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Abstract Background: Peridural fibrosis and leptomeningeal adhesion formation are among the common
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causes of FBSS. Various materials have been used to prevent the compressive effect of postoperative
PF on neural structures. We investigated and compared the effects of 3 agents—aprotinin, mitomycin
C, and Adcon-L—to PF after lumbar laminectomy in rabbits.
Methods: Four groups each including 8 rabbits were formed: Adcon-L, aprotinin, mitomycin C, and
control groups. L3 laminectomy was performed on each animal. One of the 3 agents was
administered locally to laminectomy areas in each group. All the animals were killed 4 weeks after
the surgery. Peridural fibrosis, arachnoidal fibrosis, and dural adhesions were evaluated
histologically and graded. The results were compared statistically by using a standard χ2 test.
Results: There were significant differences in the PF grades among the experimental groups and the
control group (P b .05). When the fibroblast density and the inflammatory cell density were
evaluated, the grades of the experimental groups were better compared with the grades of the control
group, but the difference was not statistically significant (P N .05).
Conclusion: Various materials have been used to prevent the compressive effect of postoperative PF
on the neural structures. Aprotinin, mitomycin C, and Adcon-L are effective in preventing PF and
dural adhesions in postlaminectomy areas. However, mitomycin C and Adcon-L were more effective
than aprotinin in preventing peridural scarring.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Peridural fibrosis is a common problem after spine
surgery and one of the major reasons of FBSS. By binding
the dura and the nerve root, fibrosis causes traction and
compression of the nerve tissue, which may lead to ischemia
and further nerve injury [2,6,27,40].
SS, failed back surgery syndrome; H&E, hemtoxylin
ral fibrosis.
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FBSS associated with surgical treatment of herniated
disks has been a challenging issue with a reported incidence
rate of 1% to 48% [17,18,20,22,41,43].

Other major reasons of FBSS are false diagnosis,
inappropriate patient selection, and technical surgical
problems. Some other reasons are spinal stenosis, recurrent
discopathy, PF, adhesive arachnoiditis, and damage inflicted
during surgery [2]. A second surgical procedure for fibrotic
scar tissue removal will only expand the scar tissue and will
increase the morbidity [11].

Various materials and methods, such as mitomycin,
radiation therapy, and gel barrier to prevent scar formation
have been evaluated [7,11]. Most of the studies used only
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qualitative analysis; thus, it is difficult to compare the effects of
agents on postlaminectomy scar formation and dural adhesion.

Although many effective local agents have been used on
PF, a standard therapy has not been defined yet. Therefore,
this experimental study evaluated the effects of mitomycin C
(Mitomycin C, Kyowa, Tokyo, Japan), aprotinin (Trasylol,
Bayer, Leverkusen, Germany), and Adcon-L (Adcon-L
Gliatech Inc, Cleveland, Ohio), which are safely used in
humans in different areas [23,36,39].

Current English literature presents no studies on the effect
of aprotinin on PF that develops in the laminectomy area.

Aprotinin is a proteinase inhibitor. It can reduce leukocyte
infiltration and granulation and has an anti-inflammatory
effect that reduces the amount of scar formation without any
significant side effect. It is used clinically to prevent
postoperative intraperitoneal adhesions with great success
[32,33]. It also has potent protective and anti-inflammatory
effects by inhibiting the secretion of lysosomal enzymes and
neutrophil activation [39].

In addition, the effect of aprotinin on peripheral nerve
healing was investigated, and the results have demonstrated
that aprotinin was a promising agent in the prevention of
extraneural scarring [13].

Mitomycin C, a well-known chemotherapeutic agent, has
been used successfully for a long time in glaucoma filtration
surgery to prevent scar formation and fibrosis. Mitomycin C
reduces fibroblast collagen synthesis by inhibiting DNA-
dependent RNA synthesis [3,6]. In other words, mitomycin
C achieves protein synthesis and RNA inhibition by binding
to the guanidine in DNA [12]. Mitomycin C has an
antiproliferative effect on fibroblasts of the Tenon capsule
[8,15,28,30]. It shows a similar effect on the fibroblasts in
laminectomy area [29].

The effect of Adcon-L, a polymer of carbohydrate, to
prevent peridural scar tissue is well known. Adcon-L is an
antiadhesive gel that functions as a physical barrier and
prevents fibroblast migration in the laminectomy area [9].

Applications of spinal membrane or Adcon-L gel are
common procedures for preventing PF in current practice
[6,7,28,38]. Adcon-L has not only been used in spinal surgery,
but has also been the choice in ophthalmologic surgery to
reduce the adhesions on the sclera and its surrounding [21].

Initial stage of granulation tissue formation is inflammatory
cell reactions [26]. Thus, mitomycin C, aprotinin, and
Adcon -L have been preferred for use because of their poten-
tial inhibitory effects on inflammatory cells and particularly on
fibroblasts. In this study, the effects of these 3 agents on
experimental peridural fibrosis model were compared.
Fig. 1. Adcon-L group: moderate PF and mild dural adhesions (H&E × 100).
2. Materials and methods

All the procedures were performed with the permission of
ethics committee of Gazi University (Ankara, Turkey), and the
animalswere obtained from the Experimental ResearchCenter
of Gazi University. Thirty-two male New Zealand rabbits,
weighing 3000 to 3500 g, were used in this study. All animals
were housed individually 7 days before the procedures for
adaptation, and there was no water and food deprivation. Four
groups, each including 8 rabbits, were formed. Under general
anesthesia, L3 total laminectomy was performed by the same
surgeon applying a standard surgical procedure on each
animal. The procedures applied were as follows:

Group 1 (n = 8): only L3 total laminectomy was
performed (control group).
Group 2 (n = 8): Adcon-L was placed over the peridural
space after laminectomy.
Group 3 (n = 8): 5 mg mitomycin C was 1/10 diluted
and topically used with a cotton pad soaked with 0.5 mL
(0.25 mg mitomycin C) of the solution. It was kept over
the area for 5 minutes.
Group 4 (n = 8): absorbable gelatin soaked in 5000 IU
aprotinin was placed over the peridural space at the
laminectomy site.

2.1. Operative procedure

Under ketamine (35 mg/kg) (Ketalar, Pfizer, Istanbul,
Turkey) and xylazine (15 mg/kg) (Rompun, Bayer, Istanbul,
Turkey) anesthesia, the animals were fixed at a prone position
on a small arched table. The operation sites were shaved. The
surgical field was prepared with povidone-iodine (Batticon,
Adeka Pharmaceuticals Istanbul/Turkey) soap and solution.

A posterior midline skin incision was performed from
the L1 through L5 vertebrae and carried sharply down to
the lumbosacral fascia, which was incised sharply to
expose the tips of the spinous processes. With blunt
dissection, the paraspinal musculature was subperiosteally
dissected and the lumbar vertebral segments were exposed.

Keeping the spinal cord and cauda equina intact, L3 total
laminectomy was performed using an air drill, and the dura
mater and nerve roots were exposed.

Upon completion of the surgical procedure, the lumbo-
sacral fascia and other layers were sutured with 3-0 Vicryl
(Ethicon Inc, Istanbul/Turkey).



Fig. 2. Aprotinin group: mild PF and less inflammatory cell density
(Masson’s Trichrome ×100).

Fig. 4. Control group: dense, thick PF and high inflammatory cell density
(H&E ×100).
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In Group 1, after the standard surgical procedure, the
layers were sutured.

In Group 2, 1-mL Adcon-L gel was applied on the dura
mater and the nerve roots in the laminectomy area and then
the layers were sutured.

In Group 3, a cotton pad soaked with 0.5 mL (containing
0.25 mg mitomycin C) of the solution was kept on the
laminectomy area for 5 minutes and the layers were sutured.

In Group 4, absorbable gelatin soaked with 5000 IU
of aprotinin [24] (Trasylol; Bayer AG, Leverkusen,
Germany) was applied on the laminectomy area and the
layers were sutured.

No other medical treatment that could reduce the potential
effects of the agents were used. The neurologic status of the
animals was closely followed during the first 24 hours.

Postoperative recovery of all the animals was good, and
there were no neurologic deficits. Standard diet and the same
ig. 3. Mitomycin C group: moderate PF and moderate inflammatory cell

Table 1
Results of PF grades

PF Grade 0 Grade 1 Grade 2 Grade 3

Aprotinin – 4 3 1
Adcon-L – 3 5 –
Mitomycin C – 4 4 –
F

density (H&E ×100).
conditions were provided for each animal. All the animals
were followed up for 4 weeks.

The animals were killed on postoperative day 28 by a
lethal dose of pentobarbital (150 mg/kg) (Nembutol, İE
Ulagay, Istanbul, Turkey).

2.2. Sectioning and histologic evaluation

The spinal column, including surrounding muscle tissue,
was removed en bloc by osteotomy.

After fixation with formalin and decalcification proce-
dures, paraffin-embedded sections were histopathologically
analyzed. Each bloc was completely cut in 6-μm sections for
optimal visualization of the laminectomy site.

All the sections were stained with hematoxylin-eosin and
Masson trichrome. Peridural fibrosis, density of fibroblasts
and inflammatory cells, and arachnoidal adhesions were
evaluated and measured.

Peridural fibrosis and adhesions were graded according to
the following classification that was previously described by
He et al [16]:

Grade 0: the dura mater was free of scar tissue.
Grade 1: only thin fibrous bands between scar tissue and
dura mater were observed.
Grade 2: continuous adherence was observed but was less
than two thirds of the laminectomy defect.
Grade 3: scar tissue adherence was large, more than two
thirds of the laminectomy defect, and/or extended to the
nerve roots.
Control – – 3 5



Table 2
Results of fibroblast density grades

Fibroblast density Grade 1 Grade 2 Grade 3

Aprotinin 3 4 1
Adcon-L 2 5 1
Mitomycin C 1 6 1
Control – 4 4

Table 4
Test statistics among the treatment and control groups regarding PF,
fibroblast density, and inflammatory cell density

Groups Test statistics P

PF 15.976 b.05
Fibroblast density 7.769 N.05
Inflammatory cells 5.686 N.05
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Fibroblast cells and inflammatory cells were counted by
using the criteria previously described by He et al [16] and
Hinton et al [19]:

Grade 1: less than 100 cells in each area at ×400
magnification
Grade 2: 100 to 150 cells in each area at ×400
magnification
Grade 3: more than 150 cells in each area at ×400
magnification

The effect of Adcon-L in preventing PF and arach-
noidal adhesions was significant (Fig. 1). The same results
were achieved in aprotinin and mitomycin C groups
(Figs. 2 and 3). The histologic results of all the groups
were better compared with the histologic results of the
control group (Fig. 4).

2.3. Statistical analysis and comparison of the results

All the measured values are presented in Tables 1, 2, and
3 and were analyzed statistically. The PF, the fibroblast
density, and the inflammatory cell density were statistically
analyzed using a standard χ2 test, and P value of less than
.05 was considered statistically significant.

There were significant differences in the PF grades of the
experimental groups and the control group (P b .05). When
the fibroblast density and the inflammatory cell density were
evaluated, no statistically significant differences were
detected among the treatment groups and the control group
(Table 4). When the PF, fibroblast density, and the
inflammatory cell density were evaluated, no statistically
significant differences were detected among the experimen-
tal groups (Table 5).

3. Discussion

The treatment options for FBSS include physical,
psychological, medical, and surgical approaches; however,
Table 3
Results of inflammatory cell density grades

Inflammatory cell density Grade 1 Grade 2 Grade 3

Aprotinin 3 3 2
Adcon-L 3 3 2
Mitomycin C 2 4 2
Control – 3 5
no definitive therapy has been constituted to date. Most of
the patients continue to experience pain and an inability to
perform their daily activities [42].

Peridural fibrosis is a common problem after spinal
surgery. Peridural scar tissue causes compression and
distortion on the spinal root, resulting in persistent back
and/or leg pain after one or more surgical procedures [2,6].
Peridural fibrosis is a nonspecific postsurgical local
inflammatory process [11]. Various methods have been
used to prevent or minimize regenerative-inflammatory
process around neural structures.

Many studies have shown favorable effects of aprotinin
on adhesion formation [32,33,35]. Young et al [45]
determined that aprotinin prevented granulation tissue
formation and decreased the inflammatory response. Simi-
larly, in vitro studies have shown that aprotinin blocks
migration of neutrophils along the cultured human endothe-
lial cells as a response to chemoattractants such as
interleukin 8 and platelet-activating factor [5].

Neutrophil extravasation associated with reactive oxygen
species production during mesenteric microcirculation and
cardiopulmonary bypass (a favorable step of inflammatory
cascade) can be inhibited by aprotinin [1,37].

In our study, the PF rate of the aprotinin group was
significantly different from the rate of the control group. In
addition, the inflammatory cell density of the aprotinin group
was lower than that of the control group; however, the
difference was not statistically significant (Tables 3 and 4).

It can be thus said that aprotinin blocks the migration of
inflammatory cells in the laminectomy area and reduces the
risk of scar tissue formation during and after granulation.

Adcon-L is a biocompatible gel designed especially for
use in lumbar spinal surgery [9]. The reabsorption time of
Adcon-L is about 4 weeks [44]. In animal laminectomy,
laminotomy, and discectomy models, it was proven to reduce
the rate of PF significantly [7,9,31]. In their retrospective
study, Ganzer et al [10] compared the late-stage clinical and
magnetic resonance imaging results of the patients using and
not using Adcon-L and determined no differences.
Table 5
Test statistics among the treatment groups regarding PF, fibroblast density,
and inflammatory cell density

Experimental groups Test statistics P

PF 2.683 N.05
Fibroblast density 1.400 N.05
Inflammatory cells 0.449 N.05
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On the other hand, Porchet et al [36] have shown
significant reduction in peridural scar tissue in the patients
using Adcon-L through postoperative magnetic resonance
imaging. They also found that the pain patients felt during
daily activities was significantly reduced.

In most cases, insignificant cerebrospinal fluid leaks
during lumbar surgery are spontaneously repaired with the
help of fibroblasts or fibrocytes. Nevertheless, because
Adcon-L prevents fibroblast migration, these small leaks do
not heal spontaneously and cerebrospinal fluid leaks
develop [25].

The insignificant rate of PF in the Adcon-L group of our
study supports the hypothesis that Adcon-L may prevent
peridural scar formation (Table 4).

Mitomycin C is an alkalizing antibiotic isolated from
Streptomyces caespitosus. It prevents postoperative fibro-
blast proliferation [12]. Mitomycin C is safely used topically
in humans. It is preferred in ophthalmologic surgery such as
trabeculectomy, excision of pterygium, strabismus surgery,
nasolacrimal duct probing, open dacryocystorhinostomy,
and optic nerve decompression [23]. Mitomycin C is also
safely used in otolaryngology procedures such as recurrent
subglottic and tracheal stenosis, endoscopic dacryocystorhi-
nostomy, improvement of maxillary sinus antrostomy
patency, and endolymphatic shunt procedures [4,14,34].

Mitomycin C has been shown to reduce PF and prevent
dural adhesions by potentially suppressing fibroblast pro-
liferation in rabbits and rats after lumbar laminectomy [6,29].

Our findings clearly demonstrated that mitomycin C
effectively decreased PF in rabbits after laminectomy without
causing any complications. Intraoperative topical application
of mitomycin C would be a simple, fast, and inexpensive
technique for effective prevention of PF [3,6,8,15,28].

These 3 agents—aprotinin, mitomycin C, and Adcon-L
—were effective in preventing PF and dural adhesions in the
postlaminectomy areas. On the other hand, although the
differences regarding the rates of inflammatory cell density
and fibroblast cell density grades were not statistically
significant, the experimental groups showed better results in
favor of mitomycin C and Adcon-L (Tables 2 and 3).

Safety and reliability of the agents proposed for prevention
and treatment of PF in humans is a must; therefore, use of
agents such as mitomycin C, aprotinin, and Adcon-L, which
were proven to be effective in different experimental and
clinical settings, is an advantage. This study has proven that
aprotinin can also be used for PF. However, further studies are
needed before routine clinical use.
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Commentary

The treatment of peridural fibrosis that the authors
propose has not been tried for this indication and is fairly
novel in its application to spine surgery. If this treatment
succeeds in humans, it will definitely be clinically significant
and improve the outcomes for many patients undergoing
back surgery.

John H. Zhang, MD, PhD
Loma Linda University

Loma Linda, CA 92354, USA
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