an average greater FAC level compared
with positive disks with a Pfirrmann score of 1, 2, or 5 (mean 0.32

versus 0.14; P � .05).
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during diskography, a factor that is difficult to avoid with the
current technique. Furthermore, it is possible that severely
degenerated disks are “burned out,” that is, desiccated to
such an extent that minimal levels of collagen and byprod-
ucts of disk degeneration remain. The present study provides
some support for this explanation, given the observed trend
of greater FAC concentrations in Pfirrmann 3-4 disks and
lower levels in Pfirrmann 5 disks.

The present investigation has some noteworthy shortcom-
ings. The diskographic lavage technique may result in a small
volume of aspirate after injection/aspiration of a variable
amount of diluents [25]. This factor, in conjunction with the
biology of the disease process, may result in a wide range of
concentrations for biomarkers assayed, requiring a sensitive
assay and inducing floor or ceiling effects typical of immuno-
assays [8]. In the present study, these issues are addressed
with the use of a sensitive heterogeneous ELISA, although the
lack of a synthesizable positive control makes absolute quan-
tification impossible. A reference standard and positive con-
trol for the FAC must be synthesized in large scale to generate
a standard curve by which the OD (at 450-nm optical wave-
length) can be converted to an absolute concentration. In
addition, different values for the limit of detection would
yield different estimates of positive versus negative test val-
ues. Although there was a variable amount of time from
sample collection to analysis that was unavoidable, our lab-
oratory has performed stability studies demonstrating no
decrement in ELISA signal at up to 1 year.

Furthermore, the present study likely had an inclusion
bias in that all of the subjects were scheduled for provocative
diskography, and thus an uncertainty in the diagnosis may
have been more likely than in a study conducted with surgi-
cal patients only. The patients in this study likely represent
the cohort of patients that is most difficult to treat —those
with CLBP of uncertain origin.

CONCLUSION

A novel protein-protein complex, the FAC, was identified in
some painful disks by diskography. Although a trend toward
greater FAC levels in Pfirrmann 3 and 4 grade disks was
noted, no significant correlation between VAS or IO-VAS
and complex concentration was found. A biomarker pres-
ent in specific disks in patients experiencing debilitating
CLBP could improve our understanding of the pathophys-
iology of CLBP and lead to vastly improved therapeutic
decision making and possibly even more targeted thera-
peutics, although additional investigation is needed to
reach this goal.
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