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Abstract: 

Background: Abdominal wall hernias are a common condition that can lead to significant morbidity and 

functional impairment. Affecting millions worldwide, hernias are often treated surgically. Over the past six 

decades, hernia repair techniques have evolved, with surgical meshes becoming the standard treatment. 

Despite advancements, there is no universally accepted "gold standard" for hernia repair, and ongoing 

research focuses on improving the materials and designs of meshes. 

Aim: This review aims to provide a comprehensive update on the current trends in hernia repair, with a 

focus on the different types of meshes available, their properties, and advancements in material science 

that improve clinical outcomes. 

Methods: The review analyzes a wide range of literature, including clinical studies and innovations in 

hernia repair, with special attention to recent developments in mesh technologies. The meshes are 

categorized into synthetic, biological, and composite types, highlighting the latest advancements in 

lightweight materials, antimicrobial coatings, and hybrid constructions. 

Results: Recent developments have introduced meshes that offer enhanced adhesive qualities, 

antimicrobial features, and better integration into the abdominal wall. Lightweight meshes and composite 

materials have improved the biological response, reducing the risk of infection and complications. The 

study also highlights ongoing clinical trials exploring new mesh configurations and materials. While 

synthetic meshes remain the most common, biological and composite meshes are becoming important 

alternatives in specific cases. 

Conclusion: Hernia repair continues to benefit from advancements in mesh technology, with promising 

improvements in mesh integration, biocompatibility, and patient outcomes. The field is evolving towards 
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more personalized approaches, including the use of hybrid and composite meshes tailored to patient needs. 

Continued research is crucial for refining mesh materials and techniques, ensuring better clinical outcomes, 

and reducing complications. 

Keywords: Hernia repair, meshes, synthetic meshes, biological meshes, composite meshes, abdominal wall 

hernias, surgical materials, biocompatibility, clinical trials, mesh technologies. 
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Introduction: 

With layers of muscle, subcutaneous adipose tissue, skin, preperitoneal fascia, and peritoneum, the 

human abdominal wall is a complex, stratified anatomical structure. In order to maintain postural support, 

control abdominal pressure, and contain and protect the intra-abdominal contents, these structures attach 

to and connect to the skeletal framework. However, what are commonly called "hernias" are flaws in the 

abdominal wall that allow the protrusion of abdominal contents [1, 2, 3]. Hernias of the abdominal wall are 

common clinical conditions that greatly increase morbidity and functional impairment [4]. Over 20 million 

hernia repairs are made worldwide each year, making it the second most prevalent reason for consultations 

with general surgeons across a range of age groups and the third most common abdominal pathology [2, 

5]. Many hernias are detected in advanced stages, and public awareness of the condition is still lacking 

despite its high frequency. To reduce the chance of serious consequences, prompt surgical intervention is 

crucial [6,7]. Despite its effectiveness, hernia repair presents many difficulties and usually requires surgery 

[6,8]. Although there have been significant advancements in hernia repair methods over the last 60 years, 

there is currently no accepted gold standard for the treatment of abdominal wall hernias. The best method 

for regaining the musculofascial layers' structural and functional integrity is still using surgical meshes [1, 

8]. A variety of mesh materials are available to modern doctors, each with unique benefits and drawbacks 

[9]. Yet, the perfect mesh design that strikes the best possible balance between affordability, surgical 

handling, biocompatibility, and usefulness has not yet been created [10]. In order to attain better 

therapeutic results, current research is mostly concentrated on improving the polymer architecture and 

integration features of these medical fabrics [8]. 

The pathophysiology and repair of abdominal hernias are tackled holistically in this article. An 

introduction to the disease and general treatment approaches is given first, then an assessment of the many 

abdominal meshes that are available and a thorough discussion of cutting-edge scaffolds made specifically 

for hernia repair. Innovations in lightweight materials, meshes with improved adhesive qualities, 

antimicrobial textiles, composite and hybrid constructions, and new mesh configurations are given special 

attention. The review also offers thorough insights into current clinical trials in this field. Although mesh 

products have been the subject of several previous reviews [1,11–15], this work attempts to provide a fresh 

viewpoint by bringing the literature up to date with the most recent advancements. The study hopes to act 

as a fundamental resource for upcoming studies and advancements in hernia repair techniques by 

providing a thorough examination of current approaches. 

Abdominal Wall Hernia Pathology and Treatment Approaches 

The abnormal protrusion of an organ or tissue through a weak or damaged abdominal wall is 

known as a hernia. This disorder develops when anatomical flaws, loss of intra-abdominal pressure, or 

weak abdominal muscles undermine structural integrity [1, 2, 5, 16]. Age, gender, genetic susceptibility, 

anatomical variances, obesity, smoking, trauma, recurrent heavy lifting, pregnancy, and complications from 

prior surgery are some of the contributing variables [1,13,16]. In addition to irregular growth factor activity, 

dietary deficiencies, and changed cellular phenotypes, hernia formation is molecularly linked to anomalies 

in extracellular matrix (ECM) metabolism, specifically collagen synthesis. Even though our knowledge of 

these mechanisms has advanced significantly, further investigation is still needed to pinpoint the precise 

connections and gene expressions that contribute to the development of hernias [1]. Groin hernias and 

ventral hernias are the two main categories into which the World Society of Emergency Surgery (WSES) 

divides abdominal wall hernias according to their anatomical location. The lower abdomen is the site of 
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groin hernias, which include femoral, direct, and indirect inguinal hernias. On the other hand, umbilical, 

epigastric, Spigelian, lumbar, and incisional hernias are all included in the category of ventral hernias 

[13,17]. Localized pain, decreased mobility, and severe restrictions in day-to-day activities can all result 

from hernias. In addition, they can compromise function, compress intra-abdominal fluids, distort the 

shape of the abdomen, and lower the general quality of life for those who are impacted [5,13,16,18]. To 

preserve the integrity of the abdominal wall and avoid complications, early detection and management are 

essential. 

 

Figure 1: Location of Different Types of Abdominal Hernia. 

The size and severity of the hernia determine the therapeutic approach to be used. A cautious 

waiting strategy might be suitable in non-life-threatening situations, enabling ongoing condition 

monitoring. However, surgical correction is usually required for serious hernias. The most common 

approach is open repair surgery, such as the Lichtenstein operation, in which an incision above the hernia 

site is used to close the defect using a variety of fastening techniques. Laparoscopic surgery is frequently 

used to treat recurrent hernias because it provides a less invasive option. Both methods work for all kinds 

of hernias, and the surgeon's skill level and the patient's preferences will determine which is used. Although 

they require general anesthesia, laparoscopic surgeries are linked to shorter hospital stays and less 

postoperative pain. On the other hand, whereas open repairs are easier to execute and require local 

anesthesia, they come with a higher risk of infection and longer hospital stays [13,19–21]. A significant 

advancement in hernia repair occurred with the introduction of surgical meshes in the 1950s. Before this 

invention, sutures consisting of silk, silver, or polymers were used to close hernias. These sutures had a high 

recurrence rate and were linked to problems like ischemia and rupture [1,4]. The introduction of 

polyethylene mesh in 1958 transformed the industry and made it possible to create a wide range of mesh 

products [8]. In order to lower the risk of recurrence, mesh implantation is now a common procedure in 

hernia surgery, offering mechanical support and encouraging tissue integration [4,22]. The mesh's 

positioning has a big impact on the immunological response, tensile strength, and integration process. 

Onlay, inlay, sublay-retromuscular, sublay-preperitoneal, and sublay-intraperitoneal sites are common 
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anatomical locations for mesh installation. Clinicians continue to disagree over the best placement 

approach, which emphasizes the need for more research and standardization in hernia repair procedures. 

 

 

Currently Available Abdominal Meshes 

The repair of hernias has significantly benefited from advances across multiple disciplines, 

particularly through the development of bioprosthetic devices, innovative materials, advanced surgical 

techniques, and integrated methodologies [24]. Among the various options for hernia repair, biomedical 

textiles provide a diverse array of clinically available meshes, each offering distinct advantages and 

limitations based on their application and placement [9]. The following sections provide a detailed 

overview of the different types of meshes currently utilized in hernia repair, categorized into synthetic, 

biological, and composite meshes based on their constituent materials. 

Synthetic Meshes 

Synthetic meshes are widely regarded as the preferred option for repairing abdominal wall defects 

due to their proven clinical effectiveness over extended periods of use [16,25]. These polymer-based 

meshes are valued for their desirable mechanical properties, including elasticity and tensile strength, which 

allow them to effectively withstand intrabdominal wall pressures and minimize the risk of re-herniation. 

The porous structures of these textiles, knitted from polymer fibers, also contribute to their cost-

effectiveness, making them a popular choice for hernia repair [4,16,25]. Synthetic meshes are classified into 

two main categories based on their polymer composition: permanent (non-resorbable) and absorbable 

(resorbable) [16,26]. 

1. Non-Resorbable Meshes: Non-resorbable meshes are durable materials that maintain their structural 

integrity indefinitely within the body. Commonly used in hernia repairs, these meshes are primarily made 

from polypropylene, polyester, polytetrafluoroethylene (PTFE), and expanded PTFE. Additionally, materials 

such as polyvinylidene fluoride and polyurethane are viable options for manufacturing these meshes 

[16,22]. 

2. Resorbable Meshes: Resorbable meshes, in contrast, are composed of biodegradable materials that 

degrade over a specified period. The degradation timeline can range from short-term (days to weeks), mid-

term (weeks to months), to long-term (months to years), depending on the requirements of the wound. 

These meshes are typically fabricated from biodegradable polymers such as poly-4-hydroxybutyrate, 

polyglactin, polylactic acid, polyglycolic acid, polycaprolactone, and polyvinyl alcohol [16]. 

However, resorbable materials may degrade prematurely, potentially compromising tissue 

integrity during cellular remodeling processes [25]. Conversely, non-resorbable polymers have been 

associated with a higher incidence of foreign body reactions and adhesion formation. Consequently, a 

hybrid approach combining absorbable and non-absorbable polymers has been explored for the 

development of next-generation meshes [22]. While synthetic meshes are extensively used in clinical 

practice, they are not universally suitable for all scenarios. For instance, synthetic meshes are 

contraindicated in cases involving open abdomen repairs or contaminated and infected fields due to the 

heightened risks of adhesion, chronic sepsis, erosion, and enteric fistula formation [25]. Permanent 

polymeric meshes are also susceptible to postoperative infectious complications, which may necessitate 

their removal [26]. Synthetic meshes are commercially available under various trade names and are 

manufactured by leading biomedical companies. The following are examples of commonly used synthetic 

meshes: 

• Polypropylene: Prolene (Boston Scientific, Marlborough, MA, USA), Marlex (Bard Davol, Warwick, RI, USA), 

Parietene (Covidien-Medtronic, Fridley, MN, USA), Surgipro (Covidien-Medtronic), and ProLite (Pierson 

Surgical, North Bradley, Trowbridge, UK). 
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• Polyethylene Terephthalate Polyester: Dacron (DuPont, Wilmington, DE, USA) and Mersilene (Ethicon, 

Johnson & Johnson, Bridgewater, NJ, USA). 

• Polytetrafluoroethylene (PTFE): Teflon (DuPont). 

• Expanded Polytetrafluoroethylene (ePTFE): Gore-Tex (W.L. Gore and Associates, Newark, DE, USA). 

• Polyglycolic Acid: Dexon (American Cyanamid, Bridgewater, NJ, USA). 

• Poly-4-Hydroxybutyrate: Phasix (Bard Davol). 

• Bioengineered Silk: Seri (Sofregen Medical, Framingham, MA, USA). 

Biological Meshes 

Biological meshes serve as a viable substitute for synthetic counterparts, particularly in infected 

environments encountered during complex abdominal wall hernia repairs [4,25]. These biomaterials are 

associated with reduced inflammatory responses and enhanced biocompatibility, making them highly 

suitable for patients categorized as high-risk [4]. Derived from either human (allograft) or animal 

(xenograft) sources, biological meshes are primarily composed of the extracellular matrix (ECM). The ECM, 

enriched with collagen I and signaling molecules, is fundamental to these meshes’ structural, mechanical, 

and biochemical properties. It facilitates an environment conducive to wound healing and tissue 

regeneration by promoting neovascularization and native fibroblast infiltration [4,25,26,29]. The 

preparation of biological meshes involves the use of human dermis, porcine small intestine submucosa, 

porcine dermis, bovine dermis, and bovine pericardium. These tissues are processed to remove cellular and 

DNA components, resulting in immunologically inert matrices. To further enhance durability, the scaffolds 

may undergo crosslinking to inhibit collagenase activity, preserving their structural integrity and extending 

their incorporation period within surrounding tissues [26]. Despite their advantages, the cost of biological 

meshes is significantly high, restricting their use in straightforward, uncontaminated hernia repairs. 

Additionally, they are susceptible to gradual stretching over time due to the retention of elastin proteins 

[4,25]. Nevertheless, in situations where their use is justified, various biological meshes derived from 

human, porcine, and bovine sources are commercially available. For instance, human dermis meshes 

include Alloderm (LifeCell), Allomax (Bard Davol), and Flex HD (Ethicon). Porcine dermis meshes are 

represented by products such as Strattice (LifeCell), Permacol (Covidien-Medtronic), and Cellis (Meccellis 

Biotech). Porcine intestine-derived meshes include FortaGen (Organogenesis) and Biodesign/Surgisis 

(Cook Medical). Furthermore, bovine dermis and pericardium scaffolds, such as SurgiMend (TEI 

Biosciences) and Veritas (Baxter), respectively, provide additional options for clinical application. 

Composite Meshes 

Composite meshes have been developed for hernia repair as a means of addressing the limitations 

associated with single-material scaffolds. By combining the advantages of two synthetic materials or 

blending a synthetic with a natural material, composite meshes achieve improved integration within host 

tissue while ensuring effective mesothelialization at the peritoneal level. This approach helps mitigate 

complications associated with reticular materials, such as adhesions, mesh migration, and intestinal fistula 

formation [5]. These meshes retain the mechanical properties of conventional non-absorbable polymers 

like polypropylene and polyethylene terephthalate but reduce their associated risks through the 

incorporation of an absorbable netting layer [1]. Another innovative design involves meshes with a 

synthetic layer positioned towards the dermis to provide mechanical strength and stimulate collagen 

deposition, while a naturally degradable biomaterial layer faces the peritoneum to prevent visceral 

adhesion [17]. Given these advantageous features, several composite mesh products have become 

commercially available. For instance, Gore Bio-A by W.L. Gore and Associates is made of polyglycolic acid 

reinforced with trimethylene carbonate [30]. The Tigr Matrix by Novus Scientific consists of knitted fibers 

composed of a copolymer of glycolide, lactide, and trimethylene carbonate, along with a copolymer of 

lactide and trimethylene carbonate [31]. Medtronic offers Parietex, a 3D monofilament polyester textile 

with a hydrophilic absorbable collagen film [32], and Parietene, which features transparent macroporous 
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polypropylene on one side and an absorbable collagen film on the other side [33]. Additional examples 

include Sepramesh by Bard Davol, comprising polypropylene mesh with a hydrogel safety coating [34], and 

Composix, a polypropylene mesh combined with a submicronic ePTFE barrier [35]. DynaMesh-IPOM, 

produced by DynaMesh, utilizes a dual-component structure primarily composed of high-purity 

polyvinylidene fluoride with a smaller proportion of polypropylene [36]. Ethicon, a subsidiary of Johnson 

& Johnson, manufactures Proceed, which incorporates polypropylene mesh layered with oxidized 

regenerated cellulose and polydioxanone suture polymer film [37], and Vicryl, a polypropylene-polyglactin 

910 absorbable woven/knitted composite mesh [38]. Lastly, Medtronic also offers ProGrip, a macroporous, 

monofilament polyester or polypropylene mesh that integrates thousands of poly-lactic acid resorbable 

microgrips [39]. 

Limitations of Currently Used Meshes 

The use of meshes in hernia repair has introduced numerous challenges for clinicians due to the 

increasing prevalence of novel non-infectious and infectious complications. Post-implantation issues 

include inflammation, impaired wound healing, postoperative and chronic pain, seromas, adhesions, mesh 

migration, and implant rejection [13,22,40]. Additional complications, such as fibrosis and calcification, 

may arise from the selection of inappropriate mesh materials [22]. While meshes are not strongly 

associated with high surgical site infection rates, they are nonetheless recognized by the host body as 

foreign objects, which can provoke inflammatory responses. If an infection does occur in the vicinity of the 

implant, it may exacerbate abdominal wall damage, intensify postsurgical pain, and increase the risk of 

recurrence [40]. The likelihood of infection is also influenced by patient-specific factors such as diabetes, 

immunosuppression, obesity, and smoking habits, necessitating particular care in the selection of suitable 

meshes for these populations [22]. To summarize, synthetic meshes offer good mechanical strength and are 

cost-effective but are associated with significant drawbacks, including inflammation, stiffness, pain, a high 

rate of infections, and the formation of fistulae. Biologic meshes, while less prone to inflammation and 

fistula formation and associated with reduced fibrosis, are more expensive and provide lower mechanical 

strength. Composite meshes demonstrate reduced fistula formation but can still induce varying degrees of 

inflammation. These considerations underline the complexity of selecting an appropriate mesh type 

tailored to individual patient needs and clinical scenarios. 

Emerging Solutions for Performant Abdominal Meshes 

Despite the extensive array of currently available abdominal meshes, there remains significant 

potential for further advancements in optimizing hernia repair management. Each type of material 

currently in use presents inherent limitations, prompting researchers to pursue the development of an 

“ideal mesh” that would meet stringent criteria related to biocompatibility, infection resistance, ease of 

handling, durability, and cost-effectiveness. Although no such ideal mesh has been developed yet, studies 

have demonstrated that achieving this goal depends on factors such as material choice, design, insertion 

techniques, and positioning relative to the abdominal wall. An ideal mesh would be constructed from a 

durable, biologically inert, non-carcinogenic, and infection-resistant material that induces minimal foreign 

body reactions and avoids pathological fibrosis [8,10,28]. The mechanical and biological attributes of 

meshes are also influenced by their textile type (woven or knitted), fiber configuration (monofilament or 

multifilament), and pore size [22]. Pore size, in particular, plays a critical role in aspects such as adhesion 

risk, tissue integration, active surface area, elasticity, and material memory [8]. Moreover, the ideal mesh 

should facilitate remodeling or regeneration of tissue resembling native fascia, potentially through the 

incorporation of polymeric scaffolds embedded with signaling molecules that stimulate immune cells and 

fibroblasts for tissue regeneration [4]. Although an ideal mesh remains elusive, several promising research 

avenues have emerged. These include the development of lightweight materials, innovations in mesh 

attachment mechanisms, the creation of antimicrobial implantable textiles, the formulation of advanced 

composite and hybrid materials, and novel mesh designs. These advancements are discussed in detail 

below. 

Lightweight Materials 
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Lightweight meshes (LWM), characterized by larger pore sizes and reduced material surface areas, 

have gained attention for their potential to diminish foreign body reactions and fibrosis. Compared to 

heavyweight meshes (HWM), LWM are more flexible, exhibit superior physical properties, and support 

better postoperative activity profiles [8]. Research has consistently highlighted their benefits. For instance, 

Sidharta et al. [6] found that elderly men undergoing herniorrhaphy with the Lichtenstein technique 

experienced reduced postoperative pain with LWM compared to HWM. Similarly, Lata et al. [41] reported 

that patients treated with HWM were more likely to experience chronic pain, foreign body sensations, and 

stiffness at the incision site compared to those receiving LWM. These advantages also extended to early 

mobility and faster returns to daily activities for patients treated with LWM. Additional studies reinforce 

these findings. Ahmed Abd El A et al. [42] demonstrated reduced postoperative pain and earlier resumption 

of routine activities with LWM used in laparoscopic transabdominal preperitoneal repair of inguinal 

hernias. However, longer operative times were noted, with no significant differences observed in chronic 

pain, postoperative complications, or recurrence rates after six months. Similarly, RezK et al. [43] compared 

LWM and HWM for ventral hernia repair and found that LWM were associated with reduced chronic pain, 

fewer complications (e.g., seroma and infection), and lower recurrence rates. Nonetheless, the higher costs 

of LWM remain a significant barrier, warranting further investigation through long-term studies with larger 

patient cohorts to establish their sustained efficacy and cost-effectiveness. 

Materials with Improved Attachment 

Current meshes frequently encounter challenges related to adhesion and chronic pain. Enhancing 

mesh attachment to the abdominal wall could mitigate these issues, streamline implantation, and reduce 

operative times [8,44]. One approach to achieving this involves the development of self-fixation textiles that 

anchor themselves using grips or adhesives, thereby eliminating the need for sutures or tacks, which can 

cause unnecessary trauma [5]. For example, Ben Yehuda et al. [45] introduced a bio-adhesive-based self-

fixation mesh (LifeMesh™) as an alternative to conventional tack fixation. In animal studies, LifeMesh 

demonstrated excellent incorporation into the abdominal wall, strong fixation, and minimal adhesion after 

bio-adhesive degradation within 28 days. Similarly, Harman et al. [46] developed a bio-adhesive-

polypropylene mesh system incorporating a bifunctional poloxamine hydrogel adhesive and a poly-glycidyl 

methacrylate (PGMA) layer grafted with human serum albumin. Their findings revealed significantly 

improved adhesive strength and satisfactory tissue integration within 42 days of implantation in a rabbit 

model. Another innovative approach to improving mesh attachment involves the incorporation of cellular 

components into the textile structure. Dong et al. [47] created a composite electrospun scaffold using a 

thermoresponsive hydrogel and biodegradable polymer seeded with rat adipose-derived stem cells. This 

configuration provided a biocompatible, three-dimensional fibrous matrix with enhanced mechanical 

strength, facilitating cell adhesion, defect repair, regeneration, and vascularization. In a related study, 

Lesage et al. [48] seeded mesenchymal stem cells derived from amniotic fluid onto electrospun polylactic 

acid scaffolds. These polymeric matrices supported cell adherence and proliferation, and, after 14 days, the 

meshes were well-penetrated by inflammatory cells, new blood vessels, and collagen fibers. Implantation 

in rat models demonstrated that stem cell integration effectively modulated the host response, with 

macrophage profiles similar to controls. These advancements highlight significant progress toward 

improving mesh attachment, ensuring better clinical outcomes, and reducing complications in hernia repair 

applications. 

Antimicrobial Materials 

To mitigate infection risks associated with abdominal hernia repair, antimicrobial meshes have 

emerged as a significant innovation. These meshes achieve antimicrobial efficacy through two principal 

strategies: integrating an additional layer that gradually releases an antimicrobial agent or embedding 

antimicrobial compounds within the existing mesh structure. These approaches aim to inhibit bacterial 

adhesion and colonization, thereby reducing postoperative infection rates [22,49,50]. Recent advancements 

have introduced various antimicrobial meshes with promising results. Dydak et al. [51] incorporated a 

bacterial cellulose layer infused with the antibiotic gentamicin onto polypropylene-based meshes. This 
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modification demonstrated superior bacterial growth inhibition compared to uncoated meshes, while 

maintaining high biocompatibility with fibroblast cells. Similarly, Pe rez-Ko hler et al. [52] applied a 

carboxymethylcellulose gel containing rifampicin to synthetic polypropylene meshes. In preclinical models 

involving Staphylococcus aureus and S. epidermidis infections in rabbits, these coated meshes achieved 

complete bacterial clearance and exhibited optimal tissue integration without detectable systemic 

antibiotic levels. Additionally, the same research group [53] explored a thermo-responsive hydrogel 

formulation loaded with rifampicin. This hydrogel transitions to a biodegradable gel upon reaching body 

temperature, enabling effective coating of the mesh and adjacent tissues. The hydrogel provided sustained 

antibacterial activity for five days without cytotoxic effects, highlighting its potential as a complementary 

tool for infection prevention and enhanced tissue integration. Nanotechnology has further advanced 

antimicrobial applications by leveraging the unique properties of nano-sized materials to combat infections 

[49,54–58]. Notably, Afewerki et al. [59] engineered multifunctional bactericidal nanofibers using a blend 

of polycaprolactone methacrylated nanofibers and gelatin methacryloyl. These fibers exhibited bactericidal 

activity, low inflammatory responses, tunable mechanical properties, and excellent hydrophilicity, making 

them suitable for abdominal meshes that support biointegration and tissue ingrowth. Similarly, Liu et al. 

[60] developed a polycaprolactone/silk fibroin mesh incorporating amoxicillin-loaded multi-walled carbon 

nanotubes. This nanofibrous design demonstrated biocompatibility, mechanical robustness akin to the 

abdominal wall, and sustained antibiotic release, effectively inhibiting E. coli growth. The incorporation of 

antimicrobial nanoparticles, such as silver, gold, copper, and zinc oxide, offers another promising avenue 

for infection-resistant meshes [49,55,56,61,62]. Metal-based nanoparticles have shown efficacy against 

various pathogens, including antibiotic-resistant strains, and have been actively investigated for developing 

antimicrobial scaffolds for hernia repair [63–67]. 

Other Innovative Materials 

In pursuit of superior alternatives to traditional abdominal meshes, research has focused on 

composite and hybrid materials with unique physicomechanical and biological properties. Li et al. [68] 

developed a mesh combining poly (l-lactide-co-caprolactone) with porcine fibrinogen. The optimal 

formulation, with a 4:1 ratio of synthetic to biological material, demonstrated desirable mechanical 

strength, shrinkage rate, porosity, and hydrophilicity. These features facilitated a balance between material 

degradation and host tissue growth, promoting effective tissue remodeling. Mori da Cunha et al. [69] 

introduced a hydrogen-bonded supramolecular polymer made of ureidopyrimidinone moieties within a 

polycarbonate base. Although this composite performed marginally better than standard polypropylene 

meshes, additional optimization is required for clinical application. Alternatively, Liu et al. [70] designed a 

hybrid material integrating polycaprolactone, silk fibroin, and decellularized human amniotic membrane. 

This innovative mesh provided a conducive microenvironment for cell proliferation and neovascularization 

while minimizing inflammatory and foreign body responses.  

Further advancements include polycaprolactone-containing composites for abdominal wall repair. 

Liu et al. [71] fabricated a double-layer nanofiber membrane combining polycaprolactone, graphene oxide, 

and chitosan, enhanced with N-acetylcysteine. This material demonstrated excellent mechanical strength, 

biocompatibility, and anti-adhesion properties, making it a strong candidate for hernia repair. Chalony et 

al. [72] developed a non-woven material using poly (ethyl-2) cyanoacrylate reinforced with polyurethane. 

This composite showed suitable mechanical properties for intraperitoneal hernia mesh implants, ensuring 

biocompatibility. Another innovative material by Wang et al. [73] involved a poly-L-lactic acid scaffold 

grafted with basic fibroblast growth factor (bFGF). This design enhanced hydrophilicity, sustained bFGF 

release, and regulated immune cytokines, reducing inflammation and promoting collagen deposition. Zhou 

et al. [74] explored a core-shell electrospun fibrous membrane with puerarin in the core and an RGD-

modified shell. The puerarin core inhibited endogenous inflammation, while the RGD shell promoted cell 

viability, biocompatibility, and exogenous inflammation suppression. Testing in rat models demonstrated 

promising wound healing properties, including enhanced collagen deposition, smooth muscle formation, 

and vascularization. 
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Novel Mesh Designs 

In addition to the selection of fabrication materials, the design of the mesh itself plays a pivotal role 

in the success of hernia repair. The architectural configuration and shape of the reinforcement textiles 

significantly influence clinical outcomes. A notable contribution to this field is the study conducted by 

Minardi et al. [75], where the researchers developed a type I collagen/elastin crosslinked blend (CollE). 

This material was used to fabricate both flat sheets and porous scaffolds as biomimetic meshes for ventral 

hernia repair. Both designs demonstrated biomechanical adequacy for immediate hernia defect repair, 

ensuring tissue restoration within six weeks and promoting neovascularization. Among the two 

architectures, the CollE scaffolds exhibited mechanical properties more closely aligned with native tissues. 

They also induced a higher expression of genes related to matrix deposition, angiogenesis, adipogenesis, 

and skeletal muscle formation compared to the CollE sheets. 

Further innovation in mesh design was demonstrated in a study by Amato et al. [76], which 

introduced a tentacle-shaped mesh for repairing Spigelian hernias. This novel design, characterized by a 

central body with integrated radiating arms, allowed for a fixation-free approach and provided enhanced 

defect overlap. Tested on 54 patients, the mesh was positioned in the preperitoneal sublay, with the 

“tentacles” extending across the abdominal musculature. These arms were trimmed in the subcutaneous 

layer following fascia closure. This design facilitated rapid, safe, and fixation-free placement, resulting in 

negligible complications, no recurrences, and significantly reduced postoperative pain. The fabrication 

technique of the mesh also critically determines its properties. Currently, most meshes are manufactured 

through warp-knitting, a method in which fibers are curved into a meandering pattern to achieve elasticity 

and flexibility. This approach allows the mesh to adapt to bodily movements. However, warp-knitting also 

has limitations, such as higher ultimate load values and an inability to mimic the anisotropic mechanical 

behavior of the abdominal wall tissues [12,78]. Electrospinning has emerged as an alternative fabrication 

method, particularly for generating nano-range fibers. This versatile, cost-effective technique enables the 

creation of polymeric scaffolds with a high surface area-to-volume ratio and interconnected pores. However, 

electrospinning products often exhibit poor mechanical properties and limited control over pore structures 

[79,80]. 

In the pursuit of improved mesh designs, additive manufacturing techniques, particularly 3D 

printing, have garnered significant attention. This method facilitates the development of advanced, highly 

precise, and customizable patient-specific meshes that conventional fabrication methods cannot achieve. 

Additionally, 3D printing enables rapid and efficient surface modification of preexisting meshes [16,81,82]. 

Recent studies have reported the production of innovative 3D-printed meshes, including polylactic acid-

acellular dermal matrix composites [83], personalized polypropylene-polyvinyl alcohol meshes loaded 

with ciprofloxacin [84], drug-doped polycaprolactone meshes containing alginate and gentamicin [85], 

tailored alginate-waterborne-polyurethane meshes [86], and custom polycaprolactone constructs 

impregnated with contrast agents such as iodinated, gadolinium, and barium [87]. A further advancement 

is the introduction of “4D printing,” an additive manufacturing technique that incorporates time as the 

fourth dimension. This approach employs stimuli-responsive materials, such as smart thermopolymers, 

that can alter their shape in response to physicochemical or biochemical triggers. Such materials hold 

promise for creating meshes that dynamically adapt to the host-tissue environment, enhancing tissue 

integration and implant compliance. Although not yet applied to abdominal meshes, this technique has been 

successfully used in fabricating other adaptive polymeric scaffolds for biomedical applications [16,88-93], 

marking a foundation for future research in hernia repair. Another innovative method for mesh fabrication 

is embroidery technology, which offers a higher degree of design customization compared to warp-knitting. 

This technique allows thread orientation at nearly any angle with minimal effort and machine adjustments. 

Although not yet employed for hernia mesh fabrication, embroidery has shown potential in producing 

tissue-engineered scaffolds [78,79]. This technology could soon pave the way for implantable textiles with 

highly controlled designs, further advancing the field of hernia repair. 

Clinical Trials 
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In addition to the previously mentioned advancements, numerous strategies have progressed to 

the clinical testing stages, highlighting the growing interest in this field and the pressing need for more 

effective abdominal meshes. A search on the ClinicalTrials.gov platform for the term "abdominal mesh" in 

relation to "hernia" (within the “condition or disease” field) yielded a total of 418 studies. Of these, 16 

studies were categorized as “not yet recruiting,” 62 as “recruiting,” 8 as “active, not recruiting,” 218 as 

“completed,” 28 as “terminated,” 10 as “withdrawn,” and 76 as “unknown.” Regarding study phases, the trials 

included 35 in “phase 4,” 14 in “phase 3,” 17 in “phase 2,” 4 in “phase 1,” 1 in “early phase 1,” and 245 studies 

that were not phase-specific. A breakdown of trial types showed 308 interventional studies and 110 

observational studies. Of the trials, 47 had publicly available results, while the remaining 371 did not. When 

filtering the search for "completed studies" with "results," a total of 38 clinical trials were identified. 

Several of these trials have been cataloged with their respective identifiers, titles, interventions, 

phases, and references, providing a comprehensive overview of the ongoing efforts to improve abdominal 

mesh technologies. For instance, the study identified by NCT02451176, titled "A Prospective Randomized 

Trial of Biologic Mesh Versus Synthetic Mesh for the Repair of Complex Ventral Hernias," involves two mesh 

types—synthetic and biological—used for ventral hernia repair. This study, which is not phase-specific, 

employs devices such as the Davol Bard Soft Mesh and the LifeCell Strattice Reconstructive Tissue Biologic 

Mesh. Similarly, NCT02720042 focuses on the Phasix™ Mesh for midline hernia repair, while NCT01364233 

investigates the use of condensed fenestrated PTFE mesh (MotifMESH) for non-sterile abdominal wall 

defects. Moreover, trials like NCT03247985 assess the comparative efficacy of tacking mesh versus self-

fixating mesh in inguinal hernia repairs, and NCT00960011 evaluates the long-term results of self-gripping 

semi-resorbable mesh in open inguinal hernia repair. NCT01117337 contrasts non-fixation of mesh to mesh 

fixation in laparoscopic inguinal hernia repairs under spinal anesthesia, providing a comprehensive view 

of different procedural approaches and materials used in hernia repairs. 

As for observational studies, NCT01863030 focuses on the use of Phasix™ Mesh in ventral and 

incisional hernia repairs, while NCT02206828 involves a registry study for the Symbiotic™ Composite Mesh 

in ventral hernia repair. Additional trials such as NCT00393887 and NCT01961687 explore various 

approaches to inguinal hernia repair, with the latter examining the Phasix™ Mesh for ventral or incisional 

hernia repair in a multicenter setting. The outcomes of several completed trials have been subject to 

extensive discussion in the literature. For instance, the study identified by NCT02451176, which compares 

the efficacy of biologic and synthetic meshes for single-stage repair of clean-contaminated and 

contaminated ventral hernias, has been explored in multiple articles. The trial, conducted on 253 adult 

patients from December 2012 to April 2019, with a follow-up period of two years, found that synthetic 

meshes had a higher two-year hernia recurrence risk when used for contaminated ventral hernias. Notably, 

the cost of the biologic mesh was over 200 times that of the synthetic mesh, despite both meshes showing 

similar safety profiles. Additionally, both types of mesh led to similar improvements in overall quality of life 

and hernia-related quality of life. In contrast, NCT00617357, which examines the repair of contaminated 

ventral hernias using Strattice™ (a porcine-derived, acellular dermal matrix), presents a different 

perspective. This trial investigated the impact of mesh placement in patients undergoing hernia repair. A 

total of 49 patients were involved, with mesh placed either retro-rectus (23 patients) or intraperitoneal (26 

patients). According to associated publications, the retro-rectus placement resulted in successful 

reconstructions in over 70% of patients by the two-year follow-up benchmark, demonstrating the 

importance of mesh positioning in the success of the repair. Despite the larger hernia sizes in some cases, 

the study reinforced the potential benefits of utilizing Strattice™ mesh for complex hernia repairs. 

Conclusion: 

Hernia repair is a critical medical procedure that addresses the complex problem of abdominal 

wall defects. Over the years, significant progress has been made, especially with the development of surgical 

meshes, which have drastically improved the success rates of hernia surgeries. Surgical meshes offer 

mechanical support, reduce recurrence rates, and promote tissue healing. However, despite these 

advancements, challenges remain in choosing the ideal mesh material and technique for different types of 
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hernias, particularly in complex or infected cases. Synthetic meshes, particularly those made from 

polypropylene, polyester, and expanded polytetrafluoroethylene (ePTFE), continue to dominate the field 

due to their durability, tensile strength, and cost-effectiveness. These materials have been shown to 

effectively withstand abdominal pressures and prevent hernia recurrence. However, their use is not without 

drawbacks. For example, synthetic meshes may trigger foreign body reactions, leading to complications 

such as adhesions, chronic sepsis, and erosion. As a result, they are contraindicated in cases of open 

abdomen repairs or contaminated surgical sites. Biological meshes, which are derived from human or 

animal sources, have emerged as a viable alternative, particularly in patients with high-risk profiles or in 

cases of infection. These meshes offer superior biocompatibility and reduced inflammatory responses, thus 

enhancing healing and reducing the risk of complications. However, their high cost and susceptibility to 

stretching over time limit their widespread application in routine hernia repairs. Composite meshes, which 

combine synthetic and biological materials, offer the best of both worlds, providing enhanced tissue 

integration while maintaining the mechanical strength necessary for hernia repair. This hybrid approach 

addresses the limitations of single-material meshes, offering a promising solution for complex cases. While 

the introduction of lightweight and antimicrobial meshes has improved clinical outcomes, further research 

is required to address ongoing challenges such as cost, long-term durability, and the need for standardized 

treatment protocols. Clinical trials are actively exploring new mesh materials, configurations, and surgical 

techniques to optimize hernia repair outcomes. In conclusion, the continued evolution of mesh technology 

holds great promise for improving the success rates of hernia surgeries and ensuring better patient 

outcomes. Further advancements in mesh design, material properties, and personalized treatment 

strategies will be key to overcoming the remaining hurdles in hernia repair. 

References: 

1. Saiding, Q.; Chen, Y.; Wang, J.; Pereira, C.L.; Sarmento, B.; Cui, W.; Chen, X. Abdominal wall hernia repair: 

From prosthetic meshes to smart materials. Mater. Today Bio 2023, 21, 100691.  

2. Larco, J.; Noboa, N.L.; Zambrano, A.R. Hernias de la Pared Abdominal: Diferentes tipos de clasificaciones y 

complicaciones. Int. J. Med. Surg. Sci. 2022, 9, 1–11.  

3. Deeken, C.R.; Lake, S.P. Mechanical properties of the abdominal wall and biomaterials utilized for hernia 

repair. J. Mech. Behav. Biomed. Mater. 2017, 74, 411–427.  

4. Sawyer, M.; Ferzoco, S.; DeNoto, G. A Polymer-Biologic Hybrid Hernia Construct: Review of Data and Early 

Experiences. Polymers 2021, 13, 1928.  

5. Rodrí guez, M.; Go mez-Gil, V.; Pe rez-Ko hler, B.; Pascual, G.; Bello n, J.M. Polymer Hernia Repair Materials: 

Adapting to Patient Needs and Surgical Techniques. Materials 2021, 14, 2790.  

6. Sidharta, N.A.; Irawan, A.; Siregar, J.I.; Lugito, N.P.H. Comparison of Early Postoperative Pain between 

Lightweight Mesh and Heavyweight Mesh in Lichtenstein Hernia Repair for Geriatric Patients at Rumah 

Sakit Siloam Karawaci from January 2018–December 2019. Medicinus 2023, 10, 10–15.  

7. Malhotra, K.; Bawa, A. Prioritizing and Promoting Hernia Awareness Month: A Call for Action.  World J. 

Surg. 2022, 46, 1691–1692.  

8. Bringman, S.; Conze, J.; Cuccurullo, D.; Deprest, J.; Junge, K.; Klosterhalfen, B.; Parra-Davila, E.; Ramshaw, B.; 

Schumpelick, V. Hernia repair: The search for ideal meshes. Hernia 2010, 14, 81–87.  

9. Ellis, R.; Miller, B.T. Mesh Selection in Abdominal Wall Reconstruction: An Update on Biomaterials.  Surg. 

Clin. N. Am. 2023, 103, 1019–1028.  

10. Idrees, S.; Jindal, S.; Gupta, M.; Sarangi, R. Surgical meshes—The search continues. Curr. Med. Res. 

Pract. 2018, 8, 177–182.  

11. Go mez-Gil, V.; Pascual, G.; Bello n, J.M. Biomaterial Implants in Abdominal Wall Hernia Repair: A Review on 

the Importance of the Peritoneal Interface. Processes 2019, 7, 105.  



3698 
 
  https://reviewofconphil.com 

12. Baylo n, K.; Rodrí guez-Camarillo, P.; Elí as-Zu n iga, A.; Dí az-Elizondo, J.A.; Gilkerson, R.; Lozano, K. Past, 

Present and Future of Surgical Meshes: A Review. Membranes 2017, 7, 47. 

13. Wang See, C.; Kim, T.; Zhu, D. Hernia Mesh and Hernia Repair: A Review. Eng. Regen. 2020, 1, 19–33.  

14. Ibrahim, A.M.S.; Vargas, C.R.; Colakoglu, S.; Nguyen, J.T.; Lin, S.J.; Lee, B.T. Properties of meshes used in hernia 

repair: A comprehensive review of synthetic and biologic meshes. J. Reconstr. Microsurg. 2015, 31, 083–

094.  

15. Kalaba, S.; Gerhard, E.; Winder, J.S.; Pauli, E.M.; Haluck, R.S.; Yang, J. Design strategies and applications of 

biomaterials and devices for Hernia repair. Bioact. Mater. 2016, 1, 2–17. 

16. Pe rez-Ko hler, B.; Benito-Martí nez, S.; Go mez-Gil, V.; Rodrí guez, M.; Pascual, G.; Bello n, J.M. New Insights into 

the Application of 3D-Printing Technology in Hernia Repair. Materials 2021, 14, 7092.  

17. Costa, A.; Adamo, S.; Gossetti, F.; D’Amore, L.; Ceci, F.; Negro, P.; Bruzzone, P. Biological Scaffolds for 

Abdominal Wall Repair: Future in Clinical Application. Materials 2019, 12, 2375.  

18. Holihan, J.L.; Hannon, C.; Goodenough, C.; Flores-Gonzalez, J.R.; Itani, K.M.; Olavarria, O.; Mo, J.; Ko, T.C.; Kao, 

L.S.; Liang, M.K. Ventral hernia repair: A meta-analysis of randomized controlled trials. Surg. 

Infect. 2017, 18, 647–658.  

19. Misiakos, E.P.; Patapis, P.; Zavras, N.; Tzanetis, P.; Machairas, A. Current Trends in Laparoscopic Ventral 

Hernia Repair. J. Soc. Laparoendosc. Surg. 2015, 19, e2015.00048.  

20. Schlosser, K.A.; Arnold, M.R.; Otero, J.; Prasad, T.; Lincourt, A.; Colavita, P.D.; Kercher, K.W.; Heniford, B.T.; 

Augenstein, V.A. Deciding on Optimal Approach for Ventral Hernia Repair: Laparoscopic or Open. J. Am. Coll. 

Surg. 2019, 228, 54–65.  

21. Jan, Z.; Ali, S.; Ahmed, N.; Sarwar, M.A.; Jan, Z.U. Comparison of common postoperative complications 

between Lichtenstein open repair and laparoscopic transabdominal pre-peritoneal (TAPP) repair for 

unilateral inguinal hernia. Cureus 2021, 13, e17863.  

22. Falagas, M.E.; Kasiakou, S.K. Mesh-related infections after hernia repair surgery. Clin. Microbiol. 

Infect. 2005, 11, 3–8.  

23. Alimi, Y.; Merle, C.; Sosin, M.; Mahan, M.; Bhanot, P. Mesh and plane selection: A summary of options and 

outcomes. Plast. Aesthet. Res. 2020, 7, 10–20517.  

24. Patrone, R.; Leongito, M.; di Giacomo, R.; Belli, A.; Palaia, R.; Amore, A.; Albino, V.; Piccirillo, M.; Cutolo, C.; 

Coluccia, S.; et al. Is There Indication for the Use of Biological Mesh in Cancer Patients. J. Clin. Med. 2022, 11, 

6035.  

25. Smart, N.J.; Marshall, M.; Daniels, I.R. Biological meshes: A review of their use in abdominal wall hernia 

repairs. Surgeon 2012, 10, 159–171.  

26. Ko ckerling, F.; Alam, N.N.; Antoniou, S.A.; Daniels, I.R.; Famiglietti, F.; Fortelny, R.H.; Heiss, M.M.; Kallinowski, 

F.; Kyle-Leinhase, I.; Mayer, F. What is the evidence for the use of biologic or biosynthetic meshes in 

abdominal wall reconstruction? Hernia 2018, 22, 249–269.  

27. Rastegarpour, A.; Cheung, M.; Vardhan, M.; Ibrahim, M.M.; Butler, C.E.; Levinson, H. Surgical mesh for ventral 

incisional hernia repairs: Understanding mesh design. Plast. Surg. 2016, 24, 41–50.  

28. Druart, M.L.; Chamlou, R.; Mehdi, A.; Limbosch, J.M. Repair of Abdominal Wall Defects by Intraperitoneal 

Implantation of Polytetrafluoroethylene (Teflon®) Mesh. In Abdominal Wall Hernias: Principles and 

Management; Bendavid, R., Abrahamson, J., Arregui, M.E., Flament, J.B., Phillips, E.H., Eds.; Springer: New 

York, NY, USA, 2001; pp. 262–265.  

29. Chiu, Y.-L.; Lin, Y.-N.; Chen, Y.-J.; Periasamy, S.; Yen, K.-C.; Hsieh, D.-J. Efficacy of Supercritical Fluid 

Decellularized Porcine Acellular Dermal Matrix in the Post-Repair of Full-Thickness Abdominal Wall Defects 

in the Rabbit Hernia Model. Processes 2022, 10, 2588.  



3699 
 
  https://reviewofconphil.com 

30. W. L. Gore & Associates. GORE® BIO-A® Tissue Reinforcement. Available 

online: https://www.goremedical.com/products/bioatissue (accessed 2023). 

31. NovusScientific. TIGR Matrix Surgical Mesh. Available online: https://novusscientific.com/row/tigr-

matrix-product-information/ (accessed 2023). 

32. Medtronic. Parietex™ Composite Ventral Patch. Available 

online: https://www.medtronic.com/covidien/en-us/products/hernia-repair/parietex-composite-

ventral-patch.html (accessed 2023). 

33. Medtronic. Parietene™ DS Composite Mesh. Available 

online: https://www.medtronic.com/covidien/en-us/products/hernia-repair/parietene-ds-

composite-mesh.html (accessed 2023). 

34. BD. Sepramesh™ IP Composite. Available online: https://www.bd.com/en-us/products-and-

solutions/products/product-families/sepramesh-ip-composite#overview (accessed). 

35. BD. Composix™ E/X Mesh. Available online: https://www.bd.com/en-us/products-and-

solutions/products/product-families/composix-ex-mesh (accessed 2023). 

36. DynaMesh. DynaMesh®-IPOM. Available online: https://en.dyna-mesh.com/dynamesh-ipom-

gb/ (accessed 2023). 

37. Ethicon. PROCEED® Surgical Mesh. Available online: https://www.jnjmedtech.com/en-

US/product/proceed-surgical-mesh (accessed  2023). 

38. Ethicon. VICRYL® (Polyglactin 910) Woven Mesh & VICRYL® (Polyglactin 910) Knitted Mesh. Available 

online: https://www.jnjmedtech.com/en-US/product/vicryl-polyglactin-910-woven-mesh-vicryl-

polyglactin-910-knitted-mesh (accessed 2023). 

39. Medtronic. Progrip™ Self-Gripping Mesh. Available 

online: http://medtronicsolutions.medtronic.eu/ProGrip (accessed 2023). 

40. Winsnes, A.; Haapama ki, M.M.; Gunnarsson, U.; Striga rd, K. Surgical outcome of mesh and suture repair in 

primary umbilical hernia: Postoperative complications and recurrence. Hernia 2016, 20, 509–516.  

41. Lata, B.; Bisht, N.; Alok, S. A randomized clinical trial comparing outcomes of Lichtenstein hernia repair with 

lightweight vs. heavyweight mesh. Int. J. Acad. Med. Pharm. 2023, 5, 2144–2148.  

42. El Ahmed Abd, A.S.; El Mosaad, A.E.S.; Al-Molla, M. Comparative study between use of lightweight mesh 

versus heavyweight mesh in laparoscopic repair of inguinal hernia. Sci. J. Al Azhar Med. Fac. Girls 2019, 3, 

477–482.  

43. RezK, M.M.; Saleh, G.E.; El-Gohary, H.G.; Allam, A.W. Comparative Study between Heavy-weight Mesh and 

Light-weight Mesh in Ventral Hernia Repair. Benha J. Appl. Sci. 2020, 5, 19–24.  

44. Fan, Z.; Zhao, X.; Li, J.; Ji, R.; Shi, Y. Cell-based therapies for reinforcing the treatment efficacy of meshes in 

abdominal wall hernias: A systematic review and meta-analysis. Asian J. Surg. 2022, 45, 1667–1677.  

45. Ben Yehuda, A.; Nyska, A.; Szold, A. Mesh fixation using novel bio-adhesive coating compared to tack fixation 

for IPOM hernia repair: In vivo evaluation in a porcine model. Surg. Endosc. 2019, 33, 2364–2375.  

46. Harman, M.; Champaigne, K.; Cobb, W.; Lu, X.; Chawla, V.; Wei, L.; Luzinov, I.; Mefford, O.T.; Nagatomi, J. A 

Novel Bio-Adhesive Mesh System for Medical Implant Applications: In Vivo Assessment in a Rabbit 

Model. Gels 2023, 9, 372.  

47. Dong, W.; Song, Z.; Liu, S.; Yu, P.; Shen, Z.; Yang, J.; Yang, D.; Hu, Q.; Zhang, H.; Gu, Y. Adipose-derived stem cells 

based on electrospun biomimetic scaffold mediated endothelial differentiation facilitating regeneration and 

repair of abdominal wall defects via HIF-1α/VEGF pathway. Front. Bioeng. Biotechnol. 2021, 9, 676409.  

https://www.goremedical.com/products/bioatissue
https://novusscientific.com/row/tigr-matrix-product-information/
https://novusscientific.com/row/tigr-matrix-product-information/
https://www.medtronic.com/covidien/en-us/products/hernia-repair/parietex-composite-ventral-patch.html
https://www.medtronic.com/covidien/en-us/products/hernia-repair/parietex-composite-ventral-patch.html
https://www.medtronic.com/covidien/en-us/products/hernia-repair/parietene-ds-composite-mesh.html
https://www.medtronic.com/covidien/en-us/products/hernia-repair/parietene-ds-composite-mesh.html
https://www.bd.com/en-us/products-and-solutions/products/product-families/sepramesh-ip-composite#overview
https://www.bd.com/en-us/products-and-solutions/products/product-families/sepramesh-ip-composite#overview
https://www.bd.com/en-us/products-and-solutions/products/product-families/composix-ex-mesh
https://www.bd.com/en-us/products-and-solutions/products/product-families/composix-ex-mesh
https://en.dyna-mesh.com/dynamesh-ipom-gb/
https://en.dyna-mesh.com/dynamesh-ipom-gb/
https://www.jnjmedtech.com/en-US/product/proceed-surgical-mesh
https://www.jnjmedtech.com/en-US/product/proceed-surgical-mesh
https://www.jnjmedtech.com/en-US/product/vicryl-polyglactin-910-woven-mesh-vicryl-polyglactin-910-knitted-mesh
https://www.jnjmedtech.com/en-US/product/vicryl-polyglactin-910-woven-mesh-vicryl-polyglactin-910-knitted-mesh
http://medtronicsolutions.medtronic.eu/ProGrip


3700 
 
  https://reviewofconphil.com 

48. Lesage, F.; Roman, S.; Pranpanus, S.; Ospitalieri, S.; Zia, S.; Jimenez, J.; MacNeil, S.; Toelen, J.; Deprest, J. 

Modulation of the early host response to electrospun polylactic acid matrices by mesenchymal stem cells 

from the amniotic fluid. Eur. J. Pediatr. Surg. 2018, 28, 285–292.  

49. Mirel, S.; Pusta, A.; Moldovan, M.; Moldovan, S. Antimicrobial Meshes for Hernia Repair: Current Progress 

and Perspectives. J. Clin. Med. 2022, 11, 883.  

50. Guillaume, O.; Pe rez-Tanoira, R.; Fortelny, R.; Redl, H.; Moriarty, T.F.; Richards, R.G.; Eglin, D.; Petter Puchner, 

A. Infections associated with mesh repairs of abdominal wall hernias: Are antimicrobial biomaterials the 

longed-for solution? Biomaterials 2018, 167, 15–31. 

51. Dydak, K.; Junka, A.; Nowacki, G.; Paleczny, J.; Szymczyk-Zio łkowska, P.; Go rzyn ska, A.; Aniołek, O.; 

Bartoszewicz, M. In Vitro Cytotoxicity, Colonisation by Fibroblasts and Antimicrobial Properties of Surgical 

Meshes Coated with Bacterial Cellulose. Int. J. Mol. Sci. 2022, 23, 4835.  

52. Pe rez-Ko hler, B.; Benito-Martí nez, S.; Garcí a-Moreno, F.; Rodrí guez, M.; Pascual, G.; Bello n, J.M. Preclinical 

bioassay of a novel antibacterial mesh for the repair of abdominal hernia defects. Surgery 2020, 167, 598–

608. 

53. Pe rez-Ko hler, B.; Pascual, G.; Benito-Martí nez, S.; Bello n, J.M.; Eglin, D.; Guillaume, O. Thermo-Responsive 

Antimicrobial Hydrogel for the In-Situ Coating of Mesh Materials for Hernia Repair. Polymers 2020, 12, 

1245.  

54. Maliszewska, I.; Czapka, T. Electrospun Polymer Nanofibers with Antimicrobial Activity. Polymers 2022, 14, 

1661.  

55. Mercan, D.-A.; Niculescu, A.-G.; Grumezescu, A.M. Nanoparticles for Antimicrobial Agents Delivery—An Up-

to-Date Review. Int. J. Mol. Sci. 2022, 23, 3862.  

56. Spirescu, V.A.; Chircov, C.; Grumezescu, A.M.; Vasile, B.S .; Andronescu, E. Inorganic Nanoparticles and 

Composite Films for Antimicrobial Therapies. Int. J. Mol. Sci. 2021, 22, 4595.  

57. Spirescu, V.A.; Chircov, C.; Grumezescu, A.M.; Andronescu, E. Polymeric Nanoparticles for Antimicrobial 

Therapies: An up-to-date Overview. Polymers 2021, 13, 724. 

58. Dí az-Puertas, R.; A lvarez-Martí nez, F.J.; Falco, A.; Barrajo n-Catala n, E.; Mallavia, R. Phytochemical-Based 

Nanomaterials against Antibiotic-Resistant Bacteria: An Updated Review. Polymers 2023, 15, 1392.  

59. Afewerki, S.; Bassous, N.; Harb, S.V.; Corat, M.A.F.; Maharjan, S.; Ruiz-Esparza, G.U.; de Paula, M.M.M.; 

Webster, T.J.; Tim, C.R.; Viana, B.C. Engineering multifunctional bactericidal nanofibers for abdominal hernia 

repair. Commun. Biol. 2021, 4, 233.  

60. Liu, Z.; Zhu, X.; Tang, R. Electrospun Scaffold with Sustained Antibacterial and Tissue-Matched Mechanical 

Properties for Potential Application as Functional Mesh. Int. J. Nanomed. 2020, 15, 4991–5004.  

61. Zhang, S.; Lin, L.; Huang, X.; Lu, Y.-G.; Zheng, D.-L.; Feng, Y. Antimicrobial properties of metal nanoparticles 

and their oxide materials and their applications in oral biology. J. Nanomater. 2022, 2022, 2063265.  

62. Butler, J.; Handy, R.D.; Upton, M.; Besinis, A. Review of Antimicrobial Nanocoatings in Medicine and 

Dentistry: Mechanisms of Action, Biocompatibility Performance, Safety, and Benefits Compared to 

Antibiotics. ACS Nano 2023, 17, 7064–7092. 

63. Hasanova, U.A.; Aliyev, A.R.; Hasanova, I.R.; Gasimov, E.M.; Hajiyeva, S.F.; Israyilova, A.A.; Ganbarov, K.G.; 

Gakhramanova, Z.O.; Huseynova, P.F.; Amrahov, N.R. Functionalization of surgical meshes with antibacterial 

hybrid Ag@ crown nanoparticles. Dig. J. Nanomater. Biostructures 2022, 17, 11–19.  

64. Nistico , R.; Rosellini, A.; Rivolo, P.; Faga, M.G.; Lamberti, R.; Martorana, S.; Castellino, M.; Virga, A.; Mandracci, 

P.; Malandrino, M.; et al. Surface functionalisation of polypropylene hernia-repair meshes by RF-activated 

plasma polymerisation of acrylic acid and silver nanoparticles. Appl. Surf. Sci. 2015, 328, 287–295.  



3701 
 
  https://reviewofconphil.com 

65. Kumar, V.; Jolivalt, C.; Pulpytel, J.; Jafari, R.; Arefi-Khonsari, F. Development of silver nanoparticle loaded 

antibacterial polymer mesh using plasma polymerization process. J. Biomed. Mater. Res. Part A 2013, 101, 

1121–1132.  

66. Nergiz Adígu zel, E.; Esen, E.; Aylaz, G.; Keskinkílíç Yag íz, B.; Kíyan, M.; Dog an, A.; U nal, A.E. Do nano-

crystalline silver-coated hernia grafts reduce infection? World J. Surg. 2018, 42, 3537–3542.  

67. Fiedot, M.; Maliszewska, I.; Rac-Rumijowska, O.; Suchorska-Woz niak, P.; Lewin ska, A.; Teterycz, H. The 

Relationship between the Mechanism of Zinc Oxide Crystallization and Its Antimicrobial Properties for the 

Surface Modification of Surgical Meshes. Materials 2017, 10, 353. 

68. Li, S.; Su, L.; Li, X.; Yang, L.; Yang, M.; Zong, H.; Zong, Q.; Tang, J.; He, H. Reconstruction of abdominal wall with 

scaffolds of electrospun poly (L-lactide-co caprolactone) and porcine fibrinogen: An experimental study in 

the canine. Mater. Sci. Eng. C 2020, 110, 110644.  

69. Mori da Cunha, M.G.M.C.; Hympanova, L.; Rynkevic, R.; Mes, T.; Bosman, A.W.; Deprest, J. Biomechanical 

Behaviour and Biocompatibility of Ureidopyrimidinone-Polycarbonate Electrospun and Polypropylene 

Meshes in a Hernia Repair in Rabbits. Materials 2019, 12, 1174.  

70. Liu, Z.; Liu, J.; Liu, N.; Zhu, X.; Tang, R. Tailoring electrospun mesh for a compliant remodeling in the repair 

of full-thickness abdominal wall defect-The role of decellularized human amniotic membrane and silk 

fibroin. Mater. Sci. Eng. C 2021, 127, 112235.  

71. Liu, J.; Hou, J.; Liu, S.; Li, J.; Zhou, M.; Sun, J.; Wang, R. Graphene Oxide Functionalized Double-Layered Patch 

with Anti-Adhesion Ability for Abdominal Wall Defects. Int. J. Nanomed. 2021, 16, 3803–3818.  

72. Chalony, C.; Aguilar, L.E.; Kim, J.Y.; Park, C.H.; Kim, C.S. Development of electrospun core–shell polymeric mat 

using poly (ethyl-2) cyanoacrylate/polyurethane to attenuate biological adhesion on polymeric mesh 

implants. Mater. Sci. Eng. C 2021, 122, 111930. 

73. Wang, Y.; Cao, Z.; Cheng, R.; Qin, M.; Zhang, D.; Deng, L.; Chen, X.; Cui, W. Immunomodulated electrospun 

fibrous scaffolds via bFGF camouflage for pelvic regeneration. Appl. Mater. Today 2019, 15, 570–581.  

74. Zhou, X.; Saiding, Q.; Wang, X.; Wang, J.; Cui, W.; Chen, X. Regulated Exogenous/Endogenous Inflammation 

via “Inner-Outer” Medicated Electrospun Fibers for Promoting Tissue Reconstruction. Adv. Healthc. 

Mater. 2022, 11, 2102534.  

75. Minardi, S.; Taraballi, F.; Wang, X.; Cabrera, F.J.; Van Eps, J.L.; Robbins, A.B.; Sandri, M.; Moreno, M.R.; Weiner, 

B.K.; Tasciotti, E. Biomimetic collagen/elastin meshes for ventral hernia repair in a rat model. Acta 

Biomater. 2017, 50, 165–177.  

76. Amato, G.; Agrusa, A.; Buscemi, S.; Di Buono, G.; Calo , P.G.; Vella, R.; Romano, G.; Barletta, G.; Cassata, G.; 

Cicero, L.; et al. Tentacle Mesh for Fixation-Free Spigelian Hernia Repair: Mini-Invasive Approach Granting 

Broad Defect Overlap. J. Clin. Med. 2023, 12, 3866.  

77. Serrano-Aroca, A .; Pous-Serrano, S. Prosthetic meshes for hernia repair: State of art, classification, 

biomaterials, antimicrobial approaches, and fabrication methods. J. Biomed. Mater. Res. Part A 2021, 109, 

2695–2719.  

78. Hahn, J.; Bittrich, L.; Breier, A.; Spickenheuer, A. Stress adapted embroidered meshes with a graded pattern 

design for abdominal wall hernia repair. IOP Conf. Ser. Mater. Sci. Eng. 2017, 254, 062005.  

79. Kun, M.; Chan, C.; Ramakrishna, S.; Kulkarni, A.; Vadodaria, K. 12—Textile-based scaffolds for tissue 

engineering. In Advanced Textiles for Wound Care, 2nd ed.; Rajendran, S., Ed.; Woodhead Publishing: 

Sawston, UK, 2019; pp. 329–362.  

80. Senthamizhan, A.; Balusamy, B.; Uyar, T. 1—Electrospinning: A versatile processing technology for 

producing nanofibrous materials for biomedical and tissue-engineering applications. In Electrospun 



3702 
 
  https://reviewofconphil.com 

Materials for Tissue Engineering and Biomedical Applications; Uyar, T., Kny, E., Eds.; Woodhead Publishing: 

Sawston, UK, 2017; pp. 3–41 

81. Pietrabissa, A.; Marconi, S.; Negrello, E.; Mauri, V.; Peri, A.; Pugliese, L.; Marone, E.M.; Auricchio, F. An 

overview on 3D printing for abdominal surgery. Surg. Endosc. 2020, 34, 1–13.  

82. Ballard, D.H.; Weisman, J.A.; Jammalamadaka, U.; Tappa, K.; Alexander, J.S.; Griffen, F.D. Three-dimensional 

printing of bioactive hernia meshes: In vitro proof of principle. Surgery 2017, 161, 1479–1481.  

83. Song, Z.; Yang, D.; Hu, Q.; Wang, Y.; Zhang, H.; Dong, W.; Yang, J.; Gu, Y. Reconstruction of Abdominal Wall 

Defect with Composite Scaffold of 3D Printed ADM/PLA in a Rat Model. Macromol. Biosci. 2023, 23, 

2200521.  

84. Qamar, N.; Abbas, N.; Irfan, M.; Hussain, A.; Arshad, M.S.; Latif, S.; Mehmood, F.; Ghori, M.U. Personalized 3D 

printed ciprofloxacin impregnated meshes for the management of hernia. J. Drug Deliv. Sci. 

Technol. 2019, 53, 101164.  

85. Calero Castro, F.J.; Yuste, Y.; Pereira, S.; Garví n, M.D.; Lo pez Garcí a, M.A .; Padillo, F.J.; de la Portilla, F. Proof of 

concept, design, and manufacture via 3-D printing of a mesh with bactericidal capacity: Behaviour in vitro 

and in vivo. J. Tissue Eng. Regen. Med. 2019, 13, 1955–1964.  

86. Olmos-Juste, R.; Olza, S.; Gabilondo, N.; Eceiza, A. Tailor-Made 3D Printed Meshes of Alginate-Waterborne 

Polyurethane as Suitable Implants for Hernia Repair. Macromol. Biosci. 2022, 22, 2200124.  

87. Ballard, D.H.; Jammalamadaka, U.; Tappa, K.; Weisman, J.A.; Boyer, C.J.; Alexander, J.S.; Woodard, P.K. 3D 

printing of surgical hernia meshes impregnated with contrast agents: In vitro proof of concept with imaging 

characteristics on computed tomography. 3D Print. Med. 2018, 4, 13.  

88. Zhang, C.; Cai, D.; Liao, P.; Su, J.-W.; Deng, H.; Vardhanabhuti, B.; Ulery, B.D.; Chen, S.-Y.; Lin, J. 4D Printing of 

shape-memory polymeric scaffolds for adaptive biomedical implantation. Acta Biomater. 2021, 122, 101–

110.  

89. Bajpai, A.; Baigent, A.; Raghav, S.; Bra daigh, C.O .; Koutsos, V.; Radacsi, N. 4D Printing: Materials, Technologies, 

and Future Applications in the Biomedical Field. Sustainability 2020, 12, 628.  

90. Li, Y.; Zhang, F.; Liu, Y.; Leng, J. 4D printed shape memory polymers and their structures for biomedical 

applications. Sci. China Technol. Sci. 2020, 63, 545–560.  

91. Ramezani, M.; Mohd Ripin, Z. 4D Printing in Biomedical Engineering: Advancements, Challenges, and Future 

Directions. J. Funct. Biomater. 2023, 14, 347.  

92. Zhao, W.; Yue, C.; Liu, L.; Liu, Y.; Leng, J. Research Progress of Shape Memory Polymer and 4D Printing in 

Biomedical Application. Adv. Healthc. Mater. 2023, 12, 2201975. 

93. Qu, G.; Huang, J.; Gu, G.; Li, Z.; Wu, X.; Ren, J. Smart implants: 4D-printed shape-morphing scaffolds for 

medical implantation. Int. J. Bioprinting 2023, 9, 764. 

 

 مراجعة محدثة للاتجاهات الجديدة  -الاتجاهات الشائعة في إصلاح الفتاق: الشبكات 

 

 :الملخص

الم وغالبًا ما  تعتبر الفتوق الجدارية البطنية حالة شائعة يمكن أن تؤدي إلى عواقب صحية كبيرة وضعف وظيفي. تؤثر الفتوق على ملايين الأشخاص حول الع الخلفية: 

س ي. وعلى الرغم من التقدمات، لا يوجد  يتم علاجها جراحيًا. على مدار الستة عقود الماضية، تطورت تقنيات إصلاح الفتاق، وأصبحت الشبكات الجراحية هي العلاج القيا

 ."معيار ذهبي" معتمد عالميًا لإصلاح الفتاق، ولا يزال البحث المستمر يركز على تحسين المواد وتصاميم الشبكات
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ئصها، والتطورات في تهدف هذه المراجعة إلى تقديم تحديث شامل للاتجاهات الحالية في إصلاح الفتاق، مع التركيز على أنواع الشبكات المختلفة المتاحة، وخصا  الهدف: 

 .علم المواد التي تحسن النتائج السريرية

رات الأخيرة في تقنيات  تقوم المراجعة بتحليل مجموعة واسعة من الأدبيات، بما في ذلك الدراسات السريرية والابتكارات في إصلاح الفتاق، مع اهتمام خاص بالتطو   الطرق: 

خفيفة الوزن، والطلاءات المضادة للبكتيريا،  الشبكات. يتم تصنيف الشبكات إلى أنواع صناعية، بيولوجية، وتركيبية، مع تسليط الضوء على أحدث التطورات في المواد  

 .والتكوينات الهجينة

والمواد   قدمت التطورات الأخيرة شبكات تتمتع بخصائص لاصقة محسنة، وميزات مضادة للبكتيريا، واندماج أفضل في جدار البطن. أدت الشبكات الخفيفة  النتائج: 

الت المستمرة  السريرية  التجارب  الدراسة  تبرز  كما  والمضاعفات.  العدوى  من خطر  يقلل  مما  البيولوجية،  الاستجابة  تحسين  إلى  والمواد  المركبة  التكوينات  تستكشف  ي 

 .الجديدة للشبكات. بينما تظل الشبكات الصناعية الأكثر شيوعًا، أصبحت الشبكات البيولوجية والتركيبية بدائل مهمة في حالات معينة

المجال نحو نهج   لا يزال إصلاح الفتاق يستفيد من التقدم في تقنيات الشبكات، مع تحسن واعد في تكامل الشبكات، والتوافق الحيوي، ونتائج المرض ى. يتطور  الاستنتاج: 

أمرً  المستمر  البحث  يظل  المرض ى.  وفقًا لاحتياجات  والتركيبية المصممة  الهجينة  الشبكات  في ذلك استخدام  بما  وتقنيات أكثر تخصيصًا،  لتحسين مواد  بالغ الأهمية  ا 

 .الشبكات، مما يضمن نتائج سريرية أفضل وتقليل المضاعفات

المفتاحية:  الت   الكلمات  الجراحية،  المواد  البطنية،  الجدارية  الفتوق  التركيبية،  الشبكات  البيولوجية،  الشبكات  الصناعية،  الشبكات  الشبكات،  الفتاق،  وافق  إصلاح 

 .الحيوي، التجارب السريرية، تقنيات الشبكات


