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Foreword

The names of Milligan, Morgan, and Gorsch will always be
associated with the advanced knowledge of the anatomy of the
pelvic outlet. It is but fitting that a man of Dr. Gorsch’s ex-
perience as a teacher and a delver into anatomy should have
brought all the data up to date and presented them in this compact
monograph. To all surgeons, espeeially the embryo surgeon who
hopes some day to gain proficiency as a specialist, this book will be
invaluable.

Jerome M. Lyxewm, M.D.






Preface to the Second Edition

Sinee the publication of the first edition of this book in 1941
proctology has received recognition as a separate specialty with
an independent, approved, certifying Board—the American Board
of Proctology.

The rapid progress and broadening interest in this field has
yielded a large number of articles and several textbooks to the
proctologic literature. Several contributions to the anatomic lit-
erature, notably that of Uhlenhuth, have also been of considerable
proctologic interest.

The author has thoroughly reviewed and evaluated the bulk of
these contributions and he would again emphasize that the diag-
nosis, pathogenesis, and particularly the surgery of proctologic
disorders, require a hasic and broad anatomic background which
is not yet available to the postgraduate student or the practicing
proctologist.

It has therefore been the author’s purpose to again consolidate
in one volume the modern and generally accepted concept of the
perineopelvie anatomy and to present it in an orderly and readily
comprehensible form with particular emphasis on its practical
application. There has been some unavoidable repetition in doing
this.

In the preparation of this edition the entire material has been
revised, largely rewritten and brought up to date. Where the
anatomy is still equivoeal, the author has been guided by his own
dissections and has offered descriptions of practical rather than
academic value.

Notable revisions are the chapters on the anatomy of the anal
canal, the anorectal musculature, the perineopelvic spaces and
the levator ani muscle. The detailed anatomy of the pelvic
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Preface to the First Edition

The author's experience in the special practice, and more par-
ticularly in the postgraduate teaching field of proctology has im-
pressed him with the desirability of increasing the facilities for
specialized anatomical training to future proctologic aspirants.

The limited anatomical training offered by the present medieal
schioot does not meet the requirements or dernands for the present
or future standards of proctologic practice. Special training in
anatomy is not within the scope of the medical school and it is
not desirable that it should be. This is a definite and important
abligation ta be fully assumed by the postgraduate schools.

The author is also convineed that the diagnosis, patholysis and
treatment of proctologic disorders falls definitely below the stand-
ards of other medieal specialties. This applies in particular to the
surgieal aspect of proctology.

Furthermore the fragmentary deseriptions of the anatomy in
the modern proctalogic testbooks are probably designed for the
general practitioner but can scavcely suffice as an sdequate ana-
tomie basts for specinl practice in the surgical field of proctology.

The practice of proctology s a complex specialty, largely surgi-
eal, in which a broad, basic anatomical background of the entire
pelvic viseera is quite essential to the performance of satisfactory
surgery, as well as to a correct and complete conception of the
pathogenesis and clinical course of not only proctologic, but also
the closely alfied gastroenterologic, gynecologic and urologic dis-
eases.

My purpose, therefore, is to present a comprehensive and simple
description of the essential perincopelvie anatomy as I have netu-
ally observed it, emphasizing its more important surgical and

X



X PREFACE TO SECOND EDITION

fascia is assuming increasing importance in the broadening scope
of pelvic surgery and the chapter on this difficult subject has
therefore been entirely rewritten and presented in a simple manner
more readily understandable and useful to the student as well as
the practicing surgeon.

If the author has in some measure bridged the gap between
anatomist and practicing proctologist he will consider his efforts
well repaid.

R.V.G.
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pathogenic aspects and its particular application to the procto-
logic field.

Special consideration has been given to the important muscu-
lature of the anal canal.

I am fully appreciative that considerable anatomic detail has
been omitted. Iowever, the work was not intended to cover the
entire subject of pelvic anatomy, but rather to offer it primarily
from the proctologic viewpoint. If I have accomplished this in
some slight degree, I shall have considered my efforts as amply
rewarded.

R. V. Gorsca
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cHaPTER

The Pelvis, Pelvic Floor and
Perineal Triangles

Phylogenetically and embryologically the development of the
pelvic viscera and their perineal outlets may be traced through
successive stages in which the complete division of a common ex-
cretory cavity—the cloaca—finally reaches the complex adult
pattern.

Progressive ontogenous development has formed the adult vis-
ceral systems. These in their functional adaptations have acquired
peculiar anatomic and histologic structures which in modern
medicine have come to be considered as more or less independent
systems with distinetive pathologic processes.

However, the surgical specialties primarily concerned with this
development—urology, gynecology and proctology—are closely
allied in symptomotology and treatment. It has therefore seemed
advisable to emphasize the broader pelvic outlook essential to a
sound anatomic, pathogenic and surgical grasp of these closely re-
lated surgical specialties. The tendency in proctology is to narrow
its scope to the anal ring.

A short review of the pelvis, the pelvic floor and its triangles is
therefore included.

Tuae PeLvis
In its broader sense the pelvis is the large bony canal bounded
anteriorly by the pubo-ischial rami, laterally by the hip bones
1



2 PROCTOLOGIC ANATOMY

(the ossa innominata) and posteriorly by the sacrum. The bony
wall, entirely complete above, is deficient below, the interval being
partly closed by the great sacrosciatic or sacrotuberous ligament.

The pelvic viscera and the adjacent soft parts encroach some-
what on the bony pelvis. At the pelvic inlet these include the
psoas, the iliacus muscles, the ureters, the pelvic nerve plexuses
and the large vessels; at the pelvic outlet they include the pirifor-
mis, the obturator internus muscles and the composite musculo-
fascial struetures of the pelvic floor which, in the female, have an
important functionally adaptive arrangement.

Largely as a result of obstetric practice, the true pelvis is com-
monly described as extending from the pelvic inlet or superior
strait, or more commonly the plane of the pelvic inlet, to the pelvic
outlet or inferior strait (fig. 1).

The plane of the pelvic inlet, anatomically, is bounded anteriorly
by the symphysis pubis, laterally by the iliopectineal lines and
posteriorly by the superior border of the first sacral vertebra and
the alae of the sacrum (fig. 2).

The pelvic outlet, or inferior strait, is roughly rhomboid in out-
line, extending from the inferior margin of the symphysis outward,
backward and downward along the rami of the pubes and ischia to
the tuberosities and thence along the lower margin of the sacro-
tuberous ligaments to the sacrum and coceyx in the midline. The
pelvic outlet corresponds to the perineum in its broader sense.

The pelvic aperture, genital hiatus or genital cleft is the inter-
pubic interval in the pelvic outlet. It contains the visceral outlets
which are enveloped by the levator ani muscles and their exten-
sions.

The essential sex differences of the male and ferale pelvis are of
more importance from the obstetric viewpoint. However, the
broader pelvic outlet in the female, with its peculiar muscular and
faseial arrangement, is also of proctologic significance to the forma-
tion of the perineopelvic spaces.

The true pelvis, extending from the pelvic inlet to the outlet, has
the shape of a curved cylinder, the anterior depth of which corre-
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Fig. 1. The pelvic planes. A, the axis of the anal canal; B, the axis of the rectal
ampulla; C, the axis of the sigmoid. These changing axes are important in procto-
sigmoidoscopy.

sponds roughly to that of the symphysis pubis, while the posterior
depth, of comparatively much greater dimensions, extends from
the sacral promontory to the coceyx. Its axis varies gradually and
follows roughly the sacrococeygeal curve (figs. 3 and 4).

In the newborn and infant the pelvis is somewhat cone-shaped
and relatively much smaller than in the adult. The sacrum has yet
to attain its prominent anterior curve as in the adult and the plane
of the pelvic inlet is almost horizontal, factors which predispose the
infant to prolapse of the rectum. During the first two years the
pelvis grows rapidly. With the changing mechanies of the erect
position and the increased activity in walking the sacrum descends
between the ilia and by the end of the second decade the pelvis has
almost assumed its adult pattern.
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1
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5 ANTERIOR,
Fi1c. 2. The pelvic inlet from above. (Courtesy of S. H. Camp & Company.)

Tae PeLvic Froor

The pelvic outlet is commonly deseribed as being closed by the
pelvic diaphragm or the pelvic floor. There is some looseness in the
terminology referring to the pelvic floor or diaphragm; the two
terms are frequently confused. Anatomieally these are different
structures and the terms should not be used interchangeably.

Largely as a result of the gynecologist's conception of the utero-
vaginal supports, the pelvic floor has been referred to as consisting
of an upper and lower portion or, loosely, an upper and lower dia-
phragm (fig. 5). For example, according to Johnston, two dia-
phragms support the uterus and this writer refers to the lower
diaphragm as the pelvie floor. On the other hand, Farrar refers to
the upper pelvie floor as including the levator ani muscles, com-
monly described, together with the coceygeal muscles and their
fascia, as the pelvic diaphragm.

From the practieal, if not strictly anatomie, standpoint, it ap-
pears simplest, notwithstanding the fact that the pelvie floor ac-
tually extends below the plane of the pelvic outlet, to consider the
pelvic floor as including all the musculofascial strata from the
peritoneum above to the skin below.
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Fig. 4. (bottom) The sacral curve. (Dissection by the amthor.) Note the end
of the dura. The needle lies in the sacral, not the gpinal, canal.
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E
F16.5 The pelvic diaphragm (levator ani and coccygei muscles). This is some-
times referred to as the lower pelvic floor. The uterovesical and uterosacral sup-
ports are referred to as the upper pelvic floor. The fascial extensions from the
cervico-uterine junction to the lateral aspects of the rectum are sometimes re-
ferred to as the uterorectal ligaments. (A) Rectum; (B) peritoneum; (C) uterus;
(D) bladder; (E) pelvie diaphragm
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Fic. 6. Schematic transverse section of smooth muscle diaphragm. US.F.,
uterosacral fibers; C.R , cervicorectal fibers; D., decussation fibers; B.L., broad
ligament fibers; C.V., cervi jeal fibers; C.P., eervicopubie fibers. Redrawn
from Power, R M. H.: The pelvic floor in parturition. Surg., Gynee. & Obst., 88:
296-311, 1016,

These strata include from above downward: 1) the peritoneum,
2) the extensive subserous or endopelvie fascioligamentous net-
work with its smooth muscle component (the smooth muscle dia-
phragm) (fig. 6), 3) the strong supralevator faseia together with
the levator ani and ecoceygeus muscles forming the pelvic dia-
phragm, 4) the urogenital diaphragm (triangular ligament), 5) the
sphineterie strata, anal and urogenital.

From the gynecologic standpoint the so-called upper pelvie floor
contains the main supports for the uterus, vagina and bladder in
the female, e.g., the cardinal, uterosacral, pubovesical, vesico-
uterine, ete., ligaments, as well as the parametrial tissues and the
peritoneal extensions. The upper pelvic floor also includes the
ureters, the mesenteroids of the vagina, the neuro-vascular sheaths,
the pelvic lymphatics and nerve plexuses (fig. 7).
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Fra. 7. Successive cross sections of the uterovaginal supports. (After Sellheim.)
Upper left: A, eross section at about the first saeral vertebra, showing the broad
ligament and its relation to the obturator internus musele, ete. Upper right: B,
cross section 2 em. below that in the preceding illustration, showing the broad
ligament and its relation to the obturator internus muscle and the gheaths of the
nerve trunks Lower left C, cross section 2 em. below that in the preceding illus-
tration, showing the cardinal ligament and its relation to the piriform, internal
obturator, and levator ani muscles, the sheaths of nerves, ureter, and blood
: D, cross section 2 cm. below that in the preceding illustra-
e of the broad ligament and its relation to piriform and
nd uterosacral ligament. (Farrar, L.

vessels. Lower right
tion, shoning the bas
Jevator ani muscles, the spinal ligament, al
K. D.: Surg., Gynec. & Obs!., 1938.)
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PELVIS ANP PELVIC FLOOR 9

In the male the comparable ligamentous supports are of less
clinical and surgieal importanee and an upper pelvic floor or dia-
phragm is rarely referred to.

The pelvie diaphragm is the more important stratus of the pelvic
{loor,

Relaxation of the pelvic diaphragm, particulasly in the female,
may result in functional disturbances of the rectum and sigmoid.
The proctologic symptoms of incomplete-and obstructive-evacua-
tion, false sense of defecation, prolapse, proctostasis ete., are com-
monly associated with rectocele, eystocele and displacements of the
uterus pud adnexa.

Trg Prrivean Trisvores

The perineum s commonly divided into anterior and posterior
trinngles by an interischial line passing just in front of the anus (fig.
8). The anterior triangles are the urogenital, genital or urethral
triangles (not the urogenital diaphragm); the posterior triangles
are the anal, ischial, ischiorectal or ischio-anal. The triangular
areas corresponding to the skin surfaces are sometimes referred to
as the anal or urethral periseum-—the term perineum being used in
its broader sense. It should be noted that the anal and urethral
triangles embrace all the structures of the pelvie floor situated
between the peritoneum and the skin. The essential components of
these triangles are muscular strata separated by faseia disposed in
Iayers of varying density.

Ture ANan TRIANGLES

These contain the following musculature:
(1} the external and internal anal sphincter muscles
{2) the levator ant muscle’ Ivic i
() the caceygeus the pelvic disphragm
(4) the piriformis muscle

These muscles will receive separate deseription in Chapters ITT
and IV,



Fi6. 8. Triangles of the peri

A.T.,anal triangles.
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- Tur UnocuNirar, TriaNgLes

The urogenital trizngles contain three cistinet musele groups:
a superficial and deep stratum of perineal muscles and the pubie
portions of the pubococygeus and puborectalis museles (fig. 9).
The perineal museles are commondy referred to as ocenpying the
superfieial and deep perineal compartments or pouches.

Fic. ¢ The musculofascaal layers of the urogenital triangle tmale) DML,

levxftor ani muscle Inver, M M L, deep perineal muscle laver; SMLL., saperficial
perineal muscle Iayer; ', prostate gland
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The superficial perineal compartment contains the following
muscles:

(a) bulbocavernosus (sphincter vaginae, accelerator urinae, bul-

bospongiosus muscle)

(b) ischiocaverno=us muscle

(¢) superficial transverse perineal mu~cle

The deep compartment, also named the triangular ligament or
urogenital diaphragm, contains the following muscles:

(a) The deep transverse perineal muscle

(b) The sphincter urethra membranacea muscle

The levator strata or deepest muscle layer is also referred to as
the urogenital portion of the pelric diaphragm, not the urogenital
diaphragm.

THE ScrerrICIAL PotcH or COMPARTMENT

In the male this compartment is roughly 114 to 2 em. in depth.
It extends about 5 em. along the pubo-ischial ramus corresponding
to the pubic attachment of Colles’ fascia. It mea=ures about 6 cm.
along its posterior border, corresponding to the attachment of
Colles’ fascia along the posterior margin of the urogenital dia-
phragm. The main layer of Colles’ fascia forms its floor and the
lower layer of the urogenital diaphragm (inferior urogenital fascia)
its roof (fig. 10).

Anteriorly it is continuous with the subeutaneous interval in the
abdominal wall. Posteriorly the intimate relation of Colles’ fascia to
the superficial transverse perineal muscle and the posterior border
of the urogenital diaphragm (triangular ligament) clo-es off the
compartment from the perianal and ischiorectal spaces.

Urinary extravasation in the superficial compartment is hence
more apt to extend anteriorly in the abdominal wall than pos-
teriorly.

In the female, the superficial compartment has essentially the
same boundaries and contains the structures homologous to that
in the male. It is broader, deeper and less compact corresponding to
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Tia. 10. The superficial perinenl musculature (male}. &, bulbocavernous mus-

cle, B, ischiocavernosus musele; C, superficial perineal pouch; D, trianguar

Bigament; (15) anterior fibrous rphe; F, ischial tuberosity; G, Colles’ fascia; H,

extetnal anal sphincter musele; 1, amal skin; J, ischiorectal fossa; K, glutens
musele.
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the incressed width and depth of the pubic arch. Although its
fascial layers have a very strong attachment laterally along the
pubic rami they afford but little support medially due to the inter-
position of the vagina. The following muscles are found in the
superficial perineal compartment.

The Bulbocavernosus Muscle

In the male the bulbocavernosus muscle, unpaired, extends from
the central perineal tendon to the bady of the penis (fig. 10). It
arises mainly from the central tendinous raphe along the lateral
and posterior aspect of the bulb. Its posterior fibers are somewhat
broader and better developed and after covering and encircling
the bulb they attach to the triangular ligament. The median fibers
divected anteriorly completely encircle the corpus cavernosum
urethrae and are attached to Buck’s faseia which surrounds it,
and which is continued over the erura and bedy of the penis. Its
anterior fibers are somewhat more superficial and are in cloge rela-
tion to the adjacent ischiocavernosus muscle. They insert on the
dorsal aspect of the penis.

Through its attachment to the triangular ligament by Buck’s
faseia and the tunica albugines, both of which are continued over
the penile portion of the penis, the contraction wave of the bulbe-
cavernosus, extending anteriotly, empties the urethra. It com-
presses the bulb and assists in erection and ejaculation The
integrity of the triangular ligament is imporiant to the proper
functioning of this muscle.

In the female this muscle is symmetrically disposed and sur-
rounds the vagina {fig. 11). Although described as a sphineter, it
actually has little sphincteric action. Its principal function, as in
the male, is to compress the bulb and maintain turgescence of
the corpora cavernosa. Its symmetrical halves are closely applied
to the adjacent portions of the vestibular bulbs (erectile bodies}
which surround the vaginal orifice. Posteriorly they insert, together
with the small superficial transverse perineal muscles and the ex-
tensions of the superficinlis sphincter ani externus, into the central
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tendinous raphe of the perineal body. Anteriorly the fibers become
indistinet and insert into the sides and dorsum of the body of the
clitoris (fig. 12).

The bulboeavernosus in both sexes is supplied by small branches
of the perineal arteries and nerves as they traverse the superficial
perineal compartment.

In both sexes the bulboeavernosus muscle immediately sur-
rounds the bulb. In the female this is represented by symmetrical
venous plexuses, about 1 inch in length, situated just lateral to
the vestibule below the labia minora. In the male the fused plex-
uses which surround the corpus cavernosum urethrae are pro-
jected posteriorly as the bulb which is firmly attached to the

A
o
”!,‘f W
Frc. 11, The perineal museles of the female (sch ic). A, ischi

LA, nosus;
B, bulbocavernosus; C, superficial transverse perineal musele; D, superficialis

portion of external sphincter ani; E, fibers of the profundus external gphincter;
F, encircling fibers of the sub external sphi '

ani.
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TUBER. pUBICUM CORPUS CLITORIDIS

<TE-—
NR

BULBUS \\\\
VESTIBULI ] MASSA
INTERMEDIA

M EULBO-
CAVERNOSUS RAMUS INF.
055, PUBIS
M.ISCHIO-
CAVERNOSUS

M.BULBO-
GLAND, VES- CAVERNOSUS
TIBULARIS

(BARTHOLINY

VESTIS,
VAGINAE

FOSSA ISCHIO-
RECTALIS

M, SPHINCTER
ANI EXT,

Fia. 12. The superficial perineal muscles in the female. (After Curtis), In the
anal part of the perineum the levator ani and external anal sphincter muscles
of each side are shown by removal of the superficial fatty tissue. In the uro-
genital part of the perineum, on the right side, by cutting away the muscle fascia,
the ischi nosu. ficial t perineal, and bult nosus muscles
have been brought into view. On the left side the bulbocavernosus muscle has
been reflected to expose the bulb of the vestibule and greater vestibular (Bartho-
lin’s) gland and duct. Anteriorly are seen the glans, body, and intermediate mass
of the clitoris. Redrawn from Curtis, A. I, et al.: Surg., Gynec. & Obst., 74: 1942,

inferior layer of the urogenital diaphragm (triangular ligament).
The bulb is an important landmark in perineal surgery.
The Ischiocavernosus Muscle (Erector Penis, Erector Clitoridis)

This muscle arises from the ischial ramus directly anterior to
the superficial transverse perineal muscle. It extends along the
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pubic ramus covered by the deep crural septum of Colles’ fascia
and inserts by a tendinous expansion into the crura of the penis
or clitoriz. In the male this muscle has a comparatively broad ten-
dinous origin from the pubic ramus and partially overlies the peri-
neal artery in the superficial perineal compartment.

In the female the muscle is comparatively much smaller, with
pootly developed muscle fibers. It has a similar origin and inserts
into the crura and body of the elitoris. It assists in erection of the
penis (clitoris) and in ejaculation. Tt is supplied by the perineal
artery and nerve.

The Super ficial Transverse Perineal Musele

This muscle develops in close relation to the external anal
sphincter with which it is sometimes continuous, suggesting their
commeon embryologic derivation (sce page 54). It takes origin
from the medial aspect of the pubo-ischial ramus just below and
behind the ischiocavernosus muscle. Crossing the posterior por-
tion of the superficial perineal compartment, covered by Colles’
fascia it passes medially to join with its fellow of the opposite
side, and inserts into the centra) perineal raphe or tendon. It
marks the posterior limits of the superficial perineal compartment
and is a guide to the interval between the rectum and vagina or
prostate. Colles’ fascia, fusing with the infra-anal fascia and the
urogenital diaphragm overlies the posterior aspect of the super-
ficial transverse perineal muscle.

In the female this muscle is distinetly smaller and ill defined,
and is fibromuscular rather than muscular in character (fig. 12).
It has essentially the same disposition as in the male. At the
perineal junction its fibers, scarcely distinguishable, insert to-
gether with the deep transverse perineal muscle and the external
anal sphincter into the perineal body.

The vulvovaginal glands (Bartholin) are situated behind and
lateral to the bulbs near the junction of the superficial and deep
compartments, where they are not normally palpable. In the

male the homologous gland of Cowper lies in the deep compart-
ment.
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The origin of the superficial transverse perineal muscle from
the ischial tuberosity in both sexes marks the point at which the
superficial perineal branches from the pudendal nerve arise and
where they are most nccessible for local infiltration anesthesia,

Tne Dece PeriNeal Pouch or CoMPARTMENT (TRIANGULAR
LiGAMENT OR UROGENITAL DIAPHRAGM)

The deep perineal compartment lies between two well defined
fascial layers (the superior and inferior urogenital fascine) which
on account of their triangular shape in the male and their great
tensile strength are commonly referred to as the triangular liga-
ment, or urogenital diaphragm (fig. 13). It is about one-half to
one centimeter in thickness, somewhat greater in the female.
Laterally its fascial layers have a very firm attachment for ap-
proximately 5 em. along the inner surfaces of the pubo-ischial
rami. Its posterior margin is approximately seven centimeters
in length . slightly greater in the female. Medially musculo-fascial
extensions fuse into the fascial eollars of the urethra, vagina and
prostate.

In the male the triangular ligament contains between its layers
the deep transverse perineal and sphincter urethrae membrana-
ceae muscles, the small bulbourethral glands (Cowper), the puden-
dal vesscls and nerves and the nerve to the penis (clitoris).

The deep transverse perineal muscle spans the posterior part of
the trigone. Its flattencd fibers arranged in strands arise from the
lateral surfaces of the pubic rami and intermingle with fibers of
the deep urethral sphineter muscle, inserting jointly into an ill-
defined median tendinous raphe.

The sphineter of the membranous urethra consists also of mus-
cular fibers which immediately surround the urethra. These fibers
are continuous with the circular fibers of the prostatic urethra
above and the membranous urethra below.

The two layers of the triangular ligament fuse anteriorly just
behind the pubes to become continuous with the supra-anal fascia
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Fic. 13. Tri lar li (male). Sch ic drawing from dissection. The
bulb has been di: d off the tri lar 1j and retracted anteriorly be-
tneen the ischiocavernosus muscles. The urethra has been cut across, exposing
the entire posterior half of the triangular ligament. Behind the ligament and be-
tween the legs of the levator ani is the prostate gland. The levator ani fibers en-
circling the rectum iorly are well loped in this i Note that the
triangular ligament is but 1 to 1}4 inches on its triangular sides. In the female, it
is composed of two lateral wings, somewhat wider and thicker than in the male.
Compare with fig. 13. A, bulb; B, triangular ligament; C, urethra; D, prostate; E,
levator ani; F, coceyx.




20 PROCTOLOGIC ANATOMY

(parietal) of the pelvis and to form in this situation the small but
firm transverse ligament of the pelvis, above which the dorsal
vein and nerve of the penis (clitoris) continue to the prevesical
space of Retzius,

In the female the inereased width of the pubic arch and the
larger vaginal canal with its potential requirements for expansion
modify the structure of the triangular ligament. Anterior to the
vagina the triangular ligament is comparatively strong and at
this point it supports the urethral reflections from the levator ani
muscle covered by the supra-anal fascia. Curtis refers to these
wing-like reflections as the pubo-urethral ligaments, since after
slinging around the urethra they insert into the pubic bone (fig.
110). Posterior to the urethra and anterior to the vaginal floor
muscular fibers from the levator and the sphincter membranaceae
museles cross from one side to the other.

In the male the triangular lignment is commonly described as
terminating anterior to the anal canal. In the female, however,
according to Curtis, it does not terminate along a transverse line
as usually described but is continued posteriorly surrounding the
anal canal to finally reach a coceygeal attachment above the
superficialis portion of the external anal sphincter muscle. The
triangular ligament, therefore, in the female is quadrangular
rather than triangular in form. A homologous posterior extension
in the male has yet to be described (fig. 14).

Near its pubic attachment the triangular ligament fuses with
the caudal reflections of the lateral wings of the vagina (fig. 14).
In the expansion of the vagina during parturition the lateral
wings of the triangular ligament swing forward and upward
against the pubic rami, their lateral attachments acting as a sort
of hinge.

Posterior to the vagina the supra-anal and infra-anal fascia,
including the reflections from Colles’ fascia, the inferior perineal
fascia, the extensions from the anal sphincter museles and the
superficial perineal fascia, all combine fo form the fascial com-
ponents of the perineal body. Attenuation of the levator fascial
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LIG. ARGUATUM PUBIS CORPUS CLITORIDIS

TRIGONUM UROGEN-,
ITALE (M SPHINCTER, 1
URETHRAE) \

M.ISCHIO
RAMUS INF A CAVERNOSUS
08515 ISCHH N

M.PUBOCOCCYGEUS

M.ILIOCOCCYGEUS 0S COCEYGIS

Fic. 14 The urogenital diaphragm (female), (After Curtis). In the anal triangle
the external anal sphincter, now detached from the subjacent muscles of the
urogenital and pelvie diaphragms and from the intrinsie museulature of the anal
canal, has been drawn aside to revenl the backward-directed fibers of the urogenital
diaphragm; the ischiocavernosus muscles have been rolled medialward away from
the crura and the body of the clitoris; the superficial transverse perineal muscles
have now been entirely removed to show the course of fibers at the base of the
urogenital diaphragm. It is evident that the so ealled sphincter of the urethra
sends muscle fibers not only into and in front of the urethrs, at {a); but alse into
the vagina, (b); across the midline between the vagina and anus, {(c); into the
wall of the latter, (d); and backward to the coceyx, {¢} Redrawn from Curtis,
A 1L, et al. Surg., Gynec. & Obst., T4: 1942,

planes and separation of their related museles increasing the width
and length of the pelvic aperture predisposes the female to rec-
tocele, cystocele and prolapse.

The derivation of the so-called layers of the triangular ligament
is still somewhat equivoeal and the ligament is considered by some
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(parietal) of the pelvis and to form in this situation the small but
firm transverse ligament of the pelvis, above which the dorsal
vein and nerve of the penis (clitoris) continue to the prevesical
space of Retzius.

In the female the increased width of the pubic arch and the
larger vaginal canal with its potential requirements for expansion
maodify the structure of the triangular ligament. Anterior to the
vagina the triangular ligament is comparatively strong and at
this point it supports the urethral reflections from the levator ani
muscle covered by the supra-anal fascia. Curtis refers to these
wing-like reflections as the pubo-urethral ligaments, since after
slinging around the urethra they insert into the pubic bone (fig.
110). Posterior to the urethra and anterior to the vaginal floor
muscular fibers from the levator and the sphincter membranaceae
muscles cross from one side to the other.

In the male the triangular ligament is commonly described as
terminating anterior to the anal canal. In the female, however,
according to Curtis, it does not terminate along a transverse line
as usually described but is continued posteriorly surrounding the
anal eanal to finally reach a coccygeal attachment above the
superficialis portion of the external anal sphincter muscle. The
triangular ligament, therefore, in the female is quadrangular
rather than triangular in form. A homologous posterior extension
in the male has yet to be described (fig. 14).

Near its pubic attachment the triangular ligament fuses with
the caudal reflections of the lateral wings of the vagina (fig. 14).
In the expansion of the vagina during parturition the lateral
wings of the triangular ligament swing forward and upward
against the pubic rami, their lateral attachments acting as a sort
of hinge.

Posterior to the vagina the supra-anal and infra-anal fascia,
including the reflections from Colles’ fascia, the inferior perineal
fascia, the extensions from the anal sphincter muscles and the
superficial perineal fascia, all combine to form the fascial com-
ponents of the perineal body. Attenuation of the levator fascial
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anatomists as merely n composite fasciomuscular structure with-
out sharply defined layers as commonly described.

In the female the vagina is sometimes not considered as piere-
ing the diaphragm as the urethra does.

Tur LeEvATOR ANT STRATUM

This stratum of the urogenital triangles is formed by the par-
tially superimposed erura of the puboeoceygeus and puborectalis
muscles which have a firm attachment to the deep layer of the
triangular ligament. Tt forms the urogenital portion of the pelvic
diaphragm, which is greatly strengthened by the triangular liga-
ment as well as the superficial perineal muscles.

These three superimposed perineal musculofasical strata pro-
vide a strong support for the genito-urinary organs and their
musculature, particularly so in the male where they form a con-
tinuous and composite diaphragm—spanning the pubic interval
(fig. 15).

From the structural and functional standpoint the deep mus-
cular strata are primarily supportive, accomodative and evacua-
tory while the superficial strata are essentially sphincteric. How-
ever, musculofascial extensions from the levator ani muscles
synergize and co-ordinate the actions of the urogenital sphincters.

Pervic PALPABLE LANDMARKS

In the digital examination of the rectum and vagina the follow-
ing palpable landmarks are useful.

In the female: the pubic arch and symphysis, the urethra
throughout almost its entire extent, the faseial arch of the fascia
endopelvina, the important ischial spine, the sharp margin of the
sacrospinous ligament, the ischial tuberosity and finally the lower
margin of the sacrum and the entire coceyx, are usually readily
identifiable.

In the male the comparable landmarks, excluding the symphy-
sis and urethra, are readily palpable.
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Frq. 15. The musculofaseial layers of the urogenital triangle. {(Dissection by
anthor.} A, ischi nosus muscle; B, bulb nosus muscle; C, interval
between ischi nosus and bult nosus musele; D, the superficial trans-
verse perineal muscle; E, central tendinous point of the perineum; F, triangular
ent; G, fascial shelf; H, prostate gland; I, levator ani muscle; J, rectum.

ligam



CHAPTER 11

The Anal Canal

THE DEVELOPMENT OF THE ANORECTAL JUNCTION

The development of the anal canal and rectum with their
subsequent continuity in man is characterized by an interpenetra-
tion of the epithelial, glandular and muscular embryonic anlages.
This overlapping and transition persist in the adult anatomy and
are significant in the pathogenesis and surgery of anorectal disease.
The following embryologic considerations are presented to assist
in clarifying the more important anatomic details peculiar to the
anal canal and rectum.

The development of the anoreetal junction is of particular
proctologic significance and will be described in detail.

The anal canal develops in the ventral aspect of the cloacal
membrane overlying the post-allantoic gut—not the hindgut. Its
early development is observed as an invagination of the ecto-
derm—called the proctodeum—which becomes a recessed and
constricted portion of the larger cloacal membrane (fig. 16). This
proctodeal depression becomes encireled by a developing ridge of
anal musculature and the fusion of the mesially directed anal tu-
bercles. As further umbilication occurs, the newly formed anal
canal is separated from the primitive rectum only by an irregu-
lar interdigitating membrane-—the anal membrane or the proc-
todeal plate—which is lined by entoderm ahove and ectoderm
below (fig. 17). With the dissolution of this membrane the anoree-
tal junction is completed (fig. 18).

Simultaneously with the development of the proctodeal in-

25
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The extent to which suppurative and malignant processes
obliterate these structures may be significant to their diagnosis
and treatment.
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CHAPTER II

The Anal Canal

TrE DEVELOPMENT OF THE ANORECTAL JUNCTION

The development of the anal canal and rectum with their
subsequent continuity in man is characterized by an interpenetra-
tion of the epithelial, glandular and muscular embryonic anlages.
This overlapping and transition persist in the adult anatomy and
are significant in the pathogenesis and surgery of anorectal disease.
The following embryologie considerations are presented to assist
in clarifying the more important anatomic details peculiar to the
anal canal and rectum.

The development of the anorectal junction is of particular
proctologic significance and will be deseribed in detail.

The anal canal develops in the ventral aspect of the cloacal
membrane overlying the post-allantoic gut—not the hindgut. Its
early development is observed as an invagination of the ecto-
derm-—called the proctodeum—which becomes a recessed and
constricted portion of the larger cloacal membrane (fig. 16). This
proctodeal depression hecomes encircled by a developing ridge of
anal musculature and the fusion of the mesially directed anal tu-
bercles. As further umbilication occurs, the newly formed anal
canal is separated from the primitive rectum only by an irregu-
lar interdigitating memhrane —the anal membrane or the proc-
todeal plate—which is lined by entoderm above and ectoderm
below (fig. 17). With the dissolution of this membrane the anorec-
tal junction is completed (fig. 18).

Simultaneously with the development of the proctodeal in-
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THE ANAL CANAL
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THE ANAL CANAL 29

vagination and absorption of the proctodeal plate the primitive
rectal ampulla or bulbus analis of the post-allantoic gut accomo-
dates itself to the smaller terminal rectum—the bulbus termin-
alis— (Jolnson) by forming a series of longitudinal folds somewhat
in the manner of a purse-string. These folds form the columns of
Morgagni which extend upward from the anorectal line through
the pars analis recti into the reetal ampulla.

As the internal sphincter develops and telescopes itself through
the external sphineter, the adjacent epithelial surfaces override.
The anal or proctodeal membrane is absorbed and the ectodermal
ridge becomes continuous or over-rides the rectal columns of Mor-
gagni. As Harris tersely puts it: “the anorectal junction is not a
clearly demarcated line with columnar epithelium above and
squamous epithelium below, as in the rat, but is an irregular zone
in which proximodistally columnar epithelium gives way to irregu-
lar zones of alternating squamous and columnar epithelium,
finally resulting in the squamous epithelium of the anal canal”
(fig. 19).

The anal valves represent ectodermal folds or pleats from the
constricting anal or proctodeal membrane, bridging the interval
between adjacent rectal columns. The interval or free space be-
hind the valves is the crypt of Morgagni. The unbridged interval
between the rectal columns is the rectal sinus of Morgagni. The
crypts then appear to be the result of 2 structural accommodation
and, as observed by C. Naunton Morgan, the angle at which the
post-alantoic gut is pierced by the proctodeum accounts for the
deeper crypts and sinuses of Morgagni persisting in the posterior
half of the anal canal.

The irregular development of the anorectal junction just de-
scribed accounts for the variety of descriptions regarding the type
of epithelium found in the anal canal or rectum.

Small islands of squamous epithelium are regularly observed in
histologic sections of the anorectal line, extending above the co-
lumnar epithelium of the rectum proper. This overlapping may be
anticipated in the 32-mm. embryo (fig. 17). In adult specimens,
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T16. 18, The anorcetal f1inet:mm o1
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midway between the ischinl tuberosities (fig. 20). It is situated
from 1 to 2 inches anterior to the tip of the coceyx, somewhat
more anteriorly in the female. The skin immediately surrounding
the anus is usually pigmented and rugous to accommodate the
varying tone of the subcutancous external sphincter muscle,
which is the only muscle surrounding the anal orifice.

The perianal region contains the usual glandular elements of
skin, including the special circumanal glands of Gay, the apocrine
and ecerine glands, in which perianal hydradinoma develop.

These glandular elements are gradually lost in the transitional
squamous epithelial lining of the anal canal proper (the anoderm)
which terminates at the anorectal line. The anus varies from 3 to
9 cm. in circumference but admits of wide variations. It may bhe
congenitally small, irregular, deformed or patulous from previous
surgery or pathology. In heavy and muscular individuals the
anus may be deeply placed between the buttocks and is referred
to as funnel-shaped.

In the resting state, the anus presents a groove-like appearance,
the adjacent perianal skin being in opposition. This predisposes
it to moisture and intertriginous irritation. In the active state, the
anus and anal canal accommodate themselves to the consistency
of the feces which, when sufficiently soft, may be molded by the
anal musculature but when firm may distend and rupture the
anal epithelium (anoderm).

TaE AxaL CaxaL axp Its LiNixg

The anal canal is a musculomembranous passage joining the
anus and the rectum. Its surrounding muscular walls have a tri-
laminary arrangement of particular surgico-pathologic signifi-
cance, which will be described later in detail (see Chapter III,
Anorectal Musculature).

The anal canal extends from an arbitrary point at the anal verge
to the level of the anorectal (dentate ete.) line. It is covered by
modified squamous or transitional epithelium which contains but
few sweat glands or hair follicles. The squamous epithelial lining
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= Col itheli

Musc. mncosm
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— Lev. ani.

RAT MAN

Fi1c 19. Diagrammatic representation of relationship of epithelia and muscles
at the level of the “white line”” in the rat and in man. The possible extensions of
the deep rectal glands are shown. (Harris, I. A.: Proc. Roy. Soc. Med., 1929.)

where trauma and chronic infection inherent to this region pro-
duce a proliferation of the squamous epithelium, the overlapping
is usually pathologic and has been referred to by Krafka as “creep-
ing epithelium.”

As in the cervix uteri, it is not uncommon to observe chronic
hemorrhoids covered with an aberrant growth of squamous
epithelium.

This squamous metaplasia may be of some etiological signif-
jeance in anorectal epitheliomata.

Tue AnNus

The anus merely refers to the external opening of the anal
canal, presenting itself normally as an anteroposterior slit placed
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thins out and ends somewhat abruptly at the anorectal line, but
some overriding of adjacent epithelial surfaces is common. This
transitional skin of the anal eanal may be conveniently called the
anoderm (Gorsch). It is smooth, gray in color, poorly vascularized
and highly sensitive. It is sometimes referred to as mucocutaneous
or as the anal mucosa. There are, however, normally only traces of
mucous.membrane in the anal canal (fig. 21).

Milligan and Morgan, however, describe the anal canal as ex-
tending to the level of the anorectal muscle ring. In this case the
mucous membrane and its cuboidal epithelium covering the in-
ternal hemorrhoidal plexus from the level of the anorectal muscle
ring to the anoreetal line would be considered the upper third of
the anal canal and covered by mucous membrane! (figs. 22 and
23).

The conjoined longitudinal musele is firmly attached to the
anal canal lining between the upper border of the subcutaneous
external sphincter muscle and the lower margin of the internal
sphincter muscle and forms the so called intermuscular septum
(intersphincteric line ete.) (p. 78).

This intermuscular interval is the most important landmark in
the anal canal. It is readily defined on palpation and affords a
constant and precise level of orientation for the anorectal mus-
culature. Between it and the anorectal line above is the narrow
but important upper zone of the anal canal, commonly referred to
as the peclen.

Terminal fibro-elastic extensions of the conjoined longitudinal
muscle, after encircling the lower margin of the internal sphincter
musele, also gain a firm insertion inte the pecten above the inter-
sphincteric line and become continuous with the muscularis
mucosae of the submucous space. These extensions tend to fix
the pecten and form an important component in the support of

! This concept, although practical, would of necessity include the internal
hemorrhoidal plexus, its venous, arterial and Iymphatie supply as part of the anal
canal. For teaching purposes we have found it simpler to consider the anorectal
Jine as the upper end of the anal canal, and it will be so considered in this volume.
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F1c. 20, The anus,



THE ANAL CANAL 35

the internal hemorrhoidal annulus. They also form a part of the
“musculus submucosa ani” (p. 79).

In its inactive state the walls of the anal canal are in more or
less opposition from side to side, owing largely to the tonic state
of its musculature, the internal sphincter sometimes being most
prominent in this activity. In length it varies from 2 to 5 em., and
in circumference from 5 to 9 em., admitting of wide variations.

3 B
B—
F c
2 G
H
1
J D
K
L.
I M
Fra. 22. The anal canal {sck ic). Schematic of important

structures of the anal canal. The anal canal as described in this text extends from
the anocutaneous line to the anorectal line (1 to 2). It is also described as extend-
ing from the anocutaneous line to the upper limits of the columns of Mo‘rgagni
(1 to3). A, rectal mucosa; B, levator ani muscle; C, conjeined longitudinal muscle:
D, external anal sphincter muscls , rectal column; F, rectal sinus; G :murectnl’
line; H, anal papilla; I, anal valve; J, anal erypt; K, Hilton’s line; L, ix;tcxs bine.

terie line; M, anocutancous line. P pnierpine:
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FY

Fic. 21. Photomicrograph of longitudinal section through the anorectal junc-
tion in a female, aged 30. The rather abrupt change from the cuboidal or columnar
epithelial glands of the rectum to the irregular cornified or squamous epithelium
of the anal canal is well marked. A, anal ekin (anoderm); B, muscularis mucosa;
C to D, transitional zone; E, rectal mucosa,
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INTERSPHINCTERIC LINE

SUBCUTANEOUS
EXT, SPH.

Fic. 24. Anterior and lateral views of the anorectal line {schematic). Note that
the columnar epithelum of the rectum may extend into the depth of the anal erypt
and that the squamous epithelium of the pecten may extend from the anal column
over the rectal column. R.C., rectal column; A.C., anal column; C.E., columnar
epithelium; 8.E., squamous epithelium; P., papilla; Cr., erypt; V., valve; SML.,
sinug of Morgagni.

first decade. In the second decade growth is again comparatively
rapid and the anal eanal reaches its adult proportions about the
twentieth year. At birth the anal canal will normally admit an
average-size index finger without rupture.

THE AnNorecrar Line

There is considerable looseness in the anatomie descriptions as
well as in the terminology of the anorectal line and its marginal
structures, the crypts, anal valves. rectal columns, anal columns,
papillae, ete. (fig. 24).* The anorectal line (dentate, pectinate,

? Not to be confused with the anorectal muscle ring.
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Fi1c. 23. Anal canal and reetum opened from behind. The four linings are shown,
1, rectal mucosa; 2, “‘anal mucosa’’; 3, skin of the anal eanal-anoderm; 4, skin of
anus. (E. T. C. Milligan: Proc. Roy. Soc. Med., May 1943.) Note that Milligan
considers the terminal rectum covered by (2) anal mucosa. The author has called
the gkin of the anal canal (3) the anoderm and he considers the anorectal line as
the upper limit of the anal canal

The axis of the anal canal is directed toward the umbilicus in
comparison to that of the rectum which is directed toward the
sacral promontory. These axial changes in the adult, somewhat
acute, are formed by the puborectalis sling muscle, and they afford
a directional support for the rectum and are important in the con-
tinence of the anal canal. This anatomic conformation in the
female predisposes to rectocele, cystocele and fissure in ano.

In infaney and childhood, the axis of the anal canal corresponds
more to that of the rectum which, lacking the adult curve, pre-
disposes to rectal prolapse.

The length of the anal canal at birth is about 2 em. posteriorly
and slightly less anteriorly. By the end of the second year it has
increased about one-fourth to one-third of its original length.
After the second year growth is much slower up to the end of the
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Between the columns of Morgagni are the so-called sinuses of
Morpagni, or rectal sinuses, which are again confused with the
crypts of Morgagni. The sinuses are usually directly continuous
with the crypts (fig. 24).

Tur ANAL Crypts (AxaL Pockirs, SINUSES, SACCULES oF
Honxer, Erc.)

As already noted, the anal cyrpts are tiny recesses between
adjacent anal columns and hehind the valves (fig. 24). There is
considerable variation in the number, depth and shape of these
erypts. The more constant and larger erypts are usually found
just laterad to the posterior commissure and they are regularly
described as an etiologic factor in anal fistula and fissure. The
blind end of the erypts extends into the pecten and the cephalic
open ends are directed upward toward the rectum continuous
with the sinuses of Morgagni. Pathologic extensions from their
caudal end may form anal sinuses which may include the crypt
itself after closure of its cephalic end, preventing drainage (fig. 24).

The crypts are sometimes confused with the intramuscular
glands and the preformed anal ducts.

The function of the crypts is not definitely understood. A lubri-
cating role in defecation has been commonly ascribed to them,
although mucus does not appear to be very readily expressed
from them. Their significance in the etiology of anorectal sup-
puration, anal pruritus, ete., and their surgical therapeusis has
been much overdone.

The terms “‘erypts” and “valves,” separate structures, are fre-
quently used interchangeably in the literature.

THE ANAL VALVES

With no valvular function, the so-called anal valves (semi-
lunar valves, etc.) are folds of squamous epithelium bridging ad-
jacent anal columns from the free inner wall of the anal erypts.
Histologieally the valves are thickened or cornified epidermis
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valvular, papillary, crypt line, linea sinuosa, etc.) merely marks
the upper irregular margin of the pecten.

Current anatomic descriptions stress the presence of anal
papillac as characteristic of the anoreetal line. This is not in strict
accord with the anatomic facts and, as already noted, papillac
are more often absent than present. They do not arise from the
free edges of the anal valves or crypts. It may be emphasized that
the papillae when present correspond to the ectodermal projec-
tions, the anal columns, into the primitive rectum, These are
continuous with the rectal columns of Morgagni. The tips of the
anal columns frequently project above the lower margin of the
rectal columns and, assuming a papillary-like form, are referred
to as anal papillae. In chronic anal or rectal infections the papil-
lae may be unusually prominent or hypertrophied, prolapsing
through the anal canal.

The anorectal line is occasionally ill-defined due to retarded
development, pathologic changes or previous surgery. These are
of particular significance in the injection treatment of internal
hemorrhoids.

The anorectal line may at times be observed at or near the anal
verge, an indication of anal or mucous membrane prolapse.

Tue CoLumns oF MoraeagnT (REctan CoLunns)

A number of mucosal longitudinal folds formed in the bulbus
analis of the primitive rectum persist as the rectal columns, or
columns of Morgagni, which probably represent structures of
accommodation for the contraction and dilatation of the anal
canal and the sphincteric portion of the rectum.

Histologically these folds contain a somewhat denser muscularis
mucosae, with a richer Iymphatie, vascular and nerve supply than
that of the adjacent intervening rectal wall. Somewhat more
prominent at their junction with the anal columns, they extend to
varying distances from one-half to one inch or more into the am-
pulla of the rectum where they gradually flatten out and merge
insensibly into the surrounding mucosa.
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F10. 25. The pecten The Allis clamps have retracted the cornified transitional
lining of the anal eanal (anoderm) which has been freed by incising the fibro-
clastic extensions of the longitudinal muscle. This exposes the tissues underlying
the pecten of the anal canal 2s well as the perianal space. Small venous pools may
be ohserved just below the internal anal sphineter. A, external anal sphincter; B

of the longitudinal muscle; D,
venous pools; E, shin margin; F, fossa navieularis; G, vagina.

internal anal sphi 5 C, fibro-elastic
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which becomes continuous with the rectal cuboidal epithelium
projected caudally hetween the anal columns into the blind end
of the crypts (fig. 24). The squamous epithelium may be projected
up and over the rectal columns as already noted.

The free borders of the valves, extremely variable, usually
present a scalloped-edged appearance (semilunar) and their lateral
margins are confluent with the anal columns, with which they
usually correspond numerically (G to 12).

Tur PecteN

The term pecten was originally introduced by Stroud in 1896
to describe the modified skin of the anal canal—its junction with
the rectal mucosa resembling a comb or pecten.

The pecten is now generally considered as the upper third of the
anal eanal covered by the anoderm and extending from the inter-
sphineteric line (intermuscular septum) below to the anoreetal
line or dentate line above. It varies from 5 to 15 mm. in length.
It is an area of transition (fig. 25).

Clinically the pecten may well be considered as not only the
anoderm of the anal eanal but also as including its subepithelial
arcolar and connective tissue which is continuous with the sub-
mucosa of the terminal rectum. This tissue may contain the pre-
formed intramuscular glands and duets which may drain into the
anal crypts, the anal canal, or rarely into the rectum. Oceasionally
the intramuscular glands have no drainage ducts. It is this sub-
cpithelial tissue of the pecten with its glands, lymphaties and
communicating veins which is of considerable importance in ano-
rectal infectious processes and their scquelae. The crypts are
regularly overemphasized. Pectenosis, pectenitis and the pecten
band are usually erroncously referred to as a cryptitis.

Trom the vascular point of view the peeten is significant in that
it marks the anastomotic zone between the superior and inferior
hemorrhoidal plexuses and, to a less extent, the middle hemor-
rhoidal vessels. The anastomosis is usually called abrupt. Actually
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F1a 25. The peeten The Allis clamps have retracted the cornified transitional
lining of the anal canal (anoderm) which has been freed by incising the fibro-
elastic extensions of the longmitudinal muscle. This exposes the tissues underlying
the pecten of the anal canal as well as the perianal space. Small venous pools may
be ohserved just helow the internal anal sphincter. A, external anal sphincter; B,
internal anal sphincter; C, fibro-elastic extensions of the longitudinal muscle; D,
venous poals; E, skin margin; F, fossa navicularis; G, vagina.
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the demareation hetween these veins is not as abrupt as commonly
described, particularly in hemorrhoidal disease. The pecten’s vas-
cular anastomosis drains freely to either portal or systemic sys-
tems.

From the lymphatic standpoint the pecten ix also commonly
referred to as the dividing line between the somatic and visceral
chainx. The Iymphatics of this region are not well understood and
it would appear from clinical oh<ervation that there are, in gen-
eral, three common afferent pathways extending either from the
epithelium of the pecten or its subjacent fibromuscular tissues,
namely: 1) to the cutaneous and subcutancous perianal network
reaching the inguinal chain; 2) to the network following the in-
ferior hemorrhoidal vessels; 3) to the plexuses following the
branches of the superior hemorrhoidal vessels, particularly prom-
inent in the rectal columns of Morgagni.

The lymphatic drainage is of considerable importance in the
routes of extension followed by suppurative and malignant proc-
esses (wee p. 203).

The pecten further marks a partial change in the nerve supply
from the cerchrospinal of the anal eanal to the sympathetic of
the rectum proper (~cc p. 285).

The pecten is also of clinical importance because it is the nar-
rowest portion of the anal canal; it is the most common site of
acquired and congenital stricture or steno«is of the anal canal, Tts
lower margin, the intermuscular septum, is the common level
through which suppurative processes extend laterally to the peri-
anal and ischiorectal spaces and it is the usual location of the in-
ternal opening of the low-level anal fistula.

The pecten is finally the rite of predeliction for anal fibrosis or
pectenosis, the common pathogenic anlage, particularly for anal
fissure.

It may he useful to note again here that terminal fibro-clastic
extensions of the conjoined Jongitudinal muscle extend through
the pecten and contribute to the formation of the ro-called “mus-

culus submucosae analis.”
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The peeten should not be confused with the peetinate, dentate,
anoreetal fine nor with the “pecten band’'—a controversial path-
ological condition. See Anorcetal Line (p. 37), and “Musculus
Submucosae Ani” (p. 79).

Tuge AxaL INtRayvscrran Graxps, A¥aL GLaxnos, Periavan
Graxns, Erc.

In the development of the anorectal junction, the anorectal or
deep rectal or intramuscular glands are of particular protologic
significance. These glands are commonly confused with the crypts
of Morgagni or the normal mucous glands, or erypts of Lieber-
kithn, of the reetal mucesa. They arc independent structures and
their intramuscular location is dependent on the embryonic pro-
cess of epithelial oeclusion and canalization which is commeon to
the entire gastrointestinal tract. The formation of the anorectal
glands takes place hefore the process of epithelial occlusion and
canalization is completed and before the muscularis mucosae is
completely formed. There are, therefore, glands in the anlages of
the muscular layers and these are regularly referred to by the
embryologists as the deep intramuseular glands which are also
common to the esophagus and duodenum.

Harris states that “such glands in post-natal life penetrate in
turn the muscularis mucosae and may ramify to the internal
sphincter, the external longitudinal muscle or even to the levator
ani.” The embryologists regularly describe the prominent occur-
rence of mucous and apocrine glands at all mucocutaneous junc-
tions and emphasize the possibilities for pathologic hyperactivity
and regression in these locations.

These glands or glandular elements and their ducts have been
carefully described in the subepithelial and muscular strata of the
anal canal and lower rectum by Johnson. (fig. 26). There is con-
siderable confusion in the literature coneerning their exact ana-
tomic and histologic status.

Identical structures, in toto or in part, have apparently been
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the demarcation hetween these veins is not as abrupt as commonly
described, particularly in hemorrhoidal disease. The pecten’s vas-
cular anastomosis drains freely to cither portal or systemic sys-
tems,

From the lymphatic standpoint the pecten is also commonly
referred to as the dividing line between the somatic and visceral
chains. The lymphatics of this region are not well understood and
it would appear from clinical observation that there are, in gen-
eral, three common afferent pathways extending either from the
epithelium of the pecten or its subjacent fibromuscular tissues,
namely: 1) to the cutaneous and subcutancous perianal network
reaching the inguinal chain; 2) to the network following the in-
ferior hemorrhoidal vessels; 3) to the plexuses following the
branches of the superior hemorrhoidal vessels, particularly prom-
inent in the rectal columns of Morgagni.

The lymphatic drainage is of considerable importance in the
routes of extension followed by suppurative and malignant proc-
esses (see p. 263).

The pecten further marks a partial change in the nerve supply
from the cerebrospinal of the anal canal to the sympathetic of
the rectum proper (sce p. 285).

The pecten is also of clinical importance because it is the nar-
rowest portion of the anal canal; it is the most common site of
acquired and congenital stricture or stenosis of the anal canal. Its
lower margin, the intermuscular septum, is the common level
through which suppurative processes extend laterally to the peri-
anal and ischiorectal spaces and it is the usual location of the in-
ternal opening of the low-level anal fistula.

The pecten is finally the site of predeliction for anal fibrosis or
pectenosis, the common pathogenic anlage, particularly for anal
fissure.

1t may be useful to note again here that terminal fibro-elastic
extensions of the conjoined longitudinal musele extend through

the pecten and contribute to the formation of the so-calied “mus-
culus submucosae analis.”
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enumerated. They have been overshadowed by the emphasis
placed on the erypts in the literature.

According to Coleman, cited by Nesselrod, Chiari originally de-
scribed the anal ducts and glands in 1878.

The significance of these glands was apparently overlooked un-
til 1933, when Cuthbert Dukes confirmed their histology, and
when in 1934 C. Gordon Watxon emphasized their etiologic rela-
tion to anorectal abscess and fistula.

The histologic investigations of Tucker and Helwig, Hill, Pope
and others scems to prove conclusively that these glands in the
adult are preformed structures and play a significant role in ano-
rectal suppuration, and that the erypt itself is “never the seat of
an infection” and not the precise site of hacterial invasion.

From our meager histologic and embryologic investigations we
consider the intramuscular glands as the only true preformed
glands of the anorectal region and the ones commonly described
as the preformed ducts (fig. 27). They vary in their histologic
appearance and probably represent vestigeal hedonic glands re-
lated to sexual function in lower animals but undergoing regres-
sion in man. It is not unlikely that portions of these glands,
commonly the main duct, emptying into the recesses of the erypts
of Morgagni or branching or terminal acini have been variously
described as isolated and different structures. Their pathologic
significance, in contrast to the true crypts of Morgagni, stems
from their intramuscular location and their predilection to a
“closed” infectious process from the bowel with its common ex-
tensions into the perianal or perirectal spaces.

Of minor importance, but mentioned here to avoid com’uqun
are the remnants of epithelial occlusion cyvsts which, although
more commonly found in the rectum proper, may invade the
junctional tissues (fig. 28).

Additiohal small eysts lined by squamous epithelium are oc-
casionally found in relation to the erypts and probably result

from irregular absorption of the anal membrane. Both of these
cysts are of little clinical significance.
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FiG. 26. Reconstruction of epithelium of pars analis recti in 240-mm. embryo.
(After Johnson.) Upper right: slender extension from each side of epithelial tube
is an intramuscular gland; center: branched intramuscular gland of 245-mm.
embryo; a., acinous termination; br., branch; amp., ampulla; ep.w., epithelial
wall.

referred to by the same terminology which includes anal sinuses,
diverticula, anal crypts, acinous glands, sinuses of the mucosa,
preformed anal glands and ducts, ete. Repetition in the procto-
logic literature has surpassed histologic investigations and in the
present state of our anatomic knowledge it seems searcely possible
definitely and accurately to clarify these terms and structures.
Turther careful histologic studies are apparently necessary.

It appears that the simple deep glands of the anorectal region,
the intramuscular glands, deseribed by Herman and Desfosses in
1880 and regularly mentioned by the embryologists since, have
been grossly or in part described by a variety of terms as above
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Fic. 28. Cyst formation in anal gland. A, location of cyst in internal sphincter
(hematoxylin and cosin stain, X19); B, enlarged view of evst (Krajian carhol-
fuchsin stain for mucin, X110) (After Hill.)

but are active during life. Their exact function is as yet unknown
but their role in the etiology of perianal infections is again em-
phasized by these authors.

The secretory activity of the anal glands is probably greater
during adult life when endocrine and enzymatic influences on all
glandular structures are greatest. This may account for the com-
paratively higher incidence of infectious processes in the third and
fourth decades. The glands are already well developed at birth
(fig. 29).

Nesselrod and his co-workers have also recently emphasized
the role of these glands and ducts in the pathogenesis of the
commoner anorectal infectious processes, and “in the interest of
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Fic. 27. Right: intramuscular gland, new-born; Left: its cuboidal epithelial
lining.

In addition to the true glands and the oceasional developmental
cysts just described there are pathologic extensions into the pee-
ten which have also led to confusion, e.g., epithelized fistulae
(Bartholdy), pulsion diverticula (Meisel), eysts of Physick, ete.;
these should not be confused with true anatomic preformed strue-
tures.

Kratzer et al. have recently completed a rather extensive his-
tological study of the perianal glands and ducts. They re-empha-
size the etiological significance of these glands in perianal sup-
puration. About 24 per cent of the ducts and glands observed
revealed a focal or diffuse periductal inflammatory reaction which
reached as high as 89 per cent in what they considered an asso-
ciated “cryptitis.”

Hill and his co-workers conclude from their histologic investi-
gations that thesc glands are probably not vestigeal structures
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prevention of further anal infection™ have advised a “prophylac-
tic multiple cryptotomy.”

It may be emphasized that “cryptotomy,” if and when indi-
cated, should adequately drain the pecten tissues with its infected
glands and duets.

Scarborough has reported a case of carcinoma apparently
arising in a perianal gland.

Burke and his co-workers have al<o confirmed the presence of
the anal glands throughout life and their pathogenic significance
to anorectal infections. They likewi=e report an additional case of
carcinoma arising in an anal gland.

PatoaNaToMICAL CONSIDERATIONS

The pathologic mixconceptions and the importance attributed
to so-called “cryptitis” and papillitis in anorectal infectious pro-
cesses, particularly fistulae, are deserving of some comment and
appear to require re-evaluation.

“Cryptitis” ix commonly considered an inflammation of the
erypt which constitutes the primary source of infection in the
commoner anorectal infectious processes.

However, Milligan, Hellwig and Tucker, Pope and others have
demonstrated quite conclusively that the crypt itself is seldom
the source of an infectious process.

Bacteria no doubt reach the pecten area and the anal ducts
through the recesses of the crypts but the inflammatory reaction
of the epithelium of the crypt itself, if any, is of minor importance
as compared to that in the ducts, glands, lymphaties and areolar
tissues of the pecten. The role of the crypts as a source of focal
infection has been greatly overemphasized.

Bizarre anorectal symptoms, frequently neurogenic and with-
out adequate pathologic basis, are much too often ascribed to
cryptitis and papillitis and mistreated accordingly.

Fistulous termination of a perianal abscess arising from an anal
focus, despite adequate surgical drainage, results primarily from
the persistence of an “epithelial” focus in the perianal glands,



PROCTOLOGIC ANATOMY

48

~gjanp Bus ‘g fumga o snowmnbs pogtaaes (7 fa3dL1d [eus Q) topo qdws] Kiviios
PUB URaoqog] Jo spuvps ‘g funiipde CV rstourenby Jou ‘wngEqids JALLUNEIP € A Poul] OIT YDIGN SIIND PARLIO]
~oad oY) os[u VjON TuULd [EuE oy jo wniuydo snowenbs ayy o) opyio) ydurl] Liuyijos put spueld (301 oY) Woay
wduuyy oy} 1:: 3:5:3.:. 21} 910N dtwt _:cnio: © u( uorjoun( [v1odivue oy} jo :c_euom ruipnnduor] 6z "o1g

2N




THE ANAL CANAL 51
REFERENCES

Bacoy, H. E.: Histopathology and embryology of anorectal line. Tr.
Am., Proct. Soc., 33: 144-156, 1932,

BarmioLpy, Kurr: Fistula ani congenita. Arck. kin. Chir., 46: 936,
1902,

Burg, L. A.: Practical Proclology. Philadelphia: W. B, Saunders Co.,
1937,

Bugrkk, R. M., ZAvELA, D., axp Kause, D. IL: Significance of the anal
glands. Am. J. Surg., 82: 659-662, 1951.

Cniarg, H.: Ueber die analen Divertikel der Rectumsschleimbaut und
jhre Beziehung an den Analfisteln. Med. Jahrbuch, 419-427, 1878.

Duxrry, J. E.: Surgical anatomy of the anal canal. Arch. Surg., 57:
701, 148,

FIxE, J., Axp Lawes, C. H. W.: On the muscle fibers of the anal sub-
mucosa, with special reference to the pecten band. Brit. J. Surg.,
27:723-727, 1940.

Gay, A.: Die circumanaldrusen des Menschen. Sitz Kais. Akad. TWiss.,
63: 329-331, 1871.

Gorpox-Warsox, C., axp Dobp, Harorp: Observations on fistula-in-
ano in relation to perianal intramuscular glands with report of
three cases. Brit. J. Surg., 22: 703-709, 1935.

GorscH, R. V.: Perineopelric Anatomy, pp. 46-47. New York: The Tilgh-
man Co., 1941.

Hagris, H. A.: Discussion on fistula in ano. Some embryological aspects
of the problem involved. Proc. Roy. Soc. Med., 22: 1341-1351, 1929,

HerMaxx, G.: Sur la structure et le développement de la muquese anale.
J. Anat. & Physiol., 16: 434-472, 1880.

HEerMaNx, G., AND DesrossEs, L.: Sur la muqueuse de las region cloacale
du rectum. Compt. rend. Acad. Se., 90: 130, 1880.

Hiur, M. R, Survock, E. H,, axp ReBeLL, F. G.: Role of the anal
glands in the pathogenesis of anorectal disease. J. A. 1f. A, 1210
742-746, 1043.

Hirer, R. I.: Anal anatomy with reference to the white line of Hilton
and the pecten of Stroud. Ann. Surg., 102: 81-85, 1935.

Hivrox, J.: On Rest and Pain. New York: Wm. Wood & Co., 1876.

Jouxsox, F. P.: Development of the rectum in the human embryo. .1m.
J. Anat., 16: 1-57, 1914,



50 PROCTOLOGIC ANATOMY

ducts or areolar tissue and not the ervpts. Persistence of this
focus may likewise be the cause of fistula recurrence.

Endocrine and enzymatie “factors™ in the perianal glands and
their adjacent tissues are probably of more significance in bacterial
and viral activity than is generally appreciated. Furthermore,
embryologieally the perianal, as well as the periurethral. peri-
prostatic and perivaginal glands develop from the common eloacal
membrane. Their similar suseeptibility and response to common
infectious processes is therefore significant.

StrpPorTs OF THE ANaL Cavarn

In contrast to the rectum, the anal canal is fixed by its attach-
ments anteriorly to the perineal body and posteriordy to the
coceyx mainly through the coccygeal extensions of the super-
ficialis portion of the external anal sphincter musele. The levator
plate. the ano-rectal musele ring. the extensions and insertions of
the conjoined longitudinal muscle and the continuity of the ano-
derm with the perianal skin are additional supportive factors. The
important supportive function of the insertions of the conjoined
longitudinal muscle may be destroyed in the so-called amputative
or proctoplastie hemorrhoidectomies.

REeLaTIONS OF THE ANl CaNarn

Anterjorly the anal canal is in direct and intimate relation with
the perineal body and its musculo-fascial insertions. Its main re-
lations laterally are the perianal and ischiorectal (anal) spaces,
posteriorly the anococevgeal ligament and the superficial and deep
postanal spaces.

Although considerably variable, the average measurements
for the anal canal are:

o,

Anteriorly 1523
Laterally .23

3 435

Posteriorly
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ducts or areolar tissue and not the crypts. Persistence of this
focus may likewise be the cause of fistula recurrence.

Endocrine and enzymatic “factors” in the perianal glands and
their adjacent tissues are probably of more significance in bacterial
and viral activity than is generally appreciated. Furthermore,
embryologically the perianal, as well as the periurethral, peri-
prostatic and perivaginal glands develop from the common cloacal
membrane. Their similar susceptibility and response to eommon
infectious processes is therefore significant.

StrPorTs OF THE ANAL Caxap

In contrast to the rectum, the anal canal is fised by its attach-
ments anteriorly to the perineal body and posteriorly to the
coeeyx mainly through the coceygeal extensions of the super-
ficialis portion of the external anal sphincter muscle. The levator
plate, the ano-rectal muscle ring, the extensions and insertions of
the conjoined longitudinal muscle and the continuity of the ano-
derm with the perianal skin are additional supportive factors. The
important supportive function of the insertions of the conjoined
longitudinal muscle may be destroyed in the so-called amputative
or proctoplastic hemorrhoidectomies.

RELATIONS OF THE ANAL CANAL
Anteriorly the anal canal is in direct and intimate relation with
the perineal body and its musculo-fascial insertions. Its main re-
lations laterally are the perianal and ischiorectal (anal) spaces,
posteriorly the anococeygeal ligament and the superficial and deep

postanal spaces.
Although considerably variable, the average measurements

for the anal canal are:

Anteriorly 1.5-25
Laterally 2 -3
3 4.5

Posteriorly
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CHAPTER 111

The Anorectal Musculature

EvnryoLocic CONSIDERATIONS

It may be recalled that the caudal end of the embryo is covered
by the cloacal membrane, on either side of which are situated the
important lateral inferior wings of mesoderm from which there
develop cephalically the infra-umbilical abdominal wall and
caudally the external anal sphincter, the superficial urogenital
musculature and the external genitalia.

As the lateral mesodermal wings reach the mid-line they form
the genital folds, which develop into the labia or scrotum, and the
genital or phallic tuberele, the potential penis or clitoris. Farther
caudad the inner margins of the lateral mesodermal wings sur-
round the entire cloaca, and form a ring of musculature, the im-
portant primitive sphincter cloacae muscle. There is as yet no
distinction between anorectal and genito-urinary musculature.
As development proceeds, however, the entire sphincter cloacae
muscle becomes divided by a fusion of the anal tubercles across
the perineal mid-line, forming the median perineal bar which
separates the rectum from the urogenital structures and forms
anteriorly a urogenital sphineter and posteriorly an anal sphincter.
From the former develops all the musculature below the triangu-
lar liganment and from the latter the external anal sphincter. The
trilaminar arrangement of the anal sphincter follows the general
laminated arrangement of the perineal or urogenital musculature
(fig. 30).

The embryologic development of the external anal sphincter
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Frs. 30. The development of the perineal and anal museulature (schematic).
A and B represent the earliest mesodermat antages of the petineal structures. C
and D sre Iate indeterminate stages, showing the anal tuberelos o hich fuse in the
perineal midline to form an anterior urogenital and a posterior anal sphincte‘r‘
E to H shows suceessive stages of sex differentiation with the corresponding peri-
neal structures.
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GENITAL GENITAL GENITAL
EMINENCE EMINENCE EMINENCE
M.SPHINCTER
UROGENITAL vagivaLis
SINUS ,.
MBULBO- M, 15CHI0~
CAVERNOS § E CAVERNOSUS
CAVERNGSUS /4/ >
CENTRAL CENTRAL
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M SPHINCTER
ANt

SPHINCTER

F1o. 31. Left: sphincter of the cloaea in the second month; center: maseles of
the embryo at the beginning of the third month; right: muscles of the male embryo
at the end of the third month. Redrawn from Keith, A.: Human Embryology and
Morpholegy, Ed. 4. London: 1953.

musculature as a subdivision of the larger cloaeal or urogenital
sphincter readily explains the adult variations and the close con-
tinuity and overriding of the musculature of adjacent systems, as
well as their similar vascular and nerve supply and their synergis-
tic activities (fig. 31).

The development of the rectal musculature proceeds from a
differentiation of the surrounding mesoderm into inner eircular
and outer longitudinal layers and a muscularis mucosae. At the
anorectal junction these layers are projected into, and become
enveloped by, the developing external anal cloacal sphincter, In
the 30-mm. embryo it may be observed that the overlapping of
the internal sphincter by the deeper portions of the external
sphincter is already quite apparent, and foreshadows the tele-
scoping arrangement in the adult (fig. 17, p. 27).

A similar telescoping arrangement is likewise shared by the
rectal mucosa and adjoining skin and the interpenetration and
irregular overriding of these contiguous surfaces account for the
anorectal line (dentate, etc.) with its confusing alternating ir-
regular zones of columnar and squamous epithelium, as already
noted.

The levator ani muscle is formed from a separate anlage in
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in the female differs appreeiably from that in the male and re-
quires separate description.

Furthermore, the full surgico-pathogenic significance of the
conjoined longitudinal musecle, particularly in its relation to the
internal sphincter and the three divisions of the external sphincter
muscle, has not received adequate proctologic consideration.

In this regard it may be noted that anatomic descriptions which
divide the entire external sphincter ani into three separate divi-
sions have been considered somewhat arbitrary and academic.
With this we do not agree.

Tue EXTERNAL ANAL SPHINCTER MUuscLe

Fairly accurate anatomic descriptions of this muscle were made
as early as 1710 by Santorini who, so far as can be ascertained,
was the first anatomist to present its true trilaminar arrangement.
Subsequent important contributions were made by Cruveilhier
(1843); Kohlrausch (1854); Béraud (1858); Rudinger (1873);
Robin and Cadiat (1874); Roux (1881), and Laimer (1884).

In 1889 Holl offered the present tripartite nomenclature of
subcutaneous, superficialis and deep portions which, although
someswhat ambiguous, seems destined to have a permanent place
in the proctologic literature, particularly through the recognition
and use of this nomenclature by our esteemed British confreres,
A. Lawrence Abel, E. T. C. Milligan, C. Naunton Morgan, Wil-
liam Gabriel, Peter Thompson and others.

In 1931 Hiller discussed the anal sphincter in relation to the
etiology of anal fissure and fistulas. He described the anal
sphincter as consisting “neither entirely of fibres encircling the
anus nor of fibres extending anteroposteriorly, but a mixture of
the latter type with fibres encireling the anus either anteriorly or
posteriorly, in varying proportion.” )

In 1934 Milligan and C. Naunton Morgan described the tri-
laminar arrangement of the external anal sphincter and stressed
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conjunction with the development of the pelvie bones and uro-
genital organs (see p. 115).

PreLnvary CoNsIDERATIONS

With but few exceptions the current literature on the anorectal
musculature fails to offer adequate and complete deseriptions,
which are essential to full compre! of the pathe i
and surgical therapy of anorectal disease.

Variations in the anatomic arrangement of this musculature
are common and repeated dissections emphasize the fact that
there is no fised anatomy (fig. 32). Moreover, the arrangement

Fic. 32. Schematic drawing showing common variations in the erossed and un-
crossed extensions of the three divisions of the externsl sphincter in the male.
A, outline of friangular ligament; B, erossed musele bands; €, bulboravernosus;
D, saperficial transverse perineal musele; E, unerossed muscle bands; F, sub-
cutaneous external sphi 3 G, izl external ephi ; H, profundus
external sphineter.




Fic 33. Rectal muscnlature. [Scale: 100% (1/1)]. Taken from right half of
male pelvis. Seen from medial to lateral. Perineum from right pelvis, anal mucosa
incised transversely at a level distal to rectal columns and valves of Morgagni;
the two flaps (12 and 12') raised and reflected. Gorseh’s postanal space (16) opened
and continued forward between external sphincter and ischiorectal fat. 3’, pre-
rectal bundles of pubococeygeus, deep layer. 3 a, prerectal bundle of pubococey-
geus, superficial layer. 4, fibrous plate from deep layer of pubo-anal musele in-
serted into tip of coccyx. 8, aponeurotic plates of retrorectal muscles of pubococey-
geus inserted into ventrum of coceyx. 8, puborectalis musele (semitubular layer)
with insertion into dorsum of coccyx. 8 ¢, puborectalis, eylindrical layer. 9, deep
external sphi ani. 10, ial external sphi ani. 12, anorectal mucosa,
cranial flap. 12", anal mucosa, caudal flap. 13, circular musculature of rectum. 14,
internal sphincter ani. 15, outer longitudinal musculature of rectal wall, 15 a,
inner longitudinal musele layer of anal eanal (sustentator tunicae mucosa of
Iohtrausch). 15 a’, inner longitudinal musele of anal canal, its insertion into skin,
16, ureteral catheter in Gorsch’s postanal space and space between external
sphineter ani and ischioreetal fat. 28, bulb of urethra. 30, right bulbocavernosus
muscle. 37, membranous urethrs. 37 1, external sphincter urethrae. 37 b, deep
transverse perineal muscle. (From Uhlenhuth, E.: Problems in the Anafomy of the
Pelris, Philadelphia, Lippincott, 1953.)

-
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both the anatomy of this muscle and the puborectalis in the sur-
gery of anorectal fistulas,

In 1940 Edward Levy reviewed the ancient as well as the
modern literature on the anorectal musculature. He described his
own dissections in great detail and emphasized the importance of
the conjoined longitudinal muscle of the anal canal.

In 1949 Courtney presented a somewhat detailed and contro-
versial description in which he “indieates that the levator ani and
deep external sphincter muscles should be considered, both ana-
tomically and clinically, as one muscle.”” Although these muscles
have an intimate anatomical relation this dissentient conception,
although perhaps simplifying the terminology, would tend to add
further confusion to an already controversial anatomical region.

In 1953 Uhlenhuth presented his Atlas on Pelvic Anatomy, in
which he described the anorectal musculature in great detail.
His excellent illustrations would seem to leave little doubt re-
garding the trilaminar arrangement of the external anal sphineter
muscle (fig. 33).

Disregarding the variations in size and the disposition of the
various individual muscle fibers, repeated dissections by the
author have established the anatomy of this muscle as herein de-
scribed, having a definite trilaminar arrangement quite apparent
even in the newborn (fig. 34). In our opinion, this should be
aceepted as presenting the true and scientific basis for the patho-
genesis and surgery of this region—the important and practieal
consideration.

As now generally accepted and described the external anal
sphincter muscle is divided into Subcutaneous, Superficial and
Deep portions.

The Subcutaneous External Sphincter

This portion of the external anal sphincter is situated immedi-
ately below the anal skin and is usually distinctly palpable, par-
ticularly lateral to the anal canal. It occupies the perianal space
and may often be outlined by sight (fg. 33). It usually has an



THE ANORECTAL MUSCULATURE 61

[ . N

Fie. 35. Subcutancous external sphincter encireling anus. (Milligan and Mor-
gan: Lanect, 1934.)

annular arrangement and is disposed somewhat external to, or on
the same longitudinal plane with the internal anal sphincter muscle.
Tt forms the lower wall of the anal canal and is the only muscle
surrounding the anal orifice. During contraction it approximates
the inner margin of the internal sphineter muscle.

Posteriorly the fibers are usually annular and bridge the interval
between the converging legs of the superficialis sphincter muscle,
forming the so-called “weak spot” of the anal canal. Occasionally
the fibers decussate and present posterior extensions continuous
with the adjacent superficialis muscle. At times the entire muscle
forms these posterior extensions and there is no annular bridging
or “bar” posteriorly. The fibers occasionally decussate anteriorly
and become continuous with the superficialis muscle (fig. 36).

Anteriorly in the female the subcutaneous external sphincter
usually forms a prominent annular muscle which lies directly
below the perianal skin and bridges the interval between the
diverging legs of the superficialis muscle. This portion of the
sphineter is usually torn in labor and incised in the episiotomy.

The Superficialis External Sphincter

The superficialis portion of the external anal sphincter some-
times referred to as the coccygeal portion, is an elliptical band of
fibers which embraces the anal canal in a spindle-like manner.
It lies slightly above and lateral to the subecutaneous muscle.



Fie. 34. Sagittal scetion of the anorectal region of a newborn male. Note that
this section is cut somewhat off the median plane and passes through both the
cireular and longitudinal muscle coats of the bowel wall and includes 2 small
portion of the cornified epithelium of the anal eanal (sce fig. 23). Also note that
even in the newbotn the three divisions of the external anal sphincter are quite
distinct and that the fibro-elastic ions from the longitudinal muscle, com-
bined with the fascial reflections from the levator ani muscle (the conjoined
Iongitudinal muscle), penetrate the subcutaneous portion of the external sphincter
ani. Note also that the circular muscle of the bowel, the internal anal sphincter,
can be followed to the intersphincteric Jine anteriorly where its sharp lower border
is quite prominent. The relation of the Ievator ani muscle to the anterjor rectal
wall and to the prostate and the base of the bladder is particularly noteworthy
in this section. Posteriorly the relations of the levator ani musele to the deep
portion of the external anal sphincter is well shown. CDF is a prominent gland of
Lieberkihn with a solitary lymph follicle. This area has been enlarged to show
the details of the submucosal and musculature structures on p. 153 (fig. 79).
The section HIJ at the anorectal junction has been enlarged to show the large
number of terminal nerve endings at this point (p. 293, fig. 153). The circumanal
glands of Gay should be noted. A, rectal mucosa; BB, rectal musculature; F, leva-
tor ani muscle; G, profundus; K, superficialis; L, subcutaneous; M, anal skin;
N, anal eanal; O, fibro-elastic extensi joined muscle); P, internal sphine-
; Q, nnal crypts; It, cireular coat of rectum; 5, levator ani musele; T, pros-

ter, u
(at::' U, Denonvilliers’ fascin; V, bladder; W, deep transverse perineal musele,
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not the levator plate (see p. 83). Its fibers surround the midpor-
tion of the anal canal and in the male converge and insert into
the central tendinus raphe, extending well anteriorly over the
bulbocavernosus musele as far as the rectractor seroti muscle
(fig. 37). In the female, however, the homologous fibers diverge
and, extending laterally, reach the pubic ramus and fuse insen-
sibly into the fibers of the sphincter vaginae (bulbocavernosus
muscle). A few of the fibers may insert into the central ten-
dinous point of the perineum (fig. 38).

)
e

Fic 37. The superficial external sphincter ani. Drawn from dissection. Note
the elliptical arrangement and the anterior extensions over the raphe. A, bulbe-
cavernosus, B, superficial external sphincter; C, longitudinal musele; D, pro.
fundus external sphincter; E, posterior cammunicating space; F, coceyx. !
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It is the largest, strongest and longest portion of the external anal
sphincter. Partly aponeurotic and partly muscular, it arises from
the postero-lateral aspect of the coccyx. It forms the important
muscular component of the “ano-coccygeal ligament” (raphe),

\& )
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Fra. 36 Sub externa) sphi: - Drawn from dissection. Note that
in this specimen the subcutancous musele has erossed anterior extensions and
unerossed posterior extensions. A, profundus external sphincter muscle; B, super]-
ficial external sphincter muscle; C, bulbocavernosu's; D, subcutaneous extemnl

hincter muscle; B, itudinal musecle; F, anal skin; G, subcutaneous external

5 »
sphincter muscle; H, coceyx.
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denoting their similar embryologic origin (see Embryology, p.
53).

In the female the anatomic arrangement of the superficialis
and subcutancous muscles is of considerable importance in the
repair of the anal sphincter and likewise in the surgery of fistula
and fissure. In both sexes the anterior and posterior communicat-
ing spaces extend directly above the superficialis and below the
deep sphineter ani museles. In the female the anterior communi-
cating space, however, is difficult to define.

The Deep External Sphincter Muscle

The deep portion of the external anal sphincter is for the most
part an annular muscle usually without attachment to the coceyx.
In its posterior half it is usually intimately attached along its
upper border to the lower and posterior fibers of the puborectalis
sling, (the posterior half of the ano-rectal muscle ring) (fig. 39).
Tt is usually inseparable and indefinable by palpation from the
latter muscle.

Anteriorly however it lies free and encircles the anterior half
of the anal canal. Some of its fibers may decussate and extend
laterally to become continuous with the transverse perineal
muscles and insert into the ischium (fig. 40). In conjunction with
the anterior fibers of the prerectal muscular extensions from the
pubocoecygeus muscle—the fibers of Luschka—it forms the an-
terior half of the anorectal muscle ring, which encircles the
sphincteric portion of the rectum.

Tue Corrteator Cutis Axt MuscLe

In the strict sense this is not a muscle. It occupies the perianal
space and represents the tier-like terminal insertions of the fibro-
elastic extensions of the conjoined longitudinal muscle into the
anoderm and perianal skin (fig. 41). These extensions originate
at different levels from fibers which penetrate the substance of
the subcutaneous external sphincter as well as from those which
pass on either side of it. They represent anchoring points for the
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Fi1c. 38. External anal sphincter in the female (Schematic). Note that the
subculaneous portion of the external sphincter is usually annular but may partially

1y or, less ly, posteriorly. The superficialis arises, as in
the male, from the sides of the coeeyx, and surrounds the mid-portion of the anal
canal in a spindle-shaped manner Many of its fibers become continuous with the
bulboeavernosus of the same side and additional small hundles of uncrossed fibers
extending to the pubic rami are commonly found. Some of its fibers insert into the
perineal body. The profundus portion, in close relation to the puborectalis pos-
teriorly, surrounds the anal canal in an annular fashion. Its fibers may insert into
the central perineal tendon. In many cases, however, the bulk of its fibers crosa
and, becoming continuous with the superficial transverse perineal muscle, insert
into the pubic ramus of the opposite side. The free borders of the levator ani
muscles forming the genital hintus are in close relation to these fibers of the pro-
fundus external sphincter. A, erossed fibers of profundus external sphincter ani;
B, ischial tuberosity; C, vaginal wall; D, bulbocavernosus; I, subcutancous ex-
ternal sphincter ani; F, superficialis external sphineter ani; G, profundus external
sphineter ani; H, coceyx.

Anteriorly, crossed and more often uncrossed extensions of the
superficialis muscle extend laterally in the fascial shelf and attach
to the ischial tuberosity and the adjacent faseia. These fibers eross
in close relation to the superficial transverse perineal muscles,
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Ievator ani muscles which elevates the anal canal and corrugates
the perianal skin. The muscle is of some importance in the surgery
of hemorrhoids.

Tur Sruincrer ANI INTERNUS

The termination of the inner circular smooth muscle coat of
the rectum projected into the anal canal is characterized by a
gradual increase in its muscular component. which forms the in-
ternal sphincter ani muscle. As already noted, this muscle is sur-
rounded by the superficial and deep portions of the external anal
sphincter and forms the upper two-thirds of the entire inner mus-
cular layer of the anal canal. Approaching the skin it becomes
somewhat fibro-elastic and presents a well-defined lower sharp
margin which on a vertical plane lies somewhat internal to the
inner horder of the subcutaneous external sphincter (fig. 42).

Immediately below its lower margin the internal sphineter is
separated from the upper border of the external subcutaneous
sphincter by the insertions of the longitudinal muscle forming the
anal intermuscular septum or depression or intersphincteric line
which, as noted, is a definite and important landmark in the anal
canal.

The internal anal sphincter forms the mesial muscular wall of
the entire pecten or upper third of the anal canal which is lined

lature 4,4, anal part of deep layer of pubo-anal muscle with fibrous plate attached
to t1p of coceyx 4 a, anal part of superficial layer of pubo anal muscle with fibrous
plate attached to dorsum of coceyx. 5, aponeurosis between rectal capsule and
ventrum of cocevx for attach: of retrorectal of pub ygeus. 8,
puborectalis muscle, semitubular layer. 8 ¢, puborectalis muscle, eylindrical Iayer.
9, deep external sphincter ani. 10, superficial external sphincter ani (some of its
bundles adherent to rectal wall). 12, 12, anorectal mucosa (cranial flap thrownup-
ward). 12/, anal mucosa (caudal flap); transition into skin. 13, circular muscle of
rectum. 14, internal sphincter in eranial flap of wall of anal canal. 15, longitudinal
mausele of rectum in cranial flap of wall of anal canal. 15 a, inner longitudinal
layer, eranial flap, thrown eranially. 15 a*, insertion into skin of inner longitudinal
layer 157, caudal flap of anal wall. 16, 16, ureteral catheter in postanal space and
space hetween external sphincter and ischiorectal fat. 28, bulb of urethra. 30, right
bulbocavernosus musele. (From Uhlenhuth, E.: Problems in the Analomy’of the
Pelwrs Philadelphia: Lippincott, 1953.)
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F1c. 39. Rectal and anal parts of pelvic musculature. [Seale: 80% (1/1}). Dis-
section shown in fig. 33, continued. Perineum of right pelvis. Remaining wall of
anal canal (internal sphincter plus outer longitudinal layer) is tunneled away
from external sphincter (as shown in fig. J. 1}, cut transversely and raised in two
flaps (15 and 15”). Adherent to outside of cranial flap is the anal part of the deep
layer of the pubo-anal portien (4) of the pubococeygeus; the superficial layer of
the anal part of the pubo-anal musele (4 ») and its attachment to coccyx are ex-
posed. Also, the anal parts of the prerectal bundles of pubococeygeus (3’, 3” and
3 2} are hrought more fully into view. 3’, 37, anal parts of deep layer of prerectal
component of pubococcygeus Note insertion into ischiorectal fat (3°) and decp
external sphincter (3”). 3 a, anal part of the superficial layer of prerectal museu-
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F1G. 40. The profundus external sphincter (male). Drawn from disseetion,
The superficialis muscle and the anterior raphe have been retracted posteriorly
to show the annular encircling fibers of the profundus esternal sphineter ani. In-
cidentally, the anterior fibers of the levator ani encircling the rectum are well

shown, just ior to the central tendi point of the perineum. A, anterior
fibers of levator ani; B, levator ani musele; C, bulbocavernosus; D, median raphe;
E, central tendi point of peri i F, fundus evternal sphi muscle;

> P
G, longitudinal muscle; H, superficialis muscle and anterior raphe retracted; I,
coceyx.

by squamous epithelium (anoderm) and below which is the im-
portant areolar tissue containing the anal ducts, glands, con-
necting veins, muscularis mucosae, lymphatics and nerve endings.

The internal anal sphincter plays but a small though sometimes
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important part in the continence of the anal eanal because it lies
in close relationship to the critical sensory zone initiating the
defecatory reflexes, ete. This is significant to the pull-through
operations. It is innervated primarily through the sympathetic
and parasympathetic nerves, but because of its intimate em-
bryologic and anatomic relation to the combined anorectal mus-
culature its activities may follow direct mechanical or contigual
stimuli, as well as those from dircet or reflex, inherently, nerve
stimuli. This has complicated the studies on the neurophysiology
of the anal musculature and has confused separate or individual
responses in this region. The internal anal sphincter is of the non-
striated variety.

Its dimenstons vary roughly from 5 to 8 mm. in thickness and
from 3 to 3.5. em. in length. It is often of different thicknesses
throughout its circumference, becoming somewhat more fibrous
at the commissures. Its sharp lower margin encircled by the
fibro-clastic fibers of the conjoined longitudinal muscle has a white
glistening appearance not to be confused with fibrous tissue or a
pectenosis or pecten band.

In the chronic posterior anal fissure fibrosis and excessive
spasm may also involve the internal sphincter as well as the sub-
cutaneous external sphincter. Partial division of the internal
muscle following complete division of the external subeutaneous
sphineter may therefore be necessary for permanent results.

Although quite variable, the average heights and widths of
the several divisions of the external anal sphincter muscle are as
follows:

om, om.
Subcutaneous external sphincter 0.3-0.7 0.3-1
Superficialis external sphincter . . 0.5-1.5 0.5-1.5
Deep external sphincter. .. 04 0.5-1

THE LoNGITUDINAL MUSCLE OF THE ANAL CANAL

In passing through the pelvic diaphragm the terminal rectum
is enveloped by fibro-muscular extensions from the levator ani
muscle-—the puboanal muscle of Uhlenhuth and its fascia. These
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Fic 42 Schematic longitudinal section of the anoreetal jlfnctium Comp:\l‘(‘
with fig. 43. A, levator ani; B, rectal gland; C, n.nnl crypi;.D, circular muscle; lu:
longitudinal muscle; F, pecten; G, external sphineter; H, intermuscular geptum;
1, anal tag; J, corrugator cutis am muscle.
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extensions fuse with the longitudinal muscular coat of the rectum
and anal canal to form a conjoined fibro-muscular sheath—the
conjoined longitudinal muscle or tendon (Levy); the composite
longitudinal muscle (C. Naunton Morgan); the combined lengi-
tudinal musele (Courtney).

This conjoined muscular sheath containing both smooth and
striated musele fibers connects the puboreetalis and pubococeyg-
eus muscles to the rectal wall. Tt forms a part of the important
anorectal muscle ring, and extends caudad between the intcrnal
anal sphineter and the deep and superficial portions of the external
anal sphincter muscle and so becomes an integral component of
the anorectal sphincter mechanism (figs. 42 and 43).

Upon reaching the interval between the lower margin of the
internal sphincter muscle and the upper border of the subeutane-
ous external sphincter it takes a firm fanlike attachment to the
skin of the anal canal—the anoderm—and forms the so-called
important anal intermuscular septum (see anal intermuscular
septum, p. 78).

From the intermuscular septum the main layer of the conjoined
longitudinal muscle extends both upward and downward below
the anoderm. The upward extensions envelop the lower border
of the internal sphincter muscle and become firmly attached to
the pecten of the anal canal. A few fibers continue above the
anorectal line into the internal hemorrhoidal annulus. This fibro-
muscular attachment to the pecten forms the caudal and major
portion of the “Musculus Submucosae Ani” according to Fine

stained histologic section (X200). Note the extensions from the clvator ani
muscle into the longitudinal coat of the rectal wall to form the conjoined longi-
tudinal muscle. Surrounding and supporting the anal eanal, the conjoined longi-
tudinal extensions form a complete fascial collar which is of considerable sig-
nificance in the surgery and patholysis of lisorders, particularly in the
etiology of anal fissure and fistula. The three divisions of the external sphincter
ani muscle are well shown. Note the different directions of their muscle fibers. The
anorectal junction shows a slight overlapping of the true rectal mucosa into the
erypt A, levator ani muscle; B, fusion of levator and longitudinal muscle ¢f the
bowel wall; C, rectal mucosa; D, anorectal (denate) line (crypt); E, internal anal
sphincter; F, pecten; G, skin tab in lower portion of anal eanal; X, Y, Z, three
divisions of the external anal sphineter muscle. T
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F1c. 44. The extensions of the conjoined longitudinal muscle passing through
the individual muscle bundles of the subeutaneous external sphincter muscle
(Courtney)

a distinet conjoined muscular septum only below the levator-
rectal junction.

The conjoined longitudinal muscle is significant to the physi-
ology, pathology and surgery of the anal eanal. It forms the essen-
tial framework for the architecture and trilaminar arrangement
of the external anal sphincter musele and for its integration with
the levator ani muscle. It is largely through the distribution of
its fibro-muscular extensions that the levator ani muscle exercises
its important levator and sphincteric action on the anal canal.
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and Lawes. The cranial portion of this musculus is formed by ex-
tensions from the muscularis mucosae of the terminal rectum—
the sustentator tunicac mucosae of Kohlrausch—which also
attaches to the pecten of the anal eanal.

The downward extensions of the main layer continue below the
anoderm around the medial aspect of the subeutancous external
sphincter musele, and fanning out into several layers they insert
into the perianal skin to form the inner fibers of the corrugator
cutis ani muscle.

In addition to the main layer just described the conjoined
longitudinal muscle gives off fibromuscular extensions which pass
through the substance of the subeutaneous external sphincter
muscle as well as around its outer surface (fig. 44). The fibers
which pass through the individual muscle hundles of the subeu-
tancous sphineter arc thinner and more elastic (fig. 45). They
terminate and insert into the perianal skin. Those fibers which
pass around the outer surface of the subcutancous muscle also
insert into the perianal skin. These terminal extensions together
with the medial extensions form the corrugator cutis ani muscle.

Milligan describes a lateral extension of the conjoined longitu-
dinal musele which passes outward bhetween the subeutaneous
and superficialis portions of the external anal sphincter and forms
a transverse perianal faseial layer—“the transverse septum of the
conjoined longitudinal muscle”—which divides the ischiorectal
fossa into perianal and ischiorectal spaces (fig. 46). These spaces
are of surgical significance in the pathogenesis and extensions of
anorectal abscess and fistula.

There are no extensions of the conjoined longitudinal muscle
which pass through the énfernal sphincier muscle.

A number of fibromuscular extensions from the longitudinal
muscle coat of the rectum gain attachments to the coceyx, ure-
thra, prostate, cte., ¢.g., the rectococeygeus muscle, the “upper”
and lower recto-urethralis muscles. These muscles are sometimes
considered as arising from the conjoined longitudinal muscle of
the anal canal. Tt may be noted, however, that the latter becomes
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the individual muscle bundles of the subcutaneous external sphincter muscle
(Courtney).

a distinet conjoined muscular septum only below the levator-
rectal junction.

The conjoined longitudinal muscle is significant to the physi-
ology, pathology and surgery of the anal canal. It forms the essen-
tial framework for the architecture and trilaminar arrangement
of the external anal sphincter muscle and for its integration with
the levator ani muscle. It is largely through the distribution of
its fibro-muscular extensions that the levator ani muscle exercises
its important levator and sphincteric action on the anal canal.



75 PROCTOLOGIC ANATOMY

. k3

Fic. 45. Photomicrograph of a longitudinal seetion through the subcutaneous
portion of the external anal sphincter, showing how this muscle is penetrated by
the septal extensions ¢f the longitudinal muscle which insert into the perianal
skin Note the nerve fibers in these extensions and the hair follicles and fat of
the skin A, fibro-clastic extensions of the longitudinal muscle; B, subcutaneous
external sphincter ani; C, nerve fibers; D, hair follicles; E, fat.

The attachment of these extensions to the anoderm of the anal
canal as the intermuscular septum and their insertion into the
pecten supports the anal canal and prevents its eversion.

From the pathological standpoint, the fascial encuffment of the
upper third of the anal canal by the conjoined longitudinal muscle
and its extensions at the level of the intermuscular septum have
a directive influence on the spread of anorectal infections as well
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Fia. 46, The terminal extensions of the conjoined tongitudinal muscle. (Red.)

as the location of the internal openings of fistulas and their main
tracts relative to the anal musculature.

From the surgical standpoint, the importance of conserving
the terminal extensions of the conjoined longitudinal muscle into
the perianal «kin and including them in the ligature of the hemor-
rhoidal stump has been stressed by Milligan and C. N. Morgan
(and their co-workers), and more recently by Blai~dell as well as
by the author- This simple technique prevents high retraction of
the l\cmorrhoidal stump and unnecessary denudation of the ano-
derm and mUucosd overlying the hemorrhoids.

The undesirable sequelae of the Whitehead operation for
hemorrhoids and other amputative techniques result mainly from
a more OF less complete destruction of the nttnchments-of the
ibro-muscular extegsions of the conjoined longitudinal muscle.
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F1c. 45 Photomicrograph of & Iongitudinal section through the subcutaneous
portion of the external anal sphincter, showing how this muscle is penetrated by
the scptal extensions of the Jongitudinal musele which insert into the perianal
skin Note the nerve fibers in these extensions and the hair follicles and fat of
the skin. A, fibro-elastic extensions of the longitudinal muscle; B, subcutancous
external sphincter ani; G, nerve fibers; D, hair fallicles; T, fat.

The attachment of these extensions to the anoderm of the anal
canal as the intermuscular septum and their insertion into the
pecten supports the anal canal and prevents its eversion.

Irom the pathological standpoint, the fascial encuffment of the
upper third of the anal canal by the conjoined longitudinal muscle
and its extensions at the level of the intermuseular septum have
a directive influence on the spread of anorectal infections as well
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agreement (fig. 47). This so-called septum is formed by the firm
attachment of the conjoined longitudinal musele into the skin
of the anal canal—the anoderm—which results in a depression
Detween the firm lower margin of the internal sphincter and the
adjacent subcutaneous muscle. The septum is preferably referred
to as the anal intermuscular groove, depression, line or interval.
In general it corresponds to the “white line” of Hilton. It is an
important readily palpable landmark of the anal canal.

“Muscrius Supmrceosa Axt”

As previously noted, terminal fibro-elastie smooth muscle fibers
of the conjoined longitudinal muscle encircle the lower margin of
the internal sphincter muscle and ave attached to the conneetive
tissue of the pecten. Some of these fibers extend upward above the
dentate line.

Smooth musele fibers of the well developed muscularis mucosae
of the terminal rectum—the sustentator tunicae mucosae of
Kohlrausch—likewise take a firm attachment to the pecten and
fuse with the cranial extensions of the conjoined muscle (fig. 48).

These combined smooth muscle fibers are referred to by Fine
and Lawes as a “Musculus Submucosa Ani.” This tiny aggregation
of muscle fiber is variable. It is situated below the modified skin
of the anal canal—the anoderm—rather than the “mucosa.”

Fine and Lawes consider that a spasmodic contraction of this
musculus has been confused with the pecten band originally de-
scribed by Miles as a pathological entity. This confusion is no
doubt possible and both spasm and fibrosis may co-exist in vari-
able degree. However a “pecten band” or “umbrella ring” which
persists under anesthesia is probably a fibrous infiltration in the
anal canal rather than a spasmodic contraction of the “Musculus
Submucosae Ani” muscle.

The difficulty in grossly differentiating smooth muscle fibers
from fibrous tissues which have a very similar appearance has
also led to some confusion in the controversial subject of pecten
band, “pectenosis,” pectenitis, etc.



78 PROCTOLOGIC ANATOMY

Tue Anan INTERMUscULAR SEPTUM (Groove, DEPRESSION,
InTERseHiNcTERIC Line, Etc.)

As previously noted the insertions of the conjoined longitudinal
muscle of the anal canal between the internal and the subcuta-
neous external sphineter muscles are generally considered as
forming a more or less definite septum. This terminology of sep-
tum however is somewhat of 8 misnomer.

Wilde has demonstrated that these insertions are not sharply
defined and do not form a definite septum. Our studies are in
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Frc. 47. Perpendicular section through the lower part of the rectum, showing
the relations of the longitudinal lay er of muscular fibers to the sphincter. Rcdmfvn
trom Zucherkandl, Emil: Atlas der Topographischen Anatomic des Menschen. Wein:

1900-01.
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deep portion of the external anal sphincter and the fibro-elastic
extensions from the levator fascia and the levator ani muscle to
the longitudinal musculature of the rectum, In its posterior half
the ano-rectal muscle ring is prominent, much stronger than ante-
riorly and considerably more mobile (fig. 49).

Anteriorly the ano-rectal muscle ring is formed by a thin layer
of muscular extensions from the puboreetalis musele and a some-
what stouter hand from the pubococeygeus muscle (prerectal
bundle of Uhlenhuth; levator fibers of Luschka). These fibers
fuse with the deep portion of the external anal sphincter muscle to
complete the anorectal muscle ring in its anterior half. The ano-
rectal ring as well as the entire anal sphineter musculature is
narrower, thinner, shorter and weaker anteriorly, from the fascial
as well as the muscular standpoint. In the female such an arrange-

E

Fra. 49 The anorectal muscle ring (A to B). Note the decreasing level as well
as the gradual divergence of the puboreetalis muscular fibers away from the
upper limits of the anal canal. C, puboreetalis; 1D, three divisions of the external
sphineter ani; T, anarectal line. Note also that the action of the puborectalis lis
rather sphincterie, while that of the pubococeygeus is levator.
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Fia. 48. Longitudinal section of the anal canal shoning: A, the subcutancous
external anal sphincter muscle; I3, the internal anal sphincter muscle; C, the
1 |

ani” iing from the inte Jar septum to the

anoreetal line.
Trae Avo-Reeran MuscLe Ring

This important museulo-fascial ring or collar completely sur-
rounds the ano-rectal junction. Its important components are
the pubo-rectalis muscle (puborectalis sling) combined with the
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tensions into the longitudinal musculature of the rectum, the
puboreetalis sling mus=cle becomes the most important component
of the entire ano-rectal sphinceter mechanism. It is therefore the
key muscle to the preservation of anal continence.

Clinieal experience, especially in fistula surgery, has emphasized
the ohservation that the greater portion of the anal museulature
may be severed without materially interfering with anal con-
tinence. However, when the ano-rectal ring is divided, particu-
larly laterally, permitting relatively greater retraction of the en-
tire musculature, some degree of incontinence is apt to follow.

Clinically the ano-rectal ring marks the upper limits of the
internal hemorrhoidal plexus and it is therefore a landmark in the
so-called high injection treatment for internal hemorrhoids.

Its contraction approximates the rectum and pubes, increases
the acuteness of the ano-rectal angle and shortens and narrows
the pelvic aperture.

ANococeYGEAL LigaMnnT (AN0oCcoccYGEAL Bopy, ANORECTAL
SHELF, LEVATOR SHELF, ANOCOCCYGRAL RAPHE,
CoccyaeaL Muscurar Rapug, Erc.)

There is considerable looseness in the use of these terms.

The individual muscular components of the levator-ani muscle
and the external anal sphincter gain attachment to the coceyx
and sacrum by fascio-muscular and musculo-aponeurotic exten-
sions or plates. These posterior plates consist of two distinct
separate layers which may be conveniently referred to as levator
and anal strata. Between these strata are two clinically important
spaces: superficial and deep post anal spaces (fig. 51). The levator
stratum or plate is a laminated musculo-aponeurotic shelf which
consists of the following layers: 1) The posterior insertions of the
pubococeygeus musele (its puboanal and retrorectal components
—VUhlenhuth) which are inserted into the ventrum of the coceyx
by a very strong aponeurotic band or plate, which continues over
the lower sacrum and diverges into the prominent anterior sacral
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ment is obviously necessary to parturition. Posteriorly it is a
readily palpable landmark in both sexes. Anteriorly it is pal-
pable in the female only by recto-vaginal bidigital examination
(fig. 50).

It may be emphasized that through its intimate attachment to
the deep sphincter and through its conjoined fibro-muscular ex-
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Fic. 50. Anorectal muscle ring. Upper: Digital palpation of the posterior part
of the sing, P.A.; proximal interphalangeal joint at level of anus. Lower: Palpa-
tion of the anterior part of the ring; middle of second phalanx at level of the anus.
Note that the ring is on a higher level posteriorly. (Milligan, E. T., and Morgan,
C. N.: Surgical anatomy of the anal canal, with special reference to anorectal
fistula. Lancet, 2: 1150-1213, 1934.)
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tensions into the longitudinal musculature of the rectum, the
puborectalis sling muscle becomes the most important component
of the entire ano-rectal sphincter mechanism. It is therefore the
key muscle to the preservation of anal continence.

Clinical experience, especially in fistula surgery, has emphasized
the observation that the greater portion of the anal museulature
may be severed without materially interfering with anal con-
tinence. However, when the ano-rectal ring is divided, particu-
larly Iaterally, permitting relatively greater retraction of the en-
tire musculature, some degree of incontinence is apt to follow.

Clinically the ano-rectal ring marks the upper limits of the
internal hemorrhoidal plexus and it is therefore a landmark in the
so-called high injection treatment for internal hemorrhoids.

Its contraction approximates the rectum and pubes, increases
the acuteness of the ano-rectal angle and shortens and narrows
the pelvic aperture.

ANococCYGEAL L1GAMENT (AnococcyGeaL Bopy, ANORECTAL
Suevr, Levator SHELF, ANococcyGEAL Rarhg,
CoceyGeaL Muscurar Rarng, Ete.)

There is considerable looseness in the use of these terms.

The individual muscular components of the levator-ani muscle
and the external anal sphincter gain attachment to the coeeyx
and sacrum by fascio-muscular and musculo-aponeurotic exten-
sions or plates. These posterior plates consist of two distinet
separate layers which may be conveniently referred to as levator
and anal strata. Between these strata are two clinically important
spaces: superficial and deep post anal spaces (fig. 51). The levator
stratum or plate is a laminated musculo-aponeurotic shelf which
consists of the following layers: 1) The posterior insertions of the
pubococeygeus muscle (its puboanal and retrorectal components
—Uhlenhuth) which are inserted into the ventrum of the £OCCyX
by a very strong aponeurotic band or plate, which continues over
the lower sacrum and diverges into the prominent anterior sacral
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ligaments. 2) This eranial layer directly overlaps the next strata
which consists of the musculo-fibrous insertions of the iliococeyg-
eus muscle, which are directed downward and inwards to their
coceygeal attachment. 3) The caudal stratum consists of a thin
fibrous plate extending from the upper margin of the puboree-
talis sling muscle to the coceyx.

The superior surface of the levator plate is covered by supra-
anal fascia or upper layer of the pelvic diaphragmatic fascia; its
inferior surface is eovered by the infra-anal fascia—lower layer of
the pelvic diaphragmatic fascia (fig. 52).

The anal stratum from above downwards, consists of the follow-
ing layers: 1) A thin fibrous extension from the deep external anal

I O mMo O w >

Fia. 51. The levator plate, “levator coceygeal raphe.” A, parietal pelvie fas-
cia; B cia of rectum; C, retrorectal space; D, coceygeal i{:scnil:m of the levn\'m‘
plate ator coceygeal raphe; E, aanal—levator fascia; F, mfrtmnql fascia;
G, posterior communicating epace; H, external anal sphineter; I, anterior com-
munieating space; J, urogenital diaphragm; K, obturator foramen; 1, levator

plate—levator ani musele,
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Fic. 52. The levator plate. The anococeygeal ligament in grasp of clamp has

been retracted anteriorly to expose the inferior aspect of the levator plate, covered
by infra-anal fascia.

sphincter muscle. This is, however, inconstant. 2y The posterior
extensions, sometimes considered the origin, of the superficialis
portion of the external anal sphincter muscle. This forms its main
muscular and fascial component. 3) The areolar layer of the super-
ficial posterior triangular space. 4) The superficial perineal fascia
and skin. Occasionally small posterior extensions from the sub-
cutaneous external sphincter muscle may also be found in this
anal stratum.

Directly above the anal stratum and below the levator stratum
is a potential space filled in with loose areolar tissue (the deep
postanal space; posterior communicating space; subsphincteric
space (Courtney).

The preferable terminology for these separate strata, at least
from the clinical standpoint, would refer to the anal stratum as
the anococeygeal ligament and the levator stratum as the levator
plate or the levator coccygeal raphe.

The posterior communicating space between the two strata
lined by the infra-anal fascia is the usual pathway of extension in
the posterior “horseshoe” variety of anorectal fistula. Communica-
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tion between the ischioreetal spaces is possible at other levels but
these are uncommon.

These combined strata, museulo-Yigamentous in character, sup-
port the rectal ampulla, the vagina and uterus. They also support
the posterior half of the anal canal and its lining which is crron-
eously considered its weakest part, predisposing it to the common
anal fissure. ’

Tis CoccyoraL Boby

The term coceygeal body (or gland of Luschka) is sometimes
erroneously used in referring to the anacoceygeal hody or liga-
ment. The coceygenl gland or hody is a small mass about 8 mm.
in all diameters, situated just below the tip of the coceyx, It is
probably na vestigeal arterial structure related to the terminal
ramifications of the median sacral vessels and the chromaffin
nerves and the tail gut. The gland is of Jittle surgieal or anatomic
importance. It bears nio relation to the anus or anal canal and
should not be referred to or confused with the important ano-
coceygeal ligament. In rare instances it may be of some etiologic
significance in congenital tumors of this region.

Tug Cuxtrat PeriNEst Texpox (Texpwvous Pownt) axp
Persvest Bopy

The ecentral tendinous “point” of the perineum corresponds
embryologieally to the site of fusion of the anal tubercles and the
pelvic bar {uorgenital septum) separating the sphincter cloaca
into anal and genital portions. It forms, therefare, the point of
junction and interlacing of several planes of fascia and muscles,
and thus is the fixed point or fulerum around which the anoreetal
and genito-urinary musculature, by either insertion or origin, co-
ordinate their funetional activities, particnlarly in the male.

Although referred to as a point, the fascial yaphe actually ex-
tends from the inferior recess of the rectovaginal or prereetal
spaces to the skin externally (fig. 53). From above downward,
the following muscles or planes of fascia are intimately related to
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it : the recto-urethralis in the male and the recto-vaginalis in the
fermale; the converging layers of the supra-anal or superior pelvi-
reetal fascia from the anterior margins of the levator ani muscles,
the urethral fibers of the levator ani in the male and the vaginal
fibers in the female; the thin areolar infra-anal fascia; the two
tayers of the triaugular ligament, not o distinet in the female at
this point; the faseial extensions from the bulbocavernosus and
transverse perineal mu<cles; reflectians of the deep perineal fascia
(Buck); the strong reflections from Colles’s faseia; the extensions
from the external anal sphincter and from the conjoined longitu-
dinal muscle and, finally, the fasciae of the skin (fig. 54).

In the male the central tendinous raphe is usually better de-
velaped than in the female, being situated between the anal cana}
and the bulb where it is more permanently fived.

Lacerations through its fascial planes in the female may result
in decreased contractility of the anal musculature and, by separa-
tion of the levator muscles and rupture or attenuation of the fas-
cial reflections hridging the genital hiatus, predispose to rectocele,
eystocele and protapse.

Fio. 53. The periveat body (schematic). A, levator ani; B, Jayers of trizngular
hrament; C, deep transverse perines! muscle; D, halboeavernosus; E, superficial
transverse perinesl musele; F, theee divisions of the external sphineter: C, inter.
aal sphincter ant; H, rectovaginalis muscla. T
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tion between the ischioreetal spaces is possible at other levels but
these are uncommon.

These combined strata, musculo-lignmentous in character, sup-
port the rectal ampulla, the vagina and uterus. They also support
the posterior half of the anal canal and its lining which is erron-
cously considered its weakest part, predisposing it to the common
anal fissure. ’

Tue CoccyeeaL Bobpy

The term coccygeal body (or gland of Luschka) is sometimes
crroneously used in referring to the anococcygeal body or liga-
ment. The coceygeal gland or body is a small mass about 3 mm.
in all diameters, situated just below the tip of the coceyx. It is
probably a vestigeal arterial structure related to the terminal
ramifications of the median sacral vessels and the chromaffin
nerves and the tail gut. The gland is of little surgical or anatomic
importance. It bears no relation to the anus or anal canal and
should not be referred to or confused with the important ano-
coceygeal ligament. In rare instances it may be of some etiologic
significance in congenital tumors of this region.

Tue CENTRAL PrrINEAL TENDON (TEXDINOUS POINT) AND
PERINEAL Boby

The central tendinous “point” of the perincum corresponds
embryologically to the site of fusion of the anal tubercles and the
pelvic bar (uorgenital septum) separating the sphincter cloaca
into anal and genital portions. It forms, therefore, the point of
junction and interlacing of several planes of fascia and muscles,
and thus is the fixed point or fulcrum around which the anorectal
and genito-urinary musculature, by either insertion or origin, co-
ordinate their functional activities, particularly in the male.

Although referred to as a point, the fascial raphe actually ex-
tends from the inferior recess of the rectovaginal or prerectal
spaces to the skin externally (fig. 53). From above downward,
the following muscles or planes of fascia are intimately related to
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In general, the inferior hemorrhoidal artery arising from the
pudendal artery enclosed in the fascia lunata (Alcock’ canal)
supplies the posterior and lateral aspeets of the anal musculature
and adjacent integument by superficial and deep branches, while
a separate transverse perineal branch, usually arising independ-
ently from the pudendal artery, supplies the anterior aspect of
the anal musculature.

The inferior hemorrhoidal artery, arising from the pudendal
artery, crosses the posterolateral aspect of the ischiorectal fossa
sheathed in a reflection of fascia which also includes the venae
comites, a few lymphaties and sometimes the nerves—the neuro-
vascular hemorrhoidal stalk. There may be one or more branches
direct from the pudendal artery in addition to the main branch
described as the inferior hemorrhoidal (fig. 55).

The inferior hemorrhoidal artery commeonly divides into three
main branches. The first passes posteriorly and upward to
supply the obturator internus, gluteus maximus and levator ani
muscles. The second passes to the posterior aspect of the anal
musculature and divides into smaller branches which supply the
anococeygeal lignment and the posterior aspect of the anal muscu-
lature just lateral to the posterior commissure (the so-called
fistula artery). The third and largest branch passes to the medio-
lateral aspeet of the anal spincters, supplying them at different
levels by smaller branches which finally reach the subepithelial
tissues of the anal canal by penetrating or encireling the anal
musculature and anastamosing with the terminal branches of the
superior and middle hemorrhoidal vessels (fig. 56).

The anterior transverse perineal branch is usually a separate
vessel arising from the pudendal artery and it might be conven-
iently termed the anterior sphincterian artery or branch, since it
follows the nerve xo named by Tuttle. This vessel branches from
the pudendal artery just before the latter gives off the perineal
artery which reaches the superficial perineal compartment. The
main trunk of the pudendal artery continues between the lavers
of the urogenital diaphragm (the deep perineal compartment) and
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Considered superficially the central tendinous raphe has no
surgical significance. Its progressive recognition is most important
in reaching the separable space between the prostate and the ree-
tum. In fistula or prostatie surgery its destruction may result in
considerable anorectal deformity.

THE ARTERIAL SUPPLY T0 THE ANAL MUSCULATURE

The arterial supply to the anal eanal and anal musculature is
somewhat distinet from that of the rectum (q. v.) and to avoid
confusion will be discussed at this point.

A
VB
iy c
D
E
F
G

F1G. 51. The centra) tendon {schematie). Note that the central tendon extends
from the skin to the recto-urethralis or recotvaginalis muscles. Its broad concep-
tion is of surgical significance in the approach to the prostate and rectovaginal
spaces. A, Denonvilliers® fascia; B, seminal vesicles; C, prostatic urctllra; D,
rectourethralis; E, sphineter membr. urethrae, F, deep transverse perineal mus-
cle; G, superficial transverse perineal muscle; H, Colles” fascia; I, pen:nonl fascia
(Buck’s); J, bulbocavernosus; I, bulb; 1, peritoneum; M, central tendinous point

of perineum.
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Fi6. 56. The vascular pedicle of the inferior hemorrhoidal artery. The anal
sphincter muscle has been elevated somenhat to demonstrate the different levels
at which the arterial branches supply the muscle; this applies likewise to the
nerves and is of surgical impertance. The arterial branch, reaching the anal mus-
culature near the posterior commissure, is the “‘artery of fistula.”” Note the an-
terior communieating space which is well shown below the anterior extensions of
the superficialis portion of the external sphincter. Compare with fig. 55. A, in-
ferior hemorrhoidal branches; B, “artery of fistula”; C, gluteus muscle; D, an.
terior raphe; L, anterior communicating space; F, anal margin; G, posterior raphe;
H, sacrotuberous lignment.
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Fra. 55. The inferior hemorrhoidal artery. Drawn from dissection. The main
branching of the inferior hemorrhoidal artery is inconstant. The distribution
shown here is common. Note that the vessels, as do the nerves, cross the ischio-
rectal fossa from the posterolateral angle and not directly lateral, as is commonly
shown. This point is of importance in local infiltration anesthesia and in the in-
jection of the oil-soluble anesthetic, Anucaine. Note that the terminal hranches
enter the musculature at different levels. They ultimately anastomase with the
terminal radicles of the superior hemorshoidals through the peeten, Note also the
anterior sphincterian branch which is fairly constant and is usually confused with
the superficial transversce perineal branch, not shown here. A, pudendal artery;
B, perineal artery; C, anterior sphineterian artery; D, anus; 12, “artery of fistula’’;
F, infevior hemorrhoidal artery; G, pudendal artery; H, superficial transverse
perincal muscle.
finally divides into its terminal branches, the deep and dorsal
arteries of the penis (clitoris). The perineal artery gives off a
pranch in the superficial perineal pouch which should not be con-
fused with the anterior transverse perincal branch (sphincterial
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Fi16. 56. The vascular pedicle of the inferior hemorrhoidal artery. The anal
sphincter muscle has been clevated somewhat to demonstrate the different levels
at which the arterial branches supply the muscle; this applies likewise to the
nerves and is of surgieal importance. The arterial branch, reaching the anal mus-
culature near the posterior commissure, is the “artery of fistula.’”” Note the an-
terior communicating space which is well shown below the anterior extensions of
the superficialis portion of the external sphincter. Compare with fig. 55. A, in-
ferior hemorrhoidal branches; B, *‘artery of fistula™; C, gluteus muscle; D, an-
terior raphe; I, anterior communicating space; F, anal margin; G, posterior raphe;
H, sacrotuberous ligament.
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branch) mentioned above. The latter vessel has caused some con-
fusion because it extends mesially toward the anal canal behind
the posterior margin of the urogenital diaphragm but is definitely
separated from it by a reflection of Colles’s faseia. This vessel
reaches the anterior aspect of the anal canal, supplies the mus-
culature in this situation and anastomoses freely with the an-
terior terminals from the lateral branches of the inferior hemor-
rhoidal artery; after giving off several smaller branches it finally
ramifies in the perineal body and overlying skin.

In the genital triangles the perineal artery gives off several
small transverse branches to supply the bulb, bulbocavernosus
and ischiocavernosus muscles and, continuing in the interval be-
tween these muscles, finally terminates into the scrotal or labial
branches.

The pudendal artery by its deep transverse branches supplies
the bulbo-urethral glands (Cowper’s glands, Bartholin’s gland)
and the urethra membranacea muscle. The midsaeral artery,
coursing down the anterior aspect of the sacrum on the parietal
fascia, reaches the anocoecygeal body and supplies it and the
coceyx, finally ramifying in the skin over the coceyx and ano-
coeeygeal ligament.

The terminal anastomosis of the arteries in the pecten of the
anal canal has been emphasized as important in the etiology of
the common anal fistula, the vascular sheaths supposedly direct-
ing the infection to the adjacent perianal or ischiorectal spaces or
perirectal tissues. The branches reaching the posterior aspect of
the anal ring at 5 and 7 on the clock, respectively, have been re-
ferred to as the “fistula’” branches.

Venous SuppPLY

Although the veins follow essentially the same course and give
off branches corresponding fairly closely to the arteries, they re-
quire additional description because of their relation to the forma-
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tion of hemorrhoids and perianal hematomata (external throm-
botic hemorrhoids) (see Veins of the Rectum, p. 94).

At the anal verge the inferior hemorrhoidal veins are prominent
and form an indefinite plexiform arrangement which is commonly
referred to as the external hemorrhoidal plexus. Terminal radicles
from this plexus anastomose in the pecten of the anal canal with
the terminal radicles from the ampullary enlargement of the in-
ternal arteries and veins which form the more important internal
or superior hemorrhoidal venous plexus (fig. 57).

Current proctologic descriptions sometimes imply that there is
a sharp line of demarcation between the external hemorrhoidal
plexus and the internal. This is a variable factor and somewhat
dependent on age and associated pathologic processes. Careful
dissections show fairly constant overlapping between the two
plexuses, both of which are related afferently to the portal as well
as to the caval systems (fig. 58).

F1g 57. The anorectal veing (schematic). A, middle hemorrhoidal veins; B,
superior hemorrhoidal plexus, C, anorectal line; D, connecting capillary between
the two plexuses; I, external hemorrhoidal plexus.
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MIDDLE HEM. VEIN

SUP. HEM. VEIN
HYPOGASTRIC V..

INT. PUDENDAL V..

e
- g

INF. HEM. VEIN INT. HEM. PLEXUS

EXT. HEM. PLEXUS

F1c. 58 Venous drainage cf the rectum and anus showing the superior or in-
ternal and the inferior or external hemorrhoidal plexuscs. (After Granet.)

The external hemorrhoidal veins also drain into the internal
plexus. This is well exemplified in hemorrhoidal surgery when
traction on the internal hemorrhoidal plexus causes a prompt
distension of both plexuses.

The original investigations of Reuther on the anastomotic
arrangement of the hemorrhoidal and portal venous systems are
instructive and show that the degree of anastomosis between these
veins increases with age and the degree of hemorrhoidal disease.
Reuther further invites attention to the extent of rectal submucosal
anastomoses and varix formation between the middle and superior
hemorrhoidal veins which is sometimes quite prominent in portal
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obstruction and readily demonstrable by proctoscopic observa-
tion.

PALPABLE LAKDMARKS OF THE ANAL MUSCULATURE

Careful palpation and identification of the normal anal land-
marks are prerequisite to an appreciation of the abnormal. Both
the normal and abnormal variations may have an important
bearing on the contemplated surgery.

The diameter and length of the anal canal and the tone, con-
tractility and mobility of its musculature are essential preopera-
tive determinants in fissure and fistula surgery.

The following landmarks are palpable and important:

1. The subcutanecous external sphineter, usually entirely annu-

lar, sometimes divergent posteriorly

. The lower border of the internal sphincter ani

. The intermuscular septum, separating 1 and 2 above

. The anorectal muscle ring formed posteriorly by the strong
encircling puborectalis muscle and the deep anal sphine-
ter; anteriorly by the thin band of levator ani fibers
(Luschka) and the deep anal sphincter

. The levator ani museles and the levator plate.

WD

o

REFERENCES

BEraup, M.: Du mode de terminaison des fibres longitudinales du
rectum. Compt. rend. Soc. biol., 4: 163-166, 1857.

BramspeL, P. C.: Pathogenesis of anal fissure and implications as to
treatment. Surg., Gynece. & Obst., 65: 672-677, 1937,

BrarspeLy, P. C.: A simple pattern for a competent hemorrhoidectomy.
Surg., Gynec. & Obst., 92: 140-148, 1951.

CourtNEY, H.: Anatomy of pelvic diaphragm and anorectal muscula-
ture as related to sphincter preservation in anorectal surgery: an
anatomic study, Tr. Am. Proct. Soc., 155-173, 1919,

Court~ey, H.: The posterior subsphincteric space: Surg., Gynec. &
Obst., 89: 222-226, 1949,



96 PROCTOLOGIC ANATOMY

Court~Ey, I1.: Posterior levator space abscess. Am. J. Surg., 75: 403~
412, 1948.

Croviiuuer, J.: Traité danatomic pathologique générale, Ed. 3, §:
pp. 356, 628. Paris: Baillitre, 1843.

Fine, J., axp Lawes, C. I, W.: On the muscle fibres of the anal sub-
mucosa, with special reference to the pecten band. Brit. J. Surg.,
27:723-727, 1940.

Gonscn, R. V.: Anorectal fistula: anatomical considerations and treat-
ment. Am. J. Surg., 32: 302-307, 1936.

Harns, H. A.: Discussion on fistula in ano. Some embryological as-
peets of the problem involved. Proc. Roy. Soc. Med., 22:1341-1351,
1929.

Hiucer, R.: Anal sphineter and pathogenesis of anal fissure and fistulas
Surg., Gynec. & Obst., 52: 921-940, 1931,

Hovrw, Kanvu vox B.: Handbuch der Anatomie des Menschen, Vol. 2, Bk.
2, Sect. 2. Jena: 1896,

Konuravsen, O.: Zur Anatomic und Physiologie der Beckenorganc.
Leipzig: S. Hirzel, 1854,

Lamver, E.: Zur Anatomie des Mastdarmes, Med. Jahrb. Wien, pp.
49-59, 1884.

Levy, Epwanp: Anorectal musculature. Am. J, Surg., 34: 141-108,
1936.

Miuican, E. T. C.: Surgical anatomy and disorders of the perianal
space. Proc. Roy. Soc. Med., 36: 365-378, 1043,

Miiuigan, E. T., axp Morgan, C. N.: Surgical anatomy of the anal
canal, with special reference to ano-rectal fistula. Lancet, £: 1150,
1156, 1213, 1217, 1034.

Morgax, C. N.: Surgical anatomy of the ischiorectal space. Proc. Roy.
Soc. Med., 42: 189-200, 1949.

Revruer, T, F.: The valves and anastomoses of the hemorrhoidal and
related veins. Am. J. Surg., 49: 326-334, 1940.

Ronix, C., axp CapraT: Sur la structure et les rapports des téguments
dans les régions anale, vulvaire et du col utérin, J. Anat. & Physiol.,
10: 589-620, 1874.

Roux, C.: Beitrage zur Kenntniss der Aftermuskulatur des Mo
Arch. & mikr. Anat., 19: 721-723, 1881.

RUEDINGER, N.: Topographisch-chirurgische Anatomie des AMenschen, p.
112. Stuttgart: J. G. Cotta, 1873-79.

1




THE ANORECTAL MUSCULATURE 97

Santorint, G. D.: Septem decim tabulne, edit. et expl. M. Gerardi, tab.
15; Observationes anat. Venitia, tab. 16, 17, p. 183 (h), 1724,

Tesrur, L.: Traié d’anatomic descriptive, Ed. 5. Paris: 1906.

Tucker, C. C.,, axp HeLuwig, C. A.: Histopathology of the anal crypts.
Surg., Gynce. & Obst., 58: 145-149, 1934,

TurrLk, J. P.: Discases of the Anus, Rectum and Pelvic Colon, Ed. 2,
963 p. NXew York: D. Appleton Company, 1906.

UnLesnvuTH, E.: Problems in the Anatomy of the Pelris. Philadelphia:
J. B. Lippincott, 1933.

Wirpg, F. R.: The anal intermuscular septum. Bril. J. Surg., 36: 279—
285, 1949,

WarTNEY, E. T.: Fissure-in-ano. Am. J. Surg., 59: 9-17, 1943,

ZuckerkaxoL, E.: Atlas der Topogr hen Anatomie des Mensch
2 vols. Wien: W. Braunmuller, 1900-04.




Wi pRrats por wawgaeds stuee VI JO SUORIOSSIP (RIS [t

atjead & pasiosnay asnds Fugpuaynm
s 3onuysod (173 tessag foontast Jo jug (1)) e o joumus {RRIGING sy adne
1) hme 2ouds prussgxe sheanvinagns {5f) fm¥avw IS qeuw () fopsmu
WWPRPAYOL WfL 16 suoENRND dhsweony (9) Mwneupad go wied sroutpoy
e (() Hapngds PRI fupoandng oy jo suoptaga douuy (1) 54
“umauiad ayg jo g snougpuay [EEENEY
| pur Gaumds jrus [EUIG a3 jo suopaod SHERgdnS pun snoousjna
S Y1 JO BUGIUIIS J0MJR S} Satgare e sgpy weg, 3D 9y} 0) Vasof
IR oo masy wawds Ruguommuanes 2opraisod My FakoALL} aqosd "y,
TONSSY UG JO ey s iy ug anpaso WRWHLUE ¥ By PRpIAp
Bpagus Wy g MO R1ogl Juphasunn vy oaw R SARULTHER TE10S Spupnapiand
8t Spogopad puva R ) Sugaaane wpauyds UL snosuupn.

aqus g,

“(upasuy
RIE-RIUL 50 200 BRI vpIst) [uus oy o} SBIRIVGRLY $1040Y M3 Jo wotjadtiuny
MR O3 RN SR SROIRYE ay) SILIAL G550 PR30St 2y Ju prdd ey
AR ol sy wopasnm Fapaunpls fous pumaone ag puw tojuss oy Susada
{0 PRIISIIP U] AT ] IE1001014a8L 0y J0 6Ny Sypgoaqy ayy wps 39
AYF U CPIASUIN N Uy (utaseg priaysadns AP Jor 208uE dasp) wiase) w0

NUMLISSI(] LG ALY ANl
JIRRAN 1)

O[UTY oY1 up axmepndsnyy

1300.:9:/‘* pur TNO——MQOAH O—S Jo :cmdoommma T:.ﬁum

MolnaYyf

aguaihas gy pogns
R A= LR2TIR






“oqoad Lq posiaanly souds Bubvanmnu

“wod dopaysod (Jy) tusso 1532020111081 Jo Juj (9) ‘s RUIETHUGER(HIREINNY 1vyadng

o fwe wds ppuis)xa woque (3) furflavie wpys uv () RETER

Tvwipnitduo| oy} jo suosnayxa PHEER0IY (D) fwnoupad jo Juiod shourpuay
[B0uas () {rojoupyds ruasirno eRyaadns ayy jo SuoIsUaN Jouauy (y) fxayp

‘umaunad oy jo qusod SUOULPUD} [ajuad oty

SUEW puw 4apourgds [vun eusoya oy Jo suonjod siepysadns pus

“IS By} Jo suoISULIYD SO aipy sonzas0 dwepd sypy oy, 0 A} Qf usso)
[E199lonfast ouo woay davds Juyeownuiues Joud380t oy} so8194T1y oeoad g,

"OIBSSY JRUT Jo JuaRNTA) [1)Bans 4} ¥l amposod W v sy popiap

Apaime oq snw yapgw B IeMosnu gy are asayy, TUNOYs v L[avinanaed
st SHouosod puues juus oYy Buifaan yds ousoro s Qs oy,

‘(ensu)

[BUR-VIJUL 10 JojRad-uapuy) wpase) jeus B4} 03 DUJUdIGRILY SNOIQY o) Jo uonaMuL>

SITWLNL 3} 20N SNWIWK $n240fd 9} sa1z0a0 U8S0J [L32010WasT a1} JO pud puy

gy e oy ug ‘Sopsmw fovuntds vue [ruaagxo NG} pus 103wad) oy} Jusodyo

00 pajagssip U0 DA WSSO [1j3as0t(dsg a1 jo sonssyy Syygovqy oy ‘opus 9391
OUF MO "PIAOIIAL u2ay sUI (viasuy [BRGIAANS O} Jo 1o v] dodp) viase) safjop

SN0dUBINY

NOLLOESSI(] 40 mpvag Lsurg
1ALV

-oauanhas parpms
A pnoys pue udwdads awes A JO SUOLLISSIP (eI [NJ2aTs a1 TITIA-] snel )

I L QA—H ut tham—:Omz”—&
TZDOHO:AN pue Twozmhun.ﬁ 911 Jo ZOSoowme [LeLg

Mma109Y]

08






PROCTOLOGIC ANATOMY

100

“IPSOUL 0T 10)8A0] (0) 12000
() fepaipad jepioyrsouay FOLAIL (1) ‘Bo[poI Junuwp qim pavysueL} sposnt
supnyfuo] oy3 yo i aueTy, 49 (1) ‘usys [our (D) ‘opshw [voultod
PsraAsUEL) [RRoysadas (g) {opsnw iy sopoumds 1BUL8YXD {orayaadng (y) RE¥f

“({eusd 8,32001Y) B1088R)
L0JBINIY0 DY UL pRUTd M) Woay BulsLiw £1a31e Jupoy. { xotsazut 941 Susod:
1IN0 PIUBILY NAN] BB BSOS [UIIBIONISE Y4B oYy Jo yuy oY, "YIFaans oisusy 203
Aot 03 ‘uldinw uiys feur o4y saoqs jsnl oposnw [BUIprBuo] 9y} Jo SUISUDND
IULLI-0IGY Y} XYSULI) $3|PAd Fuinae(y ‘so[snu [rouLIad 98I10ASUTI} {eaysadng

oy fun {RUIDING {RL das a1y} jo JOHAUT A DON

e

QENNILNO) KUAG SYJ] NOMLDIESSIY
I Javia






PROCTOLOGIC ANATOMY

102

£2003 (£} fpajovaiar oqdus foga)us (1) fapasnus peuspnyiBuo (1) fupys
toun (D) LopasTirt e 2913uldd [SUI3}N MU DY) BIITIGWS uz.uwn wiopadey] Ar.:
Hugod shoutpuay [rjudd (d) fus jvunyds jRuId)Ko snpuny 3 o1y} Woag oy
passors ((1) E:ma:2>5c.___5 (D) ‘ww 10)uAd] (g) ‘42008 [wound] (V) k&3

‘EYILIS 12U 0} uo pajroddng snpunjosd 0y} W0y YIUTIQ IR[ASHUL PISSOID Oy}

US[it DJON "IUT J0}UAI] 94} JO [IAD] JDND] DY) 03 JSUU0D U] ‘SN daawyds [rUK
oy} Jo uonsod snpunjosd oy jo 1040 doop ayy mprow Yaryw Lraprw jrpuapnd ayy
WO} ONLI [UHNIE v M0[Q 0] 591 a(paar Suuaep ayy, “sajouryds jone [vuIa)
X D1} JO SULISIAID 20481 Y} IITAWR APIVY GIoPITY] O, ‘ENSOUIIATIOY[AY
podofasop-(ian a3 ojoN -eduds Sugjrammunuos lousius Ay} sssodse sHLY,

L-ﬂtw—nv SITIY 4L X9 thm T¥YNY
QL HIAO NJEO_Hm?wOQ UIEOYHLIIY SE ANV FASONHRAVOORTA
ANL 0 ED&QHW NY1037 AHL RO¥d Qﬂhbmm‘wﬁﬂh NITAC SV UALINIHLG
FYNY TYNUILX Y] SAOINYIRQAAE ANV TVISIHIIAG TILL S0 THAVY] YOIUTINY ANT,
[ g ARAE






PROCTOLOGIC ANATOMY

104

30118 [uot
-uad (X)) 82000 Q1) futys eue (r) apsnu (suipnjBao (1) tgouds sojuadjeadns
uf ajpusy acosd (I1) {o{ISTW WL J03LAI] Jo s1qy Joudjue () topsnw uaupad
os10asutd) [uragIing (1) fquowredy] svpnduvil (1) tyanod {souttod jeogaadns

(@ tondva sopaput (D) fsnsou 1nq (g) ‘snsou wpsy (V) SA3MN
“ga[asnUL
sRSOLL. (g puE SNSOU. (OS] 9} UIINGI I8IN0d {ensn §)¢ woij Aqe

~103u( 15 MOUIOS PAFJIYS UKDY so Yoy L19)e {vouttad oy} mofaq S3LY YIFUUL [{EWS
oy g, "ubis juus Jaup i OAO(T MOLA OJUL Lpensd sowod «gposey [eus-vadns & preg
.30A0 ‘WNA0L Y} JO JE0D dv[nISHUL jeutpniiduo] A, A9l 4SOULIANO] BT 3T osuds
10juAd[Badng o} 891dND20 PuY TR 1€123L O} PUT [UT J0JBAD[ A} UdINIAN] sossud
oqoad 9y} Jo opuTy AL -pueytodury st L1318 (vouad UT AINJINIS VLIS ¥
6T HOLTIYLIUIPY §1¢ PUT O[ISOU JIULIS & w1071 J0ST] [BIIST) 1U[HISAWOIY
u sE MY J[ISNUL SHLIYIOIN-0}2aL oy o190 Yy 93U[ AL ‘wny}aat A3 o
400dsE 10U oY} punoiIng Layordutod yorgw (sypasny Jo 8194y oY) opsTW WeE
aojeaa] oY Jo s1qY Jondue 9y} 910X -pasodxa Appaed os[e st Juouredrj aspndurii}
oy Jo 498T] 10LJUL AL, -padopaadp [ Aypeuonidoanod i SRSIUL o8],

S 108A]Y IvaANIHA] AVIOINEANg L TS0AXF] O QAANIINOY NOMOUSSI
AL ILVId



e

[y
%




PROCTOLOGIC ANATOMY

106

“ofosnut uy 0§eAd] (1)
senurgauw sa0fd (]} 145200 (1) fups puuu () ‘vesag [T1I2101498] (1) soymsoad
(np) ¢ (uideagdery (eiwedon) quESf asmBTTLL () fegiarn {D) {snsOIIIALY
~apqasy {g) ‘quouwandy UpNIUTILY WOSF PIOIEID tgrsoutearaoqing (V) AU
-gaaudls (u10a1108 My 0} sUTEIO Lruun-o3taef oy Woag suol)
~a9Ju JO UOEBESIXT TG} J0) 8o11qis50 DY) BIFULIST[E UOTIITBSIP SIYY, "1 101943
o) o sLegy snatl £aa000qnd pun o1EIsosd 04} UIINIAY {uAlojuy 1Y) Ul 993 yNEW
o, *o)ryeoad oy By UL ) puiat ey Su{nduvay oYy Jo uso} puv
axe MY} DJON “H0IIT TN WP FurAuy VAo g} fquomuilyy JorIusy oy 10
10£u] 3950 9f} Wodj PR Ajei3and B2Iq SUI[ SISO EREOUIDATIVGING DL

AR INILNOD) NOSLISSSU]
A dLVEL






PROCTOLOGIC ANATOMY

*pIbLIXD
x£a000 (1§} pasudro jpus pneds (3f) tadpo (urawu) () fepsnuw 5.&»35"_.? {1
taposmn snoRdasaaord (31) fopesnw syupasoqnd () sotoumgds (ouv JEuIaIXe
{J) fSpomoIT PajRLIAE JuauE feankoavaguy () fupgs puv (@ fquowdy
snngaqiosatd () TA30IOYNY (UINIFL (sp) ‘toposnur pupnjiduoy (V) sA¥y
“dwinys (uaB£3003 Bt} 6L WAL Posodxd 14} PUIIE] "URas 81
Waugn §o SR{Ie 0 RE} BPRSTY {ruv-ruing orfy 036 Aygoraud 3a06ut pus aepd J03BA0]
3y} wio) 0y Apouaisod IRUTHGY IR WHARILIOIE pur satfosoaocrd a1 03
15TE3U00 UE HISTIL efuiRatoqnd a3 Jo 8104y Bugpssaus a3 ajoN dwep SRV I
£ wne ey 94y Joso AOHO I PIIILIIAL UIDY DATTY BONSSH ean{ascaaus 4y,
200a8Y FONEIINEG-OURLEO]
wo] A¥OXY 0L UMOIFEINY SVHARWOY QIIOVEIN NG KVE] WSO ALY
1A HLVIA






PROCTOLOGIC ANATOMY

108

“PIsIoN
x£0200 (1) fposodao qua (w1201 (31) fodpa uresny (f) fopsnu msoaaououw:_.sv
fopsnut snagLonosoqnd () fopsnws syuiatoqnd (n) f193uiqds [RuE [oUId)XO
(1) *4&Iopoun pajsunjar quawwsy [vodAd20d0ut (5]) upys Juue ((F) ‘suowudy]
snosoqnyosus (D) {A}sodqn} [eiydst (g) ‘epsnut [eupnyFuorf (y) :xay

“dhwnys [¥03£2003 0Y) #OI[ WIN}001 PISOAXD N} PUIYIE[ "UMOYS S
21YA Ju 2o 0o ayy ‘vrasey prus-vadns oty ojui A[(eriaed 1188ur pun oyu]d J0jBASf
oy oy 0y Lpouysed 1 Pois ik pur 1084 nd oy 0}
18BHU0d Ut opasnw sygdRIoqnd 3 Jo sraqy Fulpaud aY) djoN -dww[d STV oY)
K¢ ups [puv 0y} 2940 A[I0UD UL POJIBIIDT U DATY BONES[} [woFLod000UL AT,

IDTISY UOTUTINI-OUBISO]
SL] USOAXN O AMMORAINY LYHAIKOY (FLOVULAY NAA{] V] WALOTY TH],
IA TLVId



e,
e el




JATOMY

PROCTOLOGIC AN

110

xAoa00 jo dums (a1 tenupsul snongd (@
swmjaar (O) S 1078A9( (o < fonaue pojouiiel taydel 101403804 (v) "3y

Kpoudut pojondidt uaay 8BY apshuL

rajuds [BuIoIR ?..uc._ua:m ayd Suipnout sorgdul ueipowt E_.S.mca oyy, Sun

apesnut 1:35.5 oqy W0} m:ES._c:?_ ayy 10 1oy Fugpatoud ﬁ..&.EcE oy}
131N wotividd |6198%} pjuaupug 20wt 511 910N -ggouxoty} S guogs P auL

aLoay] aie woud aauvevaag Naad gvy] swtld
grivaoauound S o1 NOLLHAsNT avaovg HaMo] 831 oua 1NV HOLYALL anL
11A [N O






PROCTOLOGIC ANATOMY

112

~x£0002 (1)
s (81902 (D) ‘sauv () ‘eouds [m)dl01yds! () ¢1um J0YBASf JO ofipa mo (@)
toouds sojvAa(radns (Q) saqu3soad (§]) L2IY}OIN SNOUTIGUISNL UL PUROS (V) a3
‘wimjoot oty Jo seadst [R10jE[EIdIUT PUT ‘xoppely
oy Jo osuq 0juisosd aify 03 UOHBIAL B UL oAISUGIND DIOUS YITW 5} 20uds 10YBAI]
-padns 2y} JE1) 2)0U put UOLIBNSHILL SIYY ut saoeds [wj0IONISE pur 10yBAaEdns
oy atedwo)) *(v108¥) u:EmoEco:Cto.— aY}) SIA[[IAUOUD(T JO TLISTY Fuuoyey3 ot
3ts Pa10acd 23uisoid oy L YaYM PUIAC TIYIOIN SHOUTIQUIdU 3} UL BAI] punos
pojuxysauay v padofoasp (1o Sfymmonued E SIS A4} jo0lqns 1y} Ul
HNIMLG ¥ NO QEANAASAG ANV ANVIE]
MONALSOJONELNY 1L A1 aHAIAI] N3] SAVIT SWIoSAYY INY UOLVATT AU,
1IIA ALV



Il

=
<
pei

i
3
13




PROCTOLOGIC ANATOMY

112

*x£2000 (1)
e qrioon (D) fsaue (f) feouds pjaasomost (5f) ‘e J0vAI[ Jo 2Fpa 3na ((1)
faruds sovaopuidng (D) foyuisod (¢1) LBH{1040 BROUBIGUIOW U punog (V) :ATy]
“WnyaL oy} Jo 8109dsY [LIOYB[OIMUY puv ‘aappu(
04} Jo 9suq ‘0isoad 91} 0} UOHV[AL B)T UL DAISUDIND JI0W YoTW BT 9oeds 10jrAR]
~uIdne o} WY} 210U PUT UCHLIISI(L S13 U s90udS [832U01YIE] put LojeAdjEadns
o3 drvdwo) - (vtosuy opyuisosdosuniad ayy) siar[1acud(y jo vrosuf Furuo)syd oy
A POroA0d ajugsoacd 9y ST YILYA PUIYR] BIYIOIN SAOUTIWIUI 1) UY BIIf PUROS
pojuaysoudy v podopaaop [on Apreqnonuud 01w saposnw oY) d0fns sy} uy
UNIMLE V NO QUANZIEAG UNV INVIJ
UOIUALEOTOWALNY (HILL NI QTATAI(] M) TAVE] $FI0S0]Y INY HOLVATI[ RH,
IIIA ULY'Id



THE LEVATOR ANI 115

veloped the puboreetalis muscle is usually readily distinguishable
anatomically and clinically from the puboceygeus, at least in its
posterior half, where it forms the major portion of the anorectal
muscle ring—the most important component of the anorectal
sphineter mechanism (p. 80). |

Phylogenetically the levator ani muscles are considered as rep-
resenting converted tail muxculature and the puborectalis mus-
cle, as noted by C. Naunton Morgan, is considered as a special
adaptation of the pubococeygeus to form a stronger musele with
sphineteric funetions in orthograde mammals.

“In pronograde mammals such as the dog, the pelvic aperture
is a mesial slit which occupies the whole length of the pelvie out-
let, from the symphysis pubis to the tail. The aperture is guarded
by the pubo-coceygeus muscles which lie on either side of it and
which compress the visceral canals from the sides (fig. 59). In
orthograde mammals, the posterior part of the pelviec outlet is
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Fic. 50. Left lateral view of the pelvie floor of a dog.




CHAFTER IV

The Levator Ani, Coccygeus,
Rectococcygeus and Recto-
urethralis Muscles

Tur LEvator ANt MuscLE

This extensive pelvie muscle is of particular proctologic interest
because of its intimate anatomic relation to the pelvic viscera and
its integration into the fascial capsules and muscular walls of the
perineal outlets, particularly the anal canal. Moreover the com-
plex parietal and visceral fascial planes in the pelvis as well as
the perincopelvic spaces have been largely established on the
basis and terminology of the levator ani muscles. Their proper
anatomic conception is therefore most essential for an under-
standing of perineopelvic pathology and surgery.

Considerable confusion still prevails concerning the correct ana-
tomical disposition as well as the terminology of the several por-
tions of the levator ani musecles. Their precise function in pelvie
visceral support, particularly in the female is yet to be fully
evaluated.

The puborectalis muscle has usually been included in the de-
seriptions of the pubococeygeus muscle and not usually considered
a separate muscle. This has resulted in some confusion regarding
its anatomical descriptions and has minimized its surgical im-
portance, particularly in proctology. Even though poorly de-

114
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F16. §0. Deep layer of diaphragmatic parts of levator ani. [Seale: 84% (1/1)).
Right half of pelvis. Inferior 2nd presacral hypogastric wings freed of their at-
tachments and removed. Bladder, prostate and stump of rectum pulled out of
pelvic cavity snd turned down. Parietal endopelvic fascia raised as far dorsal as
eranial margin of coceygeus, and musculature of pelvie floor (diaphragma pelvis)
exposed. Only the cranial (deep) layer of dinpbmgmnﬁc parts of levator ani are
visible. 1, 1, pubopmstahc bundles of p k
of pub ygeus, ic part. 3 p of pubococeygeus,
deep layer of diaphragmatic parts and insertions into eapsule of prostate. 4, pubo-
anal component of pubococeygeus, deep layer of diaphragmatie part, and its in-
sertion into rectal capsule by means of fibrous cards. 5, 5%, 5%, retrorectal compo-
nent of pubococcygeus and its insertion into dorsum of rectum and ventrum of
coceyx by means of aponeurotic plate 5’ and 5°. 6, iliococeygeus, deep layer. 7,
coccygeus. 8, puborectalis muscle. 15, wall of rectum (outer longitudinal muscle
layer). 39, fascial eapsule of rectum. C1-4, Coceygeal vertebrae. (Fram Uh-

lenhuth, E.: Problems in the Anafomy of the Pelris. Philadelphia: Lippincott,
1933.)

ygeus. 2, p
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closed and supported by the pelvic floor with the formation of an
ano-coceygeal raphe and tilting forwards of the coceyx. In fact the
tail has been pulled forwards to protect the posterior part of the
pelvic outlet. The pelvic aperture together with the pubo-coc-
cyget which still remain as the spincteric portion of the levatores ani
are thus displaced forwards and a portion of each musele now be-
comes especially adapted as a more efficient sphincter, namely the
pubo-rectalis. The pubo-rectalis museles surround the pelvic aper-
ture not only at the sides but also posteriorly.”

Some further confusion regarding the levator ani muscle has
followed the conflicting descriptions regarding its splitting or
layering as was originally deseribed by Holl and Kohlrausch and
just recently re-emphasized by Uhlenhuth. This detailed splitting
has usually been overlooked entirely or disregarded in standard
descriptions of this muscle. According to Uhlenhuth all three
components of the muscle—pubocoeeygeus, puborectalis and ilio-
coceygeus—are layered muscles and he has described, discussed
and illustrated these layers in considerable detail in his recent
Atlas. Uhlenhuth emphasized that the splitting and differentia-
tion into superficial and deep layers of all three components begins
at the origin of these muscles and that both layers are for the most
part entirely muscular. This layered arrangement is maintained
throughout the diaphragmatic portions as well as throughout
the caudal or anal extensions to the visceral outlets, particularly
those of the pubococeygeus muscle (figs. 60 and 61).

Courtney also described a splitting or layering of all components
of the levator ani muscle into superior and inferior layers. How-
ever the splitting or “diverging”’ occurs at the junction of the
muscles with the rectal wall, posteriorly and laterally. The su-
perior layer as described by Courtney is a fascial layer formed by
“fibers which become fibrotendineus and join with fibers from
the levator fascia,” while the inferior layer is for the most part
fleshy or muscular. As these layers “diverge from each otl.ler
slightly”” they form a V-shaped space a.long the rectal wall with
its open end toward the midline, “posterior levator space.” Court-
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ney considers this space of clinical significance in the deep ano-
rectal infections (for further discussion of this space see p. 210).

The levator ani muscle is at least for the student a difficult
mugsele to understand. It would seem useful to have an overall
concept of the three components of this muscle as closing in the
pelvic outlet in two planes—a diaphragmatie and subdiaphrag-
matic plane.

The diaphragmatie plane or pelvic diaphragm is a broad double-
layered sweeping muscular sheet formed primarily by the pubo-
cocevgeus and iliococeygeus museles; the puborectalis contributes
but a very small ventral muscle bundle to the pelvic diaphragm.

The subdiaphragmatic plane is formed by the caudal fascio-
muscular extensions primarily from the pubococeygeus into the
musculature of the visceral outlets particularly that of the ano-
rectal canal.

The puborectalis muscle is the most lateral and dorsal muscular
component of the subdiaphragmatic plane and it is separated
from the rectal wall by the visceral extensions of the puboanal
muscle bundles of the pubococeygeus. So disposed it exercises its
strong sphincteric action on the anorectal outlet.

The iliococeygeus musele has no visceral conneetions of impor-
tance in the subdiaphragmatic plane.

The diaphragmatic muscular plane—the pelvic diaphragm—
is for the most part horizontal while the subdiaphragmatic plane

5a’, 5 a”, their aponeurotic plates of insertion into ventrum of coceyx; they have
been cut away from rectal wall. 6, liococeygeus, deep layer. 7, coceygeus. 8, origin
of puboreetalis muscle. §°, insertion of puborectalis into prostate gland. 8 b, semi-
tubular portion of puborectalis with eranial and caudal fibrous bands of insertion
into dorsum of coceyx. 8 e, eylindrical portion of puborectalis. 9, deep division of
external sphineter ani with fibrous plate of insertion into dorsum of eoceyx. 10,19,
superficial division of external sphincter ani with fibrous plate of insertion into
darsum of coecyx. 11, subcutaneous division of external sphincter ani with fibrous
cord of insertion into dorsum of coceyx. 127, anal mucosa, caudal flap (transition
into shin). 14, most caudal muscle bundle of internal sphincter aui. 15’, anal inter-
muscular septum (Hilton’s white line) with fleshy and fibrous bundles of external
longitudinal muscle of anorectum. Gorsch’s deep postanal space. (From Uhleq-
huth, E.: Problems in the Anatomy of the Pelris. Philadelphia: Lippincott, 1933.)
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Tra. 61. Deep layer of both diaphragmatic and anal parts. [Secale: 79% (1/1)]-
Right half of pelvis. Inscrtions of prerectal and pubo-anal components of pubo-
coceygeus severed from prostate and rectumn. Reetum cut through transversely
above the most caudal bundles of internal sphincter (14); aponeurotic plates of
retroreetal museles (54’ and 5 a”) cut away from rectum; rectum pulled forward
toward the prostate gland. Cut edges of medial flaps of prerectal (3) and pubo-
anal (4} muscles, created at previous step of dissection (fig. 60), returned into
apposition with edges of corresponding Jateral flaps, and deep Jayer of both di-

aphragmatic and anal parts ill 1 as one layer. Pub alig
muscle analyzed further (8). 1, 1’, puboprostatic bundles of pubococeygeus. 2, 2,
T bulbar bundle of pub ygeus. 3, prevectal musele band of pubococeygeus

Y ing fibers with pubobulbar bundle at point of transition from diaphrag-

matic to anal part. 3 b, prostatic insertion of prerectal musele band, cut through.
3/, branch bundle of prerectal band inserted by fibrous cords into ischiorectal fa.
3", anather branch bundle of prerectal band inserted into decp external sphincter
ani. 3 a, superficial layer of prerectal muscle; only its insertion into the bundle 3”
and deep external sphineter is visible. 4, pubo-anal muscle sheet of pubococeygeus,
deep layer; in its anal course it is differentiated into a lesser (4”) and a major (4')
layer, both with fibrous plates of insertion into ventrum (4”) and tip (4) of coceyx.
4 a,4 a, superficial layer of pubo-anal muscle bared partly by reflection of retroree-
tal muscle bands (5" and 5”). 8, 5%, retrorectal muscle bands of pubocoecygeus, and
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62. The pelvic origin of the levator ani muscle. A, sact

saeral plesus; € & C, arcus tendineus (w hite line); D, levator ani; E,

al promontory; I,

coceygeus,
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assumes a more or less vertical axis as the caudal extensions fun-
nel around their respective visceral outlets in the pelvic aperture.

The iliococeygeus muscle may be considered almost entirely a
diaphragmatic muscle situated nearly at right angles to the long
axis of the pubococeygeus. Near the posterior midline it fuses
into the posterior extensions of the pubococeygeus muscle (retro-
rectal bundles or muscles of Uhlenhuth) and contributes a faseio-
muscular lamina to the levator plate (fig. 61). It has no extensions
to the viscera proper.

The coccygeus muscle which is of less surgical importance com-
pletes the pelvic diaphragm behind and above the levator ani
muscle.

The piriformis, recto-urethralis, recto-coceygeus and recto-
vaginalis muscles have also been included in this chapter on ac-
count of their intimate relation to the levator ani muscle and
its musculo-faseial reflections.

Variable retrogressive muscles of no surgical significance com-
monly arising from the ischium or ischial spine and inserting into
the coceyx or sacrum include the ischiosacralis, anterior and
posterior, the ischio-spinalis and others which will not be de-
seribed.

Tue Pusococcyceus MuscLE

Disregarding for the moment individual components and their
caudal extensions to the visceral outlets, the pubococeygeus mus-
cle arises from the posterior aspect of the pubic arch on a line ex-
tending from the midpubic point to the lower margin of the obtu-
rator foramen. This origin, approximately 3 to 4 ¢m. from the
hone and 1 to 2 em. from the fascial arch or white line of the
levator ani muscle, extends on an oblique plane directed slightly
upward (fig- 62). From this origin the muscle fibers extend me-
dially but mainly backward, form the medial boundaries of the
pelvic aperture, and looping behind the rectum aebove .tbe_ pubo-
rectalis muscle, they form a muscular raphe or plate which inserts
into the anterior aspect of the coccyx and lower sacrum. Apo-
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F1a. 64. Visceral extensions of the levator ani muscle. A, extensions to female
urethra; B, extensions to prostate or vagina (levator prostatae or vaginae fibers);
C, extensions surrounding the rectum (fibers of Luschka); D, pubococcygeus; E,
fascial arch (white line); F, pub alis muscle; G, ili
plate; I, the interval for the isehi ygeus; J, i

ygeus; H, levator
1 "

extensions fuse into the longitudinal musculature and capsules of
the visceral outlets or bridge the intervals between them. They
are of particular significance in gynecologic, urologic and procto-
logic surgery (fig. 64).

Although variations in the Jevator ani musele are common, and the illustrations
are that of o selected male speeimen, Uhlenhuth has made an important contribu-
tion to the ana of the pel al
point of view.

The author for practical considerations presents a somewhat simpler if not a
strictly detailed demic ar of thig t

at least {from the academic
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Fra. 63. Pelvie floor from above {(Afler Morgan.)

neurotic extensions from the raphe continue upward on the sacram
as the anterior saerococeygeal ligaments (fig, 63).

This is the diaphragmatic plune of the pubococeygeus muscle
which forms the main muscalur component of the pelvie dia-
phragm. It is covered by the levator (supra-nnad) fusein, The sub-
dinphragmatic plane of the pubococoygeus musele s previously
noted eonsists of museular or (ibromuseulnr extensions to the ure-
thra, prostate, vaging, rectum, anal ennal, and coceyx.! These

1The separate muscle bundles of the pubococeygeus to the viseeral outlets and
the coceyx hinve been named by Uplenfiuth as puboprostatie, pubobulbinr, prerec-
ial, puboanat and retrarcctal. Thewe individunt musculer extensions have n deep

riicinl layer, cuch of which requires separute deacription in both its dine
tic and inpl tic or nnal plane (ligs, 60 & 61).

This nnatomy is somewhnt bewifdering nnd ean onfy he underatood by reference

10 the detniled descriptions and illustrations by Ullenhath in kin Atlas, tn which

and pups
1

the reader i referred,
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Ti1o. 64. Visceral extensions of the levator ani muscle. A, extensions to female
urethra; B, extensions to prostate or vagina {levator prostatae or vaginae fibers);
C, extensions surrounding the rectum (fibers of Luschka); D, pubococcygeus; E,
fascial arch (white line); F, pub: talis muscle; G, ili geus; H, levator
plate; I, the interval for the ischiococeygeus; J, sacrospinous ligament.

extensions fuse into the longitudinal musculature and capsules of
the visceral outlets or bridge the intervals between them. They
are of particular significance in gynecologic, urologic and procto-
logic surgery (fig. 64).

Although variations in the levator ani muscle are common, and the illustrations
are that of a selected male specimen, Uhlenhuth has made an important contribu-
tion to the anatomy of the pelvorectal musculature, at least from the academic
point of view.

The author for practical considerations presents a somewhat simpler if not a
strictly detailed academic arrangement of this anatomy.



124 PROCTOLOGIC ANATOMY

Viscerat, EXTENSIONS OF THE PUBOCOCCYGEUS
Prostate and Urethra

These extensions consist of medial and lateral bundles arising
from the pubes near the symphysis. They insert into the medial
and lateral surfaces of the prostatic capsule and some of the fibers
continue to the prostatic urethra (levator urethrae fibers).

Female Urethra

In the female the medial fibers of the pubecoccygeus muscle
encirele the posterior aspect of the urethra above the deep layer
of the urogenital diaphragm and fuse into its longitudinal musca-
lature. With a superimposed reflcetion of the supra-anal fascia
they form the surgically impaortant pubourethrai ligaments (Cur-
tis) or fascia ete. (fg. 110).

Vagina

In the female, pubococcygeal extensions (pubovaginal fibers)
insert along the infero-lateral aspect of the vaginal wall and, to-
gether with the firm attachment of the levator ani muscle to the
deep layer of the urogenital diaphragm, they form the important
surgical unit in perineal repair.

Anoreetal Junction and Anal Canal

The muscular extensions of the pubococeygeus muscle to the
anorectal junction and the anal canal are of particular interest to
the proctologist.

Inserting into the intrinsic musculature of the rectum and anal
canal thev form an integral component of the anorectal muscle
ring and the conjoined longitudinal muscle of the anal canal,

They may be conveniently and simply divided into anterior,
Jateral and posterior bundles.

THE ANTERIOR BUNDLE (prerectal muscle of Uhlenhuth) passes
caudally between the rectum and prostate or vagina and at the
level of the anorectal junction it extends over the anterior rectal
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F1c. 65. The levator ani, including the ischiococcygeus, has been exposed from

the posterior margin of the tri lar 1§ to the
Note particularly the changing direction of its fibers as they sweep from the pelvic
wall to their successive insertion into the “levator plate” and the lateral sacro-
coccygeal fascia. The intimate relation of the profundus portion of the external
anal sphincter to the puborectalis musele is well shown. A, anal canal; B, anal
musculature; C, triangular ligament; D, pul \:

alis muscle; I, p YEeus;
F, iliocaceygeus; G, coceva; H, ischi eeus; I, pi l
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wall as a distinet muscleband which fuses with thedeep portion of
the external anal sphincter muscle to form the anterior half of the
anorectal muscle ring (sphineter recti of the older anatomists).
Some of its fibers insert info the longitudinal musculature of the
rectum and with reflected fascial extensions from the levator
fascia form the anterior fibers of the conjoined longitudinal muscle
of the anal eanal. The remaining ventral fibers of this anterior
bundle insert into Denonvilliers’ fascia and finally into the perineal
fat. They lie in close proximity to the so-called Interal portions of
the recto-urethralis muscle with which they may be readily con-
fused,

In the female this anterior bundle also forms a component of
the anorectal musele ring and the eonjoined longitudinal muscle
of the anal eanal. Its terminal fibers fuse into the perineal body
in the caudal recess of the rectovaginal (retrovaginal) space.

THE LATERAL BUNDLE of the pubococeygeus (puboanal muscle
~—{"hienhuth) surrounds the anorectal junction direetly above the
deep external anal sphineter muscle to which it is attached. It
extends posteriorly from the anterior bundle and leops around the
anoreetal kink asbove and pesterior to the puborectalis muscle
and forms the main muscular larina of the levator plate. Similar
to the anterior bundle some of its fibers blended with fascial re-
flections from the levator fascia fuse with the longitudival museu-
Iature of the anal cannl and form the conjoined longitudinal
muscle (fig. 43).

It may be poted that the supra-anal fascia (diaphragmatic fas-
cia) has an anal reflection in addition to its mnin layer covering
the superior surface of the pubococeygeus musele and its exten-
sions to the sacrum and coceyx. This fascial arrangement
affords a bony insertion for the conjoined longitudinl muscle of
the anal canal and integrates the pars analis reeti and anal canal
musenlature into the pebvic diaphragm.

PosTenior srypLe. The posterior extensions of the pubocoe-
ey gens muscles consist of museuloaponeuratic (retrorectal hands—
Uhlenhuth) plates by which the fleshy fibers of the pubococ-
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cygeus and to a less extent the puborectalis and iliococeygeus
muscles are inserted into the coceyx and lower sacrum—the an-
terior sacral ligaments. These laminated musculofascial extensions
form the levator plate, a strong support for the pelvic viscera
(fig. 65).

The lateral and posterior extensions of the pubococcygeus in
the female are essentially the same as in the male.

It may be stressed that a lengthening and breadening of the
pelvic aperture with a corresponding descent of the levator plate
impairs the integrity of the pelvic visceral outlets and predisposes
to descensus and procidentia of the viscera, particularly in the
female.

Tue PuBORECTALIS MUSCLE

The puborectalis muscle lies almost completely in the sub-
diaphragmatic plane. It forms but a very small part of the pelvie
diaphragm. At its pubic origin and over the upper layer of the
urogenital diaphragm (the superior urogenital fascia), to which
it is firmly attached, it is the most medial portion of the levator
ani muscle and is not always readily defined as a separate muscle
at this point. As it passes horizontally backwards on either side
of the pelvie aperture it gradually comes to lie somewhat eaudal
and lateral to the anal extensions of the pubococeygeus muscle.
Becoming distinctly fleshy and broadening out, it undergoes a
partial twist on its long axis. During this twist or partial rotation
its original horizontal surface becomes its inner surface and its
original medial edge its inferior margin. Behind the ancrectal
junction, ventro-caudal to the looping fibers of the pubococeygeus
muscle, the twist is complete and the puborectalis forms a dis-
tinct and important sling-like muscle at the level of the anorectal
kink (fig. 63). It lies immediately above the upper margin of the
deep external anal sphincter muscle to which it is usually attached
(fig. 33). This partial rotation of the two layers of the puborectalis
muscle on its long axis in order to form a loop around the posterior
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aspect of the anorectal junction probably accounts for the peculiar
“semitube’’-like configuration described by Uhlenhuth (fig. 33).
A very thin fascial plate extends from the upper margin of the
puborectalis muscle to the coccyx. This forms the caudal lamina
of the levator plate and the roof of the deep postanal space. The
puborectalis, similar to the pubocoecygeus muscle, gives off fibro-
muscular extensions to the prostate (vagina) and ventral rectal
wall contributing to the anterior half of the anorectal muscle ring
above and medial to the deep external anal sphincter muscle.

The puborectalis approximates the anorectal junction to the
pubes and it has an independent powerful sphineteric action on
the anoreetal junction.

The puborectalis is better developed in the female. Moreover
the entire levator ani muscle is more extensive and admits of
much greater mobility than in the male.

Tue IvLtococcyGrrs

This is one of the more retrogressive muscles of the pelvis and
is hence the most variable of the levator ani components.

The iliococcygeus or iliac portion of the levator ani muscle
arises from the reflected fascia over the obturator internus mus-
cle, extending from just behind the obturator foramen downward
and backward to the ischial spine. This origin is about 4 ¢m. long
but quite variable (fig. 62).

Oceasionally its pelvic origin may consist of a tendinous arch
spanning the underlying obturator muscle and forming a rather
large hiatus—“hiatus pelvicus lateralis” (Schwalbe). This arch
may extend to the pubic bene which is sometimes described as
part of its origin.

Its muscular fibers, intermingled with aponeurotic reflections
from its fascial origin (the white line of the levator ani), are di-
rected inward and downward. They converge somewhat and are
inserted into the “levator plate” conjointly with, but below, the
fiat tendons of the pubococeygeus (retrorectal components). There
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is still some difference of opinion as to whether or not any of the
fibers of the iliococergeus terminate in the rectal wall. In our dis-
sections we have observed that the iliococcygeus is distinctly
musculofascial below the rectum, the muscular strands being
more or less alternated by the fascial which finally fuse into its
tendinous attachment in the “levator plate.”

As a result of the forward inclination of the pelvis the fibers of
the iliocoeeygeus, as noted by C. N. Morgan, form the posterior
arching roof of the ischiorectal space before inserting into the
levator plate and few if any of its fibers reach the rectal wall.
The pubococcygeus and puborectalis muscles with the subjacent
portions of the external anal sphincter muscle form the inner
wall of the ischiorectal space (fig. 93).

From the surgical standpoint this portion of the levator is of
little importance for either the proctologist or the gynecologist.
It forms part of the pelvic diaphragm and supports the levator
plate in the act of defecation and in increased abdominal pressure.

Fuxcrioxs oF THE LEVATOR ANt MvuscLEs

The combined levator ani muscles fix the pelvie floor and act
as a fulerum against which increased abdominal pressure may be
exerted in the acts of lifting, coughing, defecation, urination,
coition and other perineal activities. As important components of
the anorectal muscle ring and conjoined longitudinal muscle of
the anal canal the pubococeygeus and puborectalis muscles com-
plement and synergize the contraction and relaxation of the ano-
rectal sphincters.

The puborectalis fibers also assist the anal musculature in
completing the act of defecation. Their contraction approximates
the rectum and vagina to the symphasis pubis and by narrowing
and shortening the pelvic aperture they exert a strong sphincteric
action on these visceral outlets. The supplementary action of
these muscles to the anal sphincters is of profound surgical sig-
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nificance. The iliovoceygeus supports and clevates the pelvic
diaphragm. It has no sphinctric actlon on the viscera.

The muscles per se have some supportive function, but it is
essentinlly their related fascial extensions which afford the main
support ta the pelvie diaphragm. The “ano-coceygeal raphe”—
levator plate—extending more or less horizontally from the ane-
reetal junction fo the coceyx and sacrum presents an important
support to the reetal ampulin, the uterus and vagina.

The levator ani muscle reccives its innervation via the second,
third and fourth saeral nerves mainly through the middie and in-
ferior hemorrhoidal nerves.

Tur Iscrrococeycers (Coceyervs) MuscLe

The ischiocoecygens or coccygeus complotes the museular por-
tion of the pelvie diaphragm. Sinee it 35 covered with the same
fascial planes from the pubococeygeus and iliocoecygeus its de-
scription in eonjunction with the levator is necessary to the
proper conception of the pelvie diaphragm, perirectal spaces and
the faseial reflections over the sacrum. The ischiocoeeygeus meets
the iliococeygeus at alinost a right angle.

The musele arises from the ischial spine and the adjacent sacro-
iliac fascia. Extending fanwise and becoming rapidly tendinous,
it inserts into the sides of the coecyx, the lower sacrum and the
medial portion of the sacrotuberous ligament. It is approximately
2 em. wide at its origin and 5 em. wide at its insertion. Its posterior
margin is continuous with the inferior margin of the piriformis
musele, at which point the splitting of the pelvic fascia is similar
ta that along the areus tendingus or white line of the pelvic cavity
auterior to the ischial spine. The tendinous are is actually con-
tinuous entirely around the pelvie wall, hut of course at different
levels (fig. 62).

Behind the ischial spine the arcus tendineus marks the junction
of the supra-anal fascin (upper layer of the pelvie diaphragmatic
fasein) with the infra-anal fascia (lower layer of the pelvie dia-
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phragmatic fascia). The attachment of the arcus tendineus to
the sacrotuberous ligament marks the extreme posterior boundary
of the ischiorectal space. It alse marks the line of separation be-
tween the rectrorectal space and the ischiorectal space.

THe Prriroryis MUSCLE

The piriformis, 2 thin iriangular muscle, occupies the sacral
concavity. It is of proctologic importance largely from the differ-
ential diagnostic standpoint of coccygodynia and other painful
conditions involving the pelvosciatic region.

Situated below the parietal pelvic fascia, it arises mainly from
the bony interval between the second, third and fourth sacral
foramina and partly from the sacrotuberous ligament and the
fascia overlying and reflected from the sacrosciatic foramen. In
the latter situation the muscle fibers are in close relation to the
radicles of the sciatic nerve and the possibilities for neuromuscular
reflexes are apparent. The muscle extends laterally and leaves the
pelvis through the greater sciatic foramen, inserting into the
greater trochanter of the femur (fig. 66).

F1g. 66. The piriformis muscle. (Wangensteen, O. H.: Surg., Gynec. & Obst.,
1934.)
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nificance. The iliococeygeus supports and elevates the pelvic
diaphragm. It has no sphinctric actlon on the viscera.

The muscles per se have some supportive function, but it is
essentially their related fascial extensions which afford the main
support to the pelvic diaphragm. The “ano-coccygeal raphe”—
levator plate—extending more or less horizontally from the ano-
rectal junction to the coccyx and sacrum presents an important
support to the rectal ampulla, the uterus and vagina.

The levator ani muscle receives its innervation via the second,
third and fourth sacral nerves mainly through the middle and in-
ferior hemorrhoidal nerves.

Tae Iscuiococeveevs (CoceycEus) MUSCLE

The ischiococeygeus or coceygeus completes the muscular por-
tion of the pelvic diaphragm. Since it is covered with the same
fascial planes from the puboceccygeus and iliococeygeus its de-
scription in conjunction with the levator is necessary to the
proper conception of the pelvic diaphragm, perirectal spaces and
the fascial reflections over the sacrum. The ischiococcygeus meets
the iliococeygeus at almost a right angle.

The musele arises from the ischial spine and the adjacent sacro-
iliac fascia. Extending fanwise and becoming rapidly tendinous,
it inserts into the sides of the coceyx, the lower sacrum and the
medial portion of the sacrotuberous ligament. It is approximately
2 em. wide at its origin and 5 em. wide at its insertion. Its posterior
margin is continuous with the inferior margin of the piriformis
musele, at which paint the splitting of the pelvie faseia is similar
to that along the arcus tendineus or white line of the pelvic cavity
anterior to the ischial spine. The tendinous arc is actually con-
tinuous entirely around the pelvic wall, but of course at different
Jevels (fig. 62). .

Behind the ischial spine the arcus tendineus marks the junction
of the supra-anal fascia (upper layer of the pelvic diaphra{;ma.ﬁc
fascia) with the infra-anal fascia (lower layer of the pelvic dia-
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phragmatic fascin). The attachment of the arcus tendineus to
the sacrotuberous ligament marks the extreme posterior boundary
of the ischiorectal space. It also marks the line of separation be-
tween the rectrorectal space and the ischiorectal space.

Tue Piriroryis MuscLE

The piriformis, a thin triangular muscle, occupies the sacral
concavity. It is of proctologic importance largely from the differ-
ential diagnostic standpoint of coccygodynia and other painful
conditions involving the pelvosciatic region.

Situated below the parietal pelvie faseia, it arises mainly from
the bony interval between the second, third and fourth sacral
foramina and partly from the sacrotuberous ligament and the
fascia overlying and reflected from the sacrosciatic foramen. In
the latter situation the muscle fibers are in close relation to the
radicles of the sciatic nerve and the possibilities for neuromuscular
reflexes are apparent. The musele extends laterally and leaves the
pelvis through the greater sciatic foramen, inserting into the
greater trochanter of the femur (fig. 66).

Gr. troch.

1931:;!;;. 66. The piriformis muscle. (Wangensteen, O. H.: Surg., Gynec. & Obst.,
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Fio. 67. Relation of the recto-urethralis muscle to Denonvilliers® fascia and
to the prerectal space. The reet: exgeus bears a b 4 relation to the
retrorectal space A, Denonvilliers’ fascia; B, rectococeygeus; C, recto-urethralis;
D, superior recto-urethralis muscle,

‘Tre RECTOCOCCYGEUS MUSCLE

This is a thin and usually ill-defined band of smooth muscle
fibers arising from the longitudinal coat of the rectum. It fuses
with reflected fibers from the supra-anal fascia and inserts into
the last sacral and first coceygeal vertebrae. It is also described
a5 a thin band of smooth muscle fibers arising from the ligamentum
sacrococeygeum anterius and fusing with the longitudinal nruscu-
lar stratum of the rectal wall. The muscle is quite variable and
is considered by some anatomists as a mere variety. It supposedly
supports the rectum in the active phase of defecation. The mus-
cle is practically identieal in the sexes.

Courtney has expanded this muscle, somewhat. Combining it
with fascial extensions from the supralevator or “levator” fascia
he describes it as the “Hiorectococcrgeus muscle,” which {orms
the roof of a go-called “posterior levator space,” considered by
him a3 of elinical iraportance in perirectal suppurative processes

(p. 210).
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RECTUM

VESICA URINARIA

ANUS LEVATOR AN
Fic. 68. Showing the muscular connections of the rectum to the prostate gland
(lateral portion of the rectourethralis muscle) and the extensions of the supraanal
fascia to the longitudinal musculature of the rectum. (Redrawn from Zucker-
kandl, Emil: Atlas der Topographischen Anatomie des Menschen. Wien: 1900-04.

Tue Recro-UrernraLis MUscLE

The recto-urethralis muscle originally deseribed by Kohlrausch
in 1854 is also known as the “levator urethra” (Kraus) and “fibers
prerectalis” (Testut). This small but surgically important muscle
was later deseribed by Roux as a band of smooth muscle fibers
arising from the longitudinal tunic of the lower rectum and extend-
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Frc. 69. The recto-urethralis musele. Dissection by author. The urethra has

been exposed on a sound just at the posterior margin of the triangular ligament

ital diaph ). The fibr lar smooth musecle bands connecting the
urethra and anterior rectal wall is the recto urethralis muscle.

£ AN

F1a. 70. The recto urethralis muscle. This musele is not a definitely demar-
cated structure but merely represents certain fibers of the longitudinal muscle
layer of the rectum v hich insert in the region of the apex of the prostate and hold
the rectum in close apposition to its posterior aspect. In the illustration a dotted
line shows where the recto-urethralis is split near its insertion, while two ﬁn.gcl:s
of the left hand hold the rectum down out of the way. The recto-urcthralis is
placed on tension by refracting the urethral bulb anteriorly. (Gibson, T E.:Surg.,

Gynec. & Obst., 1928).
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ing to the prostatic urethra at its junction with the superior layer
of the urogenital diaphragm and fusing with the external vesical
sphincter (fig. 69 and 70). It spans the deepest recess of the pos-
terior prostatic spaces and is therefore an important landmark
in reaching the recto-prostatic cleavage planes. It may readily be
confused with the urethral and prostatic extensions from the le-
vator ani muscle (the anterior extensions or prerectal component
of the pubococeygeus muscle) (fig. 61).

Elliot Smith describes the recto-urethralis as arising from the
anterior aspect of the anal canal rather than the rectum and he
prefers the term “‘ano-urethral” to recto-urethral. He also refers
to the smooth musele fibers which arise from the rectum and in-
sert into the apex of the prostate and the lower aspect of Denon-
villier’s fascia as the “superior recto-urethralis’” muscle (fig. 69).

C. Naunton Morgan also recognizes two recto-urethralis mus-
cles and he deseribes the “superior one passing downward and
forwards toward the base and body of the prostate behind the
fascia of Denonvilliers. I have seen the latter muscle in doing a
total cystectomy” (fig. 67).

The intimate connection of the anorectum with the urogenital
sphincters by this muscle is very significant to postoperative re-
tention.

It may be noted that the recto-urethralis muscle is quite vari-
able and sometimes absent. It is likewise readily confused, as pre-
viously stated, with the anterior (prerectal) visceral extensions
of the pubococeygeus muscle.

The cxtensions from the longitudinal musecular tunic (smooth
muscle) of the rectum are quite variable in origin and degree of
development. This has led to the variety of anatomical descrip-
tions as superior, inferior and lateral recto-urethralis muscles.

In the female the corresponding recto-vaginalis muscle is
scarcely ever described.

THE RECTO-VAGINALIS

The musculofascial strueture homologous to the recto-urethra-
lis in the female is the rectovaginal muscle which lies in the floor
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of the rectovaginal space or “septum.” This muscle is still less
well defined than the recto-urethralis and, because of the fusion
of the musculofascial planes forming the perineal body, it is dif-
ficult to recognize and is of no surgical significance.
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CHAPTER V

The Rectum and Sigmoid

Lamryorocic CONSIDERATIONS

The primitive intestinal tract consists of & more or less straight
longitudinal tube supported by a mesentery which extends from
the gut to the posterior midline of the embryonic peritoneal eav-
ity. At about the eighth week of embryanic life the intestinal tube
forms an anterior toop and becomes differentiated into a foregut,
midgat and hindgut which derive their blood supply from the
celiac, superior and inferior mesenteric arteries, respeetively.

The midgut forms the first extensive loop—the enterocolic
loop--~between the foregut and the hindgut which is compara-
tively much shorter than the other segments and which ends in
the common cloaca at the caudal end of the embryo. As the en-
teracolic loop develops the mesentery becomes lengthened and
begine to take fixed points of attachment to the posterior abdomi-
nal wall between the wolffian hodies or anlages of the kidneys.
The duodenum, jejunem, ileum and the right half of the colon
develop from the enterocolic loop. The left half of the transverse
colon, the descending colon and the sigmoid loop develop from
the hindgut.

Owing to the size of the liver, the large enterocolic Ioops extend
more or less parallel and occupy originally the left half of the
peritoneal cavity. As development proceeds, the primitive colon
lengthens and the bulbous expansion, which has already formed
and which eorresponds to the cecum, crosses to the upper right
side and descends inte the right iliac fossa in front of the right
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Fra. 71. Formation of pelvic viscera in the embryo. Rotation of intestinal
canal (after Huntington). 11, rotation of intestinal tube; 5-8, early growth of
intestinal loops and mesentery; 9, ventral and dorsal mesentery of gastro-intes-
tinal tract; 10, completed rotation of colon forming the infracolic compartment—
omentum turned up; relation to kidneys, duodenum, and superior mesenteric ar-
tery, attachments of meso-colon shown by dotted lines; 11, right mesocolon in
relation to right kidney and duodenum; 12, eross section of kidney and intestinal
mesentery before fixation of laters] colon; 13, alter fixation; 14, final arrangement
of arteries of alimentary canal after rotation. (Levy, E.: Am. J. Surg., 1930}
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kidney. Failure of ratation or descent is occasionally reflected in
the adult as a high-lying cecum or a left-sided appendix. The rota-
tion is also shared by the iliac coils and usually the ileum enters
the large gut from the mesial side. The mesentery rotates around
the inferior mesenteric artery and becomes duplicated, its opposed
surfaces fusing (fig. 71).

The lengthened colon now hecomes fixed in the right and left
iliae fossae, and along the posterior abdominal walls; the inter-
vening loop swings across the abdominal cavity as the transverse
colon (fig. 71).

In the left iliac fossa from below the point of fixation the colon
develops and lengthens medially to form the sigmoid losp. Cau-
dally this loop joins the primitive rectuin which retains its fixed
mestal position. The folding-over of the mesentery and the axial
change from the sigmoid to the fixed rectum tends to angulate
the rectosigmoid junction, a fact well appreciated in the sigmoi-
doscopic examination of the adult. Moreover, the fixation of the
colon in the left iliac fossa gives the root of the mesentery a diag-
onal slant toward the left side and disposes the sigmoid to varying
lengths and abnormal mebility.

Derelopment of the Rectum

The rectum proper has a dual development and embryologi-
cally it is commonly divided into pelvic and perineal portions, the
former derived from the hindgut above the peritoneal reflection
and the latter from the post-allantoie gut below the peritoneum.

In the early embryo the caudal end of the primitive gut ends in
the recess of the tail fold—the cloaca—which terminates anteri-
orly in the allantois. The allantois js initially a continuation of the
hindgut but as the caudal curve of the embryo increases it is
displaced ventrally with the body stalk and develops into a sepa-
rate diverticulum from the hindgut. This division of the original
cloaca into rectal and urogenital portions becomes inereasingly
evident and continues to their final and complete separation.

As the embryo develops more rapidly in a dorsal direction than
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ventrally a small portion of the hindgut comes to lie hehind or
helow the allantois. This is the post-allantoic gut which is the
anlage for the ampulla and sphincteric—pars analis recti—por-
tions of the lower rectum in contrast to the true pelvie rectum
which develops from the hindgut proper.

As noted by C. Naunton Morgan the junction of the allantois
with the hindgut is at the caudal limit of the body cavity. This
point in the adult is the reflection of the peritoneum from the
anterior wall of the rectum to the bladder, vagina or prostate.
The level of the peritoneal reflection is therefore the dividing line
between the hindgut and the postallantoic gut, and the sub-
peritoneal portion of the rectum represents the post-allantoie gut
of the embryo.

This distinction is significant to the commoner congenital anom-
alies of this region.

Caudally the cloaca is covered by the cloacal membrane lined
by entoderm internally and ectoderm externally. It marks the
area of the adult perineum and its lateral mesodermal wings con-
tain the anlages of the urogenital musculature. Growth of the
embryo caudal to its junction with the cloacal membrane forms
the tail enclosing a small portion of the cloaca (the tail gut) which
eventually disappears (fig. 72).

Fie. 72. Carly human cloaea showing hind-gut and post-allantoic gut. 7 mm.
embryo (approx.)
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Fro. 73. Human embryo (McNee) 32 mm. (approx.). Scction through lower
art of rectum below the level of the peritoneal cavity, showing solid cord of
epithelial cells formed from fused Mallerian ducts (future vagina) and urogenital
sinus (future bladder). (After Harris.) A seetion through 32-mm. embryo, passing
through the lower part of the rectum and urogenital sinus, displays the inteprity
of the rectal mucous membrane, with no trace of intra-epithelial cysts. The inner
cireular layer of muscle is already differentiated. The longitudinal muscle can
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Cephalad the cloaca is separated from the primitive abdominal
cavity by the inferior splanchnopleure covered by peritoneum
above and entoderm below. As the splanchnopleure develops
cadually it forms the posterior wall of the urogenital cloaca and
the anterior wall of the rectal cloaca, enclosing a fold of perito-
neum. Fusion of mesodermal walls at the junction of the allantois
and hindgut and their projection to the cloacal membrane forms
the urogenital or urorectal septum which completely separates
the urogenital and alimentary tracts.

The peritoneal folds in the urorectal-urogenital or recto-genital
septum are the anlages of the recto-genital or rectovaginal septum
in the female; and the rectogenital or prostato-peritoneal fascia of
Denonvilliers’ in the male. These are important surgical land-
marks relative to the prerectal, posterior prostatic, rectovesical
and rectovaginal spaces.

The ventral or urogenital portion of the cloaca develops an
anterior expansion (the urinary bladder), o medial constriction
(the urethra) and a caudal basin (the urogenital sinus). In con-
junction with the mesoderm of the pelvic bar, the urogenital
sinus forms the lower half of the vagina, the prostate and the
seminal vesicles. The fused Millerian ducts form the uterus,
cervix and upper portion of the vagina which becomes continuous
with the bulbous expansion (the sinovaginal bulb) from the uro-
genital sinus, completing the continuity of the vagina and the
uterus (fig. 73).

barely be recognized, and there is as yet no trace of the muscularis mucosae. The
urogenital sinus is surrounded by a large and actively growing mass of mesoderm
in which no trace of muscle differentiation is yet present. The peculiar significance
of the late development of the musculature of the bladder, with jts peculiar pre-
disposition to diverticulosis, has been considered previously by Harris. Posterior
to the urogenital sinus, and invaginating its posterior wall, the “‘genital stalk,”
as a solid plug of epithelial cells, displays the area of epithelial ocelusion which at
a future date will be canalized to form the vagina. This section passes immediately
below the rectovaginal pouch of the peritoneal cavity (pouch of Douglas) and in-
dieates clearly the bridge of mesoderm which runs from the anterior aspect of the
rectum to the posterior aspect of the urogenital sinus. It is this tissue which in
the male forms the recto-urethralis muscle, in the female, the rectovaginalis mus-
cle, as deseribed by Elliot Smith.
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Fic. 74. Human embryo (MeNee) 32 mm. (approx.). Section through rectum,
fused Mullerian ducts and urogenital sinus at the level of the entry of the ure-
ters, illustrating normal intra-epithelial eyst formation in the rectal epithelium.
(X 80). (after Harris.) Such intra-epithelial cysts, if they persist, may be a fertile
cause of proctitis. This section is of peculiar interest, in that it shows, pasterior
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The division of the larger common cavity of the cloaca into a
ventral genito-urinary and a posterior rectal anlage by a succes-
sively projected septum-—the pelvie bar or urogenital septum—
readily explains the variety of developmental anomalies possible
in this region (fig. 74).

The lumen of the rectum develops normally through the process
of epithelial occlusion and subsequent canalization of the sur-
rounding mesoderm. This process is characterized by the forma-
tion of coalescing epithelial cysts which have an intramural loca-
tion and, as emphasized by Harris, may persist in the adult rectum
and constitute “a fertile source of proctitis” (fig. 74). The cysts
may extend into the anorectal tissues and may be significant in
the pathogenesis of stenoses, atresia, diverticula and ectopic cystie
formations.

To summarize: The colon develops partly from the midgut and
partly from the hindgut and extends from the cecal swelling on
the caudal limb of the enterocolic loop to the expansion of the
hindgut which forms the internal cloaca. The left half of the colon
and the sigmoid develop from the left colic imb of the enterocolic
loop, commonly referred to as the hindgut, which becomes con-
tinuous with the cloacal rectum (fig. 71).

The pelvic portion of the rectum develops from the hindgut;
the ampulla and sphincteric portion above the anorectal line from
the post-allantoic gut.

Tue Recrvm

Anatomists differ concerning the exact extent of the rectum.
That portion of this organ covered by peritoneum is sometimes
deseribed as part of the sigmoid colon.

to the urogenital sinus (primitive bladder), the fused right and left mullerian
ducts, one of which has not yet lost its lumen. The two Mallerian ducts fuse and
the lining epithelium proliferates and forms a solid plug of epithelium which at
a later stage \u]l be canalized ta form the upper portion of the vngm'\ The epi-
thelial plug or “genital stalk” is ded by actively prolfs mesoderm
which is delineating the muscular wall of the vagina. The firm attachment be-
tween the adult vagina and bladder is thus clearly indicated in the embryo.
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Fio. 75. Peri 1 relati to the rectosi: idal junetion. A, peritoneum;
B, rectosigmoidal junction; C, peritoneal culdesac; D, sphineteric partion of ree.

1 baidal

tum; E, anorectal tine; ¥, anal canal; G,
1, level of 2-3 sacral vertebrae; J, mesorectum,

1, superior artery;
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For practical purposes the rectum may be described as ex-
tending from the level of the third sacral vertebral body to the
anorectal line (fig. 75). The surgery of the rectum usually involves
the sigmoid and a definite line of demarcation seems unnecessary.
As emphasized by Tuttle, the level of the third sacral vertebra
corresponds to the termination of a definite mesentery; it marks
the point at which there is a change in the blood supply; it is the
level at which the taenia of the sigmoid spreads out to reinforce
the longitudinal muscle coat of the bowel; it corresponds to the
site of rectal narrowing to join the sigmoid; finally it marks the
change in the color, capillary pattern and rugosity of the rectal
mucosa. The upper limits of the rectum vary to some degree in
the sexes.

The rectum has also been divided into upper and lower seg-
ments: the prostatic and sacrococcygeal (Tuttle); the pelvic and
perineal or sphinctoric (Waldeyer). From the functional and
endoscopic points of view, it may be conveniently divided into
sphincteric and ampullary portions; the ampullary or ampulla
extending from the third sacral vertebra to the pelvic diaphragm
at the insertion of the levator ani muscle. This point in the male
is roughly opposite the lower end of the prostate and in the female
about the middle of the vagina. It also corresponds to the termina-
tion of the flexura sacralis of the rectum.

The sphincteric portion of the rectum is surrounded by the
levator ani muscle, the supra anal fascia and the fascial collar of
the conjoined longitudinal muscle. It is sometimes considered as
the upper part of the anal canal.

Measurements

The rectum is usually deseribed as varying from 10 to 15 em.
in length, its upper limits, as noted, being variable. In the female
it is somewhat shorter. The size of the individual modifies these
measurements. The circumference varies from 15 cm. at the
rectosigmoidal junction to 35 em. or more at its widest ampullary
portion, decreasing again at its junction with the anal canal. The
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Fio. 76. A comparative chart of the rectums and aunal canals of the three stages
of growth of the child and adult. Ap average finger and o six inch prortoscope are
used as a scale to indicate the respective heights reached at the various ages, X,
the Houston valves. Nate their absence in anatomical ages A and B. Also note
that the reciosigmoid areas in ages A and B sre about the same circumference as
the upper rectum. (After Shapiro.)

diameters of the rectum are extremely variable and depend, in the
living, on the intra-abdominal pressure. They are of no practical
significance. All of the above figures are subject to great variations
in pathelogic conditions.

In infancy and childhood the configuration of the rectum is
greatly influenced by the development of the bony pelvis. Ac-
cording to Shapiro the rectum in the newhorn is approximately
balf the length of the adult rectum, averaging 234 inches. During
early infaney it increases 14 to 14 in length, averaging 43¢ inches.
From three years to the end of the first deeade its rate of growth
is much less rapid, inereasing again in the second decade to reach
adult proportions (See fig. 76 for details).
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Conformation

When empty the rectum, like the vagina, presents itself as a
more or less transverse slit, the anterior wall approximating the
posterior when the viscus is empty. It may be observed in this
respect that the size and form of the ampulla vary at different
times in the same individual, as is commonly verified by roentgen-
ray studies. The ampulla may be roughy pear-shaped, thyroid-
or balloon-shaped, as demonstrated by the casts of Quenu and
Hartmann (fig. 77).

Longitudinally the rectum in general conforms to the sacral
curve. Its anterior wall is straighter in contrast to the posterior
wall of the ampulla which is directed anteriorly somewhat ab-

Fra. 77. Superimposed outlines of casts of the rectum. The solid black line
represents the outline of the commen adult pattern. (After Quenu and Hartmann.)
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F1a. 76. A comparative chart of the rectums and anal canals of the three stages
of growth of the child and adult. An average finger and 2 six inch proctoscope are
used as a scale to indicate the respective heights reached at the various ages. X,
the Houston valves. Note their absence in anatomieal ages A and B. Also note
that the rectosigmoid areas in ages A and B are about the same circumference as
the upper rectum. {After Shapiro.)

diameters of the rectum are extremely variable and depend, in the
living, on the intra-abdominal pressure. They are of no practical
significance. All of the above figures are subject to great variations
in pathologic conditions.

In infancy and childhood the configuration of the rectum is
greatly influenced by the development of the bony pelvis. Ac-
cording to Shapiro the rectum in the newborn is approximately
half the length of the adult rectum, averaging 234 inches. During
early infaney it increases 14 to 14 in length, averaging 414 inches.
From three years to the end of the first decade its rate of growth
is much less rapid, increasing again in the second decade to reach
adult proportions (See fig. 76 for details).



THE RECTUM AND SIGMOID 151

may be observed. In line with its increased vascularity, the rectal
mucosa has a particularly well-developed glandular apparatus
consisting of mucigenous tubular glands (Lieberkiihn), charac-
terized by an abundance of goblet cells which give a characteristic
honeycomb-like appearance on histologic section (figs. 78 and 79).

The epithelial surface of the rectal mucosa is covered by a
layer of stratified columnar cells which may assume a more
cuboidal shape at the lower end of the rectum at its junction with
the squamous or stratified squamous epithelium of the anal canal
(anoderm). In addition to the simple glands of Lieberkiihn the
rectal mucosa contains abundant lymph follicles situated between
the glands. Lymph nodules or larger collections of the follicles
may form definite Peyer’s patches. The syneytial or intrafollicular
tissues between the glands convey the lymphatics, nerve plexuses
and vascular supply (fig. 80).

At the anorectal junction are found glands which are peculiar
to the esophagus, duodenum and rectum—the intramuscular or
anal intramuscular glands. According to Harris, these glands
grow deeply during embryonic development so as to reach the
circular muscle layer before the muscularis mucosae is differ-
entiated; in the adult, therefore, they retain their deep intra-
muscular position. Extending deep to the mucosa they have an
important proctologic and pathogenic implication. These glands
have been described at some length in Chapter I1.

The Submucosa

The submucosal layer of the rectum, particularly that under-
Iying the columns of Morgagni in the sphincteric portion of the
rectum, is of special interest. In this region the bulbous terminals
of the superior hemorrhoidal arteries and veins ramify in a sup-
portive syneytial network of elastic and connective tissue forming
the internal or superior hemaorrhoidal plexus—the annulus hemor-
rhoidalis. This arrangement permits of considerable mobility in
this area and at the same time predisposes it to arterioveﬂous
dilatation, redundancy and hypertrophy of its interstitial tissue—
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ruptly in a more or less horizontal plane over the ano-coceygeal
raphe-levator plate. This somewhat abrupt directional change
forms the “blind spot” of the rectum.

The anterior wall in the female follows the posterocephalic
direction of the vagina.

The rectum also presents lateral curvatures or flexures which
may be quite prominent and which correspond to the indentures
opposite the rectal valves (valves of Houston). Although varia-
tions are common, there are usually two flexures to the right and
one to the left. At its upper end the rectum narrows again and
there is usually a definite angulation or fold of the gut wall at
the rectosigmoidal junction which, however, is not {(at least
embryologically) the same as the indentations in the rectum
proper. These axial changes are significant in the endoscopic
examination of the sigmotd. Accentuation of the curves and
indentations shortens the rectumn while their obliteration length-
ens it.

The ampulia at times assunmes & mare or less tubular form which
may be the result of interstitial fibrosis following chronic inflam-
matory processes. In infancy and childhood the rectum is more or
fess cylindrical in shape retaining to some extent its embryonic
form which predisposes it to intussusception and prolapse. The
butbous ampullary shape of the rectum in the adult provides a
certain degree of positional support and allows for accommodation
of the content and expansion of adjacent organs,

The adult rectum has four well-defined coats: the mucous,
submucous, museular and serous; these are somewhat modified by
its extraperitoneal and intrapelvie location.

The Mucosa

The mucous membrane is thicker, darker in color (in compari-
son to the salmon pink of the sigmoid), and somewhat more richly
yascularized, predisposing it to hemorrhagic disease. The mucosa
presents a greater degree of mobility in the rectum and sometimes
the formation of larze rugous folds, referred to as pseudopolyps,
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may be abserved. In line with its increased vascularity, the rectal
mucosa has a particularly well-developed glandular apparatus
consisting of mucigenous tubular glands (Lieberkiihn), charae-
terized by an abundance of goblet cells which give a characteristic
honeycomb-like appearance on histologic section (figs. 78 and 79).

The epithelial surface of the rectal mucosa is covered by a
layer of stratified columnar cells which may assume a more
cuboidal shape at the lower end of the rectum at its junction with
the squamous or stratified squamous epithelium of the anal canal
(anoderm). In addition to the simple glands of Lieberkithn the
rectal mucosa contains abundant lymph follicles situated between
the glands. Lymph nodules or larger collections of the follicles
may form definite Peyer’s patches. The syneytial or intrafollicular
tissues between the glands convey the lymphaties, nerve plexuses
and vascular supply (fig. 80).

At the anorectal junction are found glands which are peculiar
to the esophagus, duodenum and rectum—the intramuscular or
anal intramuscular glands. According to Harris, these glands
grow deeply during embryonic development so as to reach the
ciccular musele layer before the muscularis mucosae is differ-
entiated; in the adult, therefore, they retain their deep intra-
muscular position. Extending deep to the mucosa they have an
important proctologic and pathogenic implication. These glands
have been described at some length in Chapter IT.

The Submucosa

_The submucosal laver of the rectum, particularly that under-
lying the columns of Morgagni in the sphincteric portion of the
rectum, is of special interest. In this region the bulbous terminals
of tl}c superior hemorrhoidal arteries and veins ramify in 2 sup-
portive syncytial network of elastic and connective tissue forming
the internal or superior hemorrhoidal plexus—the annulus hemor-
rhpidalis. This arrangement permits of considerable mobility in
tl.us area and at the same time predisposes it to atteriavenous
dilatation, redundaney and hypertrophy of its interstitial tissue—
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Fra. 79. Magnification of fig. 78, showing glands of Lieberkithn and agminated follicle,
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the combined pathologic components of internal hemorrhoids.
The submucous layer also contains a fine stratum of longitudinally
disposed muscle fibers (the muscularis mucosae) particularly
well developed in the annulus hemorrhoidalis. The submucosa is
particularly rich in lymphatics and terminal nerve fibers and
plexuses (fig. 80). The free mobility of the mucous membrane over
the region of the annulus and its seeming capacity for compara-
tively large amounts of hemorrhoidal injection solutions have led
to terming this zone, clinically, the submucous space (page 184),

The Musculature of the Rectum

The rectum, like the colon, has inner circular and outer longitu-
dinal layers of muscle. However, their disposition has a peculiar
and distinctive arrangement.

The internal circular layer has a wing-like arrangement in which
successive muscular bundles sweep fanlike from the indentations
corresponding to the valves over the lateral bulb-like expansions
of the rectum. These fibers appear to be more or less attached at
the valvular indentations. Small irregular bundles of fibers from
the internal layer extend to the outer muscular coat and seem to
fuse with it (fig. 81). This arrangement is similar to that found in
the hollow viscera (stomach, urinary bladder, ete.). At its lower
extremity, about 3 to 4 cm. from the anal verge, the internal
muscle becomes thicker and finally terminates in the well-defined
internal anal sphineter which is partially encircled by the deeper
layers of the external anal sphincter (see Chapter 11I).

The outer longitudinal muscular tunic of the rectum is formed
by an expansion of the colonic taenia at the termination of the
sigmoid colon. The expansion and attenuation of the taenia form
a more or less diffuse fibromuscular coat which continues down on
the rectum as definite anterior and posterior bands. These become
more muscular at the anorectal junction and fuse with the rec-
tococeygeus, recto-urethral and rectovaginal muscles.

Irregular connections between the two coats of the rectal
musculature are formed by arched muscular fasciculae extending
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prominently to and from the longitudinal bands. It would appear
that these fibers supplement the action of the longitudinal muscle
band; however, their exact function is not clearly understood.

The irregular “joined arch-like arrangement of the rectal
musculature just deseribed increases its functional capacity, and
the rectal valves appear to be points of anchorage for muscular
co-ordination.

Fia. 81. The longitudinal and circular muscular coats of the rectum (After
Laimer). Note that the superior rectal valve does not correspond‘tc t}}te rectosig-
moidal junction. a, b, and ¢, indentations of the valves; d, rectosx'g*mo.(dal Hexulre
fold; R, circular muscle coat; k, 1, and s, extensions fn?m t'he longitudinal m'us]g‘c‘
coat to the cirenlar; ¢, the continuation of the colonic tineal band. (Levy, E.

Am. J. Surg., 1939
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At the level of the pelvic diaphragm the outer muscular wall of
the rectum is joined by the fibro-elastic extensions from the leva-
tor ani muscle to form the important conjoined longitudinal
muscle of the anal canal. Some of the levator extensions extend
upward on the rectal wall with the supra-anal fascia; but the
bulk of them, forming a well-defined collar, reinforce the longitu-
dinal muscle and continue downward to become integrated into
the anal canal and its musculature. The mixture of striated and
smooth musecle fibers is readily observed in histologic sections of
the anal canal.

It is essentially through this fasciomuscular arrangement that
the levator ani muscle exerts its important complementary activ-
ity and control on the anal musculature and the perineum (Chap-
ter III, page 71).

The Serous Coat

The peritoneal coat is continued from the sigmoid and refiected
over the anterior surface of the rectum and into the interval
between the bladder and uterus, forming the rectovesical or uter-
ine pouches. The depths to which the reflection extends is variable
and depends somewhat on the size and sex of the individual, the
degree of distention of the rectum and the adjacent bladder and
uterus. Pathologic descent or elevation of these organs varies the
height of the peritoneal reflection above the perineal level, which
may be an important consideration in surgery of the pelvic viscera.
The usual distance of the peritoneal cul-de-sac above the anus is
7 cm. in the male and 4 em. in the female.

Laterally the peritoneal folds are reflected diagenally upward
and backward to form the pararectal fossa and the leaves of the
mesorectum and sigmoid. Anteriorly they form the paravesical
fossa.

The Reclal Valres

In addition to the normal rugous folds of the mucosa, the
rectum presents an inconstant number of crescentic plieations
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Fio. 82. Usual location of Houston’s valves. White dotted Jine shows height
to which the peritoneal culdesac is raised when bladder is distended, (Tuttle, J. P.:
Diseases of the Anus, lectum and Pelric Colon. D. Appleton, 1906.)

which have a definite structure, including the circular muscle
coat of the bowel wall (fig. 82). Although referred to many times
in the literature since their original notation by Morgagni, they
were first carefully described anatomically and functionally, as
valves, by Houston and since then they have assumed an un-
warranted importance in proctologic literature and practice. Gant
considered them a fertile source of obstruction, important in many
cases of constipation and proctostasis, and devised a special tech-
nic for their prompt ablation.

In the strict sense thes are not valves, and the degree to which
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they are able to function as such is still somewhat debatable,
Sometimes they are absent. Their close anatomic association
with the musculature of the rectal wall is deserving of more than
passing notice.

The valves are quite variable in number, location and degree
of development. Crescentic in shape, their attachment occupies
roughly one-half to two-thirds of the circumference of the rectum.
Usually there are three, an inferior, middle and superior. At times
there are five. The middle valve, usually more prominent and

—
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Fig. 83 The rectal valves—average distances above the intersphineteric line.
Right figures: their relative location in the rectal circumference. The middle valve
is the more constant and more prominent valve. Note that the upper valve should
not be confused with the rectosigmoidal junction. A, rectosigmoidal junction; I3
middle valve; C. intersphincteric line, T
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more constant in location than the others, is situated over the base
of the bladder, or a little to the right, about 5 to 9 em. above the
anal verge. It is commonly referred to as the plica transversalis of
Kohlrausch, and it bears a fairly constant relation to the depth
of the peritoneal cul-de-sac, as mentioned by Tuttle and observed
by Testut, Otis and Kohlrausch (fig. $3).

The inferior valve is usually located in the left posterior quad-
rant, from 1 to 114 inches (25 to 32 mm.) above the anal verge.
The superior valve lies 3 to 4 em. above the middle valve. Above
the superior valve is the prominent and sharp angulation some-
times formed by the rectosigmoidal junction which, although it
forms a valve-like fold of the sigmoidal wall, is quite different in
structure and muscular relatien from the rectal valves from which
it should be carefully distinguished. The questionable increase in
the musculature of the bowel wall at this point has been re-
peatedly referred to as the third sphincter (O’Beirne).

In comparison to the insignificant rectal valves the rectosig-
moidal fold or junction is of considerable proctologic significance.
Owing largely to its angular conformation and its mesenteric
attachment, it assumes importance, physiologically, in collecting
the feces in the sigmoid, and is a significant etiologic factor in
functional as well as organic constipation (proctostasis or dys-
chesin). Its obstructive features in endoscopic examination of the
sigmoid have led the author to modify the usual technic of sig-
moidoscopy.

Histologically the valves have the same structure as the re-
mainder of the rectum, with the exception of the longitudinal
coat which spans the base of the valve, in contrast to the circular
muscle coat which is well developed in the base of the valve and
extends well out to its free margin (fig. $4). The interval between
the reflections of the circular muscular strata into the valve is
filled with fibrous connective tissue which increases its structural
integrity. The mucosa is described as being particularly rich in
the follicles of Lieberkiihn, and the muscularis mucosae is more
developed than elsewhere in the rectum.
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Supported by Houston’s original description and the investiga-
tions of Pennington, the valves are repeatedly ascribed the func-
tion of producing a rotary and supportive action to the oncoming
feces. In view of their extreme variations in number, location and
development, together with the varying consistency and length
of the fecal mass, one may question the degree of their efficacy in
this capacity. Furthermore, the -valves do not always appear to
prevent the migration of even formidable foreign bodies to the
upper colonic regions and their activity in the retroperistaltic
activity of the rectum has not yet been fully described. In only
rare instances do the valves produce sufficient obstruction to
warrant their surgical divisien or partial removal.

These valves are probably a part of the intrinsie museular pat-
tern of the rectum and contribute a completive action to the
contraction of the rectal musculature and act in 2 manner similar

Fic. 84. Longitudinal section of the rectal valve (schematic). Note the ac-
centuation of the circular muscle fibers and the ratherdense fbro-areolar reticulum
at the base of the valve. A, eircular musele; B, longitudinal musele: C, mucosa -
D, submucosa; E, fibro arcolar tissue; F, culdesac. T )
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to the deeper haustral contractions of the colonic wall holding the
fecnl mass analward in its peristaltic activity. In atony of the
rectum they are attenuated and ill-defined.

The Third Sphincter (Sphincter of 0'Beirne)

At a distance varying from 1 to 2 inchies above the upper valve,
the lumen of the rectum decreases in caliber to conform with that
of the sigmoid: the reetosigmoidal junction.

The changes in the blood supply, rugosity and color of the
sigmoidal mucosa correspond to the zone of narrowing which
seems fo have been well established by the investigations of
Reeves, as quoted by Mayo and referred to by Buie. Reeves, in
an investigation of 46 cadavers, found “a terminal constriction in
S0 per cent of the cases and . . . in 2 instances the narrowing was
g0 definite as to reduce considerably the caliber of this portion of
the bowel.”

At the site of the narrowing a more or less definite increase in
the circular muscular coat of the bowel is regutarly described and
this has been referred to as a third sphincter {O’Beirne), having
a special function in the act of defecation. Hyrtl and others have
also considered this as a true sphineter.

On the other hand, the presence of any definite increase in the
museular coats of this region of the bowel has been denicd by
Martin and Burden, at least as being uniformly present. The ques-
tion ns to whether there is 2 true rectosigmoidal sphincter muscle
appears to be still unsettled.

A study of the literature on this point is amusing, eontradictory
and inconclusive, and one is surprised at the variance in the
anatomie descriptions of an area so readily aceessible. Including
O'Beirne, whose name is usually connected with a third sphincter,
Sappey, Nelaton, and Velpeau, among others, have describ?d tl_lis
sphincter. Kelsey, Otis and others have as vigorously denied its
existence. The majority of nuthors remain noncommittal on the

subject. . .
1t appears that in some instances the upper rectal valve has
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been confused with the actual rectosigmoidal junetion which may
extend over a distance of 2 or 8 inches. It is likewise not unreason-
able to assume that the irregular muscular arrangement of the
inner circular muscle coat of the rectum may also be found at its
junction with the sigmoid; furthermore, by the usual angular
junction of the rectum with the sigmoid, 2 musculo-mucosal fold
is formed which is quite similar in appearance to the rectal valves.

Clinically, there seems to be little doubt that in the majority of
cases there is a definite narrowing of the gut at the point of the
usual angular junction which, irrespective of any increase in the
muscular walls, might be considered as having some sphincteric
or valve-like action. However, no definite sphincter, e.g., in the
sense of the internal sphineter ani, is present.

With the change in bowel function from the sigmoid to the
rectum, there is undoubtedly an increase in the number of museu-
lar fibers as is commonly observed at all embryonic junetional
areas. The conclusion, however, that the rectosigmoid has a true
sphineter, as commonly understood, does not appear to be tenable.
1t is possible that a sphincter-like action may be ascribed to it.

The Supports and Fization of the Rectum

The proctologic literature is in more or less accord with the
deseriptions of the fixation and supports of the rectum as described
by the leading textbooks on anatomy. However, in the complex
and confused clinical classification, as well as in the variegated
surgical and injection forms of therapy for prolapse and proci-
dentia of the rectum, the anatomy becomes somewhat accom-
moadative to the therapy. It is noteworthy in passing that Curtis
in his excellent description of the pelvic fascia of the female states
that “except for its peritoneal investment and the hemorrhoidal
vessels, the rectum, in so far as observed in the present study, is
without special ligamentous supports.” It may be also noted that
the so-called lateral ligament of the rectum, which is seemingly
confused in the surgical and proctologic literature and is referred
to as different supportive structures, requires elucidation.
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The lateral stalks of Jonesco arc sometimes referred to as the
lateral ligaments of the rectum. However, these stalks are rather
posterior than lateral. We rather agree with Morgan who states
that “the Iateral lignments of the rectum are, I think, very difficult
to describe since they are nothing more than a condensation of
connective tissue passing toward the bowel along the middle
hemorrhoidal vessels and nervous tissue running toward the
rectum”” (fig. S5).

Furthermore, the idea entertained concerning the upper limits
of the rectum and finally the coneeption that prolapse and proci-
dentia are hernias have an important bearing on this subject.

The supports of the rectum as described in this work may be
conveniently divided into the fixed and mobile; the former are
found at the rectosigmoidal junction or upper rectum and the
latter at the junction of the ampulla and sphineteric portions.
The upper supports include the mesorectum, its vessels and
fibrous sheaths, the visceral fasciae of the supra-levator and
retrorectal spaces with their more or less ligamentous attachments
to the remaining pelvic viscera. In the supralevator space the
lateral ligament (q.v.) forms the more important supportive
structure, while in the retrorectal space the so-called rectal stalks
afford some degree of support. Although the peritoneal reflections
arc sometimes described as ligaments for the rectum, their func-
tion in this regard is probably insignificant.

Strong supports for the ampulla are the levator plate and the
fascia of Waldeyer. The latter is a continuation of the posterior
parietal fascia from the sacrum along the posterolateral aspects of
the rectum and over the adjacent coccygeus muscles. In perineal
excision of the rectum and in order to gain the retrorectal as \\'c}l
as supralevator spaces it is necessary to completely divide this
winglike layer of fascia. .

The sphincterie portion of the rectum through its continuity
and fascial relations with the anal canal receives firm fixed sup-
ports, including the visceral fascial collar reflected from the .pelvic
diaphragm, the levator muscular sling with its caudal fascial ex-
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F1G. 85. The lateral ligaments of the rectum. The drawing shows the separa-~
tion of the anterior connections of the rectum as far 23 the upper border of the
prostate, and division of the latera] ligaments. The lateral incisions in the peri-
toneum have been extended on either side g0 as to meet in front behind the base
of the bladder. The lateral ligaments have been defined as far as the upper surface
of the levator ani on either gide. These ligaments are then completely divided with
ecissors, the ureter on the left side having been drawn aside. (Miles, W, E.: Cancer
of the Rectum. Harrizon & Sons, Ltd., 1926)
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tensions and finally the anal sphincter. These combined structures
anchor the sphincteric portion of the rectum in the pelvic floor.

The Vascular Supply of the Rectum

The arterial supply to the rectum is mainly through the supe-
rior and middle hemorrhoidal vessels and to a lesser extent from
the inferior hemorrhoidal vessels. Its distribution is significant to
the proper conception of hemorrhoidal disease and will therefore
be discussed at some length.

The superior hemorrhoidal artery, accompanied by the same
vein, runs in the superior hemorrhoidal sheath of the mesorectum.
On reaching the rectal wall at about the level of the second sacral
segment it divides into right and left main branches which follow
along the lateral peritoneal reflections. They- continue in the rectal
fascia and finally pierce the rectal wall to reach its submucosa.
These main branches give off several secondary lateral branches
which ramify around the upper rectum and, piercing its muscula-
ture, reach the submucosa where there is free anastomosis be-
tween their terminal distribution and the corresponding venules
(figs. S6 & 87).

The right main branch divides about three inches above the
anoreetal line into anterior and posterior branches which reach
the annulus hemorrhoidalis in the right anterior and right poste-
rior quadrants, The left main branch does not divide but eontinues
to the lateral aspect of the annulus. This distribution of the three
main arterial branches is significant to the formation of the three
primary internal hemorrhoids, usually found in the right anterior
and right posterior, and left lateral positions (fig. 88). Terminal
branches from the right posterior branch and the left main branch
form secondary mternal hemorrhoids.

The venae comites follow the arterial distribution fairly closely
and in the terminal rectum their combined arteriovenous anasto-
motic capillary network, together with inesculations from the
inferior plexus and to a slight degree from the middle hemorrhoidal
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Fia. 86. The superior hemorrhoidal artery and its terminal branches. (After
Nammana.)

veins, form the important internal or superior hemorrhoidal
plexus.

Owing to this intimacy between terminal arterial and venous
radicles, the primary internal hemorrhoids formed in this plexus
arce fairly constantly related to the terminations of the larger
arterial branches. Well developed internal hemorrhoids, usually
including the related portion of the external plexus are, therefore,
usually situated as previously mentioned.

Mammana also made a commendable detailed study of the
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Fic. 87. The te:
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terminal distribution of the superior and middle hemorchoidal
arteries to the annulus in 50 cases. 1lis findings are confirmative.

He concluded that the terminal distribution primarity from the
superior hemorrhoidal artery to the internal hemorrhoidal plexus
consisted of primary and secondary branches and that the termi-
nal concentrations of these branches, although quite variable,
predominated at 1:30, 5 and 9 o'clock on the anmulus, considering
the posterior median line as 12 o’clock with the subject in the
lithotomy position {fig. 87). Additionally he observed that the
annulus received direct branches from the superior hemorrhoidal
artery, which he termed a long rectosigmoidal branch,

This study is significant to the surgery, injection treatment
and etiology of internal hemorrhoids.

The middle hemorrhoidal, quite variable in its origin size and
distribution, usually arises from the anterior branch of the hypo-
gastric artery. It extends in the so-ealled lateral or triangular
ligament of the rectum accompanied by the vein and nerve of
the same name and is distributed mainly to the rectal muoscula-
ture. Its terminal branches anastomose with thase of the inferior
ang superior hemorrhoidal vessels.

POSTERIOR
L.ANTERWR,
Q R.anTERIOR.
L.LATERAL. RLATERAL.
L.POSTERIDR R.FOSTLRIOR
ANTERIOR

Fac. 83, Arterial distribution to the anal exnal. {After Abel.} The diagram
shows the position of arteries in the nnal canal. These, together with their venae
camites, form internal piles, as follovs: thase indicated by large vircles {the main
vegsels) form primary piles; those indicated by small eireles form secondary piles,
The commissure is considered as 12 on the elock. Primary piles are usually found
at 2, 4, and 0. Patient in the inverted position. (Abel, A. L..: Lancet, 1932,)
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The lymphatics and nerve supply to the rectum and sigmoid
are described in Chapters VIII & IX.

Relations of the Rectum

The anterior relations from the surgical standpoint are the more
important. From above downward below the rectovesical perito-
neal fold the rectum is in direct relation to the posterior layer of
Denonvilliers’ fascia covering the seminal vesicles and prostate.
Below the prostate it is in intimate relation with the urogenital
diaphragm and the prostatic urethra through the mutual attach-
ment of the surgically important rectourethralis muscle. Anterolat-
erally to the rectum are the medial margins of the levator ant
muscles which contribute fibers to the central perineal tendon and
course around the anterior aspect of the rectal wall. Above the
levator ani muscles the lateral lignments have important relations
to the rectum (see endoplevic fascia, page 228).

In the female the interposition of the vagina and uterus modifies
the relations of the rectum. Below the peritoneal pouch it is in
relation with the coils of the small gut, the posterior vaginal
fornix, and from this point to the perineal junction it is merely
separated from the vagina by a stratum of connective tissue—the
recto-vaginal septum (fig. 102). This septum corresponds to the
comparatively stronger sheet of Denonvilliers’ fascia in the male.

Anterolaterally in the female the rectum lies adjacent to the
medial legs of the levator ani muscle, the mesenteroids of the
vagina, the lateral fascial wings of the vagina, and the lateral
ligaments.

Laterally the ureters, the larger branches of the hypogastric
artery and the pelvic nerve plexus are the surgically important
relations.

Posteriorly below the peritoneal reflection the rectum comes
into important anatomic relation with the endopelvic fascia, in
bath its parietal and visceral portions. Immediately covering its
longitudinal coat is a thin but firm reflection of the supra-anal
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The inferior hemorrheidal arteries, although primarily sup-
plying the anal region, also distribute terminal branches to the
lower rectum.

The Venous Supply

In general the veins of the rectum follow the corresponding
arteries.

The superior hemorrhoidal vein originates in the terminal radi-
cals of the internal hemorrhoidal plexus. These radicals in turn
drain inte larger veins, usually six or more in number which ex-
tend upwards in the submucosa for three or more inches and
finally pierce the rectal wall.

These collecting veins have no valves and any back-pressure,
whieh may oceur from a variety of intrinsic or extrinsie causes,
is readily transmitted to their terminal radicles in the internal
hemorrhoidal plexus, This is significant to the etiology of internal
hemorrhoids.

After passing through the reetal musculature the collecting
veins join the main branches of the superior hemorrhoidal vein,
which contintes in the mesorectum and mesosigmoid to its termi-
nation in the inferior mesenteric vein.

Through its extensive ramification both inside and outside of
the reetum and its conneetion with the portal system, the supetior
hemorrhoidal venous network is highly significant to the direet
and venous metastases of pelvie cancer.

The middle kemorrhoidal vein arises mainly from the terminal
radicals which drain the rectal museulature and submucosa of the
ampulla. It passes laterally in the so-called lateral ligament of
the rectum and terminates in the internal ilinc vein. Although
the lympatics are of more importance in the lateral spread of
eancer, metastases through the vein may rarely account for dis~
tant deposits in the lungs or elsewhere as mentioned by Gabricl.

The external hemorrhoidal veins have been diseussed in Chap-

ter 1L
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referred to as the iliac portion) has little or no free mesentery until
after it passes from the pelvic brim. From this point it arches
across the abdomen in an omega-shaped loop or flexure of various
lengths; then, curving downward and backward into the true
pelvis, it finally reaches and joins the rectum at a more or less
acute angle, approximately at the level of the third sacral verte-
bra. That portion which occupies the pelvis is referred to as the
pelvic colon. The area in conjunction with the rectum is the recto-
sigmoid, about 8 em. in length.

The length of the sigmoid flexure and correspondingly the
extent of its mesentery and its anatomic relations admit of eon-
siderable variation (fig. 89). According to Byron Robinson, the
sigmoid may vary in length from 12 to 84 em. or more. The aver-
age length is about 40 em. in adults and 18 em. in children.

In contrast to the length of its suspended loop, the line of attach-
ment of the mesentery of the sigmoid to the posterior abdominal
wall is considerably less. Extending in an irregular curved manner,
the root of the mesentery starts in the upper left iliac fossa, ex-
tends downward for a few inches, then mesially, then upward to
ahout the level of the fourth lumbar vertebra, and finally down-
ward again into the true pelvis where it becomes the mesorectum.

Where the sigmoidal mesentery crosses the ahdominal wall
near the midline posteriorly, it forms a funicular pocket or sac
which is twisted around the vascular pedicle. This, like the duo-
denal fossa, is referred to as the sigmoidal fossa or notch. It is a
guide to the vascular stalk (fig. 90).

It may he observed here that the narrower sigmoid joins the
rectum as often from the right side as it does from the left, and
this, together with the normal twist resulting from the change in
direction of its mesenteric attachment, presents an important
consideration in the endoscopic examination of this organ. On the
basis of these anatomic variations, the author has adopted a
proctosigmoidoscopie technic to be referred to presently.

In infants the sigmoid has a more variable pattern than in
adults. Boucart has classified sigmoids into three common types:
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fascia continued from the upper surface of the levator ani musele,
forming the fascial collar (fascia reeti) and fusing at the recto-
sigmoidal junction with the peritoneum (fig. 125, p. 245).

Directly applied to the fascial collar or fascia recti is the pre-
sacral wing of the hypogastric sheath (Uhlenhuth), the so-called
“fascia propria” or meso of the rectum, which is a continuation
caudally of the superior hemorrhoidal sheath containing the
hemorrhoidal vessels, lymphatics and nerves. This presacral
fascial wing lies directly on the parietal pelvic fascia overlying
the sacrum, the piriformis and coceygeus muscles.

The origin of the presacral wing from the medial margin of the
hypogastric sheath forms the lateral strong boundary of the
retrorectal space. The important pelvic ganglion is sandwiched in
between the two layers of the presacral wing.

Extending from the fascia propria to the parietal pelvic fascia,
covering the sacrum and coccyx and traversing the retrorectal
space to reach the reetal fascia, are the so-called rectal stalks
or shelves (Uhlenhuth) which are sometimes substantial strands
of fascia conveying vessels and parasympathetic nerves to the
rectum and pelvie ganglion.

Caudally the rectum is surrounded by the puborectalis sling—
anorectal muscle ring—and it rests on the supra-anal fascia
covering the levator plate.

Tre S1cvMoIp

The sigmoid, or sigmoid flexure, is that portion of the large
intestine extending approximately from the upper border of the
left psoas muscle to the proximal end of the rectum. It isof partic-
ular proctologic interest because: 1) it is partially accessible to
endorcopic examination; 2) it is a relatively common site ff)r
malignant invasion; 3) it is frequently sccondarily involved in
diseases of the adjacent viscera; 4) it is often the site selected for

colostomy. L
Like the descending colon, the first part of the sigmoid (also
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TF1c. 90 Parietal insertion of the mesosigmoid. 1, ikac crest; 2, 5th lumbar
vertebra; 3, 3rd sacral vertebra; 4, descending colon divided at Jower end; 5, rec-
tum; 6, mesosigmoid; 7, intersigmoid fossa; 8, common iliac vessels; 9, external
iliac vessels; 10, sigmoid artery; 11, left ureter; 12, lower (or left) leaflet of mes-
entery (Testut. .natomze topographique. Doin, 1903.)

the ascending, 75 to 80 per cent; the transverse, 20 to 25 per cent;
and the descending, rare. These variations are significant to endo-
scopic examination.

The Mucosa and Submucosa

These are essentially the same as in the remainder of the large
intestine. The rectal mucosa is somewhat more richly vascularized,
is slightly thicker (particularly in the region of the annulus), and
contains a larger number of goblet cells and solitary follicles.

The submucosa of the sigmoid is practically the same as the
remainder of the large gut. In the rectum it has a peculiar dis-
position in the valves and in the annulus hemorrhoidalis. So-
called mucous membrane prolapse is rather common to the rectum
but not to the sigmoid.
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. )

Fis. 89 Above: the normal sigmoid  Below: shuormal leagths and varying

positions of the sigmoid flexure. (Beneaude: Rertoscopie, £d. 2. Masson ot Cic.,
1926.)
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Fra. 01. Blood supply of the sigmoid and rectosigmoid. (Rankin, F. W., Bar-
gen, 3. A., and Buie, L. A.: The Colon, Bectian, and Anus. W. B. Saunders, 1932.)

served. These observations are important in the broadening scope
of cancer surgery.

The arterial anastomotic locops of the sigmoid are somewhat
variable and Pope has deseribed them as conforming more or less
to five different orders or patterns. The length of the mesentery
appears to have but little influence on their arrangement.

It may be noted at this point that the arterial supply to the
sigmoid should be distinguished from that of the rectosigmoid,
which has definite anatomic boundaries. Because of its variations
in position and direction, and because of the peculiar disposition
of its peritoneal coat, the rectosigmoid has acquired a special
surgical significance and terminology. It is approximately 8 em.
in length and corresponds in position roughly to the third sacral
vertebral hody. The normal physiologic excursions of the sigmoid
into the rectum, however, vary its position.
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The Auscular Layers

These consist of an inner circular and outer longitudinal tunic
which follow the general arrangement of the colonic musculature.
At the rectosigmoidal junction, however, the inner circular coat
beeomes more prominent and forms the questionable third sphine-
ter of O’Beirne. The longitudinal muscular bands—the taenia
coli—of the sigmoid spread out to continue over the rectum as its
outer musculofascial sheath.

The appendices epiploiese of the sigmoid gradually reduce in
size and number as the rectum is reached.

The Blood Supply

The sigmoid receives its blood supply primarily through the
inferior mesenteric artery and its anastomotic branches, Arising
from the anterior aspect of the norta about 2 em. above its bifurea-
tion, this vessel extends subperitoneally on the left side and gives
off the left colic and sigmoidal branches which ramify and anaste-
mose in the mesosigmoid. Below the sacral promontory it becomes
the superior hemorrhoidal. Sigmeidal branches may also axise
from the superior hemorrhoidal as well as from the left colie
branch.

The sigmoidal branches vary widely in number {one to seven),
in size and in their anastomotic distribution. The anastomotic
arrangement along the mesenteric border of the gut, which is
common to the entire colon, preserves the continuity of the mar-
ainal artery. However, in the sigmoid this artery is located some-
what, farther from the edge of the gut than in the colon and small
intestine, a point of surgical importance in anastomoses and
resection of the sigmoid (fig. 91).

The blood supply through the marginal artery to the colon and
sigmoid, according to Ault and others appears, to be adequate
after ligation of the inferior messenteric at its aortic origin or of
the superior hemorrhoidal artery and its anastomotic loops. Con-
sideration of the critical point of Sudeck which is somewhat
variable is hence no longer necessary. Anomalies are rarely ab-
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bridge, the possibilities of subsequent closure, and the lack of
tension on the mesentery are advantages more often presented by
the transverse colon which is now the site usually selected for
colostomy.

Endoscopic Considerations

The writer has come to the conclusion that the sigmoidoscopic
examination may be greatly simplified and carried out with
greater satisfaction and with practically no risk of perforation by
what we have termed a “two-scope” technic, in which the sigmoid-
oscopic examination is based on the information gained by a
careful proctoscopy. Appropriate-sized tubes are used for each
procedure. The proctoscopy should be done with a 7-inch tube of
1-inch diameter. Sigmoidoscopy should be carried out with a tube
of appropriate size, as the case indicates.

A properly illuminated short tube not only gives an unexcelled
view of the entire rectum and frequently suffices for the diagnosis
(with biopsy or smear), but also reveals to the proctoscopist the
exact site of the rectosigmoidal junction. It also discloses the usual
curving axis of the sigmoid, which is the most imporfant single
factor in the passage of a scope of any size through the normal or
abnormal sigmoid. The usually more or less angulated or intro-
verted rectosigmoidal junction or fold which is commonly con-
founded with the third rectal valve is the stumbling block for
most proctoscopists. It is not sufficiently appreciated that the
sigmoid may, with a single or double turn, extend from the rectal
junction at almost any angle.

Furthermore the sigmoidal loops may be more or less fixed hy
pathologic adhesions from the adnexa, by abnormal position, by
a short mesentery or by other intrarectal, extrarectal or sigmoidal
pathology. It should be most carefully noted that the sigmoid,
if mobile, actually unrolls itself and sometimes untwists itself over
the end of the sigmoidoscope, and that it conforms, as far as pos-
sible, with the straight axis of the instrument as it is lifted out of
the pelvis.
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The small arteries distributed to the rectosigmoid from the
superior hemorrhoidal are, aceording to Pope, fairly constant, and
this portion of the intestine might be delineated on the basis of
its arterial supply.

The rectosigmoid is supplied by one or more branches which
arise from the superior hemorrhoidal. The first branch is situated
about 2 em. below the sacral promontory and after anastomosing
with the last sigmoidal branch it continues in the mesorectum to
supply the posterior aspect of the sigmoidal junction and the
upper rectum, anastomosing with the remaining branches from
the superior hemorrhoidal.

The superior hemorrhoidal artery continues medially, and
commonly bifurcates or trifurcates at the level of the third sacral
vertebra into lateral branches which are distributed as already
described under the Rectum (see p. 166).

The venae comites are distributed in close conformity with the
arteries and require no further description. They drain into the
portal system largely through the inferior mesenteric vein.

The nerve supply is by way of the sympathetic and para-
sympathetic systems (see p. 285).

Surgical Constderations

The length of the mesosigmoid is of some importance in the
selection of a colostomy technic. In our experience an unpredict-
able amount of retraction of the colostomy stomata may follow
when the mesosigmoid is too short or is unduly stretehed in
keeping a satisfactory loop of gut above the skin surface. Persist-
ent postoperative pain may also be a troublesome sequel. Incisions
into the retroperitoneal tissues to mobilize the sigmoid are at-
tended by an increased mortality. In sigmoidal colostomies estab-
lished in cases of rectal stricture (lymphopathia venereum,) the
sigmoid may eventually become involved in the process and it has
been necessary on several occasions for the writer to use the
transverse colon secondarily. .

The ease of separation of the colostomy stomata by a large skin
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In the diseased bowel the mobility is more or less restricted, and
cfforts directed contrary to the axis of the bowel place considerable
tension and stress on the gut wall itself, on its mesentery or on
whatever else may limit its excursions. These misdirected manip-
ulations are often provoeative of reflex muscular spasm—painful
stimuli which provoke abdominal straining, increasing the pos-
sibilities of undesirable trauma.

The great importance, therefore, of determining if possible the
axis of the sigmoidal loop, its mobility, or pathologic fixation
and, finally, of advancing the sigmoidoscope with these factors in
mind cannot be overemphasized.

In this connection, the informative value of modern roentgeno-
graphic studies in the oblique positions and of the double air
contrast enema with fluoroscopy should be kept in mind.
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CHAPTER VI
The Perineopelvic Spaces

GENERAL CONSIDERATIONS

The spaces, potential or actual, of the perineum and pelvis are
anatomic sites which are of practical importance not ounly for an
adequate clinical concept of the pathogenesis and extensions of
infectious and malignant processes of the pelvis and perineum but
also for an adequate surgical management of these conditions.
Furthermore, the perineal spaces with their contained structures
are directly concerned in the modern surgical therapy of hemor-
rhoids, fissure and fistula. The descriptions here given will empha-
size the surgical and practical viewpoint rather than the strictly
anatomic which in some cases is still controversial. In several
instances the spaces are merely planes of cleavage between more
or less closely opposed fascial capsules of adjacent organs, e.g.
the prerectal, posterior prostatic, retrorectal or rectovaginal
spaces. The pathologic invasion of the spaces, largely by infectious
processes, has led to an anatomic pattern for surgical convenience
and approach. This is particularly true of the spaces surrounding
the rectum and prostate. The boundaries of the spaces are usually
described in terms of fascia, which varies widely in smooth musele
content, density and particularly tensile strength. The pelvic
fascia, therefore requires histologic evaluation in connection with
the surgical anatomy of the spaces.

On the basis of the levator ani muscle the perineopelvic spaces
may be conveniently classified into an infralevator and supraleva-
tor group. It is suggested that this muscle be reviewed in conjunc-
tion with the spaces.
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anal canal (p. 33). Therefore, if one considers the anorectal
muscle ring as the upper limit of the anal canal the submucous
space would occupy the upper third of the anal canal. If the
anorectal line is considered the upper limit of the anal canal the
submucous space would occupy the terminal rectum.

The submucous space contains the internal hemorrhoidal
plexus of veins arising from a terminal arteriovenous anastomotic
network; a supporting fibro-clastic connective tissue matrix; an
extensive lymphatic plexus particularly prominent in the columns
of Morgagni, and a well developed muscularis mucosae—the
sustentator tunicae mucosae of Kohlrausch. A continuation of
this muscularis into the pecten of the anal canal joins the terminal
extensions of the conjoined longitudinal muscle to form the
“Musculus Submucosae Ani” (Fine and Lawes) (p. 79).

Internal hemorrhoids and anal prolapse result from hyper-
trophy, dilatation and attenuation of the various tissues in the
submucous space. Hemorrhoidal disease may well be considered
as a composite pathological process partly of vascular and partly
of fibrillolytic origin, in which infection probably plays a signifi-
cant role.

These anatomicopathologic considerations are pertinent to the
proper treatment of internal hemorrhoids, particularly the injec-
tion form of therapy, and in the common condition of pectenosis
or anal fibrosis.

The Perianal Space

This space was originally considered the small suleus surround-
ing the subcutaneous external sphincter muscle. Milligan has
recently described it as extending much further laterally and
posteriorly and corresponding in general to the boundaries of the
anal triangles. This space is demarcated from the ischiorectal
space above it by the lateral extensions of the conjoined longitu-
dinal muscle—the transverse septum of the ischiorectal fossa
(fig. 92). This septum extends from the anal intermuscular septum
to the lateral limits of the anal triangles. It marks an abrupt
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THE INFRALEVATOR SPacES

The submucous space
The perianal space
The ischiorectal (ischioanal) space
The postanal spaces:
superficial postanal space
deep postanal space
The perineal compartments (pouches):
the superficial perineal compartment
the deep perineal compartment (triangular ligament, uro-
genital diaphragm).

The Submucous Space

The exact anatomic description of this space depends on the
particular concept held concerning the limits of the anal canal
(p. 33). Directly above the anorectal line the internal hemor-
rhoidal plexus occupies the submucous space which extends up-
ward to the level of the anorectal muscle ring (fig. 92). This ring
is sometimes considered and described as the upper level of the.
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change in the density and direction of the superficial perineal
fascia which further accentuate it as a limiting membrane. The
perineal fascia and fat of the perianal space is rather closely woven
and compact in comparison to the loose fatty matrix of the ischio-
rectal space.

The anal boundary of the perianal space is the sensitive ano-
derm of the lower third of the anal canal, its anterior limit is
the posterior border of the superficial transverse perineal muscle.
The posterior portion of this space behind the anal eanal has
received the surgically convenient designation of the superficial
post-anal space (posterior triangular space, space of Brick, ctc.).

The contents of the perianal space include the subcutaneous
external anal sphincter muscle, the terminal extensions of the
conjoined longitudinal muscle (corrugator cutis ani muscle), the
external hemorrhoidal veins, the superficial perianal lymphatics
and a controversial nerve plexus (the plexus analis).

Clinically the involvement of this space and its related strue-
tures in the more common and usually painful minor anorectal
conditions warrants its recognition as a separate anatomical space
as described by Milligan.

Not to be confused with this space is the so called “circumanal
space.” Courtney by this term refers to a circumanal hiatus be-
tween the inferior margin of the internal sphincter muscle and
“those fibers from the combined longitudinal muscle layer (con-
joined longitudinal muscle) which form the anal intermuscular
septum and insert into the skin of the anal eanal” (see p. 78)-

The Ischiorectal Space

The ischiorectal space and the perianal space are subdivisions
of the ischiorectal fossa.

The ischiorectal space is the most important of the infralevator
spaces. It corresponds topographically to the boundaries of the
anal triangles with anterior extensions (Waldeyer) overlying the
urogenital diaphragm and less important posterior recesses above
the lower border of the gluteus maximus muscles (fig. 93).
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tinuous with the actual roof of the space which is formed by the
caudally and transversely directed iliococeygeus musele. Poste-
riorly the roof becomes continuous with the base (not the floor)
which is formed by the sacro-spinous ligament partly overlapped
by the gluteus maximus muscle.

The floor of the ischiorectal space behind the urogenital dia-
phragm is the transverse septum or roof of the perianal space.

The entire ischiorectal space is lined by the infra-anal fascia and
it contains a pad of large fat globules interlaced in a thin collag-
enous matrix.

Traversing each space from its postero-lateral angle is the
vascular pedicle containing the inferior hemorrhoidal artery,
veins and nerve which supply the anal musculature, the anal canal
and the perianal skin. The arrangement of the vessels and nerves
in relation to the anal musculature is significant to the technique
of local infiltration anesthesia and the injection of the oil-soluble
anesthetic anucaine.

Traversing the space anteriorly behind the triangular ligament
is a thin vascular sheath which contains the anterior sphinecterian
vessels and nerves to the anterior aspect of the anal sphincter and
the perineal skin. This sheath is not to be confused with the
transverse perineal artery and nerves.

The fourth sacral nerve crosses the lower border of the gluteus
maximus muscle about 2 em. from the coccyx and traverses the
posteromedial portion of the space. The posterior perforating
branches of the second and third sacral nerves also leave the space
below the gluteus maximus muscle about midway between coceyx
and ischial tuberosity.

In the male the ischiorectal spaces are smaller, narrower and
somewhat deeper. In the female, due to the interposition of the
vagina, the anterior boundaries and extensions are less well de-
fined.

Average measurements of the spaces are 6 to § cm. antero-pos-
teriorly, 2 to 4 em. in width and 6 to 8 em. in depth. Further de-
tails of the blood and nerve supply may be found in Chapter 11T,
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This space is irregularly wedge-shaped anteroposteriorly, with
its apex at the pubic angle and its base at the gluteus maximus
muscle. Owing to the sacral curve the coceyx, ischial spine and
the pubes all liec on approximately the same horizontal level and
the roof of this space is therefore actually horizontal rather than
peaked, as it is commonly described. It presents inner and outer
walls, a roof, base and floor (fig. 93).

The inner wall is formed by the superficialis and profundus
portions of the anal sphincter muscle and the superimposed pubo-
rectalis and pubococecygeus muscles. The pubic origin of the
levator ani muscle from the urogenital diaphragm also forms the
inner wall of the anterior extensions (fossa of Waldeyer). At the
apex of this fossa the inner wall meets the outer wall which is
formed by the fascia lunata (Derry) reflected from the obturator
fascia (fig. 93).

Posteriorly the inner walls of the right and left ischiorectal
spaces are continuous and there is rather free communication
between them by way of the deep postanal or posterior communi-
cating space, “posterior subsphincteric space” {Courtney). This
space is directly below the levator plate and it is the usual level
of the communicating tract in the posterior harseshoe fistula.
Below the deep postanal space the ischiorectal spaces are sepa-
rated by the anococeygeal ligament and the suhcutaneous tis-
sues of the perianal space.

The ischiorectal spaces in the male also communicate anteriorly
above the superficialis portions of the external anal sphincter
muscle through an anterior communieating space. This space is
poorly defined in the female on account of the perineal hody.
Anterior horseshoe fistulas are comparatively uncommon in both
sexes.

The roof of the ischiorectal space is commonly considered as
the cleft formed by the junction of the pubococcygeus muscle
with the obturator fascia at the “white line” of the levator ani
muscle. The pubococeygeus and iliococcygeus rmuscles join,‘as
emphasized by C. N. Morgan, and become continuous posterior
to the obturater foramen and the so-called cleft hecomes con-
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noted, is the posterior portion of the perianal space. It extends
posteriorly from the anal verge into the subcutaneous tissues
between the superficialis portion of the external anal sphincter
musele and its extensions to the dorsum of the coccyx. The deepest
portion of this space is that directly dorsal to the annular fibers of
the subeutaneous external anal sphincter muscle as they bridge
the diverging legs of the superficialis portion of this muscle—the
recess commonly referred to as the “weakest point” of the anal
circumference (which is scarcely true). The indefinite lateral
boundary of this space is formed by the fibro-elastic extensions of
the conjoined longitudinal muscle (the corrugator cutis ani fibers).
These terminal extensions insert into the skin and fascia covering
the posterior legs of the superficialis portion of the external anal
sphincter muscle. This arrangement tends to confine postanal
infections to the superficial tissues of the posterior midline, as
commonly observed in abscess and sinus formation complicating
anal fissures, etc.

The contents of this space are essentially the same as previously
described for the perianal space. It also contains the terminal
nerve filaments of the anastomotic loops of the posterior division
of the sacral nerves. This may perhaps account for the extreme
pain in chronic anal fissure.

THE DEEP POSTANAL SPACE (posterior communicating space;
subsphincteric space, Courtney). The deep postanal space is the
deeper recess loeated above the superficialis portion of the external
sphincter muscle, posterior to the puborectalis muscle and deep
portion of the anal sphincter, and below the levator plate. It ex-
tends posteriorly in this interval to the tip of the coccyx. It con-
tains loose fatty areolar tissue. Since the adjacent ischiorectal
spaces communicate freely through this recess it is called the
posterior communicating space (fig. 95). The anal or infra-anal
fascia coursing on the inferior surface of the levator ani muscles
lines and is continuous through this space.

Anatomical differentiation of the above-described spaces may
perhaps appear somewhat academic. The postanal tissues may be
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The Postanal Spaces

There are two spaces dorsal to the anal canal which are signifi-
cant to the common postanal infections and their extensions.
These are conveniently termed the superficial and deep postanal
spaces (fig. 94).

THE SUPERFICIAL POSTANAL sPACE. This space, as previously

Fig. 94. The superficial postanal space (posterior triangular space); the deep

postanal space. A, the sub external ; B, it ". external
hincter; C, profundus external sphi ; D, levator plate; E, anal or infra-anal

fastia which, together nith the levator plate, forms the roof of the deep space. In

the horseshoe type of posterior fistula, the ication from one

a to the other is directly through the deep space.

foss:



THE PERINEOPELVIC SPACES 191

noted, is the posterior portion of the perianal space. It extends
posteriorly from the anal verge into the subcutaneous tissues
between the superficialis portion of the external anal sphincter
muscle and its extensions to the dorsum of the coceyx. The deepest
portion of this space is that directly dorsal to the annular fibers of
the subcutaneous external anal sphincter muscle as they bridge
the diverging legs of the superficialis portion of this muscle—the
recess commonly referred to as the “weakest point” of the anal
circumference (which is scarcely true). The indefinite lateral
boundary of this space is formed by the fibro-elastic extensions of
the conjoined longitudinal musele (the corrugator cutis ani fibers).
These terminal extensions insert into the skin and fascia covering
the posterior legs of the superficialis portion of the external anal
sphincter musele. This arrangement tends to confine postanal
infections to the superficial tissues of the posterior midline, as
commonly observed in abscess and sinus formation complicating
anal fissures, ete.

The contents of this space are essentially the same as previously
described for the perianal space. It also contains the terminal
nerve filaments of the anastomotic loops of the posterior division
of the sacral nerves. This may perhaps account for the extreme
pain in chronic anal fissure.

THE DEEP POSTANAL SPACE (posterior communicating space;
subsphincteric space, Courtney). The deep postanal space is the
deeper recess located above the superficialis portion of the external
sphincter muscle, posterior to the puborectalis muscle and deep
portion of the anal sphincter, and below the levator plate. It ex-
tends posteriorly in this interval to the tip of the coceyx. It con-
tains loose fatty areolar tissue. Since the adjacent ischiorectal
spaces communicate freely through this recess it is called the
posterior communicating space (fig. 95). The anal or infra-anal
fascia coursing on the inferior surface of the levator ani museles
lines and is continuous through this space.

Anatomical differentiation of the above-deseribed spaces may
perhaps appear somewhat academic. The postanal tissues may b.e
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Frc. 95 The deep postanal space. The probe passes above the superficialis ex-
ternal anal sphincter musele through the deep postanal space (posterior com-
municating space).
invaded by infectious processes which burrow posteriorly at any
level. However it is repeatedly observed clinically that superficial
infections which arise from below the subcutaneous external anat
sphincter muscle usually extend posteriorly in the superficial
postanal space or laterally in the perianal space. On the other
hand, extensions from the anal canal or coceyx to the deep post-
anal space are prone to invade the adjacent ischiorectal spaces.
It is commonly through the deep postanal space that adjacent
ischiorectal spaces become infected, terminating in the common
horseshoe variety of anal fistula.

Courtney refers to the deep postanal space or posterior com-
municating space as the ‘“‘posterior subsphincteric space’” and
he describes it as a “tract posterior to the anus and between two
prolongations of the puborectalis muscle.” We have been unable
to confirm “two prolongations of the puborectalis muscle” be-
tween which this space is found. In our dissections this space lies
posterior to the anal canal, not the anus, between the superficialis
external anal sphincter and the levator plate. It is sub-levator
rather than subsphincteric and it is the usual level of communica-
tion between adjacent ischiorectal spaces.
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It may be noted here that the anatomical arrangement of the
superficialis portion of the external anal sphincter muscle forms
an anterior communicating space in the male but not in the
female. The incidence of deep infections anterior to the rectum is
comparatively much less than posteriorly and an anterior com-
municating space in either sex is not generally recognized.

The Perincal Compariments (Pouches)

These compartments, superficial and deep, are sometimes con-
sidered as perineal spaces. They are mentioned for the sake of
completeness. They are described in Chapter L.

THE SUPRALEVATOR SPACES
General Considerations

The peritoneum reflected over and between the pelvie viscera
forms the roof of the large sub-peritoneal area commonly referred
to as the supralevator space (deep pelvie, pelvorectal, etc.). The
floor of this space is the pelvic diaphragm covered by the supra-
anal fascia (supralevator, levator, superior layer of the pelvie
diaphragmatic fascia, ete.). Its peripheral boundaries are roughly
the symphysis pubes anteriorly, the obturator muscle and its
faseia laterally and the piriformis muscle and sacrum posteriorly.

This large area contains the irregular and complex ramifiea-
tions of the visceral endopelvic fascia.

Clinically, in referring particularly to abscesses, any infectious
process not definitely diagnosed as situated below the levator ani
muscle is usually loosely referred to as supralevator, ete. This
extensive supralevator space in both sexes is divided into two
well defined and surgically important compartments. In the fe-
male the rectovaginal septum and its lateral extension separate
an anterior or vesicovaginal or urogenital compartment from a
posterior or rectal compartment (fig. 96); in the male the recto-
genital septum separates an anterior vesicoprostatic or urogenital
compartment from a posterior or rectal compartment (fig. 97).
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F1a. 96. The anterior and posterior compartments of the supralevator space

(female}. (Modified from Curtis ) A, anterior compartment; B, posterior com-
partment.

These secondary compartments are further divisible into
smaller actual or potential spaces by fascial sheaths or wings
extending from the fascial collars of the several viscera to attach-
ments on the pelvic wall or to the fascia endopelvina in the pelvic
diaphragm. Reflected from the viscera at different levels, these
fascial wings form a framework for the pelvic vascular, lymphatic
and nerve supply. They additionally provide some visceral sup-

ort.
P The anterior or urogenital compartment in the female includes
the following spaces: the prevesical space (Retzius); and the
yetrovesical space, divided by the vagina into ventral vesicocervi-
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Fic. 97. The anterior and posterior compartments of the supra-levator space
in the male. Dissection by the author, The rectum and prostate transected at the
level of the scminal vesicle (diseased on the right side). Note how the levator ani
musele “hammocks” the rectum and prostate gland. The retrorectal and supra-
levator spaces are well shown. A, end of sacrum; B, parietal pelvic fascia; C, retro-
rectal space; D, rectum; E, posterior compartment supra-levator space; F, sem-
inal vesicle; G, prostate; H, urethra; I, anterior compartment supra-levator
space.

195
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F1a. 96. The anterior and posterior compartments of the supralevator space
(female). (Modified from Curtis ) A, anterior compartment; B, posterior com-
partment.

These secondary compartments are further divisible into
smaller actual or potential spaces by fascial sheaths or wings
extending from the fascial collars of the several viscera to attach-
ments on the pelvic wall or to the fascia endopelvina in the pelvic
diaphragm. Reflected from the viscera at different levels, these
fascial wings form a framework for the pelvic vascular, lymphatic
and nerve supply. They additionally provide some visceral sup-
port.

The anterior or urogenital compartment in the female includes
the following spaces: the prevesical space (Retzius); and th.c
retrovesical space, divided by the vagina into ventral vesicocervi-
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minor important subdivisions has been confounded by the con-
stantly changing terminology and descriptions of the pelvic fascia.

Anterior Compartment of the Supralevator Space (Female)
The prevesical space
The retrovesical space:
Vesicocervieal space
Vesicovaginal space
The retrovaginal and prerectal spaces.
Tue PREVESICAL sPACE (Retzius). This potentially large space,
partially surrounding the urinary bladder, may be described as
consisting of two anteromedian recesses and two Iateral compart-
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Fiq. 98. The supra-levator spaces (female). Schematic.

cal and vesicovaginal spaces and dorsal retrovaginal and pre-
rectal spaces (fig. 9S).

The anterior compartment in the male includes the following
spaces: the prevesical space (Retzius); the rectovesical space,
divided by the rectogenital septum into ventral retrovesical and
retroprostatic spaces; and a dorsal prerectal space. Anterior and
Iateral periprostatic spaces are minor subdivisions of this compart-
ment in the male. These have been described by the urologists for
more accurate localization of periprostatic abscesses (fig. 99).

The posterior supralevator compartment in both sexes may be
divided into pararectal and retrorectal (presacral) spaces. The
latter is supralevator but not entirely subperitoneal. It is poten-
tially the largest of the supralevator spaces (figs. 98 and 99).

The surgical anatomy of the supralevator spaces as well as their
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minor important subdivisions has been confounded by the con-
stantly changing terminology and descriptions of the pelvic fascia.

Anterior Compartment of the Supralevator Space (Female)
The prevesical space
The retravesical space:
Vesicocervical space
Vesicovaginal space
The retrovaginal and prerectal spaces.
THE PREVESICAL sPack (Retzius). This potentially large space,
partially surrounding the urinary bladder, may be described as
consisting of two anteromedian recesses and two lateral compart-
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cal and vesicovaginal spaces and dorsal retrovaginal and pre-
rectal spaces (fig. 98).

The anterior compartment in the male includes the following
spaces: the prevesical space (Retzius); the rectovesical space,
divided by the rectogenital septum into ventral retrovesical and
retroprostatic spaces; and a dorsal prerectal space. Anterior and
lateral periprostatic spaces are minor subdivisions of this compart-
ment in the male. These have been deseribed by the urologists for
more accurate localization of periprostatic abscesses (fig. 99).

The posterior supralevator compartment in both sexes may be
divided into pararectal and retrorectal (presacral) spaces. The
latter is supralevator but not entirely subperitoneal. It is poten-
tially the largest of the supralevator spaces (figs. 98 and 99).

The surgical anatomy of the supralevator spaces as well as their
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minor important subdivisions has been confounded by the con-
stantly changing terminology and descriptions of the pelvie fascia.

Anterior Compartment of the Supralevator Space (Female)
The prevesical space
The retrovesical space:
Vesicocervical space
Vesicovaginal space
The retrovaginal and prerectal spaces.
TruE PREVESICAL SPACE (Retzius). This potentially large space,
partially surrounding the urinary bladder, may be desecribed as
consisting of two anteromedian recesses and two lateral compart-
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ments. The upper median recess lies behind the anterior abdominal
wall roughly between the inferior hypogastric arteries and extends
upward toward the umbilicus. The lower recess lies directly behind
the pubes and contains a wedge-shaped mass of fat—the retro-
pubic fat pad. The floor of this lower recess is formed by the pubo-
urethral ligaments in the female, and the medial pubo-prostatic
ligaments in the male—true ligaments of the bladder; its roof is
the floor of the larger anterior recess through which the lateral
compartments communicate. The roof of the anterior recess is
the peritoneal reflection from the dome of the bladder to the
abdominal wall, supported by the median umbilical ligaments
(urachus). Like the retroreetal space this anterior recess is poten-
tially expansive and eapable of accomodating large extravasations.
Its peritoneal relations vary with the degree of distention of the
urinary bladder,

The lateral compartments of the space of Retzius have been
described by Uhlenhuth as consisting of lateral and median walls,
a roof, a floor, and a dorsal wall. The lateral wall is formed partly
by the parietal fascia overlying the obturator musele and partly
by the supra-anal fascia. The median wall is the bladder capsule
and the inferior hypogastric sheath which separates this space
from the vesicovaginal space. The median wall is of surgical
importance inasmuch as the inferior hypogastric wing contains the
ureter and the main neurovascular supply to the bladder and
prostate. X

The floor of the lateral compartment is formed by the fascia
endopelvina which affords attachment for the true lateral and
medial ligaments of the bladder. The dorsal wall of this compart-
ment is the root of the hypogastric sheath and the ischial spine.

The roof of the lateral compartment is formed by the hypo-
gastric fascia (the superior hypogastric wing), covered by perito-
neum reflected to the lateral pelvic wall.

T'HE RETROVESICAL 8PACE. This space in the female is divided
by the cervix and vagina into two anterjor spaces, the vpsicocervi-
cal and vesicovaginal spaces, and a posterior retrovaginal space.



THE PERINEOPELVIC SPACES 199

LN

Fia. 100. Teft: division of the vesicocervieal ligament. Right: after the vesico-
cervical space has been exposed the bladder is mobilized upward. The bladder
septa must first be cut through. (After Shaw.)

The former spaces may conveniently be described together. They
are separated by a fascial septum—the supravaginal septum
(supragenital in the male) which forms the roof of the vesicovagi-
nal space and the floor of the vesicocervical space. The supra-
vaginal septum is sometimes called the vesicocervical ligament
(fig. 100). Cranially the vesicocervical space is bounded by the
uterovesical peritoneal fold and laterally by the fascia above the
uterovesical ligaments.

The vesicovaginal space extends caudally from the supravaginal
septum, its roof, to the urethrovaginal junction above the deep
layer of the urogenital diaphragm. As noted by Goff there is no
fascial cleavage plane between the urethral and vaginal walls
above the urogenital diaphragm. The urethra lies in a fused
musculofascial sheath similar to the perineal body. In the floor
of this space the pubo-urethral (Curtis), posturethral ligaments
(Shaw) surround the urethra. Laterally the vesicovaginal space is
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bounded by the strong fascial connections between the bladder
and cervix—the uterovesical ligaments or “pillars of the hladder”
(Curtis) (fig. 101).

The above spaces are of particular significance in the repair
of cystocele, urethrocele and hysterectomy.

THE RETROVAGINAL AND PRERECTAL SPACES. Although the
prerectal space is not generally considered a subdivision of the
retrovesical space, it may conveniently and simply deseribed in
conjunction with the retrovaginal space.

The interpretation of these opposed spaces depends on the
disposition of the controversial rectovaginal (rectogenital) septum
or fascia. There appears to be some disparity between the gyneco-
logic and anatomic concept of this septum, a matter largely of
fascial interpretation and terminoclogy. It has been generally ac-
cepted and recognized that the fascial envelopes or collars of the
adjacent vaginal and rectal walls are separated by a layer of
fibro-arcolar tissue—the rectovaginal septum. According to Goff

Fra. 101. Eaposure obtained after mobilization of the bladder, 1, posturethral
Tigament; 2, bladder; 3, peritoneum of the uterovesical pouch; 4, vaginal fascia;
5, front of cervix. (After Shaw.)
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this cannot be considered as fascia in the surgical sense. Ricei and
his co-workers consider the “fascial” terms rectovaginal, vesico-
vaginal, urethrovaginal and pubocervical as gynecologic miscon-
ceptions. They consider the rectovaginal septum as split off from
the “fibromusculo-elastic” vaginal wall and hence non-existent.
On the other hand, Uhlenhuth describes the septum as readily
differentiated and separate from the fascial capsules of the adja-
cent viscera, in the infant as well as in the adult. The embryology
would indeed confirm this view (fig. 102).

Curtis refers to the rectovaginal septum as including the vaginal
and rectal capsules with the intervening “cellular tissue.”

Anatomists in general recognize a separate rectovaginal septum
and also its homologue the rectovesical or rectogenital septum in
the male.

The retrovaginal and prerectal spaces have identical boundaries,
the former merely separated from the latter by the rectovaginal
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. Fra. 102. Left half of pelvis of Negro female infant born at term as it appeared
in lateral view, showing the rectovaginal septum. (After Uhlenhuth.}
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septum. The upper limits of both spaces are marked by the attach-
ment of the septum to the peritoneal fold in the rectouterine
pouch (Douglas).

The inferior recess of the spaces terminates sharply at the line
of fusion between posterior vaginal wall and the anal canal at
the apex of the perineal body. The lateral walls extend to the
fused rectal and vaginal capsules which form the lateral wing of
the vagina.

It may be noted in passing that the rectovaginal septum (recto-
genital septum in the male) is in more intimate contact with the
vaginal (prostatic) wall than the rectal wall. This is significant to
proctologic, urclogic and gynecologic surgery. Separation of the
vagina is more readily accomplished if the natural cleavage plane
is entered above the inseparable perineovaginal fusion (perineal
body).

Anterior Compartment of the Supralevator Space (Male)

Prevesical space (Retzius)
Rectovesical Space:
Retrovesical space
Retroprostatic space (Proust)
Prerectal space
Periprostatic spaces:
Lateral
Anterior
THE PREVESICAL sPACE (Retzius). This space is essentially the
same as described for the female (p. 197). The pubic approach to
prostatectomy has recently enhanced its surgical importance.
THE RECTOVESICAL spacE. This space is divisible into three
surgically important spaces between the bladder, rectum and
prostate—the retrovesical, posterior prostatic and prerectal
spaces.
The Retrovesical Space. This space is bounded ventrally by
the bladder, dorsally by the rectogenital septum and caudally by
the attachment of this septum to the posterior lobe of the pros-
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Fig. 103 A, rectum; B, peritoneal sac; C, retrovesical space; D, cord; E, vis-
ceral fascia; F, bladder. The handle of the probe is in the urethra, the beut probe
is in the left ureter and the match stick in the rectovesical peritoneal pouch. The
pouch is more firmly attached to the base of the bladder than to the rectum. Note

the beginning of the retrovesical space just below and ventral to the peritoneal
fold.

tate (fig. 103). Caudal to this attachment and hetween the two
layers of the rectogenital septum is the retroprostatic space of
Proust. The roof of the retrovesical space is formed by the recto-
vesical peritoneal fold which hecomes continuous with the supra-
genital fascia directly behind the bladder. This fascia must bhe
divided before the retrovesical space can he entered. A thin but
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substantial layer of fascia—the genital fascia originating from the
supragenital fascia—is continued caudally in this space to form
a sheath for the seminal vesicles and the ampulla of the vas.
Laterally the retrovesical space is bounded by the inferior hypo-
gastric wing which contains the ureter, and neurovascular supply
to the seminal vesicles, vas and prostate.

The Posterior Prostatic Space (Retroprostatic Space of Proust).
This space is the cleavage plane between the layers of the recto-
genital septum (Denonvilliers’ fascia). It is of importance in the
perineal approach to the prostate gland and its adnexa. As already
noted, this space lies caudal to the attachment of the rectogenital
septum to the eranial margin of the posterior lobe of the prostate
(fig. 104).

The Prerectal Space. This space is bounded ventrally through-
out its entire extent by the rectogenital septum; dorsally by the
rectal fascial collar and cranially by the rectal attachment of the
peritoneum in the rectovesical pouch and caudally by the recto-
urethralis muscle.

It may be noted that the precise anatomical arrangement of
the posterior prostatic space of Proust depends on the develop-
ment of the rectogenital septum (Denonvilliers’ fascia) and its
caudal limit, which may be variable. The septum is sometimes
absent. Embryologically this septum is a fusion of the peritoneal
mesothelial layers with their immediate supporting basement
membranes forming a double-layered septum between the pros-
tate and rectum extending to the pelvie floor.

Uhlenhuth in his detailed study of the derivation of the recto-
genital septum concludes that this septum is of peritoneal origin,
and that it can usually be demonstrated as a separate membrane
independent of the fascial capsules of the adjacent viscera in
both sexes. He also emphasizes that the depth of the rectovesical
pouch which marks the upper end of the septum is considerably
variable. .

Tobin and Benjamin have also described the embryolog.lcﬂl
anlages of this septum and they also confirm the earlier investiga-
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tion of Cuneo and Veau in regard to its peritoneal derivation, in
contrast to its fascial origin described by Wesson.

Inasmuch as the rectogenital septum is a double-layered mem-
brane, there are three potential lines of cleavage between the
rectum and prostate: 1) that between the posterior layer of
Denonvilliers’ fascia and the rectal wall—the least desirable; 2)
that between the two layers in the retroprostatic space of Proust—
the preferable one; 3) that between the anterior layer and the
prostatic tissues (fig. 103).

From the pelvic approach it may be noted that it is necessary

F1a. 104. The posterior prostatic space. The drawing represents the two most
common sites for the localization of pus about the bladder and prostate. (After
Culver and Baker.) A, abscess in the prevesical space (space of Rezius), and B
abscess in the retrovesical separable space (posterior periprostatic space), (Gokd.
stein, A. ., and Abeshouse, B. 8.: Surg., Gynec. & Obst., 1920)
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Fic. 105. Sagittal pelvic scetion of a male cadaver in which the Young prostatic
approach was made. The anus and lower part of the rectum are retracted dorsally
within the incision. In this approach the rectal fascia was divided; part of it is
still attached to the central point of the perincum, the remainder covers the
cephalic portion of the rectum. The peritoneum is elevated from bladder and
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to divide the supragenital faseia before access is made to the
prostate, seminal vesicles and vas, and that the firm attachment
of the septum to the posterior lobe of the prostate must be divided
to gain aceess to the retroprostatic space of Proust.

PerrprosTaTIC SPACES. These minor spaces of the anterior
supralevator compartment are primarily of urologic interest.
However, surrounding the urethra, prostate and seminal vesicles
which comprise the common urologic foci for infectious and malig-
nant processes, they are significant to secondary invasion of the
perineopelvice spaces.

The Anlerior Periprostatic Space. This is a small recess ventral
to the prostate bounded on either side by the medial pubopros-
tatic ligaments.

The Lateral Periprostalic Space. This space is the potential
interval between the lateral aspect of the prostate and the supra-
anal fascia covering the pubococeygeus muscle—the levator
prostatae fibers of the levator ani. This space is of proctologic
interest because it is continuous with the anterior compartment
of the supralevator space (fig. 106).

Posterior Compariment Supralevalor Space

This compartment contains the pararectal and retrorectal
(presacral) spaces.
THE PARARECTAL SPACE. The pararectal space is a narrow but

cephalic portion of the rectum. The anterior layer of Denonvilliers” fascia is at-
tached to the peritoneum and extends caudally between the semiral vesicles and
prostate and rects! fascia to the superior laver of the urogenital diaphragm. This
membrane adheres to the prostatie capsule at the junction of the ejaculatory duets
to the prostate. Other fibrous bands extend from the peritoneum to the seminal
vesicles and bladder. As mdxcated by the arrows, cleavage planes may be made
between: 1,therectal and rectal faseia (p iorlayerof Denonvilliers’

faseia); 2, 'the rectal faseia and the anterior Iayer of Denonvilliers’ fascia; and 3

either this anterior fascial layer and the fibromuscular coverings of the seminal
vesicles or it and the prostatic capsule. A sound is passed through the urethra, but
the prostate is not shown retracted dorsally by the sound. When the prostate is so
retracted, these fascial layers are compressed against the rectal musculature and
dissection may lead intotherectum (Tobin, C. E.: Surg., Gynec. & Obst., §0: 33)
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important recess extending from the rectovaginal or rectovesical
(male) septum along the inferolateral border of the rectum on the
superior surface of the pubococcygeus musele to the anterior reflec-
tion of the presacral fascial wing of the rectum. This space, some-
what larger in the female, is the usual location for the supralevator
abscess in this sex (fig. 98).

In the male, on the other hand, the anterior compartment or
one of its minor spaces in relation to the prostate or scminal
vesieles is more commonly involved.

The roof of the pararectal space in both sexes is the peritoneum
of the pararectal fossa which is more extensive in the female.

The pararectal space is separated from the retrorectal space
by the presaeral wing of the hypogastric sheath and its caudal
rectal septum.

THE RETRORECTAL (PRESACRAL) sPACE. This space is the inter-
val between the parietal pelvie fascia covering the piriformis,
coceypgeus and pubococcygens muscles and the presacral wing of the
hypogastric sheath. Cranially the ventral wall of this space is
formed primarily by the presacral wing. Caudally, where the

Fia. 106. Abscess in the anterior periprostatic space and in the superior ).)clvl-
rectal space. (After Aversenq and Dieulafe.) 1, lateral periprostatic f:.nscm; ?,
pubic bone; 3, obturator internus musele; 4, levator ani muscle; 5, posterior per:-
prostatic fascia or fascia of Denonvilliers (2)ayers); 6, capsule of p.rost:lte 'gln“dl;
A, abscess in the anterior periprostatic space; B, abscess in the superior pelvirecta
space. (Goldstein, A. E., and Abeshouse, B. 8.: Surg., Gynee. & Obst., 1929.)
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posterior rectal wall lies on a more or less horizontal plane, the
ventral wall of the retrorectal space is also formed by the rectal
fascial capsule which is the posterior leaf of the presacral wing
after its splitting and envelopment of the rectal ampulla (fig.
107).

Caudally this space extends to the supra-anal fascia covering
the aponeurotic insertions of the pubococeygei muscles into the
lower sacrum and coccyx. The lateral and caudal extensions of
the aponeurotic plates of the pubococeygei muscles fuse with the
parietal pelvic fascia covering the coceygeus muscle and form the
strong fascial layer commonly referred to as the fascia of Wal-

PARIETAL
FASGIA

F16. 107 The retrorectal space (presacral space). Redrawn from Bacon H.E.:
Anus, Rectum and Colon. Philadelphia: Lippincott, 1049, T
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important recess extending from the rectovaginal or rectovesical
(male) septum along the inferolateral border of the rectum on the
superior surface of the pubococeygeus muscle to the anterior reflec-
tion of the presacral fascial wing of the rectum. This space, some-
what larger in the female, is the usual location for the supralevator
abscess in this sex (fig. 98).

In the male, on the other hand, the anterior compartment or
one of its minor spaces in relation to the prostate or seminal
vesicles is more commonly involved.

The roof of the pararectal space in hoth sexes is the peritoneum
of the pararectal fossa which is more extensive in the female.

The pararectal space is separated from the retrorectal space
by the presacral wing of the hypogastric sheath and its caudal
rectal septum.

THE RETRORECTAL (PRESACRAL) spAck. This space is the inter-
val between the parictal pelvic fascia covering the piriformis,
coceygeus and pubocoecygens muscles and the presacral wing of the
hypogastric sheath. Cranially the ventral wall of this space is
formed primarily by the presacral wing. Caudally, where the

Fig. 106. Abscess in the anterior periprostatic space and in the superior ]_)elw-
rectal space. (After Aversenq and Dieulafe.) 1, lateral periprostatic fascia; 2
pubic bone; 3, obturator internus muscle; 4, levator ani musele; 5, posterior perl-
prostatic fascia or fascia of Denonvilliers (2 layers); 6, capsule of prostate !,glnnd:
A, abscess in the anterior periprostatic space; B, abscess in the superior pelvirectal
space, (Goldstein, A. I., and Abeshouse, B. S.: Surg., Gynec. & Obst., 1920.)
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supra-anal fascia-parietal fascia. The inferior layer he described
as largely muscular and composed of fleshy fascicles from the
levator muscle proper. The hiatus between these superior and
inferior layers extending around and posterior to the rectum is
referred to by Courtney as a “posterior levator space.”

This somewhat arbitrary terminclogy of superior and inferior
layers to fascial and muscular extensions from the levator ani
components is somewhat confusing in comparison with other
anatomical descriptions.

Superior and inferior layers of the levator ani muscle were
originally referred to by Holl and later by Kohlrausch, and more
recently deseribed by Uhlenhuth in great detail. These anatomists
point out that the splitting or layering of the levator ani muscle
starts at the origin of the muscles and that both layers are dis-
tinctly muscular and separable throughout (fig. 60).

Courtney has also described lateral fascial reflections from the
superior layer of the iliococcygeus musele which fuse into the
rectococeygeus muscle, and he therefore considers the term “ilio-
rectococcygeus” as more descriptive than rectococeygeus. In our
dissections the rectococeygeus is itself an already confused “mus-
cle,” is considered variable and is usually fused with the rectal
capsule and the supra-anal fascia with but little anatomic relation
to the iliococeygeus muscle.

Clinically it is conceivable that a ‘“posterior levator space” or
other potential hiatuses around the anorectal junction may be-
come infected with subsequent abscess formation. However the
intimate relation of such spaces to the roof of the ischiorectal
space, the immediate supralevator space and the retrorectal
space would appear to offer considerable difficulty in the differ-
ential diagnosis as to the exact space involved or the site of the
primary infectious focus. These deep abscesses are commonly well
advanced before examination and the indurated bulging rectal
wall usually effaces all recognizable landmarks.

Our experience with deep ischiorectal and supralevator ah-
secesses would tend to emphasize that the exact anatomical loca-
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deyer, a strong support for the anorectal junction and the rectal
ampulla.

Laterally the retrorectal space extends to the medial leaf of
the hypogastric sheath along the origin of the presacral wing which
forms a strong lateral barrier. Retrorectal abscesses are more apt
to rupture into the rectum or penetrate the levator ani muscle
than to burrow laterally into the supralevator spaces or through
the obturator foramen to the subserous peritoneal spaces or the
sciatic notches.

Cranially the retrorectal space becomes continuous with the
prevertebral retroperitoneal tissues.

The retrorectal space is bridged by rather firm fascial stalks
(Jonesco) which arise from the parietal fascia overlying the ante-
rior sacral foramen. These stalks insert into the presacral wing
and into the capsule of the rectum. They convey the parasympa-
thetic fibers of the sacral nerves and branches from the sympa-
thetic ganglia. An anastomotic network of these nerve fibers
sandwiched in between the layers of the presacral wing forms the
pelvic ganglion. Branches from this ganglion pass into the infe-
rior hypogastric wing and supply the urogenital organs. The
rectum is supplied by fibers which pass caudally between the
rectal capsule and its musculature.

The extent of physiological disturbance in the pelvie viscera
following abdomino-perineal excision of the rectum depends some-
what on the destruction of this ganglion and its connections with
the hypogastric and hemorrhoidal plexuses. The surgical approach
to the retrorectal space and to this ganglion is not well estab-
lished.

“The Posterior Levator Space” (Courtney)

Courtney has described a splitting of the components of th.e
levator ani muscle into superior and inferior layers near their
junction with the rectal wall. The superior layers he describes as
a more or less aponeurotic layer formed by cordlike faseial exten-
sions from the superior fascia of the levator ani muscle and the
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tion is not definitely determined until these infections are actually
drained and digitally explored. )

The recognition of a “posterior levator space” as a elinical
entity in the already confused subject of anorectal abscess would
appear to require further study and adequate clinical and ana-
tomical evaluation.
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pathways of spread. Moreover the visceral nerve supply has a
basic anatomical relationship to the fascial planes and the peri-
vascular sheaths.

Since cancer metastasis is largely through the lymphaties and
veins of the neurovascular sheaths, it appears that their recogni-
tion as one of the basic components of the visceral pelvie fascia
would tend to improve the surgical anatomy of the pelvis.

According to Hayes the adult abdomine-pelvic fascize develops
from three embryonal tissues: “‘the young mesenchymal tissue
intimately associated with the developing musculature of the
parieties; the loose mesenchymal tissues ubiquitously distributed
between the developing intrinsic faseia of the muscles and the
maturing celomie epithelium; and the celomic epithelium itself”
(fig. 108).

The term fascia has acquired both an anatomical and a surgical
interpretation. It will be used in this text in its broad anatomical
sense, including perivascular, perivisceral, ligamentous and sub-
serous tissues. Restriction of the term to comprise only connective
tissue in direct relation to muscle is surgical rather than anatomic.

The endopelvic fascia is now generally recognized as divisible
into parietal and visceral portions.

The parietal portion lines the entire pelvic cavity and its mus-
culature. Functionally it affords the means of attachment of the
components of the visceral fascia to the pelvic wall and the pelvie
diaphragm. It is hence primarily aponeurotic in character. The
parietal fascia also forms a fascial partition between the larger
somatic nerve trunks and the pelvic musculature.

The visceral pelvic fascia forms the perivascular sheaths, the
viseeral capsules, the interviseeral supports and the less important
diffusely distributed “filler in” or areolar tissue of the pelvis.

The parietal endopelvic fascia’ may conveniently be divided
into a supralevator and an infralevator plane.

' The parietal fascia is sometimes referred to as the deep and the visceral ag
the superficial pelvic fasciae. o



CHAPTER VII

The Pelvic Fascia

GENERAL CONSIDERATIONS

Conflicting anatomical descriptions with a confused termin-
ology and a disagreement concerning its anatomical components
has made the pelvic fascia a difficult subject for the teacher and
student and of limited application to the surgeon. The perivas-
cular sheaths, for example the hypogastric sheath and its several
wings, recently re-emphasized by Uhlenhuth, are yet to be gener-
ally recognized as distinet components of the visceral pelvie
faseia.

The pelvic fascia is functionally a dynamic mechanism of
pelvic support with abrupt changes in its gross character, tensile
strength and histologic content. It is hence difficult to describe
and understand. It is sometimes loosely referred to as an un-
differentiated “subserous tissue” with no distinction as to parietal
or visceral portions. Such oversimplified deseriptions would have
but little teaching value and no surgico-anatomic application.

Knowledge of the fascial planes is essential to accurate mobili-
zation and conservation of the important pelvic structures. The
complex fascial relations are significant to the pathogenesis and
localization of pelvic suppurative processes with their residual
deep fistulous or sinus formations. Inasmuch as the fascia largely
defines the pelvic and perineal spaces it is of particular importance
to the proctologist.

The increasing radical approach to pelvic cancer surgery de-
mands a detailed knowledge of possible lymphatic and venous
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THE PELVIC FASCIA

The supralevator plane:
The supra-anal fascia.
The infralevator plane:
The obturator fascia
The infra-anal fascia (anal fascia)
The perineal fasciae
Superficial
Deep (Colles’ fascia)
The superficial perineal compartment
The urogenital diaphragm (triangular ligament, deep
perineal compartment, ete.)
The visceral endopelvic fascia (the essential components of
this fascia are):
The perivascular-neurovascular sheaths
The hypogastrie sheath
Superior hypogastric wing
Inferior hypogastric wing
Presacral wing '
The fascia endopelvina
The rectogenital septum
Fascial capsules of the viscera
The subserous fascia

ParieranL Expoprenvic Fascra

Supralevator Plane

Stpra-aNAL Fascis (Levator Fascie; Superior Pelvic Dia-
phragmatic Fascia, Etc.) This strong fascial layer surrounds the
pelvic viscera as they pass through the pelvie diaphragm, and
fusing with their faccial collars and their outer musculature it
forms an important supportive mechanism for the visceral outlets.

Fig. 108. Frontal section of the pelvis (human embryo 0 mm., approx.). a,
umbilical artery; b, sigmoid colon; ¢, supraanal faseia; d, levator ani muscle; e,
mesenchymal tissue around the rectum; f, external anal sphineter muscle; g,
pudendal stalk; h, obturater internus musele; i, fusion fascia around the rectum;
k, lateral cul-de-sac of the rectum.
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coceygeus muscle, the sacral fascia also splits in a similar manner
forming the supra-anal fascia on the upper surface of the coc-
eygeus muscle and the infra-anal fascia below it. It may be noted
that the arcus tendineus of the levator ani muscle—the “white
line” and its continuation along the upper margin of the coceygeus
muscles—defines the entire pelvic origin of the supra-anal fascia
(fig. 62). pg. 121.

Continued into the pelvis from the transversalis fascia ante-
riorly, the supra-anal faseia spans the infrapubic interval between
the arcuate ligament and the small transverse ligament of the
pelvis formed by the fused anterior margins of the urogenital
diaphragm. This interval conveys the dorsal vein of the penis or
clitoris and the dorsal nerve. The supra-anal fascia then spans
the interval between the crura of the puboeoccygeus muscles and
coursing around their free medial margins it fuses with the deep
layer of the triangular ligament-—urogenital diaphragm. This
fusion forms a strong aponeurotic origin for these muscles. The
supra-anal fascia then has important relations to the inferior and
lateral surfaces of the prostate. The prostate has five surfaces:
two lateral, one superior. one posterior and one inferior commonly
divided into pubic and perineal surfaces. The pubic and posterior
or rectal surfaces of the prostate are free while the perineal surface
is attached to the middle third of the triangular ligament by the
supra-anal fascia. After fixing and surrounding its apex the supra-
anal fascia envelops the prostate and blends with its capsule.
Antero-laterally to the prostate and bladder it fuses with the fascia
endopelvina—arcus tendineus fascia pelvis—to form strong pubic
attachments for these viscera.

Continuing from the posterior surface of the triangular liga-
ment the supra-anal faseia surrounds the rectum, blends with its
capsule and longitudinal musculature and contributes fibro-mus-
cular extensions to the formation of the proctologically important
conjoined longitudinal muscle of the anal canal (p. 71).

In the female the interposition of the vagina between the ure-
thra and the rectum modifies the relations of the supra-anal fascia.
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The supra-anal fascia originates along the pelvic origin of the
levator ani muscle—the arcus tendinous levator ani or white line
of the pelvis. Along this irregular white line the iliac and obturator
fasciac divide into the supra-anal fascia reflected over the upper
surface of the levator ani and the infra-anal fascia reflected over
the lower surface of this musele. The obturator fascia continues
downward over the lower third of the obturator internus muscle
forming the lateral boundary of the ischiorectal space (fig. 109).

Posterior to the ischial spines, along the upper margin of the
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Fic. 109. The parietal pelvie fasciae (red). Schematic.
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anal fascia becomes continuous with its capsule (the fascia vesi-
calis), with the vaginal capsule (the fascia vaginalis) and with the
deep layer of the triangular ligament along the medial margins of
the pubococcygeus muscles.

Lateral to the vesicovaginal junction a strong lamina of the
visceral faseia fuses with the supra-anal fascia to form the vesico-
cervical ligaments connecting the visceral capsules of the bladder
and cervix. These ligaments, important in gynecologic surgery,
have been referred to as the paravaginal fascia, the uterovesical
ligaments, the “pillars of the bladder” (Curtis) etc. They separate
the space of Retzius from the vesico-vaginal space.

Continuing posteriorly the supra-anal fascia fuses with the
rectal capsule—rectal fascia—and its longitudinal musculature as
described for the male, and covering the anococeygeal raphe or
levator plate it continues upward over the anterior surface of the
sacrum as the presacral pariefal fascia.

It should be noted here that the supra.anal fascia and the
fascia endopelvina (arcus tendineus fascia pelvis), visceral fascia,
although described as separate structures, combine to form the
true ligamentous bands to the prostate and bladder, e.g., the
anterior and lateral puboprostatic (pubovesical in the female), the
medial and lateral vesical ligaments. The fascia endopelvina
extends through the supra-anal fascia as a strong connective tis-
sue shelf from the pubic arch to the ischial spines. It serves as a
separate line of attachment for the visceral fascial wings and their
ligaments to the pelvie wall.

The supra-anal fascia, together with the pubococcygeal crura
and the lateral wings of the triangular ligament form the impor-
tant surgical unit in restoration of the female perineum. The
pubourethral and vesicocervical ligaments are similarly important
in the surgical correction of urinary incontinence in the female.

Infralevator Plane

The infralevator plane of the parietal pelvic fascia includes the
obturator fascia, the infra-anal fascia and the perineal fasciae.
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Reflected from the pubic tubercles and the areus tendineus of the
levator ani musele, it covers the superior surface of the levator ani
muscles just above the deep layer of the triangular ligament. Pas-
sing above and behind the urethra it forms a part of the musculo-
fascinl wing-like supports which encircle the urethra from one
pubic bone to the other—the pubourethral fascia, pubourethral
ligaments (Curtis) (fig. 110). The small hiatus between the
arcuate lignment and the pubis conducts the dorsal veins and
nerve as in the male.

Continuing posteriorly to the neck of the bladder the supra-
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Fig. 110. The pubo-urethral fascia. The fascial layers have been removed :’md
the viscera excised to a Iower level, in order to demonstrate the muscular constitu-
ents of the pelvic floor and the relations of these to the viscera. The ur‘cthm has
been pulled aside to show the course of the levator fibers on its posterior aspeet
2nd the nature of the “pub thral | ? indi 1 by an asterisk. (Curtis,
A HL., Anson, B. J., and McVay, C. B.: Surg., Gynec. & Obst., 130.)
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anal fascia becomes continuous with its capsule (the fascia vesi-
calis), with the vaginal capsule (the fascia vaginalis) and with the
deep layer of the triangular ligament along the medial margins of
the pubococeygeus muscles.

Lateral to the vesicovaginal junction a strong lamina of the
visceral fascia fuses with the supra-anal fascia to form the vesico-
cervical ligaments connecting the visceral capsules of the bladder
and cervix. These ligaments, important in gynecologic surgery,
have been referred to as the paravaginal faseia, the uterovesical
ligaments, the “pillars of the bladder” (Curtis) etc. They separate
the space of Retzius from the vesico-vaginal space.

Continuing posteriorly the supra-anal fascia fuses with the
rectal capsule—rectal fascia—and its longitudinal musculature as
described for the male, and covering the anococeygeal raphe or
levator plate it continues upward over the anterior surface of the
sacrum as the presacral parielal fascia.

It should be noted here that the supra-anal fascia and the
fascia endopelvina (arcus tendineus fascia pelvis), visceral fascia,
although described as separate structures, combine to form the
true ligamentous bands to the prostate and bladder, e.g., the
anterior and lateral puboprostatic (pubovesical in the female), the
medial and lateral vesical ligaments. The fascia endopelvina
extends through the supra-anal fascia as a strong connective tis-
sue shelf from the pubic arch to the ischial spines. It serves as a
separate line of attachment for the visceral fascial wings and their
ligaments to the pelvie wall.

The supra-anal fascia, together with the pubococcygeal crura
and the lateral wings of the triangular liganment form the impor-
tant surgieal unit in restoration of the female perineum. The
pubourethral and vesicocervical ligaments are similarly important
in the surgical correction of urinary incontinence in the female.

Infralevator Plane

The infralevator plane of the parietal pelvic fascia includes the
obturator fascia, the infra-anal fascia and the perineal fasciae.
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Refleeted from the pubic tubercles and the arcus tendineus of the
levator ani musele, it covers the superior surface of the levator ani
muscles just above the deep layer of the triangular ligament. Pas-
sing above and behind the urethra it forms a part of the musculo-
fascinl wing-like supports which encircle the urethra from one
pubic bone to the other—the pubourethral fascia, pubourethral
ligaments (Curtis) (fig. 110). The small hiatus between the
arcuate ligament and the pubis conducts the dorsal veins and
nerve as in the male.

Continuing posteriorly to the neck of the bladder the supra-
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Fia. 110. The pubo-urethral fascia. The fascial layers have been removed f‘“d
the viscera excised to a lower level, in order to demonstrate the muscular constitu-
ents of the pelvic floor and the relations of these to the viscera. The m:ethra has
been pulled aside to show the course of the levator fibers on its posterior aspeet
and the nature of the “put thral Ii *” indj 1 by an asterisk. (Curtis,
. 1L, Anson, B. J., and McVay, C. B.: Surg., Gynec. & Obst., 1930.)
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Fie 112 The superficial perineal fascine. {Davies, J. W.: Surg., Gynee. o
Obst., 1931.)

upper margin of the coceygeus muscle. A reflection of the obtura-
tor fascia housing the pudendal vessels and nerves along the lower
and lateral boundary of the ischiorectal space is referred to as the
fascia lunata (Alcock’s canal).

INFra-aNAL Fascia. The anatomists usually describe the iliae
fascia as splitting into three layers along the arcus tendineus of the
levator ani muscle—the white line: one above the levator, the
supra-anal or supralevator fascia; one continuing down the pelvic
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The superficial and deep perineal pouches or compartments may
also be included here.

OnturaTonr Fascia. The obturator faseia covers the obturator
internus muscle, forms its sheath and through its attachments to
the ischial and pubic rami anchors this muscle to the bony foramen
(figs. 109 and 111).

Anteriorly it spans the pelvie aperture as the lower layer of the
triangular ligament (deep perineal compartment). Posteriorly it
becomes continuous with the parietal pelvic fascia along the

>
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Fic. 111. The infraanal fascia (red). A, iliac fascia; B, supra-anal fascia; C,
levator ani musele; D, arcus tendineus levator ani; E, infraanal fascia; F{ supra-
levator space; G, ischiorectal space; I, ol)tur.atox.' fascia; I and J, superior n_nd
inferior layers of the urogenital diaphragm; K, ischiocavernosus muscle; L, inferior

perineal fascia (Gallaudet); M, Colles’ fascia; N, bulbocavernosus musele.
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e N .
Fie 113. Camper’s and Colles’ fasciae. The superficial layer (Camper’s) and
the deep Iaver (Colles” cf the perineal fasciae are suspended on black threads.
Note the strong attachment of Colles’ fascia to the pubic ramus

vessels and nerves forms a neuro-vascular sheath—the inferior
hemorrhoidal stalk (fig. 56).

PERINEAL FascIag. The perineal fascine consist of a superficial
subcutaneous layer (panniculus adiposus) and a deep membranous
layer. The former, unnamed, is usually considered as correspond-
ing to Camper’s fascia of the abdominal wall; the latter, Colles’
fascia, corresponding to Scarpa’s fascia (fig. 113).

Throughout the perineum the subcutaneous layer varies con-
siderably in texture and fat content. In the scrotum it contains
muscle fibers, the dartos, with little fat. Over the urogenital
triangles the fat content gradually increases and in the anal tri-
angles it forms the fatty layer of the perianal space. Its texture
then changes somewhat abruptly to the large soft fatty globules
characteristic of the ischiorectal spaces and their anterior exten-
sions above the triangular ligament.

Superficial. Laterally over the ischial tuberosities the superficial
fascia contains fibrous tough fascicles which connect the skin to
the underlying bone. A fibrous bursa lies directly over the ischial
tuberosity.
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wall as the obturator fascia; and the third below the levator
muscle—the infra-anal or anal fascia,

The infra-anal fascia is a comparatively thin sheet of fascia
extending from the tendineus arch—white line—and covering the
inferior surface of the pelvic diaphragm. Tt is continued around
the anal eanal as the circumanal fascia. It lines the ischiorectal
spaces covering the obturator fascia and the fascia lunata (Al-
cock’s canal). Above the triangular ligament—urogenital dia-
phragm—it is reflected into the anterior recesses of the ischiorectal
spaces and attaches to the medial margins of the puboischial rami
fusing with the obturator fascia. This fused fascia after splitting
forms the two layers (superior and inferior urogenital fasciae) of
the triangular ligament; the upper layer is usually considered as
derived from the infra-anal fascia and the stronger inferior layer
from the obturator fascia. This derivation is as yet equivoeal (fig.
111).

The infra-anal fascia is also reflected over the superficial peri-
neal muscles above Colles’ fascia and has been termed the inferior
perineal fascia (Gallaudet) (fig. 111).

It ,may be noted that the supra-anal and infra-anal fasciae
form a sheath or compartment for the levator ani and coccygel
muscles. Along the medial borders of the pubococeygeus muscles
these fascial planes become continuous and fuse into the superior
layer of the triangular ligament and into the central perineal
tendon. Behind the anal canal and below the levator plate the
infra-anal fascia lines the deep postanal or posterior communi-
cating space.

Posteriorly the infra-anal fascia fuses with the obturator fascia
along the upper border of the coccygeus muscle and the lower
margin of the sacrospinous ligament. This line of fusion marks
the posterior limit of the ischiorectal space as already noted. The
obturator fascia then continues upward as the presacral parietal
fascia as already mentioned.

The infra-anal fascia reflected over the inferior hemorrhoidal
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Fic. 113 Camper’s and Colles’ fascize The superficial laver {Camper’s) and
the deep layer (Colles”) cf the perineal fascrae are suspended on black threads.
Note the strong attachment ef Colles’ fascia to the pubne ramus.

vessels and nerves forms a neuro-vascular sheath—the inferior
hemorrhoidal stalk (fig. 56).

PERINEAL Fascia®. The perineal fasciae consist of a superficial
subcutaneous layer (panniculus adiposus) and a deep membranous
layer. The former, unnamed, is usually considered as correspond-
ing to Camper’s fascia of the abdominal wall; the latter, Colles’
fascia, corresponding to Scarpa’s fascia (fig. 113).

Throughout the perineum the subcutaneous layer varies con-
siderably in texture and fat content. In the scrotum it containg
muscle fibers, the dartos, with little fat. Over the urogenital
triangles the fat content gradually increases and in the anal {ri-
angles it forms the fatty layer of the perianal space. Its texture
then changes somewhat abruptly to the large soft fatty globules
characteristic of the ischiorectal spaces and their anterior exten-
sions above the triangular ligament.

Superficial. Laterally over the ischial tuberosities the superficial
fascia contains fibrous tough fascicles which connect the skin to
the underlying bone. A fibrous bursa lies directly over the ischial
tuberosity.
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It may be useful to point out that the ischiorectal fossa is
divided into two spaces by the lateral extensions of the conjoined
longitudinal muscle—transverse septum of the ischiorectal fossa
(Milligan). These superimposed spaces, the perianal and ischio-
rectal, are of proctologic significance. The perianal space contains
the well defined and closely meshed fibrofatty layer of the super-
ficial fascia, in contrast to the large fatpads of the ischiorectal
space. The perianal space also contains the subcutaneous portion
of external sphincter ani muscle, the terminal caudal extensions of
the conjoined longitudinal muscle (corrugator cutis ani muscle),
the external hemorrhoidal veins and the perianal nerve plexus.

In the female the superficial fascial layers are modified by the
external genitalia. The subcutaneous layer of the labia majora
contains the fatty diverticular process which rests on the deeper
fascial layer—Colles’ fascia. This fatty process distinet from the
surrounding fascia is the homologue of the serotum and, as de-
seribed by Anson and Ashley, contains the inguinal parieties in
rudimentary form.

In the anal triangles the superficial fascial layers are essentially
as deseribed in the male.

Deep (Colles’ Fascia). Somewhat variable in texture and density,
this fascia has conflicting descriptions. It is sometimes described
as including the superficial or subcutaneous layer (Tobin). In our
dissections several fascial layers are usually readily demonstrable
because of the diffuse attachments between the superficial and
deep layers.

The main layer of Colles’ fascia has a firm attachment to the
pubic rami. In the male it spreads medially across the urogenital
triangle, forming the floor of the superficial perineal compartment
containing the superficial perineal muscles. After fusing with the
infra-anal fascia it attaches to the posterior margin of the triangu-
lar ligament. Anteriorly it becomes the superficial fascia or dartos
of the penis and affords attachment for the dartos of the scrotum
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and its medial septum which separates the superficial perineal
compartment from the scrotal cavities.

Urine and other extravasates entering the superficial perineal
compartment are closely confined by the main leaf of Colles’ fascia
and are prone to reach the abdominal fascial planes rather than
the scrotal cavities. The roof of the superficial perineal compart-
ment is the lower layer of the triangular ligament.

Buck’s fascia and Colles’ fascia are commonly confused, par-
ticularly in their relation to the penile muscles and the tunica
albuginea. The recent detailed investigations of Uhlenhuth and
his co-workers have clarified these equivocal layers. On the shaft
of the penis Buck’s fascia lies below Colles’ fascia (penile dartos)
and is closely applied to the albuginea as it extends posteriorly
both on the urethra and the crura deep to the penile muscles. As
emphasized by Uhlenhuth, Buck’s fascia is a single continuous
and independent fascial sheath for the entire urethra in its penile
as well as perineal portions. However, the single eylindrical sheath
covering both corpora eavernosae represents a fusion at the penile
junction of the separate fascial layers of Buck’s fascia covering
the crura (fig. 114).

A reflection of Colles’ fascia below the bulbocavernosus muscle
is referred to as its ““deep septum” which forms a fascial sheath
for this muscle and separates it from the underlying fascia of
Buck and the albuginea.

In the female the disposition of Colles’ fascia is modified by the
interposed vagina between the lateral wings of the triangular
ligament. It spans the perineum in front of the anal eanal, covers
the transverse perineal and paired bulbocavernosus muscles and
is attached to the inferior layer of the triangular ligament as in
the male.

SUPERFICIAL AND DEEP PERINEAL POUCHES OR COMPARTMENTS.
These are mentioned here for the sake of completeness. They are
fully deseribed in Chapter I (p. 12).



228 PROCTOLOGIC ANATOMY

LAibuginea,
Bucks Fasca
-IschiocavernosusM

Albugmea--~

Buck's Fasciar" ~~Lolles' Fascia,Crural Septum

. .
Deep sepbum. of ColtesFaserar” ~Colles' Fasew, Man Layer

“.Serotat Septum

Bulbocavernosus M. " Colles'Fasci, Scrotal Darbos
F1c. 114. Frontal section through perineum, showing relations of Buck’s

fascia, Colles’ fascia and penile muscles. (After Uhlerhuth.)

VisceraL ExporeLvic Fascra

As its name implies, the visceral endopelvic fascia has a more
or less intimate anatomical and functional relationship to the
pelvic viscera.

Its main components include the hypogastric sheath and its
wings; the fascia endopelvina; the visceral capsules; the recto-
genital septum and the loose arcolar or “filler in” tissue ubiqui-
tously distributed throughout the pelvis.

The perivascular sheaths—the hypogastric sheath and its
several wings—recently reemphasized by Uhlenhuth and his
co-workers are not generally recognized or described as components
of the visceral fascia. They are admittedly difficult to understand

and to demonstrate.
However with an increasing trend in radical pelvie surgery it
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is anticipated that their surgico-nnatomical importance may
receive wider recognition. Short descriptions of the hypogastric
sheath and its wings have been included.

Perivascular-Neurovascular Sheaths

The importance of the perivascular sheaths in providing a
supportive mechanism for the viscera was initially described by
Cameron and has been indirectly referred to by many subsequent
observers.

Peham and Amreich in their classical Gyraekologische Opera-
tionslehre also emphasized the inseparable relation of the fascia to
the vascular supply; these authors used the largest perivascular
sheath in the pelvis, the hypogastric. as the basis for their de-
seription of the pelvie connective tissue. To emphasize its func-
tional importance they termed the hypogastric sheath and its
root the rertical “‘ground-plate” of the visceral fascia. The apo-
neurotic fascia endopelvina—the arcus tendineus fascia pelvis—
they termed the horizontal ground-plate.

Peham and Amreich made no distinction between these basic
ground plates. However, as emphasized by Uhlenhuth, they are
essentially different structures, the horizontal plate being entirely
aponeurotic and the vertical entirely perivascular and peri-
ureteral

Uhlenhuth. in his recent admirable presentation from which we
have drawn freely, gave a precise and detailed description of the
perivascular sheaths or wings arising from the hypogastric sheath
as well as the fascial extensions from the fascia endopelvina. He
emphasized that the perivascular sheaths and the fascial wings
have a well defined anatomic pattern in relation to the several
viscera and their blood supply, and that they divide the subperi-
toneal pelvic area into separable fascial spaces of surgical and
pathogenic importance.

It is re-emphasized that the fascial wings arising from the
hypogastrie sheath are essentially perivascular sheaths with in-
cidental supportive function, while the fascial wings arising from
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the visceral capsules and attached to the pelvic wall and the fascia
endopelvina are primarily ligamentous supports. This is funda-
mental to pelvic dynamics.

Hyrogastric sHEaTH. This membranous sheath forms a strong
fascial investment for the anterior division of the hypogastric
vessels; their main branches and the ureter. Its root of origin ex-
tends along the parictal pelvic fascia and corresponds to the axis
of the hypogastric artery approximatey along the line extending
from the dorsal border of the ischial ramus to the ischial spine
(fig. 115). As already noted, it represents the vertical anchorage
or ground plate for the viscera, in contrast to the fascia endo-
pelvina, the horizontal aponcurotic anchorage line with which it
is continyous (fig. 115). It is roughly triangular in outline, with
anterior and posterior layers between which the ureter, vessels,
nerves and lymphatics are contained (fig. 116).
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Fic. 115. Root of the hypogastrie sheath (schematic).
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F1e. 116 The hypogastric sheath. Right half of pelvis of a white male, aged
69 years. Peritoneum removed everywhere except for the rectovesical pouch and
septum. The hypogastric sheath is seen in its entire extent. The vas deferens
passes across the superomedial surface of the superior hypogastric wing and is
thus excluded from the space of Retzius. (After Uhlenhuth.)

Passing anteriorly, the hypogastric sheath is divided by the
bladder into separate wings—the superior and inferior hypogastric
wings (fascia hypogastrica superior and inferior).

Posteriorly it gives off an extensive double layered wing ex-
tending across the front of the sacrum, the presacral wing.

Superior Hypogastric Wing. The superior hypogastric wing
extends anteriorly along the superolateral border of the bladder
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and splits into superior and inferior layers. The superior layer
becomes continuous with the eapsule and subperitoneal tissues
over the superior aspect of the bladder. The inferior layer becomes
continuous with the capsule at the inferolateral aspect of the
bladder (fig. 117).

From the superior border of the bladder the superior hypogas-
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Fre. 117 The superior hypogastric wing. Right half of pelvis of fem.nle. Perl;
toneum largely stripped away. Superior hypogastric wing cut away from its latera
attachment. Bladder pulled medially and forward. Lateral compartment of space
of Retzius exposed to view. (After Uhlenhuth )
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tric wing extends laterally winglike to the pelvic wall above the
space of Retzius and becomes continuous with the subserous
fascia of the iliac fossa. It fuses into the sheath of the iliac vessels
and posteriorly with the substance of the infundibulopelvie liga-
ment of the ovary. Anteriorly it becomes continuous with the um-
bilieal sheath. The superior hypogastrie wing contains the superior
vesical branches of the umbilical artery and veins. In the male
the vas extends along this wing to reach the retrovesical space.

Peham and Amreich refer to the superior hypogastric wing as
the vesico-hypogastrie fascia. They classify it as a loose connective
tissue sheet which joins the vesical fascia and roofs in the space of
Retzius.

The older anatomists referred to this wing asthe lateral “false”
ligament of the bladder, primarily because it contained the sub-
peritoneal areolar layer, or membrana cellulosa. Curtis has drawn
attention to the fact that over the superior surface of the bladder
the subperitoneal tissue is an indefinite layer. At the lateral
margins, however, it forms a definite membrane, merging with
with the vesical capsule to become an integral part of the superior
hypogastrie wing.

Inferior Hypogastric Wing. The inferior hypogastric wing orig-
inates in the caudal end of the hypogastric root. It has median
and lateral extensions which have important relations to the
bladder. The lateral extension inserts into the fascia endopelvina
and the median extension into the inferolateral aspect of the
bladder. This wing contains the ureter, the inferior vesieal arteries,
the large vesical venous plexuses and the autenomic nerves to the
urogenital organs. It is continuous with and affords strong support
to the musculofascial sheath for the ureter at the ureterovesical
junction (fig. 118). This wing forms one of the true ligaments of
the bladder—the inferolateral. It forms a partition hetween the
retrovesical space and the space of Retzius.

Presacral Wing. This extensive wing is of particular proctologic
interest ix_x that it contains the branches of the pelvic ganglion,
the superior hemorrhoidal vessels and the lymphaties and lymph
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Fia. 118. The inferior hypogastric wing A: Same dissection as in fig. 117, but
promontory tilted slightly forward, to permit full view upon ﬂoo_r an.d dorsal wall
of lateral compartment of space of Retzius. SuperiorAhypogastnc wing cut away
from lateral margin of bladder. Fascia endopelvina incised as fn'r dorsally asischial
spine and arch of fascia endopelvina, to expose lateral true ligament of bladder
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glands commonly involved in rectal carcinoma. It is likewise
concerned in the formation of the retrorectal and parareetal
spaces.

The presacral wing arises from the medial leaf of the hypo-
gastric sheath and spans the interval in front of the sacrum he-
tween the parietal pelvie fascia and the rectum. It extends up-
ward into the superior hemorrhoidal sheath. At its junction with
the rectum it splits into anterior and posterior layers which form
the rectal capsule or the faseia rectalis. The free caudal margin of
this wing which follows the anterior curve of the rectal ampulla
is attached to the fascia endopelvina (the caudal rectal septum—
Peham and Amreich).

The retro-rectal space, continuous with the prevertebral space,
is the large potential interval between the posterior layer of the
presacral wing and the parietal pelvic fascia of the anterior wall
of the sacrum (fig. 119).

The lateral boundary of this space is the line of junction of the
presacral wing with the medial margin of the hypogastric sheath;
caudally the retrorectal space terminates at the junction of the
parietal sacral fascia with the supra-anal fascia at the level of the
so-called rectococeygeus muscle.

Infectious processes in the retro-rectal space are usually con-
fined by the firm lateral and inferior boundaries just deseribed,
and the portio cardinalis of levator ani. B: Same dissection as in fig. 117 and left
panel; windows have now been cut iato the lateral layer of the mferor vesical
arch and inferior hypogastric wing, Through the former the inferior vesieal vein
i vigsible In the latter the ureter, the inferior vesical vessels and the uterine ves-
sels are exposed to view; also it is seen that the vesical atructures pass forward
toward the bladder whereas the uterine vessels make an abrupt medial turn toward
the uterus The place where the uterine vessels turn medially represents the lateral
root of Mackenrodt’s ligament and lies at the same transverse level as the portia
cardinalis of the levator ani. Body and fundus of uterus have been cut away The
fascia elosing the space between the inferior vesical arch and the arch of the fascia
endopelvina was incised and a piece of rubber tubing (z) was pushed through the
ineision A similar piece of rubber tubing (y) was pushed throush the floor of the
Iateral eompartment of the space of Retzius, just dorsal to the portio eardinalis,

Both tubes appeared in the retrorectal space, dorsal ta the presacral wing and the
rectum. (After Chlenhnth.)
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F16. 118, The presacral hypogastric wing. The wing has been raised from the
parietal fascia which is seen as it covers the coceygeus muscle, and has been re-
flected forward to permit a view into the retrorectal space. In this space are seen
the autonomic nerves as they pass forward and laterally to pierce the dorsal layer
of the presacral wing in order to enter the space between the two layers of the
presacral wing and to join the pelvic ganglion; the latter has not yet been dissected
out. The sympathetic branches arise from the sympathetie ganglia; the other
branches are the parasympathetics, branches of the sacral nerves. In the retro-
rectal space are seen also the rubber tubes which were pushed through the foor
of the space of Retizus to show the relationship between this latter spacc and the
retrorectal space. (After Uhlenhuth.)
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Fic. 119. The presacral hypogastrie wing. The wing has been raised from the
parietal fascia which is seen as it covers the coccygeus musele, and has been re-
flected forward to permit a view into the retrorectal space. In this space are seen
the autonomic nerves as they pass forward and laterally to pierce the dorsal layer
of the presacral wing in order to enter the space between the two layers of the
presacral wing and to join the pelvic ganglion; the latter has not yet been dissected
out. The sympathetic branches arise from the sympathetic ganglia; the other
branches are the parasympathetics, branches of the sacral nerves. In the retro-
rectal space are seen also the rubber tubes which were pushed through the floor
of the space of Retizus to show the relationship between this latter space and the
retroreetal space. (After Chlenhuth.)
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Fic. 121. The fascia endopelvina, right half of male pelvis. Peritoneum re-
moved to expose el of hypogastric sheath. Hy ic root has been dis-
sected away. Superior hypogastric wing was cut away. Bladder was cut away from
inferior hypogastric wing and pulled out of the pelsis. Rectum pulled medially.
The lateral margins of the inferior hypogastric wing, the rectovesieal septum and
the lateral fascial expansion of the rectal capsule are seen attacked to the medial
margin of the fascia endopelvina, like the leaves of a book. (After Uhlenhuth.)

ischial spine. This bony landmark may hence be considered as the
pelvic anchoring point for the bladder.

Rectogenital Septum

This fascial septum may be conveniently included as an impor-
tant component of the visceral fascia. Usually referred to as
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and secondary extensions arc more apt to rupture into the rectum
or penetrate the levator muscle and gravitate to the infra-anal
spaces. Their extension craniad is practically unhindered.

Fascia Endopelvina

This aponcurotic anchorage or ground plate extending through
the supra-anal fascia is also called the arcus tendineus fascia
pelvis, white line of the fascia endopelvina.

According to Uhlenhuth it is peculiar to man and is considerably
variable in its tensile strength and histologic composition. The
fascia endopelvinn lies well below the arcus tendineus of the
levator ani muscle with which it is commonly confused. 1t extends
posteriorly on a horizontal plane from the pubovesical ligament
to the ischial spine which marks its pelvie junction with the
hypogastric sheath. This angle of junction is almost a right angle.

The fascia endopelvina is a strong fascial shelf which indirectly
affords a pelvic attachment for the important fascial wings from
the pelvie viscera, such as the lateral wing of the vagina, the
rectovaginal septum, the inferior hypogastric wing, containing
the ureter and the inferior vesical vessels, the ligaments of the
prostate and bladder and the caudal rectal extension from the
presacral wing (figs. 121 and 122).

Since the pelvic viscera are successively superimposed on a
more or less horizontal plane, their superimposed fascial wings are
attached to the fascia endopelvina in a fan-like manner (fig. 121).

These fascial wings in conjunction with the hypogastric wings
form the pelvie fascial spaces which, although only potential, are
surgically important,

At the ischial spines the fascia endopelvina forms a prominent
fascial arch, the inferior vesical arch (fig. 118). This arch has been
emphasxzed by Uhlenhuth because it may be palpated and reached
without entering the peritoneum. The inferior hypogastric wing,
which affords one of the main ligaments for the bladder, is in-
directly attached to this fascial arch which in turn arises from the
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Fic. 123. Denonvilliers’ fascia (rectogenital septum) has been separated from
the prostate and its margin fixed nith black thread. Note the rectal capsular faseia
caudad and the prostatic tissue eraniad to the septum. Dissection by the author.

This septum in the male is of stronger and distinctly mem-
branous texture in marked contrast to the less readily defined
rectovaginal septum sometimes referred to as merely a layer of
cellular tissue or part of the vaginal wall. In the male the septum
is usually attached to the upper margin of the posterior lobe of
the prostate and divides at this point into its so-called two layers:
the anterior layer forms the true capsule of the posterior lobe of
the prostate; the posterior layer continues caudally and inserts
into the junction of the prostatic urethra with the superior uro-
genital fascia—upper layer of the urogenital diaphragm—at the
level of the rectourethralis muscle. The space between these two
layers is the retroprostatic space of Proust. _

Laterally the rectogenital septum extends transversely across
the pelvis, dividing it into an anterior urogenital and a posterior
rectal compartment. It is attached caudally to the fascia endo-
pelvina and to the inferior hypogastrie wing.

No separate layers have been described for the female.

The caudal Iimit of the septum is variable, and in the male it
has tended to confuse the surgical approach to the prostate and
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Frc. 122, The fascia endopelvina and its attachments (schematie and modified
from Pcham and Amreich). 1, the inferior hypogastric wing (ascending hladder
septum—Pcham and Amreich); 2, the lateral wing of the vagina (horizontal vag-
inal septum); 3, the rectovaginal septum; 4, the caudal extension of the presacral
wing (descending rectal septum). In the male there are three fascial wings attached
to the fascia endopelvina. Compare with fig. 121.

Denonvilliers’ fascia (Tyrrell’s fascia, ete.), it separates the pros-
tate and seminal vesicles from the rectum. In the female it is
termed the rectovaginal septum and separates the rectum and
vagina (fig. 123).

Although its derivation is still somewhat equivocal, the recent
investigations of Uhlenhuth and his co-workers, and those of
Tobin and Benjamin, appear to refute the strictly fascial origin
of this septum as advanced by Wesson in contrast to the peritoneal
derivation originally advanced by Cuneo and Veau.
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Fic. 124. Anterolaterally, the layers of the abdominal wall have been turned
forward along a medial cut; posterolaterally, the alae of the ilium have been cut
horizontally, together with the iliopseas muscles and fascize; posteriorly, the
sacrum has been transected at the same horizontal level. All of the peritoneum
and the subserous tissue have been removed to expose the fascia of the pelvis,
Within the lesser pelvis, the organs have been ts d, together with reflections
of the di ic fascia, the dopelvic faseia. The vesical, vaginal, and
reetal tubes of endopelvic fascia have been {reed from their respective viscera
and retracted. (Curtis, A. ¥, Auson, B. J., and MeVay, C. B.: Surg., Gynee. &
Obst., Feb. 1939.) Note: the diaphragmatic fascia referred toby Curtisisthesupra.
anal faseia (parietal fascia; the endopelvic fascia is visceral fascia),

covered by an investment of fascia from the upper layer of the
urogenital diaphragm.

Fascia vesteanss. Over the superior aspeet of the bladder the
fascial capsule is scarcely definable between the peritoneum and
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vesicles. However, the septum is of surgical significance in that it
partitions the rectum or vagina from the urogenital viscera and
defines at least clinieally the retrovesical, retroprostatic and
rectovaginal spaces. Additional details on the rectogenital septum
may he found in Chapter V1.

Faseial Capsules (Collars) of the Pelvic Viscera

Although they actually develop in situ, the capsules are usually
described as a reflection or extension of the supra-anal fascia. They
are also referred to as the fascia urethralis, vaginalis, rectalis and
vesiealis ete,

The eapsules directly invest the musculature of the several
viseera and provide n medium for their attachment, particularly at
the diaphragmatic level to the fascia endopelvina, to the supra-
anal fascia, to the bony pelvis or to adjacent viscera, For example
the fascia endopelvina (arcus tendineus fascia pelvis) affords
attachment or the anchorage line for the lateral vaginal wing, the
inferior hypogastric wing, the rectogenital septum, the pubo-
prostatie and pubovesical ligaments ete. Each of the viscera hasa
separate capsule (fig. 124).

URETHRAL CAPSULE (FASCIA URETHRALIS), In the male the
prostatic urethra is enclosed in a fascial reflection from the supe-
rior layer of the triangular ligament continuous with the supra-
anal fascia which fuses with the prostatie capsule.? This capsule
anchors the urethra to the urogential diaphragm and to the mem-
branous urethral sphincter.

In the female the urethra has no distinct eapsule inasmuch as
its muscular wall is for the most part fused with that of the vagina.

Above the level of the urogenital diaphragm it is invested by
muscular fibers from the pubocoecygeus covered by the supra-
anal faseia {the pubourethral ligaments). Below these ligaments
the urethra, encircled by the sphincter membranacea muscle, is

2 The capsule over the dorsa} lobe of the prostate is formed by the anterior layer
of Denonvilliers’ fascia, while that of the ventral capsule of the prostate is a re-
flection from the supra-anal fascia.
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F16. 124. Anterolaterally, the layers of the abdominal nall have been turned
forward along a medial cut; posterolaterally, the alae of the ilium have been cut
horizontally, together with the iliopsoas muscles and fasciae; posteriorly, the
sacrum has been transected at the same horizontal level. All of the peritoneum
and the subserous tissue have been removed to expose the fascia of the pelvis.
Within the lesser pelwis, the organs have been transected, together with reflections
of the diaph ic fascia, the endopelvic fascis. The vesical, vaginal, and
rectal tubes of endopelvic {ascia have been freed from their respective viscera
and retracted. (Curtis, A H , Anson, B J, and McVay, C. B. Surg., Gynec. &
Obst., Feb. 1939 ) Note the diaphragmatic fascia referred taby Curtisisthesupra.
anal fascia (parietal fascia. the endopelvie fascia is visceral fascia).

covered by an investment of fascia from the upper laver of the
urogenital diaphragm.

Fascis vesicanis. Over the superior aspect of the bladder the
fascial capsule is scarcely definable between the peritoneum and
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the musculature. .\t its superolateral margin, however, the cap-
sule becomes well defined and fuses with the superior hypogastric
wing. This is the vesicohypogastric fascia (Peham and Amreich),
or the lateral “false” ligament of the bladder, which roofs in the
space of Retzius (fig. 122). .

Laterally and posteriorly the bladder capsule is denser and
forms an attachment for the inferolateral ligament of the bladder.
It is reflected over the inferior hypogastric sheath which encases
the ureter and the neurovascular supply to the bladder and part of
the prostate.

Anteriorly the vesical capsule affords attachment for the median
and lateral pubovesieal ligaments of the bladder.

UrenrovaGINAL cabstLes. The fascial investment over the
body of the uterus is thin and of little surgical importance. At the
vaginal junction, however, the fascial capsule investing the cervix
becomes dense and firm. At this level it becomes continuous or
affords attachment to the round ligament, the uterosacral liga-
ment and Mackenrodt’s portion of the broad ligament—cardinal
ligament of uterus. Its connections with the vesical capsule at
this level form the vesicovaginal ligaments which separate the
space of Retzius from the vesicocervieal space (fig. 125 and 126).

Below the cervieal ring the capsule invests the vagina and
spreads laterally in wing-like extensions to form the un-named
strong lateral faseial wings of the vagina which attach to the
fascia endopelvina, the supra-anal fascia and the deep layer of the
urogenital diaphragm. As Curtis points out, these wings fo]l‘o\\'
the inclination of the vagina and form the large recto-uterine
peritoneal fossa. Below the peritoneum covering these fossae are
the pararectal spaces (supralevator space, posterior compartment)
(fig. 122). .

Below and posterior to the cervix, in the rectovaginal space, the
opposed fascial capsules of the vagina and rectum are loosely sep-
arated by the controversial rectovaginal septum which attaches
cranially to the peritoneum of the rectovesical pouch of Douglas
and fuses caudally into the core of the perineal body.
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Fre. 125. Endopelvic faseia (visceral investments); ligamentous supports of
the viscera The bladder has been cut down to the trigonal portion, leaving, how-
ever, the ureter on the left side The cervix of the uterus and the vagina (upper
two-thirds) have been halved sagitally. the uterine collar of endopelvic faseia
separated from the muscular wall On the right side a similar continuity is demon-
strated—as is the relation of the fascial collar to the cardinal ligament. By draw-
ing apart the bladder and the uterus, the fusion of their adjacent collars (laterally
the fusion praducing a ligamentous connection) is evident. The looser fascial coltar
of the rectum 1s also mobilized (Curtis, A H., Anson, B. J., and Beaton, I. E.:
Surg , Gynee & Obst , 1930)

REecTAL capPsULE (Fascra reEctaLis). Over that portion of the
rectum covered by peritoneum the fascial capsule is usually in-
definable. However, in its extraperitoneal portion the rectum has
a well defined capsule which is formed by a splitting of the presa-
cral hypogastric fascial wing into anterior and posterior layers to
surround the rectum, particularly that of the ampullary region
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Fi1a. 126. The fascial collars on a higher plane. Broad ligament, hasal strue-
tures. Ligamentous supports of bladder and uterus and fascial coats of pelvic
organs. In the midportion of the pelvis, on the right the uterine vessels have been
excised, the remainder of the cardinal ligament retained for comparison with the
structures exposed by deeper dissection on the left. On the left side, the veins
have been cut near their point of emergence from the uterine wall where they
form a pedicle, elongated vertically. The ureter is shown in its surgically impor-
tant relation to the uterine artery, and to the fused fascial slecves of the bladder
and vagina. The vesical artery has been retained. In the anterior part of the
pelvic cavity on the right side the fascial covering of the bladder has Lieen par-
tially stripped away, leaving the muscular coat exposed on the superior surface.
On the left side, the vesical layer of the endopelvie fascia has been freed, and
that part of the bladder has been drawn toward the right in order to demonstrate
the continuity of the diaphragmatic fascia and the vesical fascia. The fascia of
the pelvic diaphragm is now clearly revealed, together with its upward-directed
vesical and uterine collars. (Curtis, A. H., Anson, B. J., and McVay, C. Bu:

Surg., Gynec. & Obst., 1939.)
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(fig. 124). The presacral wing fuses into the superior hemorrhoidal
sheath containing the superior hemorrhoidal vessels and nerves
and the important lymphatic glands of Gerota. Between the
presacral wing and the parietal pelvic fascia over the anterior
surface of the sacrum is the retrorectal space.

Caudally as the rectum curves anteriorly over the anococcygeal
raphe (levator plate) the presacral wing comes to lie lateral to the
rectal wall and forms a narrow fascial wing (caudal rectal septum
of Peham and Amreich) which attaches to the fascia endopelvina.
This septum separates the retrorectal and pararectal spaces.

The rectal capsule anteriorly separates the rectal musculature
from the posterior layer of the rectogenital septum in the male
and the rectovaginal septum in the female.

In the retrorectal space the condensations of fascia extending
from the parietal fascia of the sacrum to the rectal capsule are
commonly referred to as the rectal stalks or shelves (stalks of
Jonesco).

Subserous Fascia (Subperitoneal Fascia; Tela Subserosa, Etc.)

The terminology of this fascia is somewhat confusing. The term
subserous has been broadly used to include all the fascia below
the peritoneum regardless of its gross character or function. How-
ever the term as used here will be limited to that areolar fascia or
loose connective tissue irregularly distributed and ubiquitously
interspersed between the viscera, their fascial capsules, the peri-
vascular sheaths, and their fascial wings.

The vesical portion of this fascia is poorly defined over the
dome of the bladder but at its superolateral margin it fuses with
the superior hypogastric wing (lateral false ligament of the blad-
der) and is definable as a separate layer. At the diaphragmatic

* level it fills in the space of Retzius and forms the retropubie fat
pad.

Over the uterine hody this layer is scarcely definable. At the
cervical level it fills in the interval between the layers of the
broad ligament, the parovarium and parametrium and the mesen-
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Fra. 126. The fascial collars on a higher plane. Broad ligament, basal struc-
tures. Ligamentous supports of bladder and uterus and fascial coats of pelvic
organs In the midportion of the pelvis, on the right the uterine vessels have been
excised, the remainder of the cardinal ligament retained for comparison with the
structures exposed by deeper dissection on the left. On the left side, the veins
have been cut near their point of emergence from the uterine wall where they
form a pedicle, elongated vertically. The ureter is shown in its surgically impor-
tant relation to the uterine artery, and to the fused fascizl sleeves of the bladder
and vagina. The vesical artery has been retained. In the anterior part of the
pelvie cavity on the right side the fascial covering of the bladder has been par-
tially stripped away, leaving the muscular coat exposed on the superior surface.
On the left side, the vesieal layer of the endopelvic fascia has been freed, and
that part of the bladder has been drawn toward the right in order to demonstrate ,
the continuity of the diaphragmatie fascia and the vesical fascia. The fascia of
the pelvic diaphragm is now clearly revealed, together with its upward.directed
vesical and uterine collars. (Curtis, A. H., Anson, B. J., and McVay, C. B.:

Surg., Gynec. & Obst., 1930.)
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tery of the vas defercns in the male. Laterally, it fuses into the
important cardinal ligament (Mackenrodt) of the uterus.

The rectal portion consists primarily of arcolar tissue inter-
mingled in the fascia propria (presacral wing) surrounding the
rectum posteriorly. Anteriorly, below the peritoneum in the male,
it fills in the rectovesical pouch.

In general this faseia may be considered the “filler-in” connec-
tive tissuc in and between the named structures of the pelvie fascia
without distinction as to parietal or visceral layers. It is generally
continuous throughout with the endogastric fascial plane of the
abdomen. ’
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the perineum, anal canal and rectum should be considered as a
loose system in which free anastomoses and overlapping, not only
within itself, but also with adjacent viscera, seem always possible,
In the present state of our knowledge the various groups are not
clearly defined.

THE ANORECTAL LyMPHATICS

The anorectal lymphatics may be conveniently divided into
three groups which have been farily well established by the ex-
tensive work of Cunéo, Sappey, Poirer, Delamérs, Quénu and
others. They are as follows:

Perineal group

Anoreetal group:

Anal portion,

Rectal portion
Intramural system
Extramural system

Perineal Group

The perineal group or cutaneous system is also described as the
inferior group. It drains both the superficial and deep layers of the
perineal skin. The afferent collecting trunks follow, in general, the
perineoscrotal or labial folds and terminate in the inferolateral
group of inguinal nodes. The exact drainage group, however,
seems to vary. In 2§ cases, Gerota has seen the cutaneous lym-
phaties of the anus end in the supero-internal group 15 times, in
the inferolateral group S times. In 4 cases they ended in these
groups combined and once each in the supero-internal, infero-
internal and infero-external groups (figs. 127 and 128).

Although the cutancous system is described as apparently a
fairly separate plexus, there is probably considerable overlapping
and anastomosis between the perineal and rectal intramural
groups, particularly the plexuses which lie in the anoderm of the
anal canal and the submucosa of the perineal rectum. Nesselrod,



CHAPTER VIIT
The Perineo-Pelvic Lymphatics

GENERAL CONSIDERATIONS

The anorectal region is a sharply differentiated portion of the
intestinal tract, richly supplied with Iymphatics which are very
difficult to demonstrate and are not yet clearly defined.

In its intrapelvic position the rectum loses most of its peritoneal
reflections. Its anterolateral surfaces retain their peritoneal re-
flected folds of Douglas, but below and posteriorly it is entirely
devoid of peritoneum. The loss of peritoneum abruptly modifies
the lymphatic drainage. the important subserous lymphatic sys-
tem throughout the intestinal tract above is now replaced by the
rectal lymph sinus immediately surrounding the rectum.

Furthermore, extraperitoneally the rectum comes into intimate
relation with the various planes of the complex pelvic visceral
fascia. The neurovascular sheaths, the more important compo-
nents of the visceral pelvic fascia, are of particular significance in
rectal and sigmotidal lymphatic drainage.

Finally the rectosigmoidal, anorectal and anocutaneous junc-
tions are embryologically and anatomically transitional areas in
respect to their museular, their nerve and particularly their vascu-
lar supply. Therefore, they present certain peculiarities of the
Iymphatics which require special description. These anatomic
considerations are most important in the pathologic concept of
the extensions of cancer, suppurative processes and their surgieal
management.

From the practieal and clinical standpoint the Iymphatics of

252
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Fr16. 123, Lymphatic system. Left: Lymphaties of the skin of the shaft of the
penis (anterior view) in the same specimen as that represented in fig. 127. Injec-
tion made in the skin of the shaft, using mercury. a, network of the skin of the
shaft of the penis; b, b, collecting vessels from the network of the shaft; ¢, ¢, col-
lecting vessels from the perianal network; d, d, inguinal nodes; e, beginning of
the external iliac chain of the collecting vessels; f, network of the perianal skin;
g, collecting vessels from the superior gluteal region. Right: Perianal Iymphatics
and lymphatics of the external genitalia of a colored female fetus at term, viewed
from below : The anus was dilated before fixation. Injections made in the skin
overlying the lumbar, gluteal, and sacrococevgeal regions, in the anal skin, in
the skin of the fourchet, and in the skin of the base of the right labium majus,
using mercury. g, superficial Iymphatic network of the labium majus; b, super-
ficial network of the labium minus; ¢, superficial network of the fourchet; d,
perianal netwnork; e, anal network showing the origin of the vessels which asecend
in the rectal columns of Morgagni; f, sacrococeygeal network; g, ¢, collecting
vessels from the postanal plexus (sacrococeygeal}; &, &, collecting trunks from the
perianal and anal networks (Nesselrod, J. P.: Ann. Surg., 1936.)

and complicating strangulated internal hemorrhoids is significant
in this regard.

The skin overlying the eoceyx and lower sacrum contains an
extensive plexus which communicates with the perineal plexus
and the adjacent lumbar and gluteal plexuses. These may drain
directly into the inguinal nodes or, as pointed out by Nesselrod,
by way of the afferents along the iliac erest (fig. 129).

Anoreetal Group

Axaw portion. The anorectal line or subjacent pecten has often
been deseribed and referred to as the dividing line between the
viseeral and somatic Iymphaties. Clinical observation would tend
to dixprove this oft-repeated statement as somewhat misleading.
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Tie 127. Lymphatic system. Left: Perianal and gluteal tymphatics (posterior
view) of a white male fetus at term: Injections made along the anal margin and in
the skin over the gluteal region, using mercury. a, anus; b, network of the perianal
8hin; ¢, pleaus of skin over the gluteal region; d, anastomotic vessels; ¢, collecting
vessels; £, collecting vessels from the superior gluteal region passing to the groin;
g, scrotum. Right : Penile and perianal Iymphatics, viewed from below, in the same
specimen: Injections made 1n the skin on the shaft, using mercury. a, network of
the skin of the shaft of the penis; b, b, collecting vessels from the network of the
shaft; ¢, ¢, colleeting vessels from the perianal network; o, network of the perianal
skin; e, anus, (Nesselrod, J. P : .inn. Surg., 1936.)

in his commendable study of the pelvie Jymphatics, states that
“there are definite anastomoses between the lymphatie plexuses
of origin of the anal canal with those of the rectum” (fig. 128).

In this regard it may be emphasized that the anal columns and
the papillac when present represent the terminal interdigitations
of the ectoderm and should theoretically, therefore, drain to the
inguinal lymphatic nodes.

The internal sphincter muscle with its mucosal and submuco<al
structures is partly encircled by the upper portions of the external
sphineter muscle, and the fibro-clastic extensions of the conjoined
longitudinal muscle of the rectum distribute themselves not only
to the muscles and anal canal lining (anoderm) but also to the
perianal skin. This arrangement presents an intricate ovcrlnppfng
of the lymphaties which tends to increase the difficulties in tracing
the true anatomic course of a single plexus. The fact that the
lymph flow in these plexuses may be reversible further (‘Ol‘llp“(‘ﬂt(‘.\‘
the problem. The perianal edema following hemorrhoidectomy
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Fic. 130. Lymphatic system. Left: Coronsl section of the rectum, showing the
anterior view of the posterior half of a colored male fetus at term: Injection made
in the skin of the anal canal, using mercury. a, a, Ivmphatic vessels Iying in the
columns of Morgagni; b, Jevel of the anorectal line; ¢, network of the skin of the
anal canal. Right: Lymphatics of the rectal mucous membrane (anterior view)
of a colored female fetus at term: Injection made in the rectal mucous membrane,
using Gerota’s solution. a, rectum laid open; b, networl. of the rectal mucous
membrane in the region of the upper portion of the ampulla. (Nesselrod, J. P.:
Ann. Surg., 1936.)

divisable into intramural (intraparietal) and extramural (extra-
parietal) groups.

Intramural System. The intramural Ivmphatic plexuses of the
rectum ramify in the mucosa, submucosa and musculature of
the bowel and drain into an extensive extramural system of fairly
well defined channels or pedicles with interpolated and terminal
nodal groups—the so-called zones of spread.

As originally described by Gerota, and confirmed by Poirer
and his co-workers as well as by Oliveira and others, the rectum
has two fairly distinct zones of origin of the intramural lymphatics,
a lower and upper, divided roughly by the middle rectal valve of
Kohlrausch. This valve also marks separate lower and upper zones
of lymphatic spread from the rectum to the 3 extramural pedicles,
the lower zone of origin being drained by all three lymphatic ped-
icles—superior, middle and anterior—while the upper zone of
origin is drained only by the superior pedicle. This distinction in
Iymphatic drainage is highly significant to the spread of recto-
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Fig. 129. Lymphatic system. Left: Anal and perianal lymphaties and the
Iymphatics of the shin overlying the sacrococcygeal and superior gluteal regions
(posterior view) in the same specimen shown in fig. 128, right. a, a, plexuses of
the skin of the superior gluteal region; b, plexus of the skin overlying the sacro-
coceygeal region; c, ¢, collecting vessels from the sacrococcygeal plesus which
pass to the groin; d, d, collecting vessels from the superior gluteal netw orks passing
to the groin on either side by way of the superior route, following the curve of the
iliae crest; e, anal network, showing the origin of the vessels which ascend in the
rectal columns of Morgagni. Right: Lymphaties of the skin of the superior gluteal
region (lateral view) in the same specimen: Injections made in the skin over the
gluteal region, using mercury. @, Network of the skin over the superior gluteal
region; b, collecting vessels; ¢, collecting trunks passing to the groin by way of
the superior route, following the curve of the iliac crest. (Nesselrod, J. P.: Ann.
Surg., 1936.)

Three plexuses of the anal canal and the sphincteric portion of the
rectum are usually demonstrable: the mucosal, submucosal and
intramuscular plexuses. The mucosal and submucosal sets are
continuous with those of the rectum proper and extend through
the anal canal to anastomose with the perineal plexuses draining
to the inguinal nodes as previously mentioned. The submucosal
ramifications are particularly rich in the columns of Morgagni
and there are probably both afferent and efferent channels from
these important zones (fig. 130).

RectaL porTION. The lymphatics of the rectum proper are
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Fie 131. A- Injection of a blue dye sbove the plica of Kohlrausch; the lym-
phatic network of the upper rectum is colored by the dye, and the lymphatics
accompanying the superior hemorrhoidal vessels are the only ones to become
colored by the dye. (Modified from Villemin, Huard, and Montagné: Rev. chir.,
68: 39, 1925. In Sauer and Bacon* Am. J. Surg., 81: 111, 1931.) B: A yellowdye was
njected into the rectum below the plica; and & blue one, above. It is shown that
the rectum possesses 2 distinet netw orks of origin, and that the plica is the limit
between them. The inferior and the lateral trunks drain only the lower rectum,
while the superior pedicle drains the upper and the lower rectum; a, aortic nodes;
b, aorta; ¢, iliac nodes; d, rectosigmeid nodes; e, hypogastric nodes; f, sacral
nodes; g, k, anorectal nodes; i, inguinal nodes. (Modified from Villemin, Huard,
and Montagné: Rev. chir., 63: 39, 1925. In Sauer and Bacon: Am. J. Surg., 81
111, 1951.) (Sauer and Bacon: Surg., Gynec. & Obst., 95: 2, 1952.)

¥16. 132. The extrarectal lymphatics. Schematie representation of the extra.
mural Iymphatic system of the rectum and pelvic colon. The efferents pass in
three directions: downward through the ischiorectal fosss, laterally between the
levatores ani and the pelvie fascia, and upward in the pelvic mesocolon. (Miles,
W. LL.- Cancer of the Rectum. Harrison & Sons, Ltd., 1626.)
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sigmoidal cancer and its surgical management. Although the
spread is usually upwards along the branches of the superior
hemorrhoidal vessels, the lateral spread through the lateral or
middle hemorrhoidal stalk is common in low reetal cancer in the
region of the middle rectal valve (fig. 131).

Extramural System. The extramural lymphaties of the rectum
despite some overlapping may be divided into superior, middle
(lateral) and inferior pedicles or zones of spread (fig. 132).

a) The superior pedicle, the most important, drains roughly the
upper rectum, sigmoid and lower portion of the colon. Its main
channels and nedes follow the course of the superior hemorrhoidal
vessels throughout the mesorectum.

The first group of discrete nodes in the mesorectum are the
glands of Gerota. As the mesorectum blends into the mesosigmoid
several groups of nodes have been deseribed, notably by Villemin
and his co-workers, These groups are usually found near the
bifurcation of the superior hemorrhoidal and inferior mesenteric
vessels. They are considerably variable but three more or less
distinet groups of nodes have been described. The first and impor-
tant group is located at the bifurcation of the superior hemor-
rhoidal artery. Into this group drain the main portion of the
afferent channels from the upper rectum and they are hence the
most important group in the upward zane of spread.

The second group is distributed around the junctions of the
superior hemorrhoidal and sigmoidal vessels. They also drain the
upper rectum and the lower sigmoid.

The third Group is located at the junction of the inferior mes-
enteric and left colic vessels. It is commonly referred to as the
rectosigmoidocolic group inasmuch as it can receive direct drain-
age from any one of these portions of the bowel—a significant
fact in cancer metastases. Ault and others have emphasized that
complete eradication of the rectosigmoidocolic nodes with Iu'g.h
ligation of the inferior mesenteric pedicle favors the prognosis in

rectosigmoidal cancer (fig, 133).
b) The middle or lateral pedicle or zone of spread of the extra-
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FIc. 131. A: Injection cf a blue dye above the plica of Kohlrausch; the lym-
phatic network of the upper rectum is colored by the dye, and the lymphatics
accompanying the superior hemorrhoidal vessels are the only ones to become
colored by the dye. (Modified from Villemin, Huard, and Montagné: Rer. chir.,
63:39, 1925. In Sauerand Bacon- Am. J. Surg., 81: 111, 1951.) B: A yellow dye was
injected into the rectum below the plica; and a blue one, above. It is shown that
the rectum possesses 2 distinct networks of origin, and that the plica is the limit
between them The inferior and the lateral trunks drain only the lower rectum,
while the superior pedicle drains the upper and the lower rectum; @, aortic nodes;
b, aorta; ¢, iliac nodes; d, rectosigmoid nodes; e, hy pogastric nodes; f, sacral
nodes; g, k, anorectal nodes; #, inguinal nodes (Modified from Villemin, Huard,
and Montagné: Rer. chir , 63; 30, 1925. In Sauer and Bacon: Am J. Surg., 81:
111, 1951.) (Sauer and Bacon: Surg , Gynec. & Obst., 95- 2, 1952.)

F1G. 132 The extrarectal Iymphatics Schematic representation of the extra-
mural lvimphatic sestem of the rectum and pelvic colon. The efferents pass in
three directions downward through the ischiorectal fossa, laterally between the
levatores ant and the pelvic faseia, and upward in the pelvie mesocolon. (Miles,
W. L Caneer of the Rectum. Harricon & Sons, Ltd., 1925.)



260 PROCTOLOGIC ANATOMY

rectal lymphatics lies subperitoneal and ramifies throughout the
complex visceral endopelvic fascia, following in general the neuro-
vascular sheaths of the main vessels. The important nodal groups
usually lie in close relation to the vascular bifurcations. Cunéo
has described threec main pedicles or divisions of the middle or
lateral zone of spread—anterior, lateral and posterior (fig. 134).

1. The anterior pedicle, according to Reinhold, is a minor but
important pedicle on either side of the rectum which extends
between the layers of the reetogenital septum and along the lateral
margins of the prostate, seminal vesicles, or vagina and usually
drains into the internal iliac nodes and occasionally into the ex-

Fic. 133. Carcinoma of the lower sigmoid. This drawing illustrates \)‘hat may
be considered an adequate removal of the cephalad zone of lymphatic .sprezfd
alang the inferior mesenteric vessels. The site of division of the upper sigmoid
may be moved in 8 cephalad direction, as indicated by the arrow, so that dcscenfi-
ing cofon or even left transverse colon may be brought down for an anastomosis.
(Ault et al.: Surg., Gynec. & Obst., 94: 2,1951.)
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Fin. 134, The three main peditlea of the latera) area 1, anterior, sunning along
the prostate and the bladder to end at nodes of the external and internal jliacs;
2, fateral, along the middle hemorrhoidal vesaels; 3, posterior, along the middle
and Iateral sacral vessels. All nodes are out of the reach of an ordinary abdomino.
perineal eacision. (From Poirier, Cundo and Delamére The Lymphaties, Chicago:
W. T. Keener & Co., 10904}
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rectal lymphaties lies subperitoneal and ramifies throughout the
complex visceral endopelvic fascia, following in general the neuro-
vascular sheaths of the main vessels. The important nodal groups
usually lie in close relation to the vascular bifureations. Cunéo
has described three main pedicles or divisions of the middle or
lateral zone of spread—anterior, lateral and posterior (fig. 134).

1. The anterior pedicle, according to Reinhold, is a minor but
important pediele on either side of the rectum which extends
between the layers of the rectogenital septum and along the lateral
margins of the prostate, seminal vesicles, or vagina and usually
drains into the internal iliac nodes and oceasionally into the ex-

Frc. 133. Carcinoma of the lower sigmoid. This drawing illustrates \}'hnt may
be considered an adequate removal of the cephalad zone of lymphatic .spren.d
the inferior mesenteric vessels. The site of division of the upper sigmoid
may be moved in a cephalad direction, as indieated by the arrow, so that dcsccnfl-
ing colon or even left transverse colon may be brought down for an anastomosts.
(Ault et al.: Surg., Gynec- & Obst., 94: 2,1951.)

along



THE PERINEQ-PELVIC LYMPHATICS 263

either side of the rectum on the upper surface of the levators,
terminating in nodes lateral to the sacral promontory.

Furthermore the lymphatic drainage of the uterus and its
adnexa commonly fuses into the rectal pedicles extending through
the root of the hypogastric sheath to reach the important con-
cealed hypogastric group of nodes posterolateral to the hypogas-
tric veins and its branches (fig. 135).

SuRrGICOPATHOLOGIC CONSIDERATIONS

The surgery and prognosis of rectal cancer depend primarily on
the involvement of the extrarectal lymphatics and veins. Dukes,
in his commendable detailed pathologic study of 1000 cases of
rectal cancer, has presented fundamental gbservations of practical
clinical and surgical application. The more important of these
include the following: the fact that in “‘cases without glandular
metastases the results of surgical treatment were the same what-
ever the situation of the growth, but for cases with glandular
metastases the results varied with the position of the growth in
the rectum.” The significance of the location of the growth rela-
tive to the middle rectal valve may be re-emphasized. This ex-
plains the sometimes unexpected long survival of the poor-risk
patient following perineal excision with a high rectal cancer. As
Dukes interjects, such pleasant surprises help us “to walk cheer-
fully through the world.”

With lymphatic metastases he believes that figures will show
that “the worst place to have rectal cancer is the ampulla.” This
is significant to the “pull through” and sphincter preservation
types of surgery.

Significant also to the surgery is the fact that the size and area
of rectal wall involved bear no constant relation to the extent or
location of the metastases. Venous metastasis occurs in about 17
per cent of the cases and likewise bears no relation to the size of
the tumor but rather to its rapidity of growth which usually
indicates a high grade of malignancy (fig. 136).
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ternal group, anastomosing with the middle hemorrhoidal or
Interal sacral channels.

2. The lateral pedicle of the lateral zone of spread, the most
important of the extramural group, courses mainly through the
lateral ligament, of the rectum following the middle hemorrhoidal
stalk and drains into the obturator or important hypogastric nodes
(Cunéo and Mareille). Recent observations by Dukes, Wood and
Wilbur, Bacon and Sauer, and others have established the fact
that the neglected lateral spread of rectal eancer is through the
fascia of the lateral ligament to the higher pelvic nodes rather
than through the fascia overlying the levator ani muscle or the
muscle itself as originally described by Miles. The lateral lym-
phatic drainage pattern has assumed increasing significance in
the surgical approach to low rectal cancer as well as that of the
uterus and its adnexa.

3. The posterior pedicle consists mainly of channels which
extend along the middle and lateral sacral vessels. The former
drain into the nodes located near the sacral promontory, the
latter into nodes near the bifurcation of the common iliac and
the hypogastric vessels.

¢) The inferior or downward zone of spread: the lymphatics of
this pedicle drain the terminal rectum and have been described
under the anal subdivision of the anorectal group (p. 255).

The majority of the lymphatics from the rectal Iymph sinus
above the middle rectal valve either pass through or drain into
nodes contained in the superior zone, and it is therefore the most
important from the standpoint of cancer metastases. The genito-
urinary organs have a lymphatic distribution which is fairly
distinet from that of the rectum and the two systems are usually
simultancously involved only by direct continuity in long-stand-
ing malignancy. Anteriorly in the male, however, efferent Iym-
phatics of the rectal sinus may anastomose through the lymphaties
of Denonvilliers’ fascia with those of the prostate, seminal vesicles
or base of the bladder or with those of the posterior pros.tutic or
prerectal spaces. Efferent lymphatics may also pass posteriorly on
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Fie 136. Ph ph of h vein th and di: ded
malignant growth. (After Dukes.)

with

The great variation in the number of lymphatic glands in-
volved, their close relation to the grade of the primary tumor as
well as their significance to the ultimate prognosis is emphasized.
Patients with 5 or more glandular metastases rarely live more
than 5 years.

Dukes has classified rectal cancer on the basis of lymphatic
metastasts into A and B Cases, and C Cases with sub-groups 1

remains in its normal position. Injections made in the muscular layer of the
posterior vaginal wall, in the muscular layer of the cervix, of the uterus, and of
the fallopian tubes, and in the ovsries, using Gerota’s solution. a, Rectum; b,
vagina; ¢, posterior perivaginal lymphatic network; d, muscular network of the
snterior wall of the rectum; ¢, collecting vessels from the vaginal network; f,
lateral sacral nodes; g, uterine network; &, collecting vessel of the external iliac
pedicle, from the uterine body and eervis; i, eollecting vessel of the external ikiac
pedicle, from the vagina; , external iliac nodes; £, network of the fallopian tube;
{, collecting vessels from the fallopian tube entering into the sbdominal or lumbar
pedicle; m, ovarian collecting vessels entering into the abdominal pedicle; n,
studominal or Tumbar pedicle; o, justa-aortic nodes; p, p, kidneys. (Nesselrod,
1. P.: {inn. Surg., 1936.)
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Fia. 135. Lymphatics of internal genitalia of a colored female fetus at term.
Left: Anterior view: Injections made in the mucous membrane of the vagina,
posterior wall, in the muscular layer of the posterior lip of the cervix, in the mus-
cular laver of the uterus and of the fallopian tubes, and in the ovaries, using
Gerota's solution. a, vagina laid open to show the posterior wall; b, vaginal net-
work, ¢, corvieal network; d, network of the uterine body; e, network of the uterioe
fundus; f, network of the fallopian tube; g, network of the ovary; &, collecting
vessels from the inferior portion of the vagina; 7, collecting vessels from the
superior portion of the vagina; 3, collecting vessels from the vagina passing to a
hypogastric node ¢, £, cervical collecting vessel which joins vessels & and  to form
the lateral sacral pediele of the vagina passing to the lateral sacral nodes at ¢; I,
cervical and uterine collecting vessels which make up the lateral sacral pedicle
of the cervix passing to the lateral sacral nodes at q; m, cervieal collecting vessel
which passes upward to join the abdominal pedicle ¢f the uterus; n, collecting
vessels from the uterine fundus and from the upper portion of the uterine body
entering into the abdominal or lumbar pedicle r; o, collecting vessels from the
fallopian tube entering into the abdominal pedicle r; g, g, lateral sacral nodes;
r, 7, abdominal or lumbar pedicles; s, 8, juxta-aortic nodes; ¢, hypogastric node; u,
lateral eacral pedicle of the vagina; v, », kidneys. Right: Anterolateral view: The
left broad ligament was sectioned near its lateral attachment, allowing the uterus
to be partially rotated and displaced to the right. Thus the observer obtains a
posterior view of the uterus and a posterolateral view of the vagina, The rectum
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is commonly enough mistaken and operated on for chronic fissure
in ano or hemorrhoids. We have had on our service at the New
York Cancer Hospital 4 cases of anal epithelioma unsuspectingly
operated on for fissure, in which preliminary colostomy, wide
excision of the rectum and radiation to the inguinal nodes were
futile.

The anal group of the intramural lymphatics is of particular
interest in infectious processes of the perianal region, which com-
prise the majority of conditions amenable to treatment. The
precise pathways by which these processes, particularly the tuber-
culous, extend to the adjacent tissues is still not yet definitely
settled. The large and important subject of fistula is also directly
related to this problem.

Infectious processes which reach the pecten zone of the anal
canal may follow lymphatics which reach the ischiorectal fossae,
the perianal or supralevator spaces. It is a clinical fact not readily
explained that the largest ischiorectal abscesses are not usually
preceded by symptoms referable to the anal canal or rectum until
the abscess is well established. Furthermore, in gonorrhea and
tuberculosis of the anal canal or rectum, secondary abscess forma-
tions are fairly constantly found in the perianal spaces—not in
the ischiorectal space, the infection having gravitated presumably
through the lymphatics or tissue spaces directly below the squa-
mous lining of the anal canal (anoderm).

The anal group of lIymphatics is also of significance in exten-
sions of perianal infections from the labia, Bartholin’s and Cow-
per’s glands, the urethra and the vagina.

MeMaster, in his fundamental investigations, has emphasized
the abundance of the cutaneous lymphatics and the rapidity of
transport through them, which is much more rapid than usually
considered. He likewise has demonstrated enormous changes in
the permeability of the lymphatics following local injury as well
as in common systemic diseases involving fluid exchange.

These observations are significant to the entire subject of
anorectal lymphatic drainage in cancer, hemorrhoids, fistula,
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A GROWTH  LIMITED TD UALL OF RECTUM
B... . EXTENSION OF CROWTH TO EXTRA-RECTAL TiSSUELS

BUT MO H[TASYBES N REGIONAL LYMPH NODES.
€. METASTASES IN REGIONAL LYMPH NODES.
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Fia. 137. Classification of rectal cancer. (After Dukes.) .\, growth limited to
wall of rectum; B, extension of growth to extra-reetal tissues, but no metastases
in regional lymph nodes; C, metastascs in regional lymph nodes. In cases labelled
C 1 metastases are present in some of the lymphatic glands but the uppermost
hemorrhoidal glands are gtill free. In C 2 cases the lymphatic spread has extended
up to and including the gland i liately below the ligature.

and 2 (fig. 137). Although the classification is primarily patholog-
ieal, it is of great value in assessing prognosis and in the evaluation
of the various surgical procedures relative to the site and spread
of the tumor.

Clinically, sharply defined limitations of Iymphatic spread in
the anorectal region are not possible, and although fairly cir-
cumscribed locations are drained theoretically by a certain lym-
phatic group, aberrant and unsuspected extensions occur con-
stantly with “leap-frogging” to remote nodes.

It may be noted in this regard that the exact intercommunica-
tion between the lymphatics, the arteriovenous and tissue-space

systems is not yet definitely decided. For example, we have ob-
served carcinomatous metastases to the skull from a low rectal
carcinoma.

The common inguinal adenopathy in anal and perianal infec-
tions need scarcely be mentioned. Ilowever, it is important to
emphasize here that metastases from anal epitheliomata reach the
inguinal nodes comparatively carly. This usually fatal condition
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is commonly enough mistaken and operated on for chronic fissure
in ano or hemorrhoids. We have had on our service at the New
York Cancer Hospital 4 cases of anal epithelioma unsuspectingly
operated on for fissure, in which preliminary colostomy, wide
excision of the rectum and radintion to the inguinal nodes were
futile.

The anal group of the intramural lymphaties is of particular
interest in infectious processes of the perianal region, which com-
prise the majority of conditions amenable to treatment. The
precise pathways by which these processes, particularly the tuber-
culous, extend to the adjacent tissues is still not yet definitely
settled. The large and important subject of fistula is also dircetly
related to this preblem.

Infectious processes which reach the pecten zone of the anal
eanal may follow lymphatics which reach the ischiorectal fossae,
the perianal or supralevator spaces. It is a clinical fact not readily
explained that the largest ischiorectal abscesses are not usually
preceded by symptoms referable to the anal canal or rectum until
the abscess is well established. Furthermore, in gonorrhea and
tuberculosis of the anal canal or rectum, secondary abscess forma-
tions are fairly constantly found in the perianal spaces—not in
the ischiorectal space, the infection having gravitated presumably
through the lymphatics or tissue spaces directly below the squa-
mous lining of the anal canal (anoderm).

The anal group of lymphatics is also of significance in exten-
sions of perianal infections from the labia, Bartholin’s and Cow-
per’s glands, the urethra and the vagina.

MecMaster, in his fundamental investigations, has emphasized
the abundance of the cutaneous lymphatics and the rapidity of
transport through them, which is much more rapid than usually
considered. He likewise has demonstrated enormous changes in
the permeability of the lymphatics following local injury as well
as in common systemic diseases involving fluid exchange.

These observations are significant to the entire subject of
anorectal lymphatic drainage in cancer, hemorrhoids, fistula,
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F16. 137. Classification of rectal cancer. (After Dukes.) A, growth limited to
wall of rectum; B, extension of growth to extra-rectal tissues, but no metastases
in regional lymph nodes; C, metastases in regional lymph nodes. In cases labelled
C 1 metastases arc present in some of the lymphatic glands but the uppermost
hemorrhoidal glands are still free. In C 2 cases the lymphatic spread has extended
up to and ineluding the gland immediately below the ligature.

and 2 (fig. 137). Although the classification is primarily patholog-
ical, it is of great value in assessing prognosis and in the evaluation
of the various surgical procedures relative to the site and spread
of the tumor.

Clinically, sharply defined limitations of Iymphatic spread in
the anorectal region are not possible, and although fairly cir-
cumseribed locations are drained theoretically by a certain lym-
phatic group, aberrant and unsuspected extensions occur con-
stantly with “leap-frogging’’ to remote nodes.

It may be noted in this regard that the exact intercommunica-
tion between the lymphatics, the arteriovenous and tissue-space
systems is not yet definitely decided. For example, we have ob-
served carcinomatous metastases to the skull from a low rectal
carcinoma,

The common inguinal adenopathy in anal and perianal infec-
tions need scarcely be mentioned, However, it is important to
emphasize here that metastases from anal epitheliomata reach the
inguinal nodes comparatively early. This usually fatal condition



THI} PERINEOG-PELYIC LYMPHATICS 267

is commonly enough mistaken and operated on for chronic fissure
in ano or hemorrhoids. We have had on our service at the New
York Cancer Hospital 4 cases of anal epithelioma unsuspectingly
operated on for fissure, in which preliminary colostomy, wide
excision of the rectum and radiation to the inguinal nodes were
futile.

The anal group of the intramural lymphaties is of particular
interest in infectious processes of the perianal region, which com-
prise the majority of conditions amenable to treatment. The
precise pathways by which these processes, particularly the tuber-
culous, extend to the adjacent tissues is still not yet definitely
settled. The large and important subject of fistula is also directly
related to this problem.

Infectious processes which reach the pecten zone of the anal
canal may follow lymphatics which reach the ischiorectal fossae,
the perianal or supralevator spaces. It is a clinical fact not readily
explained that the largest ischiorectal abscesses are not usually
preceded by symptoms referable to the anal canal or rectum until
the abscess is well established. Furthermore, in gonorrhea and
tuberculosis of the anal canal or rectum, secondary abscess forma-
tions are fairly constantly found in the perianal spaces—not in
the ischiorectal space, the infection having gravitated presumably
through the lymphatics or tissue spaces directly below the squa-
mous lining of the anal canal (anoderm).

The anal group of lymphatics is also of significance in exten-
sions of perianal infections from the labia, Bartholin’s and Cow-
per’s glands, the urethra and the vagina.

MecMaster, in his fundamental investigations, has emphasized
the abundance of the cutaneous lympbatics and the rapidity of
transport through them, which is much more rapid than usually
considered. He likewise has demonstrated enormous changes in
the permeability of the lymphatics following local injury as well
asin common systemic diseases involving fluid exchange,

These observations are significant to the entire subjeet of
anorectal lymphatic drainage in cancer, hemorrhoids, fistula,
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fissure, “pectenosis,” lymphopathia venereum and the various
anorectal infectious processes. It is also of clinical importance in
the patholysis as well as the surgery of these conditions.

The rectal lymphatics are of some significance in the extensions
of infections from the genito-urinary organs to the perirectal
spaces. Although the lymphatic plexuses of these adjacent svstems
do not overlap to any appreciable extent, infections from one
system to the other are fairly common. The urologists are quite
convinced that foci in the prostate, deep urethra and vesicles may
produce secondary abscesses in the supralevator as well as in the
ischiorectal spaces, and the marked relative increased incidence
of these abscesses in the male sex has been explained on this basis.
In the female, supralevator and ischiorectal abscesses are com-
paratively less frequent because the lymphaties from the vagina,
tubes and ovaries (the homologues of the prostate, vesicles and
testes in the male) drain to the pelvie, periuterine or lateral sacral
zones with abscess formation in the cul-de-sac rather than in the
supralevator or ischiorectal spaces.

The extramural lymphatics of the sigmoid follow in general the
vessels in the meso and drain into the inferior mesenteric or
lumbar nodes.

LywvpaaTtics oF THE CoLoxN

The lymphaties of the colon consist essentially of submucous
and subserous plexuses which communicate freely through the
muscular tunies. The main regional nodes varying in size and
position are scattered along the course of the main blood vessels
and are named accordingly : inferior mesenteric, left and middle
colic, ileocolic nodes, ete.

SuMMARY

1. Anus and anal canal
Inguinal group-usually inferior
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—
—

. Rectum
1. Above middle valve (Plica of Kohlrausch)—by supe-
rior pedicle to hypogastrie, iliac, lateral lumbar or
superior mesenteric nodes
2. Below middle valve—by inferior pedicles to anorectal,
inguinal, or sacral nodes; by lateral pedicle to ex-
ternal iliac, hypogastric or obturator nodes
ITL. Vagina
1. Superior or external iliac
2. Middle or hypogastric

3 TInferi lateral sacral
- HIENOT 3 hedicle of sacral promontory
IV. Cervix

1. Anterior or external iliae
2. Middle or hypogastric
. lateral sacral

3. Posterior Jr dicle of sacral promontory
V. Uterus

1. Lumbar

2. External iliac

3. Lateral sacral

4. Inguinal
VI. Prostate

1. Anterior or external iliac

2. Middle or hypogastric

. [lateral sacral
3. Posterior f
edicle of sacral promontory
VII. Bladder

Same as prostate—usually to external iliac group
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CHAPTER IX

Nerve Supply to the Colon,

Rectum and Anal Canal

Direet or reflex sensorimotor disturbances arising in the genito-
urinary and gastro-intestinal tracts constitute a large part of the
symptomatology encountered by general practitioners and the
specialists, ineluding the proctologist. The proper evaluation of
these symptoms, which freqently enough arise in one visceral
system to be remotely and unsuspectingly referred to another,
demands at times the greatest diagnostic acumen. The proper
interpretation of such symptoms depends on a comprehensive
understanding of the neural pathways involved.

From the surgical viewpoint a number of autonomic dysfune-
tions, particularly of the pelvic viscera, have responded favorably
to interruption of the pelvie plexus (Frankenhauser’s plexus).
These include severe dvsmenorrhea, pain arising in the bladder,
uterus or rectum, Hunner’s ulcer; proctalgia fugax; adynamic
ileus and oceasionally chronic non-specific ulcerative colitis.

From the etiologic standpoint a diminution or commonly a total
absence of the parasympathetie fibers and their terminal ganglia
in the colon or urinary bladder has accounted for megacolon,
megalobladder, megaloureter and severe constipation, especially
in children.

GENERAL ANaTOMIC CONSIDERATIONS

The entirc nervous system is commonly divided into:
The somatic or cerebrospinal system which is:
272
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Motor to skeletal muscle
Sensory from joints, skin and sealp
Autonomic System which is divided into three major sub-
groups:
The midbrain or medullary group (craniobulbar)
The thoracolumbar group
The sacral group

Group 2 in this Iatter subdivision is the sympathetic system,
while groups 1 and 3 are jointly referred to as the parasympathetic
system, largely on account of its antagonistic action to the sym-
pathetic group.

The sympathetic subdivision is formed mainly from cells of
origin in the lateral horns of the gray matter of the spinal cord,
from the 1st thoracic to the 3rd lumbar segments. The axones of
these cells are the preganglionic fibers which usually terminate
and synapse with the ganglionic cells in the sympathetic chain,
However, they may pass unaltered to outlying ganglia or plexuses
or continue, as many of them do, to the adrenal gland. The post-
ganglionic fibers arise from a fresh synapse from either the sym-
pathetic chain or more commonly from the larger irregular pre-
vertebral plexuses c.g., the celiac, aorticorenal, superior and
inferior mesenteric plexuses of the thoracolumbar outflow.

The sympathetic chain and the prevertebral plexuses form the
main pathways or synapses for the sympathetic system in the
abdomen.

The parasympathetic supply in the abdomen is mainly through
the vagus

The eranial parasympathetie subdivision arises mainly from the
cells of origin in the hypothalamus, midbrain or medulla. Pregan-
glionic fibers from these cells of origin innervate the posterior
pituitary, eyes, and glands of the head and neck. However, the
bulk of these preganglionic fibers traverse the vagus nerve and
are distributed to the thoracie and abdominal viscera.

The sacral parasympathetic subdivision arises mainly from cells
of origin in the lumbar cord and they emerge in the anterior roots
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of the 2nd, 3rd and 4th sacral nerves. Axones from these cells
form the preganglionic fibers to the pelvie plexus.

Paystoroay

The sympathetics, in general, stimulate smooth muscle, causing
vasoconstriction. They are also glandulomotor to the superficial
and deep glands. In the alimentary tract they cause contraction
of the sphincters and inhibition of the sigmoid colon and rectum.
In the urinary bladder they contract the sphincters and inhibit
its detrusor musculature.

The parasympatheties eause vasodilatation, are secretomotor
to the glands, motor to the musculature of the intestinal tract
and inhibitory to the cardiae, pyloric and ileocolic sphincters
largely through the vagus nerve. Afferent fibers convey visceral
sensibility from the alimentary canal to the ganglion nodosum of
the vagus. The sacral outflow of the parasympathetics supplies
motor fibers to the musculature of the distal colon and reetum,
the rectosigmoidal junction and possibly inhibitory fibers to the
internal anal sphineter. It also conveys mator fibers to the urinary
bladder and inhibitory fibers to its internal sphincter; motor
fibers to the uterine muscle, the seminal vesicles, prostate and
cjaculatory duets and vasodilator fibers to the penis and clitoris.

Regarding the innervation of the urinary bladder it may be
noted here that MeCrae and XKimmel have deseribed an accessory
set of nerve fibers which arise from the second, third and fourth
sacral roots and reach the bladder in conjunction with the veins
and vessels on the lateral wall of the pelvis, largely in the hypo-
gastric sheath and its inferior hypogastric wing. These fibers enter
the bladder with the ureter and its fascial investment. They com-
pletely circumvent the commonly deseribed pathways, and ap-
parently take over their sympathetic and parasympathetic func-
tions when the latter are interrupted. This is significant to pelvic
surgery.
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The afferent fibers arise primarily in the walls of the blood
vessels and viseera. They reach the central nervous system by
way of the white ramus communicans where they join the afferent
fibers forming the posterior roots and end in the lateral horns of
the cord. From the lateral horn the connector or interenlated
neuron gives rise to the preganglionic fibers which leave the cord
in the anterior spinal nerve roots, as the white rami communi-
cantes, terminating in the lateral ganglin of the sympathetic
trunk or in the outlying ganglionie plexuses (fig. 138).

It may be observed here that the white ramus communicans is
the principal connection between the autonomic and cerebro-
spinal systems. .\rising as it does from the lateral horns, its fibers
are subject to the higher centers. Interruption of the white ramus
destroys the sympathetie are, separating the afferent sympathetic
neuron from its cell body in the posterior or lateral horns of the
spinal cord.

THE AppoMINAL AtTONOMIC SYSTEM

The sympathetic portion of abdominal autonomic system is
composed mainly of the sympathetic chain and the large pre-
vertebral plexuses. This system has a parietal and visceral dis-
tribution: the former supplies the parieties of the skin, abdomen,
blood vessels and glands, the latter supplies the abdominal viscera
mainly through the large prevertebral plexuses, which may be
conveniently divided into an upper and lower abdominal group
(fig. 139)

The upper abdominal group consists essentially of the bila-
terally connected celiac ganglion which derives its preganglionic
fibers mainly from the greater and lesser splanchnic nerves arising
from the sympathetic chain (thoracic v to xi). This large celiac
plexus ramifies with the branches of the celiac arterial distribution
and is also joined by branches from the right vagus; this is impor-
tant from the point of reflex symptomatology. From the ganglion
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of the 2nd, 3rd and 4th sacral nerves. Avones from these cells
form the preganglionic fibers to the pelvie plexus.

PrysioLocy

The sympathetics, in general, stimulate smooth muscle, causing
vasocanstriction. They are also glandulomotor to the superficial
and deep glands. In the alimentary tract they eause contraction
of the sphincters and inhibition of the sigmoid colon and rectum.
In the urinary bladder they contract the sphincters and inhibit
its detrusor musculature.

The parasympathetics cause vasodilatation, are secrctomotor
to the glands, motor to the musculature of the intestinal tract
and inhibitory to the ecardiac, pyloric and ileocolic sphincters
largely through the vagus nerve. Afferent fibers convey visceral
sensibility from the alimentary canal to the panglion nodosum of
the vagus. The sacral outflow of the parasympathetics supplies
motor fibers to the musculature of the distal eolon and rectum,
the rectosigmoidal junction and possibly inhibitory fibers to the
internal anal sphincter. It also conveys motor fibers to the urinary
bladder and inhibitory fibers to its internal sphincter; motor
fibers to the uterine muscle, the seminal vesicles, prostate and
ejaculatory duets and vasodilator fibers to the penis and clitoris.

Regarding the innervation of the urinary bladder it may be
noted here that McCrae and Kimmel have described an accessory
set of nerve fibers which arise from the second, third and fourth
sacral roots and reach the bladder in conjunction with the veins
and vessels on the lateral wall of the pelvis, largely in the hypo-
gastric sheath and its inferior hypogastric wing. These fibers enter
the bladder with the ureter and its fascial investment. They com-
pletely circumvent the commonly described pathways, and ap-
parently take over their sympathetic and parasympathetic func-
tions when the latter are interrupted. This is significant to pelvie

surgery-
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cell< of the celiac plexus, fibers also arice which accompany the
renal, adrenal superior me=cnterie, internal spermatic and ovarian
arteries contributing to the important plexuses of the same names.
The reflex possibilities from such an extensive visceral sympa-
thetic supply may readily be appreciated.

The proximal colon i< supplied escentially from the superior
me=enterie plexus, the fibers of which follow the branches and
arcades of the terminal vessels and are finally distributed to the
wall of the gut.

The lower abdominal group to the viscera consists mainly of

HERVICAL PCRTION
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F1c. 139. Diagrammatic shetch to show the abdominal and pelvie sy mpathetic
plesuses and their communications with the main sympathetic trunk as well as
with the pelvic nerve. Spinal nerves, white; sympathetic nerves, black; parasym.
pathetics, gray. (Labate, J. S.: Surg., Gynec. & Obst., 1938.)
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FiG. 138 Simple spinal reflex arc (left); sympathetic arc (right). (Redrawn
from Abel.) Somatic neurons: 1, afferent neuron; 2, intercalated neuron; 3, lower
motor neuron. Sympathetic neurons: I, afferent or receptor neuron; II, interca-
lated or connector neuron; ITI, efferent or excitor neuren. A, posterior horn of
gray matter; B, lateral horn of gray matter; C, anterior horn of gray matter; D,
medullated preganglionic white ramus communicans (part of II); E, ganglion
in sympathetic trunk; F, nonmedullated postganglionic gray ramus communi-
cans; STJ, skin, tendon, joint; SM, striated muscle; UM, unstriated muscle;
VG, viscus, gland; PRG, posterior root ganglion.
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medially direeted postganglionic fibers from the lumbar gan-
glionated chain. These are the lumbar splanchnie nerves, or the
[umbar sympathetic system, which form the intermesenteric,
nortic and inferior mesenteric plexuses. The intermesenteric and
aortic distributions of nerves are sometimes not considered as
true plexuses. Many fibers from the lumbar splanchnics, however,
ramify over the abdominal norta. Nerves which also arise from the
celine plexus and extend downward on the lateral aspeets of the
aorta form the important intermesenteric nerves (fig. 140). These
receive communicating branches from the lumbar splanchnics
which are destined to supply the distal colon.

The extent to which the lumbar splanchnics mingle with the
intermesenteric nerves is of some importance in the innervation
of the distal colon and rectum. According to Abel, the distal colon
receives no important contribution from the celiac plexuses or
nerves but is innervated as noted above, by the lumbar splanch-
nics which contribute to the superior and inferior mesenteric
plexuses. Surrounding the root of the inferior mesenteric artery,
this latter plexus follows the distribution of the artery and, reach-
ing the vascular arcades in the mesentery, it forms an anastomotic
network, terminating finally in the walls of the colon.

THE ABDOMINAL PARASYMPATHETIC SYSTEM

In the abdomen the source of the parasympathetic supply,
particularly to the colon, is not well established.

According to Abel, it is not definitely known whether the
parasympathetic innervation to the colon is derived wholly from
the cranial division via the vagus or from the sacral outflow via
the nervus erigens (fig. 141).

According to Lannon and Weller the parasympathetic innerva-
tion to the distal colon is comprised of from 3 to 6 fibers arising
from the second and third sacral nerves. They are distributed
direct to the descending colon and do not follow the vascular
supply. Auerbach’s plexus, the terminals of the parasympathetie
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Frg. 140. The sympathetic nerve supply to the rectum. 1, intermesenteric

nerves; 2, inferior ie pleaus; 3, 1 sympathetic chain; 4, inter-
iliac triangle; 5, superior hypogastric ple<us (presacral nerve); 6, inferior hypo-
gastric nerves; 7, parasympathetic nerves (nervi crigentes) to rectum and sigmoid,
8, inferior hypogastric plexus (pelvie plexus); 9, efferent inhibitory fibers to rectal
museulature and internal anal sphineter; 10, parasympathetic fibers terminating
in the rectal wall; 11 lumbar splanchnic nerves {ss mpathetic supply to rectum
and sigmoid through inferior mesenteric and superior hemorrhoidal branches); 12,
inferior mesenteric artery; 13, parasympathetic supply to rectum and sigmoid;
14, o sympathetic supply to rectum by way ¢f superior hemerrhoidal branches; 15,
superior hemarrhoidal artery; 16, cerebrospinal somatie, motor, and sensory
perves to anal musculature; 17, internal anal sphincter; 18, external anal sphincter.
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fibers, ramify into the extensive ganglionic plexuses of the bowel
wall,

1f extending direct to the colon they would not be involved in
periarterial stripping for megacolon and this probably explains
the poor results following this procedure—now almost entirely
replaced by colonic resection to the level containing definite
parasympathetic intramuscular ganglia.

Tur PrLvic Avtovomic SYSTEM

The sympathetic portion of the pelvic autonomic system is
chiefly derived from the continuation of the inferior mesenteric
plexuses and their lateral splanchnic connections to form the
superior hypogastrie plexus or presacral nerve.

Below the bifurcation of the aorta the superior hypogastric
slexus divides into right and left hypogastric branches or plexuses
and extending caudally on either side of the rectum they are
joined by the sacral parasympathetic nerves (nervi erigentes).
These two larger plexuses, which are also joined by sympathetic
fibers from the pelvic ganglionated chain, form the large and
important pelvic or inferior hypogastric plexus. The pelvie plexus
conveys both preganglionic and postganglionic fibers (fig. 142).

The superior hypogastrie plexus or pre-sacral nerve is of special
proctologic, urologic and gynecologic interest, inasmuch as severe
pelvic pain and other paresthesias may be relieved by its surgical
exenteration. This plexus passes through the interiliac triangle and
in this location is covered by peritoneum and partially embedded
in the visceral pelvic fascia (fig. 143). It usually forms a definite
plexus. However there are many variations. Labate in 75 dis-
sections found a plexus in 84 per cent, a single nerve in 8 per cent
and bilateral trunks in the remaining 8 per cent. Some fibers of
this plexus may ramify posterior as well as anterior to the iliac
vessels (fig. 144).

The parasympathetic portion of the pelvic autonomic system or
the pelvic parasympathetic nerves (nervi erigentes) arise from
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Fic. 141. Diagrammatic illustration of the parasympathetic nerve supply to
the rectum. Note that the parasympathetic supplies cfferent motor innervation
to the detrusor musculature of the urinary bladder and inhibitory innervation
{0 its internal ephincter, while the sympathetic supplies efferent inhibitory and
efferent motor to the same structures. Practically the same reciprOfnl innervation
supplies the rectum. (Abel, A. L.: Surgery of the Sympathetic Nervous System.
Med. Publications, Ltd., 1938.)
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F1a. 143 Operative expesure of presacral nerve and inferior mesenteric gan-
ghon. (Abel. A L Surgery of the Sympathetic Nerrous System. Med. Publications,
Ltd , 1936 )

predominant impulses. They also convey the more important
pain impulses to higher centers.

In general the pelvic viscera receive their autonomic supply
through the pelvic plexus and its subdivisions. These include the
following sub-plexuses:

[V —

I

. The hemorrhoidal plexuses in the region of the middle

hemorrhoidal artery

. The superior and inferior vesical plexuses which also supply

the ureters and the urethra

. The prostatic plexus
. The ovarian plexus

5.

Utero-vaginal plexus

Anson and Ashley have emphasized that the entire autonomic
distribution in the pelvis forms a more or less distinct set of three
neural sheets—superficial, intermediate and deep—which bear a
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the second to the fourth sacral nerves. In front of the sacrum they
contribute anastomotic fibers to the pelvie ganglion and continue
to the pelvic plexus from which they reach their peripheral dis-
tribution to the pelvic viscera with their corresponding sympa-
thetic branches. The inferior group of the parasympathetics from
the pelvic plexus supply the rectal ampulla and anal eanal (hem-
orrhoidal plexuses) (fig. 142). T

The parasympathetics are considered of more importance in the
sympathetic-parasympathetic relationship, and according to Me-
Crae and MecDonald they convey the stronger and functionally

Fio. 142. Diagram of the pelvic plesus, showing origin and distribution of the
chief components, and their gross interrelationships. Medial aspeet. The hypo-
gastric plexus is shown intact in its curving course to the urinary hladflm', but
has been cut away in that part which, overlying the pelvic plexus, contributes to
the hemorrhoidal plexus. Between these two, and lateral to them, the fibers de-
sived from the sacral nerves are shown streaming toward the bladder, prostate,
anal canal, rectum, etc. (Ashley, F. L., and Anson, B. J.: Surg., Guynec. & Obst.,

82: 508-608, 1046.)
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and are distributed mainly to the upper rectum, dome of the
bladder and the ductus deferens.

The intermediate or main neural sheet extends through the
hieavy or deep subperitoneal layers of the visceral fascia. Its main
plexus is the large pelvic plexus with its continuations to the
bladder, prostate and seminal vesicles mainly through the inferior
hypogastric wing. Passing downward into this heavy layer are
the rami of the inferior hypogastric plexus and passing upward
into it are the parasympathetic rami from the sacral plexus.

The deep neural sheet composed of the sacral nerves lies deep
to the parielal pelvie fascia (fig. 143).

SympaTHETIC INNERVATION OF THE RECTUM AND ANaL Caxan

The sympathetic innervation to the rectum and anal canal is
mainly from three sources (fig. 140):
1. Sympathetic fibers from the inferior mesenteric plexus are

1 Pentoncum-—

2 Fibrous layer with hypagastric plex \

3 Retropenitancal layer with pelwie plex \
4 Fbrous layer with lumbosacral plexus -\g ‘

F1a. 145, Diageam of the relation of the main neural sheets to the pelvie fascial
strata. (Ashley, F. L., and Anson, B. J.. Surg , Gynec. & Obst., May 1946.)



284 PROCTOLOGIC ANATOMY

=

TN

=

Fia. 144. The presacral nerve. Dissection shows the bifurcation of the superior
hypogastne plexus into right and left inferior hypogastric nerves. In the para-
rectal space each inferior hypogastric nerve ends in the formation of the inferior
hypogastric plexus. (Labate, J. 8.: Surg., Gynec, & Odst., 1938.}

fundamental relationship to the fascia, vascular supply and pelvic
bony landmarks. These relations are of some surgical significance.

The superficial neural sheet is formed by sympathetic fibers
from the superior hypogastric and iuferior mesenteric plexuses
which descend to the pelvis in the superficial subperitoneal tissue
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2, Sympathetie fibers follow the branches of the middle hemor-
rhoidal vessels and innervate the lower rectal ampulla and the
anorectal junction.

3. Sympathetic fibers are also carried by the inferior hemor-
rhoidal nerves. Fhese are the parietal sympathetices, arising from
the sacral and coceypgeal ganglionated cord, which supply chiefly
the glands and vessels of the skin surrounding the anal canal.

The terminal distribution of the autonomic nerves to the rectum
consists of the two commonly deseribed plexuses of Auerbach and
Meissner (fig. 146).

The plexus of Auerbach—the intermuscular plexus—is of
parasympathetic origin. It ramifies between the circular and
longitudinal musculature of the rectum and continues in the con-
joined longitudinal muscle to reach the perianal skin.

The plexus of Meissner (submucous plexus) is distributed
mainly to the glandular apparatus of the mucosa. It ramifies in
the submucous layer of the rectum and is disposed around and
between the glands. Meissner’s plexus probably continues below
the epidermis of the anal canal (the anoderm) to reach the sweat,
sebaceous and apocrine glands of the perianal skin This point
is quite difficult to demonstrate, and the subject is further com-
plicated by the extensions of the subepithelial plexus of the peri-
anal skin which may be continuous with the plexus of Meissner
or constitute a separate plexus According to Reuther, who has
made a special study of this subject, the subepithelial plexus of

the skin is continuous with that of the rectal mucosa (fig. 147).

The entire question of the terminal distribution of the nerves
innervating the anal musculature and anoreetal junction has been
the subject of considerable speculation and investigation; it is of
considerable neurophysiologic and clinical interest (for example,
in pruritus ani). It has been described in great detail by Stéhr,
who directs attention to the free anastomoses between the termi-
nal arborizations, which he terms “intermuscular plexuses,” con-
taining sensory, motor and sympathetic end-plates.

It may be observed in this connection that the conjoined longi-
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distribyteq with the branches of the Superior hcmorrlmidal arteries
and thejp terming] branches to the interpg) hcmorrhoidal annulys,
These fibers continue heloyy, the anoderm tq supply the ang) canal
and the perianal gkip,

Fi6. 146 The anorectal nerye Supply. Note that in this sc]lcmc}tic (Ira“f'ng th;‘
intermuscular plexus reaches the perignal shin in the fibro-elagtic o\tcnslo;vs o
the conjoined longitudinal muscle. Note algq that the glumlulnr_ple\us ci; l;i:
bach is continved down to the perianaj skin and hecomes continuoys \ur'z
subepithelial plexus which js not shown, 4, Meissner’s Plexus to glands (sv ";P:;
thetic); B, Auerbach’s plexus to muscleg (pmasympnthqu;);_C, cPrellr(;s{Ilnftl I
external sphincter and dentate line; D, corpuscles (Paceini, Krauss, Golgi, ete, H
E, dentate hine.
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2. Sympathetic fibers follow the branches of the middle hemor-
rhoidal vessels and innervate the lower rectal ampulia and the
anoreetal junction.

3. Sympathetic fibers are also carried by the inferior hemor-
rhoidal nerves. These are the parictal sympathetics, arising from
the sacral and coceygeal ganglionated cord, which supply chiefly
the glands and vessels of the skin surrounding the anal canal.

The terminal distribution of the autonomic nerves to the rectum
consists of the two commonly described plexuses of Auerbach and
Meissner (fig. 146).

The plexus of Auerbach—the intermuscular plexus—is of
parasympathetic origin. It ramifies between the circular and
longitudinal musculature of the rectum and continues in the con-
joined longitudinal muscle to reach the perianal skin.

The plexus of Meissner (submucous plexus) is distributed
mainly to the glandular apparatus of the mucosa. It ramifies in
the submucous layer of the rectum and is disposed around and
between the glands. Meissner’s plexus probably continues below
the epidermis of the anal canal (the anoderm) to reach the sweat,
sebaceous and apocrine glands of the perianal skin This point
is quite difficult to demonstrate, and the subject is further com-
plicated by the extensions of the subepithelial plexus of the peri-
anal skin which may be continuous with the plexus of Meissner
or constitute a separate plexus According to Reuther, who has
made a special study of this subject, the subepithelial plexus of
the skin is continuous with that of the rectal mucosa (fig. 147).

The entire question of the terminal distribution of the nerves
innervating the anal museulature and anorectal junction has been
the subject of considerable speculation and investigation; it is of
considerable neurophysiologic and clinical interest (for example,
in pruritus ani). It has been described in great detail by Stohr,

who directs attention to the free anastomoses between the termi-
na_l arborizations, which he terms “‘intermuscular plexuses,” con-
taining sensory, motor and sympathetic end-plates.

It may be observed in this connection that the conjoined longi-
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tudinal musele, which includes fibro-clastic extensions from the
striated levator ani muscle, as well as smooth muscle from the
longitudinal coat of the rectum, presents an overlapping and inter-
weaving of the nerve plexuses and end-organs which greatly
complicates their cxact anatomic terminations, Intermingled
fibrils of both smooth and striated muscle are readily demon-
strable in histologic scctions of the anal canal (fig. 148). In con-

INTERMEDIATE
ZONE

Fic. 147. Diagram showing the continuous subepithelial nerve netw ork of the
rectal suhmucosa and the anal skin, and the continuation of the intermuscular
(Auerbach’s) plesus supplying fibers to the external sphincter ani muscle. All
medullated nerves have heen omitted from the diagram. Redrawn from Reuther,
T.F.: Tr. Am. Proct. Soc., 204, 1940.
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trast, a differentiation of the nerves and their distribution pre-
sents a complicated problem. In addition to the difficulties of
differential staining, the preeise cffects resulting from separate
nerve stimulation is further complicated by a direet mechanieal

. N AR ey
L\;‘K‘ % S ONAYES AT o

RS WINPT i O T W U5 s Sl g NS
Fie M8 Nerve fibers of intermuscular plexus (Auerbach). The fibers extend

between the muscular fasieuli of the longitudinal muscle coat of the howel wall.
The seetton shown is just below the anorectal junetion.
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or contiguous stimulus invoked in the activities of these intimately
integrated and co-ordinated muscles.

INNERVATION OF THE ANAL CANAL

The anal canal and its musculature receive cerebrospinal,
svmpathetic and parasympathetic innervation. The precise dis-
tribution of the terminal sympathetic plexuses, as previously
noted, is not yet definitely settled.

The cerebrospinal innervation, sensory and motor, is from the
third, fourth and fifth sacral nerves, supplemented by the smaller
coccygeal spinal filaments. These are distributed by the peripheral
nerves which reach the anal musculature, the squamous lining
(anoderm) of the anal canal and the surrounding skin through
the following branches (figs. 149-152).

1. Inferior hemorrhoidal nerve

2. Anterior sphincteral nerve

3. Perineal branch of the fourth sacral
4. Coceygeal spinal filaments

In general, the inferior hemorrhoidal nerves branching from the
pudendal nerve follow the distribution of the arterial branches.
After supplying the three divisions of the external anal sphincter,
the terminal filaments end in the skin or the anal musculature or
continue to the anorectal junction where they form a highly
developed zone of end-organs or corpuscles (figs. 153-154).

The anterior sphincteral nerve, like the artery of the same name,
arises independently from the pudendal nerve just before the
latter divides into its terminal branches behind the triangular
ligament. Directed transversely, the anterior sphincteral nerve
supplics the anterolateral aspect of the anal musculature and
adjacent skin. This nerve is commonly confused (as is the artery)
with the superficial transverse perineal nerve which, however,
lies in the superficial perineal compartment.

The perineal branch from the fourth sacral nerve pierces the
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Fiq. 150, The nerve supply of the pasinerm (frmale). (Sobotta, J.: Aflas der
deshriptiven Anatomie des Menschen, vol. 4. J. F. Lehimann, 1926 )

coceygeus muscle and innervates the posterior aspect of the
perianal skin. It sends but a few filaments to the musculature
proper.

The coccygeal filaments are distributed anteriorly and poste-
riorly (fig. 1565). The terminal posterior filaments ramify over the
coccygeal skin and inosculate with the dermal branches of the
fourth sacral. The anterior filaments ramify in the anococcygeal
body and skin, and a small terminal filament from this plexus is
sometimes referred to as the posterior sphincteral nerve of More-
sten; this, however, does not reach the sphincter musculature.
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Fig 151 Perineal nerve supply (male) (Schematic projection to skin surface.)
Local infiltration anesthesta partieularly nith the oil-soluble anesthetic, anucaine,
should reach the main branches from the inferior hemorrhoidal and the anterior
sphinctenan nerve A, perimeal nerve, B, pudendal nerve; C, anterior sphincterian
nerve; D, mferior hemorrhowdals (there are sometimes three); E, fourth saeral
nerve, F. anterior coceygeal branches

NEUROPHYSIOLOGY

Physiologically, defecation is not well understood but, like
micturition (as deseribed by Learmonth), it is perhaps best ex-
plained on the basis of a modified somatic autonomic reflex,
normally under cortical control, in which the desire to defecate
may be conveniently distinguished from the act of defecation.
The so-called “trigger zones,” or points at which the initial sensory
stimuli arise and produce the desire to defecate, are probably in
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b - [P b ] -
F1c. 152. Perineal nerve distribution (female), A, perineal nerve; B, pudendal
nerve; C, anterior sphincterian nerve; D, inferior hemorrhoidal branch; E, fourth
sacral nerve; F, coccygeal branches.

the rectal musculature as well as in the anorectal line which is the
more important trigger zone. Threshold stimuli arise normally
from the anorectal junctional area and, conveyed by the spinal
sensory nerves, initiate the active phase of defecation. The disten-
tion of the rectal wall probably also gives rise to the desire to
defecate through the sympathetic afferent nerves, This results
reflexly in a relaxation of the anal sphincters, particularly the
internal, and a contraction of the rectal museculature. The desire
to defecate may be more or less continuous or intermittent and the
act inhibited by the will.

On the other hand, voluntary relaxation of the anal sphincters
with voluntary contraction of the colon and its complimentary
muscles with expulsion of the rectal contents is the actual act of
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Fro. 153. Terminals of nerve fibers in the region of the dentate line,
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F1a. 152. Perineal nerve distribution (female). A, perineal nerve; B, pudendal
nerve, C, anterior sphineterian nerve; D, inferior hemorrhoidal branch; I, fourth
sacral nerve; F, coceygeal branches.

the rectal museulature as well as in the anorectal line which is the
more important trigger zone. Threshold stimuli arise normally
from the anorectal junctional arca and, conveyed by the spinal
sensory nerves, initiate the active phase of defecation. The disten-
tion of the rectal wall probably also gives rise to the desire to
defecate through the sympathetic afferent nerves, This results
reflexly in a relaxation of the anal sphincters, particularly the
internal, and a contraction of the rectal musculature, The desire
to defecate may be more or less continuous or intermittent and the
act inhibited by the will.

On the other hand, voluntary relaxation of the anal sphincters
with voluntary contraction of the colon and its complimentary
muscles with expulsion of the rectal contents is the actual act of
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Fi1¢ 155 The posterior sacral nerves. (Gray, I : .Anatomy of the Human Body,
Ed. 23 Lea and Febiger, 1936 )

defeeation. In this case, the reflex mechanism is subject to the
control of the will. However, the reflex mechanism of the desire to
defecate may be powerful enough to consummate the act, despite
the voluntary control, as is well known.

In adult life defecation is no longer reflex but normally becomes
a voluntary act, once the summation of sensory stimuli is ef-
fected. It becomes a purely reflex act, however (sympathetico-
parasympathetic), in the “automatic”” rectum following destruc-
tion of its cerebral connections.

The broad subject of constipation is directly related to the
sensorimotor responses of the entire gastrointestinal tract as well
as those of the rectum and anal canal.
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Fia. 154 Nerve fibers shown in fig 153 (X400).
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abnormal scensibilitics, of which pain is the commonest, may be
provocative of visceral dysfunction which, although usually of a
functional nature, may be interpreted as organic, resulting in
misdirected treatment. A laparotomy for fissure in ano is a pos-
sihility.

The relief sometimes afforded patients suffering from gastro-
duodenal spasticity, so-called spastic colitis, constipation ete.,
by a simple reetal operation probably has its basis in the abolition
of pathologic reflexes.

The projection of referred symptomatology from the anorectal
region to the genito-urinary apparatus, and vice-versa, need
searcely be mentioned. Prostatitis associated with a variety of
psychoneuretic symptoms may also produce reflex pain, bearing-
down sensations, burning, fullness, itching, etc., in the anorectal
region. The sense of spurious and incomplete evacuation is com-
mon with hypertrophy of the prostate. The chronic anal spasm
associated with chronic trigonitis, cystitis, eroticism, etec., is
more common than recognized, and may be an etiologic factor in
anal fissure.

Clinically those suffering from autonomic imbalance appear to
have a disturbance in the regulatory influence of the central
nervous system (cord, midbrain and brain) over the sympathetic
visceral innervation, resulting in the syndromes called constipa-
tion, mucous colitis, spastie and atonic colons, etc., which are not
well understood.

Whether definite histopathologic changes in the neuraxes and
neurones underlie these conditions is a problem for the future.

REFERENCES
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As noted by Alvarez, so-called constipation may be a disorder of
the nervous system in which the rectum cannot empty itself
against the increased tanic contraction of the anal or levator
sphineters.

Spastic phenomena may additionally obtund the normal stimu-
lus to defecation and or prevent distention of the rectum or the
descent of the feeal mass, both of which normally initiate the
stimulus for evacuation.

It may he noted that the act of defecation is not limited to the
rectum alone. That the colon and sigmoid may also be promi-
nently involved is elinically evident from the size and length of the
feeal mass; the desire for a repetition of the act probably initiated
mass wave of the colon.

“Trigger zones™” may be entirely extrarectal and in pathologic
conditions proveke a constant tenesmus leading to rectal prolapse.
Further the sensory and motor dispersions before, after and
during the act of defecation are complex and may be reflected
throughout the entire nervous system, e.g., fainting, abdominal
cramping. orgasms and neurocirculatory phenomena are common
clinical ohservations.

Defecation may also be entirely a cortical response. Central
stimulation of the vagus produces the defecation reflex, a con-
traction of the rectum and a relaxation of the anal sphineters.

In this regard it may be observed that the segmental move-
ments of the intestines are considered myogenic in origin and that
peristalsis is controlled by the intrinsic plexuses of Meissuer and
Auerbach. The autonomic system (svmpathetic and parasym-
pathetie) subserves a regulatory function. Diarchea may thus have
an cntirely intrinsic myogenic basis.

by

REFERRED SYMPTOMATOLOGY

Referred symptoms arising from pathologic conditions of the
anorectal region, particularly to the abdominal viscera, are
important from the differential diagnostic standpoint. Referred
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abnormal sensibilities, of which pain is the commonest, may be
provoeative of visceral dysfunction whieh, although usually of a
functional nature, may be interpreted as organie, resulting in
misdireeted treatment. A laparotomy for fissure in ano is a pos-
sibility.

The relief sometimes afforded patients suffering from gastro-
duodennl spasticity, =o-called spastie colitis, constipation ete.,
by a simple reetal operation probably has it= basix in the abolition
of pathologic reflexes.

The projection of referred symptomatology from the anorectal
region to the genito-urinary apparatus, and vice-versa, need
searcely he mentioned. Prostatitis associated with a variety of
peyehoneurotic symptoms may also produce reflex pain, hearing-
down sensations, burning, fullness, iteliing, ete., in the anorectal
region. The sense of spuricus and inccmplete evacuation is com-
mon with hypertrophy of the prostate. The chronic anal spasm
associated with chronie trigonitis, cystitis, erotictsm, ete., is
more common than recognized, and may be an etiologic factor in
anal fissure.

Clinically those suffering from autonomic imbalance appear to
have a disturbance in the regulatory influence of the central
nervous system (cord, midbrain and brain) over the sympathetic
visceral innervation, resulting in the syndromes called constipa-
tion, mucous colitis, spastic and atonic colons, ete., which are not
well understood.

Whether definite histopathologic changes in the neuraxes and
neurones underlie these conditions is a problem for the future.
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Asnoted by Alvarez, so-called constipation may be a disorder of
the nervous system in which the rectum cannot empty itself
against the increased tonic contraction of the anal or levator
sphincters.

Spastic phenomena may additionally obtund the normal stimu-
lus to defecation and or prevent distention of the rectum or the
descent of the fecal mass, both of which normally initiate the
stimulus for evacuation.

It may be noted that the act of defecation is not limited to the
rectum alone. That the colon and sigmoid may also be promi-
nently invelved is clinically evident from the size and length of the
fecal mass; the desire for a repetition of the act probably initiated
by a mass wave of the colon.

“Trigger zones™ may be entirely extrarectal and in pathologic
condition= provoke a eonstant tenes leading to rectal prolap
Further the sensory and motor dispersions before, after and
during the act of defecation are complex and may be reflected
throughout the entire nervous system, e.g., fainting, abdominal
cramping, orgasms and neuroeirculatory phenomena are common
clinical observations.

Defecation may also be entirely a cortical response. Central
stimulation of the vagus produces the defecation reflex, a con-
traction of the rectum and a relaxation of the anal sphincters.

In this regard it may be observed that the segmental move-
ments of the intestines are considered myogenic in origin and that
peristalsis is controlled by the intrinsic plexuses of Meissner and
Auerbach. The autonomic system (sympathetic and parasym-
pathetic) subserves a regulatory function. Diarrhea may thus have
an entirely intrinsic myogenic basis.

REFERRED SYMPTOVATOLOGY

Referred symptoms arising from pathologic conditions of the
anorectal region, particularly to the abdominal viscera, are
important from the differential diagnostic standpoint. Referred
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tudinal section, 27, 28
caudal, sagittal section, 26
cloaca in, 141
pelvie viscera formation in, 139
section through rectum in, 142, 144

" Embryology, rectum, 138

sigmoid, 138

Endopelvic fascia, 245
Endopelvina, fascia, 238

attachments, 240
Epithelia, and muscles, relationship at

“white line’’ level, 30

Erector clitoridis, 16
Erector penis, 16

Fascia, Buck’s, 227
Camper’s, 225
Colles’, 225, 226
Denonvilliers’, 241
endopelvic, 245



emtopelvina, 238
attachments, 210
hypogastrica, inferior wing, 233, 231
presacral wing, 236
superior wing, 231
inferior perineal, 223
infra.anal, 222, 223
levator, 217
obturator, 222
parietal, 221
parnietal endopelvic, 217
infralevator plane, 221
supralevator plane, 217
pelvic, general considerations, 214
ypenneal, 223
deep, 226
superfierl, 223
prbourethral, 220
rectahs, 215
rectogemtal, 239
subperitoneal, 247
subserous, 247
stiperficial perineal, 223
superior pelvic diaphragmatie, 217
supra anat, 217
urethralts, 242
uterovaginal, 244
vesicalie, 243
visceral, components of, 221
endopelvie, 228
Fascial capsules, 212
rectal 245
urethral, 242
uterovaginal, 244
vesical, 243
Faseial collars, 216
Fascial edge, 108
Follicle, agminated, 153
Fossae, 188 See also Pouch, space
ischioreetal, 186
Waldeyer’s, 188

Ganglion, inferior mesenteric, operative
exposure, 253
Gerota, glands of, 258
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Glands, Gerota's,
prostate, 106, 112

Glateus  maximus, 106, 110

Goblet cells, rectal, 134

Hemaorrhoidal artery, inferior, 83, 00
vareular pedicle, 91

superior, 167, 168
Hemorrhotdal sheath, superiar, 23
Hemorrhoidal  vein, with malignant

gronth, 263

Hiatus pelviens lateralis, 129
Hilton’s white hine, 78
Horner, saceules of, 39
Houstan's valves, usual location, 138
Hypogastrie sheath, 231

roat, 230

superior wing, 231

inferior wing, 233, 234

presacral wing, 233, 236

Ihococeygeus muscle, 108, 119, 125, 128
Tliorectococcygeus musele, 132
Inferior urogenital fascia, 12
Infra.anal fascia, 222,223

Infralevator spaces, 184
Intersphincterie depression, 78
Intersphincteric groove, 38
Intersphincterie line, 78

Intramuscular gland, cuboidal epithelial
lining, 46

newborn, 16
Ischial tuberosity, 108
Ischioeavernosus, 104, 106
lschiocavernosus muscle, 16
Ischiococes geus, 125
Ischioeoccygeus musele, 130
Ischiopubie ramus, section through, 187
Ischioreetal fossa, 106

fat, 99
Ischiorectal space, 112, 186

Levator ani, 102, 110
ent edge, 112
diaphragmatic parts, deep layer, 117
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Levator ani—eont'd.
expasure, 125
mascie, 100, 106, {14
anterior fibers, 104
development, 55
functions, 129
pelvie origin, 121
viseera) extensions, 123
stratum, 23
Levater caceyvgeal raphe, 84, 83
Levator, fuscia, 217
levator plute, 84,85
fLevator shelf, 83
Yevator space, pasterior, $32, 210
f.evator urethra, 133
Loeberkuhn, glands of, 153
Ligaments, anococes geal, 83, 108
lateral, of rectum, 164, 163
trinngular, 7, 18
Longitudinal wmuscle, 102, 104, 108, Sece
also Musele, conjoined
fibroclastie o\\cnsions a3

INDEX

Alucasa, rectum, 150
sigmoid, 175
Musculature, anarectal. See Anorectal
musculature
JMuseles,
bulboeavernosus, 14
rorevgens, 130
corrugator eutis ani, 63, 69
iliveoceygous, 108, 119, 125, 128
ifiorectococeygeus, 130
fevator ani, 100, 102, 106, 110, 114, 121
longitudinal of anat canal, 71, 102, 104,
108
piriformis, 131
puboeogeyvgeus, 108, 129, 123
pars diaphragmatica, 122
presectal bundle, 124
puboanat, 126
pubobutbar, 122
retrorectal, 126
rectococeygens, 332
rectovaginalis, 133

Lumen, of rectum, development, 145
Lymphatic svstem, 251, 255, 256
sporectal, 256
external female genitalia, 255
glateal, 254
tienite, 254
perianal, 254, 256
gkin of pems, 255
superior gluteal region, 256
Lymphatics, aaal portion, 255
anorectal, 253, 255
colon, 268
extramural sysiem, rectal, 258
entrarectal, 258
general considerations, 252
internal gemtalia, female, 264
perineal group, 253
rectal, 256, 250
mucous membirane, 237
surgicopathologic considerations, 263

Mesosigmoid, parietal wsertion, {75
surgical considerations of, 178
Morgagni, colimns of, 38

rectourethralis, 133
transverse, perineal, 11
superReial, 17, 300, 104
deep, 18
Musculus submucoss ant, 79

Nerve fibers, intermuscular plesus, 239
terminals in dentate fine, 203
Nerve network, subepithelial, of rectal
submucosa, 288
Nerve suppty, anal eanal, 200
anorectal, 286
parasympathetie, to rectam, 280
perineum, female, 202
male, 293
Nerves, abdominal antonomie system,
275
abdemiinal parasympathetic system,
27
anal eanal, 285, 230
anterior sphineterian, 200
coceygeal flameats, 292
inferior hemorrhoidal, 287
physiology of autonomic system, 274



plevuces, Auerhach, 247
Meteaner, 297
presacral

sacral, posterior, 207

avmpathelic are, 205

aymptomatology, 208

Nervi erigentes, 281
Nervous ayrtem, aulonomic, aldominal,

general anatomic considerntions, 272

paraaympathetic, shdominal, 279

pelvie nutonomic, 281

aympathetic, phygiology, 271
Neuraphysiology, 203

’Beirne, spluncter of, 162
Obturator fusecin, 222

Papillac, anal, 35, 38
Parareeta apace, 207
Parietal endopelvie fascia, 217
Pars analis recti, epithelium of, in em-
bryo, 44
Pecten, 33, 40
band, 79
Pectennte line, 37
Pedicle, inferior hemorrhoudal, 100
main lateral, 261
middle, Iymphatic system, 258
superior Iy mphatie system, 258
Pelvic Ser atso Pelvis
Pelvie diaphragm, 6
relaxing, effects of, &
smooth muscle, transverse scetion of, 7
Pelvie fasein See Fasen, pelvic
Pelvie floor, anatomy, 4
from above, 122
of dog, 115
upper, 7
Pelvic inlet, 2
from above, 4
Pelvie musculature, rectal and anal parts
of, 66
Pelvie outlet, 2
Petvic planes, 3
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I'elvircetal apace, muperior, abacess in,
208
Pelvis, anatomy, 1
antonomic nervots system, 281
effect of nge on anatomieal gtructure, 3
examination, palpable landmarks, 23
fnecial stratn, relation of main neural
sheets to, 295
from behind, 5
frontal gection, in human embryo, 216
Iymphatic supply, 252
nerve plexus, 282
newborn and infant, 3
palpable landmarks, 23
sex differences, 2
sympathetic plesus, 277
true, 2
Perianal glands, 43
I'erinnal space, 184, 185
Perineal artery, 102, 104
Perineal body, 86
schematic rection, §7
Perineal fascia, 225
superficial, 223
Perineal triangles, 9
Perineopelvie lymphaties,
phaties
Perineopelvic spaces, 183
general considerations, 183
Perineum, central tendinous point, 99
compartments, 193
deep, 18
female, nerve supply, 292
frontal section through, 228
innervation, male, 203
Iymphaties, 253
male, nerve supply, 201
muscles, female, 15
superficial, in female, 16
superficial transverse, 17, 100, 104
musculature, development, 54
in male, serial dissection, 98
pouches, 193
deep, 18
superficial, 104
triangles, 9, 10

See Lym-
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Periprostatic spaces, 207
antersor, ahscess in, 208

Peritonenm, 7
sdal

INDEX

Rectosigmoid, blovd supply, 177
Junction, 146
Reetasigmoidal fold, significance, 160

relations to rect junction,
H6
Perivascular neurovasculzr sheaths, 229
Pinfornus muscle, 131
Plexus, mtermuseular, nerve fibers of,
289
pelvic, 282
Yostanal spaces, 100
deep, 191
superficial, 100
Pouches, periveal, 193
superficind, 32
Prerecint spaces, female, 200
male, 204
Precectahs fibers, 133
Presacral nerve, 234
operative exposure, 283
Tresacral spaee, 208, 200
Presaeral wing, 233
Previsical space, female, 197
male, 202
Troctodenm, 25
Prostate, 106, 112
extension of pubococeygous, 124
gland, museular connections of rectum
to, 133
Young approach, 206
Prostatic space, postenior, 204, 205
Proust, retroprostatic space of, 204
Pabocgcevgens, 125
anatomical structute, 117, 118
anterior bundle, 124
lateral bundle, 124
muscle, 108, 120
visceral exteasions, 124
Puborectalis musele, 108, 110, 125, 127
Pube-urethral faseia, 220

Haphe, anterjor, 102, 104
central 1endinous, 102, 104
posterior, 110

Reectocoreygeus muscle, 132

Reetogenital eeptum, 230, 241

Rectasigmoidal junction, peritoneal re-
latiaus to, 146
Rectovaginat septum, in female infant,
201
Rectovesical space, male, 202
Reeto-urethralis muscle, 133
digsection, 134
relution to Denonvilliers’ fascin, 132
Recto-vaginalis musele, 135
Rectum, 110, See afso Anorectal; Anus;
Anxt canal
anatomical relations, 171
and anal canal, vpened from behind, 36
boundaries, 147
eapsules, 245
cireular musele coats, 156
cotumns, 38
confarmation, 148
development, 140
emuryology, 138
fixation, 163
general disenssion, 145
goblet cells, 154
growih, 148
Interal ligaments, 165
longtitudinal muscfe voats, 158
Tower part, fongitudinal section, 78
Rectum, lumen, 145
fymphatic plevuses, extramurad, 258
intramural, 257
iymphatie system, extramural, 23§
Iymphatics, 256
main pedicles of lateral area, 261
measurements, N7
mucosa, 38, 150
mucous membrang, lymphaties of, 257
museular connections to prostate
gland, 133
musculature, 59, 155
development, 55
neurophysiology of defecation, 203
parasymwpathetic innervation; 280
prostate gland connection to, 133



relationn of, 171
section, in early embryo, 142, 151
serons cont, 157
submucosa, 151
aubepithelial nerve network in, NS
aupportive tisaue, 154
supports, 163
sympathetic innervation, 278, 2N
third sphineter, 162
upper, Ivmphatic avatem, 239
valves, 157
average distaneea ahove intersphine-
terie line, 159
tougitudinal section, 161
vascular supply, 166
venous drainage, 91
venous supply, 130
wall, 112, 152
exposed, 10§
Reflex arc, simple spinal, 276
Retroprostatic space of Proust, 204
Retroreetal space, 208, 209
Retrovaginal spaces, 200
Retrovesical space, 202
female, 199

Saceules of Horner, 39
Sacral curve, 5
Sacral nerves, posterior, 297
Sacrospinous ligament, 125
Sacratubierous ligament, 108
Septum, rectogenital, 239, 241
Septum, rectovaginal, 200, 201
Sheath, hypogastrie, 231
root, 230
perivasenlar neurovascular, 220
superior hemorrhoidal, 237
Sigmoid, abnormal, 174
anatemy, 172
blood supply, 176
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submueosa, 175
rurgienl consulerations, 178
Sintwes of Morgagni, 38
Sprices, general considerations, 183
mfralevator, 18§
ischiorectal, IKG
of Retziu
pararectal, o
perianal, 183
perprostatie, 207
postanal, 190
posterior compartment supralevator,
207
posterior levator, 210
posterior prostatic, 204
posterior triangular, 190
prerectal, 200, 201
presscral, 208
prevesical, 197, 202
rectovaginal, 200
retrove al. 198, 202
sulmucous, 184
supralevator, 193
vesicovaginal, 190
Sphincter ani, external, 108
in female, 64
profundus, 102
in male, variations in, 56
profundus, crossed extension from,

subetutancous, 58, 62, 98, 99
subcutancous, longitudinal muscle
passing through, 75
superficial, 61, 63
superficial, anterior extensions, 99
superficial, muscle, 100
surrounding anus, 61
internus, 67
muscle, 102
Sphincter cloaca musele, 55

embryologic considerations, 138
endoscopic considerations, 179
lower, carcinoma, 260

mucesa, 175

museculature, 176

normal, 174

Sphi mauscle, external, 57
Sphincter, O’Beirne’s, 162
profundus external, 65
third, of rectum, 162
Submucosa, sigmoid, 175
Submucous space, 184
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Subperitoneal {asein, 247
Subserous fascia, 217
Superficial perineal, muscies, female, 16
musgeulature, 12
Superficial pouck, 12
Superficinl transverse penmeal musele, 17
Supralevator fasew, 7
Supralevator space, 193
ANLENOY compasimend, 194, 183
female, 197
male, 202
general considerations, 193
mate, 197
posterior compartment, 207
Supravagma) septum, 199
mpathetic are, 275, 276
ympathetie tnaervation, anat eanal, 285
rectum, 278, 285
Svmptomatology, referred, 208

Tela subserosa, 247

Teadwmous pomnt, 86

Tendon, ventral perineal, 86

Triangles, anal, 9

Trangles, musculofascial planes, 22
pernineal, 9
urogemtal, 1

Triangular ligament, 18, 104, 106, 125
male, 19

Urethra, 100

INDEX

extension of pubacaceyseus, 124
female, puboeeygens eatension, 124
membranous, 112
Urethral capsule, 242
Urogenital diaphragm, 7, 18
femule, 21
Urogenital triangtes, 11
muscle groups, 1
musenlofaseinl Jayers, 22
Uterovaginal capsules, 211
Uteravaginat supports, suceessive cross
sections of, 8

ina, pubococeygeus extension, 124
Valves, reetal, 157

average distance nbove intersphine-

terie tine, 159

longitudinat section, 16§
Vesicocervieal ligament, division, 100
Visvera, pelvie, embryalogy, 139

fascial capsules, 212
Visceral endopelvic faseia, 228

Wing, inferior hypogsstric, 233, 234
presacral, 233
hypogastric, 236
Wing, superior hypogastrie, 231






