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Abstract 

Surgical Hernia repair account for about 50,000 cases all 

around the world. In this surgical method, the projection (near 

intestinal region) is removed through a surgery and a surgical 

mesh is placed with a purpose of supporting the abdominal 

wall. This surgical mesh is subjected to cyclic pressure 

loading at the abdominal wall due to various daily activities 

ofthe patient among which coughing causes the largest of 

pressure development (approx.20kPa). The implanted surgical 

mesh should be capable of handling this pressure. A 

numerical study (using Abaqus software) of the surgical mesh 

is done to evaluate the mechanical behaviour of surgical mesh 

while under constant pressure from abdominal wall. Various 

parameters of the mesh like fibre diameter, pore size and pore 

pattern are analysed. A suitable combination of these 

parameters are identified. Both mechanical and biocompatible 

influence of these parameters are studied. 

 

Keywords:Inflammatory Response, Abdominal Pressure, 
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Introduction 

A hernia is defined as a protrusion or projection (prolapse) of 

an organ through the wall of the cavity where it is normally 

contained.Hernias can be uncomfortable and are sometimes 

accompanied by severe pain, which worsens during bowel 

movements, urination, heavy lifting, or straining. The 

importance of hernia surgery is efficiently helping people to 

recover from hernia[1]. Occasionally, a hernia can become 

strangulated, which occurs when the protruding tissue swells 

and becomes incarcerated. Strangulation will interrupt blood 

supply and can lead to infection, necrosis, and potentially life-

threatening conditions. The surgical mesh firmly reinforces 

the weakened area and provides tension-free repair that 

facilitates the incorporation of fibrocollagenous tissue. 

However, there are many types of meshes and there is a strong 

controversy regarding optimum performance and success of 

surgical procedures. Researchers have investigated metals, 

composites, polymers and biodegradable biomaterials in their 

quest to attain the ideal surgical mesh and implantation 

procedure. The sought-after characteristics are inertness, 

resistance to infection, the ability to maintain adequate long-

term tensile strength to prevent early recurrence, rapid 

incorporation into the host tissue, adequate flexibility to avoid 

fragmentation, non-carcinogenic response and the capability 

to maintain or restore the natural respiratory movements of the 

abdominal wall[2]. Abdominal wall itself is a fabulous design 

which has integrated different layers for different applications. 

 

Current Research on Surgical Meshes 

Most surgical meshes used currently are chemically and 

physically inert, nontoxic, stable and non-immunogenic. 

However, none of them are biologically inert, a property 

related to the mesh physiology and its role into the hernia 

repair process[3]. Implantation of any prosthetic material is 

quickly followed by an extraordinarily complex series of 

events that mark the initiation of the healing process. As for 

the physiology of abdominal mesh implantation, perhaps the 

greatest concern, and hence the area that most research 

focuses on, is inflammation and wound healing. The passive 

substrate of the biomaterials in conjunction with devitalized 

tissues can actively contribute to bacterial growth, resulting in 

infection, which delays the wound healing process. 
 

Objective of Numerical Study 

This project mainly aims at understanding the effect of 

various mesh parametersbasically fiber diameter and pore size 

of surgical mesh. Increment in fiber diameter shows radical 

changes in the biocompatible property of surgical mesh. Apart 

from the fiber diameter, pore sizealso affects the biological 

efficiency of the surgical mesh. This study aims in varyingthe 

fiber diameter with a combination of different pore size. 

Suitable combination offiber diameter and pore size is 

recognized which gives minimal deflection. 

Variousbiocompatible properties are also being analyzed. 

From the numerical study, observations of primary, secondary 

and tertiary meshes are also made. This will allow the 

designers to decide the economic aspects of hernia mesh 

fabrication. 

 

Effect of Mesh parameters on Hernia Recurrence 

And Inflammatory Response 

As discussed earlier surgical mesh are primarily made from a 

single polymer material, mostly Polypropylene. So, 

mechanical properties of Polypropylene is considered while 

constituting a study related to surgical mesh properties[4]. The 

basic mechanical properties of Polypropylene is given in 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 14, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 41 of 43



 

 

 

 

 

 

(Table 1). 

Table 1:Mechanical Properties of Mesh Material 

Mechanical Properties of Polypropylene(Mono 

Polymer) 

Elastic Modulus( in Pa) 13E+08 

Poisson's Ratio 0.45 

Tensile Strength( in MPa) 35 

 

Some of the surgical mesh parameters have important 

influence in determining the overall mechanical and 

biocompatible efficiency. Primary material, bio coatings, pore 

size. pore pattern, elastic and tensile strength, weight of 

surgical mesh are some of these parameters. Analysing the 

mesh respecitve to these parameters will bring about 

optimized result. These parameters and their influence are 

discussed. A deterioration of the tensile strength of the mesh 

or a strained mesh could potentially lead to hernia recurrence 

or a poor functional result. Hence, materials employed in 

surgical meshes must possess the minimum mechanical 

properties necessary to withstand the stresses placed on the 

abdominal wall. The maximum intra-abdominal pressure 

generated in a healthy adult occurs when coughing or jumping 

and is estimated to be approximately 170 mmHg. Given this 

information, the mesh used to repair abdominal hernias must 

withstand at least 180 mmHg (20 kPa) before failure. 

Porosity plays a key role in the reaction of the tissue to 

the prostheses. Bacterial growth and cell proliferation are 

highly dependent upon porosity and pore size.  

 

 

Numerical Analysis 

Fiber diameter and pore size are important parameters while 

the deformation of surgical Hernia meshes are considered. A 

Numerical analysis is done for a surgical mesh in ABAQUS. 

This study aims at understanding the deformation of surgical 

mesh for a uniform abdominal wall pressure. Dimensions and 

properties of surgical mesh is given in (Table 2). Maximum 

pressure developed at abdominal wall is while coughing. It is 

calculated to be approximately 20 kPa. Mesh material is 

considered to be Polypropylene (PP). 

Table 2:Properties of Surgical Mesh 

Mesh Material Polypropylene 

Dimensions(l*b) 100*100 mm 

Fiber Diameter Range 2-5 mm 

Pore Size 2-5 mm 

 

Numerical Analysis is performed for a surgical mesh with 

fiber diameter 3 mm and pore size 3 mm. The figure 1 shows 

the deformation that occurs on the surgical mesh when it is 

subjected to uniform pressure from abdominal wall. All the 

dimensions are taken with respect to the standards used 

currently in the industry. The result obtained is also depended 

on different other biological aspects of the human body like 

Body Mass Index(BMI), waist size, heart condition of the 

human etc. 

 

 

Figure 1:Deflection of surgical mesh with fiber diameter 3 

mm and pore size 3 mm 

Deflection is maximum at the center of mesh and minimum at 

its boundaries. Corresponding deflection in mm is shown in 

figure 2. Correspondingly, numerical analysis is done for 

various fiber diameter and pore thickness. 

 

 

 

Figure 2:Maximum and Minimum Deflection in mm 

 

 

Results and Discussions 

The below graphical representation shown in figure 3 and 

figure 4 gives some conclusions regarding the effect of fiber 

diameter and pore thickness.  

As the fiber diameter increases the deflection tends to 

decrease. But as the fiber diameter increases the overall 

weight of the surgical mesh increases. But on a 

biocompatibility point of view, as the fiber diameter increases 

the overall weight of the surgical mesh increases.It has been 

observed that the inflammatory occurrence rate of light weight 

meshes are comparatively less. Inflammation initiates when a 

foreign body enters the human system. Macrophages in blood 

creates a resistance in accepting this foreign body. As the fiber 

diameter increases foreign body reaction increases. This 

condition is not ideal for an optimum surgical mesh. 

Pore size defines the integrity of the surgical mesh. As the 

pore size increases the deflection of surgical mesh increases. 

The cyclic increase in deflection will later result in the failure 

of the surgical mesh. Apart from the mechanical effect of pore 

size thickness, macrophages are the component of blood cell 

which are responsible for eliminating foreign body reaction 

and removal of bacteria or virus present in recently exposed 

internal body part. The average size of macrophages is 5 mm 
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radius circular cross section cell. So, if the pore size is 

reduced by a certain amount the passage of macrophages 

becomes difficult. This may result in the formation of 

infection site. Thus, a large pore size will increase the 

efficiency of surgical mesh. From the numerical analysis it is 

quite evident that the mechanical and biocompatible aspects 

of fiber thickness and pore size is reflected in the deflection 

created due to abdominal pressure. 

 

 

 

 

Figure 3:Deflection of surgical mesh of fiber diameter 3 mm 

for diff erent pore size 

 

 

Figure 4:Deflection of surgical mesh of fiber diameter 5 mm 

for diff erent pore size 

 

Conclusions 

Fiber diameter in the range of 5-8 mm is considered as the 

optimum fiber diameter for ideal Hernia mesh which produces 

less deflection. Pore size in the range of 2-4 mm is ideal for 

the free flow passage of macrophages. Various biocompatible 

properties of the surgical Hernia mesh is being reviewed. This 

helps us to identify a suitable composite material for the 

secondary mesh category. 

Hernia recurrence and infection development at incision site 

are some of the major drawbacks of using primary meshes. 

With the introduction of secondary meshes rate of hernia 

recurrence reduced but still development of infection was 

noted. Infection development was basically due to the 

improper composition of material and misalignment of fiber. 

Improper alignment of material can be eliminated by applying 

a bio coating over the surgical mesh. While, the case of 

misalignment of fiber can be eliminated by introducing new 

methods of surgical mesh fabrication like 3D printing[5]. 
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