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We conducted a study to determine the effectiveness of topically applied recombinant mouse fibroblast
growth factor-2 (FGF-2) in healing the dura mater in a rat with dura mater injury and cerebrospinal fluid
leakage. Laminectomies were performed in 32 rats at the level of the L2–L4 vertebrae, and a dura mater
defect was created. Sixteen rats were treated postoperatively with locally applied recombinant mouse
FGF-2, and 16 animals received normal saline. FGF-2 effects on dura mater healing, cerebrospinal fluid
leakage, and wound healing were assessed at 3 and 6 weeks postoperatively. The extent of dura mater
healing was evaluated by histological analysis. We found that dura mater healing was significantly
increased (p < 0.05) in rats treated with FGF-2 compared with rats in the control group. In this experi-
mental model, locally applied FGF-2 effectively increased dura mater healing and induced no side effects.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Numerous methods have been developed to prevent cerebro-
spinal fluid (CSF) leakage after cranial and spinal surgery. The dura
mater may be damaged by trauma or excised during tumor sur-
gery.1 Inappropriate dura mater closure could lead to meningitis
or many other life-threatening complications.2

The standard methods of dura mater repair consist of the
application of continuous sutures and the use of dura mater
replacement materials (duraplasty). The conventional suturing
techniques have inherent drawbacks: CSF might leak through the
suture holes or between the sutures themselves (particularly in
older patients or in patients who have undergone radiotherapy),
and the sutures can produce a foreign body reaction, which might
slow the healing.1 The fibrin sealants used to seal needle holes are
usually insufficient and synthetic surgical membranes are prone to
postoperative CSF leakage because they prevent adhesion.3

Fibroblast growth factors (FGFs) induce DNA synthesis, cell
migration, blood vessel growth, and dermal wound closure.4 In
addition, they stimulate the proliferation of mesoderm, endoderm,
and ectoderm originated cells.5 In vivo studies have demonstrated
that different concentrations of FGFs promote the mitosis of kerat-
inocytes, smooth muscle cells, and wound granulation. Further-
more, FGFs may promote wound healing in diabetes and
radiotherapy.6,7
ll rights reserved.
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An ideal tissue sealant applicable to dura mater repair that
could be used clinically has not been reported to date. We aimed
to investigate the effects of topical FGF-2 on the dura mater and
in preventing CSF leakage.
2. Materials and methods

2.1. Animal populations

We obtained the approval of the Gazi University Ethics Commit-
tee. The study included 32 male Wistar rats (mean age, 7 month;
mean weight, 250 g).

2.2. Surgical procedure

We induced anesthesia via intramuscular administration of
5 mg/kg ketamine hydrochloride (Ketalar, 5% solution; Levent,
Istanbul, Turkey) and 10 mg/kg xylazine (Rompun, 2% solution;
Bayer, Leverkusen, Germany). After we shaved the lower back of
each rat, the surgical site was sterilized by povidone. The L2–L4
laminae were exposed and a total laminectomy was performed
at the L3 level. The dura mater was opened longitudinally for 5
mm with a No. 15 scalpel, and CSF leaks were observed. Lyophi-
lized sterile mouse FGF-2 (100 lg, recombinant mouse FGFb, Lot
N102810; Biosource International, Camarillo, CA, USA) was made
up to a 0.1 mg/mL solution with distilled water, apportioned into
working aliquots and stored at �20�C. Before the solution was
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Table 1
Rats in each subgroup according to histopathological grade

Groups Grade 0 Grade 1 Grade 2 Grade 3

IA (Control group, 3 week) 7 1 – –
IIA (FGF-2 group, 3 week) 3 5 – –
IB (Control group, 6 week) 2 5 1 –
IIB (FGF-2 group, 6 week) – 2 6 –

Dura mater healing was graded based on the scheme of He et al.8

FGF-2 = fibroblast growth factor-2.

Table 2
Rats in each subgroup according to fibroblast density grade

Groups Grade 1 Grade 2 Grade 3

IA (Control group, 3 week) 8 – –
IIA (FGF-2 group, 3 week) 4 4 –
IB (Control group, 6 week) 4 3 1
IIB (FGF-2 group, 6 week) – 3 5

The fibroblast count was based on Hinton et al.’s classification.9

Fig. 1. An axial section of the dura mater free of scar tissue, Grade 0 (Masson
trichrome � 40). SC = spinal cord, L = laminectomy site, black arrow = bony edge of
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used, 0.1% bovine serum albumin in phosphate buffered saline was
added as a carrier protein. We used a 0.01 mg/mL solution in the
study. The 32 rats were randomly assigned to two groups. We ap-
plied 3 mL of normal saline to the dura mater defects of 16 rats
(group I, control) and topically applied 1 lg FGF-2 to the dura
mater incision of 16 rats in the experimental group (group II).
To restrict the spread of the FGF-2 solution, we injected it into
the durotomy site after the dorsolumbar fascia was closed. The
wounds were closed in layers after the operation except for the
dura mater. All rats underwent a postoperative clinical and mobil-
ity status evaluation, and we recorded evidence of neurological
deficits.

2.3. Histological examination

Eight rats from each group underwent histological examination
3 weeks (Groups IA and IIA) and 6 weeks (groups IB and IIB) post-
operatively. For this evaluation the rats were killed with an over-
dose of pentobarbital administered intraperitoneally. To isolate
the laminectomy site, the spine was sawed axially through the
upper L2 to the lower L4 level. All specimens were sent for patho-
logical evaluation, which comprised tissue decalcification and
dehydration, and preparation of paraffin blocks. Axial sections (5
lm) were stained with Masson trichrome and hematoxylin and eo-
sin. All the laminectomy sections were evaluated for density of
fibrosis by the same histopathologist.

The dura mater healing was graded based on the scheme of He
et al.8 grade 0, dura mater is free of scar tissue; grade 1, only thin
fibrous bands observed between the scar tissue and the dura ma-
ter; grade 2, continuous adherence in less than two-thirds of the
laminectomy defect; and grade 3, scar tissue adherence affecting
more than two-thirds of the laminectomy defect, or extending to
the nerve roots.

The fibroblast count was evaluated in the light of Hinton et al.’s
classification:9 grade 1, 6100 cells in every region at 400 �magni-
fication; grade 2, 100–150 cells in every region at 400 �magnifica-
tion; and grade 3, P150 cells in every region at 400 �
magnification.

2.4. Statistical analysis

The epidural fibrosis and the fibroblast count were statistically
analyzed using a standard chi-squared (v2) test and p < 0.05 was
accepted as statistically significant.
the laminectomy site. (This figure is available in colour at www.sciencedirect.com.)

Fig. 2. An axial section of the dura mater showing continuous adherence in less
than two-thirds of the laminectomy defect, Grade 2 (Masson trichrome � 40).
SC = spinal cord, F = fibrous scar, black arrow = bony edge of the laminectomy site.
(This figure is available in colour at www.sciencedirect.com.)
3. Results

All rats remained alive during the experiment and none devel-
oped neurological deficits or wound infections. There was no ob-
servable collection of CSF or leakage from the wounds. The
extent of fibrous tissue and fibroblasts counts were evaluated in
axial section. A higher histological grade represents increased
amounts of fibrous tissue and increased fibroblast accumulation.
As a result, specimens shown to have higher grade changes at
the surgical site were considered better than closed dura mater le-
sions. Histopathology grades of the animals in each group are given
in Tables 1 and 2. Grade 3 healing properties were not observed at
the durotomy sites in either group of rats. The results of fibrosis
grades and fibroblasts cell count indicated that FGF-2 groups had
better grades 3 and 6 weeks postoperatively (Figs. 1 and 2). There
were significant differences in the fibrosis grades and fibroblasts
cell count between the week 3 FGF-2 group and the week 3 control
group (p < 0.05). Similarly, a statistically significant difference was
found between the week 6 FGF-2 group and the week 6 control
group (p < 0.05). In addition, comparison of the groups treated with
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FGF-2 revealed a statistically significant difference between the
animals killed at week 3 and at week 6 (Groups IIA and IIB;
p < 0.05).

4. Discussion

Most neurosurgical procedures require opening the dura mater
to gain access to the central nervous system, and unintended en-
trance into the dura mater may occur commonly. Several deleteri-
ous consequences of inadequately treated dura mater leaks are
reported.10–13 Dural-cutaneous fistulas may form, leading to men-
ingitis,11 arachnoiditis, or epidural abscess.13 A collection of sub-
cutaneous fluid prevents proper wound healing and may lead to
breakdown, infection of the incision, or both. A continuous CSF leak
also predisposes the wound to pseudomeningocele formation, with
possible trapping of nerve roots and neurological symptoms such
as sciatica and cranial nerve palsies, particularly of cranial nerve
VI, which manifests as strabismus.10,12 Therefore, the most impor-
tant aspect of treatment of a CSF leak is prevention.

Dura mater sutures are used widely to repair dura mater tears.
Suture techniques are difficult to carry out, particularly when de-
fects are relatively inaccessible or are surrounded by friable dura
mater. This problem has led some surgeons to advocate the use
of other techniques.14,15 Cyanoacrylates,16 fibrin glue,17 and carbon
dioxide laser18 have all been used to close the dura mater or for
reinforcement.

Soon after hematological stimulants were discovered, these
agents were shown to benefit wound healing. They had prolifera-
tive and complex cellular effects, which is also true of FGF-2. Fibro-
blasts are also important in wound healing. Bikfalvi has reported
that FGF-2 stimulates wound healing, and tissue repair in the ret-
ina, cornea, and dermis.19 FGF-2 is a cytokine that regulates fibro-
blast function in wound repair in many tissues.19

Ono concluded that basic FGF reduces scar formation in acute
incision wounds;20 however, increased scar formation was shown
in the study. That FGF-2 may lead to increased and disorganized
epidural fibrosis should be taken into account if an injection of
FGF-2 into the spinal dura mater is planned. Because of wound
infection and irregular wound edges, scar formation could be dis-
organized, inefficient, and insufficient. Furthermore, increased
scarring and higher fibroblast density does not equate to better
healing of the dura mater or enhanced sealing of a dura mater de-
fect. The conditions that affect scar formation by FGF-2 are not
known.

We showed that FGF-2 facilitates dura mater healing in both the
early and late phases of wound healing. When compared with the
control groups, the rats treated with FGF-2 had increased dura ma-
ter healing both after week 3 (early period) and after week 6 (late
period). Even so, the quality of the dura mater healing remains
time-dependent because there was also a significant difference be-
tween the FGF-2 groups after 3 and 6 weeks. This dependence
shows similarity to the healing of any ordinary wound. The dose
regimen chosen in this study is 1 lg. In the literature, although dif-
ferent doses of FGF-2 were used,21 authors have presented favor-
able results and further studies are needed to investigate the
most effective doses under different time durations. In our study,
although it seems that FGF-2 has positive effects on healing in dura
mater lacerations, we did not use enough animals to make general
assumptions. Longer term evaluation is required to understand the
activity of FGF-2.

5. Conclusion

Our study demonstrates that local application of FGF-2 to the
area of CSF leakage promotes dura mater fibrosis.
References

1. Forer B, Vasilyev T, Brosh T, et al. Dural defect repair with fascia by a CO2 laser
system in a porcine model. Laryngoscope 2006;116:1002–7.

2. Sugawara T, Itoh Y, Hirano Y, et al. Novel dural closure technique using
polyglactin acid sheet prevents cerebrospinal fluid leakage after spinal surgery.
Neurosurgery 2005;57:290–4.

3. Nagata K, Kawamoto S, Sashida J, et al. Mesh-and-glue technique to prevent
leakage of cerebrospinal fluid after implantation of expanded
polytetrafluoroethylene dura substitute: Technical note. Neurol Med Chir
1999;39:316–9.

4. Thomas KA. Fibroblast growth factors. The FASEB Journal 1987;1:434–40.
5. Werner S. Keratinocyte growth factor: A unique player in epithelial repair

processes. Cytokine Growth Factor Rev 1998;2:153–65.
6. Gospodarowicz D, Ferrera N, Schweigere L, et al. Structural characterization and

biological functions of fibroblast growth factor. Endocr Rev 1987;8:95–109.
7. Phillips LG, Abdullah KM, Geldner PD. Application of basic fibroblast growth

factor may reverse diabetic wound healing impairment. Ann Plast Surg
1993;31:331–4.

8. He Y, Revel M, Loty B. A quantitative model of post-laminectomy scar
formation. Effects of a non-steroidal anti-inflammatory drug. Spine
1995;20:557–63.

9. Hinton Jr JL, Warejcka DJ, Mei Y, et al. Inhibition of epidural scar formation after
lumbar laminectomy in the rat. Spine 1995;20:564–70.

10. Borgesen SE, Vang PS. Extradural pseudocysts: A cause of pain after lumbar disc
operation. Acta Orthop Scand 1973;44:12–20.

11. Koo J, Adamson R, Wagner Jr FC, et al. A new cause of chronic meningitis:
Infected lumbar pseudomeningocele. Am J Med 1989;86:103–4.

12. Miller PR, Elder FW. Meningeal pseudocysts (meningeal spurius) following
laminectomy. J Bone Joint Surg 1971;53A:663–70.

13. Verner EF, Musher DM. Spinal epidural abscess. Med Clin North Am
1985;69:375–84.

14. Alleyne Jr CH, Cawley CM, Barrow DL, et al. Efficacy and biocompatibility of a
polymerized, synthetic, absorbable hydrogel as a dural sealant in a canine
craniotomy model. J Neurosurg 1998;88:308–13.

15. Cloward RB, Cunningham EB. The use of gelatin sponge in prevention and
treatment of cerebrospinal rhinorrhea. J Neurosurg 1947;4:519–25.

16. Albin MS, D’Agustino AN, White RJ, et al. Nonsuture sealing of a dural substitute
utilizing a plastic adhesive, methyl-2-cyano-acrylate. J Neurosurg
1962;19:545–50.

17. Jackson MR, Mc Phee MJ, Drohan WN, et al. Fibrin sealant: current and
potential clinical applications. Blood Coagul Fibrinolysis 1996;7:737–44.

18. Edward MSB, Boggan JE, Fuller TA. The laser in neurological surgery. J Neurosurg
1983;59:555–6.

19. Bikfalvi A, Klein S, Pintucci G, et al. Biological roles of fibroblast growth factor-2.
Endocr Rev 1997;18:26–45.

20. Ono I, Akasaka Y, Kikuchi R, et al. Basic fibroblast growth factor reduces scar
formation in acute incisional wounds. Wound Repair Regen 2007;15:617–23.

21. Inui K, Maeda M, Sano A, et al. Local application of basic fibroblast growth
factor minipellet induces the healing of segmental bony defects in rabbits.
Calcif Tissue Int 1998;63:490–5.


	The role of fibroblast growth factor-2 in healing the dura mater after inducing cerebrospinal fluid leakage in rats
	Introduction
	Materials and methods
	Animal populations
	Surgical procedure
	Histological examination
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


