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ABSTRACT 

 

 

ARTICLE DETAILS  

 
As hernia mesh implants are used to reinforce the abdominal wall, several complications can 

occur, such as hernia recurrence, abdominal pain, seroma formation and infection, depending on 

their biocompatibility. The polymer coated knitted mesh is used to repair hernias by providing a 

flexible scaffold. The objective of this study was to assess skin sensitisation potential of polar and 

non-polar extract and In Vitro degradation and In Vivo skin sensitisation pattern for polymer 

coated knitted mesh. The guinea pig maximization test (GPMT) is usually performed with one 

moderately irritant induction dose of the allergen and gives a qualitative assessment hazard 

identification of the allergenicity of the chemical. The apparent morphological change, weight, 

and strength loss rate of the mesh all showed the degrading impact. The degradation of polymer 

coated knitted mesh is performed to check polymer layer pattern after implantation. 
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INTRODUCTION 

Owing to the increase recurrence prevalence of hernias, 

surgeons commonly use surgical mesh to fortify hernia repairs 

and reduce recurrence. Since the 1980s, mesh-based hernia 

repairs have been on the rise; non-mesh procedures accounted 

for less than 10 % of groin hernia treatments by 2000. 

Recurrent hernias can be significantly minimized when mesh 

made of either material like the examples of polymer include 

without limitation, Poly-L-lactide-co-caprolactone, poly 

caprolactone, poly-dl-lactic acid, poly glycerolse bacate or 

mixture thereof is used. Mesh, on the other hand, isn't required 

to close the abdominal wall gap. Some mesh therapy uses the 

body's own tissues, which reduces the risks connected with 

implants, such as host versus graft rejection. A hernia requires 

surgery to repair the defect; nevertheless, post-operative 

complications such as prolonged pain, adhesion, and infection 

are common. The most common adverse effects of hernia 

mesh include pain, infection, hernia recurrence, adhesion, and 

intestinal obstruction. Another possible negative effect of 

hernia mesh installation is migration and shrinkage 

(contraction). It is usual to hear success percentages ranging 

from 90 % to 100 %. Mesh repairs have a reduced risk of 

hernia recurrence than non-mesh operations in many cases. 

Unfortunately, certain repairs have a significant risk of 

chronic discomfort, ranging from 5 to 15 %. In terms of 

recurrence, hernias were addressed with treatments including 

direct suture and tissue repair. However, when used on a 

patient, the usual techniques were ineffective and had 

disastrous effects. To address the issues raised by the 

aforementioned treatments, the hernia repair process, a new 

surgical method used to treat hernias, is undertaken for in-vitro 

as well as In vivo to understand the effect of degradable 

coatings to assess skin sensitisation of polar and non-polar 

extract using polymer coated knitted mesh. A polymer 

preferably degradable coating of film was applied to the mesh 

prosthesis. The examples of polymers for film include 

poly-L-lactide-co-caprolactone, poly caprolactone, 

poly-dl-lactic acid, poly glycerol Sebacate or mixture there of 

The film gives superior support to the aberrant area of the 

viscous organ due to its effective adhering property. The 

polymer and knitted mesh material selection also depend on the 

material sensitivity towards the intimal layer of implant 

location and for that the guinea pig maximization test (GPMT) 

is a preferred method for the detection of skin sensitizers. It 

https://doi.org/10.47191/ijmscrs/v2-i9-06
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belongs to the class of adjuvant-tests, where the substance will 

be applied in Freund Complete Adjuvant (FCA or CFA). The 

maximization test is based on the possible induction of an 

immune response of the skin during an induction period (at 

least 1 week). This pre-treatment of the subject will eventually 

result in a hypersensitive reaction during a further exposure, the 

so-called challenging phase. Skin sensitizers are substances 

that elicit an allergic response, such as allergic contact 

dermatitis, following contact with the skin. This study 

examined the effects of skin sensitisation on guinea pigs, 

including clinical signs of toxicity and mortality/morbidity, 

skin scorching observations, and the change in body weight. 

Four extract groups were used during the study. The 

degradation of polymer observed over a period of time for the 

clean transparency of the mesh. The study of degradation of 

polymer observed at temperature of 37 ± 2 oC and 70 ± 2 oC. 

Degradation has a significant impact on the stability and 

durability of polymer materials, which can have significant 

implications for product safety and dependability. The 

degradation mainly results in the formation of lower molecular 

mass products. 

 

MATERIAL AND METHODS 

The mesh prosthesis includes mesh layer and film layer. 

Polymeric solution is poured inside the glass substrate in order 

to commence the solvent casting method. The substrate is kept 

undistributed over a horizontal even surface for 0.5-04 hours at 

predefined temperature of 20-30 oC. The film layer formed 

during the aforementioned step is subjected to adhesion and 

compression. The adhesive agent may be any medical grade 

adhesive including without limitation, loctite 4014 or dymax 

213 – CTH or any polymer solution which helps to connect two 

different polymer layer without any structural deformation. 

The viscosity of solution may range from 0.1-1.5 dl/dg. The 

examples of polymer include without limitation, 

poly-L-lactide-co-caprolactone, poly caprolactone, 

poly-dl-lactic acid, poly glycerolse bacate or mixture thereof. 

The adhesive may be applied using various methods including, 

spray coating, dip coating, manually and evenly spreading the 

solution over mesh. The time of drying and compression of the 

mesh layer with the film mesh layer may range from 1-24 

hours. The secondary annealing is carried out at a temperature 

ranging from 60-120 oC, the time period ranges from 01-10 

hour. Alcohol incubation may utilized any type of alcohol that 

is acceptable for medical use including without limitation, 

methanol, ethanol, propanol, iso-propyl alcohol and the 

likewise.  

The mesh prosthesis is subjected to a process of formation of 

drainage holes. The drainage holes are formed on the bottom 

surface of the mesh layer of the mesh prosthesis. The time 

period for performing the process ranges from 1-24 hours. The 

predefined power of the machine may be in the range of 3-7 % 

and the predefined speed may be 17-23 %. The solution is kept 

at a temperature ranging from 50-150 oC in a time period of 1 to 

16 hour. Mesh prosthesis is first subjected to a radiation 

sterilization process, which may range from 5-30 kGy. The 

burst strength of mesh prosthetic may be measured using an 

instrument called Ubique Strength Tester. Figure 2 shows the 

transparency of the mesh and the hardness of the synthetic 

material used for the prosthesis. The hernia mesh was studied 

for in vitro degradation study for physiological and 

morphological studies. The study shows the degradation of the 

polymer film over the time which confirm visually during the 

each interval. Apart from this burst strength of the hernia mesh 

was play an important role after the implantation which need to 

track during the degradation study.

  

       
                     Fig.1 -Hernia Mesh with hole                 Fig.2 - Hernia Mesh Transparency 

 

In Vivo study 

The skin sensitisation study of hernia mesh was conducted in 

guinea pig. The study of mesh comprised of four groups, G1, 

G2, G3 and G4 were designated as polar solvent control 

extract, polar test item extract, non-polar solvent control extract 

and non-polar test item extract, respectively. The group G1 and 

G3 consisted of 5 animals and the group G2 and G4 consisted 

of 10 animals. Polar and non-polar extract was prepared at 

extraction ratio of 6 cm2/mL surface area/volume and incubated 

at 50 ± 2 oC for 72 ± 2 hours. The study included an intradermal 
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injection on day 1, topical induction on day 8 and challenge on 

day 22. Fur from the designated sites for respective phases of 

the experiment was clipped closely using an electric hair 

clipper approximately 24 hours prior to initiation of the 

treatment

.  

 
Figure 1: Site of intradermal injections in the Guinea pig for maximization test of Magnusson and Kligman 

 

On day 1, the animals were injected at the shoulder region with 

0.1 mL per injection of 3 pairs of intradermal injections. On 

day 7, intradermal induction sites of all the animals were 

treated (clipped area) with 0.5 mL of 10 % w/w Sodium Lauryl 

Sulphate in vaseline to produce local irritation. On day 8, the 

filter paper (2 cm x 4 cm) was saturated by soaking in polar 

solvent control, polar test item extract, non-polar solvent 

control and non-polar test item extract and applied topically to 

previously injected sites of G1, G2, G3 and G4 group animals, 

respectively. Similarly on day 22, the filter paper (2 cm x 4 cm) 

was saturated by soaking in the respective solvent controls and 

test item extracts and applied on to the respective groups over 

the pre-clipped area. The polar and non-polar solvent control 

and test item extracts were applied on the anterior and posterior 

part of right flank region for G1, G2, G3 and G4 groups, 

respectively. The test patch was held in its position for 24 ± 2 

hours.  

 

RESULT AND DISCUSSION 

In Vitro Degradation Study 

Polymer biodegradation is a process in which the polymer 

structure changes as a result of changes in polymer 

characteristics caused by the transformational activity of 

microbial enzymes, such as molecular weight decrease and 

changes in mechanical strength and surface qualities. The 

purpose of the mesh accelerated degradation study was to 

determine the mesh alien's burst strength and overall 

degradation time. Accelerated deterioration tests (ADT) are 

commonly used to evaluate the reliability of long-lasting items. 

Environmental stress promotes the depreciation of many items 

while also increasing the likelihood of catastrophic shocks. 

Polymer degradation is a change in a polymer's or a 

polymer-based product qualities, such as tensile strength, 

colour, form, and molecular weight, caused by one or more 

external elements, such as heat, light, chemicals, or any other 

applied force. The accelerated degradation study was 

performed at 70 ± 2 °C temperature. The real time degradation 

study was performed at 37 ± 2 °C temperature. The overall 

deterioration time is used to determine the mesh prosthesis' 

burst strength. Burst strength meaning here is the capacity of a 

material or object to maintain in continuity when subjected to 

pressure. Burst strength testing is useful because it allows 

producers to assess the package's strength and ensure that it is 

not destroyed during transit. The bursting strength value can be 

used to assess corrugated material quality. The chart 1 and 1.1 

show the accelerated deterioration investigation, carried out at 

intervals of 0 to 12 days, with the peak burst strength measured 

between 11 and 12 kg/cm2. The real-time deterioration 

investigation was carried out over a period of days, with the 

maximum burst strength range being 9-12 kg/cm2. Another 

research of Accelerated Degradation was carried out at 

intervals of days ranging from 11 to 12 kg/cm2. 

 

        
               Chart 1. - Accelerated Degradation                    Chart 1. 1- Real Time Degradation  
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Toxicity and Mortality 

All the animals were observed once daily for clinical signs of 

toxicity and twice daily for mortality. No clinical signs of 

toxicity and mortality were observed in any of the animals in all 

the groups. 

In Vivo Skin Reaction Scoring Results 

I. Intradermal Induction (Day 1)  

No treatment related skin reactions were observed at injection 

site 2 after intradermal injection at 24 ± 2 and 48 ± 2 hours 

observation in G1, G2, G3 and G4 group animals. 

II. Topical Induction (Day 8)  

No treatment related skin reactions were observed 

approximately at 1 hour and 24 hours after removal of the test 

patch in any of the animals of all the groups tested.  

III. Challenge (Day 22)  

No treatment related skin reactions were observed at (24 ± 2) 

and (48 ± 2) hours after removal of the test patch in any of the 

animals of all the groups tested. Evaluation of skin reaction was 

done by Draize (1959) method Refer table 1 for the skin 

scoring records. 

 

Table 1. - Skin Scoring Records 

Group, Sex & 

Treatment 

Animal  

No. 

Site Intradermal induction 

 (Day 1) 

Topical Induction 

   (Day 8) 

Challenges  

(Day 22) 

 

24 ± 2 hr 

 

48 ± 2 hr 

 

1 & 24 hr 

24 ±  

2 hr 

48 ± 

 2 hr 

 

G1, Male & 

 Polar Solvent control 

 

Gd 4171 

  to 

Gd 4175 

 Ery  Ede Ery  Ede Ery & Ede RF Ant  

& Post 

RF Ant  

& Post 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 1 0 1 0 0 0 0 

G2, Male & 

 Polar Test Item Extract 

 

Gd 4175 

  to 

Gd 4185 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 1 0 1 0 0 0 0 

 

G3, Male & Non-Polar 

Solvent Control 

 

Gd 4186 

  to 

Gd 4190 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 1 1 0 0 0 0 0 

 

G4, Male & Non - Polar 

Test Item Extract 

 

Gd 4191 

  to  

Gd 4200 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 1 1 0 1 0 0 0 

 

Body Weight  

The body weight of all animals observed on day 1 and 25. The 

chart no. 2 to 2.3 show the body weight of animals for all G1, 

G2, G3, and G4. There was no treatment related changes in 

body weight was observed. All animals showed normal 

physiological increase in body weights.

  

        
                  Chart 2.- Body weight of Group G1                      Chart 2.1. - Body weight of Group G2 
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               Chart 2.2. - Body weight of Group G3                        Chart 2.3. - Body weight of Group G4 

 

CONCLUSION 

Degradation strongly influences the stability and durability of 

polymer materials, which can have dramatic consequences in 

safety and reliability of products. The multicomponent mesh 

device was successfully obtained by coating a commercial 

hernia mesh with a nano structured membrane electro spun 

from a PCL-Gel blend. The polymer coated knitted mesh is 

used to repair hernias by providing a flexible scaffold. The 

positive morphological and physiological changes were 

observed. The polymer and knitted mesh material selection 

also depend on the material sensitivity towards the intimal 

layer of implant location and the guinea pig maximization test 

results. Additionally, no clinical signs of toxicity or mortality 

and body weight were observed in animals. Further this should 

be verified by implanting in animal model preferably swine or 

rabbit to confirm absorption, degradation, histopathological 

performance of the implant.   
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