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The Postoperative Lumbar Spine: Evaluation of
Epidural Scar over a 1-Year Period

Jeffrey S. Ross, Nancy Obuchowski, and Richard Zepp

PURPOSE: We documented the morphological changes on enhanced MR imaging studies
that occur in epidural scar over a period of 1 year after lumbar diskectomy.

METHODS: The study population was culled from a randomized, multicenter clinical trial
designed to evaluate the efficacy of a device inhibiting postoperative epidural fibrosis after
single-level, unilateral laminectomy/diskectomy for herniated lumbar disk. Analysis was re-
stricted to 71 control subjects who did not receive the device. All patients underwent surgery
after receiving clinical and MR examinations, with follow-up MR studies at 6 and 12 months.
Evaluation of all MR images was performed by one interpreter, who was blinded to treatment
arm and clinical findings. The extent of epidural scar seen at the 6- and 12-month MR
examinations was graded on a scale of 0 to 4 for each quadrant at each imaging section
encompassing the surgical level.

RESULTS: Eighty-five percent of the patients had no change in the amount of anterior
epidural scar between the 6- and 12-month MR examinations; 75% of the patients showed no
change in the amount of posterior epidural scar between the 6- and 12-month examinations.

CONCLUSION: The majority of our patients had no change in the amount of epidural
scarring visible at enhanced MR imaging over a 1-year period after lumbar laminectomy/
diskectomy.
Little attention has been paid to the imaging ap-
pearance over time of lumbar epidural scar tissue that
may occur after surgery for disk disease. This lack of
study most likely relates to the impression that scar
tissue is relatively static compared with the surgically
important distinction of residual or recurrent hernia-
tion and/or bony stenosis. Reoperation solely to re-
move epidural scar is considered contraindicated,
since the surgery would cause formation of more scar
tissue (1). Recently, epidural scar has been shown
to correlate with an increased amount of recurrent
radicular pain following lumbar laminectomy and
diskectomy (2). Further, devices are being evaluated
in Europe as well as in the United States that may
segmentally modulate scar formation after surgery.
The possibility of focally limiting epidural scar forma-
tion while maintaining healing of the more posterior
surgical site necessitates a more thorough under-
standing of the natural history of epidural fibrosis if
meaningful comparisons are to be made in clinical
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trials. The purpose of our study was to document the
morphological changes in epidural scar seen on mag-
netic resonance (MR) images over a period of 1 year
after lumbar diskectomy. The hypothesis tested was
whether the amount of epidural scar seen 6 months
after surgery was equal to the amount of scar seen 12
months after surgery.

Methods

Clinical Study Design
The study population has been reported in detail elsewhere

(2). Briefly, the subjects were culled from a randomized, dou-
ble-blind, controlled, multicenter clinical trial to evaluate the
safety and effectiveness of ADCON-L (Gliatech, Inc, Cleve-
land, Ohio), a device designed to prevent epidural fibrosis and
dural adhesions after single-level unilateral laminectomy/
diskectomy for lumbar disk herniation. Clinical assessments
were conducted preoperatively and at 1, 3, 6, and 12 months
after surgery. MR imaging studies of the lumbar spine were
obtained without and with contrast enhancement (gado-
pentetate dimeglumine or equivalent, 0.1 mmol/kg) before and
at 6 and 12 months after surgery. Analysis for the present study
was restricted to 71 control patients from this trial who did not
receive the device.

MR Imaging Evaluation
MR imaging studies were performed on commercial super-

conducting units using an 8-inch elliptical spine surface coil or
its equivalent. MR imaging examinations followed a standard
protocol at each clinical site as follows: two-dimensional axial
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T1-weighted spin-echo sequences and sagittal T1- and T2-
weighted spin-echo sequences before contrast administration;
administration of 0.1 mmol/kg contrast material via slow intra-
venous push; and axial and sagittal T1-weighted spin-echo
sequences after administration of contrast material, completed
within 20 minutes of injection.

Axial images were obtained in a gap-and-fill fashion to allow
complete coverage of the surgical site and were contiguous (ie,
not only disk space levels). Axial images covered at least one
level above the surgical site to one level below. Fat saturation
was not used.

All MR images were evaluated by one interpreter, who was
blinded to clinical findings and treatment. For the purpose of
evaluating epidural fibrosis, only the axial T1-weighted images
with and without contrast enhancement were used.

The MR imaging evaluation detailed the location of epi-
dural fibrosis on five contiguous axial sections centered on the
intervertebral disk (Fig 1). Each of the five levels was further
subdivided into four quadrants defined by perpendicular lines
drawn from the central aspect of the thecal sac. The posterior

FIG 1. Schematic for scoring of epidural scar by dividing each
of five levels into four quadrants centered on the thecal sac.
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margin of the epidural evaluation site (at the laminectomy
level) was defined by a line drawn between the most posterior
aspects of the remaining bony lamina to exclude the scar along
the more superficial surgical tract. The extent of epidural fi-
brosis was graded on a scale of 0 to 4 for each quadrant at each
imaging section encompassing the surgical level (0 5 no/trace
scar; 1 5 .0% and #25% filled with scar; 2 5 .25% and
#50% filled with scar; 3 5 .50% and #75% filled with scar;
and 4 5 .75% and #100% of quadrant filled with scar).

Wilcoxon’s signed-rank test was used to test the hypothesis
for scar both dorsal and ventral to the thecal sac.

Results

For scar within the anterior epidural space at the
6-month time point, 4% of patients had a score of 0,
10% a score of 1, 14% a score of 2, 23% a score of 3,
and 49% a score of 4. Posteriorly at the 6-month time
point, 14% had a score of 0, 8% a score of 1, 23% a
score of 2, 24% a score of 3, and 31% a score of 4.

Eighty-five percent of the patients had no change in
the amount of anterior epidural scar between the 6-
and 12-month examinations. The remaining 15% had
a decrease in scar at 12 months (Figs 2 and 3). Sev-
enty-five percent of the patients had no change in the
amount of posterior epidural scar between the 6- and
12-month examinations. The remaining 25% had a
decrease in scar at 12 months. Anteriorly, the overall
average difference in scores between 6 and 12 months
was 0.17 (SD, 0.41); this difference is statistically
different from zero (P 5 .001). For the subgroup of
patients with a change in scar anteriorly, the average
difference was 1.09 (SD, 0.30). Posteriorly, the aver-
age difference in score between 6 and 12 months was
0.44 (SD, 0.89); this difference is also statistically
different from zero (P , 0.001). For the subgroup of
patients with a change in scar posteriorly, the average
difference was 1.72 (SD, 0.96).

Within the anterior epidural space, there was no
apparent relationship between the extent of scar at 6
months and whether the scar decreased by 12 months.
However, posteriorly, there was a trend in which the
more scar present at 6 months, the more likely it was
to decrease by 12 months. The probability that the
amount of scar would decrease by 12 months was 17%
for patients with a 6-month score of 1, 19% with a
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FIG 2. No change in epidural
scar score between 6-month
(A ) and 12-month (B ) MR ex-
aminations. The right posterior
score is 4 for both images.



FIG 3. Axial T1-weighted im-
ages show right posterior
grade-4 scar at 6 months (A ),
which changes to grade 2 at
12 months (B ). The right ante-
rior epidural space was grade
4 at both 6 and 12 months.
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6-month score of 2, 24% for a 6-month score of 3, and
45% for patients with a 6-month score of 4.

The size of the original disk herniation was not
associated with the amount of scar present anteriorly
at 6 months (Spearman correlation, r 5 2.01; P 5
.924), the amount of scar present posteriorly at 6
months (r 5 2.09, P 5 .480), the presence/absence of
scar reduction anteriorly (P 5 .480), or the presence/
absence of scar reduction posteriorly (P 5 .717).
Similarly, the type of surgery was not associated with
the amount of scar present anteriorly at 6 months
(Wilcoxon’s test, P 5 .513), the amount of scar
present posteriorly at 6 months (P 5 .257), the pres-
ence/absence of scar reduction anteriorly (Fisher’s
Exact Test, P 5 1.0), or the presence/absence of scar
reduction posteriorly (P 5 .763).

Discussion

Lumbar epidural scar may occur after lumbar
diskectomy, replacing the normal epidural fat with
fibrotic tissue and binding the dura and nerve roots to
the surrounding structures. The literature provides
both basic scientific and clinical evidence that scar
tissue may lead to postoperative symptoms. Nerve
fibers that are encased in scar tissue are subject to
increased tension, impaired axoplasmic transport,
and restricted arterial supply and venous return. Spi-
nal nerve roots and dorsal root ganglia are sensitive to
mechanical deformation, and compression of nerve
tissue can cause such symptoms as pain, muscle weak-
ness, and numbness (3, 4). There is evidence that
epidural scar formation after disk surgery contributes
to poor outcome and recurrent symptoms (5–11).
North et al (9) reported that favorable outcome was
associated with absence of epidural scar requiring
surgical lysis. Hurme et al (6) examined 40 patients 5
years after surgery for herniated lumbar disk and
found that an increased amount of scar tissue corre-
lated with poor results. Fandino et al (1) found scar to
be a contraindication to reoperation if no disk mate-
rial was present within the epidural space. A recent
report describes 197 patients who underwent first-
time single-level unilateral diskectomy for lumbar
disk herniation who participated in a multicenter trial
in which a significant association was found between
the presence of extensive epidural scar at MR imag-
ing and the occurrence of recurrent radicular pain
(2). The probability of recurrent pain increased with
increasing score, so that patients who had extensive
epidural scar (a score of 4, denoting more than 75%
of the imaging epidural space quadrant filled with
scar) were 3.2 times more likely to experience recur-
rent radicular pain than were patients with less exten-
sive epidural scarring. Stated another way, a logistic
regression model suggested that for every 25% in-
crease in scarring, the risk of recurrent radicular pain
increased 2.02 times.

Owing to the real and perceived jeopardy that epi-
dural scar tissue poses for the postoperative patient, a
variety of materials have been evaluated in an effort
to stop or limit epidural scar. These include Silastic,
Dacron, methacrylate, bone graft, synthetic mem-
branes and foams, free and pedicle fat grafts, car-
boxymethylcellulose, elastase, and sodium hyaluro-
nate (12–17). Newer agents that inhibit fibroblast
migration are also in clinical trials in the United
States and are available in Europe, and are being
used at the end of surgery to coat the dura and exiting
roots before closure (18).

With renewed interest in the focal or segmental
modulation of the formation of scar tissue, the lack
of information concerning the natural history of
epidural scar becomes more important. If clinical
trials are to longitudinally assess the presence or
absence of epidural scar after surgery and its
change over time, then the routine appearance or
change of epidural scar over time must first be
known in order to establish a baseline. We have
attempted to establish such a baseline in this study
by evaluating the appearance of epidural scar over
a period of 1 year. We found a small but statistically
significant decrease in the extent of scarring be-
tween 6 and 12 months postoperatively; however,
the majority (75% to 85%) of patients had no
change in the amount of epidural scar visible by
enhanced MR imaging over a 1-year period after
lumbar laminectomy and diskectomy.
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