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Abstract

Since the 1970s, when biocompatible meshes were introduced with the consequent
decrease of recurrence, one of the priorities in inguinal hernia surgery was that of mini-
mizing postoperative chronic pain. All technical variations, proposed during the past
years in order to improve patient’s comfort, reported a variable incidence of chronic
neuralgia. The procedure we describe, applicable to all cases of primary inguinal her-
nia, employs a smaller pre-cut single mesh that covers all weak areas of the inguinal
canal and is enveloped in a fibro-cremasteric sheath, avoiding contact of the prosthesis
with neural structures. The new procedure, already performed on 250 patients, aims to
improve patients’ comfort and to reduce the incidence of chronic neuralgia.

Keywords: inguinal hernioplasty, tension-free hernia repair, hernioplasty technique,
mesh for groin hernia, neuralgia posthernioplasty

1. Introduction

A major goal of modern surgery is to achieve better outcomes with less invasive techniques
while sparing functional tissue and reducing pain and long-term complications. Pain and
restriction of daily activity rank high among patient concerns. The variety of surgical proce-
dures for inguinal hernia repair might arouse suspicion that, because none to date has proven
effective, old techniques need to be refined and new ones developed.
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Hernia Surgery and Recent Developments

In 1974, Lichtenstein revolutionized hernia surgery with the use of tension-free mesh repair
that would eventually supplant sutured procedures (Bassini, Shouldice) in which the area of
weakness is strengthened by overlapping and suturing the musculoaponeurotic structures of
the inguinal canal. Placement of an easy-to-use, biocompatible mesh prosthesis allowed for
inguinal hernia repair was tension-free and so could potentially reduce its recurrence [1]. In
the Lichtenstein procedure, a prosthetic mesh is placed under the external oblique muscle fas-
cia (Figure 1) and fixed without tension to the surrounding musculoaponeurotic structures,
thus reducing the rate of hernia recurrence. Later, Trabucco developed a pre-shaped mono-
filament polypropylene mesh that is inserted under the aponeurosis of the external oblique
muscle where it is held in place by intra-abdominal pressure. This sutureless, tension-free
technique also entails the placement of a “plug” prosthesis to reinforce the area of weakness
of the floor of the inguinal canal after the hernia sac has been reduced in the abdominal cav-
ity (Figure 1) [2]. Fibroblastic proliferation through the mesh and formation of fibrin already
hours after prosthesis implantation, together with precipitation of collagen, provide for a
natural seal of the mesh and tension-free hernioplasty.

Several problems remain, however:

* Persistent postoperative pain that may progress to chronic neuropathic or somatic pain

Figure 1. (1) Transverse muscle, (2) internal oblique muscle, (3) external oblique muscle, (4) aponeurosis of external
oblique muscle, (5) spermatic cord, (6) transversalis fascia, (7) reduced direct inguinal hernia and sutured transversalis
fascia, (8) prosthetic mesh placed according to Lichtenstein procedure, (9) prosthetic plug inserted into point of weakness
according to Trabucco repair, (10) pubic tubercle.
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* Severe complications, albeit rare, due to plug migration

* Long-term risk of recurrence

Postoperative pain is usually transient and subjective and varies from one patient to another.
Somatic pain arises from the presence of a foreign body (prosthetic mesh) which, owing to its
size and implantation site, may affect muscles. Chronic neuropathic pain is often debilitating
and generally caused by nerve entrapment in the subaponeurotic layer [3, 4], which is why some
authors have underlined the need to isolate or transect nerves to prevent the development of
chronic pain [5, 6]. Nerve resection is known to alter sensation of the skin area where the nerve
has been resected and may induce a neuralgic effect, with the formation of a neuroma that causes
chronic pain. Over the years, a variety of “plugs and patches,” as well as surgical techniques
(e.g., laparoscopy), have been developed without substantially changing the situation [7-10].

In 2012 a newly designed surgical technique began to be standardized for the placement of
a pre-cut mesh prosthesis that would reinforce the areas of weakness of the inguinal canal
without affecting the nerve structures of the inguinal canal. To better illustrate this system, a
brief anatomic review is given below.

2. Anatomy of the inguinal region

The inguinal canal is located at the midpoint of the inguinal ligament that runs between the
anterior superior iliac spine (ASIS) and the pubic tubercle. It is about 5 cm long and passes
obliquely downward and inward. It is bounded by four walls: anteriorly, the aponeurosis of
the external oblique muscle; posteriorly, the transversalis fascia; superiorly (roof), the fascia
of the internal oblique and transverse abdominal muscles (joined by the conjoint tendon in 5%
of cases); and inferiorly (floor), the rolled up portion (lacunar ligament) of the inguinal liga-
ment. The deep inguinal ring is an opening in the transversalis fascia; it is located between the
epigastric vessels and the fascia of the internal oblique and the transverse muscles and rein-
forced by Hesselbach’s ligament. The superficial inguinal ring is a triangular opening formed
by the external oblique where it inserts on the pubic crest and the pubic tubercle. It is bounded
on either side by the margins of the opening in the aponeurosis, the crura of the ring. Lying
superficial to the inguinal aponeurosis and deep to the superficial abdominal ring is Colles’
ligament (reflected inguinal ligament), a triangular fibrous connective tissue band running
from the pubic bone and lacunar ligament medially and upward to the linea alba [11-13].

The posterior wall of the inguinal canal is reinforced laterally by Hesselbach’s (interfoveolar)
ligament, medially by the conjoint tendon, and the reflected part of Colles” ligament at the distal
end of Henle’s ligament (formed by the union of the inferior terminal fibers of the aponeurosis of
the transverse muscle and the iliopubic band) and is present only in the central part of the trans-
versalis fascia. This oval area is particularly weak between the lower edge of the aponeurosis of
the transverse muscle superiorly, the iliopubic band (thickening of the transversalis fascia near
the inguinal ligament) inferiorly, Henle’s ligament at the medial end, the junction of the inferior
edge of the transverse muscle, and the iliopubic band at the lateral end (Figure 2) [11-13].
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Figure 2. (1) Transversalis fascia (inguinal hiatus), (2) falx inguinalis, (3) inguinal ligament (iliopubic band), (A) lateral
fossa (origin of external oblique inguinal hernia), (B) middle fossa (origin of direct inguinal hernia), (C) medial fossa
(origin of internal oblique inguinal hernia.

This area of weakness comprises the deep inguinal ring, the site of indirect hernias, the area
underlying it, and the site of direct hernias. Topographically, beneath the transversalis fascia,
the inferior epigastric vessels run vertically and medially to the deep inguinal ring. Medial
to the epigastric vessels and passing outward and downward is the remnant of the umbilical
artery. Based on their relationship with the epigastric vessels and the remnant of the umbilical
artery (Figure 3), three types of hernia can be distinguished:

1. External oblique hernia originates from the deep inguinal ring in an area of weakness
termed the lateral fossa.

2. Direct hernia originates from an aperture in the posterior wall of the inguinal canal be-
tween the epigastric vessels and the remnant umbilical artery in an area of weakness
termed the middle fossa.

3. Internal oblique hernia protrudes medially to the site of direct hernia in an area of weak-
ness between the remnant of the umbilical artery and the urachus, termed the medial fossa.
This type of hernia occurs rarely owing to the protective effect of the conjoint tendon,
Colles’ ligament, and Henle’s ligament.

This universally recognized classification of inguinal hernia was recently simplified by the
European Hernia Society into two areas of weakness of the inguinal canal floor: the medial
area (direct hernias) and the lateral area (indirect hernias) [14].

Detailed anatomic study of the inguinal region shows how the transversalis fascia, together
with the aponeurosis of the oblique internal and transverse abdominal muscles, by virtue of
their anatomic structure and function, works to retain the content of the abdominal cavity.
The aponeurosis of the external oblique muscle appears to have two roles: to cover and to
oppose intra-abdominal pressure. In 1884 Edoardo Bassini conceived of a method to reinforce
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Figure 3. (1) Epigastric vessels, (2) spermatic cord, (3) transversalis fascia, (4) remnant of umbilical artery, (5) external
oblique inguinal hernia, (6) direct inguinal hernia, (7) internal oblique inguinal hernia.

the wall using a triple layer in which the transversalis fascia, along with the internal oblique
and the transverse muscles, was sutured to the posterior border of the inguinal (Poupart’s)
ligament. The drawback to this technique was that tension on the sutures led to high rates
of hernia recurrence. To demonstrate the retainment capability of the transversalis fascia,
Bassini showed that incidence of recurrence was higher when a double layer comprising only
the internal oblique and the transverse muscles was employed to repair the defect. Later,
Lichtenstein and Trabucco independently understood the need to reinforce the wall weakness
using instead of sutures a mesh prosthesis with or without placing a “plug” in the weak point
of the transversalis fascia. The drastic reduction in recurrence rates with the use of these tech-
niques has made prosthesis hernioplasty the gold standard in inguinal hernia repair [1, 2].

Observing the anatomy of the transversalis fascia, we can imagine it as a thin layer lining the
abdominal cavity, contracting relationships with the muscles and aponeurotic and bony struc-
tures. Cephalad fuses with the diaphragmatic fascia, in contact with the lower ribs, the first lum-
bar vertebrae, and the lumbodorsal fascia. Inferolaterally, it is continuous with the psoas fascia
and the quadratus lumborum muscles and anteriorly with the rectus abdominis muscles and the
aponeurosis of the transverse muscle. The image is that of a sac hung on the musculoaponeurotic
and bony structures of the upper abdomen, with posterior and lateral connections in which the
only area of passage is the semicircular arch of Douglas. The transversalis fascia then thickens
medially (Henle’s ligament) at the lateral concave edge (he called it the falx inguinalis) which
inserts at its base in Cooper’s ligament and anteriorly attaches to the conjoint tendon [11-13].

More lateral to the arch of Douglas is a thickening that continues to Hesselbach’s (interfoveo-
lar) ligament and inserts between the two fossas, the superficial inguinal ring and the medial
fossa. It then inserts in the inguinal ligament after having circled the deep inguinal ring infe-
riorly. More laterally, the transversalis fascia forms a U-shaped sling around the ring and
is continuous with the internal spermatic fascia. The so-called transversalis fascial sling, on
contraction of the transverse muscle due to increased intra-abdominal pressure, is flattened at
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its base, producing partial closure of the ring. The transversalis fascia performs a containing
function by virtue of its bony and musculoaponeurotic attachments, particularly in the upper
abdomen, attachment of Henle’s ligament to Cooper’s ligament and Hesselbach’s ligament,
and its attachment to the transverse muscle (transversalis fascial sling) and valve mechanism.

Other structures that assist in this function include:

* The internal oblique muscle surrounding the deep inguinal ring superiorly and then form-
ing the medial wall of the inguinal canal. Contraction of the transversus abdominis causes
this structure to move down toward the inguinal (Keith) ligament in a kind of protective
shutter mechanism, which reinforces the weakest area of the groin on elevation of intra-
abdominal pressure.

¢ The transverse muscle, which forms the medial wall of the inguinal canal and, togeth-
er with the internal oblique muscle, unites in the conjoint tendon. The conjoint tendon
then forms a lateral concavity and inserts on the pubic symphysis, the pubic tubercle, and
Cooper’s ligament. Posteriorly, it fuses with Henle’s ligament (falx inguinalis). When the
transverse muscle contracts, the deep inguinal ring narrows via the action of Hesselbach’s
ligament (Lytle’s sling), another protective mechanism.

e Colles’ ligament is made of fibers of the aponeurosis of the contralateral external oblique
muscle that crosses at the midline.

The falx inguinalis, together with the inguinal ligament, forms the curved upper edge of the
inguinal hiatus; its base is formed by the inguinal ligament (Figure 2). In healthy conditions,
the falx inguinalis and the transversalis fascia contribute synergistically to retainment of the
walls of the inguinal canal [11-13].

Three principal nerve structures pass through the inguinal canal:

1. Theiliohypogastric nerve (anterior branch) runs along the internal oblique muscle, parallel
and cranial to the spermatic cord; it exits the inguinal canal through a small aperture above
the superficial inguinal ring.

2. The ilioinguinal nerve runs along the anterosuperior border of the spermatic cord between

the cremasteric fibers.

3. The genital branch of the genitofemoral nerve enters the inguinal canal medial to the deep
inguinal ring and runs along the posterolateral cremasteric fascia together with the exter-
nal spermatic vessels [11-13].

2.1. Pathophysiological aspects

Changes in strength and resistance of anatomical structures, often associated with congenital
or acquired degenerative disorders, and remodeling of collagen and elastic fibers can lead to
widening of the deep inguinal ring and weakening of the posterior wall of the inguinal canal
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by increased intra-abdominal pressure. The abdominal cavity can be compared to a container
holding a dense, viscous content. Since its walls are subject to the laws of plasticity, the con-
tent of the abdominal cavity exerts a force per unit area perpendicularly to a surface, com-
monly defined as pressure. An imbalance between the force of intra-abdominal pressure and
resistance of the inguinal wall at an area of weakness of the inguinal canal can result in plas-
tic deformation that will increase even when the pressure remains unchanged [15]. It is this
deformation at the points of weakness of the transversalis fascia that leads to its weakening.

The work by Wegh and Read showed that the fascia of hernia patients had low hydroxy-
proline content [16]. Histology demonstrated in many cases degeneration of collagen and
elastic fibers in the musculoaponeurosis of the transverse muscle, like that seen in patients
with Marfan syndrome [17, 18], apparently due to collagen catabolism because of a meta-
bolic defect [18]. The use of prosthetic material that can promote rapid fibroblast proliferation
is therefore required for reinforcing the inguinal wall and renders its resistance enough to
ensure mesh stability after the patient has left the operating table, assumes the upright posi-
tion, and begins to go about his daily activities.

Lichtenstein procedures are performed in part directly on the transversalis fascia since the
mesh is placed in the subaponeurotic space (anterior wall of the inguinal canal) [1], and
Trabucco procedures involve the floor of the inguinal canal through the application of plugs.
The use of isolated plugs does not reduce the risk of recurrence at the site of insertion nor
recurrence at other sites due to differences in the distribution of pressure. Hence, there is
a need to apply also a prosthetic mesh to reinforce the aponeurosis of the external oblique
muscle [2]. The support mechanism is similar to that provided by hernia support garments
that apply targeted compression to prevent failure of the inguinal canal floor due to elevation
of intra-abdominal pressure.

The absence of tension on the musculoaponeurotic layer after application of a prosthetic mesh
under the anterior wall of the inguinal canal has reduced hernia recurrence rates; however, this
type of mesh can cause pain due to contact with the musculoaponeurotic and nerve structures
or induce a foreign body sensation due to wrinkling of the mesh. Analysis of hernia recur-
rence causes shows that they always occur in an area beneath a subaponeurotic mesh that has
become well integrated with the anterior wall of the inguinal canal. In a review of 1276 patients
operated on for hernia recurrence, Lichtenstein found a hernia defect near the pubic tubercle
in 47% of cases, at the deep inguinal ring in 40%, and involving the entire suture in 13% [1].

This gave rise to the idea of a tension-free mesh prosthesis designed to provide direct rein-
forcement of the entire area of weakness of the inguinal canal floor, thus restoring its normal
function. In addition, a technique was developed to apply a mesh that would not interfere
with nerves and muscles in the area. Mesh shape and size were derived from repeated mea-
surement of the inguinal canal floor for targeted application. No isolated plugs or subaponeu-
rotic patches are needed. The mesh conforms to anatomy, with the less use of foreign body
material, thus reducing the risk of pain and increasing patient comfort.

Furthermore, the presence of a missed hernia sac, which may be the cause of early hernia
recurrence after a Lichtenstein or Trabucco procedure, is no longer possible. The areas of
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weakness of the transversalis fascia at the floor of the inguinal canal are contemporaneously
reinforced by apposition of a single prosthetic mesh designed to conform to the anatomy and
function of the inguinal canal. The resulting rapid integration of fibroblasts into the mesh and
the transversalis fascia strengthens the new wall, rendering the entire area of weakness of the
inguinal canal floor more resistant to weakening under elevated intra-abdominal pressure.

3. Surgical technique

A skin incision is made, the aponeurosis of the external oblique muscle is opened, and the
spermatic cord is identified. The subaponeurotic nerves (iliohypogastric and ilioinguinal
nerves) need not be identified. Using a diathermy coagulator, a longitudinal medial inci-
sion is made along the cremasteric muscle and external spermatic cord fascia (fibrous crem-
asteric sheath); these are then separated from the spermatic cord to the inguinal ligament.
The cremaster muscle, a continuation of the internal oblique abdominal muscle, arises at
the pubic tubercle and the inguinal ligament. It forms the middle covering layer of the
spermatic cord between the external and internal spermatic fascias, as it passes through
the inguinal canal and distally to the common tunica vaginalis, an extroflexion of the trans-
verse fascia.

The medial borders of the cremasteric sheath are grasped with Klemmer clamps (Figure 4), and
the hernia sac is identified and separated from the spermatic cord. In direct or internal oblique
inguinal hernia, the sac should be isolated from the surrounding anatomical structures and the
transversalis fascia up to its neck when present. The area of weakness is then flattened by plicat-
ing the transversalis fascia. The deep internal inguinal ring is then prepared for applying section
A of the mesh (Figure 5). In external oblique inguinal hernia, the hernia sac should be freed from
the deep inguinal ring so that it can be completely reduced in the abdominal cavity. If present, a

Figure 4. (1) Cremasteric sheath, (2) transversalis fascia, (3) spermatic cord, (4) external oblique inguinal hernia.
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voluminous prehernia lipoma can be resected or reduced in the abdominal cavity together with
the hernia sac. If necessary, the deep inguinal ring is then narrowed with resorbable interrupted
sutures. In all cases, the posterior wall is reinforced with the prosthetic mesh, as shown in Figure 5.

This innovative, semiresorbable pre-cut mesh (70% polyglycolic acid and 30% polypropyl-
ene) is designed to reinforce the entire floor of the inguinal canal. It is shaped to conform to
anatomy without the risk of wrinkling or need to trim it. Polypropylene is noted for its ability
to induce an inflammatory fibrous reaction that promotes rapid, firm adhesion of the mesh
onto tissues [19]. The mesh is available as a large-pore woven mesh that promotes infiltration
and integration of connective tissue [16, 20, 21]. Less susceptible to bacterial colonization, the
mesh can be left in place in case of infection [20, 22, 23].

Section A of the mesh is applied to surround the spermatic cord contents and form a cone around
them by overlapping the two tails (A1 and A2). The length of the tails can be shortened to adjust
the opening of the cone apex to the diameter of the spermatic cord. If present, diffuse lipomatosis

23, 0,5 x0,5 cm

Figure 5. “All-in-one mesh” device.
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Figure 6. (1) Transversalis fascia after flattening the direct inguinal hernia, (2) isolation of the cremasteric sheath, (3)
prosthetic mesh reinforcing the inguinal hiatus, (4) spermatic cord.

of the spermatic cord can be resected. The cone is closed with a suture tying the overlapping
tails. While the assistant elevates the spermatic cord with Bottini forceps, the surgeon inserts the
prosthetic ring into the deep inguinal ring using two anatomic forceps (Figure 6).

The cone serves to strengthen the area of weakness at the deep inguinal ring. When inserted
into the ring, the cone depth is such that the implant does not interfere with or compromise
the many underlying vessels, including the iliac vein medial to the artery and collateral ves-
sels. Bendavid reported that the distance between the iliac vein and the transversalis fascia
at the deep inguinal ring is between 0.8 and 1.2 cm [24]. A plug inserted any deeper would
certainly comprise vessel function.

Sections B and C of the mesh are placed on the transversalis fascia. Section B connects sec-
tion A in a medial angle to section C, which covers the entire floor of the inguinal canal and
reinforces the middle and the medial fossa. So applied, the mesh sits laterally with its lesser
convexity abutting the concavity of the inguinal ligament and extends medially to the conjoint
tendon or above it, depending on the length of the canal, so as to avoid mesh wrinkling. A
smooth mesh surface prevents the formation of dead spaces that delay fibroblast infiltration
to the site and increase the risk of mesh-related infection and hernia recurrence. The distal end
of section C (about 1 cm) is fixed to the pubic tubercle (not the periosteum) using resorbable
suture (Figure 7). The shape of the mesh is configured so that it can be used for left- and right-
sided inguinal hernia repair.

The medial edge of the previously identified cremasteric muscle is retrieved and sutured
to the musculoaponeurotic structures using a running resorbable suture to cover the mesh
(Figure 8). The cremaster serves only as a cover to prevent contact between the spermatic cord
and the underlying mesh. If the muscle is injured during dissection, it can be repaired with
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Figure 7. (1) Transversalis fascia, (2) reduced direct inguinal hernia flattened by suturing the transversalis fascia,
(3) transverse muscle, (4) internal oblique muscle, (5) aponeurosis of the external oblique muscle, (6) spermatic cord,

(7) all-in-one mesh placed as described in the text. The special mesh configuration allows for deployment in left and
right hernioplasty.

a resorbable suture. The spermatic cord is returned to its natural position, and the external

oblique aponeurosis is closed over the cord with interrupted resorbable sutures, as are the
superficial layers.

Figure 8. (1) Cremaster, (2) prosthetic mesh, (3) musculoaponeurotic layer, (4) external oblique muscle fascia, (5) spermatic
cord.
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Fixed between the deep inguinal ring and the pubic tubercle, the mesh reinforces the poste-
rior inguinal wall as it extends between the cremaster muscle and the transversalis fascia. The
spermatic cord, subaponeurotic structures, and pressure exerted by the tissues compress it.
Rapid fibroblast infiltration of the prosthesis incorporates it into the tissues to form a triple
retaining layer, without the formation of dead space which could lead to the development of
hematoma and/or seroma or nerve entrapment, all of which are causes of chronic pain that is
notoriously difficult to treat. Surgery is performed with local anesthesia [25].

3.1. Advantages

Compared with other techniques currently in use, this novel procedure has the following
advantages:

1. A relatively simple procedure with a short learning curve.

2. Shorter operating time and greater ease of execution, without the need to isolate nerves, pre-
pare the site for subaponeurotic placement, trim the mesh, fix it to the surrounding muscu-
loaponeurotic structures, or apply one or more plugs.

Figure 9. (1) Transversalis fascia, (2) reduced direct inguinal hernia flattened by suturing the transversalis fascia,
(3) transverse muscle, (4) internal oblique muscle, (5) aponeurosis of the external oblique muscle, (6) spermatic cord,
(7) all-in-one mesh placed as described in the text, (8) mesh prosthesis placed according to Lichtenstein procedure or
modifications thereof.
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3. Reduced surgical trauma, with no or minimal postoperative pain and rapid return to activities
of daily living.

4. Minimal use of mesh material and elimination of problems related to mesh wrinkling.
5. Early hospital discharge.

6. Reduced risk of chronic neuropathic or somatic pain caused by contact of mesh prosthesis
with nerves and surrounding musculoaponeurotic structures.

7. No plugs used; no risk of plug migration.

8. Potential reduction of hernia recurrence since the mesh covers the entire area of weakness of
the floor of the inguinal canal and does not come into contact with the overlying layer, as oc-
curs with the Lichtenstein and Trabucco procedures (Figure 9).

4. Personal case

4.1. Population

We considered a cohort of patients suffering from primary unilateral inguinal hernia that
underwent the “all-in-one” mesh hernioplasty technique consecutively, at our institution.
Hernias were divided according to the European Hernia Society criteria (Table 1). The work
described has been carried out in accordance with the code of ethics of the World Medical
Association. Written informed consent was obtained from each patient included in the study.
All data of the cohort were registered in a specific database. Spinal anesthesia was adopted,
and 2.0 g cefazolin was administrated intravenously over 30 minutes before the incision for
all patients, and the procedure was performed on a 1-day surgery basis. From September 2012
to August 2015, we treated 250 adult patients for primary inguinal hernia, 241 males and 9
females with an average age of 61.7 years (range, 22-90).

4.2. Follow-up

Postoperative pain was gauged on the ward by a surgeon of the team. At discharge, all patients
received a data sheet designed for the evaluation of postoperative pain using visual analogue
scale (VAS) score, quantity of pain medication, and any postoperative discomfort. The patient’s
discomfort was assessed in terms of limitation of daily activities during the postoperative
period, and return to work, and sports. Patients were asked for an overall opinion on the opera-
tion, on the postoperative period, and on the final result. These data were recorded by patients
themselves on data sheet after 1, 2, and 3 weeks from discharge. The first clinical evaluation was
made 7 days after surgery by a member of the surgical team. The second and third week inter-
views were made on the phone. The postoperative data registered by patients were collected.
Follow-up, made to evaluate local signs, any kind of chronic pain, any sensation of foreign
body, and recurrence, took place at 3, 6, 12, 18, and 24 months after surgery in the outpatient
clinic by a surgeon of the team. All patient data were collected in a database of our institution.
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Type No. of patients
P L1IMOFO 53
P L.2MOF0 53
P L3MOF0 33
P L2M2F0 24
P L1IMIFO0 20
P LOM2F0 16
P LOM1F0 12
P L3M3F0 12
P L1M2F0 12
P LOM3F0 8
P L1M3F0 3
P L2M1F0 2
P L.2M3F0 1
P L3M2F0 1

Table 1. Hernias were divided according to the European hernia society classification.

4.3. Results

Three (1.2%) patients complained of urinary retention, 2 (0.8%) of orchitis, and 14 (5.6%)
showed bruising of the external genitalia. No other early complications were reported.

Pain reported by patients in the immediate postoperative period was slight (mean VAS
score = 2.1). A total of 79 (31.6%) patients required no pain medication, while the remaining

171 (68.4%) were given nonnarcotic analgesics. Average VAS score during the first postoper-
ative week 171 was 1.2, and 119 (47.6) patients took no medication (Table 2). During the sec-
ond postoperative week, 8 (3.2%) subjects still complained of slight pain referred to the wound

VAS 0
VAS 1
VAS 2
VAS 3
VAS 4
VAS 5

VAS 6

46.8% (117 pts)
17.6% (44 pts)
17.6% (44 pts)
10.8% (27 pts)
3.2% (8 pts)
3.2% (8 pts)
0.8% (2 pts)

Average pain VAS 1.2; SD 1.5.

Table 2. Postoperative pain in the first week.
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VAS 0 96.8% (242 pts)
VAS 1 0.8% (2 pts)
VAS 2 1.2% (3 pts)
VAS 3 1.2% (3 pts)

Average pain VAS 0.06; SD 0.4.

Table 3. Postoperative pain in the second week.

(average VAS score = 0.06). None of the patients took medication (Table 3). During the third
postoperative week, only 0.4% (1) of patients complained of slight pain (average VAS score
0.01) which needed no medication (Table 4). Only 23 (9.2%) subjects experienced slight limi-
tations of normal activities during the first week (Table 5). Thirty (20.1%) patients were able
to engage in sports as early as 1 week from surgery, while 46 (30.9%) started between 7 and
21 days after surgery. Patients underwent to planned follow-up at 3 months (50 patients),
6 months (35 patients), 12 months (25 patients), 18 months (35 patients +1 patient lost), and
24 months (104 patients). Average follow-up is 15 months. None of our patients suffered
from postoperative neuralgia, sensation of foreign bodies, or even simply discomfort. One
recurrence was seen. All patients seemed satisfied with the operation, the recovery, and the
final result [25].

4.4. Discussion

Tension-free techniques dramatically reduced recurrence rates making them the standard
in hernia surgery. A not negligible incidence of postoperative chronic neuralgia [8, 26, 27]
brought the attention of surgeons to new precautions even with the use of meshes [28].

Postoperative pain is temporary, usually controlled by medication. When persistent after
3-6 months from surgery, pain becomes disabling and may compromise the patient’s qual-
ity of life. Pain may be related to the presence of the mesh that, because of size and location,
takes contact with muscular structures or caused by fibrotic entrapment of nerves by a subfas-
cial prosthesis [4, 13]. Studies conducted on animals also showed perineural alterations with
myelinic degeneration due to contact between nervous structures and mesh [29]. Therefore,
there is a necessity of identifying and dissecting subfascial nerves [30] and even of dividing
them to avoid chronic pain [5, 6]. New surgical techniques and numerous kinds of meshes
were proposed in the past years in the attempt to reduce postoperative neuralgia; neverthe-
less, the results of these new procedures were not completely satisfactory [7-10].

VAS 0 99.6% (249 pts)

VAS 1 0.4% (1 pt)

Average pain VAS 1.2; SD 1.5.

Table 4. Postoperative pain in the third week.
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First week n. pt Second week n. pt Third week n. pt
No restriction 227 246 250
Slight restriction 23 4 0
Severe restriction 0 0 0

Table 5. Restriction in daily activities.

This led to the setting of guidelines for prevention and treatment of this situation [31].

If we consider the areas of weakness within the inguinal canal from which the three types of her-
nia arise, we see an oval-shaped surface surrounded by known muscular and fascial structures
on the canal’s floor and a further weak zone in proximity to the deep inguinal ring (Figure 2).

The transversalis fascia is an important restraining element for both structure and func-
tionality in a region lacking overlying muscular structures. Then, the idea of a prosthesis
specifically shaped to obtain containment by acting directly on the weak areas of the trans-
versalis fascia without involving muscular or nervous structures avoiding to place a sub-
aponeurotic mesh. This allows the procedure more anatomical with minimal foreign body
implantation.

The prosthesis size, defined after numerous measurements of the inguinal canal made at
the operating table, is notably smaller than the ones used as of now, allowing a precise and
smooth positioning in a different plane to where the nerves lie.

The weak areas along the transversalis fascia are strengthened, all at once, by the prosthesis
(all-in-one mesh), so that losing a hernia sac can no longer happen [2].

Polypropylene was chosen because of its capacity of inducing a lively inflammatory and
fibrotic response with quick and strong adhesion to adjacent tissues. A prompt fibroblas-
tic reaction between transversalis fascia and mesh immediately takes place because of the
absence of any dead space and quickly forms a new wall.

This new technique is simple to perform and guarantees quick discharge and return to nor-
mal activities without any long-term discomfort. The average operative time was 25 min. The
surgeon needs not dissect the cremaster, which may cause damage to the nerves, nor create a
subfascial “nest,” because no mesh is inserted at that level.

Furthermore, no plugs nor mesh trimming are necessary, and the prosthesis does not have to
be sutured to adjacent structures. The use of a smaller quantity of prosthetic material allows
the envelopment of the mesh by the fibro-cremasteric sheath, avoiding contact with sur-
rounding nerves. Because of its shape, the mesh is placed in a deeper site directly over the
weak areas of the floor of the inguinal, canal and, although smaller, it seems not to increase
rate of recurrence.

The most common technique of Lichtenstein provides a prosthesis which, to remain on the
transversalis fascia, must be fixed to the sides and becomes necessarily under aponeurotic in
the upper third.
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In our technique, the prosthesis is positioned and remains on the transversalis fascia because
it is coated with the fibro-cremasteric sheath and it remains anchored on the inguinal floor
with a single fixing point at the pubic level and with the prosthetic conical ring on the deep
inguinal ring. It is not directly under-aponeurotic at any point, and it stays in place and there-
fore does not require lateral fixation.

In addition, the prosthesis is not in contact with the ilioinguinal and iliohypogastric nerves.
Our paper is an observational cohort study with only midterm (2 years) follow-up. Clinical
trials comparing the “all-in-one mesh” hernioplasty to the most common surgical techniques
are required to obtain a validation of our procedure. Indeed, a much longer follow-up could
highlight the actual recurrence rate of the new procedure.

5. Conclusion

This new procedure claims many technical advantages and helps the less experienced surgeon
to avoid pitfalls in dealing with nerves. According to our series, “all-in-one mesh” hernioplasty
presents a low rate of long-term complications. Employing a smaller amount of prosthetic mate-
rial, placed where no contact with nerves occurs, avoids neuralgia and sensation of foreign body.

A multicenter study is underway to compare this new procedure with the most common
techniques.
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