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The Use of Gore-Tex Surgical Membrane in Preventing Spinal
Epidural Fibrosis (Experimental Study)

Spinal Epidural Fibrozisin Onlenmesinde Gore-Tex Cerrahi Membranin
Yeri (Deneysel Calisma)
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Oz

Spinal dural defektlerin onarilmasinda zaman zaman dura
greftlerine ihtiyag duyulmaktadir. Duraplasti igin ideal bir
materyal arayisi halen tartismali bir konudur. Bu ¢aligmada
Wistar-Albino cinsi, 260-380 gr agirliginda, 26 adet eriskin erkek
sicanlar kullanilmistir. Siganlar, Kontrol (n=10), Fasya (n=6) ve
Gore-Tex (politetrafloroetilen) Cerrahi Membran (n=10) gruplar1
olmak {iizere li¢ gruba ayrilmislardir. Sicanlara laminektomi
uygulanip, dura defekti yaratilmis ve daha sonra sirasiyla 'defekt
acik birakilms', 'fasya ile duraplasti' ve 'Gore-Tex cerrahi
membran ile duraplasti' uygulanmistir. Cerrahi operasyon sonrasi
60. giinde, siganlara 6tenazi uygulanmis ve operasyon bolgesinde
graniilasyon dokusu ve yapisikliklarin degerlendirilmesi amaciyla
histopatolojik incelemeler yapilmistir. Her ii¢ grupta da defekt
bolgesini graniilasyon dokusunun doldurdugu gériilmiistiir. Fasya
grubunda, fasyanin dura mater ve noral doku ile graniilasyon
dokusu arasinda bir bariyer teskil ettigi ancak yogun graniilasyon
dokusuyla doldugu ve yapisiklik oldugu goézlenmistir. Gore-Tex
cerrahi membran grubunda ise Gore-Tex cerrahi membranin dura
mater ve noral doku ile graniilasyon dokusu arasinda yapisiklig
onleyen iyi bir fiziksel bariyer olusturdugu, graniilasyon
dokusunun  Gore-Tex  cerrahi membrana  yapigmadigt
bulunmustur.

Anahtar Kelimeler: Dura Defekti, Duraplasti, Epidural Fibrozis,
Gore-Tex

Abstract

Dural grafts are sometimes necessary for repairing spinal dural
defects. The search for an ideal material for duraplasty remains a
controversial topic. Twenty-six adult male Wistar-Albino rats,
weighing 260-380 g, were used. The rats were divided into three
groups: Control (n=10), Fascia (n=6), and Gore-Tex
(polytetrafluoroethylene) Surgical Membrane group (n=10). After
laminectomy was performed on the rats, a dural defect was created.
Then, one of the procedures 'leaving the defect open,' 'duraplasty
with fascia,’ and 'duraplasty with Gore-Tex surgical membrane' was
performed. On the 60" day after surgery, the rats were euthanized,
and histological investigations were conducted to examine the
granulation tissue and adhesions in the operative area. It was
observed that granulation tissue filled the defect area in all three
groups. In the fascia group, it was observed that the fascia formed a
barrier between the dura mater and neural tissue and the granulation
tissue, but it was filled with dense granulation tissue and there was
adhesion. It was found that the granulation tissue did not adhere to
the Gore-Tex surgical membrane in the Gore-Tex surgical
membrane group, and the Gore-Tex surgical membrane created an
excellent physical barrier preventing adhesion between the dura
mater and neural and the granulation tissues.
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Introduction

Spinal dural defects often occur as a result of
spinal dysraphism, Chiari malformation, vascular
malformations, and tumor operations. After such
operations, complications such as CSF leaks, pseudo
meningocele, infection, arachnoiditis, and strain due
to adhesions may occur (1). Dural grafts are often
needed to repair spinal dural defects after these
surgical procedures. The search for an ideal material
for duraplasty remains current in clinical and
experimental studies.

Autografts obtained from the temporal fascia,
cranial periosteum, or fascia lata are popular in the
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repair of cranial dural defects (2,3). Gore-Tex
(polytetrafluoroethylene) materials are used in
various products, such as high-performance fabrics
and sealants. Although the medical uses of Gore-Tex
are still being actively researched, it is a material that
has entered active use in general surgery, plastic
surgery, and cardiovascular surgery (4). In
neurosurgery, most experimental studies have
focused on its beneficial effects in preventing
postoperative peridural fibrosis. However, most of
these studies were conducted for defects in the
cranial dura, and less importance was given to the
spinal dura (5,6). To assess the role of Gore-Tex
surgical membrane in the repair of spinal dural
defects and compare it to autologous fascia graft, a
spinal dural defect was surgically generated in rats,
and the effects of this material were studied
histopathologically in this study.

Material and Method

26 Wistar-Albino adult male rats (260-380 g)
were utilized in this study. The Animal Experiments
Local Ethics Committee obtained the necessary
approval for the study. The rats were allocated into
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three distinct groups: the control group, the Gore-
Tex Surgical Membrane group, and the fascia group.
The study started with ten animals each for the
control, fascia and Gore-Tex groups, with the idea
that this would be sufficient for statistical evaluation.
However, four animals in the fascia group died and
the study continued without replacement. Therefore,
the study was completed with six animals in the
fascia group, while there were ten animals in the
other groups.

Anesthesia was induced by administering a
mixture of ketamine hydrochloride and xylazine
(5/10 mg/kg, intramuscularly) to the rats. The rats
were allowed to breathe spontancously throughout
the operation.

Operation technique

Rats were fixed on the dissection table in the
prone position. Then, the area from the mid-lower
thoracic region to the sacrum was shaved. The
operation area was cleaned with 10% povidone-
iodine solution, and a midline 4 ¢cm skin incision was
made. Fascia was cut bilaterally, and paravertebral
muscles were stripped subperiosteally. A single-
level lumbar total laminectomy was performed, and
a dural defect was created at that distance (using loop
glasses).

In the control group, the dural defect was left
open. In the fascia group, a 1 cm autologous fascia
graft was taken from the lumbar region and sutured
to the defective area with 5/0 silk. In the Gore-Tex
surgical membrane group, a 1 cm Gore-Tex Surgical
Membrane was fixed with 5/0 silk, and dural repair
was performed. Then, the layers were closed
following the anatomy, and the operation was
terminated. After the intervention, 400000 IU
procaine penicillin was given to all rats for
prophylactic purposes for five days.

Until the experiment's two-month duration, the
rats were monitored in groups of 2 in standard cages,
with ad-libitum feeding and daily wound care. At the
end of the experiment, the rats were sacrificed by
giving carbon dioxide euthanasia within a chamber.

Histopathological examinations

The thoracolumbar spine region was taken en
bloc and fixed in 10% buffered formalin. It was then
decalcified in 20% formic acid for three days. After
decalcification, 2 mm thick samples were taken, and
paraffin blocks were prepared. Sections of paraffin
blocks were stained with hematoxylin-Eosin and
histopathologically examined. To microscopically
evaluate the adhesion to the dura mater, three levels
of scoring were made, similar to the scoring of He et
al. (7),

Grade 0 = when the dura mater was free of the
scar tissue.

Grade 1 = when only thin fibrous band(s)
between the scar tissue and dura mater were
observed.
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Grade 2 = when continuous adherence was
observed but was less than two thirds of the
laminectomy defect.

Grade 3 = when scar tissue adherence was large,
more than two thirds of the laminectomy defect,
and/or extended to the nerve roots.

Statistical analysis

The Shapiro-Wilk test was used to determine
whether the data showed normal distribution. A
comparative analysis among three groups was
conducted utilizing the Kruskal-Wallis test. The
Dunn-Bonferroni test was used as a post hoc test.
According to the post-power analysis, the effect size
for the adhesion difference between the groups was
obtained as partial n2 = 0.291 and statistical power
= 0.732, with a type 1 error of 0.05. IBM SPSS
Version 22 program was used for statistical tests.

Results

After laminectomy, dense connective tissue with
fibroblasts was determined to fill the operation
region in the control group. It was observed that the
dura was thickened and completely adhered to the
granulation tissue in the posterior (Figure 1). In the
fascia group, in the histopathological examination of
the levels where the fascia autograft was placed, it is
seen that the dura is thickened, the operation area is
again filled with dense granulation tissue, the fascia
forms a barrier between the dura mater and the
granulation tissue, but the fascia shows adhesion
with the dura mater (Figure 2). In the Gore-Tex
group, granulation tissue covered the laminectomy
defect area with the Gore-Tex surgical membrane.
Still, there was no adhesion to the Gore-Tex surgical
membrane. In this region, it is observed that the
Gore-Tex surgical membrane creates a mechanical
barrier between the dura mater, neural tissue, and
granulation tissue (Figure 3). Descriptive statistics of
the groups are shown in Table-1.

Figure 1. Findings of adhesion of granulation tissue
with the dura mater and neural tissue in the
laminectomy area. G.D., granulation tissue; D, dura
mater; F.T., filum terminale; S.G., sympathetic
ganglion. (HE x 44).



Mugla Sitki Kogman Universitesi Tip Dergisi 2024;11(1):25-29
Medical Journal of Mugla Sitki Kocman University 2024;11(1):25-29
Doi:10.47572/muskutd.1386047

Orijinal Makale/Original Article
Sevin et al.

y
Wrodgd o /AR
Figure 2. It is seen that fascia forms a barrier
between the dura mater and neural tissue and
granulation tissue but cannot prevent adhesion.
G.D., granulation tissue; D,dura mater; F.T., filum
terminale; F, Fascia. (HE x 27.5).
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Figure 3. Although the dura mater thickens where
the Gore-Tex Surgical Membrane is applied, no
adhesion is observed. K, bone; G.D., granulation
tissue; D, dura mater; M.S., medulla spinalis; G. T.,
Gore-Tex Surgical Membrane. (HE x 27.5).

Table 1. Summary of parameters in each group.

The data did not show a normal distribution
(p=0.022, the Shapiro-Wilk test). Then, it was
understood that the three groups were different
(p=0.028, the Kruskal Wallis test). Gore-Tex group
was found better than both the control and the fascia
group. The details of pairwise comparison results
between the groups are shown in Table-2.

Discussion

After laminectomy, fibroblasts originating from
the deep surfaces of the paravertebral muscles
migrate to the laminectomy area and replace the
epidural hematoma found there, causing dense scar
tissue to form (8,9). Ligamentum flavum, posterior
longitudinal ligament, bone, and annulus fibrosus
are known as the sources of fibroblasts. Factors that
stimulate the chemotaxis and migration of
fibroblasts include blood products resulting from the
breakdown of red blood cells (10,11).

Dural grafts are needed for dural defects
occurring after spinal  dysraphism, Chiari
malformation, vascular malformations, tumor
operations, and other surgical procedures (3,5,6,12).
Among the many materials used to prevent the
formation of epidural granulation tissue and dural
adhesions, the most accepted ones are those that
create physical barriers (6,8,10,13,14). Researchers
LaRocca and Macnab placed Gelfoam and a silastic
sheath between the dura and muscles to prevent the
formation of peridural granulation tissue after
laminectomy (8). Yong-Hing et al. (13) and Chen et
al. (14) investigated the effectiveness of applying
Gelfoam and free fat grafts to the laminectomy area.
These studies found that Gelfoam breaks down by
creating a foreign body reaction and has no effect on
epidural granulation tissue and adhesions to the dura.

Groups Test Statistics
Control Fascia Gore-Tex L,
Group Group Group Test value p partial 1 Power
Number of Animals 10 6 10
Adhesion scores to the dura mater
Mean = SD 2.0+0.7¢ 2.0+0.0¢ 1.2+0.8° +
95.0% Confidence interval (1.5-2.5) (2.0-2.0) (0.6-1.7) 7.138 0.028 0.291 0.732
Median 2 2 1
Min; Max 1;3 2;2 0;2

Data are given as meantstandard deviation (95.0% Confidence interval) and median (min; max). ': Kruskal-Wallis H test, a and b superscripts
indicate differences between groups. There are no statistically differences between groups with the same superscripts. The p values of the
Dunn-Bonferroni post hoc test comparing adhesion scores between groups: Control Group vs Fascia Group p= 1.000, Control Group vs Gore-

Tex Group p= 0.031, Fascia Group vs Gore-Tex Group p= 0.019.

Table 2. The p values of the Dunn-Bonferroni post
hoc test comparing adhesion scores between groups.

Control Fascia Gore-Tex
Group Group Grou
Control Group NA 1.000

Fascia Group 1.000 NA
Gore-Tex Group

*Purple: NA; Green: All p values <0.05; Blue: All p values >0.05
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Another dural graft material is lyophilized dura
taken from human cadavers. It is used in the repair
of spinal dural defects and meningomyeloceles.
However, it has the disadvantage of carrying
infectious disecases. Jakob-Creutzfeld (JCD) cases
transmitted via lyophilized human dura mater have
been reported (15-19).

It has been suggested that steroids inhibit
fibroblast proliferation and mucopolysaccharide
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protein synthesis. Based on this idea, steroidal
materials and direct depot steroids have been applied
to the laminectomy area experimentally and
clinically, and it has been reported that adhesion is
less in the areas where steroids are used (13,14).

Among the dural graft materials, autogenic fat
grafts have the best results in repairing spinal dural
defects and are very useful in preventing granulation
tissue formation after lumbar laminectomy (3).
Nevertheless, alternative graft materials become
necessary when the donor areas are afflicted or
compromised by disease, the person refuses graft
removal for cosmetic reasons, or in traumatic and
emergency cases where additional time cannot be
spent for autogenous graft harvesting (12,20).

Another material is the Gore-Tex surgical
membrane. Developed in 1969 and trademarked by
W.L. Gore & Associates, Gore-Tex is a fabric
membrane renowned for its  exceptional
waterproofing capabilities. It consists of expanded
polytetrafluoroethylene (PTFE). It is a soft,
synthetic, biologically inert, non-absorbable
material that can be easily shaped and sutured (10).
Its less porous and densely intertwined fibrous
structure suppresses cell proliferation and creates
minimal adhesion. It is used for various purposes,
such as preventing tissue adhesion in cardiovascular
surgery (21,22). Vakis et al., in their case series in
2006, stated that the Gore-Tex surgical membrane
helps prevent adhesions after decompressive
craniectomies (5). In their study on pediatric Chiari
malformation patients 2008, Attenello et al. found
the Gore-Tex surgical membrane superior to the
pericranial autograft (6). In a study by Park et al., the
Gore-Tex surgical membrane was compared with
collagen-coated vicryl mesh and lyophilized spinal
dural allograft material. It was more beneficial than
these two materials in preventing arachnoidal
adhesions and inflammation after spinal dural repair
(1). Again, it was recommended in this study to do
experimental trials comparing the Gore-Tex surgical
membrane to autologous fascia.

Many studies have used dural materials for
cranial dural repair (3,5,6,12,23), and there has been
very little experimental research on spinal
duraplasty. (4,10,24,25). In this study, we aimed to
prevent the granulation tissue from coming to the
epidural space and the resulting granulation tissue
from adhering to the dura mater and nerve roots by
placing a physical barrier between the granulation
tissue and the dura mater, and we compared the
effects of autologous fascia taken from the lumbar
region and Gore-Tex surgical membrane. Based on
the results obtained, it was observed that the fascia
formed a physical barrier between the dura mater and
neural tissue and the granulation tissue, whereas the
granulation tissue adhered to the fascia. These
findings make us think it will create difficulties in
cases requiring reoperation. However, the Gore-Tex
surgical membrane could interrupt the contiguity
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between the granulation tissue, the dura mater, and
the neural tissue. It has been observed that even if
epidural granulation tissue forms, no adhesion to the
Gore-Tex surgical membrane occurs, and therefore,
it is superior to autologous fascia. These findings are
consistent with Kurt et al. in 2009 and Topsakal et
al. in 2004 (4,25).

Conclusion

This study showed that the granulation tissue did
not adhere to the Gore-Tex surgical membrane, and
the Gore-Tex surgical membrane created an
excellent physical barrier preventing adhesion
between the dura mater and neural and granulation
tissues. The biologically inert nature of the Gore-Tex
surgical membrane, its compatibility with the body,
appropriate placement on the dural defect, and an
ease of suturing can be considered surgical
advantages.
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