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Abstract: The current gold standard for abdominal hernia repair involves the use of flat meshes deployed over
the hernial defect via open or laparoscopic surgery. However, these conventional methods often lead to com-
plications related to implant fixation, suboptimal biological response, and inadequate defect management. To
address these challenges, a novel treatment approach has been developed using the Stenting & Shielding (5&S)
Hernia System. This innovative device is laparoscopically introduced into the hernial opening without requir-
ing tissue dissection, and it expands to permanently obliterate the defect without the need for fixation. Unlike
the foreign body reaction typically observed with flat meshes, the 3D design of the S&S device exhibits dynamic
responsiveness, promoting true tissue regeneration. By moving in harmony with the abdominal wall, the 5&S
device attracts growth factors that induce the formation and maturation of new muscular, vascular, and nerv-
ous structures, effectively restoring the integrity of the abdominal wall compromised by hernia disease. This
regenerative capability was demonstrated in an experimental porcine model, where the S&S device was im-
planted and biopsies were taken at defined postoperative intervals ranging from 4 weeks to 8 months. Im-
munohistochemical analysis of these biopsies revealed the presence of specific tissue growth factors driving
the regenerative processes. The results suggest that the three-dimensional design of the S&S Hernia System
enables the device to respond to dynamic mechanical strains, thereby fostering progressive tissue regeneration.

Keywords: arteries; abdominal wall protrusion disease; muscle; muscle growth factors; neo-angiogenesis; neo-
myogenesis; neo-nervegenesis; nerve; nerve growth factors; regenerative scaffolds; tissue degeneration; tissue
regeneration; vascular growth factors; veins

Introduction

The current standard for modern prosthetic abdominal hernia repair involves the use of flat
meshes to cover the herniated area. [1] These flat meshes, however, are static and do not interact with
the highly motile environment of the abdominal wall. When secured with sutures or tacks, they hin-
der the natural dynamics of the abdominal musculature, resulting in an unphysiological effect. [2,3]
The foreign body response triggered by hernia meshes activates an immune reaction, leading to the
formation of a granulomatous fibrotic scar that infiltrates the prosthesis. [4] This fibrotic response is
often presented as “reinforcement” of the weakened muscle area, but it fails to address the underly-
ing degenerative processes responsible for hernia formation. [5-13].

Considering the degenerative etiology of hernia disease, an optimal treatment should not only
prevent further tissue deterioration but also promote the regeneration of the muscular barrier. [14]

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Failure to meet these physiological and pathogenetic needs likely contributes to the recurring adverse
events seen after conventional hernia repair. [15-18] Despite ongoing issues, no definitive solution
has been found to date.

Recent advances in the understanding of functional anatomy and hernia pathogenesis have led
to the development of a novel approach for treating inguinal and other abdominal hernias. This ap-
proach introduces the Stenting & Shielding (5&S) Hernia System, a device made of medical-grade
polypropylene based Thermo-Polymer- Elastomer (TPE), designed to address the shortcomings of
flat meshes in abdominal hernioplasty, particularly but not exclusively in inguinal hernias. The pro-
prietary design of the S&S device transforms it into a 3D scaffold upon deployment, achieving fixa-
tion-free, permanent obliteration of the hernia defect. Thanks to its dynamic compliance, the device
moves harmoniously with the abdominal wall musculature, converting the body’s biological re-
sponse into tissue regeneration. This distinctive feature is facilitated by various tissue growth factors
that actively support the integration of newly formed connective tissue, muscles, blood vessels, and
nerves into the 3D structure of the scaffold, ultimately achieving true regeneration of the abdominal
wall’s composite tissues. [22-30].

This report outlines the outcomes of histological and immunohistochemical analyses performed
on tissue samples taken at various time points following the implantation of 20 S&S devices in 10
experimental pigs. The data presented here suggest that transforming the conventional static flat her-
nia implant into a dynamic 3D scaffold is critical for inducing regenerative responses driven by a
spectrum of tissue growth factors. Specifically, rather than generating granulomatous, low-quality
scar tissue typical of flat meshes, the dynamic architecture of the S&S scaffold promotes the ingrowth
of highly specialized tissue elements, such as muscles, vessels, and nerves.

Material and Methods

The experimental study was performed in compliance with the Animal Care Protocol for Exper-
imental Surgery, in line with the guidelines established by the Italian Ministry of Health. Official
approval for the study was granted under Decree No. 379/2021-PR, issued on June 1st, 2021.

Between February 2022 and November 2024, a total of ten female pigs were selected for the trial,
each having a bilaterally created muscular defect in the lower abdominal wall. During laparoscopic
surgery, two Stenting & Shielding (S&S) Hernia Devices were implanted per pig. The S&S device has
been developed to provide a non-invasive, atraumatic repair of various abdominal hernias, including
inguinal, incisional, femoral, Spigelian, and obturator hernias.

The pigs, ranging in age from 4 to 6 months, weighed between 40 and 60 kg. All surgical proce-
dures were performed laparoscopically under general anesthesia. The anesthesia protocol included
premedication with zolazepam and tiletamine (6.3 mg/kg) along with xylazine (2.3 mg/kg), followed
by induction with propofol (0.5 mg/kg), and maintenance using isoflurane in combination with pan-
curonium (0.07 mg/kg). Post-surgery, antibiotic prophylaxis was administered, with each pig receiv-
ing oxytetracycline (20 mg/kg/day) for three days.

Structure of the Stenting & Shielding Hernia System

The S&S Hernia System employed in the trial is manufactured from medical-grade polypropyl-
ene-based Thermo-Polymer Elastomer (TPE), with its technical properties detailed in Table 1.

Table 1. Technical properties of the TPE material used for the injection molding of the Stenting & Shielding
Hernia System.

ISO Data

Tensile Strength 16 MPa 1SO 37
Strain at break 650 % ISO 37
Compression set at 70 °C, 24h 54 % ISO 815
Compression set at 100 °C, 24h 69 % ISO 815
Tear strength 46 kN/m ISO 34-1
Shore A hardness 89 - ISO 7619-1

Density 890 kg/m?3 1SO 1183
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This device consists of two main elements: a rayed structure assembled around a central mast
and a 3D oval shield measuring 10x8 cm, with a central ring. The mast has a button-like structure at
the distal end and two conical stops positioned near it. Initially, the device is configured as a cylin-
drical structure, with the oval shield attached by threading its central ring onto the mast (Figure 1 A
& B). This design enables easy delivery via a 12 mm trocar into the abdominal cavity. Once placed at
the hernia site, the oval shield is pushed forward using a metallic tube, which advances the device
into the pre-established muscular defect. As the shield moves past one or both conical stops on the
mast, the cylindrical structure expands within the defect, forming a 3D scaffold that permanently
seals the hernia opening. This setup locks the shield in place, preventing backward displacement and
ensuring the 3D scaffold remains anchored in the defect. The shield also covers and overlaps the
muscular opening, coming into direct contact with the abdominal viscera (Figure 1 C). The final 3D
scaffold used in this study measures approximately 4.5 cm in diameter.

Follow-up Protocol

Of the 10 pigs involved in the trial, two were sacrificed between 4 and 6 weeks post-implantation
(short-term), another three between 3 and 4 months (mid-term) and five between 5 and 8 months
(long-term). Each pig underwent ultrasound examinations (Figure 1 D) and laparoscopic evaluations
at predefined postoperative intervals to confirm proper positioning of the 3D scaffold and to check
for any adhesions between the shield and abdominal organs.

Figure 1. (A) The Stenting & Shielding (5&S) Hernia System in its pre-delivery configuration, ready to be intro-
duced into the abdominal cavity via a 12 mm trocar. - B: Outline of the S&S device in its fully deployed config-
uration. — C: Laparoscopic view after the placement of the S&S device in the right-sided defect. The mast has just
been cut away and is being removed from the abdomen. A second defect in the lower left abdomen is visible, to
be repaired with another 5&S Hernia System. — D: Ultrasound scan 12 months post-surgery, displaying the 3D
scaffold of the S&S device (red circle) now filled with newly developed tissue (yellow arrows).

At the time of sacrifice, the implanted S&S devices were removed in one piece through a lower
midline incision. The explanted devices were meticulously cleaned of host tissue, bisected, and ex-
amined for macroscopic evaluation of the tissue growth within the 3D scaffold (Figure 2). These sam-
ples were then sent for detailed histological analysis.
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Figure 2. The S&S Hernia System excised 3 months post-implantation. The 3D scaffold of the device is bisected,
revealing viable tissue development within the scaffold.

Histological assessment

Tissue samples excised from the core of the 3D scaffold were fixed in 10% phosphate-buffered
formalin for a minimum of 12 hours before being embedded in paraffin. Thin sections (4 pm) were
prepared and stored at room temperature for later use. Routine histological analysis aimed to detect
basic histomorphological characteristics of muscle, vascular and nervous structures, was carried out
with Hematoxylin-Eosin (H&E) and Azan Mallory stain (Bioptica Via S. Faustino, 58, 20134 Milano -
Italy).

Immunohistochemistry

After dewaxing the sections, antigen retrieval was carried out using a Tris-EDTA solution (pH
9.0), which was heated to 96°C for 20 minutes. Endogenous peroxidase activity was suppressed by
incubating the slides in a 3% hydrogen peroxide solution in methanol for 30 minutes. To minimize
background staining, a 15-minute treatment with Background Sniper was performed. The tissue sec-
tions were then incubated at room temperature for 1 hour with primary antibodies, including NSE,
CD31, SMA, VEGF, NGF, and NGFRp75. A comprehensive list of the antibodies used for this study
is provided in Table 2.

Table 2. Immunohistochemistry antibodies used for processing biopsy specimens.

Antibody Clone-Code Source Dilution
NSE LS-B14144 (LLSBio) Rabbit polyclonal 1:100
CD31 JC70A (DAKO) Mouse monoclonal 1: 50
SMA 1A4 (DAKO) Mouse monoclonal 1:100
VEGF 26503 (R&D) Mouse monoclonal 1:50
NGF Ab52918 (Abcam) Rabbit monoclonal 1:100
NGFRp75 Sc 13577 (Santa Cruz) Mouse monoclonal 1:100

Following antibody incubation, the sections were rinsed three times with phosphate-buffered
saline (PBS) for five minutes each. The slides were then exposed to biotinylated immunoglobulin
(LSAB, Dako, USA) for 30 minutes at room temperature. This was followed by two additional washes
in PBS, after which the slides were treated with streptavidin conjugated to horseradish peroxidase
for 1 hour at room temperature. After being washed three times with Tris-buffered saline (TBS), the
sections were developed using 3,3’-diaminobenzidine tetrahydrochloride (DAB; Dako Agilent, Santa
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Clara, CA, USA) as the chromogen. The slides were then rinsed under running water and counter-
stained with Mayer’s hematoxylin, after which they were briefly dipped in 0.035% TBS solution for 1
minute. Positive immunoreactivity was indicated by the appearance of a brown precipitate from the
DAB reaction. Negative controls were prepared by replacing the primary antibodies with either nor-
mal goat serum or PBS. As positive controls, tissue samples from vascular, nervous, or muscle tissues
were used. All stained slides were evaluated under 100x magnification using a Leica DMR micro-
scope equipped with a Nikon DS-Fil digital camera, and images were captured using NIS Basic Re-
search software.Monoclonal primary antibody NSE (LSBio) was applied at 1:100 dilution for 60
minutes to highlight evidence of newly developed nervous structures in the 3D scaffold of the S&S
device.

Results

Biopsy samples and the corresponding histological sections were independently reviewed by
two pathologists without prior knowledge of the sample collection times. The series of images pre-
sented here are organized by the post-surgery stages of the biopsies, beginning with the identification
of specific tissue growth factors, followed by microphotographs that illustrate the developmental
stages of the associated tissue structures.

Angiogenic Growth Factors and Vascular Structures in the 3D Scaffold of the S&S Hernia System

Regarding vascular tissue development, the specimens obtained 3-5 weeks after implantation
(Short-Term, ST) H&E staining revealed numerous clusters of newly formed, immature vascular
structures. Inflammatory infiltration against the polypropylene material of the scaffold was minimal,
with only a few lymphocytes and histiocytes, while fibroblast proliferation and connective tissue for-
mation were prominent in this early phase (Figure 3).

Figure 3. Biopsy specimen excised 5 weeks post-implantation (Short term - ST). Angiogenic clusters composed
of developing vascular elements are seen adjacent to the TPE fabric of the 3D scaffold (X) of the S&S device.
Negligible inflammatory response to the device structure is noticeable. HE 50X.

The tissue specimens also exhibited clear evidence of vascular endothelial growth factor (VEGEF)-
mediated angiogenesis (Figure 4) and a marked CD31-positive response, which played a crucial
role in vessel formation (Figure 5). Early formation of smooth muscle cells, as indicated by the pres-
ence of smooth muscle actin (SMA) positive elements, was also observed, though limited in extent
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Figure 4. Biopsy specimen excised 4 weeks post-implantation (Short term - ST). VEGE-positive endothelial ele-
ments of early-stage vascular structures (white spots) are visible near the 3D scaffold of the S&S device (X). VEGF
100X).

Figure 5. Biopsy sample excised 4 weeks post-implantation (Short term - ST). Clusters of vasculo-endothelial
elements in early development (brown staining) are seen near the TPE fabric of the 3D scaffold (X). CD31 100X.
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Figure 6. Biopsy sample excised 5 weeks post-implantation (Short term - ST). Sparse actin-positive vascular
structures (brown staining) are detected near the TPE fabric of the 3D scaffold (X). SMA 100X.

In the midterm samples (3-4 months post-implantation), plenty of vascular structures in ad-
vanced stage of development were clearly detected close to 3D scaffold. No inflammatory reaction
against the TPE structure pf the S&S device could be evidenced. (Figure 7)

Figure 7. Biopsy sample removed 5 months post-implantation (Midterm - MT). Several vascular structures (tar-
geted elements) in advanced development are present near the TPE fabric of the 3D scaffold (X), with no detect-
able inflammatory response. HE 50X.

The tissue specimens also evidenced a decreased level of VEGF stained elements (Figure 8), but
there was a notable increase in vessel density as evidenced by CD31 staining (Figure 9). During this
period, smooth muscle cell development, induced by SMA, became more pronounced in veins and
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arteries (Figure 10)

Figure 8. Biopsy sample excised 4 months post-implantation (Midterm —MT). Several arterial elements (yellow
arrows) are evident near the TPE fabric of the 3D scaffold (X). Adjacent to the growing muscular layer, VEGEF-
positive endothelial cells line the lumen of the vessels. VEGF 25X).

100 pm

Figure 9. Tissue sample excised 3 months post-implantation (Midterm — MT). Clusters of intense neo-angiogen-
esis (brown staining) in the intermediate-stage of vascular development are seen near the device’s fabric (X).
CD31 100X.
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Figure 10. Biopsy specimen excised 4 months post-implantation (Midterm — MT). A venous structure (yellow
arrows) showing smooth muscle development, induced by SMA, is seen near the 3D scaffold (X). SMA 50X.

By the long-term stage (5-8 months post-implantation), H&E staining demonstrated the presence
of mature, well-defined arteries and veins within the newly formed tissue around the S&S Hernia
System. No inflammatory response surrounding the TPE structure of the S&S device could be de-
tected (Figure 11).

Figure 11. Biopsy sample removed 6 months post-implantation (Long term - LT). Well-formed convoluted ar-
teries with thick muscular layers (yellow circle) and some veins (*) are embedded within newly developed mus-
cle tissue (red) and adipose cells (white spots) surrounding the TPE scaffold (X). No inflammatory response is
evident. HE 50X.

Tissue samples also proved that the VEGF expression had further diminished (Figure 12), but
CD31 continued to highlight endothelial cell growth (Figure 13). SMA staining confirmed the matu-
ration of the smooth muscle layer within the arterial walls, indicating that vessel formation was com-
plete (Figure 14).
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Figure 12. Biopsy specimen excised from the S&S device 7 months post-implantation (Long term — LT). VEGEF-
positive elements compose the endothelial layer of a large vein (yellow arrows) and one artery (*) close to the
TPE fabric of the 3D scaffold (X). VEGF 25X.

Figure 13. Biopsy specimen excised 6 months post-implantation (Long term - LT). Mature endothelial elements
of vessel structures (brown staining) are visible close to the TPE scaffold (X). CD31 50X.
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Figure 14. Biopsy specimen excised 7 months post-implantation (Long term - LT). Thick muscular layers (stained
in brown) of vascular elements are evident near the TPE fabric of the 3D scaffold (X). SMA 50X.

Myogenic Growth Factors and Muscle Structures in the 3D Scaffold of the S&S Hernia System

Regarding muscle development, biopsy samples obtained in the short-term period after implantation
of the S&S 3D scaffold showed a high concentration of nerve growth factor (NGF)-positive cells
within the thermoplastic elastomer (TPE) material of the 3D scaffold (Figure 15).

Figure 15. Biopsy specimen excised 4 weeks post-implantation (Short term - ST). A large number of NGF-positive
elements (brown staining) are seen near the TPE fabric of the 3D scaffold (X). NGF 50X.

Table 16 The nascent myocytes exhibited prominent nucleoli, vesicular nuclei, and moderate baso-
philia, indicative of early myocytic differentiation. By the midterm phase, the number of NGF-posi-
tive cells had increased in the TPE fabric of the scaffold (Figure 17), corresponding with a more ex-
tensive and organized development of muscle fibers and larger bundles of muscle cells interspersed
throughout the connective tissue adjacent to the scaffold. The muscle fibers showed small, spindle-
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shaped nuclei and eosinophilic cytoplasm, characteristic of progressing myocyte differentiation (Fig-
ure 18).

Figure 16. Biopsy specimen excised 5 weeks post-implantation (Short term - ST). Viable connective tissue
(stained in blue) surrounds developing muscle bundles (stained in red) in early stages near the TPE fabric of the
3D scaffold (X). AM 200X.

250 pm

Figure 17. Tissue specimen removed 4 months post-implantation (Midterm - MT). Large numbers of NGF-posi-
tive elements (brown staining) are evident near the TPE fabric of the 3D scaffold (X). NGF 50X.
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Figure 18. Tissue specimen removed 3 months post-implantation (Midterm - MT). Multiple developing muscle
bundles (red staining) surrounded by viable connective tissue (colored in blue) are seen close to the 3D scaffold
(X). AM 100X.

In the long-term phase (6-8 months post-implantation), numerous NGF-positive cells were ob-
served within the scaffold, indicating continued stimulation of muscle regeneration (Figure 19).

"\i -
X
|

¥
I 100 pm I X
Figure 19. Biopsy specimen excised 7 months post-implantation (Long term - LT). Numerous NGF-positive ele-
ments in elongated bundles (brown staining) are visible near the structure of the 3D scaffold (X). NGF 100X.

Large regions of mature muscle bundles were now present, integrated with well-perfused con-
nective tissue. The bundles appeared to be fully developed muscle fibers, aligned according to func-
tional lines of tension. At higher magnification, striated muscle fibers were clearly visible, displaying
the typical spindle-shaped myocytes with small, hyperchromatic nuclei and eosinophilic cytoplasm,
closely resembling normal human muscle tissue (Figure 20).
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Figure 20. Biopsy specimen excised 6 months post-implantation (Long term - LT). A significant number of mus-
cle bundles (red staining) are evident near the TPE fabric of the 3D scaffold (X), surrounded by viable connective
tissue (colored in blue) and areas of adipocytes (white spotted elements). A large arterial structure is also visible
(*). AM 25X.

Neurogenic Growth Factors and Nerve Structures in the 3D Scaffold of the S&S Hernia System

In the early post-implantation period (Short-term, ST), the neurogenic growth factor NGFRp75,
which is critical for nerve formation, was observed in limited quantities throughout the S&S Hernia
System structure (Figure 21).

Figure 21. Biopsy specimen excised 4 weeks post-implantation (Short term - ST). NGFRp75-positive cells
(beige/brown staining) are evident near the TPE fabric of the 3D scaffold (X). NGFRp75 100X.

During this phase, several immature nerve structures, including developing myelin sheaths,
were identified in the scaffold, immersed in well-vascularized connective tissue (Figure 22).

At the midterm (MT) stage, biopsy samples exhibited a notable increase in the number of
NGFRp75-positive elements (Figure 23). These elements were associated with the presence of
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numerous large, developing nerve structures, arranged within the scaffold in a well-organized con-
nective tissue matrix. These nerve structures were surrounded by clearly formed myelin sheaths po-
sitioned adjacent to the S&S Hernia System’s structure (Figure 24).

Figure 22. Biopsy specimen excised 4 weeks post-implantation (Short term - ST). Nervous elements (brown stain-
ing) in the initial stages of development are present close to the 3D scaffold (X). NSE 100X.

250 pm

Figure 23. Biopsy specimen excised 4 months post-implantation (Midterm - MT). NGFRp75-positive elements
(brown staining) are evident near the fabric of the 3D scaffold (X). NGFRp75 50X.


https://doi.org/10.20944/preprints202412.0516.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2024 do0i:10.20944/preprints202412.0516.v2

Figure 24. Biopsy sample excised 5 months post-implantation (Midterm - MT). Two developing nerve elements
(yellow circles) are observed near broad venous structures (*) and a midsized artery (yellow arrows) in proximity
to the TPE scaffold. NSE 50X.

In the long-term (LT) stage, compared to earlier phases, there was a marked increase in
NGFRp75-positive spindle-shaped cells, located in the cytoplasm and along the membrane of cells
near the 3D scaffold (Figure 25).

Figure 25. Biopsy specimen excised 4 months post-implantation (Long term - LT). NGFRp75-positive elements
(brown staining) are seen close to the 3D scaffold (X). NGFRp75 50X.

Numerous mature nerve structures were detected adjacent to the scaffold, signifying advanced
nerve growth. These nerves, which developed within the S&S device, displayed substantial increases
in both myelin and axon formation, resembling typical human nerve structures in terms of their key
components (Figure 26).
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Figure 26. Biopsy sample removed 7 months post-implantation (Long term - LT). Elongated nerve elements
(brown staining) in advanced development are present near the 3D scaffold (X). NSE 100X.

A summary of the histological and immunohistochemical findings is provided in Table 3.

Table 3. Stages of cellular development & growth factors evidenced in the S&S Hernia System over time. Growth
factors evidence: + = limited ++ = noteworthy +++ abundant.

Growth factors Tissue structures
VEGF CD31 SMA NGF NGFRp75  Vessels Muscles Nerves
Short term +H + + + + Evolving Evolving Evolving
Midterm ++ -+ ++ +++ ++ Advanced Advanced Advanced
Long term + 4+ 4+ +++ AH=F Mature Mature Mature
Discussion

The use of flat polypropylene meshes for reinforcing the herniated groin is widely considered
the gold standard in treating abdominal hernias [31-33]. However, these traditional meshes are in-
herently passive and do not engage with the dynamic loads imposed by the abdominal wall, one of
the most mobile regions of the body. To prevent migration, these meshes are typically secured to the
surrounding muscle tissue with sutures or tacks. Unfortunately, this approach creates a physiological
disconnect, as fastening meshes restrict normal muscle movement, increasing postoperative pain and
the risk of adverse events [34-36].

A further concern with conventional hernia mesh repairs is that they may not address the un-
derlying pathogenesis of the condition, particularly in inguinal hernias. The ideal treatment should
not only prevent hernia recurrence but also target the degenerative processes driving tissue weakness
and failure. However, conventional meshes always result in the formation of foreign body granulo-
mas, which are regressive rather than regenerative in nature. Additionally, uncontrolled fibrotic in-
corporation of the mesh may entrap nearby nerves, which can lead to chronic pain—a debilitating
complication as widely reported following inguinal herniorrhaphy [15-18,36].

To address these issues, a new approach has been introduced with the Stenting & Shielding
(5&S) Hernia System. Unlike conventional meshes, the S&S system, made from a medical-grade pol-
ypropylene-based Thermo-Polymer Elastomer (TPE), is designed with a combination of a shield as-
sembled to a 3D scaffold. Once deployed, it obliterates the hernia defect in a fixation-free fashion. The
3D scaffold is compressible in all planes and features recoil memory, allowing it to expand and con-
tract with the movement of the abdominal wall. Unlike conventional meshes, the biological response
of the S&S Hernia System is markedly different. In prior studies [S&S ref.25], this device has been
shown to support the formation of new, highly specialized tissues similar to those found in the
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abdominal wall. Regenerative scaffolds like this are widely studied in scientific research and are de-
signed to promote the development of new cellular structures when implanted [37-39].

As shown in the current study, vascular growth within the 3D scaffold of the S&S device is me-
diated by specific growth factors that act in a time-dependent manner. In the early postoperative
phase (short-term), VEGEF initiates the process of vascular formation, as indicated by the appearance
of scattered CD31- and SMA-positive vascular elements. As the process continues over the next sev-
eral months, the vascular network becomes more developed, with a reduction in VEGF levels and an
increase in CD31 activity, signaling the formation of structured vessels. Concurrently, SMA positivity
indicates the maturation of arterial and venous smooth muscle, contributing to the muscular layers
of these vessels. By the long-term stage, the presence of VEGF has diminished, but CD31 remains
active, and SMA continues to stabilize the muscle components of the vasculature. Eventually, a fully
developed vascular system emerges, capable of perfusing the new tissues growing within the 3D
scaffold, particularly muscles and nerves.

The formation of skeletal muscle follows a parallel course, driven by the differentiation of myo-
genic precursor cells. Cytokines and specific growth factors in the microenvironment of the 3D S5&S
scaffold stimulate the formation of myofibrils [40]. During the early phases, myocytes begin to pro-
duce neurotrophic factors, including nerve growth factor (NGF), as well as its receptors, TrkA, TrkB,
and p75 neurotrophin receptor (p75NTR). NGF plays a crucial role in nerve cell survival and also
regulates several important metabolic processes in other tissues [41-43]. NGF signaling is controlled
by two types of receptors: the tropomyosin-related kinase (Trk) receptors and the p75 neurotrophin
receptor (NGFRp75) [44]. Research has demonstrated that NGFRp75 promotes both the survival of
myotubes and myogenic differentiation in vitro, and is also critical for muscle repair in vivo [40,41].

NGFRp75, also known as p75(INTR) due to its molecular mass, binds not only NGF but also other
neurotrophins, such as brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NTF3), and neu-
rotrophin-4 (NTF4), with low affinity [43]. During the regeneration and growth of peripheral nerves,
Schwann cells express increased levels of p75(NTR), which facilitates nerve myelination. Studies by
Cosgaya et al. have shown that the absence of functional p75(NTR) impairs myelin formation,
whereas its presence enhances it [44]. Furthermore, p75(NTR) appears to mediate myelin formation
by interacting with endogenous BDNEF, while TrkC receptors, which regulate neuronal survival, have
the opposite effect, inhibiting myelination by responding to neurotrophin-3. The balance between
these receptors governs myelination during glial proliferation and elongation. This model, estab-
lished by Cosgaya et al., highlights the interplay between neurotrophins and their receptors in nerve
development [44]. In the context of the S&S Hernia System, the presence of NGF and NGFRp75 in
biopsy samples taken at different time points aligns with the progressive formation of muscle and
nerve tissues within the 3D scaffold of the S&S device. These findings provide a plausible explanation
for the development of newly formed muscle and nerve structures within the 3D scaffold of the de-
vice over time.

While the outcomes of this animal investigation looks encouraging, one limitations must be rec-
ognized. It concerns the size of the sample: actually the study was carried out on a relatively small
cohort of 10 pigs (20 S&S devices implanted in total). Even though, as verified in the literature, such
a figure seems sufficient to demonstrate preliminary safety and effectiveness, a larger sample size
could achieve stronger statistical power thus improving the generalizability of the outcomes. [22]
However, dealing with the financials of the investigation — that include purchasing of the pigs with
related stabulation of all 10 animals up to 8 months and personnel costs— has entailed a significant
economic burden.

In conclusion, the S&S Hernia System’s regenerative characteristics appear to be well-suited to
the physiological demands of the abdominal wall. Unlike traditional flat meshes, which remain static
and lead to fibrotic granulomas, the S&S system is dynamic, moving in synchrony with the surround-
ing musculature. This dynamic movement facilitates the regeneration of tissue structures damaged
by the degenerative processes of hernia disease. The promising results obtained in this animal study
lay the groundwork for future clinical trials in humans. Such studies will be critical in determining
whether the tissue growth factors and biological responses observed in this experiment can be repli-
cated in human patients. If confirmed, the S&S Hernia System could represent a significant advance-
ment in hernia repair, potentially simplifying surgical procedures and enhancing patient outcomes.
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