
 1

 
 
 

SILICONE COVERED POLYPROPYLENE MESH 
FOR LAPAROSCOPIC VENTRAL HERNIA 

REPAIR 
 
 
 
 
 

DOCTORAL THESIS 
 

Ildikó Takács MD 
 
 
 
 

University of Pécs 
School of Medicine, Department of Surgical Research and Techniques 

 
Program leader: Prof. Erzsébet Rőth MD, PhD, DSc 

  University of Pécs,  
        Department of Surgical Research and Techniques 

 
         Tutor: Prof. György Weber MD, PhD 
                     University of Pécs,  

         Department of Surgical Research and Techniques 
 
 
 

University of Pécs, School of Ph.D. Studies 
 
 

Clinical Medical Sciences Program A-327 
2009 

Pécs, Hungary 
 

 

 



 2

Table of Contents 
 

Abbreviations ………………………………………………………………………………….4 

 

1. Introduction ………………………………………………………………………………..5 

1.1. Definition of hernia ……………………………………………………………...5 

1.2. Biology of hernia formation …………………………………………………….5 

1.3. Symptoms of hernia ……………………………………………………………..8 

1.4. Surgical treatment……………………………………………………………….8  

    

2. Objectives …………………………………………………………………………………16 

 

3. Investigation of antiadhesive behaviour of different non absorbable materials on the 

visceral surface of the polypropylene mesh ……………………………………………….17  

 

4. Evaluation the biological behaviour of composite mesh in decreasing adhesion 

formation using polyurethane as non-absorbable and hyaluronic acid as absorbable 

barrier on the visceral side of polypropylene mesh ………………………………………24 

 

5. Comparing the biological behaviour of three different light-weight meshes with or 

without polyurethane covering on the visceral side ………………………………………28 

 

6. Evaluation of the biological behaviour of the silicone covered polypropylene mesh…34 

 

7. Investigation of the silicone covered polypropylene mesh …………………………….41 

7.1. Sealing procedure with silicone ……………………………………………….41 

7.2. Evaluation of the effect of different sterilization techniques on surgical 

meshes ………………………………………………………………………………..46 

   

 

8. Immunohistochemical analysis of incorporation and adhesion prevention of different 

polypropylene meshes …………………………………………………………………53 



 3

8.1. Investigation of the biological behaviour of the pure polypropylene mesh - 

Hitex® mesh ………………………………………………………………………...54 

8.2. The biological behaviour of Sil Promesh® – a newly developed dual mesh ...62 

8.3. Investigation of host reaction of the ProSi mesh with immunhistochemisrty71 

   

9. Discussion ….……………………………………………………………………………...78 

 

10. New findings……………………………………………………………………………..86 

 

11. References ………………………………………………………………………………..87 

 

12. Acknowledgement ……………………………………………………………………….96 

 

13. Appendices ………………………………………………………………………………97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 4

Abbreviations 

 

BMA    Butylmethacrylate 

ePTFE    expanded Polytetrafluoroethylene 

EtO    Ethylene Oxide  

HA    Hyaluronic Acid 

HE    Haematoxylin Eosin 
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1. Introduction 

1.1. Definition of hernia 

A hernia occurs when a defect is present in supporting structures through which a contained 

organ or tissue may protrude –but the organ need to be present within the weakness at all 

times for a hernia to exist. The contents of many hernias will reduce readily when the patient 

is recumbent, but the basic anatomic defect persists. These contents, usually portions of 

intestine or abdominal fatty tissue, are enclosed in the thin membrane that naturally lines the 

inside of the cavity (Figure 1). Although the term hernia can be used for bulges in other areas, 

it most often is used to describe hernias of the lower torso (abdominal-wall hernias). 

 

Figure 1: The anatomy of abdominal wall hernia 

Hernias by themselves may be asymptomatic (produce no symptoms), but nearly all have a 

potential risk of having their blood supply cut off (becoming strangulated).  

 

1.2. The biology of hernia formation 

 

Abdominal wall hernias occur when tissue structure and function are lost at the load bearing 

muscle, tendon and fascial layer. 

 Abnormal collagen metabolism was an early biologic mechanism proposed for the 

development of primary and incisional hernia. (1,2) Immature collagen isoforms were 

detected in skin biopsies remote from the hernia site in patients with inguinal and incisional 

hernia. (3,4) Acquired collagen defect was ascribed to cigarette smoking or nutritional 

deficiencies. 

 Secondary fascial pathology occurs following acute laparotomy wound failure. The 

incidence of recurrent incisional hernia increases with each attempt at repair. (5,6) Fibroblast 

and wound collagen disorders were observed in scar from incisional hernia patients.  The 

mechanical strain, like coughing, weight lifting can induce secondary changes in tissue 
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fibroblast function. (7,8) It is possible that chronic loading induces pathological changes in 

structural tissue cellular and molecular function, without prior biological defect.  

 Laparotomy wound failure and the loss of normal wound healing architecture may 

induce the selection of an abnormal population of wound repair fibroblasts, as occurs in 

chronic wounds. (9,10) It is recognised that mechanical load forces stimulate the repair of 

tendons. (11) Wound ischemia during early acute wound failure, propagating deficient soft 

tissue repair. Different studies of incisional hernia formation confirm that early laparotomy 

wound failure is an important mechanism of incisional hernia formation. (12) It is likely that 

early mechanical failure of the laparotomy wound induces pathologic function of wound 

repair fibroblasts. By this mechanism otherwise normal wound repair fibroblasts fail, without 

the primary expression of an extracellular matrix or wound repair disease. It is possible that 

mechanical failure is the major mechanism for incisional hernia formation and the loss of 

mechanical load signalling or some other acut wound healing pathway induces defects in 

repair fibroblast biology. 

 

With the limited information available it is likely that primary hernias are result of a 

connective tissue disorder, whereas secondary hernias like incisional hernia are most 

frequently due to technical failure, inducing a chronic wound. Recurrent hernias likely are a 

combination of both mechanisms. 

 

Different types of abdominal-wall hernias include the following: 

1, Inguinal (groin) hernia: Making up 75% of all abdominal-wall hernias and occurring up to 

25 times more often in men than women, these hernias are divided into two different types, 

direct and indirect. Both occur in the groin area. Both of these types of hernias can similarly 

appear as a bulge in the inguinal area. 

 Indirect inguinal hernia: An indirect hernia follows the pathway that the 

testicles made during fetal development, descending from the abdomen into the 

scrotum. This pathway normally closes before birth but may remain a possible 

site for a hernia in later life. An indirect inguinal hernia leaves the abdominal 

cavity at the internal ring and passes with the structures of the spermatic cord 

either a variable distance down the inguinal canal or all the way into the 

scrotum. An indirect inguinal hernia may occur at any age. 
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 Direct inguinal hernia: The direct inguinal hernia projects the medial canal 

floor it cannot lie within the cremaster muscle fibers; rather it is behind the 

cremaster and the rest of spermatic cord. It rarely will protrude into the 

scrotum. Unlike the indirect hernia, which can occur at any age, the direct 

hernia tends to occur in the middle-aged and elderly because their abdominal 

walls weaken as they age. 

2, Femoral hernia: The femoral canal is the path through which the femoral artery, vein, and 

nerve leave the abdominal cavity to enter the thigh. Although normally a tight space, 

sometimes it becomes large enough to allow abdominal contents (usually intestine) to 

protrude into the canal. A femoral hernia causes a bulge just below the inguinal crease in 

roughly the mid-thigh area. Usually occurring in women, femoral hernias are particularly at 

risk of becoming irreducible. 

3, Umbilical hernia: These common hernias (10%-30%) are often noted at birth as a 

protrusion at the umbilicus. This is caused when an opening in the abdominal wall, which 

normally closes before birth, doesn't close completely. If small (less than two- 2 cm), this type 

of hernia usually closes gradually by age 2. Larger hernias and those that do not close by them 

usually require surgery at age 2-4 years. Even if the area is closed at birth, umbilical hernias 

can appear later in life because this spot may remain a weaker place in the abdominal wall.  

4, Incisional hernia: Abdominal surgery causes a flaw in the abdominal wall. This flaw can 

create an area of weakness in which a hernia may develop. This occurs after 2%-10% of all 

abdominal surgeries, although some people are more at risk. Even after surgical repair, 

incisional hernias may return. 

5, Spigelian hernia: This rare hernia occurs along the edge of the rectus abdominus muscle, 

which is several inches to the side of the middle of the abdomen. 

6, Obturator hernia: This extremely rare abdominal hernia develops mostly in women. This 

hernia protrudes from the pelvic cavity through an opening in the pelvic bone (obturator 

foramen). This will not show any bulge but can act like bowel obstruction and cause nausea 

and vomiting. Because of the lack of bulging, this hernia is very difficult to diagnose. 
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Although abdominal hernias can be present at birth, others develop later in life. Some involve 

pathways formed during fetal development, existing openings in the abdominal cavity, or 

areas of abdominal-wall weakness. 

Any condition that increases the pressure of the abdominal cavity may contribute to the 

formation or worsening of a hernia. Examples include obesity, heavy lifting, coughing, 

straining during a bowel movement or urination, chronic lung disease, and fluid in the 

abdominal cavity. 

 

1.3. Symptoms of hernia 

The signs and symptoms of a hernia can range from noticing a painless lump to the painful, 

tender, swollen protrusion of tissue that you are unable to push back into the abdomen - an 

incarcerated strangulated hernia. 

Reducible hernia: It may appear as a new lump in the groin or other abdominal-wall area; it 

may ache but is not tender when touched. Sometimes pain precedes the discovery of the lump. 

The lump increases in size when standing or when abdominal pressure is increased (such as 

coughing). It can be reduced, unless very large. 

Incarcerated hernia: It may be an occasionally painful enlargement of a previously reducible 

hernia that cannot be returned into the abdominal cavity. Some may be chronic without pain, 

or an acute painful condition. It can lead to strangulation, signs and symptoms of bowel 

obstruction may occur, such as nausea and vomiting. 

Strangulated hernia: It's an irreducible hernia in which the entrapped intestine has its blood 

supply cut off. Pain is always present, followed quickly by tenderness and sometimes 

symptoms of bowel obstruction (nausea and vomiting). It's a surgical emergency. 

Sliding hernia: When a portion of the wall of hernia sac is composed of an organ such as the 

coecum or sigmoid colon a sliding hernia is present.  

Most of the hernias are diagnosed with simple physical examination. In case of doubt, 

sonography or diagnostic laparoscopy can be carried out. 
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1.4. Surgical treatment 

Inguinal hernia repair is the most frequently performed operation in general surgery. There 

are 500 000 reconstruction in the United States of America, 80 000 in the United Kingdom 

and 20 000 in Hungary carried out per year. The standard method for inguinal hernia repair 

had changed little over a hundred years until the introduction of synthetic mesh. This mesh 

can be placed by either using an open approach or by using a minimal access laparoscopic 

technique.  

 

1.4.1. Traditional operative techniques 

Bassini-operation: Bassini repair involves bringing transversus abdominis aponeurosis down 

to Poupart’s ligament. The posterior wall of the hernia canal is closed with a non-absorbable 

thread, using the so called “Bassini interrupted sutures”. 

Shouldice-operation: The best modification of the Bassini procedure is the Shouldice 

operation, because reduces the recurrence rate. The posterior wall of the canalis inguinalis is 

fastened with four-layered running sutures. 

McVay-Lotheissen-Reich-operation: Used for the repair of femoral and inguinofemoral 

hernias. The transversalis fascia should be reapproximated to the Cooper’s ligament in direct 

hernia repairs.  

 

Fabricius-operation: It is also used for the reconstruction of femoral hernia, the Poupart 

tendon is sutured to the Fascia Pectinea.  

 

 

1.4.2. Tension-free techniques 

 

The hernia is repaired with placing a synthetic mesh over the hernia in one of the layers of the 

abdominal wall, using either open surgery (Lichtenstein operation, see Figure 2) or minimal 

access laparoscopy.  

To investigate and compare the benefits and side effects of both techniques, an internet based, 

prospective, multicenter study was started in Hungary in 1999. (13-15) The results of this so 
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called “Lichtenstein-study” have fundamentally changed the hernia reconstruction practice in 

Hungary. The use of LVHR dramatically increased in the last 6 years. (16-17)  

The most common laparoscopic techniques for inguinal hernia repair are transabdominal 

preperitoneal (TAPP) repair and totally extraperitoneal (TEP) repair and IPOM, the 

intraperitoneal onlay mesh technique.  

 
Figure 2: Lichtenstein operation 

 

 

In TAPP the surgeon goes into the peritoneal cavity and places a mesh through a peritoneal 

incision over possible hernia sites.  

 

TEP is different as the peritoneal cavity is not entered and mesh is used to seal the hernia 

from outside the peritoneum.  

 

IPOM is the easiest procedure by entering the intraabdominal cavity, covering the entrance of 

the hernia sac with a mesh, which is fixed to the peritoneum with tuckers.  

 

The other abdominal wall hernia, such as incisional, umbilical and the other extremely rare 

hernia can be repaired with direct suturing the hernia (sec Mayo), replacement of the defect of 

the musculoaponeurotic layer with autologous or heterologous material using open or 

laparoscopic approach.  

The main drawback of the suturing method is that the recurrence rate after the first operation 

is around 30%.  
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Types of the mesh-placement: 

 

Onlay-technique: The mesh is put over the musculoaponeurotic layer. 

 

Inlay-technique: The mesh is placed in the muscle layer. 

 

Sublay-technique: The mesh is put over the hernia sac. 

 

Pre-peritoneal technique: This is a totally intraperitoneal position; the mesh is fixed on the 

hernia-gate to the peritoneum. 

 

1.4.3. Laparoscopic ventral hernia repair (LVHR) 

 

Surgical treatment of ventral hernias has changed over the past decades by introducing the 

laparoscopy and prosthetic materials for the reconstruction of the abdominal wall.  

There is increasing tendency of acceptance of LVHR (laparoscopic ventral hernia repair) that 

is superior to open repair in terms of postoperative infectious complications, length of hospital 

stay, recurrence, blood loss, and cosmetic outcome.  (18-20) Insertion of a prosthetic material 

for tension free closure of the hernia defect is standard for laparoscopic repair. 

There are many meshes on the market for LVHR, and the reported complications allow us to 

conclude that specific mesh materials are related to specific complications. (21) 

 

1.4.3.1. The ideal mesh 

 

The ideal mesh for LVHR has yet to be found. There is a definition of it from a theoretical 

point of view, which is well known, that non-carcinogenic, chemically inert, causes no 

inflammation and change in mesh characteristics after tissue contact, cause no allergic 

reaction, it is resistant to physical manipulations and can be resterilized.  

From a surgeon point of view the optimal mesh should have certain characteristics such as 

minimal adhesion formation, excellent tissue ingrowths, no shrinkage, no infection or fistula 

formation and promote minimal pain and seroma formation.  And it is also important that the 

mesh causes no change in abdominal wall compliance, has a low price and easy to 

manipulate. 
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1.4.3.2. Products available on the market 

 

There are more than 70 different meshes used for hernia repair available on the market. They 

can be classified into different categories. The meshes are made in average one of the 3 

prosthetic materials: polypropylene (PP, listed in Table 1), polyester (PE), and expanded 

polytetrafluoroethylene (ePTFE). The pure PP and PE meshes are not recommended for the 

LVHR. It is generally accepted that the PP or PE meshes must be covered with a protective 

membrane or film against the viscera.  

 

Table 1: Some polypropylene meshes with their features 
Company Name Material Weight 

(g/m2) 
Thickness 

(mm) 
Pore size 

(µm) 
Bard Marlex PP 95,1 0,6 100-800 

Ethicon Prolene PP 82,5 0,6 1000-2000 
 Vypro II PP + PG 30 0,39 3000-4000 
 Ultrapro PP + PG 28 0,5 3000-4000 

BBraun Aesculap Premilene PP 82 0,48 800 
 Optilene LP PP 36 0,39 1000 
 Optilene elastic PP 48 0,55 3600-2800 

Medizintechnik Ti mesh PP + Ti 35 0,3 1000 
 TiMesh extralight PP + Ti 16 0,2 1000 

 

 

PTFE meshes: The first ePTFE mesh was put on clinical practice in 1993 first, the GoreTex®. 

There are MycroMesh®, DualMesh® and MotifMesh® the most known ones. 

 

Composite PE meshes: The Parietex Composite® mesh is composed of multifilament PE with 

a resorbable collagen oxidized film against the viscera. 

 

Composite PP meshes: some of them are listed in Table 1. TiMesh®, Parietene Composix® 

mesh, this is a woven PP mesh with a protective collagen-oxidized film on the visceral side. 

Composix® mesh is a Marlex® (PP) with a thin ePTFE film, Sepramesh® is coated with an 

absorbable barrier of sodium hyaluronate and carboxylmethylcellulose. Proceed® is a 

Prolene® (the first PP mesh in the practice) encapsulated in a polydioxinone polymer film 

(PDS®). 

 

Biological meshes: Biological meshes are cellular materials derived from humans or animals 

with an intact extracellular matrix. The acellular porcine dermal collagen and porcine small 
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intestine mucosa the so called Surgisis® mesh makes a good impression also on the LVHR 

repair, used in a big international, multicenter randomised trial (Lapsis) where the Department 

of Surgery (University of Pécs, Medical School) is involved. 

 

1.4.3.3. Historical overview of the Hungarian investigations of ventral hernia repair 

 

The investigation of a ventral hernia reconstruction with prosthetic material has a history of 

54 years in Hungary.  

The first commitment of the reconstruction of two enormous hernia with nylon mesh was 

published in 1955 by Hollósy. (22) Those meshes were sewed by Hollósy himself from 

surgical threads. The first Hungarian Supramid mesh, the so called SEB-LON was 

manufactured before this year was over. There was a report of 33 mesh-reconstructions in 

1956 published by Sipos but as Kós and Dávid advised, the study with 37 patients enrolled 

was started in 1954. (23-25) The last publication with the success of 47 SEB-LON mesh-

reconstructions was reported by Kaposi in 1960. (26) 

Polyák had submitted a review of 84 cases polyesther mesh repair, from which 45 was placed 

into potentially infected position, and he had no complication in 8 years follow up. (27)The 

first publication of the Mersilene® mesh (polyesther) was published by Keszler in 1975. (28) 

He started his work back to 1965 in reconstruction of the diaphragm and the thoracic wall.  

 

The Institute of Surgical Anatomy and Techniques of University of Pécs (current name: Dept. 

of Surgical Research and Techniques) was at this time leading in the hernia mesh 

investigations, and scientific innovation. A research group under the supervision of Gábor 

Bartos had developed a new polyesther hernia mesh which was accepted as improvement by 

the Ministry of National Health and the RICO Ltd. (at the present: Hartmann-Rico Hungary 

Ltd.) produced it until the beginning of the ’90-s. (29) From this time a financially acceptable, 

modern surgical mesh was available on the national market, with a numerous successful 

publications. (30-33) 

Vándor (33) was the first surgeon publishing the intraperitoneal use of the so called RICO 

mesh in 18 cases in 1988.  

1997 was the year when the first application of a polypropylene mesh (Marlex®) was 

published by Balogh et al. (34) 
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1.4.3.4. Mesh pore size 

 

Prosthetic meshes are divided into macro- and micropore meshes according to their pore size. 

(35) The pore size describes the size of fenestrations in the mesh. Macropore meshes (>75 

µm) gives better tissue ingrowth/host integration whereas a mesh with small pore size (10-75 

µm) or no pores carries a risk of encapsulation thus resulting in decreased integration into the 

abdominal wall. On the other hand micropore meshes are traditionally known of as causing a 

minimal adhesion formation, while macropore mesh may result in a disorganized 

neoperitonealization and therefore potentially cause more adhesions. 

Based on experimental data, the logic approach in LVHR is to place a macro porous mesh 

against the parietal peritoneum and a micro- or “no pore” side against the viscera. 

 

1.4.3.5. Strength of ingrowth 

 

The majority of tissue ingrowth and strength take place within 2 weeks after mesh 

implantation and thereafter increase slowly until 3 months postoperatively. (36) The 

biological response to hernia meshes can be characterised morphologically by the formation 

of collagenous tissue, inflammation, foreign body reaction, neoperitoneum formation and 

neovascularization. The tissue response depends on the material and the pore size of the 

surgical mesh. (37,38) Tensiometric tests have been used to determine the strength of 

ingrowth at the interface between the mesh  and the parietal peritoneum. All data based on 

experimental animal studies which have defined a required maximum limit of tensile strength 

of 16 N/cm2 to overcome physical demands. (39) 

 

Different experimental studies have shown the superiority of PP meshes to all other mesh 

material regarding strength of ingrowth to the surrounding tissue. (39) It has been documented 

that ePTFE materials have tendency to encapsulate instead of being integrated into the host 

abdominal wall. (40) 

 

1.4.3.6. Adhesions 

 

After intraabdominal insertion of a prosthetic mesh, adhesions between the mesh and the 

peritoneum and /or organs may be formed until neoperitonealization of the mesh is complete, 

which lasts about 1 week. (41) 
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Adhesions are often measured in terms of grade (% of mesh surface covered by adhesions) 

and type of adhesions (filmy, blunt/sharp dissection, solid organ or peritoneal adhesion).  

Different animal studies, including small animals (rats, rabbits), and large animals (porcine) 

supports a tendency towards fewer adhesions when using composite meshes or ePTFE for 

LVHR. Harrel et al. implanted 4x4 cm pieces of mesh in 30 rabbits and adhesion formation 

was assessed after 1, 4, 8 and 16 weeks with sequential laparoscopy. (42) DualMesh® had 

significantly less adhesions than Proceed®, Composix® and Marlex® at all investigated times. 

There were no differences in adhesions between Proceed® and Composix® mesh. Another 

newly published study in rabbits showed significantly lower adhesion degrees with Proceed® 

and ePTFE mesh compared with Mersilene®, Prolene®, and Vypro® mesh in 4 weeks post 

implantation. (43) 

 

Finally we can conclude that the literature clearly points in the direction of using a covered 

mesh/composite mesh, or ePTFE for LVHR in humans although it is important to clarify that 

there are no human data at the moment to support this.  
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2. Objectives 
 

The aim of our investigations was to find the best barrier which can ward off the adhesion 

formation on the visceral surface of the PP mesh, specifically: 

 

1. investigation of antiadhesive behaviour of different non absorbable materials on the 

visceral surface of the polypropylene mesh  

 

2. evaluation the biological behaviour of composite mesh in decreasing adhesion 

formation using polyurethane as non-absorbable and hyaluronic acid as absorbable 

barrier on the visceral side of polypropylene mesh  

 

3. comparing the biological behaviour of three different light-weight meshes with or 

without polyurethane covering on the visceral side  

 

4. evaluation of the biological behaviour of the silicone covered polypropylene mesh 

 

5.  investigation of the silicone covered polypropylene mesh 

  

6. immunohistochemical analysis of incorporation and adhesion prevention of different     

polypropylene meshes 
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3. Investigation of antiadhesive behaviour of different non absorbable 

materials on the visceral surface of the polypropylene mesh  
 

 

3.1. Introduction 

 

From the date 1804, when Astley Cooper first defined the abdominal hernia, the technique of 

the reconstruction of abdominal wall hernia changed a lot. (44) With the minimal invasive 

method –the laparoscopy- and the tension free technique –the usage of prostheses-, the LVHR 

became the gold standard only theoretically, because there is still no mesh on the market 

which could be implant into the abdominal cavity without complications. 

Prosthetic material was introduced with steel mesh in the ‘40s. Usher et al. was the first who 

reported the use of polypropylene mesh for incisional hernia repair. (45) A minimally 

invasive approach was applied to the ventral hernia repair with the expection of earlier 

recovery, fewer postoperative complications, and decreased recurrence rate. The first 

reference of laparoscopic hernia repair with ePTFE mesh was published in 1993. (46)  

This technique allows the intraperitoneal organs to get direct contact with the prostheses, 

which leads to adhesion formation, because there is still no mesh available avoiding adhesion. 

A monofilament polypropylene mesh (Marlex®, Davol Inc, Cranston, RI) was in 1958 

available on the market, and Usher has reported a successful incisional hernia repair with this 

mesh. (45) Since then the mostly used basic commodity of prosthetic surgical meshes is the 

polypropylene. Besides its benefits – tensile strength, tissue ingrowth, non carcinogen, 

chemically inactive, can be sterilized without changes in characteristic– short- and long-term 

complications are reported. (47) The first late complication of intraperitoneal placed mesh 

(fistula formation caused by Marlex® mesh) was reported in 1981 by Kaufman et al. (48) In 

1998 Leber and his colleagues reported a retrospective review of incisional hernias repaired 

with different prosthetic materials. Early complications (seroma/haematoma, wound drainage, 

cellulites, postop. ileus) occurred in 18%, while the incidence of long term complications 

(recurrence, small bowel obstruction, enterocutaneous fistula) was 27%. (49) Enterocutaneous 

fistula as complication was reported also after open and laparoscopic hernia repair using 

Marlex® mesh. (50,51) 
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The aim of this study was to investigate the antiadhesive behaviour of different non 

absorbable materials on the visceral surface of the polypropylene mesh on New Zealand 

White rabbits. 

 

 

3.2. Materials and Methods 

 

Prolene® (Johnson & Johnson Medical Ltd. Sommerville NJ, USA) polypropylene mesh is 

constructed of knitted filaments of extruded polypropylene, identical in composition to that 

used in Prolene® nonabsorbable suture. This mesh is knitted by a process which interlinks 

each fiber junction and which provides for elasticity in both directions. This construction 

permits the mesh to be cut into any desired shape or size without unravelling. This bi-

directional elastic property allows adaptation to various stresses encountered in the body.  

This mesh was covered on the visceral surface with silicone (commercially available silicone 

film, 5x10 cm sized, sterile packed), polyurethane (OpSite® Incise Drape, Smith & Nephew 

Medical Ltd, England) and hyaluronic acid (Cutifilm® transparent wound dressing, Smith & 

Nephew Medical Ltd; Beiersdorf AG, Germany). 

 

- Experimental protocol 

 

The animal experiment was executed in accordance to rules and regulations regarding the use 

of animals in medical research, and the study was approved by the Committee on Animal 

Research of Pécs University (BA02/2000-1/2004). 

All animals were allowed to adapt for at least a week prior to surgery. The animals were given 

rabbit chow and water ad libitum during the acclimatization period and throughout the rest of 

the study except the day of surgery. The animals were not allowed to eat and drink 12 hours 

before the operation, and they were not fed postoperatively for 24 hours. 

 

Table 2: Grouping the different meshes over the defects of abdominal wall 

 Left side Right side 

Group I. Prolene® PU covered Prolene® 

Group II. Prolene® HA covered Prolene® 

Group III. Prolene® Si covered Prolene® 
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A total of 12 New Zealand White rabbits (weighing 2,00-3,2 kg) were anaesthetized with 

intramuscular ketamine hydrochloride (200 mg), after premedication with diazepam (10 mg), 

and as antibiotic prophylaxis, the rabbits were given cephalosporin.  

 

A midline incision was carried out, and two, 3x4 cm big artificial hernia was made by cutting 

all the abdominal layers including the peritoneum on both side of the linea alba (Figure 3). 

The abdominal wall defects were covered with a 4x 5cm sized Prolene® mesh on the left side, 

while the right side defects were covered with “composite” meshes (Table 2, Figure 4). 

Meshes were fixed with running sutures (Prolene® 4/0, monofilament, polypropylene, non 

absorbable suture, Johnson & Johnson Medical Ltd. Sommerville NJ, USA). The skin and 

subcutaneous tissues were closed also with running sutures (Vicryl Rapid® 2/0, 

monofilament, polyglactin, absorbable suture, Johnson & Johnson Medical Ltd. Sommerville 

NJ, USA). 

 

 

   
 

Figure 3: Creation of the full thickness abdominal wall defect on the right side of the linea 

alba 
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Figure 4: The implanted composite meshes facing the polypropylene mesh in the 

extraperitoneal position 

 

 

Animals were daily checked for complications. Twelve rabbits were divided into 3 groups 

according to the base of the different composites. One animal of each group was sacrificed 

after 1, 2, 3 and four months after surgery. The animals were euthanized with an overdose of 

potassium injection and adhesion formation was detected. 

 

 

3.3. Results 

 

- Adhesion formation 

 

Although the sample size of this primary study was small, we could clearly prove the 

aggressive adhesion formation tendency generated by the polypropylene (the adhesion 

formation caused by the different meshes are listed in Table 3). In 10 cases out of 12, the 

Prolene® mesh was covered on visceral surface with peritoneal adhesions and large intestines, 

while the composite meshes showed no adhesions in six cases. 

The adhesion formation was scored according to the grade (% of mesh covered by adhesions). 

The silicone covering has prevented the adhesion formation 6 weeks long, and after this only 

minimal adhesion formation was detected (Figure 5).  
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Table 3: Adhesion rate of the IP mesh surface (%) 

 Left side Right side  Months 
postop. 

Group I. 90 10 1 
 15 15 2 
 15 0 3 
 15 100 4 
Group II. 15 0 1 
 90 15 2 
 90 0 3 
 0 33 4 
Group III. 33 0 1 
 0 0 2 
 15 5 3 
 30 5 4 
Mean 34 15,25  

 

 

The polyurethane layer showed different tendency, by having intact surface on the 9th and12th 

week postoperatively (Figure 6), and the hyaluronic acid on the peritoneal surface was 

manifested the same. 

  

 

 
 

Figure 5: The intraperitoneal view of the implanted meshes after 1 month, the silicone 

covered on the right and the PP mesh alone on the left side 

Right side
Left side
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Figure 6: The polyurethane covered PP mesh was intact intraperitoneally after 3 month on the 

right side, while the PP mesh alone generated intensive peritoenal adhesion 

 

 

- Complications 

 

Table 4: Complications caused by the meshes, grouped according to the removal periods 

 1 month
postop 

2 months 
postop 

3 months 
postop 

4 months  
postop 

Group I.   Seroma  

Group II.  Ulceratio   

Group III. Seroma  Abscess  

 

 

Seroma formation was detected only in 2 cases (from different groups –silicone and 

polyurethane covering), which can be explained with the longer follow up period. There was 

1 abscess detected, and in 1 case the mesh ground the skin, causing an ulcerated defect 

(complications are listed in Table 4).  

At last the shrinkage of the polyurethane layer must be mentioned (Figure 7), because all of 

the cases a shrunk, rumpled layer was detected, causing palpable resistance.  

 

Left side

Right side
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Figure 7: The PU is shrunk on the right side making the mesh surface bulged 

 

3.4. Conclusion 

 

The appropriate physical barrier can prevent adhesion formation to polypropylene mesh in an 

intraperitoenal position. All the materials decreased the adhesion formation compared to the 

uncovered polypropylene mesh. Though that half of the cases was all the composites intact, 

from the physical aspects, like handling, shrinking the hyaluronic acid scored the best.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Left side

Right side
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4. Comparison between the most used polyurethane and hyaluronic acid 

covering of the polypropylene mesh 
 

 

4.1. Introduction 

 

Evaluation of the clinical aspects of biomaterials requires in depths knowledge and 

understanding of the physical properties of prostheses, of which the porosity and the pore size 

of the materials are the most important. Classification of available biomaterials for hernia 

surgery is essential for the everyday practical use of prostheses. Based on their pore size the 

most frequently used biomaterials in hernia surgery can be grouped into 4 types (52); Type I: 

totally macroporous prostheses with a pore size larger than 75 microns, Type II: totally 

microporous prostheses, with a pore size less than 10 microns in at least one of their three 

dimensions, Type III: macroporous prostheses with multifilamentous or microporous 

components, Type IV: biomaterials with submicronic pore size. From these 4 types Nr. III. is 

the macroporous mesh with multifilament or microporous components, just as the braided PP 

mesh, the Surgipro® multifilament (Tyco Healthcare Ltd, USA). In an effort to avoid or 

minimize the possible detrimental effects of macroporous mesh when placed intraperitoneal, 

composite meshes with absorbable and nonabsorbable barriers were engineered (53).  

The aim of this experiment was to evaluate the biological behaviour of a composite mesh in 

decreasing adhesion formation using polyurethane as nonabsorbable, and hyaluronic acid as 

absorbable barrier on the visceral side of polypropylene mesh.  

 

 

4.2. Materials and Methods 

 

Surgipro® (Tyco Healthcare Ltd, USA) mesh is a nonabsorbable, inert, sterile, porous 

surgical mesh knitted from monofilament and multifilament fibres of polypropylene polymer 

from which Surgipro® surgical sutures are manufactured. The mesh measures approximately 

0.44 mm in thickness and exhibits high burst strength and tensile strength. In the form of 

surgical suture, synthetic polypropylene is reported to resist tensile strength loss indefinitely 

in tissue. 
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Surgipro® mesh is knitted in such fashion as to interconnect each monofilament fibre and 

provide bi-directional elasticity, while allowing the mesh to be cut to shape without 

unravelling. 

As nonabsorbable barrier the polyurethane (OpSite® Incise Drape, Smith & Nephew Medical 

Limited, England) smooth layer was chosen, while as absorbable material a fluid, creamy 

consistence of hyaluronic acid (Ialugen® Plus, IBSA Institut Biochimique SA, Switzerland) 

was used. 

 

- Experimental protocol 

 

The animal model was the same defined previously (see Chapter 3.2.). There were 12 New 

Zealand White rabbits operated (weighing 2,00-2,8 kg). The rabbits were divided into 3 

groups according to the different meshes covering the right side defects (see Table 5). The left 

side defect was covered with a 4x5 cm big Surgipro® mesh, while in Group I. the right side 

defect was covered with Prolene® mesh, in Group II. with a polyurethane covered Surgipro® 

and in Group III. with hyaluronic acid creamed Surgipro®. The meshes were removed 1, 2, 3 

and 4 month after surgery, in a way, that 1 animal from each group were euthanized in each 

period. 

  

 Table 5: Grouping the different meshes over the defects of abdominal wall 

 Left side Right side 

Group I. Surgipro® Prolene® 

Group II. Surgipro® PU covered Surgipro® 

Group III. Surgipro® HA covered Surgipro® 

 

 

4.3. Results 

 

- Adhesion formation 

 

There was only 1 case where both meshes were found intact on the peritoneal surface (all the 

data of the intraabdominal adhesion formation are listed in Table 6). The polyurethane layer 

could inhibit the adhesion formation and it was effective also in 3 months, because this result 
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was found after 90 days. The remaining 3 cases had also fewer adhesions over the right side, 

where the composite mesh was used (Figure 8).  

 

 

Table 6: Adhesion rate of the IP mesh surface (%) 

 Left side Right side  Months 
postop. 

Group I. 90 0 1 
 15 15 2 
 0 0 3 
 15 33 4 
Group II. 15 90 1 
 90 15 2 
 90 15 3 
 33 0 4 
Group III. 33 33 1 
 90 90 2 
 90 90 3 
 90 50 4 
Mean 54,25 36,33  

 

 

 

The Prolene® mesh alone caused same adhesion formation as the Surgipro® except 1 case 

where ascites was found intraabdominally. The peritoneal surface of the meshes was intact, 

and only to the suture line was peritoneum adhered. 

The hyaluronic acid cover was worsted then we’ve expected, due to the last experiment. In all 

of the cases the composite was covered with peritoneal adhesion, large intestinal loops, and 

also a part of the stomach wall was adhered to it. 
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Figure 8: PU covered mesh is free of intraperitoneal adhesion, while to the PP mesh alone 

small and large bowels are adhered  

 

 

- Complications 

 

Seroma formation was detected in 1 case 90 days after surgery, in the subcutaneous layer over 

the polyurethane covered Surgipro® mesh. A gauze pad causing resistentia was found in 1 

animal on the dissection. One animal died on the 27th postoperative day in large intestine 

ileus. There was 1 subcutaneous haematoma, 2 abscesses detected. Ascites in the abdominal 

cavity was seen in 1 animal.  

 

4.4. Conclusion 

 

The use of creamy consistence hyaluronic acid was not the right choice, implantation was 

difficult – the mesh must be sewed first, then the IP surface was creamed- and the 

antiadhesive potential of it was also under expectation.  

And finally we can conclude that only the polyurethane layer could decrease the 

intraperitoneal adhesion formation, while hyaluronic acid was worst than before, so we have 

decided to do further investigations with different polypropylene meshes, but with the same 

polyurethane covering on the visceral surface of the mesh.  

Left side

Right side
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5. Comparing the biological behaviour of three different light-weight 

meshes with or without polyurethane covering on the visceral side  
 

5.1. Introduction 

 

“Placement of polypropylene mesh in the abdominal cavity is not a problem for the surgeon 

placing the mesh, but it can be a disaster for the surgeon who has to do the next operation on 

the patient. “ – Guy Voeller. (54) In effort to avoid or minimize the adhesion formation of the 

polypropylene, lightweight meshes were put on market. It was thought that decreasing the 

amount of foreign body can decrease the excessive scar tissue formation which leads to 

adhesion formation or even to chronic pain. (55) 

According to our previous promising results with the polyurethane, the aim of this phase was 

to compare the biological behaviour of 3 different light-weight meshes with or without 

polyurethane covering on the visceral surface.  

 

 

5.2. Materials and Methods 

 

Three different meshes were evaluated in this study. TiMESH® (GfE Medizintechnik GmbH, 

Germany) is specially designed for all state-of-the-art mesh-surgery techniques. TiMESH® 

with the patented titanized surface provides an excellent biocompatibility and outstanding 

body compatibility.  

Premilene® Mesh LP (BBraun Aesculap AG&Co. KG, Germany) is a lightweight mesh, 

made of pure polypropylene and it is uncoated, non absorbable. The monofilament structure 

and the light weight guarantee an excellent handling. Even with the reduced quantity of 

material the tear resistance of the mesh is above the physiological requirements in the 

abdominal wall.  

The Vypro® II Mesh (BBraun Aesculap AG&Co. KG, Germany) which is a partly 

absorbable mesh knitted from polypropylene and polyglactin filaments. The combination of 

polypropylene and polyglactin is supposed to improve the handling of the mesh. This 

combination therefore is just relevant for the short moment of placing the mesh but as a 

consequence a significantly increased foreign body reaction to the implant due to the partially 



 29

absorption has to be accepted during the following months.  Features of the used 3 meshes are 

listed in Table 8. 

 

Table 8: Features of the used surgical meshes 

Company Name Material Weight 
(g/m2) 

Thickness 
(mm) 

Pore size 
(µm) 

GfE Medizintechnik GmbH TiMesh PP+Ti 16  <1000 
BBraun Aesculap AG&Co Premilene LP PP 55 0,4 750 

 Vypro II PP + PG 35 0,49 3000-4000 

 

 

As nonabsorbable barrier the same polyurethane (OpSite® Incise Drape, Smith & Nephew 

Medical Ltd; England) was used as in the previous study.  

 

 

Table 9: Grouping the different meshes over the defects of abdominal wall 

 Left side Right side 

Group I. TiMESH® PU covered 

Group II. Premilene® Mesh LP PU covered  

Group III. Vypro® II Mesh PU covered  

 

 

 

- Experimental protocol 

 

The animal model was the same defined in Chapter 3.2. There were 12 New Zealand White 

rabbits operated (weighing 1,97 - 3,14 kg). The rabbits were divided into 3 groups according 

to the different meshes covering the left side defects (see Table 9). There were 4 animals in 

each group. The meshes were removed on the 2nd, 4th, 8th and 12th week after surgery, 

sacrificing 1 animal from each group on each termination.  

All the tissue samples were routinely fixed in 4% formaldehyde solution and sent for 

histological investigations. The specimens were embedded in paraffin. 3 µm thick histological 

sections were cut, mounted on glass slides, stained with haematoxylin eosin (HE) and periodic 

acid Schiff (PAS)  and evaluated by light microscope to quantify foreign body giant cells, 

polymorpho-nuclear and mono-nuclear reactive cells, as well as, neo-formed vessels. 
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5.3. Results 

 

- Adhesion formation 

 

TiMESH® has generated strong peritoneal and intestinal adhesion formation also, while the 

polyurethane covering could successfully prevent this. There were 2 cases with peritoneal 

adhesion on the suture line detected, and in 1 case the peritoneal surface of the composite was 

intact.  

Premilene® Mesh LP caused surprisingly in all of the cases adhesions, and in 3 of them were 

peritoneum, small and large intestinal loop adhered also to the mesh, but the polyurethane 

covered side was intact in 3 out of 4 cases (Figure 9).  

 

 

          
Figure 9: The left side defect was covered with Premilene® Mesh LP alone which generated 

strong peritoneal adhesion during 12 weeks 
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Figure 10: The Vypro® II mesh was found without adhesions after 2 weeks postoperative 

 

 

Vypro® II Mesh has generated also aggressive adhesion formation causing peritoneal, small 

and large intestinal adhesions too except 1 case, where the intraperitoneal positioned mesh 

was intact (Figure10). The polyurethane barrier could successfully prevent the adhesion 

formation caused by the lightweight polypropylene mesh, except 1 case, but there were also 

peritoneal adhesions detected.  

 

Table 10: Adhesion rate of the IP mesh surface (%) 

 Left side Right side  Weeks 
postop. 

Group I. 90 5 2 
 90 0 4 
 15 0 8 
 90 0 12 
Group II. 90 0 2 
 75 0 4 
 65 50 8 
 0 0 12 
Group III. 100 0 2 
 25 0 4 
 75 5 8 
 90 0 12 
Mean 67,083 5  

 

 

Comparing the three different meshes to each other The Premilene® Mesh LP caused the most 

adhesions, than the TiMESH® and the best mesh placing intraperitoneal position in relation 

with adhesion formation was the Vypro® II Mesh (Table 10). 
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- Complications 

 

All the TiMESH® (total number of 8 meshes) was bulged and made impression of shrinkage 

comparing to the other meshes and the polyurethane barrier on its peritoneal surface was 

crinkled in all of the cases, but it must be point out that it hasn’t decreased its efficacy. It has 

to be mentioned that also in the Premilene® Mesh LP group was 1 mesh shrunk, but also in 

this case was the crinkled polyurethane barrier intact. 

Seroma formation and foreign body reaction was only in the Premilene® Mesh LP group 

detected. Seroma was found in 1 animal and there was one animal where small, whitish 

granulomes were found in the abdominal wall surrounding the mesh in a big area.  

 

- Histological investigations 

 

Giving continuance to the macroscopic analysis of the intraperitoneal adhesion formation 

caused by the different polypropylene meshes, the histological slides showed the signs of 

foreign body reaction (polymorpho-nuclear giant cells) and sterile inflammatory reaction 

(lymphocytes). The so called ‘granuloma’ – concentrically organized connective tissue around 

the mesh fibres- was also detectable in each type of the meshes (Figure 11;12). 

 

               
Figure 11-12: Granuloma around the filaments with PAS staining on x10 and x40 

magnification, with polymorpho nucleotide giant cells 

 

 

 

 

200 µm 50 µm 
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5.4. Conclusion 

 

Finally we can conclude that we haven’t found any correlation with the amount of the 

polypropylene in the mesh, because the TiMESH® has the lowest quantity, but caused the 

most adhesion formation. This was in accordance to Chatziavroudis findings who investigated 

the systemic inflammatory response of different meshes including TiMESH® and found 

similar inflammatory response despite differences in weight this involves foreign body 

content. (56) The composite meshes, consisting of polypropylene mesh and a polyurethane 

layer, could significantly decrease the intraperitoneal adhesion formation caused by the 

polypropylene mesh alone in an intraperitoneal position.  
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6. Evaluation of the biological behaviour of the silicone covered 

polypropylene mesh 

 

 

6.1. Introduction 

The simplest PU is linear in which the hydroxyl compound and the nitrogen compound each 

have a functionality of two. This can be represented by the following: 

Isocyanate + Polyol = Polyurethane 

The isocyanate can react with different chemical groups, so the final properties of the polymer 

will vary according to the reaction route taken. Therefore the formulation of a PU must take 

into account every possible reactive constituent. PUs may have a very widely varying 

structure depending on the type of isocyanate and the type of reactive hydrogen components 

present in the formulation. The presence or otherwise of the various groups along the urethane 

linkage will control the end properties of the polymer. The curing of a PU can be regarded as 

the formation of a network, also called crosslinking, the extent or degree of cure is often 

expressed as the crosslink density. The extent of cross linking may vary and will be reflected 

in the final properties of the PU, ranging from longer, linear chains of flexible elastomers and 

foams to the rigid, heavily cross linked polymers. Many PU products are made with toluene 

diisocyanate (TDI). The other main isocyanate used is methylene diphenyl diisocyanate 

(MDI), the most widely used MDI product is `Crude MDI' with functionality of about 2,8. 

The modified isocyanates and isocyanate pre-polymers with special reactivity characteristics 

are used when it is impractical to use the more conventional isocyanates. Such derivatives are 

formed from the reaction of the isocyanate with compounds such as amines, diols or triols. 

In spite of the promising results, we had to disapprove the further use of polyurethane. 

 

- Carcinogenicity 

 

Toluene diisocyanates are reasonably anticipated to be human carcinogens based on sufficient 

evidence of carcinogenicity in experimental animals. (57,58) When administered by gavage in 

corn oil, commercial-grade toluene diisocyanate (analyzed as 85% 2,4-isomer and 15% 2,6-

isomer) induced hemangiomas in the spleen and subcutaneous tissues, hepatocellular 
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adenomas, and hemangiosarcomas in the liver, ovaries, and peritoneum in female mice; 

subcutaneous fibromas and fibrosarcomas and pancreatic acinar cell adenomas in male rats; 

and neoplastic nodules of the liver, pancreatic acinar cell adenomas, mammary gland 

fibroadenomas, and subcutaneous fibromas and fibrosarcomas in female rats. No treatment-

related lesions were induced in male mice. (57) When administered by inhalation, no 

treatment related tumors were observed following exposure of mice or rats to commercial 

toluene diisocyanate (80% 2,4- and 20% 2,6- isomers). (58) 

 

Based on these findings the investigation was continued with the silicone, as an antiadhesive 

barrier on the peritoneal side of polypropylene mesh. 

 

 

6.2. Materials and Methods 

 

The surgical meshes used in this experiment were the same characterized in the previous etup 

(see Chapter 5.2.) which are the followings: Premilene® Mesh LP, and the Vypro® II Mesh. 

Creating a silicone layer, the so called NuSil MED-4830 (Politec GmbH, Germany) was used, 

which is a silicone elastomer with two components.  

 

- Procedure of the silicone coating 

 

The aim of the investigations carried out by the team of the Department of Inorganic and 

Analytical Chemistry of Budapest University of Technology and Economics under the 

direction of Ödön Wágner was to find the best technology to cover the surface of the 

filaments of the different surgical meshes.  

 

There are 2 types of silicones from the technical point of view, the so called condensation 

type with 2 components and the additional type. The additional type seemed to be more 

practical for our investigations and on the other hand, the condensation polymers are not 

“medical grade” products on the market.  

 

There were different potentials for the impregnation with silicone investigated, but only 2 of 

them seemed to be acceptable. The covering can be carried out by dipping the surgical mesh 

into silicone solution, or the filaments of the mesh can be covered with vaporizing a low 
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viscosity silicone. After the solvent is absconded –using heath- the silicone membrane can be 

vulcanized or polymerized on the mesh. 

 

In that case the Vypro® II Mesh and the Premilene® Mesh LP were impregnated using the 

vaporization technique, after the silicone was diluted using hexane solvent. After the solvent 

was removed the silicone was polymerized on 80-100 ◦C. 

 

- Experimental protocol 

 

There were 12 New Zealand White rabbits operated this time. The implantation of the meshes 

was carried out the same as before, only the antibiotic prophylaxis was skipped. The defects 

were covered with a 4x 5cm sized silicone covered Vypro® II Mesh on the right side, and 

silicone covered Premilene® Mesh LP on the left side one after another. The animals were 

euthanized with an overdose of potassium injection 7, 20 and 40 days after surgery.  Adhesion 

formation was detected, and the mesh was removed with a surrounding muscle tissue, for 

histological investigations.  

 

 

6.3. Results 

 

- Adhesion formation 

 

The silicone as antiadhesive barrier was beyond belief. 10 out of 12 cases the silicone covered 

Vypro® II Meshes were adhesion free on the visceral side. In those 2 cases where strong 

peritoneal adhesion formation was detected both side were affected (see Table 11). 

 In the “Premilene-group” were 3 cases when 100% of the mesh surface was covered with 

large and small intestinal loops, and peritoneal adhesions, and there was 1 case when only the 

suture line caused intreaperitoneal adhesions The findings not depend on the time of 

termination, because 7, 20 and 40 days after surgery were the different pathology found. 

There were in 7 animals perfectly intact visceral side seen both after short term (Figure 13) 

and long term (Figure 14) follow up.  
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Table 11: Adhesion rate of the mesh surface (%) 
 

 Left side Right side  
 0 0 
7 days 0 0 
postop 0 0 
 5 0 
 100 100 
20 days 0 0 
postop 0 0 
 0 0 
 100 100 
40 days 0 0 
postop 0 0 
 100 0 
Mean 67,083 5 

 

 

 

 

 
 

Figure 13: 1 week postoperatively both meshes are intact on the visceral side, only seroma 

formation was observed over the Vypro® II Mesh covering the right side defect 

 

 

 

Right side
Left side
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Figure 14: Both silicone covered meshes stayed intact even after 40 days 

 

- Complications 

 

One animal died 2 days before the planned termination, but according to the observation of 

the animal nurse, the animal has probably broken the leg in a fight with its “cagemate”. There 

were 3 seromas detected, and in 1 case the mesh was shrunk and crinkled. 

  

- Histological investigations 

 

The specimen were embedded in paraffin, 3 µm thick histological sections were cut, mounted 

on glass slides, stained with HE and PAS and evaluated by light microscope to investigate 

inflammation and foreign body reaction. 

  

Right side
Left side
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Figure 15: HE stained slide demonstrates the mesothel layer on the visceral surface over the 

filaments of the mesh on x20 magnification 

 

 

Figure 16: “Granuloma” around the filaments 

 

It was well documented, that a new peritoneum (mesothelial layer) was formed over the mesh 

(Figure 15;16). The giant cells, polymorpho-nuclear and mono-nuclear reactive cells, as well 

as, neo-formed vessels were also represented in almost every slide, as a part of the foreign 

body reaction, and the intestinal tissue above the mesh filaments demonstrates well the 

intraabdominal adhesions caused by the surgical mesh (Figure 17).  

 

200 µm 
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Figure 17: PAS stained slide on 40x magnification, demonstrating an adhered intestine to the 

prostheses 

 

6.4. Conclusion 

 

We can conclude after this successfully experiment using the silicone membrane on the 

polypropylene mesh that it could significantly decrease the excessive scar building caused by 

the polypropylene, which leads to the peritoneal adhesion formation with the accompanied 

intestinal adhesions.  

 

 

 

 

 

 

 

 

 

 

 

 

50 µm 
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7. Investigation of the silicone covered polypropylene mesh 

 
7.1. Sealing procedure with silicone  
 

7.1.1. Sealing machine – centrifuge 

 

There is a critical and time consuming step during the LVHR, namely to open and position the 

mesh which was entered scrolled through a trocar. To solve this problem, a rigid but flexible 

rim was planned to create on the edge of the mesh which helps the mesh to open by “itself” 

inside the abdominal cavity. 

A centrifuge is the machine whereby both procedures can be carried out, namely a flat, 

smooth silicone layer over the polypropylene filaments, and a uniform rim made from silicone 

on the edge of the mesh.  

 

The sealing machine takes place in a stainless steel case and consists of controllable 

temperature heater, and an electro-motor. The direct current conducts the tachometer 

(Mitsubishi - Transistorized Inverter; FR-S502-O.2L-EC, Japan) which controls the rev of the 

electro-motor. The temperature of the heater is controlled with a universal temperature 

controller (HAGA Automatika Kft., Hungary). The instrument is classified in the “I“ 

protection group against electric shock. 

 
 
 
7.1.2. Materials 
 

 

The PPKM403 polypropylene mesh (TDA textile Development Associates, Inc. USA) was 

used in this experiment, which is a knitted polypropylene mesh with a pore size: 1,3 x 1 mm, 

weighing 45 g/m2 and it is 0,43 mm thick.  

For the silicone covering the NuSil MED-6215 (Variachem Ltd., Hungary) was used which is 

the same 2 components Elastosil RT 601 which has been using since we work with silicone.  
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7.1.3. Steps of impregnation  

 

A; Turning on the centrifuge to get the heater warmed up to working temperature. 

 

B; The PPKM403 polypropylene mesh (TDA textile Development Associates, Inc. USA) 

must be cut to the actually size using a plastic template.  

 

C; 9 ml of Elastosil RT 601 component ‘A’ (NuSil MED-6215; Variachem Ltd., Hungary) 

and 1 ml of the component ‘B’ must be suck up into a syringe and thoroughly mix 

mechanically with a glass stick. 2 drops of Toulidine blue can colour the mixture which helps 

proving the impregnation during the procedure.  

 

D; 5 ml of the silicone mixture must be put and spread on a glass sheet with a paint roller. 

Then the polypropylene mesh is put into the silicone mass and rolled prudently with the paint 

roller to get a smooth silicone covering on the filaments of the mesh. At this step helps the 

Toluidine blue the most, because when the mesh is blue then it can be removed carefully 

using 2 forceps. 

 

E; The silicone covered mesh must be tensile free fixed on the spines of the upper part of disk. 

The edge of the mesh must reach at least to the middle of the 3 mm in diameter channel 

running circularly on the edge of the disk. After this the upper part need to be fixed to the 

lower part of the disk using 8 screws (Figure 18).  

 

           
 

Figure 18: 5th steps of the impregnation procedure; fixing the silicone covered mesh on the 
disk 
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F; Filling the channel – After the centrifuge is started 3 ml of the silicone mixture must be 

injected to fill the rim. The centrifuge works on room temperature, on 20 Hz for 2 minutes, 

then the engine is stopped to make the removal of the spines possible.  

 

G; Restarting the engine and start the polymerisation procedure for 30 minutes on 140 Celsius 

with the speed of rotation of 20 Hz. 

7.1.4. Verifying the physical characteristics of ProSi mesh 

 

After the polymerisation with irradiated heat is finished, the impregnated mesh is carefully 

removed from the disk. The uniformity of the silicone covering is verified with conventional 

light microscope, and Scanning Electron Microscope. The SEM investigation was carried out 

in the Central Electron Microscope Laboratory, University of Pécs under the supervision of 

Béla Dolgos. 

The specimens were coated with gold (“4 9”- fine gold) and obtained with electron 

microscope (JEOL, JSM 6300 Scanning Microscope, Japan). 

 
 
 
- Sterilisation 
 
 
There are different sterilisation techniques used in the clinical practice to sterilise different 

prosthetic material such as hernia meshes, but according to the established custom of our 

Central Sterilisation Laboratory, the ProSi meshes were plasma autoclaved, to get them germ 

free. As a primary study to see the possible changes caused by the sterilisation at all, we have 

sent the ProSi mesh for 1 cycle of plasma autoclaving.  

 

 

- Tensile strength 

 

The tensile strength measurements were conducted at room temperature using a tensiometer 

(Pannonlézer Ltd. Pécs, Hungary) with a range of 0–200±0.1 N. The mesh specimens were 

then mounted on a motorized test stand and held in place using vice clamps. The motorized 

test stand gradually moved apart, applying traction at a constant rate of 60 mm/min. The 

tensile strength was recorded as the peak tension developed before complete disruption of the 

prostheses (Figure 19).  
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The tensile strength was measured and defined as the force in Newton's required to 

rupture the suture. Data were stored on PC. 

 
 

          
Figure 19: Tensiometer with a torn Premilene® mesh, graphic of the measurement 

 

We have tested the tensile strength by the institutional tensile tester. The original non sterile 

packed PPKM 403, the silicone covered mesh, and the plasma-autoclaved (Sterrad) ProSi 

meshes were tested.  

 

Table 12: Tensile strength (N) 
 

 PPKM 
403 

To- ProSi* Sterrad To-ProSi** 

 41 25 33 
 42 23 36 
 48 22 46 
 28 37 35 
 37 43 39 
 61 35 43 
 44 27 40 
 49 29 43 
 45   
 41   
Mean  43,6 31,375 39,375 
SD 8,102 8,070 4,502 
SE 2,562 2,853 1,591 
p-value  0,007 0,2253 

 
*To-ProSi=PP covered with Toluidine coloured silicone, **Sterrad To-ProSi: autoclaved silicone covered  mesh 

 
 

Data was compared between groups using two-tailed t tests. Mean values as well as 

standard deviations and errors from the means are also presented as further descriptive 

information. In all cases, a P value <0.05 was considered statistically significant. 
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- Results 

 

Two important inferences can be drawn from the tensile testing. Firstly that the impregnation 

procedure alone causes decrease in tensile strength comparing to the non manipulated 

polypropylene mesh (statistically significant p=0,007), secondly that the sterilization does not 

decrease significantly the tensile strength as it was suggested by the other manufacturer.  

  

 

                     

          
Figure 20: Small irregularity of the silicone covering over the polypropylene filaments was 

seen with SEM 

 

 

The commercial light microscopic evaluation was used to check the efficacy of the silicone 

impregnation. We looked for non coloured fibres or parts of the mesh, and examined the rim 

whether the edge of the mesh sits well in the middle. 

After prudently check for silicone defects, the meshes were examined with SEM (see Figure 

20). There were only a few irregularity of the silicone covering was found on the 

polypropylene fibres, but both before and after sterilization also. There was no increase in the 

amount of the silicone leakage detected after “Sterrad” sterilization. 
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7.2. Evaluation of the effect of different sterilization techniques on surgical meshes 

 

 

7.2.1. Introduction 

 

The hernia meshes are available commercially in sterile packages for single use, and the re-

use of remaining pieces are not recommended by the manufacturer.  

The size of the hernia differs but the meshes on the market are most available only in 2 

different sizes. Our newly developed silicone covered polypropylene mesh can be 

manufactured also in 2 sizes.  

 

The size of the prosthetic meshes may change and they my shrink because of repetitive steam 

sterilization. (59) On the other hand the sterilization procedures may alter the mechanical 

properties of prosthetic material as a result of polypropylene macromolecular chain 

degradation. Therefore meshes may become less resistant to pressure after sterilization. There 

is at least 1 known hernia recurrence case caused by mesh disruption after the used Marlex® 

mesh was resterilized. (60) Unfortunately the reuse of mesh pieces after resterilization is a 

reality in Hungary because of economic problems.  

 

The aim of this experiment was to find out the best sterilization technique used for ProSi 

mesh, which doesn’t change the physical characteristic of the polypropylene, and to find out 

whether the mesh is strong enough to allow the surgeons the reuse by resterilizing the 

remaining pieces of ProSi mesh.  

 

 

7.2.2. Methods of sterilization 

 

There are four sterilization methods used in medial practice: 

 1. Steam (autoclave) sterilization 

2. Chemical vapour sterilization 

3. Dry heat sterilization 

4. Ethylene Oxide gas (EtO) sterilization   
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Each of these methods when used properly will achieve sterilization. Effective sterilization is 

dependent upon the ability of the sterilant (saturated steam, heat or gas) to have direct contact 

with all surfaces of the device or product being sterilized for a specified time at a set 

temperature.  Proper technique in cleaning, preparation, packaging and placement of supplies 

in the sterilizer chamber are critical for successful sterility contact. 

 

Steam sterilization: Moist heat in the form of saturated steam under pressure is the sterilant 

used in the steam sterilizer (autoclave). Steam sterilization is the least time consuming and the 

preferred method of sterilization for heat and moisture stable medical devices. In steam 

sterilization it is important that the ambient air in the chamber and contents be completely 

removed at the beginning of the cycle so that the saturated steam can have direct contact with 

the items being sterilized.   

 

Chemical vapour sterilization: Unsaturated chemical vapour (mixture of alcohol, water, 

ketones and formaldehyde heated under pressure) is a typical sterilant used in this method of 

sterilization. Because of the low moisture content of unsaturated chemical vapour it will not 

cause rust and corrosion on carbon steel instruments. Chemical vapour sterilization requires 

proper ventilation for post-cycling fumes. Formaldehyde has been shown to be carcinogen, 

therefore as with all chemicals employed users must follow strict the rules to protect 

employees and patients from exposure. 

 

Dry heat sterilization: Hot air is the sterilant used in the dry heat sterilizer – hot air oven. It is 

a slow process because it depends upon higher temperatures to incinerate microorganisms. 

This method of sterilization is used for heat stable, moisture sensitive or steam impermeable 

medical devices and products. The Cox dry heat sterilizer is a rapid cycle dry heat sterilizer 

and is run for 6 minutes at 375 ºC. 

 

Ethylene Oxide sterilization: Ethylene oxide (EtO) is the sterilant used for gas sterilization. 

This method of sterilization is used for heat sensitive items. The exposure to EtO can increase 

the risk of serious adverse health effects, including cancer and reproductive health hazards. 

EtO sterilization process is along type, because of the long sterilization and the aeration times 

required. 
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In this investigation the effect of the EtO-sterilization as standard was compared to the plasma 

steam sterilization and formaldehyde gas sterilization.  

 

7.2.3. Materials and Methods 

 

Silicone covered polypropylene mesh (ProSi) which was manufactured in our laboratory 

using the previously described technique (see Chapter 7.1.). This mesh was non sterile. 

 

Premilene® Mesh (BBraun, Aesculap AG&Co. KG, Germany), made from monofilament 

polypropylene, is used for hernia repair or for reconstruction of the chest wall. The 

monofilaments are knitted into an elastic, durable, large pore mesh. Premilene® Mesh is 

characterized by the extreme dimensional stability of its thin mesh wall. It adapts optimally to 

movements of the patient. The technically advanced mesh structure is retained after cutting 

and does not fray. Premilene® Mesh is highly transparent so that the tissue underneath is 

visible during surgery. 

 

Chiralen® surgical mesh (Chirmax s.r.o. Czech Rebuplic) is a sterile, non absorbable 30x30 

cm sized undyed mesh made from polypropylene. Chiralen® meshes are available in different 

sizes. They show high strength and a high flexibility. Chiralen® meshes are available in a 

weight of 125 g/m2. Indication: Chiralen® meshes are indicated in the operative treatment of 

fascial defects, in particular hernias that require long-term bridging of damaged structures. 

 

- Experimental protocol 

 

After opening the sterile, ready for use packages of Chiralen® and the Premilene® Mesh, the 

30x30 cm big meshes were cut into 35 pieces, following the cut-out bellow (Figure 21). With 

this procedure is the usage of the hernia mesh in the operating room demonstrated. Following 

this all the meshes were sent to repetitive sterilizations. All the pieces were separately packed 

after sterilization and stored on room temperature until they were opened.  
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    10 mm             30 mm             10 mm 

 

  15 mm 

 

10 mm 

   

 

15 mm 

 
 
 

Figure 21: Mesh sample for tensile strength measurements (4x5 cm) 
 
 

Repetitive ethylene oxide gas and autoclave sterilizations were applied to polypropylene 

meshes up to 2 times. Gas (EtO) sterilization (Siemens, Mediteszt Kft., Hungary) was applied 

for 4 hours at 50 ◦C for each sterilization process. After the sterilization phases (preheating, 

vacuum, bedewing, and sterilization) aeration was applied to the samples for 12 hours. For 

repetitive sterilizations the same procedure was performed on the samples at 1 day interval. 

The packed samples were kept on the shelf at room temperature until the tensile 

measurements were started. 

Plasma-sterilization (“Sterrad”, Johnson&Johnson, USA) was applied for 55 minutes, on 52 

ºC, under 0,3 Hgmm pressure, and the formaldehyde autoclave sterilization (Gattinge, 

Germany) was applied at 55 ºC, for 300 minutes under 525,42 - 600,048 Hgmm pressure. For 

repetitive sterilizations the same procedure was performed on the samples at 1 day interval. 

The packed samples were kept on the shelf at room temperature until the measurements were 

started. 

Shrinkage and deformity was photographically documented. Brittleness and handling were 

based on subjective estimation.  

 

- Measurements 

 

Mechanical testing: The “H”-shaped samples were torn by the tensile tester in our laboratory.  

 



 50

SEM – Scanning Electron microscopy: The Scanning electron microscopic evaluations were 

carried out in the Central Electron Microscope Laboratory, University of Pécs under the 

supervision of Béla Dolgos. 

The specimens were coated with gold (“4 9”- fine gold) and obtained with electron 

microscope (JEOL, JSM 6300 Scanning Microscope, Japan). 

 

 

7.2.4. Results 

 

- Tensile Strength 

 

There was no decrease in tensile strength detected after the gas and steam sterilizations.  

The mean of the tensile strength (N) after the different sterilization technique are listed in 

Table 13. Mild decrease was only noted in ProSi mesh after the formaldehyde autoclaving. 

(see Table 14). 

 

 

Table 13: Mean tensile strength after the different sterilization techniques (N) 

 Control EtO Sterrad FoAu 
Premilene® 141,25 167,5 153,75 171,25 
Chiralen® 230 231,875 224,375 220,625 
ProSi 31,5 30,75 33 28,75 

 

Control = untreated originally packed mesh; EtO = ethylene oxide sterilization; Sterrad = plasma sterilization; FoAu = formaldehyde 

autoclave sterilization 

 

 

The Prosi mesh was tested also after 12 weeks. The sterile packages were kept on 

room temperature and opened only just before testing. Data was compared between groups 

using unpaired Student-t tests. Mean values as well as standard deviations and errors from the 

means are also presented as further descriptive information. In all cases, a P value <0.05 was 

considered statistically significant. 

The data show no significant difference in tensile strength either in 12 weeks (Table 15).  
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Table 14: Tensile strength of ProSi mesh after different sterilization techniques (N) 

 Control EtO FoAu Sterrad 
 36 35 30 34 
 31 32 26 32 
 25 28 31 33 
 34 28 28 18* 
Mean  31,5 30,75 28,75 33 
SD 4,153 3,403 2,217 1 
SE 1,313 1,203 0,784 0,354 
p-value  0,807 0,338 0,624 

 

 

Table 15: Tensile strength of Prosi mesh 12 weeks after different sterilization techniques (N) 

 Control EtO FoAu Sterrad 
 36 27 26 23 
 31 31 25 28 
 25 29 30 36 
 34 32 33 12* 
Mean  31,5 29,75 28,5 29 
SD 4,153 2,217 3,697 6,557 
SE 1,313 0,784 1,307 2,318 
p-value  0,532 0,360 0,582 

 

 

There are two star signed measurements in the tables. In case the mesh piece has been slid out 

from the machine without being completely torn, the measured data was not statistically 

analyzed. 

 

 

- Brittleness and Handling 

 

The formaldehyde steam sterilization caused moderate increase in rigidity on the edge of the 

ProSi mesh. There was no deformity or shrinkage detected.   
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- Structural analysis 

 

                 
                 /a            /b        /c 

Figure 22: SEM photos of /a:Chiralen®; /b: Premilene®; /c: ProSi mesh after 2 cycle of 

autoclave sterilization 

     

There was no structural lesion detected caused by the different sterilization methods. The 

silicone covering was impaired in the control group also, which confirms that the 

impregnation technique may cause structural lesion which is not worsened by sterilization. 

             

 

7.2.5. Conclusion 

 

Resterilizing the polypropylene meshes by ethylene oxide gas-, and steam sterilization do not 

alter their physical characteristics. 

  

 

 

 

 

 

 

 

 

 

 

 



 53

8. Immunohistochemical analysis of incorporation and adhesion prevention 

of different     polypropylene meshes 

 

 
Background 

 
In this next phase the biological behaviour of different polypropylene meshes available on the 

market were compared to each other. There are numerous published data of different 

comparison studies with polypropylene based meshes. Nowadays absorbable or biological 

hernia meshes are in focus. It is no novelty anymore that dual meshes can decrease the 

intraperitoneal adhesion formation, but there are mismatching data about the benefit of 

absorbable layers. 

Emans et al. has reported a comparison of the adhesion formation tendency in a rat model of 3 

different polypropylene meshes. (61) He found the tendency after 1 week of Prolene® > 

NVP/BMA coated Prolene® >Proceed® mesh (polypropylene mesh with an absorbable 

antiadhesive layer on the visceral surface) while this was in opposite after 1 month, meaning 

the Proceed® showed the worst antiadhesive feature, while the non absorbable layer (N-vinyl 

pyrrolidone/N-butylmethacrylate) was significantly better. Just a month after Emans 

publication, Schreinemacher and his colleagues found the same tendency using 6 different 

polypropylene based meshes. (62) The meshes were grouped according to the visceral barrier 

as absorbable (Parietex Composite®; Proceed®; C-Qur®), non-absorbable (TiMesh®; 

Ultrapro®) and no coverage. They explained this changing adhesion inhibition tendency of the 

absorbable layer with the phagocytosis, which may contribute the adhesion formation. 

Ansaloni found no significant difference in comparison of absorbable and non absorbable 

barriers in rat experiment. (63)  The Surgisis® covered Prolene® and the polyurethane covered 

polypropylene (Prolene®) caused the same intraperitoneal adhesion between the grater 

omentum and the visceral side of the surgical mesh also in a long term model with 6 months 

follows up.  

The macroporous nature of the hernia meshes is thought to be responsible for the excellent 

tissue ingrowth. Rosen et al. reports a study of 109 patients with ventral hernia, repaired with 

polyesther based meshes. (64)79 patients were treated with a collagen hydrogel covered 

polyester mesh in intraabdominal position with laparoscopic technique, and the remaining 30 

patients were operated with an open onlay (the mesh is in extraperitoneal position) technique 
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using a simple polyester mesh. There was only 1 small bowel obstruction detected in the 

laparoscopic group, and 4 infectious complications, from which all was successfully treated 

with antibiotics. He interprets his outstanding results and the successful treatment of the 

wound infection with the macroporous nature of the mesh. 

At this point a randomised, controlled, prospective study with 60 New Zealand White rabbit 

was started. The animals were grouped according to the surviving period, and in a view of the 

literature 7 and 21 days were chosen for follow ups. Pure polypropylene mesh the so called 

Hi-Tex® mesh, the laminar layered silicone covered Sil Promesh® and our silicone covered 

polypropylene mesh was compared to each other.  

For the exhaustive cognition of the biological behaviour of the prostheses the immuno-

histochemistry was used to complete the investigations.  

 
8.1. Investigation of the biological behaviour of the pure polypropylene Hi-Tex® mesh 

 

8.1.1. Materials and Methods 

 

A Hi-Tex® (Textile HiTec S.A. Buenos Aires, Argentina) polypropylene monofilament, 

knitted structured mesh was implanted in each animal. This is a light, porous structure to 

favour quick tissue ingrowth, and colonization. The total weight of the mesh is 80 g/m2, with 

the pore size: 0,5x0,7 mm. 

 

- Experimental protocol 

 

A total of 20 New Zealand White rabbits (weighing 2,05-3,1 kg) were anaesthetized with 

intramuscular ketamine hydrochloride (200 mg), after premedication with diazepam (10 mg).  

A 6 cm long midline incision was carried out, and a 3x4 cm big abdominal wall defect was 

made by cutting all the abdominal layers including the peritoneum. It was covered with a 4x 

5cm sized Hi-Tex® mesh, and fixed with running sutures (Prolene® 4/0, monofilament, 

polypropylene, non absorbable suture, Johnson & Johnson Medical Ltd. Sommerville, NJ 

USA). The skin and subcutaneous tissues were closed also with running sutures (Vicryl 

Rapid® 2/0, monofilament, polyglactin, absorbable suture, Johnson & Johnson Medical Ltd. 

Sommerville NJ USA). 
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Animals were daily checked for complications. 20 rabbits were divided into 2 groups 

according to the surviving period. Group I (10 animals) was sacrificed 7 days, and Group II 

(10 animals) 21 days after surgery. The animals were sacrificed with an overdose of 

potassium injection. Adhesion formation was detected, and the mesh was removed with a 

surrounding muscle tissue, for histological investigations. 

 

 

- Histology and immunohistochemistry 

 

The tissue samples were fixed in 4% formaldehyde solution and embedded in paraffin. 3 µm 

thick histological sections were cut, mounted on glass slides, stained with haematoxylin eosin 

(HE) and evaluated by light microscope to quantify foreign body giant cells, polymorpho-

nuclear and mono-nuclear reactive cells, as well as, neo-formed vessels. 

Prior to immuno-staining, tissue sections were deparaffinized and re-hydrated. Tissue sections 

were incubated for 60 minutes at room temperature with the following primary antibodies: 

For immuno-histochemical quantification of proliferating cells, the B56 Ki67-specific mouse 

monoclonal antibody was used (clone: B56, dilution: 1:200, source: Histopathology Ltd., 

Pécs, Hungary). 

To assess the growth of vascular endothelial cells, vascular endothelial growth factor (VEGF) 

specific mouse monoclonal antibody (clone: JH121, dilution: 1:200, source: ThermoFisher 

Scientific/LabVision Corporation, Fremont, California, USA) was applied. 

Mesothelial cells were evaluated by immunostaining using a broad spectrum cytokeratin (CK) 

specific mouse monoclonal antibody (clone: MNF 116, dilution: 1:200, source: 

Histopathology Ltd., Pécs, Hungary). 

Prior to incubation with primary antibodies, sections were treated with Heat Inducted Antigen 

Retrieval procedure using citrate buffer (10 mM, pH= 6, source: Histopathology Ltd., Pécs, 

Hungary) for 5 minutes in case of VEGF and CK and 15 minutes for the Ki-67, in microwave 

oven (P= 750 W, Whirlpool). The secondary antibody, the biotinylated goat anti-mouse 

immunoglobulin (dilution. 1:100, source: Becton Dickinson, California, USA) was incubated 

for 30 minutes on he slides. Then, Peroxidase -conjugated Streptavidin (dilution: 1:500, 

Source: Becton Dickinson, California, USA) was used for 30 minutes. To detect peroxidase 

activity, for the nuclear Ki67 location, the 3,3 Diaminobenzidine tetrahydrochlorid (DAB, 
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Thermo Fisher Scientific/Lab Vision Corporation, Fremont, California, USA) and for 

membrane/cytoplasmic location of antigens (VEGF, CK), 3amino-9ethyl-carbazole (solvent-

resistant AEC, Histopathology Ltd., Pécs, Hungary) were used as chromogens with the 

substrate H2O2. After each step, sections were washed in TBS (pH=7.6, source: 

Histopathology Ltd., Pécs, Hungary) for 3x5 minutes. The slides were counterstained with 

haematoxylin for 15 seconds, dehydrated and mounted with Pertex (Szkarabeusz, Pécs, 

Hungary). 

There were 2 blocks stained from each implants. Block ‘A’ (later on Slide ‘A’) was cut from 

an adhesion covered area and the mesh was embedded together with the adhered tissue, and 

Block ‘B’ from an intact area (Slide B). 

 

- Immunohistochemical assessment 

 

We have analyzed immunomorphological patterns of immunohistochemical stained slides in 

conventional light microscopy at a magnification of 40x.  

Proliferating cell count was evaluated by counting all the cells, and separately the ki-67 

positive nuclei in all slides at a magnification of 40x. 

 

We assessed the vessel proliferation by counting the VEGF positive cells with granular 

cytoplasm signal. Our scoring criteria are represented in Table 8. The pictures under the table 

are demonstrating the different scores. (Figure 23/a; /b; /c) 

 

 
Table 16: Scoring criteria for VEGF vessel proliferation analysis 

 
score VEGF positive cells 
0 No or rare positive cell 
1 <20% positive cells/x40 field 
2 20-60% positive cells/x40 field 
3 60%< positive cells/x40 field 
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Figure 23: VEGF positivity around the hole of the mesh fiber /a: score 1 (x15);  /b: core 2 

(x25);  

 

 
 

/c: score 3 (x15) 

- Statistics 

 

Statistical evaluation of the measuring results was performed using SPSS 15.0 statistical 

program for Windows. The results were presented as mean values and standard error. 

Statistical analysis of cell proliferation, Student unpaired t-test was carried out to determine 

significance levels showing statistical significance p values of less than 0.05, while in case of 

VEGF analysis man-Whitney test was used to compare the values of the groups (p<0.01). 
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8.1.2. Results 

 

- Macroscopic results 

 

All animals survived the operation and no complication was seen during the follow-up period. 

The average weight of the animals after 7 days was 2,087±05 kg, and after 21 days 2, 487±0,5 

kg. 

After entering into the abdominal cavity we examined the hernia mesh for peritoneal 

adhesions, and the surrounding organs for any pathological changes. We took a picture of all 

the meshes with the adhered tissue, and also after excision in toto. The mesh surface covered 

with adhesions (peritoneal or intestinal loop) was measured. The quality of the adhesion was 

not specificed because we did not want to dissect them from the surface.  

Aggressive adhesion formation was observed even after 1 week, with moderately decreasing 

tendency by the 3rd week (Table 17).  

 

Table 17: Adhesion rate of the mesh surface (%) 
 

 1 week 
postop. 

3 weeks 
postop. 

 33 85 
 33 75 
 98 75 
 40 - 
 20 40 
 25 75 
 100 50 
 100 - 
 50 - 
 50 40 
mean 54,9 44 
SD 32,08825 34,05877 
SE 10,14719 10,77033 
p value  0,470851 

 

 

In Group I (1 week after surgery) the average rate of the mesh surface was 54,9% (20-100%). 

In most of the cases (9/10) large intestine loop was adhered to the surface, and only in four 

cases out of 10 were peritoneal adhesion also detected. As mentioned before we tried to keep 

all the adhesion tight on the mesh surface but in one animal (Number 515) the intestine was 
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heavy enough to solve itself, without any artificial dissection. In most cases the cranial half of 

the mesh was affected (Figure 24). 

 

 

 
Figure 24: Intestinal adhesion on the cranial edge of the Hi-Tex mesh 7 days postoperative 

 

 

In Group II (3 weeks after surgery) the mean of the adhesion covered surface was 44% (0-

85%). There were 3/10 intact meshes, with vascularized newly formed good visible 

neoperitoneum on the intraperitoneal surface. 4/10 cases was large intestine, and in 3/10 cases 

only peritoneal adhesion detected on the intraperitoneal side of the polypropylene mesh. 

As complication the serome formation (4/20, 2 -2-cases from both group) and the sc. 

haematoma (Group I: 4/10 and Group II: 3/10) is mentionable.  

 

 

 

- Histological and immunohistochemical results 

 

The HE staining was used to quantify foreign body giant cells, polymorpho-nuclear and 

mono-nuclear reactive cells and neo-formed vessels, as well as to supervise the blocks before 

the immunohistochemistry. There was foreign body generated sterile inflammatory reaction 

detected in each slide.  

 

The cell turn-over was studied with Ki-67 reactive cells. The filaments of the used Hi-Tex® 

woven mesh was good detectable in each slide. Ki-67 is a good detectable, granular, brownish 
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IH sign in the nucleus of the cells. The absolute cell number was analyzed for cell turn over. 

The total number of the cells, and separately the Ki-67 positive cells were counted on 40x 

magnification from each slide.  

The positive cells were counted in the adhesion zone (mostly disorganized connective tissue 

between the intestinal tissue, and the mesh material) and separately in the ‘granuloma’ built 

around the filament (4-5-cell layer concentrically organised around the filament) see Figure 

25. 

 

 

 
 

 
Figure 25: ‘Granuloma’ around the polypropylene filaments (the concentrically organised 

connective tissue, signed with black lines) 
 

 

The Ki-67 positivity was decreased in all the analysed areas after 3 weeks postoperative (see 

Figure 26,27). The Ki-67 positivity was greater in the ‘granuloma’ zone in each slide. There 

was no significant difference in relation to the affected area.  

 



 61

0 1 2 3 4
0

10

20

30

40

50
K

i-6
7 

po
si

tiv
ity

 (%
)

Weeks

 Slide_A
 Slide_B

0 1 2 3 4
0

10

20

30

40

50

K
i-6

7 
po

si
tiv

ity
 (%

)

Weeks

 Slide_A
 Slide_B

 
Figure 26:.Ki-67 positivity in granuloma       Figure 27:.Ki-67 positivity in the adhesion zone                       
 

 

According to our macroscopic findings, the VEGF positivity showed significant (p<0.01) 

greater positivity after 3 weeks. (Figure 28) The capillaries on the neoformed mesothelial 

layer were visible after 21 days during section which is in accord with the 

immunohistochemistry. 
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Figure 28: VEGF positivity 

 
 

As mentioned before a newly formed mesothel layer with small capillaries was detected 

macroscopically after 3 weeks (Group II). This is well followed up in the MNF 116 stained 

slides from Group I, where the triangle shaped, swollen positive cells are situated in the 

granulomatous zone around the foreign body , while in Group II, these positive cells are found 

on the serosal surface of the tissue, creating a well organised monolayer above the mesh 

material.  (Figure 29a-b) 

  



 62

            
 
Figure 29/a: MNF 116 staining after 7 days  (all the         /b: MNF 116 monolayer on  
positive cells are located in deeper tissue, mostly around            the visceral surface after 21 
the foreign body – signed with arrows                   days 
 

 

8.1.3. Conclusion 

 

Finally we can conclude that also a short term animal model can demonstrate the tendency of 

the mesh induced host reaction. As expected, the intraperitoneally place Hi-Tex® mesh 

induced a severe adhesion formation. In this situation there is no peritoneum covering over 

the mesh in contact to the intraabdominal organs. Our macroscopic findings are in good 

correlations to our histological findings, followed up with immunohistochemistry. The 

mesothelial layer becomes more organised in 21 days, and after the neoperitonization is 

finished there is no increase in adhesion formation detected. 

 

 

8.2. The biological behaviour of Sil Promesh® - a newly developed dual mesh 

  

8.2.1. Materials and Methods 

 

Sil Promesh® (Surgical-IOC Company, France) is a dual-sided, macro perforated, non-

woven, polypropylene mesh, with a non adherent silicone covering on the intraperitoneal side, 

for open, and laparoscopic hernia repair. Features: size: SI.3030MO-2S: 30x30 cm; gross 

weight: 0,4 kg. 
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- Experimental protocol 

 

The used animal model is described above (see Chapter 8.1.1.). The same procedure was 

carried out on 20 New Zealand White rabbits (weighing 3,42-4,59 kg) using the Sil Promesh® 

for the hernia repair. The animals were divided into 2 groups according to the time of 

removal. All the further investigations were prepared same for histology (see Chapter 8.1.2.) 

and all the data were evaluated with the same statistical analysis previously described.  

 

For SEM evaluation the specimens were fixed in a mixture of 2% formaldehyde and of 2,5 % 

glutare solution for 24 hours. The samples were thereafter carefully washed 3 times in 

phosphate buffer and dehydrated in different concentrations of alcohol. After the dehydration 

with absolute alcohol for 20 minutes was finished, the samples were mounted on the 

worksheet and coated with gold (“4 9”- fine gold) and obtained with electron microscope 

(JEOL, JSM 6300 Scanning Microscope, Japan). 

 

8.2.2. Results 

 

- Adhesion formation 

 

All animals survived the operation and only 1 animal died before the planned termination 

(Animal No:1784; 13th postoperative day; dg.: Sepsis) for the rest no complication was seen 

during the follow-up period. The average weight of the animals after 7 days was 3,61 kg 

(3,31- 4,8 kg), and after 21 days 3,714 kg (3,15- 4,25 kg). 

The intraperitoneal surface of the Sil Promesh® was examined and the data are listed below. 
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Table 18: Adhesion rate of the IP mesh surface (%) 

 

 

*This animal died before termination – data is not involved in the statistics 

 

In Group I (1 week post surgery) the average rate of the affected mesh surface with adhesions 

was 30,5% (0-100%). Half of the cases the visceral surface of the mesh was intact (Figure 

30). There were 2 meshes with large and small bowel loops adhering to the mesh and the 

remaining 3 cases peritoneal and colon adhesions were detected on the silicone covering 

(Figure 31).  

 

    
 

Figure 30: The intact Sil Promesh® from the intrapertioneal aspect after 7 days. The macro-
perforation of the silicone layer can be observed 

 

  
1 week 
postop. 

3 weeks 
postop. 

 0 100 
 0 0 
 100 0 
 0 100 
 100 0* 
 0 0 
 15 0 
 35 0 
 25 0 
  hernia 0 
mean 0,305 0,222
SD 0,389761 0,41574
SE 0,096625 0,070273
p-value  0,684653
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Figure 31: Severe adhesion formation generated by the Sil Promesh® in 7 days, led to 
peritoneal and intestinal adhesion formation 

 

 

In Group II (3 weeks post surgery) the mean of the adhesion covered mesh surface was 22,2% 

(0-100%). This decrease is not statistically significant (p=0,6). There were 7/10 intact meshes 

detected on the termination but in the remaining two cases the mesh was not visible because 

of the strongly adhered colon conglomerate, and in 1 case the urinary bladder was adhered to 

the caudal edge of the mesh. 

 

 

- Complications 

 

Numerous and various complications were seen in this experiment. The seroma formation 

detected after 7 days was expected, only the amount of the fluid is mentionable (5 – 24 ml). 

The artificial hernia can be explained with the suture material, because it was out of the 

warranty period. 

But the countless infectious complications 3 weeks after implantation were surprising for us. 

All the complications are listed in Table 19. 
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Table 19: Complications caused by the Sil Promesh®, grouped according to the removal 

periods 

1 week  
postop. 

3 weeks  
postop. 

10 ml Seroma Abscessus sc. 
24 ml Seroma 65 ml Haematoma 

- 80 ml Haematoma 
- Fistula 

Hernia SEPSIS* 
- 2 ml Seroma 
- 1,5 ml supp Seroma 

Minimal Seroma Fistula 
16 ml Seroma 12,5 ml supp Haemat + Fistula 
10 ml Seroma 16 ml Abscesssus 

 

 

The enormous rate of complications in this study is hard to explain. It couldn’t be excluded 

that the texture of the composite mesh can be responsible for. The animal model and the 

sterile technique was the same as during the past 8 years. The Sil Promesh® was in a sterile 

package which was opened just on the operation.  

 

     
       /a: fistula    /b: haematoma                /c: absecssus 

Figure 32: Complications caused by the Sil Promesh®  

 

 

- Histological, immunohistomorphological and SEM investigations 

  

The commercial HE staining was used to quantify the foreign body generated inflammatory 

reactions. The presence of polymorpho nuclear giant cells and the lymphocyte invasion of the 

tissues are extraordinary. (Figure 33, 34) The texture of this mesh was different what we’ve 

got used to, not only the connective tissue, but the silicone layer was colonised also with the 
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inflammatory cells. The most surprising was that the decreasing tendency of the foreign body 

reaction failed and was presented in each slide, also after 3 weeks, see Figure 35 and 36. 

 

 

       
Figure 33: HE staining (x10; Group I)           Figure 34: Lymphocytosis (x40; Group I) 

 

 

       
Figure 35: SilPromesh HE stained (Gr.II)          Figure 36: Inflammatory cells after 3 weeks 

       On x10 magnification        on x20 magnification 

 

 

For the immunohistochemistry the same antibodies were used as subscribed in Chapter 8.1.1. 

The Ki-67 expression showed the cell turn-over tendency. To differentiate the investigated 
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areas, the slides were separated according to the affection of the intraperitoneal side of the 

mesh. ‘Slide A’ is blocked from an adhesion area, and ‘Slide B’ from an intact zone. 

The Ki-67 positivity showed the same tendency as Hi-Tex® (polypropylene) mesh, only the 

total amount of the cells was little fewer. The number of the proliferating cells decreased after 

3 weeks (see Figure 39,40), both in the so called granuloma, and surrounding connective 

tissue. Statistically significant difference was only detected in case, comparing the cell count 

of granuloma, to the surrounding zone (Figure 37,38).   

 

  
 

Figure 37: Ki-67 positivity in granuloma.    Figure 38: Ki-67 positivity in the adhesion zone. 

 

 

      
Figure 39: Ki-67 IH staining after 1 week         Figure 40: Ki-67 positivity after 3 weeks  
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The VEGF scores were just opposite to our expectations, but in accordance to our 

macroscopic findings. There was no neoperitoneum formation detected, though the laminar 

texture of the mesh. The VEGF positivity was scored by arbitrary unit and analysed with 

Mann-Whitney test, and showed no difference in neither in relation with time, nor in affected 

areas. (Figure 41). 

 

 
Figure 41: VEGF positivity 

 

 

          
 

Figure 42: MNF 116 positivity after 7 days        Figure 43: MNF 116 positivity after 21 days 

  (x10)      (x20) 
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The MNF 116 positive cells representing the mesothelial cells were detected in each slide. 

The localisation and the get up of the cells after 1 week were the same as what we’ve detected 

using Hi-Tex® mesh. The triangle shaped, swollen positive cells were situated in the 

granulomatous zone around the foreign body, while there was no changes seen during the next 

2 weeks, see Figure 42, 43. The slides showed the same situation after 3 weeks, which 

correlates well with the macroscopic findings, meaning no peritoneum was seen. This mesh 

did not incorporate to the host tissues et all.  

 

- Scanning Electron Microscopy 

 

Small specimens were separated and fixed for electron microscopic analysis from an intact 

(no adhesion on the visceral side of the mesh) Sil Promesh® on both terminations. The 

fixation and preparation for this histological investigation took longer, and the incidence of 

tissue injury was higher then by the conventional histological preparation. Moreover the 

electron ray used in the vacuum can cause further damages on the sample while monitoring it. 

Therefore the made SEM analysis and photos were over expectation. 

The laminar silicone layer over the polypropylene mesh is extra punched to avoid the possible 

seroma formation (Figure 44/a). There was no tissue ingrowth detected on the mesh, the 

following pictures show the texture of the mesh after 1 week. 

 

      
               /a        /b            /c 

Figure 44: Silicone covering of the Sil Promesh® 1 week after implantation.   

 

In Group II (termination: 3 weeks after implantation) the bacteria on the mesh were 

photographed by SEM analysis also (Figure 45). According to the macroscopic findings there 

was no tissue remodelling or neoperitoneum formation seen even after 3 weeks. The 

polypropylene thread used for hernia fixation was better integrated than the silicone layer of 

the mesh.  
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Figure 45: 3 weeks post implantation bacteria were detected also with SEM.   

 

 

8.2.3. Conclusion 

 

The antiadhesive capacity of the mesh was above expectation since in 13/20 cases was the 

visceral side of the mesh intact. But the complication rate and the lack of incorporation was 

surprising for us. The suboptimal tissue ingrowth is well followed by our histological model, 

since the conventional HE staining showed an intensive inflammatory and foreign body 

reaction and the deficiency of neoperioneum formation could be clearly identified with MNF-

116 expression and SEM analysis.  

 

 

 

8.3. Investigation of host reaction of the ProSi mesh with immunhistochemisrty 

 

 

8.3.1. Materials and Methods 

   

The PPKM403 polypropylene mesh (TDA Textile Development Associates, Inc. USA) was 

used in this experiment, which is a knitted polypropylene mesh with a pore size: 1,3 x 1 mm, 

weighing 45 g/m2 and it is 0,43 mm thick.  

For the silicone covering the NuSil MED-6215 (Variachem Ltd., Hungary) was used which is 

the same 2 components Elastosil RT 601 which has been using since we work with silicone. 

The impregnation technique is already described (see Chapter 7.1.). After impregnation, all 

the meshes were sterilized by Sterrad autoclave (Central Sterilizing Labour, University of 

Pécs, Hungary). 
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- Experimental protocol 

 

The same procedure (see 8.1.1.) was carried out on 20 New Zealand White rabbits (weighing 

3,1-3,8 kg). The animals were divided into 2 groups according to the time of removal. All the 

further investigations were prepared same for histology as already subscribed above. All the 

data were evaluated with the same statistical analysis.  

 

For SEM evaluation the specimens were fixed in a mixture of 2% formaldehyde and of 2,5 % 

glutare solution 

 

8.3.2. Results 

 

- Adhesion formation 

 

All animals survived the operation and no complication was seen during the follow-up period. 

The average weight of the animals after 7 days was 3,467 kg (3,22- 3,84 kg), and after 21 

days 3,408 kg (3,06- 3,74 kg). 

The intraperitoneal surface of the silicone covered polypropylene mesh was examined and the 

data are listed below.  

 

 

Table 20: Adhesion rate of the IP mesh surface (%) 

 Group I. Group II.
 5 hernia
 hernia 0
 0 45
 20 100
 100 90
 3 100
 0 15
 100 15
 45 90
  60 0
mean 37,0 50,5
SD 41,60541 42,27588
SE 13,69266 17,55064
p-value  0,544932
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In Group I (1 week after surgery) the average rate of the mesh surface was 37% (0-100%). 

There were 3 cases with intact intraperitoneal surface found. In 2/10 cases the total mesh 

surface was covered with large intestine loops. In 2/10 cases were only the cranial edge of the 

mesh affected with peritoneal adhesions (Figure 46).  As we have experienced before, the 

intestinal loops were filled with rabbit chew and mostly weight too much and peeled off 

(Figure 47). 

It must be mentioned, that 1 animal has had artificial hernia, because the suture was ruptured 

on the right side, and the content of the abdominal cavity slid over the mesh.   

 

   
 

Figure 46: Peritoneal adhesion on the        Figure 47: Large intestinal adhesion on 

cranial edge of the mesh 1 week PO        the cranial edge of mesh 1 week PO  

 

 

In Group II (3 weeks post surgery) the mean of the adhesion covered surface was 50,5% (0-

100%). There was 2 intact out of the 10 meshes, with vascularized newly formed good visible 

neoperitoneum on the intraperitoneal surface. In four cases were small and large intestine, and 

in three cases out of 10 only peritoneal adhesions detected on the intraperitoneal side of the 

silicone covered polypropylene mesh. 

 

As complication the serome formation (5/20) and the sc. haematoma (2/20) are mentionable. 

In this group was a herniation found also but in this case the mesh must be thorn, because the 

musculous suture was all the way long good visible. (Figure 48) 
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Figure 48: Arteficial hernia in Group II. 

 

 

- Histomorphological investigations 

 

The conventional HE stained slides foreign body induced sterile inflammation with a 

decreasing tendency. The polymorphouclear giant cells, the lymphocytes were present in all 

slides but this mesh induced the least inflammatory reaction in comparison to Hi Tex® and Sil 

Promesh®.    

This was in good correlation to our Ki-67 immunmorphological analysis. The total cell count 

of the Ki-67 positive cells, representing the proliferating cells was significant less compared 

to the other meshes. The decreasing tendency of the cell turn over was well detectable in each 

analyzed zone, including the granuloma, and the further surrounding connective tissue. The 

differences between the groups showed no statistical significance but the tendency is well 

demonstrated.  
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Figure 49: Ki-67 positivity in granuloma            Figure 50: Ki-67 positivity in adhesion zone 

 

 

          
Figure 51: Ki-67 positivity in Group I.(x10)       Figure 52: Ki-67 positivity in Group II.(x10) 

 

 

The VEGF positive cells are representing all those cells which produce this universal growth 

factor. With this immunostaining the vascularization of the newly formed peritoneal layer was 

demonstrated. The significant increase in the VEGF positivity (Figure 53) confirms our 

macroscopic observation namely the small capillaries on the visceral surface of the surgical 

mesh, which was well visible 3 weeks after the surgery (Figure 54).  

 



 76

       
 

Figure 53: VEGF  positivity   Figure 54: Neoformed vessel 

 

The MNF 116 broad spectrum cytokeratin (CK) specific mouse monoclonal antibody was 

used to detect the formation of the mesothelium over the visceral side of hernia meshes. The 

recreation of serosa in all cases, which was demonstrated with MNF 116, and SEM was over 

expectation.  

 

 

              
 

 

Figure 55: MNF116 in Group I (x10)  Figure 56: MNF 116 in Group II. (x10) 
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The electron microscopic evaluations showed an excellent ingrowth of the ProSi mesh. The 

thin cell layer over the filaments (Figure 57) became a 3 dimensional tissue in 21 days (Figure 

58).  

 

     
Figure 57: SEM analysis after 7 days 

 

     
 Figure 58: SEM analysis after 3 weeks 

 

8.3.3. Conclusion 

 

The investigation of the biological behaviour of the silicone covered polypropylene mesh 

showed the best tissue incorporation in comparison the 3 investigated surgical meshes. All the 

macroscopic observations were in accordance to our morphological analysis. The 

conventional HE showed the lowest foreign body reaction, which correlates with the lowest 

total cell number of Ki-67 positive cells, the neoperitoneum was detected also with MNF-116 

staining, as with Scanning electronmicroscopy. 
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9. Discussion 

 
Hernia surgery is one of the most common general surgical procedures performed globally. 

As Arregui reports, worldwide, approximately 20 million inguinal hernias are repaired 

annually. (65) In China 2 million inguinal hernias are diagnosed every year. It is estimated 

that about 18 000 surgeons in the United States routinely perform hernia repairs. 

Approximately 1 million hernia repairs are performed in the United States every year. About 

800 000 of these repairs are inguinal hernias.  

 

As Hoer has reported in 2002, 700 000 laparotomy was carried out annually in Germany, 

from these 105 000 cases incisional hernia developed, from which 31 500 patients must have 

been operated. (66) At this time the financial cost for one hernia reconstruction in Germany 

was 4000 Euro, causing 126 million Euro costs per year. 

 

In the year 1997 a multicentric, internet based, randomised prospective study was started in 

Hungary. (14,15) This involved 20 Surgical Centres around Hungary, and over 800 patients 

got enrolled. Over the 5 years of the study the reconstruction of the abdominal wall with the 

tension free technique increased from 3,5 % up to 40 % of all hernia operations. (16,17)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 59: Hernia surgery in Hungary- blue columns are representing to total number of 

hernia operations, the purple columns the laparoscopic ventral hernia repair, showing an 

increasing tendency and the yellow columns are represenating the umbilical hernia operations. 
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The ratio between the traditional and tension free operative technique does not alter anymore. 

The total number of hernioplasties, including the inguinal and abdominal hernia 

reconstructions, doesn’t change in the last 3 years. The total number of the cases was 27 156 

in 2006, 31 022 in 2007 and 28 411 in 2008 which brings around 4,5 milliard Ft costs 

annually up against  the budget.  

In the year 2008 almost the half of the reconstructions, 11 039 out of 28411 cases (~39%), 

was cured with tension free technique implanting surgical mesh into the abdominal wall.  

 

Due to the proliferation of improved techniques, advances in biomaterial and the need for 

better education on these advances in hernia repair for both the practicing surgeon and 

surgeons in training the American Hernia Society was started in 1997.  

 

This year, September 9-12 in Berlin, Germany the 4th joint hernia congress was co-hosted by 

the American Hernia Society and the European Hernia Society with invited participation of 

the Asian-Pacific Hernia Society. This meeting highlighted the global interest in hernia 

surgery. It also provided a tremendous opportunity to share ideas on the management of this 

complex problem from different perspectives.  

 

The proper mesh for intraabdominal use should present the following characteristics: very 

good incorporation into the adjacent tissues, resistance to infections, minor foreign body 

reaction and low adhesive potential. 

 

The meshes available on the market cost around 100 000 – 350 000 Ft, which is expensive. 

The tension free – mesh implantation became a gold standard in the abdominal wall 

reconstruction. In case the laparoscopy is possible, different meshes are implanted into the 

abdominal wall.  

 

As the polypropylene has fulfilled all the expectations –being inert, non toxic etc. - over the 

last decades since it’s been brought on the market except one, namely the intraperitoneal 

adhesion formation, it was plausible investigating the biological behaviour of it in different 

circumstances. Since the most surgical research needs animal models –including the 

development of new operational techniques or instruments-, the first step for our experimental 

group was to find out the best animal model which can be used for our investigational aims. 
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Most of the experiments with surgical meshes was carried out on rats or New Zealand White 

Rabbits. The possibility for the comparison of different featured meshes in the rabbit model of 

Bellon seemed the best for us. It was based on Nilssons work who had studied the rabbit 

abdominal wall. (67,68) We planned our experiment based on the surgical procedure 

subscribed by Bellon et al. (69) The “not changed” Bellon model worked – no animal died 

during the experiment, the procedures was easy to carry out and the primary aim of the study 

namely demonstrating the intraperitoneal adhesion formation caused by the hernia mesh was 

hit. The cost of the animal experiment was acceptable, the rabbits kept afloat the operation, 

and our conception that an appropriate physical barrier can prevent the adhesion formation 

caused by the polypropylene mesh was proved.  

 

The efficacy of monofilament polypropylene mesh has led to the development of new 

materials such as multifilament polypropylene mesh (like Surgipro® used in our experiments, 

see Chapter 4.). Multifilament mesh is more flexible and less extensible than monofilament 

one which can not be moved once in place, and is thinner than the monofilament one (0,44 

mm vs. 0,57 mm). Only one possible drawback, the increased infection rate thought to be 

solved, with using a sterile experimental model.  

Mesh related infections could be explained by pore size theory: the pore size is larger than 1 

micrometer (the size of bacteria) but smaller than the size of an immune cell, bacteria could 

escape from the action of the immune system and colonize the mesh. (70) 

Though we haven’t found any infection related complication, the multifilament, and smaller 

pore sized mesh generated more adhesion then the previously also used Prolene® mesh.  

There was only 1 case in which the ascites was found where both meshes were almost intact 

peritoneal side (namely Surgipro® vs PU covered Surgipro®). But this can be explained, with 

the side effect of the ascites, as antiadhesive fluid as it is well documented also by humans. 

(71) 

 

Since the great experience with the Prolene®, it was no far to seek using the new products of 

the same manufacturer. Since there were 2 lightweight meshes available, we thought to put 

both under our investigations. The TiMESH® because of its titanium coated filaments was 

recommended for incisional hernia repair, also in intraperitoneal position. Horstmann et al has 

reported the superiority of TiMESH® vs Vypro® II Mesh used for inguinal hernia repair in a 

big series where 672 patients were enrolled, and since the manufacturer itself suggests the use 

of Premilene® Mesh LP instead of Vypro® II Mesh, it was surprising that in our experiment 
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the Vypro II mesh was the best. (72) The intraperitoneal adhesion formation was the lowest 

caused by this mesh, and there was no complications seen during the 3 months follow up 

period.  

 

It is estimated that worldwide approximately 1 million meshes are implanted yearly. (73) Use 

of mesh does not lead to other concerns, such as the cost of the material itself and the higher 

infection risk because of foreign material. Also the long term consequences are unknown. 

These meshes are intended to be used immediately once the package has been opened. In 

Hungary and in many other developing countries use of resterilized mesh is common in 

practice.  

 

The main problem when a mesh is unpacked and then resterilized is infectious complications, 

however this does not seem to be the only concern with resterilization. The size of the 

prosthetic material may change and it may shrink because of repetitive steam or autoclave 

sterilization. On the other hand those procedures may alter the mechanical properties of the 

prosthetic material as a result of polypropylene macromolecular chain degradation.  

Therefore the meshes may become less resistant to pressure, and there is at least one known 

hernia recurrence case caused by mesh disruption after a prosthetic material repair with a 

resterilized mesh piece. (74) 

 

Cingi has reported in 2005 a prospective randomized study where 184 patients were enrolled 

and resterilized polypropylene mesh was used in inguinal hernia repair. (75) After cutting the 

30x30 cm sized mesh into 15 pieces, they were sent for autoclave sterilization. The tensile 

strength and the surface of the filaments were tested before implantation. This study showed 

that using a resterilized mesh is feasible with similar infection and recurrence rates when 

compared with original mesh. Textile properties of the resterilized mesh are satisfactory and 

use of such a mesh lowers the cost. 

 

The original meshes used in clinical practice are mostly cut into the right shape for the easier 

positioning, especially when used for LVHR. We wanted to test the changing of the physical 

properties of our newly developed silicone covered mesh after different sterilization 

techniques to know which resterilization method could be offered.  The protocol was planned 

according to Serbetci and colleges work. (76) We have found just similar physical behaviour 

of the different polypropylene meshes as they did, and also our newly developed silicone 
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covered mesh showed the expected changes. The increase in tensile strength after 1 cycle of 

autoclaving found in both works was explained by Serbetci with the formation of some degree 

of cross linking between the polypropylene macrochains in the mesh structure. This similar 

behaviour was found reported in the study by Straggers and Margeson. (77) 

 

Both the gas and autoclave sterilizations may affect the molecular structure and / or fabric of 

polypropylene meshes either by forming cross-links between the polypropylene chains or by 

breaking them and creating smaller chains and / or oligomers. 

SEM micrographs also showed almost no changes in the physical and topographic shapes of 

the meshes even after the repetitive sterilizations. Some minimal alterations were observed 

only after the autoclaving by Serbetci and also in our experiment.  

 

In the last experiments the animal model was changed. Instead of the comparison technique, 

only 1 surgical mesh was implanted into 1 animal. It was needed, because more intensive 

histological investigations were started and the different meshes would affect different on host 

reactions. The follow up period was also shortened. It is known now and also well 

documented in the literature, that the adhesions between the greater omentum and/or organs 

may be formed until neoperitonealization of the mesh is complete in about 1 week. (41) 

In the rat, intra-abdominal adhesions form within 24 hours after the operation and after 7 days 

no new adhesions are formed. (78) Bellon et al. monitored the behaviour of the prosthetic 

material using sequential laparoscopy to follow the adhesion formation process during the 3, 7 

and 14 day. He found that after the laparoscopy was performed at 7 days, the adhesions 

formed stabilized such that no progression was detected at 14 day implant. (79) 

Therefore adhesion formation and the associated host reaction to the mesh in these 

experiments (Chapter 8.) were evaluated after 7 and 21 days. 

 

The investigations of the biological behaviour of our newly developed silicone covered PP 

mesh has been expanded with immunohitochemistry to visualize more precisely the 

differences between the host reaction to other surgical meshes. It was plausible to use a pure 

polypropylene surgical mesh as control (Hi-Tex®), and we put into the study a same 

consistent but different textured silicone covered PP mesh (Sil Promesh®).  

 

Expression of parameters representing wound healing and remodelling were examined, 

namely Ki67, VEGF and MNF-116. 
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The Ki67 is a widely used antibody to detect the proliferating cells. It is a granular nuclear 

signal, which is easy to detect and count. It is representing mostly the inflammatory reactive 

cells. 

The Ki67 positive cells were separately counted in the granuloma (around the filaments of the 

mesh) and in the surrounding zone (further connective tissue). In all of the meshes the 

granuloma zone showed lot more proliferation activity than the surrounding zone. Also the 

decreasing tendency of the Ki67 positivity in time was observed in all of the meshes.  

The main difference between the 3 investigated meshes were the total number of the Ki67 

positive cells, which are representing the inflammatory reaction. The highest was in the Hi-

Tex® group, lower was in the Sil Promesh® group, and significantly lower positivity was 

detected in case using our silicone covered PP mesh. That means the inflammatory reaction 

caused by the mesh was the lowest using our new mesh. 

 

In patients with abdominal hernias treated with primary or mesh repair, increased level of 

VEGF was detected in the early proliferative phase of wound healing in both serum and 

wound fluid. (80) We’ve been working with different surgical meshes since 2001. Since we 

had also long term follow up periods, neoperitoneum formation was observed. The newly 

formed capillaries and small vessels on the visceral surface of the mesh were not rare. 

Therefore the VEGF antibody was used to follow the angiogenesis in this study.  

 

The VEGF monoclonal antibody is a diffuse cytoplasm signal, and represents all those cells 

which are producing VEGF, making it impossible to count. Our scoring criteria were 

subscribed above (see Chapter 8.1.1.)    

 

An important step in the incorporation of the mesh into the abdominal wall is the 

neoperitoneum formation and the angiogenesis after the sterile inflammatory reaction calms 

down. 

The PP mesh alone provoked the most adhesion formation but also the mesh tissue ingrowth. 

The neoperitoneum with the capillaries were visible after 3 weeks and the increase in the 

VEGF positivity was significant. While the smooth silicone covering on the visceral surface 

of the Sil Promesh® did not help the neoperitonization, moreover, there was no increase in 

VEGF positivity with time. It represents well our macroscopic observations, that this mesh 

though its brilliant antiadhesive features, could not ingrown into the abdominal wall; it has 
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been encapsulated in most of the cases. Our new silicone impregnated PP mesh behaved as it 

was expected. Meaning the same tendency as it was seen by the pure PP mesh. 

The neoperitonization was finished during the 3 weeks, the neoformed vessels were good 

visible, but the lower VEGF positive cell counts in comparison to the Hi-tex® group is in 

accordance to the lower inflammatory and remodelling process causing fewer adhesions.  

 

The preconception that the visceral surface of the mesh gets coated with a nature barrier 

namely the peritoneum, in a week was needed to be proved also histological. The 

immunhistochemistry was used also by other researchers for example detecting different 

fibroblast associated factors. In our study the MNF-116 mouse monoclonal antibody was used 

to detect the mesothelial cells.  

In human practice this is a well known and widely used cytokeratin marker to detect the 

micrometastses of different carcinomas. (81,82) It was a surprise also for us that this antibody 

works on rabbit tissues also. This tool in our hand let us prove our previous macroscopic 

observation and correlates well with all our findings, including SEM. 

 

The tissues removed 7 days postoperatively from each group showed the same histological 

view. In the MNF-116 stained slides the triangle shaped, swollen, positive cells were situated 

in the granulomatous zone around the foreign body granuloma in the deeper level. While after 

3 weeks, in case the pure PP and our silicone impregnated PP mesh these positive cells were 

found mostly on the serosal surface of the tissue samples creating a well organised monolayer 

covering the prosthetic.  

This was not seen in case of Sil Promesh® was implanted, which is in accordance to the 

macroscopic observations. 

 

Adhesion formation is a dynamic process influenced not only the chemical properties of a 

prosthetic mesh but also its mechanical properties.  

The preferential site of adhesion formation at the cut edges of the mesh and the anchoring 

polypropylene sutures regardless of mesh types. In the case of coated meshes uncoated parts 

of the mesh presumably become exposed. (62) 

 

The results are in good accordance with the current literature reports that experimentally 

produced serosal defects lead to a partially defective fibrinolytic system, which increases 
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adhesions to graft. It was noted that in the same setting omentum adheres to the mesh thus 

preventing the intestine from adhering. 

Omentum reduces intraabdominal adhesions not only by interposing between abdominal 

viscera and mesh and creating a mechanical barrier but also by producing fibrinolytic factors 

by its mesenchymal cells. 

Mesothelial cells harvested from rat greater omentum have been shown to reduce the 

adhesions resulting from peritoneal lesions by 60%. (83) 
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10. New findings 

 

 
1. The silicone covered polypropylene mesh “ProSi”, which is a new innovation of our 

team, is a hernia mesh available for intraperitoneal, therefore laparoscopic use, which 

is polypropylene mesh with silicone impregnated filaments. This combined mesh is a 

macroporous hernia mesh with an excellent tissue ingrowth, minimal foreign body 

inflammatory reaction, showing acceptable adhesion formation.  

 

2. The new investigational method to visualize the tendency of the tissue response to the 

foreign material brought a short term follow up New Zealand white rabbit model, in 

which only 1 type of mesh was implanted into a rabbit, the period of the follow ups 

was shorten to 7 and 21 days. 

 

3. The creation of the so called neopeitoneum over the intraperitoneal side of the 

implanted surgical mesh was visualized with the MNF-116 monoclonal mouse 

antibody which has never been used before for this purpose in a rabbit model. 

 

4. The sealing machine “centrifuge” for the impregnation of polypropylene mesh with 

silicone was developed only for our experimental work. Creating a dual mesh with 

that kind of impregnation was never published before. 

 

5. The tensiometer was also designed and developed only for our researches and this 

machine is also unique in its own category. 
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