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MMC controlled-release membranes attenuate epidural
scar formation in rat models after laminectomy
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Abstract. Epidural scar formation after laminectomy impede
surgical outcomes of decompression. Mitomycin C (MMC)
has been demonstrated to have significant inhibitory effects
on epidural scar. This study was undertaken to develop an
effective MMC controlled-release membrane and to investi-
gate its effects on epidural scar in rat models of laminectomy.
A total of 72 rats that underwent laminectomy were divided
into three groups. Among them, 24 were treated with mito-
mycin C-polylactic acid (MMC-PLA) controlled-release
membrane, 24 with mitomycin C-polyethylene glycol
(MMC-PEG) controlled-release membrane, and no treatment
was performed for the remaining 24 rats (control group). In
the following 4 weeks, magnetic resonance image (MRI),
macroscopic observation, histology and hydroxyproline (Hyp)
concentration analysis were performed to explore the effects
of these three therapies on epidural scar. MRI revealed a
significant reduction of epidural fibrosis in MMC-PLA and
MMC-PEG treatment groups, compared with the control
group. Histological results also showed that collagen deposition
was significantly reduced after being treated with MMC-PLA
or MMC-PEG membranes. Likewise, Hyp concentrations
of the epidural scar tissue in MMC-PLA and MMC-PEG
groups were markedly lower than those in the control group.
However, regarding the effects on reducing epidural scar, no
significant difference was found between the MMC-PLA and
MMC-PEG groups. In conclusion, MMC-PLA and MMC-PEG
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membranes are safe and effective in reducing fibrosis. Thus,
MMC-controlled-release membranes promises to be a poten-
tial therapeutic in preventing epidural scar formation after
laminectomy.

Introduction

Postoperative fibrosis is a natural consequence of surgical
wound healing and epidural fibrosis is an expected healing
consequence after laminectomy. The source of fibrotic
tissue after spinal surgery is originally thought to arise from
the disrupted intervertebral disc and the disrupted epaxial
muscles in the surgical wound (1,2). This extradural fibrotic
tissue may extend to the vertebral canal and adhere to the dura
mater and nerve roots, causing recurrent symptoms including
pain (3-5), possibly leading to the failure of spinal surgery (6).
Although there remains controversy about the role of peridural
fibrosis in failed back surgery syndrome (7,8), it has been
widely accepted that it is a problematic clinical entity with
no efficacious treatment options (9-11). Furthermore, epidural
adhesions make re-exposure of the same operative area techni-
cally difficult and dangerous because of the greatly increased
risk in nerve root injury and dural tears (12,13).

The control of scar formation has been one of the main
concerns in spine surgery. Numerous types of biological
or non-biological materials and methods for preventing
epidural fibrosis have been developed, including autologous
fat grafts, absorbable gelatin films and sponges, protein-based
polymer, high-molecular weight hyaluronan, collagen,
gelatin foam (14,15), which have been implanted to serve
as a barrier (16,17) to physically or chemically inhibit scar
ingrowths.

Polylactic acid (PLA) and polyethylene glycol (PEG)
are water-soluble polymers without any electric charge and
affinity for any specific organ, and are non-immunogenic and
non-toxic (18,19). They exhibit good biological and physico-
chemical properties. Due to their non-toxic, biodegradable
and hydrophilic characteristics, PLA and PEG have been
widely used in tissue engineering (18,19). Although PLA
and PEG significantly reduce post-laminectomy proliferative
scar without any impact on the integrity of incisional wound
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healing, the process of re-absorption will result in a fibrotic
mass and form a gap between the sheet and the dura (20,21).
Moreover, PLA and PEG could not prevent nerve root adhe-
sion.

Because of its capacity to inhibit DNA-dependent RNA
synthesis (22), mitomycin C (MMC), a well-known chemo-
therapeutic agent, has been proposed as a potential adjuvant
for the control of scar tissue in surgical wounds and used
successfully for a long time to prevent scar formation and
fibrosis (23,24).

In the present study, we used two control-release delivery
films, in which a small dose of MMC (0.01%) was absorbed in
the PLA and PEG films. In our preliminary studies, we estab-
lished a stable controlled-release delivery system (25). There
are many studies on the suppressing effect of MMC on the
post-laminectomy scar invasion, but there few studies on its
repairing effect on the insignificant cerebrospinal fluid leaks.
The purpose of our research was to investigate and compare
the efficacy of MMC-PLA and MMC-PEG films as a biophys-
ical and chemical barrier to suppress post-laminectomy scar
invasion. Another purpose of our investigation was to assess
whether the barrier film contained MMC would influence the
dural spontaneous healing causing cerebrospinal fluid leakage.

We hypothesized that with the decomposition of PLA and
PEG films, MMC would be continuously released to inhibit
scar ingrowths without affecting the healing of the dura. If
true, the barrier film containing a low concentration of MMC is
safe to be used for spinal surgery without affecting the healing
of the cerebrospinal fluid leaks. Particularly, it is well-adapted
for the re-exposure of the same operative area.

Materials and methods

All the procedures were performed with the permission of the
Ethics Committee of Nanjing Medical University, and all the
rats were obtained from the Animal Experimental Research
Center of Jiangsu Province. A total of 72 male Sprague-Dawley
rats weighing 400+ g were used for the study, which were
divided into three groups. Group 1 (n=24, the control group):
only the standard surgical procedure was performed (L5 total
laminectomy, bilateral disk injury and central dura injury);
group 2 (n=24): the mitomycin C-polylactic acid (MMC-PLA)
controlled-release film group, in which the barrier film served
as a roof tenting over the space between the ronguered edges
of the laminectomy area, and group 3 (n=24): the mito-
mycin C-polyethylene glycol (MMC-PEG) controlled-release
film group, in which the application of barrier film was the
same as group 2.

Surgical procedure. All the procedures were performed by
the same surgeon applying a standard surgical procedure on
each rat. A posterior midline incision was made from L4 to L7
vertebrae to expose the bony posterior elements and carried
sharply down to the lumbosacral fascia. With blunt dissection,
the paraspinal musculature was subperiosteally dissected and
the lumbar vertebral segments were exposed. Keeping the
spinal cord and cauda equina intact, bilateral laminectomies
were performed at L5-L6, and the dura mater and nerve roots
were exposed. The neural elements and dura were retracted
gently and sufficiently medially to expose the posterolateral
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aspect of the L5-L6 disc. Then a 26-gauge needle was inserted
into the bilateral exposed L5-L6 disc, creating a disc injury.
Next, with the help of a 10 times microscope, an incision was
made into the dura and subarachnoid space (durotomy) by an
18-gauge needle, creating a dura mater injury. The durotomy
was considered complete when cerebrospinal fluid was
observed leaking outside the dura.

In the control group, the lumbosacral fascia and other
layers were sutured directly. In the experimental groups (the
MMC-PLA and MMC-PEG groups), after creating a disc
injury and a dura mater injury, the barrier film was cut into a
suitable size (~2x2 cm, 25-30 mg PLA or PEG film containing
0.01% MMC) and then applied as a roof tenting over the space
between the ronguered edges of the laminectomy area. Then
the lumbosacral fascia and other layers were sutured.

No other medical treatment that could increase or reduce the
potential effects of the agents was used. The rats were closely
followed up during the first 24 h for the neurologic status. The
standard diet and the same conditions were provided for each
rat. All the rats were followed up for 4 weeks. We observed the
postoperative recovery of all rats and evaluated whether there
were neurologic deficits or cerebrospinal leak. The rats were
sacrificed on the 28 th day after operation by a lethal dose of
pentobarbital.

Magnetic resonance image (MRI) examination. MRI exami-
nation was carried out at the 4 th week after surgery. Six rats
were selected from each group randomly. After general
anesthesia, the whole spine columns from L4 to L7 including
the surrounding muscle tissues were dissected and removed
to perform the MRI examination. The MRIs were acquired
by Bruker 7.0T micro-MR imaging system (Siemens Corp.,
Berlin, Germany) and Multi-Slice Multi-Echo T2-weighted
imaging (MSME T2WTI) sequence. Two sets of MR images
were performed: they were spin echo T1-weighted images in
sagittal and transverse planes (TR_2710 ms, TE_22 ms) and
the gradiently recalled echo T2-weighted images in the same
locations with spin echo images for sagittal and transverse
images (TR_4391 ms, TE_33 ms). For each imaging slice
encompassing the operative level, the amount of epidural
fibrosis was graded on the scale of 0-4: grade 0, no scar/trace
of a scar; grade 1, >0 to <25% of the quadrant filled with scar;
grade 2,>25 to <50% of the quadrant filled with scar; grade 3,
>50 to <75% of the quadrant filled with scar; and grade 4,
75-100% of the quadrant being filled with scar (26). Briefly,
the spinal canal in each level was further subdivided into four
quadrants by drawing perpendicular lines from the central
aspect of the dura sac. Three radiologists analyzed the MR
images of epidural fibrosis independently with ImageJ software
(version X; Media Cybernetics, Silver Springs, MD, USA).

Macroscopic observation of the epidural scar adhesion.
Macroscopic evaluation was performed at the 4 th week
after operation. A total of 18 rats were randomly selected
from the remaining rats (6 from each group). Three patholo-
gists observed the epidural scar tissue and determined the
degree of epidural adhesion according to the Rydell standard
independently. We observed the rats simultaneously to assure
whether there was a leakage of cerebrospinal fluid from the
durotomy site. All the pathologists were blinded to the



Table 1. Pathological analysis scoring system of the peridural
fibrosis and adhesion.
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Table III. Grade of epidural scar adhesion according to the
Rydell standard.

Grade Pathological features
Grade 0 The dura is free of scar tissue
Grade 1 Presence of only thin fibrous bands between
dura and scar tissue
Grade 2 Continuous adherence between dura and
scar tissue involving <2/3 of laminectomy defect
Grade 3 Scar tissue adherence >2/3 of laminectomy

defect and/or extend to nerve roots

Table II. Fibroblast cell density scoring system.

Grade Cell density

Grade 1 <100 cells in each area at x400
Grade 2 100-150 cells in each area at x400
Grade 3 >150 cells in each area at x400

groups. The degree of epidural adhesion was graded on the
scale of 0-3: Grade 0, epidural scar tissue was not adherent
to the dura mater; Grade 1, epidural scar tissue was adherent
to the dura mater, but easily dissected; Grade 2, epidural
scar tissue was adherent to the dura mater and difficult to
dissect without disrupting the dura mater; Grade 3, epidural
scar tissue was firmly adherent to the dura mater and could
not be dissected.

Histological analysis. Histological analysis was performed at
the 4 th week after surgery. A total of 18 rats were randomly
selected from remaining rats (6 from each group). Subsequently,
the spinal columns, including surrounding muscle tissue, were
resected. All specimens were harvested to assess the whole
anatomy of fibrosis formation on the space between the
dura mater and the surrounding soft tissues. The specimens
were cut and ground into ~100-micron axial sections. All
the sections were stained with hematoxylin and eosin and
Masson's trichrome, and then photographed by a microscope
(BX-42; Olympus, Tokyo, Japan). Two histopathologists with
similar qualifications, who were blinded and independent to
the treatment, evaluated and measured the peridural fibrosis
and the fibroblast cell density according to the classification
(Table I and IT) described by Sen ef al (26).

Biochemical analysis. Another six rats were randomly
selected from each group at the 4 th week after operation.
The scar tissue, about 0.2x0.2x0.5 cm, was harvested from
the space between the dura mater and surrounding soft
tissues from each rat. The dissected tissues were rinsed,
homogenated, centrifuged, and hydrolyzed for the measure-
ment of hydroxyproline (Hyp). The Hyp developer was then
added into the digested solution. The absorbance was read by
a spectrophotometer (Hitachi, Tokyo, Japan) at 550 nm, and
the contents of Hyp per milligram tissue were calculated.

Grade
Group 0 1 2 3
Control 0 0 0 6
"MMC-PLA 4 2 0 0
"MMC-PEG 5 1 0 0

“P<0.05, the control group compared with MMC-PLA group. "P<0.05,
the control group compared with MMC-PEG group. There was no
significant difference between the experimental groups. MMC-PLA,
mitomycin C-polylactic acid; MMC-PEG, mitomycin C-polyethylene
glycol.

Statistical analysis. The statistical analysis was performed
by the SPSS 19.0 (SPSS, Inc., Chicago, IL, USA) statistical
package. Data were presented as means + standard deviations.
The differences between groups were evaluated with the
non-parametrical test (Mann-Whitney U test). P-values <0.05
were considered statistically significant.

Results

In all rats, the postoperative recovery was uneventful except
for two with skin infection (one rat in the control group, the
other in the polylactic acid (PLA) film group. The infections
were superficial and controlled with povidone-iodine, without
using antibiotics. There was no case with neurologic deficits
or cerebrospinal leak in any of the rats. No rats suffered acci-
dental death.

MRI evaluation. Transverse MRI obtained at the laminectomy
level of the control group rats exhibited noticeable fibrotic
scarring compression in the spine cord (Fig. 1A). However,
the experimental groups showed a discrete hypo-signal space
between the dura mater and the surrounding fibrosis tissue
near the skin (Figs. 1B and C).

The MRI score demonstrated that it was higher in the
control group when compared with that in the experimental
groups (P<0.05). However, there was no significant difference
between experimental groups (P>0.05, Fig. 1D).

Macroscopic observation of the epidural scar adhesion.
Macroscopic observation by two independent evaluators
showed the soft or weak fibrosis adhesion around the laminec-
tomy areas in the experimental groups, which could be easily
dissected by manual traction and clean dura mater was exposed
without any evident adhesion or membrane. Leakage of cere-
brospinal fluid from the durotomy site was not observed in any
of the rats in the experimental groups. But in the laminectomy
sites of rats in the control group, there was a severe epidural
scar tissue disrupting dura mater around the laminectomy
areas. Severe, thick, and tenacious epidural scar adhesions
were found between the dura mater and surrounding tissue.
Complete re-exposure of the dura mater was impossible for
the possibility to cause serious bleeding and the risk of nerve
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Figure 1. Transverse MR image of the laminectomy site in different groups at 4 weeks post-surgery. (A) Control-group. (B) MMC-PLA group. (C) MMC-PEG
group. (D) Comparison of the epidural fibrosis score calculated from MR images. The epidural fibrosis score was significantly decreased in the experimental
rats compared with that in the control group rats at 4 weeks post-surgery. Red arrow, noticeable fibrotic scarring; blue arrow, compression in the spine cord;
purple arrow, intervertebral disc or vertebral region; green arrow, a discrete hypo-signal space between the dura mater and the surrounding fibrosis tissue near
the skin; "P<0.05 compared with the control group. MMC-PLA, mitomycin C-polylactic acid; MMC-PEG, mitomycin C-polyethylene glycol.

Figure 2. Photomicrographs of the epidural adhesion issues in the laminectomy sites in the control and experimental groups. There was dense scar tissue
adhered to dura mater in the control group. Loose scar tissues without adherence to dura mater were present in the experimental group. MMC-PLA, mito-
mycin C-polylactic acid; MMC-PEG, mitomycin C-polyethylene glycol.

Control MMC-PLA MMC-PEG

Figure 3. Photomicrographs of the epidural adhesion issues in the laminectomy sites in the control and experimental groups. Representative histological
images of collagen tissue proliferation in epidural scar tissue of rats not treated in the control group, and MMC-PLA and MMC-PEG in the experimental
groups. The collagen tissues show blue in the section stained with Masson's trichrome. The density of collagen tissue in the section treated with MMC-PLA
or MMC-PEG was significantly less than that in the control group. MMC-PLA, mitomycin C-polylactic acid; MMC-PEG, mitomycin C-polyethylene glycol.

root injury or dura tears. The grades of epidural adhesion in  adhesions to dura mater and dorsal aspect fascia or muscle
rats according to the Rydell standard are shown in Table III. was noted primarily in the laminectomy sites. Dense scar

tissue mixed with extensive collagen tissue hyperplasia was
Histological analysis of epidural adhesion. In the control  observed. There were also abundant fibroblasts and fibrocytes
group, marked epidural scar tissue with widely spread in the laminectomy sites.
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Figure 4. The results of epidural scar adhesion scoring in epidural scar tissue
based on histological evaluation in each group. “P<0.05, compared with the
control group. MMC-PLA, mitomycin C-polylactic acid; MMC-PEG, mito-
mycin C-polyethylene glycol.
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Figure 5. The results of fibroblast cells density scoring in epidural scar tissue
based on histological analysis in each group. "P<0.05, compared with the
control group.
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Figure 6. The varied Hyp concentration of epidural scar tissue from
different groups. Significant difference was observed between the experi-
mental and control groups. "P<0.05, compared with the control group. Hyp,
hydroxyproline; MMC-PLA, mitomycin C-polylactic acid; MMC-PEG,
mitomycin C-polyethylene glycol.

In the experimental groups, loosely arranged epidural
scar tissue with no or little dura adhesion to the dura mater
and dorsal aspect fascia or muscle was discovered. We could
also observe that the dura mater was slightly thickened and it
was separated from the epidural scar tissue through an empty
interspace. The collagen tissue hyperplasia was obviously
decreased (Figs. 2 and 3).

Inflammation was not observed in any of the laminectomy
sites in any of the rats. Peridural fibrosis and adhesions were
evaluated and summarized in Fig. 4. Fibroblast cell density
was evaluated and summarized in Fig. 5.

Biochemical analysis. The Hyp concentration in the epidural
scar tissue in the experiment groups (MMC-PLA and
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MMC-PEG) was significantly reduced compared with that
in the control group (P<0.05, Fig. 6). The precise concen-
trations of each group were as follows: the control group,
45.2132.53 mg/g; MMC-PLA, 31.4157.21 mg/g; MMC-PEG,
33.6736.91 mg/g.

Discussion

The present study demonstrated that the MMC-PLA and the
MMC-PEG controlled-release delivery barrier films could be
implanted as a physical and chemistry barrier to effectively
reduce epidural fibrosis formation and scar adhesion without
affecting the cerebrospinal fluid leaks healing. The results
provided sufficient evidence that the MMC-PLA and the
MMC-PEG controlled-release delivery barrier films were
a potential biomaterial to reduce epidural fibrosis for future
clinical application.

In MRI evaluation, the transverse MRI of the control
group exhibited noticeable fibrotic scarring compression in
the spine cord, and the experimental groups had a lower MRI
score (P<0.05). In macroscopic observation of the epidural
scar adhesion, the grade of the control group was 3 compared
with the experimental group grades from O to 1 (P<0.05). In
histological analysis of epidural adhesion, there was a dense
scar tissue adhered to dura mater in the control group, and
loose scar tissues without adherence to dura mater were present
in the experimental group. The density of collagen tissue
in the section treated with MMC-PLA or MMC-PEG was
significantly less than that in the control group. In biochemical
analysis, the Hyp concentration in the epidural scar tissue
in the experiment groups (MMC-PLA and MMC-PEG) was
significantly reduced compared with that in the control group
(P<0.05). Also, there was no case of neurologic deficits or
cerebrospinal leakage in any rat. No rat suffered accidental
death.

The study demonstrated that with the decomposition of
PLA and PEG films, MMC would be continuously released
and inhibited the scar ingrowths without affecting the healing
of the dura.

Various reagents and materials have been used to prevent
epidural fibrosis after laminectomy. Several different strategies
have been extensively explored. Microsurgical technique (27),
drug use (28,29) and low-dose radiation (30-32) have been
demonstrated to be effective in rat and human models. At the
same time, there are also studies on the biophysical barriers
which could be applied to avoid the contact between the
epidural scar and dura (33,34).

Bioresorbable PLA and PEG barrier films are promising
and currently used in surgical scenarios (35-37). They are
used for temporary wound support to reinforce soft tissue,
and minimize soft tissue attachments in the viscera by
preventing acute platelet deposition on damaged arteries
and reducing adhesion of platelets and leukocytes to the
surface (35-37).

Both films could impede the migration of fibroblasts from
the raw surface of the erector spine musculature. They also act
as a surgical dissection plane, whereby the layer of organized
fibrous tissue enveloping the material forms a controlled,
distinguishable dissection plane allowing adjacent tissues to
be easily separated (35,38).
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However, the ‘three-dimensional theory’, put forward by
Songer et al (39), suggested that the PLA and PEG films could
not function as a three-dimensional barrier.

Compared with the PLA or PEG films, MMC could leak
into every space in the operation area and has been widely
applied as a potential adjuvant for the control of scar tissue in
surgical wounds (22,23,40). However, the toxic characteristics
of MMC are most likely responsible for the greater tissue
damage causing increased scar tissue formation and even the
failure of the wound healing (41).

In most cases, insignificant cerebrospinal fluid leaks during
lumbar surgery are spontaneously repaired with the help of
fibroblasts or fibrocytes. Nevertheless, because the barrier film
prevents fibroblast migration and MMC prevents fibroblast
proliferation, these small leaks may do not heal spontaneously
and cerebrospinal fluid leaks develop (42).

In our study, compromised dura healing or cerebrospinal
fluid leaks were not identified with any of the test products
in the rats using MRI examination, macroscopic observation,
histological and biochemical analyses. The unique feature of
our study is that we used a controlled-release delivery system
in which a small dose of MMC was absorbed into the PLA
and PEG films to prepare the MMC-PLA and MMC-PEG
films attempting to prevent the epidural scar adhesions from
developing cerebrospinal fluid leaks. In our study, the two
mitomycin C control-release films of PEG and PLA barrier
could function as a three-dimensional barrier. At the same
time, as only a small dose of MMC was applied, the MMC
controlled-release film should not interrupt the integrity of
the spontaneous repairing of the dura and give rise to some
other troublesome side effects. We, therefore, believe that the
use of MMC controlled-release film represents a better way of
creating a barrier to the expansion of the troublesome epidural
fibrosis.

In conclusion, the present study suggests that the two
mitomycin-C controlled-release barrier films of PEG and
PLA is an effective and safe material to decrease epidural scar
adhesion after spinal laminectomy in the rat model. Our find-
ings indicate that applying the mitomycin-C controlled-release
barrier films in clinical practice may potentially minimize
post-operative complications.
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