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ABSTRACT
Introduction: There is a continuous concern about meshes used in laparoscopic inguinal hernia repair, 

which mainly relates to their biocompatibility and ability to decrease postoperative complications and recur-
rence rate; in other words, efforts are made to find the “ideal” prosthesis.

Objectives: To evaluate different prostheses used in laparoscopic inguinal hernia repair in terms of bio-
compatibility, postoperative complications, recurrence rate and quality of life, so that all the features could 
lead us to the “ideal“ mesh.

Material and method: Randomized controlled trials, reviews, prospective and retrospective studies, 
retrospective cross-sectional and experimental studies on animals published between 2000 and 2016 were 
analysed with respect to several features of a mesh: biocompatibility, postoperative complications, recur-
rence rate and quality of life.

Outcomes: The most common comparison is between heavy-weight and light-weight mesh used in lapa-
roscopic inguinal hernia repair. Experimental studies try to discover the “ideal” prosthesis, which could 
provide improved biocompatibility, low postoperative complications, decreased recurrence rate and good 
quality of life. The most commonly used mesh that meats the characteristics of an “ideal” prosthesis is a 
light-weight monofilament macroporous polypropylene mesh, with a minimum tensile strength >16 N/cm², 
measuring 10x15 cm. 

Conclusions: Published data show that the “ideal” prosthesis used in laparoscopic inguinal hernia repair 
has not been discovered yet. Regarding heavy- or light-weight meshes, there is no significant effect on recur-
rence, acute or chronic pain, incidence of seroma or return to daily activity and quality of life (1). 
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 INTRODUCTION

In the past sixty years, the use of prosthetic 
materials in inguinal hernia repair demon-
strated that it is the only alternative for sol-
ving the parietal defects in optimal condi-
tion and with maximum efficiency. 

There is a continuous concern about the pros-
thetic materials used in laparoscopic inguinal 
hernia repair (LIHR), which mainly relates to 
their biocompatibility, ability to decrease posto-
perative complications and incidence of recur-
rence rate, ease of application – in other words, 
the focus is on the “ideal” mesh.

For a prosthesis to be “ideal”, several features 
were proposed by Cumberland (2) and Scales (3) 
between 1952 and 1953, which have been re-
cently reviewed by Hamer–Hodges and Scott (4). 
These could be resumed as follows: to keep its 
physical properties in tissue fluid environments, 
to be chemically inert, not to cause inflammatory 
reaction or foreign body sensation, to be non-
car cinogenic, hypoallergenic, not to cause hyper-
sensitivity, to be resistant to mechanical stress, to 
have the property of being cut into a desired 
shape without unravel and to be sterilized. Ad-
ditional features include the ease of application, 
pliability and improved biocompatibility.

Our objective was to evaluate different types 
of prostheses used in LIHR in terms of biocom-
patibility, postoperative complications, recur-
rence rate and quality of life (QoL), so that all the 
features could lead us to the “ideal“ prosthesis. 

MATERIAL AND METHOD

Reports of four randomized controlled trials, 
eight reviews, eight prospective studies, six 

re trospective studies, one retrospective cross-
sectional study and three experimental studies 
on animals (two on pigs and one on rats), pu-
blished between 2004 and 2016, were analysed 
with respect to features of a prosthesis that could 
lead to improved biocompatibility, lower posto-
pe rative complication and recurrence rates, and 
better QoL. 

OUTCOMES

There are many studies comparing different 
types of prostheses used in LIHR. The most 

common comparison is between heavy-weight 

and light-weight meshes. There are also experi-
mental studies that are trying to discover the 
“ideal” mesh in terms of improved biocompati-
bility, lower postoperative complications, de-
creased recurrence rate and good postoperative 
short- and long- term outcome.

Prosthetic materials were initially biological: 
autologous (external oblique muscle aponeuro-
sis, fascia lata) and heterologous (bovine fascial 
grafts, bovine pericardium, porcine dermal col-
lagen purified with trypsin). Almost simultane-
ously with biological prostheses, prostheses with 
metal thread (silver wire, gold plates, sponge rub-
ber, tantalum, steel) were introduced into prac-
tice.

With the development of biochemical and 
biotechnology industries, polymers appeared to 
be a modern and accessible option for solving 
parietal defects, namely nonmetallic synthetic 
prostheses or high polymer plastics. These pros-
theses have been classified into three categories: 
non-absorbable, composites and preformed.

The non-absorbable meshes were divided ac-
cording to the polymer base in polypropylene 
(example: Prolene, Vypro, Ultrapro, Ti-Mesh), 
polyethene terephthalate (example: terylene or 
Dacron) and polytetrafluoroethylene (PTFE) 
(e xample: GoreTex, Dual Mesh), and in 1977 
Amid elaborated a classification into four groups 
of common used materials according to their 
poro sity (Table 1) (5).

The composite materials resulted from the 
combination of the polypropylene properties 
with those of PTFE (example: Parietex, Composix 
Mesh – Bard).

The preformed prostheses were split in three 
categories: flat (example: Bard 3D Max, Kugel 
Hernia Patch), plug and prosthetic system (PHS 

TABLE 1. Commonly used materials – Amid classifi cation

Type Description Example

Type I Total macro-porous prostheses with pore 
size > 75 μ in any of the three dimensions

Prolene, 
Composix

Type II Total micro-porous prostheses with pore 
size < 10 μ in any of the three dimensions

PTFE, GoreTex, 
Dual Mesh

Type III Total macro-porous prostheses with 
micro-porous multi-core components

MycroMesh, 
Surgipro

Type IV

Biomaterials with submicron pore size; 
can be used in association with type 
I and III, like composite materials for 
intra-peritoneal implantation

Silastic, 
Cellgrad
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– a polypropylene complex prosthetic system 
consisting of three parts: superior or onlay, infe-
rior or underlay and the element that acts as a 
plug connector).

Nowadays there is a continuous concern 
about what type of mesh is the most suitable for 
use in LIHR, so that it could be considered “ide-
al”. Many studies comparing different types of 
meshes used in LIHR focused on biocompatibi-
lity, postoperative complications, recurrence rate 
and QoL. The most common comparison in al-
most all the studies is between heavy- and light-
weight meshes. The International Endohernia 
Society reported that the classification into 
heavy- and light-weight meshes does not allow 
sufficient differentiation (6).

Types of prostheses and their features

I.1. Prolene/Ultrapro – Ethicon
It is a synthetic polypropylene mesh, light-

weight, with large pores, containing less prosthe-
tic material and producing less postoperative 
scarring of the abdominal wall (7).

In an article published in 2015 regarding the 
gold standard laparoscopic technique for herni-
as, the authors reported that a high percentage of 
polypropylene in the mesh was highly irritating 
and the inflammatory response could affect the 
visceral contents, causing adhesions (8).

I.2. Ti-Mesh
It is a polypropylene monofilament mesh 

coated with a thick layer of titanium, an extra-
light-weight mesh. It allows for complete reperi-
tonization with less inflammation, less irritation 
and final parietal rigidity and better safety. It is 
preferable for intra-peritoneal usage (8).

An experimental study on pigs (six pigs were 
used and the results were collected after 90 days) 
comparing the biocompatibility of Ti-Mesh with 
Dual Mesh concluded that titanium-coated poly-
propylene mesh was superior to Dual Mesh and 
suitable for laparoscopic intraperitoneal repair. 
The authors have also found that a reduction in 
amount of material and an increase in pore size 
resulted in better mesh biocompatibility (9).

I.3. PTFE (GoreTex, Dual Mesh)
It is a lightweight, pliable and soft mesh. It is a 

total microporous prosthesis with pore size 
smaller than 10 . It has good incorporation into 

the tissue and general resistance to infection due 
to the incorporating antibacterial agents (silver 
and chlorhexidine) in the biomaterial. Given the 
formation of adhesions with intra-abdominal vis-
cera and the potential erosion into the bowel, it 
cannot be placed intra-abdominally (10). Dual 
Mesh is an expanded PTFE (ePTFE) with two la-
yers.

II. Composite mesh (Parietex – Covidien)
It is a polyester, light-weight, macroporous, 

hydrophilic mesh that promotes tissue ingrowth. 
It has a limiting prosthetic contraction when 
compared to a polypropylene mesh (11). The re-
sorbable collagen layer prevents intra-peritoneal 
adhe sions. It is anatomically pre-shaped and 
mea sures 10x15 cm. It can be adequately se-
cured around the spermatic cord structures and 
offers a generous prosthetic overlap laterally to 
further prevent recurrence.

The authors of an article published in 2004 
comparing two composite meshes, in an experi-
mental study on pigs with laparoscopic ventral 
hernia repair, concluded that a collagen coated 
polyester mesh induced fewer adhesions than an 
ePTFE polypropylene composite. In addition, 
there is no difference in the ingrowth of the two 
mesh types (12).

The incidence of postoperative adhesions at 
three weeks, reported by Muller et al. in a com-
parative study, was 20% for Parietex, 50% for 
ePTFE and 78% for composite mesh (13).

III. Preformed mesh – Bard 3D Max
It is a plane, non-absorbable, large size pore 

polypropylene mesh, with an anatomical shape, 
already precut and reinforced on the margins. It 
has a blue marker for the medial orientation, 
crest for the axis of inguinal ligament and inferior 
notch aligns with the external iliac vessels. These 
features allow an easier application and decrease 
the recurrence rate (14).

 
IV. Self-gripping mesh (Progrip)
It is a self-gripping light-weight mesh with 

large pore sizes (1.1–1.7 mm) composed of 
mono filament polyester and polylactic acid mi-
cro-grips. The immediate adherence to tissue is 
provided by resorbable micro-grips, and there-
fore additional fixation is not need any more. It 
can be difficult to handle if wrapped to tight due 
to the micro-grips, because it can adhere to itself.
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The initial experience with the Parietex Pro-
grip Laparoscopic Mesh used in LIHR (trans-ab-
dominal pre-peritoneal technique – TAPP) by 
Klobusicky P. and Feyerherd P. showed that the 
self-gripping mesh proved to be extremely reli-
able, making the method fast, simple and eco-
nomical (15). 

Complications

The complications after LIHR can be divided 
into three categories: mesh-related, fixations de-
vice-related and recurrence of the hernia.

The mesh-related complications include sero-
ma, mesh migration, bowel obstruction or perfo-
ration, hematoma, infection, sensation of foreign 
body and chronic groin pain. In an article pu-
blished in 2013, a prospective study on 96 pa-
tients treated laparoscopically for inguinal her-
nia, from which 56 with self-griping mesh and 40 
with prostheses fixed with titanium staple, the 
authors related that other causes of chronic groin 
pain were the weight of the material used and 
the shrinkage of the mesh, more frequent with 
heavier prostheses (16).

The complications linked to fixation devices 
include acute and chronic groin pain, sensation 
of foreign body and recurrence of hernia. The 
acute and chronic groin pain can be non – neu-
ropathic pain (70%) or neuropathic pain (30%). 
Non-neuropathic pain can be caused by tissue 
lesion due to periosteal reaction (after suture or 
staple into the pubic tubercle), scar-tissue forma-
tion or mechanical pressure of rolled-up, folded 
or wadded mesh. Neuropathic pain can be 
caused by either intraoperative nerve injuries or 
nerve compression by perineural fibrosis due to 
suture materials, staples, tacks and prosthetic 
materials (17-21).

The aim of a retrospective cross-sectional 
study that included 151 patients with incarce-
rated inguinal hernia divided into two groups 
based on the used technique (mesh repair and 
tissue repair) was to evaluate the effect of pros-
theses used on postoperative complications. The 
conclusion was that a polypropylene mesh could 
be safely used even for patients undergoing bo-
wel obstruction in emergency inguinal hernia re-
pair (22).

The recurrence rate of inguinal hernia may be 
affected by surgical factors such as the type of 
mesh used, mesh location, extent of mesh over-

lap, mesh securement technique and failure to 
close the fascial defect, as seen in an article pu-
blished in 2015 (23).

In a double-blind randomized controlled trial 
that compared the results of using low-cost mesh 
(synthetic mesh) with commercial mesh (both 
light-weight), the authors enrolled 302 adult 
male patients with unilateral reductible inguinal 
hernias. Their results showed a recurrence rate 
of 0.7% (one patient) in the low-cost mesh group, 
and an occurrence of postoperative complica-
tions (mesh-related or linked to fixation devices) 
in 30.8% of cases in the low-cost mesh group 
and 29.7% in the commercial mesh group. They 
concluded that the rates of hernia recurrence 
and postoperative complications did not differ 
significantly between the two types of prostheses 
(24).

Another article published in 2015 regarding 
the first experience with a self-adhesive mesh, 
concluded that the self-gripping mesh could re-
duce the incidence of chronic groin pain, with-
out increasing the recurrence rate (15). 

Reviews of the literature in using biological 
prostheses have shown no improvement in her-
nia recurrence rates or complications compared 
to the use of synthetic materials (25).

A lower recurrence rate is also influenced by 
the mesh pore size, because larger pores allow a 
greater ingrowth, increase the pliability and func-
tionality of the mesh, and provide an inhert re-
duction in amount of polypropylene without de-
creasing the covered area (26).

According to the consensus recommenda-
tions from the International Hernia Society and 
the European Association for Endoscopic Sur-
gery, adopted in 2012 and updated in 2015, a 
prosthesis should have the following characteris-
tics: it must be monofilament, with a pore size of 
at least 1.0-1.5 mm and a minimum tensile 
strength in all directions >16 N/cm2, measuring 
at least 10x15 cm and overlapping the inguinal 
defect with at least 3 cm to prevent recurrence 
due to dimensions or protrusion (27-29).

Quality of life

The European Registry for Abdominal Wall 
Hernias (EuraHS) proposed the short, 9-question 
EuraHS–QoL instrument for the pre- and posto-
perative assessment done in a prospective multi-
center observational study on the QoL. The study 
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included 101 patients undergoing LIHR with 
ProGrip self-fixation mesh. The findings showed 
a significant improvement in QoL at three weeks 
compared with the preoperative status, a further 
significant improvement at 12 months and no 
late complications or recurrence. The conclusion 
was that using self-fixation mesh for LIHR results 
in a favorable outcome and significant improve-
ment of QoL compared with the preoperative 
assessment (30).

Another article published in 2016 about QoL 
after LIHR also reported that the use of polypro-
pylene, light-weight mesh was associated with 
early decline but long term improvements in 
QoL regarding chronic groin pain, sensation of 
foreign body, movement limitations and physical 
function. Also, the authors reported that tailoring 
the mesh to decrease the surface area might im-
prove QoL as long as it did not reduce the cove-
rage provided (26).

The most used prosthesis that is biocompati-
ble, has a low incidence of postoperative compli-
cations and recurrence rate, and improves the 
quality of life is a polypropylene light-weight 
mesh, monofilament, with large pore size, a mi-
ni mum tensile strength > 16 N/cm2, and mini-
mal dimensions of 10x15 cm.  

DISCUSSIONS

Even though there is a large amount of litera-
ture concerning the type of meshes used in 

LIHR, it is very heterogeneously distributed and 
the level of evidence is generally low. Most of the 
studies are comparative, retrospective, and focus 
on the incidence of postoperative complications 
and recurrence rate, QoL in a few studies and 
biocompatibility in the experimental studies on 
animals. The results of published randomized 
controlled trials lack consistency, which suggests 
that the mesh choice slightly influences the clini-
cal outcome (6).

Thus, we can always start and conduct trials 
with structured protocols to discover the “ideal” 
prosthesis. 

CONCLUSIONS

Data published during the last ten years have 
been showing that the “ideal” prosthesis for 

laparoscopic inguinal hernia repair has not been 
discovered yet. 

The classification of the prostheses used in 
laparoscopic inguinal hernia repair in heavy- and 
light-weight does not allow sufficient differentia-
tion (6), so that there is no significant effect on 
recurrence, acute or chronic pain, incidence of 
seroma or return to daily activity; also, the short 
term and long-term outcomes were similar for 
both types of prosthesis (1). 
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