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INTRODUCTION

AA
bdominal parietal defects are among the most
common surgical problems, representing a
major cause of work capacity loss, sometimes

being lethal.
We bring into focus aspects of this subject because the

incidence of hernia within the general population is 
estimated at 3%, with 10-15% of cases occurring in adults,
predominantly men. Basically, the treatment for inguinal

hernia, is the most common intervention in general surgery
with approximately 700000 cases operated annually in the
United States alone.

On the other hand eventration is a common complica-
tion in the abdominal surgery. It was demonstrated that this
occurs in 11-20% of laparotomized patients. At the same
time eventrations are a major source of morbidity, involving
incarceration in 6-15% of cases and strangulation in 2% of
cases. 

Although many repair techniques of these parietal
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SUMMARY

Parietal abdominal defects are among the most frequent surgical
problems, being a major cause of work capacity loss, sometimes
being lethal. We point out the aspects of the topic from the 
perspective of prostheses. The most common intervention within
general surgery is the treatment for inguinal hernia with approxi-
mately 700,000 cases handled annually in the United States
alone. Although many techniques have been described to repair
these parietal defects, the results are still disappointing. Parietal
defects surgery was revolutionized by the appearance of prostheses,
increasingly more effective, which has led to a dramatic drop in the
rate of recidivism. Therefore, there were used materials of the
most diverse in the treatment of herni. Surgeons have used and
subsequently rejected many types of implants until the settlement
of the materials variety most widely used today. Nowadays, 
general surgery has access to wide and sophisticated synthetic bio-
materials for use in the treatment of hernia. This article examines
the types of prostheses identified in the literature and used by us
in medical practice, emphasizing the advantages and disadvantages
of each type of material used.
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RÉSUMÉ
Biomatériaux synthétique utilisée dans abdominale chirurgie

Les défauts pariétales abdominales sont parmi les plus fréquents
problèmes chirurgicaux, étant une cause majeure de perte de la
capacité de travail, des fois ils pouvant etre mortelles. Nous
souligneront les aspects de ce sujet du point de vue des prothèses
utilses. Le traitement de la hernie inguinale est l'intervention la
plus courante de chirurgie générale avec environ 700 000 des cas
traitées chaque année aux États-Unis. Meme si beaucoup de tech-
niques ont été décrites pour réparer ces défauts pariétales, les
résultats sont encore décevants. La chirurgie des défauts pariétale
a été révolutionné par l'apparition des prothèses de plus en plus
plus efficaces, qui a entraîné une baisse marquée du taux de
récidive. Par conséquence, les matériaux les plus diversifiées ont
été utilisés dans le traitement de la hernie. Les chirurgiens ont
utilisé et aprés ils ont rejeté plusieurs types de prothèses  pour
établir la  variété des matériels qui sont utilisé le plus souvent
aujourd'hui. La chirurgie générale a accès aujourd'hui à
unegamme  large et sophistiqué des biomatériaux synthétiques
pour l’utilisation dans le traitement de la hernie. Cet article 
examine les types des prothèses que nous avons identifié dans la
littérature de spécialité  et nous les avons utilisé dans la pratique
médicale, en mettant l'accent sur les avantages et les incon-
vénients de chaque type de matériel utilisé.
Mots clés: synthétique, biomatériaux, mur, chirurgie
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defects have been described, the results are still disappoint-
ing.

Parietal defects surgery has been revolutionized by the
more efficient hernia prostheses emergence, that lead to a
dramatic decrease in relapse rate from 46% for eventrations
to 10% for hernias, round about 0.5%.

The earliest record of inguinal hernia dates to 1900,
when Wirzel used a silver prosthesis. In 1939 was introduced
by DuPont - New York Corporation the first synthetic fiber,
namely polyamide (Nylon). Only in 1944 this type of 
prosthesis was used by Aquaviva and Bounet.

In 1941, the polyester was first marketed both in mono-
and poly-filament form, polymer obtained by condensation
of etilenglycol with terephthalic acid. 

In 1956 Wolstenholm introduces this type of polyester
prostheses so that in 1958, Usher used polypropylene 
meshes in the treatment of eventrations and inguinal 
hernias. (13)

The modern age for the treatment of hernia began 40
years ago with the use of monofilament polyethylene mesh,
in order to decrease tissue tension. Prosthesis was used for
strengthening a previously tissue repair. This key event was
followed by the introduction of polypropylene mesh which
represented a significant process regarding synthetic bio-
materials available for hernia surgery. Development of
polypropylene mesh which was easier to handle than previ-
ously existing prosthetic materials has stimulated research
over the next three decades, the result being materialized in
the development of other synthetic biomaterials that could
be used in a similar manner.

The option of laparoscopic approach of parietal defects
imposed also other changes in the old polypropylene 
meshes. In 1993, the multifilament Surgipro mesh was
reconfigured to become the monofilament Surgipro mesh
(United States Surgical Corporation, Inc.), a product
designed for laparoscopic treatment of hernia. Similarly,
Ethicon modified the PROLENE polypropylene biomaterial
in a fabric less compact. This was released in July 1999 and
is called PROLENE polypropylene mesh - new construction.
This change was designed to make the product suppler and
easier to handle. Other flat polypropylene meshes that
remain relatively unchanged compared to the original
include Atrium and Trelex mesh.

A new material available in Europe is Parietene
(Sofradim). Also, a monofilament polypropylene mesh, 
Parietene presents expanded meshes designed to provide
multidirectional elasticity, making it less dense and less rigid
than the oldest polypropylene biomaterials.

Therefore, natural and synthetic prosthetic materials
have been used for decades for the treatment of hernia. 
Surgeons have used and subsequently rejected many types of
implants until the settlement of the materials variety most
widely used today.

Nowadays general surgery has access to a wide and
sophisticated range of synthetic biomaterials for use in the
treatment of hernia than ever before. Advantages and 
disadvantages of each of these devices must be understood
before choosing any of the implants.

MATERIALS

Beyond the general qualities of textile materials 
produced for prosthesis their systematization has been
tried based on porosity and texture, factor that primarily
determines their biological behavior.

In 1993 Amid, P.K., Shulman, A.G., Lichtenstein, I.L
proposed the following classification of textile prostheses:

Type I: - Totally Macroporous Prostheses: - those with
pores greater than 75 microns in diameter, so that
macrophages and polymorphonuclears can easily migrate
through meshes, preventing germs quartering. On the other
hand, collagen fibers neoformation and angiogenesis have
favorable conditions in the presence of this material. (1, 2)

The great advantage of macroporous prosthesis is the
local infection risk removal – factor that always generated
surgeon’s reluctance in alloplastic solving of abdominal 
parietal defects. At the same time, the great disadvantage
and apparently the only one, is represented by the develop-
ment of intimate adherents to the abdominal viscera when
placed intraperitoneally in direct contact with them. 

This biologic behavior determines two consequences,
namely the tendency of the intestinal wall erosion by the
prosthesis with the occurrence of fistulas and iterative re-
laparotomy in time, may be difficult due to viscero-parietal
block from the prosthesis. (4,6)

Trade names of macroporous prostheses are: Prolene,
Marlex, Atrium, Surgipro, Monofilament, Trilex.

Such materials are still under study and their reliability
will be confirmed in clinical studies.

In terms of chemical structure, Prolene prosthesis is an
ethylene’s polymer with basic chemical formula C2H4.
Consists of monofilament fibers, porous, slightly elastic,
semi rigid, relatively heavy, contains plastic and buckles
when bent in two different directions at once (5)

Researches (8,9) in order to obtain a fit prosthesis for
intraperitoneal implantation, associated polypropylene with
polyglactin in various ways. Thus, tissue behavior of
polypropylene itself was compared (A prosthesis) with the
one to which was added polyglactin in a thin thread form (B
prosthesis), interwoven filaments (C prosthesis) or
polypropylene associated with polyglactin both ways (D 
prosthesis). The experimental model used was represented by
mice with wall biopsy at 3, 7, 14, 21, 90 days after the 
prostheses implantation evaluating stiffness, resistance and
local tissue immune response. (14)

Parietal resistance was identical in the four groups
where prostheses were implanted and similar with the
group where simple laparotomy and closure was practiced.

Tissue reaction researches in response to C prosthesis
showed a reduction in the number of macrophages and
granulocytes as an acute inflammation sign, showing a
limited scar formation to the perifilamental region. B and
D prostheses seem to change tissue reaction obviously
favoring the connective tissue formation around the entire
prosthesis. 

Adding polyglactin 910 to polypropylene prosthesis (7)
leads to lower inflammation and even arrangement of 
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Figure 1 - ePTFE biomaterials: (a)
DualMesh, (b) DualMesh Plus, (c)
DualMesh Plus with Holes, and (d)

Dulex.

collagen fibers in the meshes unlike tissue reaction caused
by native polypropylene in which this reaction is ordered
only on the prosthesis periphery resulting in a flat scar,
encompassing the prosthesis. 

The original Marlex mesh remains available and 
continues to be used, but a newer and less compact woven
variety, Visilex (Davoli, Inc) was introduced for laparo-
scopic treatment of hernia. Visilex has a reinforced edge
that aids manipulation of the material when it is placed
into the preperitoneal space.

Type II: - Total Microporous Prostheses: - with a pore
size less than 10 microns in diameter, allowing passage of
pathogenic germs less than 1 micron in diameter, but thus
preventing macrophages inflow greater than 10 microns in
diameter, which is a contributing factor to suppuration in
the prosthesis, suppuration which can be removed only
with the prosthesis. 

Nevertheless the major advantage of these prostheses
is the viscero-parietal adherent risk substantial reduction
(3, 11,12)

An example of total microporous prosthesis is ePTFE -
expanded polytetrafluorethylene: obtained through an
expansion of teflon. It is non-porous, smooth, supple
material containing microscopic pores throughout its
thickness.

We consider of great importance to look over the 
various material types derived from ePTFE:

W.L. Gore & Associates, who originated the expanded
polytetrafluorethylene mesh (ePTFE), continues to manu-
facture Soft Tissue Patch in both 1 mm and 2 mm thickness.
A similar material available in the Bard’s line of hernia
product is Reconix patch. This product looks macroscopi-

cally identical to Gore-tex Soft Tissue Patch, but the micro-
scopically appearance differs greatly, with a different porosi-
ty and laminated structure. These different characteristics
may influence the level of tissue penetration. Each product
can be placed via a laparotomy or laparoscopic approach. 

MycroMesh is a new generation of the ePTFE prosthe-
ses launched by Gore in 1993. This prosthesis is a recon-
figuration of Soft Tissue Patch product, which has woven
surfaces and pores distributed throughout the material.
This construction is designed to permit the fibroblasts and
collagen passage, thus permitting a better fixation of the
product to the woven fabrics.  

DualMesh prosthesis available from Gore since 1994 is a
two-sided ePTFE product. One side has a 3 microns inter-
stitial space, serving as a barrier to the tissue incorporation,
thus minimizing the adhesions formation. The other side
has interstitials of 17-22 microns, allowing penetration of
tissue fibroblasts and collagen. The development of this bio-
material has proven useful in the treatment of eventrations
and previously abdominal hernias. Due to this product the
laparoscopic approach for the treatment of hernia has
become increasingly popular since it was first reported in
1993. This product has since been modified; the penetrable
surface now has larger interstitials and rough surface. This
should foster much greater tissue incorporation. 

MycroMesh Plus, DualMesh Plus and DualMesh Plus
with Holes prostheses are distinguished by silver and
chlorhexidine incorporation into the biomaterial in order to
reduce the risk of infection. Adding these substances
imprints a brown or gray coloration to these products, which
aids laparoscopic manipulation. (10)

Type III: - Macroporous Prostheses with Microporous
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Components: - try to combine the advantages of the first
two types, but they can not completely eliminate the septic
risk due to microporosity.

Examples of such macroporous prostheses with micro-
porous components are: - Mersilene, Teflon, Dacron poliester,
Ligalen, Surgipro polifilament, Plastex. 

French School (Rivers and Stoppa) used with good
results and imposed in practice Mersilen prosthesis. Mersilen
is a Dacron woven polyester fiber mesh being: watery, soft,
light, supple, elastic, non-plastic, with rough texture to 
prevent slipping and has a minimum tendency to buckle
when bent in two different directions at once.  At the same
time American authors use widely Gore-Tex expanded 
polytetrafluoroethylene prosthesis. 

Polyester mesh was introduced about 30 years ago and
continues to be used today, especially in Europe. These 
prostheses are supple and elastic, conform to the visceral sac,
have a granular texture that facilitates their peritoneal 
adhesion and prevent slipping and are sufficiently reactive to
induce rapid fibroblastic response to ensure fixation.

Sofradim International introduced a new concept 
regarding polyester biomaterials used in the treatment of
abdominal parietal defects. A new device, with limited use
only in Europe, Parietex, presents a woven biomaterial that
is unlike any other mesh; The difference lies in the bi- and
three-dimensional structure seen with electron microscopy.
It remains to be demonstrated if the polyester biomaterial
structure and texture change offers lasting improvements
compared to existing products.

Type IV: - Submicronic Porosity Prostheses: - they can
not be used alone, but only in combination with type I, thus
removing the risk of intra-peritoneal adhesions (Dual-mesh
prosthesis). Trade names of these prostheses are of the most
diverse: - Silastic, Cellgard, Pierclude Dura Substitute.

Type V: - Resorbable Materials;   

Composite Products

Adhesions represent the primary complication related
to the use of polypropylene prosthesis within the abdomi-
nal cavity, although bowel obstruction, bowel erosion and
subsequent enteral fistula also have been known to occur.
EPTFE prostheses were not associated with significant
problems such as bowel erosion and formation of fistulas.
Some surgeons are reluctant to use of products older than
ePTFE due to problems related to lack of tissue penetra-
tion and cost. Two new products attempt to address the
surgeon’s desire for dense tissue incorporation afforded by
polypropylene meshes, while attempting to limit the risk
of adhesions formation.

Composix (Bard) mesh consists of a Marlex mesh with
a thin layer of ePTFE on one surface. Polypropylene side
is attached to the abdominal wall and ePTFE surface
comes into contact with the peritoneal cavity. This is
designed to provide good tissue incorporation on the
polypropylene surface, while minimizing the likelihood of
occlusion and fistulisation emergence in the region where
ePTFE comes into contact with the abdominal contents.
Composix can be used both in open and laparoscopic

treatment of previously abdominal parietal defects. It is
thick, which makes it difficult to insert via laparoscopic
trocars.

Parietex composite mesh is another new material that
attempts to minimize potential adverse effects of bowel-
prosthetic interface. This product, available only in
Europe, is a combination of three-dimensional woven
polyester with a hydrophilic collagen material. Resorbable
collagen layer is designed to prevent the development of
intra-abdominal adhesions and the product can be used
both in open and laparoscopic treatment of eventrations
and previously hernias. 

Preformed Shapes

The introduction of laparoscopic approach for the treat-
ment of inguinal floor defects led to many modifications in
the instruments used by surgeons. Similarly, flat prosthetic
materials available for the treatment of hernia were modified
in order to adapt to the pro-peritoneal space dissected 
during laparoscopic inguinal herniorrhaphy. One example is
the Bard 3D Max mesh, a three-dimensional anatomically
shaped prosthesis specifically designed for use in the 
treatment of laparoscopic inguinal hernia. Features of this
product are a crest in order to conform to the inguinal 
ligament and a notch for the iliac vessels; they allow easier
positioning and minimize recidivism rate.

Kugel Hernia Patch prosthesis (Surgical Sense, Inc.,
Arlington, Tex), which has a long clinical history, is used
in open repair of posterior inguinal wall. This prosthetic
device is an oval, flat polypropylene mesh, with a “mem-
ory recoil ring” made of polyester that allows the prosthe-
sis to open widely so that it can cover completely the
inguinal floor. Use of this device requires a thorough
knowledge of posterior wall of the inguinal canal and a
fair amount of tissue dissection for insertion. It is pur-
ported to reduce patient discomfort and recovery time, as
does laparoscopic treatment in general. The product can
also be used for the open repair of smaller ventral hernias.

The Sofradim company has two products made of
Paritene and Parietex described as “anatomical” prosthe-
ses that conform to the inguinal floor. These devices are
constructed into a shape that has two distinct purposes:
one portion conforms to the anterior abdominal wall and
the other to the iliac and ilio-pubic tract areas of the pre-
peritoneal space. This particular product is designed for
the treatment of laparoscopic inguinal hernia.

Plugs

The use of “plugs” to repair defects of the inguinal
floor has an established history and this form of hernior-
rhaphy has become very popular in the United States.

This herniorrhaphy method appears to have a short
learning curve, can be performed under local anesthesia
and has good results. This can be used for primary and
recurrent inguinal hernias. However, it requires the intro-
duction of the plug into the pre-peritoneal space, which
may be less appealing to some surgeons. This method
includes placing the prosthesis anterior to the groin 
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Figure 2 -  Bard 3D Max Figure 3 - Anatomical Mesh - Sofradim

Figure 4 - Comparison of (a)
Composix and (b) Composix EX

musculature as an integral part of the procedure, in the
manner of tension-free repair that has been used for many
years before the plug.

The Bard PerFix plug is an umbrella-shaped, multi-
pleated device that is formed into the shape of a cone. It
is manufactured from Marlex polypropylene mesh and
comes in several sizes to accommodate the various-sized
defects of the inguinal floor. The mesh of the repair 
system is also made of Marlex prosthetic biomaterial.

The Hernia-Mate plug system is made of the monofila-
ment polypropylene mesh and is also cone-shaped. This
product is not pleated and consequently may be slightly more
“deformable”, suggesting it would better fill the defect.

The Atrium Self-Forming mesh plug system has several
characteristics that differentiate it from other plug systems.
It consists of three layers of the Atrium polypropylene mesh,
that are all bonded together at the 12, 3, 6 and 9 o’clock
positions. A tab is affixed to the center of the circular,
unfolded plug. The plug then assumes the size and shape of
the defect. As in the other plug repairs, a patch of
polypropylene mesh is placed over the anterior inguinal
floor in the manner of the tension-free herniorrhaphy. 

Bilayered Patch Device

The benefits of the open tension-free method (placing
a prosthetic mesh anterior to the muscle) and those of
laparoscopic approach (placing the mesh posterior to the
muscle) are exploited in the “bilayered” repair.

Most inguinal hernia treatments are approached from
the anterior aspect, but laparoscopy allows the surgeon to
repair the inguinal floor from the posterior surface. This
prosthetic device allows the surgeon who is not familiar
with the laparoscopic approach to provide the patient
with a repair that is similar in concept. This avoids some
of the risk of the laparoscopy and the need for a general
anesthetic and appears to have a similar diminution in the
postoperative pain and disability. In order to achieve these
goals, the PROLENE polypropylene Hernia System
(Ethicon, Inc., Somerville, NJ), was designed and released
in January 1998.

This hernia treatment system is based on the older
form of the PROLENE polypropylene mesh. Two flat 
portions of polypropylene mesh are connected by a
polypropylene cylindrical plug. The round portion of the
system is placed in the preperitoneal space to cover the
posterior wall. The elongated portion is placed anteriorly
over the internal oblique muscle. The connector then acts
as a plug to fill the defect of the inguinal musculature. To
accommodate variations in inguinal anatomy, this device
is made in three sizes. The size differentiation relates to
the elongated portion that will overlie internal oblique. 

NATURAL Prosthetic. BIOMATERIALS

Now are available more products composed of biological
materials (Surgisis ES, Surgisis Gold, Fosrtagen, Fosrtaperm,
Permacol, Aloderm). (10)
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The idea of natural biomaterials use can be
addressed for parietal defects repair. However, long-term
studies and biocompatibility evaluation will be needed
in order to confirm their usefulness.

All were processed to eliminate the risk of viral 
diseases or other type of disease transmission. 

They are generally based on pure or almost pure 
collagen and can be incorporated / or replaced over time
with patient’s own collagen. 

Most of these materials have been used so far in
open surgery and their use in laparoscopic surgery is in
the stage of experiment. 

At the time of this article making, clinical 
experience is still relatively limited.

CONCLUSIONS

We try to outline some concrete conclusions regarding
the use of biomaterials for parietal defects repair in both
open surgery and laparoscopy ways.

We believe that the most important conclusion
stemmed from an author’s experience of over 30 years is
that there is no practical rejection. A clear difference
between rejection and suppuration must be made because
this confusion appears often.

On the other hand as a comparison between open
surgery and the minimally invasive one (laparoscopic), the
results are still questionable. What we consider of great
importance is the surgeon knowledge of all types of bio-
materials and their choice to rely on their own clinical
experiences and also on the ones shared by the studies
dedicated to this theme.

The theme still remains in the pipeline because bio-
materials are constantly developing.
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