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SUMMARY 
Ventral hernia repair (VHR) outcomes are highly dependent 

on the surgical technique. Repairs with textile meshes have 

been recognized as the most efficient treatments (recurrence 

rate below 10%). However, there is still room for 

improvement. In order to understand the role of the meshes 

and improve their design, accurate modeling of their 

orthotropic hyperelastic behavior should be achieved. 

In this study, we developed a mesh Finite Element (FE) 

modeling approach that focused on reinforcing fibers 

embedded in a solid matrix. Both uniaxial and multiaxial tests 

were conducted to fill in our model parameters. 

This approach was successfully implemented to model three 

different textiles. Furthermore, for one of them, the mesh 

model was integrated in a global VHR modeling. A good 

match was found between numerical and experimental results. 

 

 

INTRODUCTION 

Up to 10% of laparotomies lead to incisional hernias. Ventral 

hernia repairs (VHRs) performed with textile implants exhibit 

much better results than those performed with sutures: 10% 

recurrence rate vs. 50% [1]. However, the clinical outcomes 

can still be improved not only in terms of recurrence, but as 

well in terms of pain and discomfort.  

To design better meshes, we need to better understand their 

role in VHRs.  As a very first step, their intrinsic mechanical 

behaviors have to be evaluated and modeled accurately [2].  

The objective of this study was to develop a numerical 

approach to model textile implants. Although many textile 

models have already been developed [3,4], they are not 

suitable for hernia repair simulations. Either the 

characterization methods cannot be applied for all meshes at 

various integration times, or some deformation modes are not 

considered. 

We present here a FE modeling approach that enables taking 

into account the orthotropic hyperelastic behavior exhibited by 

textile implants and the mechanical properties changes 

resulting from the integration process over time.  The mesh 

model was then implemented in a global VHR modeling. 

Simulations were compared against experimental results. 

 

 

METHODS 

Numerical models were developed and run with the FE 

implicit code Ansys
®
 Structural

TM
 Release 12.1. Textile 

implants are made of knitted fibers. They get embedded in 

neo-tissue over time as part of the integration process. A mesh 

was consequently modeled as a matrix (hexahedral elements) 

reinforced by multiple fibers (discrete beam elements with 

tension-only property). These beams were oriented 

accordingly to the fabric directions. The Figure 1 below 

illustrates this principle. 

 
Figure 1: Schema of the textile FE model including matrix 

and reinforcing fibers. 

 

To model the hyperelastic behavior, two different fibers were 

defined for each principal direction (warp and weft), and three 

fibers for each diagonal direction.  The activation of a fiber 

was based on its stress level. Moreover, to take into account 

the particular biaxial behavior of knitted textiles, this 

activation was also driven by the stress level experienced in 

the fibers of the other directions. Table 1 below summarizes 

the stress level activation scheme for all fibers. 

 

Table 1: Stress level activation. Sx, Sy, Sd are the stress 

activation levels respectively in the warp, weft and diagonal 

directions. 

Fiber Orientation Activation condition 

Xa Warp  

Xb Warp σx>Sx or (σy & σd1 & σd2)>0 

Ya Weft  

Yb Weft σy>Sy or (σx & σd1 & σd2)>0 

D1a Diagonal 1  

D1b Diagonal 1 σd1>Sd 

D1c Diagonal 1 (σx & σy)>0 

D2a Diagonal 2  

D2b Diagonal 2 σd2>Sd 

D2c Diagonal 2 (σx & σy)>0 

 

Consequently, seven elastic moduli and four stress activation 

levels needed to be established. Data from uniaxial tests in 

warp, weft and diagonal directions allowed us to determine 

nine of the eleven parameters. The last two parameters were 

determined using a multiaxial plunger test. 

Then, for functional evaluation, the mesh model was 

integrated in a global VHR modeling. The abdominal wall 

(AW) was simulated by a plate (25x20x1.27 cm3) with a 

homogeneous isotropic linear elastic material. The AW was 

assumed active and its Young modulus determined to get a 50 



mm deflection at 22 kPa (pressure recorded for critical 

activities [5]). The defect was defined as an 8 x5.5cm ellipse 

in the middle of the abdominal wall. A centered 18x16cm2 

mesh was placed over the defect. Fixation tacks were modeled 

by spot welds. Two fixation configurations were considered: 

simple crown (SC) and double crown (DC). SC consisted of a 

series of tacks running along the mesh edges. DC 

corresponded to SC with an additional series of fixation along 

the defect edges. Finally, VHR models were loaded by a 

centered 18cm spherical impactor and the AW lateral faces 

fixed. Furthermore, a physical model was developed to 

duplicate the FE modeling. Simulations were compared 

against experiments.   

 

 

RESULTS AND DISCUSSION 

The mesh numerical approach was implemented for three 

different implant textiles. The first set of parameters was fixed 

using uniaxial tests in the warp, weft and diagonal directions. 

FE simulations matched the experimental data (Figure 2). 

Multiaxial plunger tests enabled establishing the remaining 

parameters. Numerical and experimental curves overlaid 

(Figure 3). Figures 2&3 show the results for two textiles (A 

and B). 

 

 
Figure 2: Experimental (Exp) vs. Numerical data (FE) for 

warp (plain line) and weft (dashed line) uniaxial tests. a) 

Textile A. b) Textile B. 

 

 
Figure 3: Experimental (Exp) vs. Numerical data (FE) for 

multiaxial plunger tests. a) Textile A. b) Textile B. 

 

Textile implant A was evaluated in the global VHR modeling. 

As shown in Figure4, a very good match was found between 

computed and experimental global reaction forces for both SC 

and DC configurations. 

Anisotropic hyperelastic material laws could have been tried 

out to model these meshes. But, firstly, more tests would have 

been required. Secondly, it would have been quite challenging 

to model the tissue in growth within the mesh. Finally, there is 

little chance that experiments and simulations would have 

matched for all the loading conditions (uniaxial, multiaxial 

and VHR). Our modeling approach (reinforcing fibers 

embedded in a matrix) developed to model textile implants 

appeared to be cheap, adaptable and reliable.  

However, it could still be improved. The use of a limited 

number of reinforcing fibers resulted in a bilinear behavior 

under uniaxial loading conditions. Additional fibers would be 

needed to simulate more accurately a hyperelastic behavior. 

 
Figure 4: Ventral Hernia Repair models, SC and DC 

configurations: Experimental vs. Numerical data. 

 

 

CONCLUSIONS 
We developed a numerical modeling approach for textile 

implants. To take into account their orthotropic hyperelastic 

behaviors, reinforcing fibers embedded in a matrix were 

considered. Both uniaxial and multiaxial tests were used to 

determine the different model parameters. Three medical 

fabrics were modeled, and, for each of them, the numerical 

simulations matched the experimental results. In addition, the 

integration of this mesh model in a global VHR was 

completed. Duplicated experiments were conducted and a 

good agreement was found. This modeling approach appears 

to be well adapted for textile implants.  Furthermore, by 

tuning the matrix properties, tissue in growth can be 

simulated. Such relevant mesh models should contribute to 

better understand the biomechanics of VHRs. 
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