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Abstract

Inguinal hernia repair is the most frequently performed operation in
General Surgery. Over 20 million hernia repair procedures per year
are performed worldwide. Complications such as chronic inguinal
pain (12%) and recurrence rate (11%) significantly impact the
surgical results. The 4 main impacting factors affecting hernia repair
results are: mesh material and design; mesh fixation; tissue healing
and regeneration and the surgical technique. These essential
components are analysed in this article. This analysis is followed by
an explanation of how a new procedure, L-PRF-Open Mesh Repair,
can improve both short and long term results.
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Introduction

A hernia is commonly defined as a protrusion, through a defect of
the abdominal wall, of intra-abdominal organs contained in a
peritoneal sac. Statistics show that the most common hernia site is
inguinal (70-75% cases) [1]. Hernia symptoms include local
discomfort, numbness and pain which can be severe and can worsen
during bowel straining, urination and heavy lifting [2]. Occasionally,
complications such as incarceration and strangulation can lead to
bowel obstruction, bowel ischemia, necrosis of the omentum and
eventually become a life-threatening condition [3]

Inguinal hernia open mesh repair is one of the most frequently
performed surgical procedures. Literature indicates over 20 million
hernia repair operations per year worldwide [4]. The number of
procedures has been increasing and is envisaged to further increase

due to several risk factors including chronic disease such as COPD,
obesity and sedentary lifestyle [5].

The use of hernia mesh products to surgically repair or reconstruct
anatomical defects has been adopted and developed over the last 30
years. The surgical mesh definitely helps to close the abdominal wall
defects and to reinforce the weakened area through the incorporation
of fibro-collagenous tissue. A “tension-free” repair with mesh is
associated with less postoperative pain and faster recovery [6].

Open inguinal hernia repair is the most common technique and
is performed by making an incision in the inguinal region by way
of the subcutaneous tissue and the anterior fascia, and then the sac
is identified and dissected from the cord/round ligament. Once the
hernia sac is divided from the adjacent structures and examined for
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contents, this is pushed back into the peritoneal cavity, and finally,
hernia repair is carried out.

Historically the repair has been executed in two ways

(1) Primary repair such as Bassini or Shouldice techniques,
involves the sewing of the abdominal wall layers using sutures.
This method is considered obsolete nowadays and has, in the last
decades, been replaced by (2) patch or mesh repair. The last relies on
the placement of a mesh to seal the hernia defect and reinforce the
surrounding tissue. The Lichtenstein technique requires stitches to fix
the located mesh whereas other procedures fix it using either fibrin
or cyanoacrylate glue [1]. The results of hernia surgery are mainly
measured by postoperative pain, time to return to work, short-term
complications, chronic groin pain, and hernia recurrence.

In 2002, the European Union Hernia Trialists Collaboration,
a group of surgical trialists who have participated in randomized
trials of open mesh or laparoscopic groin hernia repair, analysed 58
randomized controlled trials and concluded that the use of surgical
meshes was superior to any other techniques [7]. In particular, they
noted fewer recurrences and less postoperative pain with mesh repair.

The expected rate of recurrence following inguinal hernia repair is
currently 11%. Only 57% of all inguinal hernia recurrences occurred
within 10 years after the hernia operation. Some of the remaining 43%
of all recurrences happened only much later, even after more than
50 years [8]. A further complication after inguinal hernia repair is
chronic groin pain lasting more than 3 months, occurring in 10-12%
of all patients. Approximately 1-6% of patients have severe chronic
pain with long-term disability, thus requiring treatment [9]

In their International Guidelines, the Hernia Surge Group
strongly recommends a mesh- based repair technique for patients
with inguinal and/or femoral hernia [9]. The new International
Guidelines of the Hernia Surge Group recommend only the open
Lichtenstein mesh technique and the laparoscopic mesh procedures
TEP and TAPP as repair techniques in inguinal hernia surgery [10].

Two meta-analyses comparing only TEP and one comparingonly
TAPP with the Lichtenstein technique could not deliver sufficient
evidence to determine the greater effectiveness of one over the other
technique [11- 13].

There are still 4 main impacting factors affecting hernia repair
results:

1. Mesh material and network design;

2. Mesh fixation

3. Tissue healing and regeneration

4. Surgical technique

1.Mesh

Material and design: Theodor Bill Roth in 1890 firstly suggested
that the ideal way to repair hernias was to use a prosthetic material
to close the hernia defect [14]. Many materials were tried, but all
failed due to complications mostly infections and rejections [15].
Multifilament common sutures were cotton and silk, which certainly
contributed to the failure of the mesh procedure [16]. In 1955,
Francis Usher after several disappointing attempts with different
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materials started using a new material, the polyolefin (Marlex) and
developed a woven mesh [17]. The optimal tissue growth through
its large pores was the main difference when compared to previous
materials. In the days following surgery he noticed improved mesh
incorporation and that fibroblast activity and collagen production
progressed suitably with less giant cells [18]. In 1958, Usher published
a new surgical technique using a knitted polypropylene mesh which
could be autoclaved and also more rapidly incorporated by tissue [1].
Lichtenstein, 30 years later, popularized the technique as “tension-
free hernioplasty” for inguinal hernia [19].

In recent decades’ researchers have investigated various materials
to optimise this aspect of mesh repair surgery. The fundamental
material characteristics should be biocompatibility, resistance to
infection, maintenance of adequate long-term tensile strength, rapid
incorporation into the host tissue, sufficient flexibility and non-
carcinogenic response [6, 20]. Poor biocompatibility of the material
has proven to be a strong contributing factor in the rejection of the
prosthetic material and abnormal scar tissue formation induced by an
uncontrolled immunological response.

When a surgical mesh is implanted without having suitable
biocompatibility (due to the material nature or its structural design)
the body responds by encapsulating the foreign body, leading to
the formation of a stiff scar. The compromised integration process
generates pain, hernia recurrence or rejection of the mesh [21].
Currently, most of the surgical meshes are chemically and physically
biocompatible, non- toxic, and non-immunogenic [1]. However,
none of them is biologically inactive and this may variably impact the
mesh suitability in the host tissue and the effective process of mesh
integration [22].

Mesh integration, biology: Implantation of the mesh is quickly
followed by an extraordinarily complex series of events that mark the
initiation of the healing process. It is essential to look into the process
of inflammation and its effect on the wound healing to understand the
biology that supports the mesh integration process [23]. In general,
the introduction of foreign material into the body triggers a response
characterized by one of three stereotypical reactions: (1) destruction
or lyses, (2) integration or tolerance, (3) rejection [1]. When a non-
biocompatible material is inserted into our body, the immune system
recognizes it as extraneous material and therefore attempts to destroy
or reject it [24]. When the implant is biocompatible a process of
integration begins, this has four mainstages.

Firststage: TheAcutelnflammation: Thefirstbiologicalresponse
of the injured site starts with the coagulation of proteins around the
prosthetic implant [25]. The Coagulum is composed of albumin,
fibrinogen, plasminogen, complement factors and immunoglobulins
[26]. Platelets adhere to these proteins activating the classical and
alternative complement pathways, especially generating factors C3a
and Cba (chemotactic factors for inflammatory cells) that convey
polymorpho nucleocytes or neutrophils (PMNs), fibroblasts, smooth
muscle cells and macrophages to the wound area in an ordered
sequence [27].

The chemotactic function is defined as “the movement of cells
towards a preferred migration site triggered by a chemical stimulus™.
During this first stage or acute phase of inflammation, migratory
PMNs phagocyte microorganisms and necrotic material. When
exhausted PMNs die and release their cytoplasmic and granular
contents near the mesh, this may cause an additional inflammatory
response [28]. If the acute inflammatory response fails to eliminate

the cause of injury and to restore injured tissue to normal physiology,
this condition could develop into a state of chronic inflammation.

Second stage: Chronic Inflammation: In this stage, monocytes
that migrated to the wound site during the previous phase differentiate
into macrophages. In addition to macrophages, other primary cellular
components such as plasma cells and lymphocytes actively contribute
to the advanced inflammatory response.Macrophages start the
phagocytosis of dead cells, necrotic tissue and consume foreign bodies
and generally prepare the way for fibroblasts settlement [29].

Third stage: Foreign Body Reaction: This kind of chronic
inflammation is related to an implanted medical device or
biomaterial. In response to the presence of large indigestible foreign
bodies, macrophages fuse into a foreign body giant cell in the attempt
to seal the extraneous material in an epithelioid granuloma [30-32].
Foreign body reaction is a complex defence response involving:
foreign body giant cells, fibroblasts, and angiogenesis formation in
variable amounts depending on the nature, form and structure of the
implanted material [30].

Fourth stage: Scar Formation: This is characterized by the
replacement of damaged tissue with fibroblasts and other cell lineages;
these produce the extracellular matrix (EMC) and generate the scar.
Wound healing and scar formation can be affected by persistent
inflammation and the severity of the primary injury [33]. Fibroblasts
are the cells that mediate the wound healing progression. These cells
enter the wound site two to five days after the surgery, typically once
the acute inflammatory response has receded. Fibroblasts proliferate
at the wound site, reaching peak levels after one to two weeks. The
main function of fibroblasts is to synthesize extracellular matrix
(EMC) with collagen to regenerate the connective tissue. The EMC
is itself involved in the regulation of inflammation, angiogenesis and
connective tissue regeneration through the collagen matrix laid down
by fibroblasts together with local GFs [24].

Main GFs involved in the game: Below are some of the most
important GFs playing different roles in mesh integration and tissue
regeneration. Platelet derived growth factor PDGF A-B supports
smooth muscle cell and fibroblast proliferation. Fibroblast growth
factor FGF-2 produced by a number of cells (endothelial, smooth
muscle and fibroblast cells) is a potent activator for smooth muscle
cells, endothelial cells and fibroblasts. Transforming growth factor -
TGF B is secreted by many different cells among these macrophages
and PMNs. TGF B, promotes the production of fibroblasts and
monocyte activation.

Insulin-like growth factor IGF made by platelets and fibroblasts
is a potent chemotactic for endothelial cells. Epidermal growth factor
EGF produced by platelets and macrophages promotes the production
of extracellular matrix and collagen formation playing a significant
role in the hernia repair. Vascular endothelial growth factor VEGF
generates new blood vessels in the site of injury increasing the local
blood supply [34-37].

The key role of fibroblasts: Fibroblastic activity peaks around two
weeks’ post-surgery, usually on the 8th day for the intra-peritoneal
access and on the 10th day for the extra-peritoneal way. The optimum
amount (density) of fibroblasts needed for the successful mesh
integration is achieved approximately two weeks after surgery [38].
Collagen is the principal biomechanical component of connective
tissue, it provides strength and acts as a scaffold in the forms of type
I, and 11[38].
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A normal fibroblastic biological response leads to optimal
synthesis of the connective tissue. Primarily immature, frail collagen
type Il is synthesized and excreted by fibroblasts as a monomeric
form into the extracellular space where it polymerises into an
insoluble helical structure. A fragile collagen network is produced
for around the first 21 days, and then there is a modification in the
ratio of collagen type 11l and 1. The collagen type Il reduces and the
type |, stronger and stable, arises. The mechanical strength increases
progressively until 6 months after surgery [38].

Therefore, the quality of connective tissue is significantly
influenced by the collagen ratio type I/Ill and its contribution
to making up the ECM. An altered Type I/lll collagen ratio
results in decreased tensile strength and mechanical stability.
Thus, the alterations of collagen subtypes play a central role in the
pathophysiology of hernia repair and mesh integration [39-41].

Recent Literature highlights the responsibility of enzymes like
Matrix Metallo-Proteinases, MMPs and the lack of their inhibitors
Tissue Inhibitors of Metalloproteinase, TIMPS to be the possible
cause for the altered ratio of collagen subtypes. This modification has
been quite often found in the trasversalis fascia of patients with direct
inguinal hernia [42,43].

The main function of these enzymes is to degrade and expedite the
turnover of the extracellular matrix (EMC) by acting on certain types
of collagen and elastin [44]. MMP-1 and MMP-13 are the principal
matrix enzymes responsible for the type I, Il, Il collagen turn over
[45]. Therefore, the alterations in MMP-1 and MMP-13 protein
expressions could have a role in the derangement of the ratio type
I/111 collagen [38]. MMP-2 and MMP-9, derived from neutrophils,
play an important role in degrading collagen types IV and V as well as
elastin, fibronectin, and other EMC components. A direct correlation
between the altered expression of MMP-2 and MMP-9 with the
diminished level of TIMP- 1 and TIMP-2 was observed in inguinal
hernia patients [46,47].

Excessive fibroblasts and associated hyperactivity in the wound
area will prolong the inflammatory phase resulting in increasing
fibrosis. This will compromise the optimal synthesis of collagen and
thereby the prosthesis integration. Prolonged inflammation can
jeopardize the mesh integration and this can cause contraction and
shrinkage of the mesh, eventually resulting in fibrosis, adhesions and
fistulas. This can lead to prosthesis rejection [48,49].

Optimising conditions for the first two weeks’ post-surgery
appears to be essential for the successful incorporation of the mesh
and to produce healthy connective tissue. After 12 weeks the process
is considered more stable and the overall strength of the scar increases
gradually up to six months. The final result is a relatively less elastic
tissue that has only 70-80% of the strength of the native connective
tissue [50]. A non-absorbable prosthesis fully incorporated within
newly formed collagen will help to optimise overall strength [38]. The
fibrotic reaction generated by the body when a mesh is introduced
is governed by the chemical nature of the material and its physical
characteristics such as the filament structure and pore size[1].

Mesh Chemical and Physical Properties

Properties and design of the mesh influence the immune reaction,
wound healing and integration [51].

(a) Elasticity and Tensile Strength: Either deterioration of the
tensile strength of the mesh or poor flexibility or a strained mesh
could lead to hernia recurrence [1].

(b)Pore Size: Porosity plays a key role in the reaction of the tissue
to the prostheses. Macro porous meshes have been found to facilitate
the colonization of macrophages, fibroblasts and collagen fibres
formation. Large pores expedite easy infiltration of PMNs, monocytes
and lymphocytes cells, providing protection from infection.
Fibroblasts produce the new collagen fibres that are the scaffold for
building up the EMC and facilitating mesh integration [52].

(c)Weight (density): The lightweight mesh is composed of thin
filaments with large pores, generally larger than 1 mm. Lightweight
meshes contain less material so reduce the impact of the foreign body
reaction. A weaker immune-inflammatory response may result in
better tissue incorporation [53].

(d)Structure: Surgical meshes are made using monofilament
or multifilament systems. A surgical mesh formed of monofilament
fibres provides good tissue reinforcement but is stiff and less pliable.
A surgical mesh formed of multifilament yarns is soft and malleable.
However, multifilament fibres mesh tends to retain infectious and
inflammatory substances, increasing the erosion rates by 20-30% and
increasing the risk of recurrence[54].

(f) Material Absorption: Surgical meshes can be made with
absorbable or non-absorbable material. Non-absorbable meshes have
good mechanical qualities; they are intra-operatively easy to shape and
have long-term stability. However, mesh deterioration and distortion:
stiffness, erosion, shrinking and adhesions have been widely reported
to promote recurrence in mid-longterm.

Absorbable meshes were developed to reduce these long-term
complications. These meshes promote regulated postoperative
fibroblast colonisation. Nevertheless, after mesh absorption is
completed, the resulting scar tissue may be too weak and insufficient
to provide required support resulting in increased hernia recurrence
rate. For this reason, mixed meshes made with both absorbable and
non-absorbable material have been introduced [1].

Commercially available surgical meshes: The “ideal” mesh should
be suturable to be held in place, resistant to straining and loading under
biaxial tension (eg. defecation or lifting actions) especially during the
first 3 months’ postoperative period. This prosthetic implant should
promote a fast and organized integration process supporting tissue
regeneration together with minimal inflammatory reaction [2].

There are over 70 meshes commercially available for hernia
repair, each attempt to match the “ideal” mesh characteristics. They
are classified according to the composition or type of material as: (1) first
generation (synthetic non-absorbable prosthesis), (2) second generation
(mixed or composite prosthesis), and (3) third generation (biological
prosthesis) [1,38]. For inguinal hernia surgery the most recommended are
the macro porous, non- absorbable, monofilament, lightweight soft mesh.
Polypropylene has been the material of choice and several companies
produce in different shapesand at a range of prices.

Nanofibers prospective: Nanofibers are fibers with diameters
in the nanometre range; they have found increasing scaffolding
application in Tissue engineering (TE) [55]. They have been made
from a variety of materials and their use explored extensively in
the last decade. Specifically, nanofiber scaffolds applied in tissue
regeneration, mimicking the extracellular matrix, (ECM) may provide
advanced means to control MSCs migration, adhesion, proliferation,
and differentiation.

For this reason, TE and nanofibers provide new perspectives for
the design and production of surgical meshes that retain material
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strength, increase biocompatibility and promote better integration.
These also open new options in laboratory research and experimental
models to explore the implementation of nanofiber systems and
effectively mimic the ECM [56].

Some nanofiber structures present several advantages. The
manufacture of bio-mimetic scaffolds allows precise control over
the geometry and microstructure of the mesh. These physical
and mechanical properties make nanofiber systems suitable for
new biomaterials to be used in wound care and scaffolding for
tissue regeneration. The sophisticated microporous structure and
modelling 3D microenvironment provide a more specific surface for
cell attachment and for excellent cells—biomaterial contact[57].

2.Mesh Fixation

Mesh fixation is a controversial area in inguinal hernia surgery.
The most common methods used to fix the hernia mesh are stitches,
fibrin and cyanoacrylate glues. A minority of surgeons suggest for a
non-fixation technique (mostly in TEP); however, reports about the
rate of recurrence are incomplete and controversial.

Stitch fixation: The Lichtenstein technique is currently the most
popular technique to repair unilateral primary groin hernias [19]. In
the Lichtenstein technique the mesh fixation is provided by a Prolene
(polypropylene) overrunning or single stitch suture to sew the mesh
firmly to the surrounding structures: the pubic tubercle, inguinal
ligament and muscles.

Some surgeons opt for absorbable stitch material such as
polyglycolic acid (Vicryl) in the hope of reducing the risk of long-
term nerve entrapment in the suture line. Lichtenstein technique has
a generally good reported outcome in Literature: easy to perform, low
morbidity and good long-term results [58]. Nonetheless, several recent
articles showed high incidence of chronic inguinal pain, with an average
incidence of 12%, and sometimes reported as high as 53% [59-67].

Many studies considered chronic postoperative pain as a surgical
primary outcome but only a few of them evaluated the social impact
of post-hernia repair chronic pain. This chronic groin pain has been
reported to affect the soci al and work life of up to 6% of patients
[59,61,64,66].

Specifically, in the Lichtenstein operation, chronic groin pain
can be due to nerve entrapment in the suture either in the scar tissue
or neuroma development, inflammation of the periosteum of the
pubic tubercle (traditionally taken into the first stitch), and persistent
inflammation with foreign body over-reaction to the mesh [68-69].

Lichtenstein technique has been always described as a “tension
free technique”. However, stitches do generate tension and stiffness
in the inguinal area particularly during muscle activity. This tension
may cause postoperative mechanical pain, persistent inflammation
and delay in recovery time.

Glue sealant

To avoid the above problems and reduce the risk of chronic pain,
different methods of mesh fixation have been considered and most of
all tissue-compatible glues. The goal is to provide a suture-less fixation.

The ideal adhesive material should be:
a. Biocompatible
b.  Cheap

c.  Easyto store and use.

The advantages of glue fixation are reduced postoperative acute
and chronic pain (due to the nerve entrapment syndrome), improved
haemostasis, and a faster operation. There is no report in Literature
of any difference in recurrence when comparing glue with stitch
fixation.

Fibringlue: The main components of Fibrin glues areconcentrated
fibrinogen, thrombin, and calcium chloride, thus duplicating the final
stage of the coagulation cascade. Fibrin acts as a haemostatic barrier,
adheres to the surrounding tissue, and operates as a scaffold
for migrating fibroblasts [70]. Fibrin glues are used as a tissue
adhesive for a variety of surgical procedures. The main advantages
of fibrin glues are tissue compatibility, biodegradability, and
efficacy when applied to wet surfaces. Potential contamination by
transmissible blood-borne pathogens has been criticised by some
authors [71]. Fibrin glue has given very good results in tension
free mesh fixation both in open and laparoscopic approaches [72-
74]. Nonetheless, it does not fulfil the requirements (b) and (c)
because it is expensive and difficult to store and to prepare for the
surgical application. Further, fibrin glue can potentially transmit
blood-related infections [75].

Cyanoacrylates (CAs) glue: Some surgeons consider the long-
lateral-chain cyanoacrylates the best choice for mesh fixation in open
mesh repair for inguinal hernia. CAs is biocompatible, inexpensive
and easy to store and use [75]. CAs is an efficient way to seal the mesh
to the nearby tissue and works as haemostatic although does not
provide a scaffold or facilitate tissueregeneration.

The main problem of the CAs has been recognised in the general
increase of macrophage response when compared to absorbable
sutures [76]. However, this excessive inflammatory reaction induced
bythe CAs does not seem, in experimental models, to alter significantly
the collagen maturation process or delay the mesh integration, which
seems very similar to absorbable sutures[76].

In addition, there are no published studies that differentiate M,
macrophages, which promote inflammation and tissue injury, from
M, macrophages, which act to resolve inflammation and promote
tissue reconstruction. Therefore, some of these cells identified in pre-
clinical studies may be of the reparative type [76].

3.Platelet rich fibrin — PRF

The first platelet concentrate, platelet-rich plasma (PRP) was
introduced by Marx et al. in 1998. PRP has been used with bone grafts
in the attempt to repair osseous defects in dentistry, in maxillofacial/
ENT-surgery and for aesthetic and orthopaedics purposes [77,78].

PRP has been also used to accelerate soft tissue regeneration,
including the facilitation of gingival, dermal and skin wound healing.
PRP is also used as an injectable therapy for osteoarthritis [78,79].

The disadvantages of using PRP are the lack of uniformity in its
preparation methods, the use of bovine thrombin for activation and,
most of all, the inadequate period of stimulation of the target tissue.
Rapid diffusion of PRP severely limits its ability to stimulate local
MSCs [80].

Platelet rich fibrin (PRF) has been described as a second-
generation autologous platelet concentrate because it does not require
any biochemical additives like anticoagulants or bovine thrombin for
fibrin polymerisation.
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However, PRF biological properties are rather different from PRP
and cannot be considered a PRP development but rather a different
bio stimulator. The preparation of PRF begins with the immediate
centrifugation of the patient’s venous blood collected in normal glass
tubes. Choukroun et al. first described the process in 2000 [81].

PREF is an autologous biomaterial, made of a strong fibrin matrix
that variably contains:

. High concentration of vital and non-vital: platelets,
leucocytes and circulating MSCs

. Variable pool of cytokines

. An elevated concentration of long releasing growth factors
(GFs). These include platelet derived growth factor (PDGF A-B),
vascular endothelial growth factor (VEGF), transforming growth
factor (TGF B -1,2), insulin-like growth factor (IGF-I), epidermal
growth factor (EGF); connective tissue growth factor (CTGF); bone
morphogenetic protein 2 (BMP-2) [82,83].

. An elevated concentration of fibrin, fibronectin, vitronectin,
and thrombospondin.

. A variable pool of heat shock proteins HSPs (not well
studied yet)

Tissue regeneration is a complex sequence mediated by an
extensive range of biological- immunological events, which are
regulated by various cytokines, tissue mediators and GFs. Although it
is recognised that cells of different lineages generate these molecules,
the details are not well known.

Platelets play a key role as an autologous source of growth factors
[84,85]. Since their activation, platelets secrete multiple GFs including
PDGF, TGF B-1, 2, and IGF-I[86].

Autologous platelet concentrates are widely used as a bioactive
surgical component to decrease inflammation and increase the
speed of the healing process. In the last few years, several different
techniques have been developed to produce platelet concentrates
from blood [77].

PRF production: It is inexpensive and the process is
straightforward. Blood samples are collected from the patient in
sterile plastic-coated tubes (8-10 ml) to be immediately treated in a
centrifuge. Literature reports various protocols to centrifuge blood
and thereby produce different kinds of PRF with different properties.
Two well studied PRF products are A-PRF (Advanced Platelet
Rich Fibrin) and L-PRF (Leucocytes Platelet Rich Fibrin). Specific
PRF biological properties can be created by adjustments to the
characteristics and methods of centrifugation [83].

L-PRF typically is made with 9 ml fresh blood in glass-coated
plastic tubes, immediately centrifuged at 2700 rpm for 12 minutes.
A-PRF is made with 10 ml fresh blood in glass tubes, immediately
centrifuged at 1500 rpm for 14 minutes [83]. Centrifuge stability,
vibration and the temperature developed in the tubes determine the
properties and quality of the final PRF. Specifically, the centrifuge
characteristics impact on the making of L-PRF clot and membrane
and this in turn determines cells survival, fibrin architecture and also
the GFs contained in them [83].

In comparison to the L-PRF membrane, the A-PRF clots and
membranes appear much smaller, more fragile and less separated
from the red blood cell layer. The original L-PRF shows a strongly

polymerized thick fibrin matrix and large numbers of cells appear
alive with a normal shape, including activated lymphocytes [87].

The A-PRF shows lightly polymerized slim fibrin gel and most
of the visible cell bodies appear damaged or destroyed. In addition,
L-PRF membranes in vitro maintain good health for 7 days and
slowly release their growth factors for at least 7 days; whereas A-PRF
membranes dissolve in vitro in less than 3 days and their GFs rapidly
dissipate or decline [83,87].

After centrifugation, through the activation of autologous
thrombin, a fibrin clot is created. Three distinct layers can be seen in
the tube (Figure 1) red blood corpuscles RBCs at the bottom of the
tube, platelet-poor plasma PPP on the top of the tube, and the PRF
clot in the middle of the tube. The PRF clot can be removed from
the tube with surgical tweezers (Figure 2). The clot by itself contains
a great amount of exudate, which is rich in growth factors, and this
exudate can be pressed out by gentle compression of the clot in order
to obtain PRF membranes.

Serum squeezed out from the PRF clot, called hyper-acute
serum, has a greater cell proliferative effect on different connective
cell lineages such as bone marrow mesenchymal stem cells (MSCs),
osteoblasts and chondroblasts cells [88,89]. After removing the
hyper-acute serum fraction, the remaining PRF membrane is a three-
dimensional, adhesive, biocompatible and biodegradable scaffold.
The membrane surface and ECM structure facilitate contact and
cell interactions. Furthermore, PRF membranes are able to slowly
release bioactive molecules that facilitate migration, adhesion and
proliferation of local MSCs [77,90,91].

Platelet-Poor Plasma (PPP)

PRF clot

' - Red Blood Corpuscles (RBCs)

Figure 1: Three distinct layers can be seen in the tube: red blood
corpuscles RBCs at the bottom of the tube, platelet-poor plasma PPP
on the top of the tube, and the PRF clot in the middle of the tube”.

Figure2: The PRF clot can be removed from the tube with surgical

tweezers.
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During centrifugation, the soluble fibrinogen contained in the
plasma transforms to fibrin polymerizing to a three-dimensional
structure. The activated platelets and some leukocytes are entrapped
in the fibrin net. Consequently, a storage pool of growth factors is
formed from platelets and leukocytes upon activation [92].

Platelets can be observed both on the surface and inside of the
PRF membranes. The platelets’ GFs are widely used in soft and bone
tissue regeneration; one of the better known is the PDGF, which
enhances MSCs adhesion and proliferation [77].

Kardos D. et al observed that MSCs seeded onto PRF membranes
readily proliferated on the surface of fresh, but even better on freeze/
thawed or freeze-dried membranes [77]. Freeze-drying seems to
not impair the stability of membranes’ biofactors, the structure of
fibrinogen or the clinical applicability of the PRF [93]. The advantage
of producing freeze/thawed or freeze/dried membranes is their
suitability for wound closing because their tensile strength can
hold a suture and might be more fit for some surgical procedures.
In addition, freezing the membranes at —20°C and thawing at +4°C
may help to slow down the process of membrane degradation.
Therefore, some Authors observed that exposing injured tissue to
prolonged membrane stimulation enhances the effectiveness of tissue
regeneration [77].

Although, it is interesting to observe that living cells have been
found in fresh membranes only, while frozen and freeze-dried
membranes contained only dead cells [94]. This tissue regeneration
of freeze-dried membranes could be partly due to the HSPs
concentration produced during the freezing process [95].

PRF clinical application: PRF has been successfully used for
the treatment of non- responding skin ulcers including diabetic
foot ulcers (DFU), pressure ulcers (PU), acute surgical wounds,
and venous leg ulcers (VLUs) [96]. The beneficial effect of L-PRF
membranes in the healing of chronic leg ulcers can be explained by
the high concentration of platelets and leucocytes, together with the
long-term release of growth factors. The progressive release of growth
factors (eg. TGFR-1, TGFR-2, PDGF-AB, VEGF, EGF, IGF and
CTGF), matrix glycoproteins (trombospondin-1, fibronectine and
vitronectine), inflammatory regulators as cytokines and various HSPs
for several days seem to be crucial to promote the healing process
[97,98].

In dentistry and maxillofacial surgery, the application of PRF
membrane is widespread. There are numerous described procedures
including the treatment of periodontal bonydefects and regeneration,
ridge preservation, sinus-floor elevation, implant surgery, and the
creation of the PRF bone block [99,100]. PRF increases new bone
formation and has a positive effect on early bone healing [101]. Wong
C. et al have applied PRF in experimental models to promoting
meniscus chondroblasts proliferation in the attempt to facilitate
meniscal repair [102].

In dermatology and plastic surgery have been reports of dermal
fibroblasts migration and activation resulting in the increase of
collagen synthesis of the skin exposed to PRF treatment [103,104].

We have recently started using L-PRF clot and its constituents
PRF membranes and hyper-acute serum to fixing the mesh in
inguinal hernia open mesh repair procedure. Preliminary results are
very promising.

The aim of the current study has been to fix the mesh with some
glue to achieve a real “free tension technique”. Therefore, avoiding

stitches, tensions and tractions of tissue. PRF is less expensive than
either fibrin glue or cyanoacrylate.

PRF provides similar scaffolding properties to fibrin glue and
eliminates the risk of transmission of blood pathogens. Furthermore,
PRF has beneficial anti-inflammatory properties as opposed to the
characteristic property and problem of cyanoacrylates, the promotion
of inflammatory tissue reactions. Most important, PRF exhibits both
good fixation capacity and strong tissue regeneration properties. PRF
minimises the local inflammatory acute response, streamlining the
integration of the mesh through rapid fibroblast colonization and
efficient collagen production. These elements in combination result
in a faster and more effective wound healing process

4.Regenerative surgery technique: PRF-open mesh repair

Open mesh repair for single inguinal hernia is the most frequent
procedure in general surgery.

The surgical technique should apply 3 basic principles toachieve
the best clinical result: minimally invasive approach, tension-free
technique and regenerative surgery principles. The open mesh repair
procedure can be delivered in local or general anaesthesia. A small
(5-6 cm) transverse incision on the inguinal region reduces skin
tension following the natural Langer’s lines; they are linear clefts in
the skin that indicate the direction and orientation of the underlying
collagen fibers

A small incision generally provides a proper exposition of the
inguinal region. Retractors need to be moved gently; they should
have smooth and not dentate edges.

Minimal manipulation: is suggested to avoid any stretching
and shredding of tissue. Tissue needs to be sharply cut following a
constant dissection line, recognising any different tissue layers to
perform those minimal dissections necessary for completing the
operation. Haemostasis needs to be checked step by step.

After the sac has been isolated and content examined, it will
be repositioned into the abdomen and the internal inguinal ring
refashioned using polyglactin (vicryl) 2-0 stitches. In case of direct
hernia, the trasversalis fascia needs to be approximated with the
same suture material.In preparing a suitable space to position the
mesh, it is important to minimise the detachment of tissues and in
particular to respect as much as possible the nerves that cross the
area. The choice of an appropriate size, soft, light, macroporus,
monofilament, polypropylene mesh is fundamental, as is the fixation
method.

Mesh fixation. In our preliminary experience, we used L-PRF
clot with both components: membrane and hyper-acute serum to
fixing the mesh and secure a real tension free technique.

Only two single stitches have been applied to the mesh: one in the
tubercle area (never catching the tubercle!) and another one to close
the mesh tails. Vicryl 2-0 absorbable is always used to reduce risks of
chronic nerve entrapment syndrome.

Anterior fascia closure. We suggest suturing the fascia below
the spermatic cord using vicryl 2-0 stitches. This recommendation is
to reduce the empty space and press the mesh between the
trasversalis (posterior) and anterior fascia, ensuring that the
spermatic cord in not the way.

The fascia, sutured with absorbable (vicryl 2-0) stitches, placesand
compresses the mesh in the right space reducing the postoperative
collection, indeed facilitating the integration process.
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These basic principles reduce oedema, collection and
postoperative acute inflammation. These are the main factors that
hinder the integration process and trigger postoperative pain.

In particular, PRF combines the benefits of fibrin glue sealant with
the ability to streamline the integration of the mesh by optimising
connective tissue regeneration. Moreover, PRF regenerative capacities
substantially prevent chronic fibrotic inflammation, mesh retraction,
hard and painful scars and chronic nerve entrapment syndrome.

Discussion

The aim of this article is to introduce regenerative surgery
standards to promote optimal tissue regeneration pathways for the
most common surgical procedure in general surgery: the open mesh
repair for inguinal hernia. The clinical perspective of the PRF-open
mesh repair is the reduction of postoperative pain, to accelerate
the patient’s recovery, prevent the chronic inguinal pain, reduce
the rate of recurrence and reduce financial costs of the operation.
Our preliminary PRF-open mesh repair experience and data will
be published soon. Accurate surgical technique, tissue regeneration
principles and the right material choices are basic to reach thegoal.

Lichtenstein technique promotes a rigid fixation of the mesh,
recommending non- absorbable overrunning stitches (Prolene)
to sew the mesh to the inguinal ligament and surrounding muscles
structures; this generates tension, inflammation and pain.

In addition, the risk that a permanent suture would trap a
nerve is reasonably high (average 11-12% in Literature) causing
chronic inguinal pain, which quite often requires local infiltration or
unreliable nerve-lysis operations.

These risks are significantly reduced by fixing the mesh to the
trasversalis (posterior) fascia with the L-PRF and making a real
“tension-free” technique.

In 2009, De Hingh I.H.J.T et al, described the use of autologus
P-RFS (Platelet-Rich Fibrin Sealant) on 22 patients. Theaim was fixing
the mesh replacing the human/bovine fibrin glue. The advantages
claimed focused on the P-RFS haemostatic and antibacterial effects.
The preparation of the blood required a large amount of patient’s own
blood (120 ml) and stored into a designated preparation unit containing
sodium citrate for anticoagulation. Afterwards, the container was placed
in the centrifuge for 23 min to produce an average of 6 ml of P-RFS.
With a spray applicator, the P-RFS was applied along the ligament and
the medial and cranial side of the mesh [105].

In our preliminary experience, L-PRF shows some additional
and essential clinical improvements over previous practice: 1)
satisfactory fixation of the mesh; 2) superior haemostasis; 3) less local
inflammation; 4) avoidance of nerve entrapment; 5) streamlining the
mesh integration process and tissue regeneration. Long term clinical
trials may show that improved integration leads to a reduction in
recurrence.

The L-PRF is an autologous platelet rich fibrin centrifuge
product. The centrifuge characteristics and centrifugation protocols
impact significantly on the characteristics of PRF. Thecentrifugation
protocol we have been using enables production of L-PRF with good
glue and scaffolding performance and also with tissue regeneration
properties. Preparation procedure will be described in the material
and method section of the upcoming article. Compared with fibrin
glue, the cost of the PRF open mesh repair is substantially lower
because the fixation glue is made with the patient’s own blood.

Conclusion

PRF-open mesh repair is a physiologic and genuinely “tension-
free technique” that follows sound regenerative surgery principles.
The surgical technique, material choice, biological method of fixation
and the regenerative properties of PRF, all described above, minimise
wound site inflammation and assist correct integration of the mesh.
Postoperative advantages: less pain and shorter time of recovery are
clear short-term benefits. Mid-long term benefits: lower incidence
of chronic pain due to a correct process of wound healing and
minimizing the risk of nerve entrapment. A reduction of recurrence
rate may be confirmed by future randomizedtrials.
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