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ABSTRACT 

The research activity performed is addressed to the evaluation of the interaction phenomena 

between surgical meshes and native biological tissues and structures, with the aim to assess the 

biomechanical compatibility, which represents a mandatory factor for successful adoptions in 

different surgical procedures. The mechanical characterization of meshes for repairs is performed 

by means of an integrated experimental-numerical approach, in direct correlation with the 

surgical techniques. 

Surgical grafts can origin from different sources and they can be classified as synthetic or 

biological, characterized by peculiar biochemical and mechanical properties and, consequently, 

by different biomechanical performances. Biological grafts are derived from collagen-rich 

tissues and can be drawn from animal (xenografts) or human (allograft) sources, the latter are 

usually obtained from the fascial system. For this reason, the mechanical characterization of 

fascial tissues is performed, evaluating the in situ functional role in the interaction with 

surrounding biological structures. With the purpose to interpret fascial tissues mechanical 

behaviour, which is characterized by anisotropy, coupled geometric and material non-linearity 

and time-dependent phenomena, a specific fiber reinforced visco-hyperelastic model is provided. 

The constitutive parameters evaluation is performed through the minimization of a cost function 

that defines the discrepancy between experimental data and results from the model of the tensile 

tests. The optimization technique, based on the Simulated Annealing optimization algorithm, 

leads to the definition of the set of constitutive parameters to be adopted within the constitutive 

formulation and implemented in the model, with the purpose to achieve a suitable description of 

tissue in situ mechanical behaviour.  

The preliminary phase of fascial tissues performances is investigated through numerical analysis 

of the anterior compartment of the leg. The response in this region allow for a definition of the 
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characteristic facial tissues behaviour and is of clinical interest in the several painful syndrome, 

as the compartment syndrome, also offering the possibility of several references in literature.  

As an example of xenograft, Permacol Ê is characterized through experimental analysis and 

constitutive modelling. It is derived from decellularized and cross-linked porcine skin and it is a 

graft commonly used in abdominal wall surgery. 

As far as synthetic meshes is concerned, Bard® Soft mesh is studied, as a lightweight, large pore 

monofilament polypropylene mesh, following the above mentioned procedure.  

The mechanical investigation of different kinds of surgical meshes is fundamental for the 

definition of the numerical model of the herniated and repaired human abdominal wall. The 

reconstruction of the abdominal region is based on MR images integrated with data from 

literature. Constitutive formulations of the different biological tissues of the anatomical region 

are provided. The numerical model allows the analysis of different configurations, firstly 

considering the healthy abdomen to assess its overall mechanical behaviour in physiological 

conditions. Then a hernia defect is introduced in the abdominal wall, with size and position 

defined in accordance with clinical evidences, virtually repaired by means of different kinds of 

grafts (biologic and synthetic). The purpose is to evaluate the mechanical interaction between 

native abdominal wall tissues and structures and surgical meshes, to assess the mechanical 

functional response and compatibility. The analysis allows the comparison between 

physiological and pathological conditions and between different kinds of meshes, by means of 

the estimation of the stress and strain fields within biological tissues and prosthesis. Attention is 

paid to the interaction at tissue-implant interface, providing a useful computational tool for the 

evaluation of surgical strategies in dependence on prosthesis configuration.  

The investigation entails a relevant experimental effort, essential for the extensive numerical 

analysis of the anatomical district considered, providing a result evaluation by direct correlation 

with surgical competences. 
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SOMMARIO  

Lo scopo della presente ricerca consiste nella valutazione dei fenomeni di interazione che si 

vengono a creare nellôaccoppiamento di mesh chirurgiche e tessuti e strutture biologiche. La 

valutazione della compatibilità meccanica tra tessuti e impianto rappresenta un fattore 

fondamentale per il buon esito dellôintervento. In questôottica, risulta necessaria la 

caratterizzazione meccanica delle mesh chirurgiche che viene condotta attraverso un approccio 

numerico-sperimentale integrato, in diretta correlazione con le tecniche chirurgiche. 

Le mesh chirurgiche hanno differente origine e possono essere classificate come sintetiche o 

biologiche, caratterizzate da particolari proprietà biochimiche e meccaniche e, 

conseguentemente, da differenti prestazioni. Le mesh biologiche sono ricavate da tessuti ricchi di 

collagene e possono essere di origine animale (xenograft) o umana (allograft), queste ultime sono 

principalmente ottenute dal sistema fasciale. Per questo motivo i tessuti fasciali vengono 

caratterizzati meccanicamente, valutandone il  ruolo funzionale in situ in interazione con le 

circostanti strutture biologiche. Uno specifico modello visco-iperelastico e fibrorinforzato viene 

utilizzato allo scopo di interpretare il comportamento meccanico dei tessuti biologici, 

caratterizzati da proprietà di anisotropia, grandi deformazioni e fenomeni dipendenti dal tempo. I 

parametri costitutivi vengono definiti attraverso la minimizzazione di una funzione costo che 

esprime la differenza tra dati sperimentali e dati numerici. La tecnica di ottimizzazione, basata 

sullôalgoritmo di ottimizzazione del Simulated Annealing, porta allôindividuazione di un set di 

parametri costitutivi che vengono adottati nella formulazione costitutiva, successivamente 

implementata nel modello numerico, allo scopo di ottenere unôadeguata descrizione del 

comportamento meccanico del tessuto in situ. 

Analisi numeriche sul compartimento anteriore della gamba vengono utilizzate per lo studio 

della meccanica dei tessuti fasciali di questo distretto. Il compartimento anteriore è di particolare 
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interesse clinico a causa delle diverse patologie a carico di tale regione come, ad esempio, la 

sindrome compartimentale. 

La mesh chirurgica PermacolÊ viene studiata come esempio di xenograft e caratterizzata 

attraverso analisi sperimentale e modellazione costitutiva. Tale mesh, comunemente utilizzata 

nella ricostruzione della parete addominale, è ottenuta da derma suino debitamente 

decellularizzato e trattato al fine di ottenere cross-links. 

La mesh Bard® Soft viene studiata in quanto esempio di mesh sintetica leggera in polipropilene, 

caratterizzata da elevata porosità. 

Lôanalisi meccanica di diversi tipi di mesh è fondamentale per la definizione del modello 

numerico della parete addominale erniata e virtualmente riparata. La ricostruzione della 

geometria della regione addominale viene effettuata attraverso immagini diagnostiche (MR) e 

dati di letteratura. Nel testo viene specificata la formulazione costitutiva adottata per la 

descrizione dei diversi tessuti componenti la regione addominale. Il modello numerico permette 

una prima valutazione del comportamento meccanico globale della parete addominale integra in 

condizioni fisiologiche. Successivamente, nel modello, viene introdotta una porta erniaria di 

posizione e dimensioni compatibili con le evidenze cliniche. Tale difetto viene virtualmente 

riparato con mesh chirurgiche caratterizzate in diverso modo (biologica e sintetica). Lo scopo 

consiste nella valutazione dellôinterazione meccanica tra mesh chirurgiche e i tessuti biologici, 

considerandone la compatibilità della risposta meccanica funzionale. Le analisi numeriche 

permettono di valutare il comportamento della parete addominale sana con quello della parete 

riparata confrontando i campi di tensione e deformazione di tessuti biologici e mesh chirurgica. 

Il modello numerico proposto fornisce una prima valutazione degli effetti, indotti dalla presenza 

della protesi, sul comportamento meccanico globale della parete addominale e fornisce gli 

strumenti per future valutazioni utili alla pianificazione chirurgica e alla configurazione della 

protesi. 
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Lo studio proposto si fonda su una forte base sperimentale, essenziale per lo svolgimento delle 

successive analisi numeriche. 
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INTRODUCTION  

Nowadays the increasing use of different kinds of meshes represents a clear trend in many 

surgical areas, such as gastrointestinal, urological and gynaecological. In particular, a very 

meaningful example of their application is represented by the abdominal wall repair and 

reconstruction. For this reason it is necessary meshes investigation and characterization under 

different aspects for the identification of suitable and effective solutions. The aim of this research 

is focused on the study of the interaction phenomena between surgical meshes and native 

biological tissues to assess their biomechanical compatibility, which represents a mandatory 

factor for successful substitutions. Surgical meshes can be classified either synthetic or 

biological depending on their origin, each one characterized by peculiar biochemical and 

mechanical features and, consequently, by different performances. Further, biological grafts that 

are derived from collagen-rich tissues can be drawn from animal (xenografts) or human 

(allograft) sources. These latter are mainly obtained from the fascial system stressing the 

importance on their mechanical characterization also considering their functional role in situ and 

their interaction with the surrounding structures. Fascial tissues are also involved in several tasks 

as transmission of forces and transpositions of loads among adjacent body regions and covers a 

fundamental mechanical role. 

This study is carried out through an integrated experimental-numerical approach, adopted as 

general method of investigation. As pertains biological tissues, the investigation starts from 

accurate histological and morphometric analyses, while the study of synthetic surgical meshes 

begins with considerations about morphometrical characteristics. This preliminary step allows to 

define suitable loading protocols for mechanical tests aimed at the investigation of the 

viscoelastic properties of the tissues. This action is followed by the development of a constitutive 

model capable to supply a suitable interpretation of the material behaviour by means of a visco-

hyperelastic anisotropic formulation, which properly describes its mechanical behavior 

characterized by nonlinear, anisotropic and viscoelastic response. The evaluation of the 
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constitutive parameters is performed by means of optimization procedures through the 

minimization of a cost function expressing the difference between experimental and numerical 

data according to a stochastic-deterministic procedure.  

The constitutive model is finally implemented in a finite element code and the numerical outputs 

are validated by means of the comparison with additional experimental data. 

In this work, the numerical modelling is firstly addressed to the analysis of the mechanical 

characteristics of the human crural fascia taking into account its structural conformation by the 

reconstruction of the specific anatomical region of the anterior compartment. Numerical analyses 

allow to assess the tissue biomechanics under different loading conditions, letting possible to 

understand its effective behaviour.  

Other materials as, a porcine xenograft and a synthetic patch, that are commonly used in 

abdominal wall surgery, are here characterized with the aim to analyse the abdominal wall 

reconstruction by means of different kinds of meshes. 

The model of a healthy and herniated abdominal wall is here developed and its reconstruction is 

simulated exploiting the mechanical characterization of the above mentioned meshes. The 

performed numerical analyses have the purpose to supply a useful indirect tool to help the choice 

of the most suitable mesh. This study has a strong and direct correlation with the surgical 

planning and practice.  

The first chapter deals with the different kinds of meshes, both synthetic and biological, 

commonly used in surgery. The attention is mainly focused on allografts drawn from human 

fascial system with the aim to provide information about tissue histological composition and 

function, with the preponderant objective of characterizing its biomechanical role.  

The second chapter explains the experimental analysis performed on tissues by means of 

different mechanical tests. It is here reported the general constitutive formulation adopted for 
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interpreting the mechanical behaviour of soft connective tissues and the optimization procedure 

for the identification of the constitutive parameters.  

In chapter three the performed investigations about human crural fascia are reported, firstly with 

the development of the finite element model of a leg section and then with its extension to the 

three dimensional case with the reconstruction, detailed step by step, of the structure of an 

anterior compartment. Numerical analyses allow the definition of tissue mechanical 

characteristic and structural behaviour under different physiological conditions.  

In chapter four it is detailed the development of the abdominal wall model and its different 

components. The wall reconstruction is analysed by means of a mesh, which is characterized in 

different ways. Firstly the mesh is assumed with the mechanical characteristics of the previously 

studied PermacolÊ graft and then with those of a synthetic mesh (Bard® Soft mesh), letting 

possible the comparison between these different materials. 
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CHAPTER 1 TISSUE SUBSTITUTES 

1.1 Introduction  

Applications of surgical meshes represent a common practice in a variety of fields: in the 

substitution of parts of vessels and heart valves reconstruction in cardiac surgery, in the 

correction of the pelvic organ prolapse in uro-gynecologic interventions, in the reconstruction of 

tendons and ligaments, as well as in facial surgery. The principal and most widespread example 

of surgical application of these materials is represented by the abdominal wall reconstruction.  

Independently of the kind of surgical intervention, the implanted materials in interaction with 

tissues and body fluids have to ensure a good degree of compatibility for successful 

interventions. Such compatibility is evaluated under different aspects, one of the firsts is 

represented by the consideration of meshes chemical and biocompatibility characteristics that are 

mainly related to their composition. The ideal mesh should be non-carcinogenic, chemically 

inert, stable in contact with body fluids, able to limit foreign body reaction, allergy or 

hypersensitivity reactions and resistant to infection [1].  

Another fundamental aspect that has to be considered is represented by the biomechanical and 

functional compatibility of the implant in interaction and integration with the surrounding 

biological structures.  It is known that, in order to achieve a successful and lasting substitution 

intervention, meshes have to mimic biomechanical properties of native tissues to provide a 

natural continuity in loads transposition between the implant and the host tissues. In particular, 

discontinuities in mechanical properties could lead to stress concentrations at the implant-tissue 

interface causing the endangerment of the surgical site mechanical functionality. As a matter of 

example, in the reconstruction of the abdominal wall the biological grafts should match the 

mechanical properties of host tissues to supply an efficient answer during the occurrence of 

mechanical limit  conditions represented by intense abdominal pressure due to coughing or 

vomiting [2]. 

Several kinds of surgical grafts are commercially available and can be derived from different 

sources. They can be either synthetic or biological both characterized by specific biochemical 
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and mechanical features that appoint different performances to the materials, making them more 

suitable for specific uses. Studies at disposal report that synthetic surgical meshes are associated 

to a number of complications due to the inadequate active interaction with biological tissues. 

Bacteria colonization can induce mesh infection or unwanted chronic inflammations, due to 

foreign body reaction, leading sometimes to mesh extrusion [3-5]. Other unwanted effects are 

represented by skin erosion, seroma formation, bowel obstruction or fistula formation [3]. All 

those events, also related to the biomechanical performance, have a strong impact on the implant 

functionality and can lead to its untimely endangerment. An alternative to synthetic mesh is 

represented by biological meshes that show better properties as pertain both the biochemical and 

biomechanical compatibility. Biological grafts derived from animals are called xenografts and 

originate from bovine and porcine sources, while allografts are meshes from human tissues.   

Considerations about meshes biocompatibility are beyond the purpose of this work, which 

focuses its attention on the investigation of the mechanical characteristics of meshes considering 

the mechanical and anisotropic properties of the materials in relation to the specific surgical 

application. 

1.2 Synthetic meshes 

Permanent synthetic meshes are commonly adopted in the surgical procedure of the abdominal 

wall reconstruction. The polymeric materials used in synthetics manufacturing are polypropylene 

(PP), polyester, expanded polytetrafluoroethylene (ePTFE) and, more recently, polyvinylidene 

fluoride (PVDF). All the synthetic meshes are made of a polymeric fiber and their mechanical 

properties depend on both the material and the textile structure (Tab.1). Examples of possible 

textures of different commercially available surgical meshes are reported in Figure 1. 
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Figure 1 Textile structure of twelve commercially available synthetic meshes:  Marlex® (a),  Vypro (b), Prolene® (c), ProliteTM 

(d), Trelex® (e), Optilene® (f), SurgiPro® (g),  Parietene® (h); Mersilene (i), Dynamesh IPOM (l), Infinit® (m); Dynamesh 

ENDOLAP (n) [6]. 
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Polypropylene is synthetized by the polymerization of propylene and it is widely used for 

surgical mesh manufacturing because of its versatility. It is characterized by a high chemical 

resistance, burst strength and stretchability, high stress crack resistance and good stiffness and 

flexural retention. It presents fundamental properties to be used as an implantable material: it is 

biocompatible, hydrophobic, inert. Further, it shows a high resistance to biologic degradation 

highlighting a very scarce interaction with tissues enzymes [7]. The choice of PP in meshes 

manufacturing is also due to its contained cost coupled with its positive interaction when 

implanted allowing a strong tissues ingrowth and showing a strong durability over time [6]. 

According to mesh density they are classified into lightweight (LW), medium-weight (MW) and 

heavyweight (HW) when the density value is below 50 g/m2, in the interval of 50 g/m2 and 80 

g/m2, or above 80 g/m2 respectively [6,8-10]. Among these, the LW density meshes are preferred 

to the other ones because of their flexibility which allows a better prostheses integration 

minimizing the inflammatory response and granulomas formation [6]. 

Polyesters are obtained by the synthesis reaction of alcohol with carboxylic acid. They are 

polymers characterized by the presence of the ester functional group in their main chain. 

Polyesters show a high degree of biocompatibility, they are non absorbable, hydrophilic and 

durable showing a good resistance to most chemicals [6]. 

Expanded polytetrafluoroethylene (ePTFE) is obtained by free-radical polymerization of 

tetrafluorethylene and it belongs to the category of the synthetic fluoropolymers. It shows high 

chemical and mechanical stability and it is not subjected to degradation when in contact with 

biological fluids. It is hydrophobic and it seems to provoke minimal inflammation reactions with 

a good resistance to infection [11]. 

Finally, Polyvinylidene fluoride (PVDF) is produced by the polymerization of vinylidene 

difluoride and it belongs to the category of the thermoplastic fluoropolymer. It is resistant to 

hydrolysis and degradation showing a good biostability, a low bending stiffness coupled with a 

minimum tissue reaction. It is one of the more recent materials used in meshes manufacturing 
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and there are very few studies about its characterization even if the data at disposal confirm its 

suitability as biomaterial for prosthetic implants [12]. 

1.2.1 Meshes manufacturing 

Synthetic meshes are usually manufactured starting from different kinds of polymeric fibers, 

whose arrangement determines the mechanical properties of the mesh itself. The fibers can be 

woven or knitted. Woven meshes contain fibers that are lined in parallel along a direction (i.e. 

the warp direction) while a second set of aligned fibers (i.e. the weft) pass through the first 

perpendicularly and, alternatively, over and under [6]. Because of the fabrication technique, 

these meshes are tightly packed and characterized by small pore size. Further, they usually show 

isotropic characteristics, since they have almost the same mechanical properties in the weft and 

warp directions [6].  

Knitted meshes are manufactured by interlacing one or more fibers one-by-one, leading to a 

complex topology. A knitted fiber usually follows a looped path, in which the loops of one row 

have all been pulled through the loops of the row below it. Because of this peculiar structure, 

knitted meshes generally show anisotropic characteristics and vary in flexibility and membrane 

stiffness depending on the orientation [6]. Making a comparison with woven meshes, knitted 

meshes are generally more porous, flexible and weaker depending of textile conformation. Most 

of currently available prosthetics are actually knitted. 

Different degrees of anisotropy can be achieved in meshes manufacturing by varying the textile 

processing and the texture itself. However the directions of anisotropy are often not indicated 

and, consequently, the positioning of the mesh during the surgery doesnôt reflect this 

information.  
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1.2.1.1 Meshes porosity and anisotropy 

Two parameters are considered for the evaluation of mesh performances: porosity and anisotropy 

[6]. The porosity, defined as the ratio of pore area to the mesh total area, plays a fundamental 

role in biomechanical compatibility and tissue regeneration. Indeed, the pore size influences the 

possibility of bacteria colonization and host tissues ingrowth. When the pore size is too small 

(less than 10 mm) the mesh is more subjected to bacteria colonization which cannot be eliminated 

by neutrophils and macrophages greater in dimensions than the pore size. For the same reason 

the pore size should be large enough (greater than 75 mm) to allow the ingrowth host tissue and 

the neo-vascularization of the implant, reducing the physiological rejection response [13]. The 

anisotropy of the mesh is another essential parameter that has to be taken into consideration with 

the purpose to ensure the biomechanical compatibility with biological tissues that show an 

anisotropic behavior depending on their mechanical action. 

1.2.2 Mechanical properties and testing procedures 

It is known that mechanical properties of prosthetic implant represent a crucial factor in the 

determination of their performances. In the past, the attention was primarily focused on load to 

rupture and on the implant strength with the only requirements that the implant adequately 

supported the physiological loads. Then, it came to light that the consideration of only these 

parameters was not enough for an exhaustive evaluation of the prosthetics suitability. The 

deformation behavior represents another important parameter, which is now being considered 

because of the evidence that an excessive stiffness of the implants is associated with the 

occurrence of clinical complications [14]. Materials that present high stiffness compared to those 

of surrounding biological tissues are related with tissue erosion and exposure and with 

postoperative pain and discomforts [14]. On the other hand, too low mesh stiffness shows a poor 

supportive function [6]. These considerations introduce the importance of the concept of the 

evaluation of the tissue-implant interface, which plays a fundamental role in all biomaterial 

interaction.  A mismatch between implant and tissues mechanical and anisotropic properties 
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leads to inappropriate transmission of loads at the interface, causing the implant untimely 

endangerment associated to complications and recurrence risk [15]. Therefore, aiming to assess 

the necessary biomechanical compatibility and to help the selection of suitable implants, 

mechanical tests on prosthetics are required for the evaluation of tensile strength, stiffness, 

elastic and viscoelastic behavior, anisotropy and shrinkage. 

At present, there is a lack in the legislation about the certification of synthetic surgical meshes. 

The International Organization for Standardization (ISO) and the American Society for Testing 

and Materials (ASTM International) have not yet pointed out specific standards and norms for 

prosthetics that are actually tested referring to existing standards for textile industry. Literature 

reports attempts to standardize the terminology and the techniques related to physical as well as 

biomechanical evaluation of surgical meshes [16, 17], suggesting the adoption of standardized 

mechanical tests as suture retention strength testing, tear resistance testing, uni-axial tensile 

testing, bi-axial testing and ball bursts testing. 
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1.2.2.1 Suture retention strength test 

In this kind of mechanical test the sample has one extremity clamped into a grip while in the 

other extremity a standard wire is placed and pulled. The evaluated parameter consists in the 

peak force measured during the pulling process up to breakage. It measures the ability of the 

mesh to retain the suture and it represents an important parameter that has to be evaluated in 

preventing the failure of the implant by aneurysmal dilatation and rupture.  

 

Figure 2 Suture retention testing [16]. 

1.2.2.2 Tear resistance testing 

This mechanical test evaluates the resistance of a material to the propagation of a tear. During 

this test a standard tear is obtained by cutting the sample at one extremity to form two tabs. Each 

of the two tabs is clamped in a grip and the tensile test is performed by moving the grips in 

opposite directions. The peak force, the tearing force and the tearing strength are measured. The 

tear strength is recorder as the maximum load sustained by the mesh [16]. 
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Figure 3 Tear resistance testing [16]. 

1.2.2.3 Uni-axial tensile testing  

Dog bone shape specimen of standard dimensions are cut along different directions on the mesh 

according to the mesh orientation interstice with the aim to assess mesh anisotropic 

characteristics. Each specimen has one extremity clamped in a grip and it is tested in tension by 

means of a constant strain rate until mesh failure [16]. Stress-strain curves are obtained by 

dividing the recorded load by the specimen cross-sectional area against nominal strain. This kind 

of test allows to determine the ultimate tensile stress and strength and permits considerations 

about anisotropic characteristics of meshes.  

 

Figure 4 Uni-axial tensile testing [16].  
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1.2.2.4 Biaxial tensile testing 

Biaxial tensile tests add additional information to simple uni-axial mechanical tests and they are 

adopted in order to reproduce a more physiological loading condition for implanted prosthetics, 

which is effectively multi-axial. Specimens are cut in standard cruciform shape and then tested 

along two perpendicular directions by applying the same loading conditions in both the 

directions (equi-biaxial tensile testing), or by loading the specimen differently along the above-

mentioned directions (biaxial tensile testing) [6]. These kind of tests supply also useful 

information about anisotropic characteristics of meshes. 

 

Figure 5 Biaxial tensile testing. 

1.2.2.5 Ball burst testing 

The specimen is clamped into two standard and circular stainless steel rings to prevent slipping 

during test. A standard stainless steel ball is then applied in compression at a constant rate up to 

mesh rupture. The evaluated parameters consist in the maximum force (bursting force) and the 

bursting index, calculated as the ratio between the bursting force and the mesh density, letting 
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possible the evaluation of the mesh global mechanical response [6]. The ultimate tensile stress 

and strain are usually reported in terms of force for unit width and nominal strain [16]. 

 

Figure 6 Ball burst testing [16]. 

Table 1 groups a number of commercially available synthetic surgical meshes reporting their 

principal features: chemical composition, commercial name, manufacturer, pore size, density, 

thickness, tensile strength and the elastic modulus [6].     

As reported, there are several commercially available synthetic surgical meshes with different 

mechanical properties and anisotropic characteristics. The best solution has not been identified 

yet, being strongly dependent on the specific kind of surgical intervention. 
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Chemical 

composition 

Commercial 

name 

Manufacturer  Pore size 

[mm]  

Density 

[g/m2] 

Thickness 

[mm]  

Tensile strength(a) 

[N/cm] 

Elastic modulus(a) 

[N/mm]  

HW PP        

 Marlex® 

Bard® Mesh 
Bard 

0.1 - 0.8 

 
95 0.65 

59 

100 (l); 64 (t) 
- 

 
Prolene® Ethicon 1 - 2 109 0.6 mm 

90 

 

3.6 (l); 1.1 (t) 

 

 
Trelex® Boston Scientific 

0.6 

 
95 - - 7.7 (l); 3.3 (t) 

 
SurgiPro® Covidien 

0.5 

 

84 

 
0.57 39 (l); 47 (t) 1.3 (l); 1.4 (t) 

LW PP        

 Vypro Ethicon 3 - 5 27 0.4 16 - 

 
ProLiteTM 

Atrium Medical 

Corp. 
0.8 - 1 48 

0.5 

 
56 6.0 (l); 2.5 (t) 

 Bard® 

Soft Mesh 
Bard 2.4 - 0.69   

 
Optilene® B. Braun 

2.8 

 
84 0.53 - - 

 
Parietene® Sofradim 1.1 - - 

39 (l); 27 (t) 

 
0.9 (l); 0.7 (t) 

PET        

 
MersileneTM Ethicon 

0.6 - 1 

 
40 0.25 mm 

19.5 

 

1.17 

 

ePTFE        

 Infinit® WL Gore 2 70 - - 19.4 (l); 1.0 (t) 

PVDF        

 Dynamesh 

IPOM® 

FEG 

Textiltechnik 
- - - 11 (l); 47 (t) 0.3 (l); 1.9 (t) 

 Dynamesh 

ENDOLAP® 

FEG 

Textiltechnik 
- - - - 

0.3 

2.9 (b) 

Table 1 Some studies (a) tested the specimens along two mutual orthogonal directions here indicated as longitudinal (l) and transversal (t). Data are reported for uniaxial tensile 

tests if not specified and for biaxial tensile tests (b) [7]. 

 






















































































































































































































































