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ObjectiveObjectiveObjectiveObjectiveObjective: To compare surgical fixation of polypropylene mesh (PP) and coated polypropylene mesh (PCD) using polypropylene

suture and fibrin glue, as for the formation of intraperitoneal adhesions. MethodsMethodsMethodsMethodsMethods: A sample of 46 female Wistar rats were

randomized into six groups: two control groups, with five rats each, were subjected to one medial incision (MI) and the other to

a U-shaped incision (UI), none of these groups received the mesh. Two groups of PP mesh, with ten rats, fixed with suture (PPF),

the other with six rats, fixed with biological glue (PPC). And two groups of PCD mesh, at first, with ten animals, the mesh was fixed

with sutures (PCDFs) and the second with ten animals with biological glue (PCDC). ResultsResultsResultsResultsResults: After 21 days, the control groups

showed no significant adhesions. The PPC group showed a lower degree of adhesion than the PPF group (p = 0.01). There was

no difference between the groups with PCD. ConclusionConclusionConclusionConclusionConclusion: Comparison of fixation was statistically different only with PP mesh,

with lesser degrees of adherence when using the glue. Adhesions were predominantly located at the extremities of the meshes

studied.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

The weakness of the abdominal wall associated with
increased pressure of the intra-abdominal cavity can

cause the displacement of its contents through a defect,
setting the herniation. It is a disease with high incidence; it
is estimated that approximately 500,000 operations were
performed in Brazil between 1993 and 1996, representing
5.3% of all surgical procedures performed by the National
Health System, with an estimated cost of 100 million
reais1.

The most common hernia type is the inguinal,
corresponding to approximately 75%, followed by the ven-
tral type, with 10%. Studies have shown that the formation
of hernia is associated with reduction of total collagen
production, and in particular the reduction of collagen type
I2. The only effective treatment is surgery. The main
encountered complications are bowel obstruction, hernia
incarceration and/or strangulation, inflammation, chronic
pain, fistula, adhesions and infertility3.

Risk factors for adhesion formation are trauma
(surgical), foreign body reaction, infection, and ischemia4.

The prevalence of incisional hernia (IH) has many variations.
Some studies suggest IH incidence in the general population
between 2 and 20%5; in other studies this frequency has
shown to be greater, between 30 and 40%6. The primary
surgical incision is associated with 25-52% chance of IH
formation7,8. Incisions larger than 10cm in diameter in the
longitudinal direction display frequency of IH in 20-54%
when no surgical meshes are used9 -11.

Currently, the use of surgical prostheses for
correction of all types of inguinal hernias is advocated by
most surgical societies. Most patients benefit from the use
of this technique based on the results of the concept “no
tension”. In the present experiment we used meshes
polypropylene (PP) and meshes with more complex coated
polypropylene (PCD), the latter consisting of a net of
oxidized regenerated cellulose and a PP mesh, a non-
absorbable polypropylene mesh which is encapsulated by
a polymer12.

Traditionally, the mesh is attached by sutures in
a continuous or discontinuous fashion, according to the
guidelines of each manufacturer. This study was conducted
to compare the traditional method using glue fibrinogen.
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The biological glue Tissucol ® (TSS) is composed of
lyophilized fibrinogen, a solution of thrombin and other of
aprotinin, used to produce adhesion between tissues in
animals, including humans. It is mainly used in the adjuvant
treatment to achieve hemostasis in diffuse bleeding, filling
and adherence of tissues during surgical procedures13. Its
use requires precision and skill in order to obtain the best
results. To date, there is no report in the literature that the
biological glue poses any risk of infectious diseases
transmission14. Different studies using fibrin glue showed
less adhesion formation15-17.

This study compared the surgical mesh fixation
with sutures to fibrin glue fixation with the meshes PP and
PCD.

METHODSMETHODSMETHODSMETHODSMETHODS

This project was approved by the Ethics
Committee of the Lutheran University of Brazil. The
experiments followed the regulations and protocols required
by the institution. Protocol - 2009-003-A.

SampleSampleSampleSampleSample
The sample was composed of 46 female Wistar

rats weighing 200-300 grams each. We used two types of
abdominal incisions, a midline (MI) and another in a “U”
(UI). For fixation of meshes with suture we used the incision
MI, and in groups using glue the incision was UI. The animals
were randomly divided into six different groups.

MI group: rats were submitted to five MI
incisions and sutured continuously to wall closure, without
using the mesh; UI group: rats sustained five incisions UI,
and then sutured continuously to wall closure without mesh
use; PPF Group: in ten rats PP meshes were implanted
and fixed with suture; PCDF Group: in ten rats we used
PCD meshes, fixed with suture; PCDC Group: ten rats
were submitted to PCD meshes implantation, fixed with
fibrin glue; PPC Group: in six rats PP meshes we used,
fixed by fibrin glue.

ProceduresProceduresProceduresProceduresProcedures
This study was a prospective longitudinal trial.

The sample size was calculated based on the database of
literature16,18-20. All calculations were made with a significance
level of 5% and a statistical power of 80%.

The standard procedure performed was abdomi-
nal wall closure with 4-0 polypropylene surgical suture. The
same type of material was used to secure the meshes. The
skin closure was done with 3-0 nylon sutures.

All meshes used measured 2x2cm2. The animals
were anaesthetized using an intramuscular injection of
xylazine (0.1 ml of 2% diluted in 0.2 ml of 0.9% saline) at
a dose of 5mg/kg and an intramuscular injection of
ketamine (0.35 ml of 50 mg/ml) at a dose of 50mg/kg.
Next, an 3-4cm-length incision was made in the midline,

followed by dissection of the subcutaneous tissue, exposure
and incision of the linea alba and access to the peritoneal
cavity.

In groups with fixation with sutures, PTT and
PCDFs (Figure 1), after exposure of intra-abdominal organs
by medial incision, the meshes were placed on the parietal
peritoneum on the inner surface of the abdominal wall,
and fixed with a stitch in each quadrant.

The same procedure was reproduced in PCDC
and PPC groups (Figure 2), except for the UI incision in the
abdominal wall, for which a single drop of glue was applied
in the center of the mesh for wall fixation.

After surgery, the animals received subcutaneous
rehydration with injection of 0.5 mL of 0.9% saline solution,
and placed separately in warm environment for
postoperative recovery. When fully recovered from
anesthesia, they were placed back in the pre-operative
environment, with food and water ad libitum.

All animals were euthanized with carbon
monoxide in the twenty-first day postoperatively. They
were immediately evaluated for adhesion formation using
a wider U-shaped abdominal incision. The variables studied
were: a) adhesion: present or absent b) degree of
adherence: mild, moderate and severe, c) intensity of
adhesions: 0-5 Newtons; d) percentage covered: less than
50% or over 50%; and e) location of adhesions: peripheral
or central.

The degree of adhesions can be classified
according to a pre-standardized table described in other
studies (Table 1)21.

Continuous variables were expressed as mean
and standard deviation. Categorical variables were described
with numbers and percentages. The Fisher exact test was
used to determine associations between categorical
variables. To check the differences in strength (minimum,
average, maximum) between the groups we used analysis
of variance (ANOVA).

Figure 1Figure 1Figure 1Figure 1Figure 1 - Fixation of meshes in PP groups.
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RESULTSRESULTSRESULTSRESULTSRESULTS

All animals survived the immediate postoperative
period and were amenable to analysis. The results were
evaluated after 21 days of the procedure (Figure 3). The
procedures performed in the MI group did not result in the
formation of adhesions. In the UI group, the control group
of the incision, only one animal had adhesions, exactly at
the site of suture Wall.

Comparing the PP meshes fixed with glue with
the ones fixed with sutures, the PPS group showed the
lowest degree of adherence when compared to the PTT
group, p = 0.01 (Table 2). Adhesions of PP meshes occurred
mainly in the peripheral region, but no statistically significant
difference was observed between the types of fixation used,
p = 0.250 (Table 3).

There was no significant difference in adhesion
formation (p = 0.665) in the groups using PCD meshes.
There were predominantly mild to moderate adhesions
(Table 4).

PCD meshes, whether fixed with sutures or with
fibrin glue, showed adhesions, especially in the peripheral
region, although no statistical significance was found
between techniques, p = 1 (Table 5).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The total collagen formation starts on the third
day when using polypropylene sutures for fixation. This
formation increases progressively up around the twenty-
first day. Collagen type III also reaches its peak around the
21st day22.

Initially, a medial incision was chosen for use as
standard. Nevertheless, the difficulty of cavity size,
placement, positioning and fixation was used in an incision
shape of the letter U. Using this new incision was best
possible exposure of the abdominal wall. For this reason it
was necessary to include a control group using a second
incision technique. The incisions UI and MI did not form
adhesions and were statistically similar to other studies.
Regarding the abdominal incision, both the medial and the
longer U-shaped, there was no significant adhesion
formation.

The findings of this study are consistent with si-
milar works 16,18-20,23-25  on the use of fibrin glue as the
method of fixation of surgical meshes. The fixing of PP
meshes with glue formed fewer adhesions when compared
to suture fixation, with significance level of 0.01. There
was no statistical difference between the fixation methods
of groups using PCD meshes.

Table 1Table 1Table 1Table 1Table 1 - Description of the type of adhesion 21

Type of AdhesionType of AdhesionType of AdhesionType of AdhesionType of Adhesion Def in i t ionDef in i t ionDef in i t ionDef in i t ionDef in i t ion

0 No adhesion.
1 Thin Adhesions of easy division.
2 Adhesions requiring blunt dissection to be divided.
3 Firm adhesions where the lyses can only be done with application of significant strength, resulting in

partial or total injury of the viscera involved.

Figure 3Figure 3Figure 3Figure 3Figure 3 - Postoperative comparison after 21 days: 1- PPF
Group; 2- PPC group; 3- PCDF group; and 4- PCDC
group.

Figure 2Figure 2Figure 2Figure 2Figure 2 - Fixation of meshes in PCD groups.
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Fibrin glue used only in the center of both meshes
promoted a proper attachment to the abdominal wall. There
was no full attachment of the meshes on the edges, probably
by the use of meshes cut to suit the size of the abdomen of
the animals. The combination of this factor, cut meshes,
with the location of the glue in the center of the mesh,
caused increased exposure of the cut edges of the mesh to
adhesion formation, especially in the coated model. These
findings are supported by published data26

The group of animals with PP mesh fixed with
glue showed a lower degree of adhesion when compared
to surgical suture. Other variables, such as adhered
structures, coated surface, breaking force and retraction of
the mesh, showed no relevant significance. The results of
the PCD meshes showed no differences between the types
of fixation. The predominant location of adhesions formed
was observed mainly in the lateral edges of the meshes for
all groups.

Table 2Table 2Table 2Table 2Table 2 - Degree of adhesion: PP meshes with sutures and glue.

SutureSutureSutureSutureSuture G lueG lueG lueG lueG lue p (*)p (*)p (*)p (*)p (*)

NNNNN %%%%% NNNNN %%%%%

Degree of adhesion   0.010
Thin 1 10.0 5 83.3
Moderate 5 50.0 0 0.0
Firm 4 40.0 1 16.7

* Fischer Exact Test

Table 3Table 3Table 3Table 3Table 3 - Location of adhesions: PP meshes with suture and glue.

SutureSutureSutureSutureSuture G lueG lueG lueG lueG lue p (*)p (*)p (*)p (*)p (*)

NNNNN %%%%% NNNNN %%%%%

PeripheralCentral 7 70.0 6 100.0 0.250
3 30.0 0 0.0  

Total 10 100.0 6 100.0  

* Fischer Exact Test

Table 4Table 4Table 4Table 4Table 4 - Degree of adhesion: PCD meshes with sutures and glue.

SutureSutureSutureSutureSuture G lueG lueG lueG lueG lue p (*)p (*)p (*)p (*)p (*)

NNNNN %%%%% NNNNN %%%%%

Degree of adhesion   0.665
Thin 7 70.0 6 60.0
Moderate 2 20.0 1 10.0
Firm 1 10.0 3 30.0

* Fischer Exact Test

Table 5Table 5Table 5Table 5Table 5 - Location of adhesions: PCD meshes with suture and glue.

SutureSutureSutureSutureSuture G lueG lueG lueG lueG lue p (*)p (*)p (*)p (*)p (*)

NNNNN %%%%% NNNNN %%%%%

PeripheralCentral 9 90.0 8 80.0 1.000
1 10.0 2 20.0

Total 10 100.0 10 100.0

* Fischer Exact Test
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R E S U M OR E S U M OR E S U M OR E S U M OR E S U M O

Objetivo: Objetivo: Objetivo: Objetivo: Objetivo: Comparar fixação cirúrgica de telas de polipropileno (PP) e telas de polipropileno revestido (PCD), usando fio de
sutura de polipropileno e cola biológica, quanto à formação de aderências intraperitoneais. Métodos:  Métodos:  Métodos:  Métodos:  Métodos: Amostra de 46 ratas
Wistar, randomizadas em seis grupos: dois grupos-controle, com cinco ratas cada, que foram submetidos um à incisão medial
(IM) e o outro à uma incisão em forma de U (IU); nenhum desses grupos recebeu tela. Dois grupos com tela de PP, um com
dez ratas, fixada com sutura (PPF), e o outro, com seis ratas, fixada com cola biológica (PPC). E Dois grupos com tela de PCD,
no primeiro, com dez animais, a tela foi fixada com sutura (PCDF), e no segundo, com dez animais, com cola biológica
(PCDC). Resultados:  Resultados:  Resultados:  Resultados:  Resultados: Após o prazo de 21 dias, os grupos-controle não apresentaram aderências significantes. O grupo PPC
apresentou menor grau de aderência do que o grupo PPF (p=0,01). Não houve diferença entre as fixações nos grupos com
PCD. Conclusão:Conclusão:Conclusão:Conclusão:Conclusão: A comparação da fixação apresentou diferença estatística significativa apenas à tela de PP, com menor
grau de aderência utilizando a cola. As aderências se localizaram predominantemente nas extremidades das telas estuda-
das.

Descritores:Descritores:Descritores:Descritores:Descritores: Hérnia. Telas cirúrgicas. Adesivo tecidual de fibrina. Técnicas de sutura. Aderências teciduais.
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