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ORIGINAL ARTICLE
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1Department of Neurosurgery, Ankara Numune Education and Research Hospital, Ankara, Turkey, 2Department of Histology

and Embryology, Hacettepe University School of Medicine, Ankara, Turkey, 3Department of Anatomy, Ankara University

School of Medicine, Ankara, Turkey, and 4Department of Statistics, Middle East Technical University, Ankara, Turkey

Abstract
Object. The authors conducted a study to determine the effectiveness of mitomycin C (MMC) in preventing epidural
fibrosis in rats which underwent craniectomy.
Methods. Craniectomies were performed in the right frontoparietal region; after the procedure the animals had been divided
in 2 groups of 10 each. Cotton pads soaked with 0.1 mg/ml MMC or saline (control) were applied to the operative sites. Four
weeks after craniectomy the rats were sacrificed, and epidural fibrosis was evaluated histologically. The dura mater thickness,
the density of epidural fibrosis, arachnoidal involvement, and bone regeneration were determined.
Results. No obvious adhesion formed in the rats in the MMC group, but severe epidural adhesions were found in control
group. The duramater thickness, the density of epidural fibrosis, and arachnoidal involved rat number in the MMC group
were significantly lower than in control groups.
Conclusions. Epidural fibrosis can be a devastating condition that forms after craniectomy. Topical application of mitomycin
C may be a successful method of preventing epidural fibrosis following craniectomy.

Key words: Craniectomy, cranioplasty, epidural fibrosis, mitomycin C.

Introduction

Cranioplasty operation following craniectomy is

associated with multiple epidural adhesions, which

make the surgery more difficult. Various techniques

and pharmacological agent have been developed in

order to prevent these adhesions. There is not

effective medical or surgical therapy for preventing

epidural adhesions nowadays.1

A variety of biological and nonbiological materials

have been studied to prevent epidural fibrosis in

animal models.2–16 Some have been applied in

humans, and bioabsorbable adhesion barrier gels

are the most widely accepted materials in current

practice, although each is associated with certain

drawbacks such as requiring repeated surgery and

being expensive.17

Mitomycin C (MMC), a well-known chemo-

therapeutic and antifibrotic agent, is also an exten-

sively used topical agent for the prevention of

postoperative fibrosis after ophthalmologic surgeries

such as glaucoma filtering surgery, photorefractive

keratectomy, and radial keratotomy, and the results

have been successful.18–20

In the literature, the effect of MMC on epidural

fibrosis that develops in craniectomy area has not

been evaluated yet. Based on the histological

similarities between the sclera and dura mater,21 we

performed intraoperative local application of MMC

in rats following craniectomy.

Materials and methods

Animal population

The study included 20 female Wistar rats (mean age:

12 month; mean weight: 350 gr). The approval of

Ankara University Ethics Committee was obtained.

Surgical procedure

After the frontal area of each rat was shaved, the

surgical site was sterilized by povidone. Right

frontoparietal 7- to 8-mm craniectomy was carried
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out lateral to the sagittal sinus by drill system. The

dura mater was exposed and left intact. The rats were

then randomly divided into 2 groups:

Control group (n¼ 10): The dura mater was

applied with cotton pads (0.560.5 cm) soaked with

saline for 5 minutes.

MMC group (n¼ 10): The dura mater was

applied with cotton pads (0.560.5 cm) soaked with

0.1 mg/ml MMC for 5 minutes. The cotton pads

were then removed, and the craniectomy defects

were immediately irrigated with saline.

Postoperative recovery of all the animals was good

and there were no neurological deficits. Standard

diet and same conditions were provided for each

animal. The animals were sacrificed on postopera-

tive day 30.

Evaluation of Epidural Fibrosis

The bones of the cranium were removed en-bloc in

a manner to include scalp. The specimen was

immersed into 10% buffered formalin. Then, the

cranium was further sawed axially through frontal to

occipital levels to isolate the craniectomy site. All

specimens were sent for pathological evaluation.

Pathological evaluation consisted of decalcification,

dehydration, and preparations of paraffined blocks.

Sections of 8 mm were obtained on the axial plane

and stained with Masson trichrome. All the

craniectomy sections were evaluated by the same

pathologist for dura mater thickness, density

of fibrosis, arachnoidal involvement, and bone

regeneration.

Dura mater thickness was measured in four

randomize different point, and mean values were

used for statistical evaluation. Subsequently, dura

mater fibrosis was graded based on the scheme

devised by He et al.:

Grade 0: dura mater is free of scar tissue,

Grade 1: only thin fibrous bands are observed

between the scar tissue and dura mater,

Grade 2: continuous adherence is observed in less

than two thirds of the bone defect,

Grade 3: scar tissue adherence is large, affecting

more than two thirds of the bone defect, or the

adherence extended to the nerve tissue.22

The presence of the arachnoid involvement and

bone regeneration were also noted.

Statistical analysis

The Mann–Whitney U-test was used to analyze

the dura mater thickness; in addition, the dura

mater fibrosis, the presence of the arachnoid

involvement, and the bone regeneration was

statistically analyzed using a standard chi square

test (w2 test) and p5 0.05 was accepted as

statistically significant.

Results

Results of dura mater thickness measurements are

shown in Table I. When dura mater thickness

was compared, statistically significance was found

between the MMC group and control group. In axial

sections stained with Masson trichrome (Table II),

seven of the control group rats was showed Grade 3

epidural fibrosis (Fig. 1), two of the control group

rats was showed Grade 2 epidural fibrosis, and one of

the control group rats was showed Grade 1 epidural

fibrosis. In the MMC group, Grade 1 epidural

fibrosis was demonstrated in seven rats (Fig. 2).

Grade 2 fibrosis was observed in the remaining three.

A statistically significant difference between the

MMC group and control group in terms of the

extent of fibrosis along the dura mater was observed

(p5 0.05). Similarly, there was also a statistically

significant difference in arachnoid involvement

TABLE I. The dura mater thickness measurements of the MMC

group and the control group

Dura mater

thickness N Minimum Maximum Mean

Control Group 10 8,21 mm 27,17 mm 12,67 mm

MMC Group 10 4,92 mm 15,75 mm 9,2 mm

TABLE II. The normalized epidural fibrosis grades values of the

MMC group and the control group

Epidural Fibrozis N Grade 0 Grade 1 Grade 2 Grade 3

Control Group 10 – 1 2 7

MMC Group 10 – 7 3 0

FIG. 1. Grade 3 fibrosis demonstrated in a control group.

C¼ cranium; F¼fibrosis; B¼ brain; Black arrow¼dura mater.

Masson trichrome, original magnification X 2,5.
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between the MMC group and control group

(Table III) (p5 0.05). However, the results of bone

regeneration indicated that the results were not

statistically significant (Table IV) (p4 0.05) among

the MMC and the control groups.

Discussion

Development of multiple adhesions between the soft

tissues and particularly between the dura mater, the

temporal muscle, and the galea is a common problem

during cranioplasty operations following craniec-

tomies. More operative time, greater blood loss,

and dura mater injury are common accompaniments

of the standard craniectomy.

Despite introduction of microsurgical techniques

and improvements in bipolar coagulation, both of

which reduce the incidence of tissue trauma, epidural

fibrosis after surgery still occurs.23–25 The extent of

fibrosis depends primarily on the extent of the

surgical procedure, especially on the degree of

hemostasis.26,27 Moreover, systemic fibrinolytic

defects and reactions to foreign bodies such as debris

from surgical swabs have also been reported

as possible etiologies of scar formation following

surgeries.22,28,29

Trying to limit adhesion formation; Polytetrafluoro-

ethylene dura mater substitute and silicone elastomer

sheet have been used with unsuccessful results. The

reasonabless for their use was limiting the direct

connection between the dense fibrotic tissue originat-

ing from the fibrous layer of the periosteum and

galea.30

MMC has been extensively used in filtering

surgery for glaucoma to prevent scarring and after

excision of the pterygium. A single intraoperative

application of the antifibrotic MMC has been

demonstrated favorably to alter the outcome after

trabeculotomy in several studies.31–33 MMC reduces

collagen fibroblast synthesis by inhibiting DNA

dependent RNA synthesis and can suppress cellular

proliferation in any period of the cell cycle.34,35

Clinical studies have clearly shown favorable results

in association with a single application of MMC with

a concentration of 0.1 mg/ml (0.02%) to 1 mg/ml

although it has been shown that MMC concentration

decreases below the effective range to inhibit cell

growth in vitro. These data indicate that the

biological effects of MMC are longer lasting than

its tissue concentrations.36

Corresponding to a previous study,18 we have

shown in a large number of animals that the local

treatment of craniectomy sites with MMC in a

concentration of 0.1 mg/ml did not affect the healing

of skin or subcutaneous tissue. It significantly

reduced formation of epidural scar tissue and

prevented dural adhesion in the craniectomy sites.

In the literature, dura mater thickness was not

measured to evaluate the epidural fibrosis previously.

During epidural scar formation, the dura mater is the

most affected tissue. Thus, we have planned to

evaluate the dura mater thickness to demonstrate the

epidural fibrosis intensity. In the present study, dura

mater measurements showed statistically significant

difference between the MMC group and control

group (p5 0.05). When epidural fibrosis was evalu-

ated with the scheme devised by He et al., dura

mater measurements showed statistically significant

difference between the MMC group and control

group (p5 0.05). Our dura mater thickness result

was compatible with grading system based results. In

all cases, no specific inflammatory reaction of the

dura or adjacent scin and subcutaneous tissue was

noted. Also, the neurons were unremarkable, show-

ing no lesions.

The dura mater, cornea, and sclera are derived

from mesectoderm developmentally; and their histo-

logical features are similar.21 Thus, we hypothesized

in this study that intraoperative MMC may inhibit

the proliferation of fibroblasts of epidural region. It is

FIG. 2. Grade 1 fibrosis demonstrated in MMC group. There

wasn’t any direct contact among the underlying dura mater with

the scar tissue. C¼ cranium; F¼fibrosis; B¼ brain; Black

arrow¼dura mater. Masson trichrome, original magnification X

2,5.

TABLE III. The arachnoid adhesion results of the MMC group and

the control group

Arachnoid Adhesion N Yes No

Control Group 10 9 1

MMC Group 10 2 8

TABLE IV. The bone regeneration results of the MMC group and

the control group

Bone Regeneration N Yes No

Control Group 10 9 1

MMC Group 10 9 1
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well known that MMC effectively inhibits the

proliferation of fibroblasts, which is a key factor in

the genesis of postoperative scar tissue, and that is

used in many medical disciplines with high success to

prevent undesirable fibrosis. In the present study, we

used MMC to reduce the instance of epidural fibrosis

in a rat craniectomy model and demonstrated that

MMC solution in a concentration of 0.1 mg/ml

significantly reduced epidural scar formation and

prevented dural adhesions without any side effects

seen in one month after surgery. Broom and associates

did not find any neurotoxic effect after direct delivery

of MMC into the CSF in rats.37 Although high doses

were not tested, it has long been known that MMC is

highly toxic at doses above 10 mg/day in rats,38 and

delayed bone marrow toxicity has a critical role in the

lethal toxicity of MMC.39 In addition, it should be

considered that rat craniectomies are much smaller

than human adults craniectomies.

Conclusions

We applied the MMC in a similar fashion to that

which is used in ophthalmology surgery; and our

findings clearly demonstrated that MMC effectively

decreased epidural fibrosis in rats after craniectomy

without causing any of the aforementioned compli-

cations. Intraoperative topical application of MMC

may be easy and inexpensive technique for preven-

tion of epidural fibrosis.

Declaration of interest: The authors report no

conflicts of interest. The authors alone are respon-

sible for the content and writing of the paper.
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