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Preface

When asked by Dr. Bittner to join him 
as a coeditor of this work, I couldn’t 
help but think “why do we need another 
book devoted to hernia repairs.” But 
then he explained the unique perspec-
tive he intended as the focus of this new 
work. He felt there was a need for a book 
about hernia repair which was strictly 
limited to endoscopic surgery and was 
to incorporate guidelines indorsed by 
important surgical societies derived from 
critical analysis of appropriate literature. 
Certainly, traditional aspects of a surgical 
textbook were to be included in each chap-
ter such as historical perspective, anatomy, 
incidence, operative details, perioperative 
care, and so on, but they are presented 
from an evidence- based perspective and 
not just the opinion of the author. I quickly 
came to the realization that he was right. 
I respectfully accepted the invitation and 
was honored to be asked.

Now after several years of work, the book 
has come to fruition. A quick perusal of 

the table of contents reveals an author list 
which can be considered a “who’s who” 
in the field of endoscopic hernia surgery. 
Each chapter is well written and a plea-
sure to read. I believe the original goals 
of applying evidence-based science to the 
clinical practice of endoscopic hernia sur-
gery have been met and even superseded.

Finally, it is important for the reader to 
recognize that the driving force behind 
this work was Dr. Reinhard Bittner. From 
the original conception to the actual pro-
duction, it was he alone who kept the work 
going with endless letters, emails, phone 
calls and face-to-face conversations with 
authors encouraging them to complete 
their assignments. We all know that, in this 
day and age with so many other priorities, 
this can be a daunting task. Congratula-
tions to Dr. Bittner because without him 
this work would have never been com-
pleted. I can’t thank him enough for the 
small part he allowed me to contribute to 
the project.

Robert J. Fitzgibbons, Jr., MD,  FACS
Omaha, NE 68131, USA



Preface

In the era of digital media, does it still 
make sense to write a surgical textbook? 
The digital media provide the spread of 
the newest results of experimental and 
clinical research within seconds to every 
interested surgeon around the world. 
However, when using the digital media 
alone in order to study and to learn the 
well-proven standards in diagnostics, 
operative techniques and aftercare, espe-
cially in the new field of surgery, the lap-
aro-endoscopic hernia repair, it is almost 
impossible to get the necessary informa-
tion in a timely manner. On the other 
hand, while writing a book takes about 
2–3 years, however, for the surgeon to 
look for the essentials in his daily work, it 
requires only a very short time to be fully 
informed. Therefore, despite currently 
overwhelming digitization, the printed 
media are still indispensable.

But, why write another book on hernia 
surgery as there are already many? This 
book is mainly devoted to laparo-endo-
scopic hernia surgery, but covers some 
particularly noteworthy features: (1) This 
textbook provides not only a comprehen-
sive, state-of-the art review of the total field 
of laparo-endoscopic surgery of inguinal 
and ventral hernia but also of hiatal her-
nia repair. Furthermore, recently achieved 
insights into the surgical anatomy of the 
groin and the abdominal wall, in current 
operative techniques and mesh technology, 
are described in detail. (2) The uniqueness 

of this book, however, is that not only the 
good clinical practice is described but also 
the scientific background of daily routine 
work is quoted in terms of evidence-based 
medicine (Oxford classification of lev-
els of evidence). (3) This book is written 
by an international group (International 
Endohernia Society (IEHS)) of highly 
experienced laparo-endoscopic surgeons 
from three continents inclusive of former 
presidents and meeting presidents of the 
German Hernia Society (V. Schumpelick, 
R.  Bittner, F.  Köckerling, W.  Reinpold, 
D.  Weyhe, U.  Dietz, A.  Koch), the Euro-
pean Hernia Society (V.  Schumpelick, R. 
H. Fortelny, S. Morales- Conde), the Amer-
icas Hernia Society (R. Fitzgibbons, K. A. 
LeBlanc, M.  Arregui, B.  Ramshaw), and 
the Asia-Pacific Hernia Society (P. Chow-
bey, D. Lomanto, A. Sharma).

In summary, hernia surgery affects about 
20 million patients per year worldwide. 
Due to this huge number of patients, the 
quality of performances in diagnostics and 
treatment has an impact not only on the 
individual patient but also on the cost for 
the health care systems of the respective 
countries. Therefore, it is of paramount 
importance to find the best treatment 
options. This applies in particular to this 
new field of surgery, the laparo-endoscopic 
hernia repair. This book may be an indis-
pensable aid to any surgeon in his daily 
decision-making process to do the best for 
his patient.

Reinhard Bittner
Stuttgart, BW, Germany 

Ferdinand Köckerling
Berlin, Germany   
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Preface

Every surgeon strives for excellence to 
deliver best clinical outcomes. Surgery is 
the field of science which is in the process 
of continuous evolution and has gained 
momentum in the past few decades. Today, 
when we sit in a time machine, grab the 
control gears in our hand, and accelerate 
on the road of the twenty-fisrst century, 
the pursuit of herniology has taken a giant 
leap forward towards advanced surgi-
cal techniques that constitute minimal 
access surgery (MAS). Laparoscopic sur-
gery has emerged as a cost-effective and 
patient-friendly technique for the repair 
of hernias.

The surgical doctrine of conventional 
hernia surgeries using large incisions, 
inconvenience of adjusting lights in 
the operation theaters, using magnify-
ing loupes has revolutionized into small 
ports, magnified vision through laparo-
scopes, increased dexterity, easy access, 
shorter hospital stay, and faster recov-
ery for the patients with minimal access 
surgeries.

Encountering the challenging situations 
on the operation table has increased the 
surgical expertise in laparoscopic hernia 
repairs. These academic records and litera-
ture are a medium to equip the young and 
upcoming surgeons to face and deal with 
the complex situations and to cater the 
needs of patients.

It gives me immense pleasure and honor 
to be a part of this academic venture. This 
book is an amalgamation of dynamic expe-
riences and insights to laparoscopic hernia 
repairs. The team approach for the manage-
ment of hernias with evidence-based clini-
cal practice has been thoroughly discussed. 
The landmark of this published work is its 
comprehensive chapters which have been 
compiled in a precise way for each type of 
hernia for easy understanding and clarity. 
Clinical tips and surgical experience con-
tributed by eminent herniologists across 
the globe are highly commendable. I would 
like to once again compliment the authors 
and the team for taking the opportunity 
under one platform to share their experi-
ences and opening the new gateways for 
future laparoscopic surgeons.

Tracking the wheels of surgical journey 
from old standard approaches to mod-
ern and current approaches, the change 
is never ending. These changes have the 
potential to unfold newer understanding, 
newer approaches, and implementation 
of new prosthetic materials in the field of 
herniology.

I would just like to conclude that safety is 
never enough in the ever-evolving world. 
This manuscript is an attempt to increase 
the level of safety for the present genera-
tion of surgeons engaged in laparoscopic 
hernia repairs.

Pradeep Chowbey
Saket, New Delhi, India  
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1
In-depth knowledge of groin anatomy is essen-
tial for a successful inguinal hernia operation. 
Sir Astley Paston Cooper postulated in 1804, 
“No disease of the human body, belonging to 
the province of the surgeon, requires in its treat-
ment, a better combination of accurate, anatomi-
cal knowledge with surgical skill than hernia in 
all its varieties” [1]. While Bassini helped to 
elucidate the anatomy of the anterior inguinal 
canal in 1884 [2] ushering in the modern era of 
safe and effective hernia repair, understanding of 
the posterior canal remained limited. W.J.  Lytle 
reported in1945, “The operating surgeon knows 
little of the posterior wall of the inguinal canal, so 
well is it hidden from his view” [3]. In the early 
1990s, laparoscopic approaches to the inguinal 
canal emerged. However, the posterior anatomy 
of the groin remained poorly understood and the 
laparoendoscopic view of this region was virtually 
unknown to most surgeons [4]. The adoption of 
this novel and exciting technique without a firm 
anatomic understanding resulted in several intra- 
and postoperative complications including vas-
cular, visceral, and nerve injuries as well as high 
recurrence rates. Detailed study of the posterior 
anatomy, continuous technical refinements into 
well- standardized modern laparoscopic tech-
niques, and unparalleled in vivo visualization of 
this region have transformed laparoscopic ingui-
nal hernia repair into a safe, reproducible, and 
successful operation providing an ideal repair for 
all variants of groin hernias.

The basic anatomical principles of laparo-
scopic herniorrhaphy were first described by 
Spaw in 1991 based on human cadaveric dissec-
tions [4]. He coined the term “triangle of doom” 
delineating the region between the vas deferens 
and the spermatic vessels. In this triangle, the 
external iliac artery and vein are hidden under the 
peritoneum and transversalis fascia, and major 
vascular injury is possible with improper dissec-
tion. In his description, Spaw did not specifically 
consider the neuroanatomy of the preperitoneal 
space [4]. He described that “suturing or stapling 
of synthetic materials should be performed lateral 
to the spermatic vessels along the abdominal wall” 
leading to serious neuropathic consequences for 
many patients. Rossner was the first to describe 
the inguinal neuroanatomy as it pertains to pos-
terior inguinal hernia repair in 1994 roughly 
delineating the anatomical course of the inguinal 
nerves [5]. Seid and Amos provided a more pre-

cise description of the nerves [6] postulating that 
the “triangle of doom” should be extended further 
laterally to the anterior superior iliac spine. The 
authors introduced the term “trapezoid of disas-
ter” describing that in addition to potential injury 
to the major vessels within the triangle of doom, 
nerves (n. femoralis, n. genitofemoralis, n. cuta-
neous femoris lateralis, n. ilioinguinalis, and n. 
iliohypogastricus) located lateral to the testicular 
vessels within the “triangle of pain” were also at 
risk [7, 8]. The most comprehensive analysis of the 
posterior inguinal anatomy was given by Annibali 
[7, 8] including the fascial structures, vessels, and 
nerves. Recently very detailed descriptions of the 
course of the nerves and their variations have 
been published by Rosenberger [9], Loeweneck 
[10], and Reinpold [11] adding to our under-
standing of this anatomy.

The aim of the following chapter on groin 
anatomy is to translate this detailed knowledge 
of cadaveric anatomy and extensive clinical expe-
rience into relevant surgical anatomy that will 
optimize operative technique and outcomes of 
inguinal hernia repair:

1.1  The First View to the Groin 
After Introducing the 
Laparoscope: Peritoneal 
Landmarks

The initial laparoscopic view of the groin will 
identify five peritoneal folds (plicae) (. Fig.  1.1) 
which serve as guiding landmarks when opening 
the peritoneum. The plica umbilicalis mediana 
(median umbilical ligament) found in the midline 
contains the obliterated urachus. It is less distinct 
but fortunately less clinically relevant to inguinal 
hernia repair. The medial umbilical plica (medial 
umbilical ligament) is the most prominent land-
mark seen on initial transabdominal inspection. 
This plica is easily recognized and contains the 
remnant umbilical vessels. The medial umbili-
cal plica should not be routinely cut because 
the umbilical vessels may still be patent causing 
bleeding. If extension of the peritoneal incision is 
necessary, the cut should be continued cranially 
and parallel to the plica avoiding this problem.

The lateral umbilical ligament may be difficult 
to identify from this view, but its recognition is the 
most important of the plicae. This ligament con-
tains the inferior epigastric vessels which divide 

 R. Bittner et al.
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the groin in a medial (space of Retzius) and a lat-
eral (space of Bogros) compartment. Depending 
on the patient’s body habitus and fat distribution, 
the lateral ligament may not be readily visualized 
laparoscopically (. Fig. 1.2). However, the epigas-
tric vessels should always be preserved, and care-
ful assessment of the anatomy prior to dissection 
of the peritoneal flap is an essential operative step. 
External palpation of the surface anatomy allows 
for precise localization of the anterior superior 

iliac spine and pubic tubercle, thereby delineating 
the ileo-pubic tract that divides the groin into an 
upper and a most critical lower part (. Fig. 1.2). 
The ileo-pubic tract which corresponds to the 
inguinal ligament seen in open surgery is there-
fore one of the most important landmarks and 
should always be identified. The inferior epigas-
tric vessels are found approximately at the mid-
point of the tract, and careful dissection in this 
region will prevent injury.

In addition to the five plicae, three flat fos-
sae are recognizable on each side, corresponding 
with possible hernia defects (. Fig. 1.3). The lat-
eral fossa, located in the triangle between the lat-
eral umbilical ligament and the ileo-pubic tract, 
corresponds to the location of the internal ring 
from which a lateral (indirect) inguinal hernia 
originates. The medial fossa is located between 
the lateral and the medial umbilical ligament 
and is inferiorly limited by the ileo-pubic tract 
(. Fig. 1.4a). A direct hernia will be found in this 
region passing through Hesselbach’s triangle. 
The third fossa (vesicalis) is located medial to 
the medial umbilical ligament and cranial to the 
ileo- pubic tract, pubic bone, and urinary blad-
der. Rare defects in this point of weakness may 
be the origin of a so-called supravesical hernia 
(. Fig. 1.4b, c). A fourth location where a hernia 
may develop is within the region of the femoral 
canal, the triangle below the ileo-pubic tract, 
medial to the femoral vein and superior to the 
pubic bone and Cooper’s ligament. A hernia 
present in this region can be more easily diag-
nosed by laparoscopy (. Fig.  1.4d) compared 
to the totally extraperitoneal technique or open 
surgery.

Median umbilical plica

Medial umbilical plicaLateral umbilical plica

Urinary bladder

       . Fig. 1.1 Five peritoneal folds (plica)

Ileo - pubictract

Spina 

?

       . Fig. 1.2 Recurrent hernia. Lateral plica is difficult to 
identify (?)

Fossa vesicalis

Fossa lateralis Fossa medialis

       . Fig. 1.3 Three flat fossae

Clinical Anatomy of the Groin: Posterior Laparoscopic Approach
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1.2  Anatomic Structures of 
the Preperitoneal Space: 
View After Creation of the 
Peritoneal Flap in TAPP or 
Total Extraperitoneal (TEP) 
Dissection Plane

1.2.1  Transversalis Fascia 
and Preperitoneal Space

Initial laparoscopic inguinal repairs utilized 
intraperitoneal onlay mesh (IPOM) techniques 
to cover inguinal hernia defects. This led to high 
recurrence rates and complications because of the 

inability to safely and securely fixate the mesh in 
this location rendering it “a boat in a rough sea.” 
To address this limitation, mesh was placed within 
the preperitoneal space in direct apposition to 
the muscular, tendinous, and bony structures 
of the posterior abdominal wall and pelvis. The 
preperitoneal space lies between the peritoneum 
internally and the transversalis fascia externally. 
Within the preperitoneal space is a variable quan-
tity of adipose tissue, loose areolar connective 
tissue, and membranous tissue [12]. The transver-
salis fascia is perhaps the most important fascial 
structure in the groin as it is involved in both the 
development of a hernia as well as its treatment. 

a b

c d

       . Fig. 1.4 Hernia localizations. a Medial and lateral hernia. b Supravesical hernia. c Supravesical hernia, partially 
reduced. d Femoral hernia

 R. Bittner et al.
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Cooper originally described the transversalis 
fascia as a bilaminar structure with a strong ante-
rior layer and a membranous deep layer [1] with 
the epigastric vessels lying between. However, 
the question whether the transversalis fascia is 
bilaminar or whether the “deep/posterior lamina” 
is simply a significant regional condensation of 
extraperitoneal connective tissue (“extraperito-
neal fascia”) [13, 14] is still unresolved [15]. Both 
structures appear strong and difficult to break 
through especially in the young patient with an 
indirect hernia. The deep membranous layer 
(extraperitoneal fascia) divides the preperitoneal 
space into a visceral and a parietal compartment. 
Mirilas and Skandalakis [16] describe this mem-
branous septum as creating a second internal ring 
and separating the planes (. Fig. 1.5a, b).

The parietal compartment contains the epi-
gastric vessels and numerous small tributaries 
and may be associated with troublesome bleeding 
during dissection. The genitofemoral and lateral 
femoral cutaneous nerves also travel within this 
compartment, and over-dissection resulting in 
“naked” nerves should be avoided to prevent peri-
neural scarring and direct contact with mesh. The 
visceral compartment is avascular and dissection 
should proceed in this plane. Understanding this 
anatomic distinction will greatly facilitate proper 
dissection, ease of developing the correct preperi-

toneal plane, and help to prevent vascular, nerve, 
and mesh complications [17]. Despite numerous 
cadaveric studies, the nature of the transversalis 
fascia is still a source of controversy for surgeons 
and anatomists [17, 18]. According to our clinical 
experience with more than 16,000 laparoscopic 
hernia repairs, two reasons may be responsible 
for the continuing uncertainties: (1) There is great 
individual variability in its topographic occur-
rence and strength, and (2) whereas medial to the 
epigastric vessels the bilaminar structure is recog-
nizable in most patients (. Fig. 1.6a, b), medially, 
its identification may be difficult. In some patients, 
especially with obesity, adipose tissue and small 
vessels may occupy the preperitoneal space mak-
ing it difficult to clearly delineate the compart-
ments medially. Lateral to the epigastric vessels, 
the deep layer is less discrete and closely related 
to the anterior lamina. In contrast to the medial 
compartment, the dissection plane is immediately 
in front of the deep lamina. Therefore, because it is 
easier to find and separate the correct plane in this 
region, it is recommended to start with the dissec-
tion of the groin at the lateral aspect at the level 
of the anterior superior iliac spine (. Fig.  1.7a, 
b). After making a generous peritoneal incision, 
most of the preperitoneal dissection can be safely 
and efficiently performed by bluntly sweeping 
away the peritoneum and fatty tissue from the 

Peritoneum

Iliac vessels

Pubic bone

Epigastr.
vessels

External oblique
aponeurosis

Urin.
bladder

Rectus
muscle

Internal
oblique m.

Transverse abd.m.

External oblique
muscle

Fascia transversalis,
deep/post. layer

Fascia transversalis,
superficial/ant. layer

       . Fig. 1.5 a, b Schematic representation of the planes of the abdominal wall in the inguinal region (Modified 
according Colborn and Skandalakis [15])

Clinical Anatomy of the Groin: Posterior Laparoscopic Approach



10

1

abdominal wall covered by the transversalis fas-
cia. However, when crossing the epigastric ves-
sels in order to dissect the medial compartment, 
it is necessary to break through the deep layer to 
approach the rectus muscle and the symphysis.

Medially, both laminae of the transversalis 
fascia insert inferiorly on the ligament of Cooper. 
Laterally, its course is less clear. Around the inter-
nal inguinal ring, the deep fibers may envelop the 
cord structures and contribute at least partially 
to the spermatic sheath as extensively described 
by Stoppa [19]. The morphology of the spermatic 
sheath is triangular with an anterior apex at the 
deep aspect of the inner inguinal orifice and a 

posterior medial base. The vas deferens makes 
up its medial border while the spermatic ves-
sels delineate the lateral border. The base of the 
sheath disappears beneath the retracted perito-
neal sac when parietalization is performed [19]. 
Additionally, the spermatic sheath covers the 
external iliac vessels which reside just deep to the 
triangle. Although the origin of this sheath is not 
clearly defined  – prolongation of the urogenital 
fascia as Stoppa [19] suggested or a continuation 
of the deep layer of the transversalis fascia – for the 
surgeon it is of essential importance to recognize 
this sheath and not to violate it when dissecting 
the pelvic floor, except at the level of the internal 

a b

       . Fig. 1.6 a Superficial and deep layer of transversalis fascia medially. b Superficial layer of transversalis fascia after 
breaking through the deep layer

a b

       . Fig. 1.7  a Deep layer of the transversalis fascia. b Access to the visceral laterally compartment from lateral-caudal. 
The deep layer of the transversalis fascia is protected

 R. Bittner et al.
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inguinal ring anteriorly (. Fig. 1.8a, b). With an 
indirect hernia, the sheath is opened at the ring to 
identify and reduce the hernia sac as well as when 
parietalizing the cord structures (. Fig. 1.9).

According to Stoppa et  al. [19], the sheath 
(deep layer of the transversalis fascia) joins the 
lateral wall of the iliac fossa and may be a part of 
the iliac fascia which covers the inguinal nerves. 

In summary, the spermatic sheath (deep layer of 
the transversalis fascia) should be preserved dur-
ing separation from the hernia/peritoneal sac 
(parietalization) because it protects the external 
iliac vessels and the nerves that are lying beneath 
(. Fig.  1.10). The surgeon must preserve this 
important fascial layer for two reasons: (1) to 
avoid an injury to the vessels or the nerves during 
dissection and (2) to avoid direct contact between 
the nerves and mesh which may produce pain in 
the later postoperative period due to perineural 
scarring. For the same reason, implantation of a 
slitted mesh cannot be recommended as the integ-

a b

       . Fig. 1.8 a Transition of the deep layer of the transversalis fascia into the spermatic sheath (Stoppa). b The spermatic 
sheath is wrapping the cord structures

       . Fig. 1.9 The spermatic sheath is cut anteriorly to 
parietalize the hernia/peritoneal sac

Stretching the deep layer

       . Fig. 1.10 The deep layer (extraperitoneal fascia) 
continues laterally into the iliac fascia which protects the 
nerve lying behind

Clinical Anatomy of the Groin: Posterior Laparoscopic Approach
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rity of the fascia will be destroyed and the nerves, 
spermatic vessels, and vas are all placed at risk.

1.2.2  Preperitoneal Space 
and the Vessels

The location and the course of the vessels remain 
fairly constant with a few common variations, and 
identification is typically straightforward. The 
inferior epigastric vessels are perhaps the most 
important landmark in the myopectineal orifice 
and are easily recognized even in obese patients 
(see above). It is important to recognize that in 
case a large hernia sac or a lipoma is present, the 
vessels may be dislocated medially (. Fig. 1.11a, b). 
The epigastric vessels divide the myopectineal ori-
fice into a medial and a lateral compartment. The 
proper dissection plane should be just in front 
of these vessels (from the posterior laparoscopic 
approach). When performing a TEP repair, cre-
ation of the preperitoneal space relies on this same 
dissection plane. With a dissecting balloon, the 
epigastric vessels should be above the plane of dis-
section before inflation and preserved against the 
abdominal muscles. With camera and manual dis-
section of this space, the areolar plane posterior to 
the epigastric vessels is developed separating the 
epigastric vessels from the peritoneum. The epi-
gastric vessels originate from the external iliac ves-
sels and may be surrounded by fatty tissue as well 

as lymph nodes. This tissue must be respected and 
not removed when dissecting the groin. The same 
consideration applies to the iliac vessels which are 
protected by the spermatic sheath. The iliac artery, 
located at the bottom of the pelvis and in the mid-
dle of the preperitoneal space, may be identified by 
following the epigastrics downward toward their 
origin (. Fig.  1.12a, b). The iliac vessels may be 
accompanied by fatty tissue and lymph nodes and 
over-dissection may lead to bleeding, potential 
nerve injury, or lymphatic leakage. Preservation of 
the spermatic sheath will avoid these issues. The 
iliac vein is located posterior and slightly medial to 
the artery. It may be visualized during dissection 
of the groove in the triangle between the lower 
branch of the pubic bone, the iliac vessels, and the 
wall of the urinary bladder (. Fig. 1.13).

Dissection of this region should be performed 
with special caution looking for the presence of 
a corona mortis, a vascular connection between 
the epigastric and obturator vessels. This vari-
ant, found in 20–30% of patients, is important 
because intraoperative bleeding from disruption 
can be difficult to control due to the dual vas-
cular supply from the obturator and iliac vessels 
(corona mortis, . Fig.  1.14). In case of bleeding 
from the corona mortis, control must be achieved 
from both sources of inflow. In this region, there 
may be several variants of anastomosing vascular 
branches between the pubic artery/vein and the 
epigastric and obturator vessels. These small vas-

a b

       . Fig. 1.11 a The epigastric vessels just after reduction of the peritoneum with the deep layer of transversalis fascia. 
b Epigastric vessels dislocated medially by a large lipoma

 R. Bittner et al.
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cular tributaries may form a network investing 
the pubic bone, Cooper’s ligament, and the direct 
and femoral spaces (. Fig. 1.15). From our clini-
cal experience, these vessels and the underlying 
pubic bone are covered by a very thin membrane 
(deep layer of the transversalis fascia) which 
should not be disrupted.

The correct plane of dissection will preserve this 
membranous layer, and blunt dissection may be 
used to push away the urinary bladder developing 
the retropubic space for mesh placement. In special 
cases, e.g., recurrence after previous preperitoneal 
mesh repair, it may be necessary to continue the dis-
section downward to the urogenital space toward 
the origin of the remnant umbilical artery from 
the internal iliac artery (. Fig.  1.16a, b). The vas 

traverses directly over the artery (. Fig. 1.16a), and 
care should be taken when dissecting this region. 
The surgeon should be aware that the umbilical 
artery may be patent and, in the case of injury, 
bleeding may be profuse and difficult to control.

The testicular vessels are easily identifiable but 
can be most clearly defined at their caudal aspect 
between the external iliac vessels and the psoas 
muscle and course from caudal-lateral to cranial- 
medial. There are no significant vascular structures 
lateral to the testicular vessels. The testicular vessels 
meet the vas deferens at the apex of the triangle 
immediately at the entrance to internal ring. The 
vas deferens travels downward crossing the iliac 
vessels medially, following the “preperitoneal loop” 
(deep layer of the transversalis fascia [20]), but then 

a b

       . Fig. 1.12 a Pelvic floor after complete dissection. A. iliaca is visible directly in the middle. b A. iliaca dislocated laterally

Iliac vein

Pubic bone

       . Fig. 1.13 Dissection of the “groove,” exposing the 
obturator nerve and the iliac vein        . Fig. 1.14 Corona mortis

Clinical Anatomy of the Groin: Posterior Laparoscopic Approach
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1
changes its direction like a knee and dives down to 
the urogenital space to join the prostate gland. In 
order to complete the parietalization, it is important 
to cut this “preperitoneal loop” (. Fig. 1.17)

1.2.3  Preperitoneal Space and 
Topographic Anatomy of 
the Nerves

The anatomy of the nerves located in the groin 
is extensively described by Rossner [5], Seid and 
Amos [6], Annibali et  al. [7, 8], Rosenberger 
et al. [9], Loeweneck et al. [10], and recently by 
Reinpold et  al. [11]. In total, six nerves are of 

interest in laparoscopic inguinal hernia repair and 
this neuroanatomy should be well understood by 
all surgeons. Anatomically, the n. hypogastricus 
and the n. ilioinguinalis are not involved in the 
dissection and repair planes utilized by laparo-
scopic hernia repair. These nerves have typically 
exited the retroperitoneum and entered into the 
anterior abdominal wall and inguinal canal lateral 
and superior to the anterior superior iliac spine. 
However, as a rule to the lumbar plexus neuro-
anatomy, there is tremendous anatomic variability 
especially progressing distally along the branches 
away from the spinal origin. In about 32% of 
cases, the course of the ilioinguinal nerve may be 
within the operating field and may be at risk dur-

       . Fig. 1.15 Network of pubic veins, protected by the 
deep layer of the transversalis fascia

a b

       . Fig. 1.16 a Remnant A. umbilicalis in situ, coming out of the internal iliac artery. b A. umbilicalis in cadaveric dissection

       . Fig. 1.17 The vas is riding on the preperitoneal loop 
which must be cut for complete parietalization [20]

 R. Bittner et al.
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ing the placement of staples in the neighborhood 
of the anterior superior iliac spine (Rosenberger).

The femoral nerve, which arises from the dor-
sal branches of the ventral rami of the second, 
third, and fourth lumbar nerves, is located just 
lateral to the iliac vessels and lateral and beneath 
the testicular vessels. This is usually well protected 
by the psoas tendon, surrounding fatty and lym-
phatic tissue, and spermatic sheath or iliac fascia. 
Therefore, injury to this nerve is extremely rare 
during laparoscopic hernia repair. According to 
Loeweneck, damage of this nerve was seen in only 
1.2% of all nerve injuries reported. Reported injury 
to the obturator nerve is rare and anecdotal as it 
shares the same origin as the femoral nerve and is 
well hidden deep in the triangle between the pubic 
bone and the iliac vessels (. Fig. 1.13) behind the 
vessels. The more common nerve injuries seen 
with laparoscopic inguinal repairs are lesions of 
the genitofemoral nerve and lateral femoral cuta-
neous nerve (. Fig. 1.18). However, in total in large 
series, the frequency of damage to these nerves is 
not higher than 0.3% [21, 22]. Nevertheless, each 
of these complications should be taken seriously, 
as it can have disastrous consequences for the 
patient. Intractable pain may arise when nerves 
are injured, clipped, tacked, or scarred to mesh. 
Therefore, precise knowledge of the topography of 
these nerves is essential to perform a high quality 

repair with optimal patient outcomes. While the 
course of the obturator and femoral motor nerves 
is largely predictable and constant, the course of 
the sensory nerves (genitofemoral and lateral 
femoral cutaneous) demonstrates great variability.

Most at risk during laparoscopic hernia repair 
are the lateral femoral cutaneous nerve (58.2% of all 
nerve lesions) and the femoral branch of the geni-
tofemoral nerve (31.2% of all nerve lesions). Injury 
to the genital branch of the genitofemoral nerve 
comprises 4.7% of all published nerve lesions. The 
lateral femoral cutaneous nerve arises from the dor-
sal divisions of the second and third lumbar nerves. 
It emerges from the lateral border of the mid-psoas 
muscle and crosses the iliacus muscle obliquely 
traveling toward the anterior superior iliac spine. It 
then passes under the inguinal ligament, through 
the lacuna musculorum and then over the sartorius 
muscle into the thigh, where it divides into an ante-
rior and a posterior branch. The anterior branch 
becomes superficial about 10 cm below the inguinal 
ligament and divides into branches which are dis-
tributed to the skin of the anterior and lateral parts 
of the thigh reaching as far as the knee.

The posterior branch supplies the skin from 
the level of the greater trochanter to the middle of 
the thigh. Intraoperatively, the surgeon should be 
aware that the lateral femoral cutaneous nerve will 
typically cross the middle of the operating field, 
but the majority (57%) demonstrates variability 
from the normal course. Single (44%), double 
(23%), or multiple nerve trunks may be identified 
(. Fig. 1.19). The point of exit where the nerve pen-
etrates the abdominal wall is typically lateral to the 

       . Fig. 1.18 Triangle of pain. The nerves are protected 
by the deep layer of transversalis fascia

       . Fig. 1.19 Two branches of the cutaneous lateral 
 femoral nerve
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field 2–4 cm medial to the anterior superior iliac 
spine at the level of the ileo-pubic tract. However, 
this exit point also demonstrates significant vari-
ability and may be found up to 6 cm medially (only 
3 cm lateral to the inner inguinal ring) and in 7% 
of the cases may even exit lateral and cranial to the 
anterior superior iliac spine [9]. The genitofemoral 
nerve arises from the upper L1–2 segments of the 
lumbar plexus. It passes downward and emerges 
from the anterior surface of the psoas major mus-
cle. The nerve continues on the surface of the psoas 
muscle progressing caudally toward the inguinal 

canal and divides into two branches, the genital 
branch and the femoral branch (. Fig. 1.18).

In men, the genital branch continues down 
and supplies the scrotal skin. In women it accom-
panies the round ligament and supplies the mons 
pubis and the labia majora. Wide variation in the 
course of this nerve are seen. In contrast to clas-
sically described anatomy, the genital branch runs 
through the inguinal canal in only 14% of cases. 
In 44% of cases, it consists of two to five branches 
(. Fig.  1.20a–d); in 49% of the cases, the nerve 
perforates the abdominal wall 1–3  cm lateral to 

Psoas
muscle

a b

Psoas
muscle

c d

       . Fig. 1.20 a Only one branch of the genitofemoral 
nerve is visible. b Four branches of the genitofemoral 
nerve are visible protected by the deep layer of transver-

salis fascia. c Three branches of the genitofemoral nerve 
are visible. Laterally the n. cut. fem. lat. is visible (arrow). 
d Three branches of the genitofemoral nerve are visible
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