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The purpose of the study was to compare human fibrinogen-thrombin-based liquid
dural graft; Beriplast® (Behring, Malburg, Germany) and collagen-based dural graft;
Tissudura® (Baxter, Heidelberg, Germany) in terms of efficiency, side effects and
complications. Thirty Spraque Dawley rats were used in this experimental study. A
burrhole was opened on the left parietal bone of each subject and experimental dural
defect was created. While 10 subjects were in sham group without any dural defect
repair, dural defect was repaired by Beriplast in 10 subjects, by Tissudura in 10 subjects.
After twenty-one day follow-up, edema, gliosis and inflammatory cell infiltration in the
parenchyma, foreign body reaction in the bone, fibrosis in the epidural space and dura
were evaluated histopathologically. Beriplast caused much more severe inflammation on
cortex. When we compared Tissudura group with the sham group in terms of parenchymal
edema and gliosis, the difference was not significant. On the other hand, we have found a
significant increase in cortical parenchymal edema in Beriplast group. The last generation
dural grafts result in different degrees of the tissue reaction. Severe inflammatory reaction
can provide more satisfactory results in terms of watertight dural closure but on the other
hand, the same reaction can be a disadvantage to the surrounding tissue.
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1. Introduction
The leading causes of the cranial dural defects are head
traumas, neurosurgical approaches, tumoral infiltrations,
infections, congenital fistulas and empty sella syndrome
(Greenberg, 1994).
Duraplasty is a kind of procedure in which dura mater
can’t be sutured primarily and needs to be covered by the
grafts. In the case of inadequate duraplasty, complications
such as cerebrospinal fluid (CSF) fistulas, infections,
pseudomeningoceles and prolonged hospitalization can be
seen. Increased morbidity even mortality can also be detected
due to these complications. There has been an important issue
in modern neurosurgical clinics in terms of avoiding these
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complications. For that reason, closing dura mater needs to
be a must by duraplasty in watertight form.
Today, Tissudura (Baxter, Heidelberg, Germany) and
Beriplast (Behring, Malburg, Germany) are often used as
dural grafts in neurosurgery. Tissudura is a natural collagen
biomatrix. It is derived from heterogenous Achilles tendon
(Esposito et al., 2008). It regenerates the anatomy, prevents
adhesions, encapsulation, CSF fistulas by the help of
biological well-adjusted collagen form (Esposito et al.,
2008). It maintains cell penetration and spreading of cells on
matrix. These cells grow up, differentiate metabolically and
form into dura mater tissue. Collagen fibrils in network like
matrix transform to fibrous layers, which are rich in cells,
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Fig. 1. Inflammation cells (arrows) in parenchymal tissue after
staining with H&E

elastic, watertight and also stretch-resistant, in the week of 16
(Narotam et al., 2004; Esposito et al., 2008). It is easily used
and gets along with complex surfaces with giving chance
to natural dural regeneration. It can be used by both of its
wet and dry surfaces, maintains primary liquid isolation with
fibrin glue and can be applied sutureless (Narotam et al.,
2004; Esposito et al., 2008).
Beriplast consists of factor XIII and thrombin, which are
the blood coagulation factors, and also aprotinin and calcium
chloride, which are known as antifibrinolytic agents (Dunn
and Goa, 1999). It helps hemostasis and wound healing
(Eberhard et al., 2006). On behalf of that it is clinically used
as drug carrier as physiological tissue glue in the treatment
of minor targets of cancer. It is obviously informed that the
usage of anti-carcinogen drugs is more efficient with beriplast
(Handa and Koyama, 1989; Matsuoka et al., 1996). Easy
application, natural dura regeneration and easy penetration to
complex surfaces because of the liquid form are its important
properties (Nistor et al., 1997; Schelling et al., 1998).
In this experimental study, we aimed to compare the
efficiency, side effects and complications of these two
synthetic materials.
Table 1. The histopathological score scale of inflammation,
foreign body reaction, edema and gliosis of the H&E
stained preparations
0
1
2
3

Inflammation

Foreign body reaction

Edema

Gliosis

no inflammation
mild
moderate
severe

absent
limited
extensive
very severe

absent
mild
moderate
severe

absent
mild
moderate
severe

2. Material and methods
This study has the approval of the Ethics Committee of
Animal Experimentations from Ondokuz Mayıs University.
We performed this study at Ondokuz Mayıs University
Experimental Animal Research Center by using 30 Sprague
Dawley rats, which were 300-400 gram in weight and 16-20
weeks old in age.
The subjects were divided into three groups (Beriplast;

group B, Tissudura; group T and sham; group S) of 10 rats in
each. Each group was kept in separate cages, in their natural
environment without food and water restrictions. The rats
were fasted for 12 hours before the experimental surgery and
were only allowed to drink water.
In this study, rats were sedated preoperatively by giving
10 mg/kg xylazine (Rompin-Bayer) and 80 mg/kg ketamine
hydrochloride (ketamine on-Parke Davis), intraperitoneally.
Rats were taken to the operating table after anesthesia. Skin
antisepsis was provided with 10% povidone iodine solution
after the surgical site shaving. 1.5 cm length incisions of
the skin and subcutaneous tissue were performed on the left
parietal region. A burrhole was created on the parietal bone
with the help of surgical microscope, high-speed drill, 3 mm
ball-end and dura mater was found. 3 mm incision was made
on dura meter by using 11-no scalpel. 0.5 cc Beriplast and
0.5x0.5 cm Tissudura was placed on the dural defect in Group
B and Group T, respectively. Group S was determined as
sham and was not used any material in place of dural defect.
The skin and subcutaneous tissues were sutured with silk 4/0
after confirming hemostasis. 10% povidone-iodine solution
was applied to the incision areas of all cases.

Fig. 2. Fibrosis in bone tissue is shown in the rectangle after
staining with H&E

The rats were placed in cages with warming. Body
temperature was kept constant and 2 mg/kg paracetamol was
given for 3 days, orally. Rats were followed for 21 days for
evaluation of general behavior, neurological signs, mobility
and signs of infection. Abnormal posture and motor deficits,
redness in the surgical area, the appearance of infection
symptoms, decreased feed and water consumption were
determined as the study exclusion criteria.
All rats were decapitated under anesthesia at 21st day of
the study and both cerebral hemispheres were removed en
bloc with the dura.
Histopathological evaluation
Cerebral parenchyma and dura mater were fixed with
formalin. Transverse sections of the cerebral tissue and dura
mater samples, which were taken from the lesion area, were
embedded in paraffin blocks. The parietal bone was decalcified
by allowing to stand for five days in acid solution. Transverse
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group B, 8 of the 10 subjects (80%) had mild inflammation.
One of them showed abscess formation, which was
independent from the usage of Beriplast. Mild inflammation
was observed in 6 out of the 10 subjects (60%) in group T.
When groups were compared, inflammation and fibrosis were
found significantly higher in group B (p<0.05).
Edema of Parenchymal tissue
In terms of edema, it was not possible to differentiate the
influence of the trauma to dura mater from the effect of the
synthetic dural graft usage. One out of 10 subjects (10%) in
Sham group showed mild edema. Seven of the 10 subjects
(70%) in group B and 3 of the 10 subjects (30%) in group
T had mild edema. When groups were compared, the
development of edema was statistically significantly higher
in group B (p<0.05). There was no significant difference
between group T and S (p>0.05).

Fig. 3. Edema in parenchymal tissue after staining with H&E

Gliosis of Parenchymal tissue
Gliosis around the surgical field, which developed because
of the primary surgical trauma or secondary to foreign body
reaction, was evaluated. While we found mild gliosis in
two out of the 10 subjects (20%) in group S, three subjects
showed mild gliosis in each group B and T (30%). When
we compared group B with groups T and S, a statistically
significant difference was detected (p<0.05). On the other
hand, there was no statistically significant difference between
group T and S (p>0.05).

sections of bone tissue were embedded in paraffin blocks.
five micron sections were taken from paraffin-embedded and
were stained with H & E and luxol fast blue histochemical
dyes. Histological evaluation was done by a pathologist by
using light microscopy. Inflammation, foreign body reaction,
edema and gliosis were evaluated (Fig. 1, 2, 3 and 4) and
scored (Table 1).

Table 2. The distribution of the histopathological signs in the Sham group
Parenchyma

1
2
3
4
5
6
7
8
9
10

Bone

Inflammation

Edema

Gliosis

2
1
-

1
-

1
1
-

Foreign body
reaction
1
-

Inflammation
1
1
-

Foreign body reaction Fibrosis
1
1
-

+
+
+
+
-

Statistical evaluation
Statistical evaluation was performed using an alpha level
of 0.05 to determine statistical significance. The datas were
presented as percentage. Groups were compared using the
Kruskal Wallis test and a chi-square analysis. SPSS software
version 15.0 was used for statistical testing.

Foreign Body Reaction of Parenchymal tissue
One of the subjects in every three groups (10%) had very
limited foreign body reaction. Group B and T showed a
statistically significant difference when compared with group
S (p<0.05). There was no significant difference between group
S and T (p>0.05). It was group B that created the difference.

3. Results
Any exclusion criterion was not observed during the study.
The results of the histopathological examination of the groups
are shown in Tables 2, 3 and 4.

Inflammation of bone tissue
Two subjects (20%) showed mild inflammation in group
S. While moderate inflammation was seen in one of the 10
subjects (10%), eight subjects (80%) had mild inflammation
and one subject (10%) had no significant inflammation in group
B. In group T, four subjects (40%) showed mild inflammation
and 1 subject (10%) showed moderate inflammation. Bone
tissue inflammation was found significantly higher in group
B compared with the groups S and T (p<0.05).

Inflammation of Parenchymal tissue
Inflammation and fibrosis, which occurred in the defective
dura, were evaluated. Two out of 10 subjects (20%) in group
S showed mild and moderate inflammation, respectively. In
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Table 3. The distribution of the histopathological signs in Beriplast group
Parenchyma
Inflammation
Edema
1
1*
1
2
3
1
1
4
1
1
5
1
1
6
1
1
7
1
1
8
1
9
10
1
1
* abscess (independent with Beriplast)

Gliosis
1
1
1
-

Bone
Foreign body reaction
1
-

Foreign body reaction of bone tissue
Two of 10 subjects (20%) showed a limited degree of foreign
body reaction in group S. Six subjects (60%) had limited
degree, one subject (10%) had extensive and one subject
(10%) had very severe foreign body reaction in group B.
In group T; four subjects (40%) were without foreign body
reaction, four subjects (40%) were with limited and two
subjects (20%) were with extensive foreign body reaction.
There was statistically significant difference when group B
and T were compared with the group S and among themselves
(p<0.05).
Bone Tissue Fibrosis
Bone tissue fibrosis was observed in four out of 10 subjects
(40%) in group S. While 9 of 10 subjects (90%) had bone
tissue fibrosis in group B, it was detected in all of the subjects
in group T (100%). Group B and T were significantly different
from the group S (p<0.05).
4. Discussion:
Dura mater is the outermost layer of the meninges. It provides
a mechanical barrier between the CSF and the external
environment and protects the nervous system from infection
(Narotam et al., 2004; Esposito et al., 2008; Stendel et al.,
2008).
The integrity of the dural barrier can be disrupted by

Fig. 4. Foreign body reaction in bone tissue is shown in the
circle after staining with H&E

Inflammation
1
1
1
2
1
1
1
1
1

Foreign body reaction
1
1
1
3
2
1
1
1
-

Fibrosis
+
+
+
+
+
+
+
+
+

trauma, neoplastic infiltration and surgical interventions
(Aykan et al., 2002; Mukai et al., 2008; Chappell et al.,
2009). In neurosurgery, dural barrier disruption causes major
complications such as CSF fistula, meningitis, ventriculitis,
deep-seated abscess infections, pseudomeningocele and
/ or related nerve entrapment syndromes and intracranial
hypotension (Narotam et al., 2004; Esposito et al., 2008). For
that reason, it is very important in neurosurgery to repair dural
defects water tightly (Sekhar et al., 2001; Malliti et al., 2004).
Watertight dural repair can be difficult because of the lack of
adequate dural tissue, the inability in demonstrating of the
dural margin to be repaired clearly and neoplastic infiltration
of the dura.
There are lots of methods to repair dural defect water
tightly. Most preferred and also the best method is primary
suturing of the dural defect in the presence of enough dural
tissue and surgical exposure. With this method, the autologous
tissue is closed in a closest way to its own natural (Topsakal
et al., 1993; Takcı et al., 2001; Lage et al., 2006; Narotam et
al., 2009). If primary closure is impossible, duraplasty, which
means the usage of alternative products to dura mater, can be
performed.
Alternative dura grafts can be examined in four
subgroups: allografts, autologous grafts, non-autologous
animal grafts (xenografts) and synthetic grafts. Allograft is
the transplant of the tissue from one individual to another of
the same species with a different genotype. Autologous grafts
are tissues such as galea, fascia, muscles tissue and adipose
tissue, which are taken from the patient himself. The most
important advantages are not carrying a risk of infection
of another host, lower cost and not forming any immune
reaction. The disadvantages are not being always sufficient,
need for a second surgical procedure and pain, cosmetic
problems and risk of infection at the secondary surgical site.
We can find animal grafts easily and in a large amount but
on the other hand, they can create immune reactions, cause
severe infections and adhesions. The advantages of synthetic
grafts are easy application, no need of suturing, elasticity,
lower risk of infection and immune reaction (Nussbaum et
al., 1989; Hatanaka, 1992; Narotam et al., 1993; Bhatia et al.,
1995; Narotam et al., 1995; San-Galli et al., 1996; Nistor et
al., 1997; Alleyene et al., 1998; Schelling et al., 1998; Vinas
et al., 1999; Kelly et al., 2001; Narotam et al., 2004; Knopp
et al., 2005; Dietemann et al., 2005; Cappabianca et al.,
2006; Shimada et al., 2006; Esposito et al., 2008). The most
important disadvantage of these grafts is their high cost.
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Table 4. The distribution of the histopathological signs in Tissudura group
Parenchyma
Inflammation
1
2
3
4
5
6
7
8
9
10

1

1
1
1
1
1
-

Edema
1
1
1
-

Gliosis
1
1
1
-

Bone
Foreign body reaction
1
-

First generations of these synthetic dura grafts are
polytetraflouroetil (Hatanaka, 1992; Vinas et al., 1999; Grouls
et al., 2000), polydiox (Vinas et al., 1999), hidrogel (Alleyene
et al., 1998), hydroxy-ethyl-methacrylate-hydrogen (Bhatia
et al., 1995), biosynthetic cellulose (Dietemann et al.,
2005), Vicryl mesh (Nussbaum et al., 1989) and absorbable
elastin fibrin material (San-Galli et al., 1996; Shimada et
al., 2006). We can summarize the mechanisms of action as
giving time to connective tissue for closing where they are
applied up until absorbed (Aykan et al., 2002). Because of
causing severe foreign body reaction, failure to create enough
collagen production due to the higher amount of synthetic
components in this first generation of synthetic dura grafts,
more modern agents were developed. In recent years, the two
agents; Beriplast P® (Dunn and Goa, 1999) and Tissudura®
(Knopp et al., 2005; Cappabianca et al., 2006) have been
popular in practice of neurosurgery (Handa and Koyama,
1989). Beriplast forms a waterproof barrier composed of
tightly associated cells through connective tissue (Dunn
and Goa, 1999; Eberhard et al., 2006). Tissudura is different
from other collagen spongosts as it contains cross-links and
therefore less CSF leak was reported (Esposito et al., 2008).
In our study, we compared the efficacy and side effects of
these two products and assessed our findings in terms of the
effects of dural grafts on brain tissue, bone tissue and epidural
space. According to our results, Beriplast caused much more
severe inflammation on cortex while this inflammation was
mild in Tissudura group. When we compared Tissudura group

Inflammation
2
1
1
1
1
-

Foreign body reaction
2
1
1
1
1
2
-

Fibrosis
+
+
+
+
+
+
+
+
+
+

with the control group in terms of parenchymal edema and
gliosis, the difference was not significant. On the other hand,
we have found a significant increase in cortical parenchymal
edema in Beriplast groups. So we can say that synthetic dural
materials cause inflammation in cerebral cortex and some
of them cause much cortex edema and gliosis. If we look at
the inflammation in the epidural space; a slight increase in
inflammation was detected by the Tissudura but this increase
was much more severe in Beriplast group when we compared
with sham.
In terms of bone foreign body reaction; a severe reaction
was determined in Beriplast group.
When we look at the personal surgical observation in our
study, a quite satisfactory and thick connective tissue, which
had a tight connection with dura mater, was observed during
the decapitation of Beriplast group. Severe inflammation
and fibrosis that we found at histopathological evaluation in
Beriplast group can explain this result.
According to the findings of our study, the last generation
dural grafts result in different degrees of the reaction. Severe
inflammatory reaction can provide more satisfactory results
in terms of watertight dural closure but on the other hand,
the same reaction can be a disadvantage to the surrounding
tissue.
The repair of the dura water tightly with the least reaction
has been the ideal target in neurosurgery but today; it seems
difficult to catch this target in similar rate with even the most
homogeneous, most modern dural grafts.
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