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Hernia repair remains one of the most common surgical procedures per-
formed, but there is little consensus as to the best surgical technique, pros-
thetic material of choice, or most appropriate strategies to repair abdominal
wall hernias. Hernia Surgery: Current Principles will serve as a state-of-the-art
reference in the rapidly changing field of hernia surgery. With contributions
by key opinion leaders in the field, this book will describe the latest trends
and detailed technical nuances to approach both routine and complex of her-
nia scenarios. The reader will gain unique insights into a wide spectrum of
hernia issues, including clinical anatomy and physiology of the abdominal
wall, mesh selection, patient optimization, robotic and laparoscopic repairs,
anterior and posterior component separations, parastomal, flank, suprapubic
and other difficult hernia repairs, as well as reconstructions in the setting of
contamination, enterocutaneous fistulas, and loss of abdominal domain.
Furthermore, important issues in inguinal repairs, including open, laparo-
scopic and robotic repairs, postoperative groin pain, and treatment of sports
hernias are extensively covered. Finally, important contributions from key
reconstructive plastic surgeons will detail modern trends on how to deal with
complex skin and soft tissue challenges, including concurrent panniculecto-
mies, tissue expanders, and myofascial flaps. The textbook will provide
unparalleled step-by-step instructions to perform both routine and complex
repairs by using vivid illustrations and by highlighting operative details
through intra-operative color photographs and a unique video collection of
procedures performed and narrated by today’s top hernia surgeons.

As a comprehensive and most up-to-date reference to modern trends in
mesh science and technique selections, Hernia Surgery: Current Principles
will be an invaluable resource to all residents and practicing general, plastic,
and trauma surgeons to help them succeed in the field of Hernia surgery.

Cleveland, OH, USA Yuri W. Novitsky
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Arnab Majumder

Introduction

The modern field of abdominal wall surgery
relies on a thorough understanding of all compo-
nents of the abdominal wall as well as their func-
tion and physiology. Advancements in technology
have provided surgeons with a wide variety of
mesh prosthetics along with novel tools to assist
in hernia repair. As a result, improvements in
recurrence rates and patient outcomes have been
well documented [1, 2]. However, it is the steady
progress in the understanding of the abdominal
wall itself that has enabled the creation of more
complex procedures including myofascial and
musculocutaneous advancement flaps via com-
ponent separation and muscle release [3-9]. Such
advancements have allowed surgeons the techni-
cal ability to deploy prosthetics in novel manners
and allow for closure of abdominal defects that
were in the past considered impossible.
Consequently, a comprehensive grasp of techni-
cal options should occur in tandem with a com-
plete and systematic understanding of abdominal
wall anatomy and physiology.

This chapter serves to provide a framework
for understanding the clinical anatomy of the
abdominal wall as well as the relevant physiol-

A. Majumder, M.D. (D<)

Department of Surgery, University Hospitals Case
Medical Center, 11100 Euclid Ave, Cleveland, OH
44106, USA

e-mail: arnab.majumder@uhhospitals.org

© Springer International Publishing Switzerland 2016

ogy and critical relationships that arise during
surgery. A fundamental grasp of surface and deep
anatomy is assumed with focus given to more
subtle clinical findings based on these founda-
tions. The chapter is framed to emphasize the
importance in restoration of the linea alba during
these repairs.

Boundaries

The anterior abdominal wall is a hexagonal area
bounded by the xiphoid process superiorly with
delineation of the superolateral edges by the cos-
tal margins. Inferiorly it extends along the iliac
crests and narrows to the superior edge of the
pubic bone of the pelvis in the midline. The infer-
olateral margins are defined by the inguinal liga-
ments bilaterally. Lateral extension occurs
posteriorly to the erector spinae and quadratus
lumborum muscles adjacent to the lumbar spine
as these muscles contribute to the thoracolumbar
fascia along with transversus abdominis [10]
(Fig. 1.1).

The dynamic group of muscles contained in
these boundaries is unique in that they are void of
any bony structures aside from their attachments.
However, given their broad area, the muscular
groups serve a variety of purposes in coordination
with other body systems. Integral roles include
assistance with defecation and urination as well as
respiration and coughing via an increase or
decrease in intra-abdominal and intra-thoracic

Y.W. Novitsky (ed.), Hernia Surgery, DOI 10.1007/978-3-319-27470-6_1
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Fig. 1.1 Boundaries of the abdominal wall
shown as a hexagonal area anteriorly with
lateral extension around the flanks toward
the muscles of the back

pressures. Additionally, in concert with muscles
of the back the abdominal wall serves to flex,
extend, and rotate the torso from the hips. Tension
generated in the thoracolumbar fascia along with
muscles of the back provides stabilization for the
lumbosacral spine and pelvis, both playing a criti-
cal role in posture [11]. Finally, the robust overlap
of the muscular girdle also provides physical pro-
tection for the underlying viscera when con-
tracted. Given the large variety of roles of the
abdominal wall, a critical understanding of each
component and its function is paramount, with the
ultimate goal of restoration or maintenance of
these functions following surgery.

Xiphoid
process

Costal
margins

lliac crest

Pubic

Inguinal
ligaments symphysis

dalis is not consistent among the population [12,
13] (Fig. 1.2). The bilateral anterolateral groups
are composed of a trilaminar structure consisting
of the external oblique muscles (EOMs), internal
oblique muscles (IOMs), and transversus abdom-
inis muscles (TAMs) (Fig. 1.3). In addition to the
muscular groups and their associated neurovas-
cular supply, there are a number of key tendinous
structures and delineations including the linea
alba, linea semilunaris, linea semicircularis
(arcuate line of Douglas) as well as the anatomic
spaces of Retzius and Bogros, formed from the
interaction of these muscle groups, that are
equally as important to understand.

Components

The abdominal wall can be divided into midline
and anterolateral groups of muscles comprising
four main paired muscle groups and a variably
present paired fifth muscle group. The muscular
groups are covered by subcutaneous fat and skin
along with superficial neurovascular structures
which overlay the fascia. The rectus abdominis
and the pyramidalis muscles comprise the mid-
line group, although the presence of the pyrami-

Linea Alba

While the muscular components of abdominal
wall are of crucial importance, the restoration of
linea alba remains the goal of definitive abdomi-
nal wall reconstruction. This chapter begins with
attention given to this oft-overlooked, but ulti-
mately vital structure.

Literally translated as the white line, the linea
alba is a completely fibrous structure composed
of collagen and elastin traversing from the
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External Linea alba
oblique
(superficial)
Internal Rectus abdominis
oblique
(middle) Transversus
abdominis
(deep)
Section from above arcuate line
Rectus abdominis External oblique
muscle muscle
) / - Subcutaneous fat
Skin - — - — . % /Campers fascia

Scarpa's fascia

Linea alba —
Internal oblique
muscl
Deep Transversalis uscie
epigastric artery fascia Transversus
and vein Peritoneum abdominis muscle
Section from below arcuate line
Rectus abdominis External oblique
muscle muscle
Skin Subcutaneous fat
7/_ /Campers fascia
Scarpa's fascia
Linea alba —

Internal oblique
muscle
Transversus
abdominis muscle

Deep Transversalis
epigastric artery fascia .
and vein Peritoneum
Fig. 1.2 Muscles of the abdominal wall with the antero-  the linea semilunaris. The midline group is comprised of
lateral group comprising the external and internal oblique  the rectus abdominis and pyramidalis muscles. Cross sec-
along with the transversus abdominis extending medial to  tions are illustrated above and below the arcuate line
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Fig.1.3 Transversus
abdominis shown with
relation to the rectus sheath,
notably the fibers extend
medial to the linea
semilunaris superiorly with a
more aponeurotic component
inferiorly

Rectus sheath
(with cut muscle)

Rectus
abdominis

Linea alba

Linea
semilunaris

xiphoid process to the pubis symphysis. The
linea alba varies in width among the population
but generally is accepted as being approximately
15-22 mm along its course, widest at or just
above the umbilicus and narrowing at superior
and inferior extremes [14, 15]. It is formed as the
aponeurosis of the EOMs, IOMs, and TAMs
merge terminally in the midline, thus bisecting
the paired rectus abdominis muscles. Given its
completely avascular nature, it is a preferred
location for incision and intra-abdominal access.
However, the completely fibrous nature of this
structure with implied lack of muscular coverage
leads to weakness and the formation of the major-
ity of de novo ventral hernias [16]. Additionally,
as most intra-abdominal access occurs via a mid-
line laparotomy, the linea alba is the location of
most iatrogenic hernias as well.

Ultimately, the goal of abdominal wall recon-
struction remains to restore linea alba by bring-
ing the paired rectus muscles back to the midline.
For patients with massive hernias and loss of
domain, this is accomplished with various myo-
fascial or musculocutaneous advancement tech-
niques. Once complete, restoration of linea alba
has been shown to improve isokinetic and iso-
metric function of the abdominal wall and ulti-

Transversus
abdominis

mately quality of life [17]. In the modern era of
abdominal wall reconstruction, this functional
restoration is critical for not only a complete
repair but one that maintains the integrity and
actions of the whole abdominal wall unit.

Rectus Abdominis

The rectus abdominus muscles (RA) are the pre-
dominant component of the midline group, flank-
ing the linea alba on each side. Occurring as
paired strap-like muscles, they are distinctly
unlike the broad muscles of the anterolateral
group. The recti originate from the pubic crest
and ligamentous portion of the pubic symphysis,
the fibers course superiorly to insert onto the
xiphoid process and anterior surface of the 5th—
7th costal cartilages bilaterally. The linea alba
bisects the two recti, where the aponeuroses of
the anterolateral group decussate and fuse to
form the tendinous line. There also exist approxi-
mately 3—4 separate tendinous bands that occur
at variable points along the rectus in a transverse
manner. These bands are irregular in nature and
do not necessarily occur along regular intervals,
but function as transverse anchor points along the
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muscle body allowing for flexion of the trunk. A
strong attachment of the rectus is found to the
anterior rectus sheath with posterior sheath
attachment occurring more variably [18].

Vascular supply to the rectus muscles is dis-
tinctly different from the anterolateral group, with
blood supply originating from paired superior epi-
gastric arteries (SEAs) and deep inferior epigastric
arteries (DIEAs), which run along the deep surface
of the rectus after perforating the posterior sheath.
Anastomotic connection between these two sys-
tems is generally found just above the umbilical
area. The SEA vessels originate as terminal
branches of the internal mammary artery around
the level of the sixth costal cartilage. The SEAs
enter the rectus sheath at the midpoint of the
xiphoid process. The DIEAs arise as branches
from the external iliac arteries just proximal to
their course through the femoral ring where the
external iliac arteries become the femoral arteries.
The DIEAs serve as the pedicles for perforator
techniques such as the TRAM (transverse rectus
abdominis myocutaneous) and DIEP (deep infe-
rior epigastric perforator) flaps seen in plastic sur-
gery. Innervation, unlike vascular supply, is similar
to that of the anterolateral group with the ventral
rami of T6/7-L1 traveling in the transversus
abdominis plane (TAP) to perforate the rectus
sheath laterally. Sacrifice of these neurovascular
perforating bundles during surgery can lead to
atrophy of the rectus complex and should be
avoided whenever possible. Ultimately, preserva-
tion of the neurovascular supply leads to mainte-
nance of native rectus function and thus a more
robust and functional repair.

The rectus abdominis is responsible primarily
for flexion of the abdominal wall as well as assis-
tance with increasing intra-abdominal pressure.
Flexion of the abdominal wall can be the move-
ment of the ribcage toward the pelvis, the pelvis
toward the rib cage or both if neither point of flex-
ion is fixed. The increase in abdominal pressure
has contributions to various bodily functions
including exhalation, defecation, and micturition.
While the rectus is not necessarily engaged in any
significant capacity during normal effort, it comes
into play when these functions are forceful.

Clinically, it is important to return the rectus
muscles back to the midline to recreate linea alba

in order to allow for restoration of function.
Without the central anchor point in the linea alba,
the forces exerted by both the rectus muscles and
the lateral abdominal wall are unlikely to trans-
late to physiologic action that constitutes a truly
functional repair.

Pyramidalis

The pyramidalis muscles are the second and most
variable component of the midline group, with
reported absence in 10-70% of the population on
one or both sides [13]. The paired triangular mus-
cles lie between the anterior surface of the rectus
abdominis and associated anterior sheath caudal
to the arcuate line. The fibers course superomedi-
ally, originating from the pubic crest and liga-
mentous portion of the pubic symphysis, inserting
onto the linea alba. The function of the pyramida-
lis is not well understood, however it is thought
to play a supplementary role in tensing the linea
alba and increasing intra-abdominal pressure
thus providing local compression of the bladder
during micturition [12]. Given the variability in
its occurrence in the population, the clinical sig-
nificance of this muscle is essentially negligible.

Transversus Abdominis Muscle

The innermost muscle in the anterolateral group
is the TAM. It lies directly under (dorsal to)
the IOM and above (ventral to) the transver-
salis fascia. The muscle fibers originate from
the inner surfaces of the 7th—12th costal carti-
lages, anterior leaflet of the thoracolumbar fas-
cia, iliac crest, and lateral third of the inguinal
ligament. These fibers course medially from
their posterolateral origins in a largely horizon-
tal manner until they insert onto the linea alba,
pubic crest, and pectineal line. Superiorly, the
fibers interdigitate with those of the diaphragm
and travel in a more superior-medial manner.
Moving inferiorly, there is a significant aponeu-
rotic component to the muscle, which occurs
closer to the midline at the inferior extreme,
though clinically there is significant variation
to the extension of the fibers toward the recti.
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