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Detailed knowledge of the anatomy of the rhabdosphincter and adjacent tissues is mandatory during urologic surgery to
ensure reliable oncologic and functional outcomes. To characterize the levator ani (LA) function for the urethral sphincter, we
described connective tissue morphology between the LA and urethral rhabdosphincter. The interface tissue between the LA and
rhabdosphincter area in males contained abundant irregularly arrayed elastic fibers and smooth muscles. The male rhabdosphincter
was positioned alongside the LA to divide the elevation force and not in-series along the axis of LA contraction. The male perineal
membrane was thin but solid and extends along the inferior margin or bottom of the rhabdosphincter area. In contrast, the female
rhabdosphincter, including the compressor urethrae and urethrovaginal sphincter muscles, was embedded in the elastic fiber mesh
that is continuous with the thick, multilaminar perineal membrane. The inferomedial edge of the female LA was attached to the
upper surface of the perineal membrane and not directly attached to the rhabdosphincter. We presented new diagrams showing

the gender differences in topographical anatomy of the LA and rhabdosphincter.

1. Introduction

The levator ani muscle (LA) and the urethral rhabdosphincter
are both striated muscles. Striated muscle cells or fibers are
surrounded by the endomysium comprising type IV and
other collagens, whereas intramuscular and extramuscular
tendons are made of type I collagen [1-4]. Intermediate
filaments, such as desmin and vimentin, connect muscle
myosin to collagen fibrils [5, 6]. Typical striated muscle
fibers carry a series of specific collagenous structures (a
form of enthesis [7]) to conduct the force of contraction
to a bone or ligament via a tendon. In short, contraction
force is conducted from endomyseal type IV collagen to
type I collagen of the intramuscular tendon [1, 2], and the
extramuscular tendon is connected to bone via the type I
collagen-rich fibrocartilage [7].

Nevertheless, the LA and rhabdosphincter do not carry
such a series of collagenous structures but are accompanied
by abundant elastic fibers and/or smooth muscles [8-10].

Unlike the usual interface or enthesis between locomotive
structures, mechanical roles of elastic fibers have been
described in the vocal cord as well as the joints between ear
ossicle [11-13]. In these tissues, hyaluronan seems to play a
critical role in lubrication between elastic fibers. Hinata et
al. [14] have also reported the distribution of hyaluronan in
the urethral wall, but previous discussions of uroanatomy
have dealt little with mechanical aspects. The present review
reconsiders the topohistology of the pelvic floor, focusing
on the roles of fibrous structures and force transduction, in
addition to the topographical relationship between fibrous
structures and nerves.

2. Materials and Methods

2.1. Evidence Acquisition. A search of the PubMed database
was performed to identify original and review articles in
English that address the anatomy of the prostate and relevant
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TABLE 1: Specimens observed in this review.

Male Female Ages (mean) Donation
Newly prepared histological sections 6 3 76-95 (85) DC”
Sections from Hinata et al. (2013 JU elast) [14] 10 4 53-89 (74) TDC
Sections from Hinata et al. (2012 JU cyst) [16] 0 20 64-88 (81) TDC
Sections from Takenaka et al. (2005 Urol) [17] 20 0 65-92 (83) SMU™*
Total 36 27 53-95 (81)

*TDC: donation to Tokyo Dental College.

**SMU: donation to Sapporo Medical University when the second author was the Professor and Head of the Department of Anatomy.

structures adjacent to the prostate, without any limit to publi-
cation date. The keywords used were levator ani muscle, rhab-
dosphincter, urethra, perineal membrane, smooth muscles,
elastic fibers, continence, and pelvic floor anatomy. Relevant
articles and textbook chapters were reviewed, analyzed, and
summarized with the consensus of the authors of this paper.

2.2. Anatomical Study. The study was performed in accor-
dance with the provisions of the Declaration of Helsinki
1995 (as revised in Edinburgh 2000) [15]. The histological
sections shown in this review were newly prepared from 9
donated cadavers (6 men and 3 women) ranging in age from
76 to 95 years, with a mean age of 85 years. In addition
to observations of the sections from these 9 cadavers, the
results of the present study were ensured by observations
of previously made histological sections from the other 54
cadavers (30 men and 24 women) which were dissected our
previous studies [14, 16, 17]. Detailed information is shown in
Table 1.

The cause of death had been ischemic heart failure or
intracranial bleeding and we made sure that none of the
individuals had undergone surgery by reference to medical
documentation as well as macroscopic observation after
opening the abdominopelvic cavity. None of the cadavers
in the present study underwent radiotherapy. They also had
no IBD, connective tissue, or muscular diseases when they
were alive. These cadavers had been donated to Sapporo
Medical University or Tokyo Dental College for research and
education on human anatomy, and their use for research
had been approved by the university ethics committees. The
donated cadavers had been fixed by arterial perfusion with
10% v/v formalin solution and stored in 50% v/v ethanol
solution for more than 3 months.

After routine procedures for paraffin-embedded histol-
ogy, most sections were stained with hematoxylin and eosin
(HE), azan, or silver staining, and some were used for
immunohistochemistry as well as elastica-Masson staining (a
variation of Masson-Goldner staining) or aldehyde fuchsin
staining for elastic fibers (for the latter two staining methods,
see Kawase et al. [13]). With reference to Hieda et al. [18]
and Hinata et al. [19], the primary antibodies used for nerve
immunohistochemistry were (1) mouse monoclonal anti-
human S100 protein (1:200 dilution; Dako Z0311; Dako,
Glostrup, Denmark), (2) rabbit polyclonal anti-human neu-
ronal nitric oxide synthase (nNOS) (1:200; Cell Signaling

Technology, Beverly, MA), (3) mouse monoclonal anti-
human vasoactive intestinal peptide (H-6 or VIP) (1:100
dilution; Santa Cruz sc25347; Santa Cruz, CA), and (4) rabbit
polyclonal anti-human tyrosine hydroxylase (TH) (1:100;
Millipore-Chemicon ab152, Temecula, CA). With reference
to Arakawa et al. [20] and Abe et al. [6], the antibodies
used for immunostaining of fibrous structures were (1) mouse
monoclonal anti-human desmin (dilution, 1:50; Dako) and
(2) mouse monoclonal anti-human alpha smooth muscle
actin (1:100; Dako M0851, Glostrup, Denmark). The sec-
ondary antibody was labeled with horseradish peroxidase
(HRP), and antigen-antibody reactions were detected by
the HRP-catalyzed reaction with diaminobenzidine. Coun-
terstaining with hematoxylin was performed on the same
samples. A negative control without a primary antibody
was set up for each of the specimens. Observations and
photography were usually performed with a Nikon Eclipse 80.
Photos at ultralow magnification (objective lens less than x2)
were taken using a high-grade flat scanner with translucent
illumination (Epson scanner GTX970).

2.2.1. Connection between the Levator Ani and Rhabdosphinc-
ter in Males. Frontal sections clearly demonstrate that, in
the male, the bilateral slings of the LA sandwich the rhab-
dosphincter area (Figure 1). This topographical relationship
strongly suggests that the LA provides mechanical support.
In fact, it has been considered that the function of the LA to
rapidly cut off urinary flow is effected via active elevation of
the urethra, in contrast to the slow-twitch nature of the rhab-
dosphincter [21, 22]. Thus, it seems reasonable to assume that
there are specific structures suitable for transduction of force
from the LA to the urethral wall, via the rhabdosphincter
area. A thick fascial structure has been reported to connect
the rhabdosphincter area to the LA [10, 23]. This fascia
or interface structure contains abundant elastic fibers and
smooth muscles, which are irregularly arrayed (Figures 1(b),
1(e), and 2).

Shafik [24] provided a concept “the hiatal ligament” to the
entire connective tissue occupying the urogenital hiatus, but
this term is recently used for the perianal tissue (reviewed
by Kinugasa et al. [25]). We do not deny a possibility that
large urogenital hiatus shown in the present study is a result
of degeneration of the LA with age [26]. In this case, to fill
the developing space, the interface tissue between the LA and
rhabdosphincter area may be enlarged with age.



BioMed Research International

E= LA
% ' -
SR g,
| RS-
g%

g ]

et o SR

DIP™
IC

(d)

FIGURE I: Frontal sections in a 78-year-old man. Panels (a)-(c) and (e) show elastica-Masson staining (striated muscles: red; collagen fibers:
green; elastic fibers: black), while panel (d) shows immunohistochemistry for S100 protein using a section close to that in panel (c). Panel
(a) includes a longitudinal section of the urethral wall (UR), while panel (c) is located 3 mm behind panel (a). Panel (b) (or panel (e)) is a
higher-magnification view of the square in panel (a) (or panel (c)). A thick fascial structure (arrowheads in panels (a) and (c)), containing
abundant elastic fibers (black wavy lines in panels (b) and (e)) and smooth muscles (SM; red-gray fibers in panels (b) and (e)), is evident
between the rhabdosphincter area (RS) and the inferomedial edge of the levator ani (LA). In panel (d) (section adjacent to panel (c)), S100-
positive nerves are seen passing through the urogenital hiatus. Panel (f), a higher-magnification view of the center of the rhabdosphincter
area on the left-hand side of panel (a), displays an elastic fiber cage surrounding the striated muscle fibers. Scale bars: 10 mm in panels (a), (c),
and (d); 0.1 mm in panels (b), (e), and (f). BP: bulbus penis; BS: bulbospongiosus muscle; CG: Cowper’s gland; DTP: deep transverse perineal

muscle; IC: ischiocavernosus muscle.

The fascia or interface connecting the LA to the rhab-
dosphincter also contains veins and nerves, the latter origi-
nating from the periprostatic neurovascular bundle and pass-
ing through the urogenital hiatus toward the penile hilum
(Figures 1(d), 2(a), and 2(c)). These autonomic nerves may
be systematically classified into (1) tyrosine-positive sympa-
thetic nerves, (2) neuronal nitric oxide synthase (nNOS)- or
vasoactive intestinal polypeptide (VIP)-positive parasympa-
thetic nerves, and (3) mixed nerves containing all of these
fibers (Figures 2(d), 2(e), and 2(f)). However, Hieda et al. [27]
reported that the majority corresponds to the double positive
nerves (nNOS+, VIP—, TH+), especially in males, in contrast
to a small number of the triple positive nerves (nNOS+, VIP+,
TH+) and the single positive sympathetic nerves (nNOS-,
VIP-, TH+). Thus, nNOS-positive nerve fibers are seen not
only in the cavernous nerves but also most of pelvic plexus
branches. Takenaka et al. [28] considered the interface area

between the LA and rhabdosphincter to be the most likely
route for the cavernous and sphincter nerves. Horizontal
sections also demonstrate a connecting fascia between the LA
and the rhabdosphincter (Figure 3) although clarification of
this issue would be highly dependent on the superoinferior
level of horizontal sectioning.

2.2.2. Collagen Fibers and Elastic Fibers. Collagen fibers (type
I collagen fibers) possess very little elasticity, whereas elastic
fibers absorb tensile stress and recover their length. Tendons
of skeletal muscles, which are composed of mostly type I
collagen fibers, require a small proportion of elastic fibers in
order to recover their length after muscle contraction [29,
30]. However, as typically seen in extremities, the covering
fascia of a striated muscle contains few or no elastic fibers,
because its elastic nature is due largely to the mesh structure
of its constituent collagen fibers [31] and partly to the
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FIGURE 2: Frontal sections in an 84-year-old man. Panels (a) and (c) (nerve mapping), including a longitudinal section of the urethra (UR),
display nerve distributions according to immunohistochemistry using sections adjacent to panels (a) and (c) (red color: nNOS-positive nerves;
green color: the other nerves). Panel (c) is located 8 mm anterior to panel (a). Abundant nerves pass through the urogenital hiatus between
the rhabdosphincter area (RS) and levator ani (LA). Stars in panel (c) indicate a solid, perineal membrane along the inferior margin of the
rhabdosphincter area. Insert in panel (c) emphasizes the perineal membrane. Panel (b) (immunohistochemistry for smooth muscle actin)
exhibits smooth muscles in and along the inferomedial edge of the levator ani (LA) in a section near that shown in panel (a). A nerve indicated
by a circle in panel (a) is shown in panel (d) (nNOS immunohistochemistry), panel (e) (VIP), and panel (f) (tyrosine hydroxylase or TH).
The nNOS-positive nerve, a candidate for the cavernous nerve, usually contains TH-positive fibers. Scale bars: 10 mm in panels (a), (b), and
(c); 0.1mm in panels (d), (e), and (f). BP: bulbus penis; BS: bulbospongiosus muscle; PR: prostate.

elasticity of the muscle cells themselves [32]. Fasciae that
are exceptionally elastic fiber-rich cover or bundle striated
muscle fibers in the extraocular muscles of the eye [33], the
intrinsic lingual muscles along the tongue surface [34], and
also the LA and external anal sphincter [20, 35]. Notably, all
of these muscles are inserted into soft tissues, and not into
bones.

As typically seen in arterial walls, smooth muscles and
elastic fibers usually coexist because elastic fibers are nec-
essary for maintaining the 3-dimensional configuration of
smooth muscle fibers [36]. As well as the vascular wall, in
the pelvic floor, smooth muscle and elastic fibers coexist

(Figures 1(e), 2(b), 3(b), and 3(e)). For the anorectum, the
LA insertion provides a smooth muscle-rich connective
tissue band that is continuous with the conjoint longitudinal
muscle coat [20] (Figures 4(c) and 4(d)) or longitudinal anal
muscle [37]. The interface smooth muscles are also con-
tinuous with the rectourethralis muscle [38] (Figure 5(b)).
Nerves supplying the internal anal sphincter originate from
the periprostatic neurovascular bundle, run downward, and
penetrate the rectal wall along the conjoint longitudinal
muscle [18]. This kind of elastic interface between a striated
muscle and a soft tissue target would seem to minimize
any damage or tears resulting from sudden and strong
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FIGURE 3: Horizontal sections in an 87-year-old man. Panel (a) (elastica-Masson staining) includes the urethra (UR), prostate (PR),
rhabdosphincter (RS), and levator ani (LA): the anterior side of the body corresponds to the left-hand side of the figure. Panel (b) (immuno-
histochemistry for smooth muscle actin), panel (c¢) (immunohistochemistry for S100 protein), and panel (d) (immunohistochemistry for
desmin) are higher-magnification views of the square in panel (a) and display thick fascia (stars) connecting the levator and rhabdosphincter
areas. The connecting fascia contains abundant smooth muscle (panel (b)) and several nerves (arrows in panel (c)). Mature smooth muscle is
positive for desmin (panel (d)). Panel (e), a higher-magnification view of the small area marked “E” in panel (a), exhibits irregularly arrayed
elastic fibers in the connecting fascia. Scale bars: 10 mm in panel (a); 1 mm in panels (b), (c), and (d); 0.l mm in panel (e).

contraction of the LA. In this context, the connecting fascia
between the LA and the rhabdosphincter would seem to play
a role in (1) stabilizing structures in the event of elevation
force and (2) regulating and distributing tensile stress from
the LA.

2.2.3. Muscle Fiber Direction and Force Transduction. In a
skeletal muscle, muscle fiber contraction moves type IV
collagen-rich endomysium, which is connected with a type I
collagen-rich epimysium and intramuscular tendon (Figures
4(a) and 4(b)). Multiple leafs of the epimysium join together
to provide an intramuscular tendon, which converges into
an extramuscular tendon [3]. Although the composite fibers
are different (Figures 4(c) and 4(d)), a tight connection
between the LA and rectum is rather similar to the skeletal

muscle morphology (Figure 5(a)). However, between the LA
and rhabdosphincter, such gradual changes are not carried
in collagenous structures but in a thick fascia or interface
tissue containing randomly arrayed elastic fibers and smooth
muscles (Figures 1(b), 1(e), 3(b), 3(d), 3(e), and 4(e)).

The most striking difference between the LA and other
striated muscles lies in the relationship between the direction
of muscle action and that of the muscle fibers: in skeletal mus-
cle, the muscle fibers, tendon, and fibrous tissue connecting
the two are consistently arranged “in series” along an almost
straight line (Figures 4(a) and 4(b)), whereas the LA muscle
fibers are not directed to the urethra or rhabdosphincter
area (Figure 4(e)). Thus, the term “pubourethralis muscle”
(the most anterior part of the LA [39]) may not indicate the
function but merely the muscle location near the urethra.
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FIGURE 4: Comparative morphology of striated muscle insertions: the subscapularis muscle of the shoulder and the levator ani. Specimens
obtained from a 95-year-old man. Panel (a) (immunohistochemistry for an intermediate filament, desmin) and panel (b) (silver staining) are
near sections showing longitudinally sectioned subscapularis muscle fibers inserting into an intramuscular tendon (intra.m.tendon). Desmin
spots along the tendon (panel (a)) correspond to anchor structures between the muscle and type I collagen fibers in skeletal muscles. In panel
(b), type IV and other collagens (black) surrounding the muscle fibers are connected with type I collage (red) in the intramuscular tendon.
Panel (c) (elastica-Masson staining) and panel (d) (immunohistochemistry for smooth muscle actin) are adjacent sections exhibiting the
insertion of the levator ani (LA) to the lower rectum (REC). Longitudinally running striated muscle fibers insert into the conjoint longitudinal
muscle coat of the rectum (stars). Panel (e) (silver staining) shows the inferomedial edge of the levator ani facing the rhabdosphincter (RS).
Muscle fibers of both the levator and sphincter are cut transversely or obliquely, and thick fascia (stars) is interposed between these muscles.
CM or LM, circular or longitudinal smooth muscles of the lower rectum. All scale bars: 1 mm.

There are likely four morphological combinations for
striated muscle fibers and their target (Figure 6). Most skele-
tal muscles and their insertion sites show the type A mor-
phology (Figure 6(a)), whereas the LA and rhabdosphincter
area seems to exhibit the type C morphology (Figure 6(c)).
Moreover, the rhabdosphincter muscle fibers are not bundled
by collagen fibers but by elastic fibers (Figure 1(f)), and
hyaluronic acid seems to act as a lubricant between the elastic
fibers [14]. Such an elastic fiber cage for striated muscle
fibers is also seen in intrinsic lingual muscles [34] and the
external anal sphincter [20]. Consequently, the LA seems
unsuitable for elevation of the urethra and rhabdosphincter:
its action on the urethra might be overemphasized relative to

that on the anorectum. The pelvic floor muscle contraction
tended to be analyzed as a whole [40] and, thus, LA function
on the urethra might not be compared with that on the
anorectum.

2.2.4. Smooth Muscles in Connective Tissue. We have already
described the smooth muscles covering the inferomedial end
of the LA, that is, the interface tissue between the LA and
rhabdosphincter area. Do these smooth muscle fibers exert
synchronized action with the LA under the control of nerve
impulses? Smooth muscles in the pelvic floor connective
tissue are not arrayed regularly and are directed at random.
Therefore they are likely to differ in function from the
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FIGURE 5: Levator ani insertion to the rectum seen in a frontal section of a 91-year-old man. Panel (a) (azan staining) displays the covering
fasciae and intramuscular tendons (stars) of the levator ani (LA) converging into the longitudinal muscle layer of the anterior wall of the
rectum (REC). Both striated and smooth muscle fibers are red, while connective tissues (collagen and elastic fibers) are dark blue. The definite
fibrous connection between the levator ani and rectum is quite different from that between the levator and urethra. Panel (b) (nerve mapping
according to S100 protein immunohistochemistry) exhibits a level 5mm anterior to panel (a). The rectourethralis muscle (RUM) provides
one of major pathways of the cavernous nerve from the periprostatic region to the penile hilum. These panels were prepared at the same
magnification (scales bars: 10 mm in panel (a)). BP: bulbus penis; BS: bulbospongiosus muscle; DTP: deep transverse perineal muscle; IC:

ischiocavernosus muscle; PR: prostate.

regularly arrayed smooth muscle structure typically seen in
the intestine. The latter type of structure shows organized
contraction or peristalsis under the control of nerves and
hormones, but smooth muscles in connective tissue may
not, in view of their random arrangement. This is somewhat
reminiscent of the nature of smooth muscle cells or fibers
in the walls of arteries, which can act against blood pres-
sure without nerve or hormonal control (i.e., Bayliss effect;
increased pressure and subsequent stretch of smooth muscle
causes muscle contraction and increased resistance [41-43]).
Connective tissue composed of smooth muscle would seem
to function as an ideal barrier, septum, or protector against
mechanical stress because, even without innervation, smooth
muscle fibers resist (not absorb) pressure in accordance with
Bayliss effect. This function seems to be much stronger than
the passive action of elastic fibers.

The “integrated pelvic floor theory” [44] attributed a key
role to the longitudinal anal muscle (=conjoint longitudinal
muscle coat; see Section 2.2.2) in the statics and dynamics
of the pelvic viscera, being involved in the closure and
opening of the urethra and anal canal. According to Petros
[44], the smooth muscles, with their vertical course, create a
downward force for bladder neck closure during effort and
stretch the outflow tract open during micturition. However,
we do not think that smooth muscles in the pelvic floor con-
nective tissue play a strong, monodirectional, and long-term
traction role without cooperation of striated muscle function
because of their random arrangement and nonexistence of
any nerve network such as the myenteric plexus for intestines.

Moreover, the longitudinal muscles are located away from the
female urethra or its sphincters but they end more posteriorly
around the vagina and vaginal vestibule [45].

2.2.5. Separation of the Rhabdosphincter from the LA by
the Vagina and Paracolpium. Horizontal sections clearly
demonstrated that the lateral part of the vagina is likely to
be interposed between the rhabdosphincter area and the LA
(Figure 7). Thus, in females, it seems difficult for the LA to
attach (or even connect) to the rhabdosphincter area. Similar
to the situation in males, the fasciae in and along the LA
contain abundant smooth muscle (Figure 7(b)). The space
surrounding the inferomedial edge of the LA, vagina, and
rectum, that is, the inferior part of the paracolpium or the
lower paracolpium, contains abundant nerves and ganglion
cell clusters [27] and is continuous with the mesorectum,
as Denonvilliers™ fascia or the rectovaginal septum is frag-
mented or unclear. The LA carries no specific interface
structure to insert into the vagina and is simply attached to
the latter [20] although upper part of the vagina is connected
with the endopelvic fascia lining the levator ani by two elastic
fasciae, that is, the pubocervical fascia and the rectovaginal
septum [16, 46].

Donker [47] appears to have been the first researcher to
have noted abundant autonomic nerves running through the
paracolpium from the pelvic plexus to the urologic organs,
and his observations were collaborated by Ball Jr. et al. [48].
Thus, the paracolpium is likely to include part or most of the
pelvic autonomic nerve plexus. Using late-stage fetuses, Kato
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FIGURE 6: Diagram of interface tissue configurations between the rhabdosphincter and levator ani. In panels (a) and (b), muscle fibers of
the levator ani directing inferomedially are suitable for upward traction of the rhabdosphincter area, whereas in panels (c) and (d), the fiber
directions of the oblique muscle are not suitable for such traction. In panels (a) and (c), the fibrous tissues or fasciae connecting between
the levator ani and rhabdosphincter are arranged in series along the axis from the levator to the urethra, whereas in panels (b) and (d),
the fasciae along or surrounding the levator and/or the rhabdosphincter area are not suitable for force transduction but for sliding between
these two muscles. The morphology shown in panel (a), being similar to the configuration between a skeletal muscle and bone when the
connecting fibrous tissues are formed by collagenous fibers, is most suitable for upward traction. The levator and anorectum exhibit this type of
morphology, but the connecting tissues are composed of elastic fibers and smooth muscle. The morphology shown in panel (b) is similar to that
between the levator ani and external anal sphincter. Panel (c) displays the actual morphology including the levator ani and rhabdosphincter
because the fibers of the levator ani muscle are directed to the anorectum, external anal sphincter, and anococcygeal ligament. However, the
connecting fibrous tissues contain abundant elastic fibers and smooth muscle. Panel (d) corresponds to the configuration between the levator

and vagina that allows mutual sliding.

et al. [49] demonstrated the female cavernous nerve running
through the putative paracolpium. Hirata et al. [50] provided
a beautiful diagram of the course of the female cavernous
nerve covered by the pubocervical fascia, and, later, Hinata
etal. [19] provided a series of photographs demonstrating the
morphology.

In contrast to the relatively solid fascia lying between the
LA and rhabdosphincter area in males, the female urethral
sphincter was separated from the LA not only by the loose
paracolpium but also by the vaginal lateral edge. However,
the female urethra is tightly connected with and supported
by the vagina [51]. This tight connection is formed at the fetal
stage as a result of vaginal descent occurring in combination
with reconstruction of the posterior wall of the urethra [52].
On this basis, Hinata et al. [16] have postulated the optimal
surgical approach to this tight connection.

2.2.6. Female Rhabdosphincter and Perineal Membrane. The
gender difference in the morphology of the rhabdosphincter
is well known, being omega-shaped in males and hav-
ing a semicircular configuration in females [10, 53, 54].
In early fetuses, the female rhabdosphincter is unable to
extend inferoposteriorly because of the developing vestibule
close to the sphincter [55]. The anteriorly restricted, female
rhabdosphincter may require a static ligament-dependent
lateral support (i.e., the perineal membrane; see below in
Section 2.2.6), in contrast to the dynamic muscle-dependent
support in males.

As very poorly developed rhabdosphincter is reportedly
predominant in Japanese elderly women, Kurihara et al.
[56] considered the thick, longitudinal smooth muscle layer
of the female urethra to play a major role in continence.
Hirata et al. [35] reported a gender difference in the fiber
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FIGURE 7: Horizontal sections in a 76-year-old woman. Panel (a) (elastica-Masson staining) includes the urethra (UR), crus clitoris (CC),
rhabdosphincter (RS), urethrovaginal sphincter (UVS), and levator ani (LA): the anterior side of the body corresponds to the upper side of the
figure. Panel (b) (immunohistochemistry for smooth muscle actin) is a higher-magnification view of the square marked B in panel (a), while
panel (c) (immunohistochemistry for desmin) and panel (d) (immunohistochemistry for smooth muscle actin) are higher-magnification
views of the square marked CD in panel (a). The levator ani is accompanied by a smooth muscle-rich fascia (panel (b)). The urethrovaginal
sphincter is composed of striated muscle fibers (positive in panel (c); negative in panel (d)), accompanied by abundant irregular elastic fibers
(panel (e)). The rectovaginal septum between the vagina (VAG) and rectum (REC) is replaced by veins. Scales bars: 10 mm in panel (a); 1 mm

in panels (b), (c), and (d); 0.l mm in panel (e).

architecture of the endopelvic fascia (fascia pelvis parietalis;
a fascia lining the superior or inner aspect of the LA): the
male endopelvic fascia is multilayered and contains abundant
smooth muscle fibers, whereas the female endopelvic fascia
is solid, thick, and contains abundant elastic fibers rather
than smooth muscle. Such a difference in connective tissue
may be the result of the different hormonal backgrounds, as

estrogen is known to increase the formation of elastic fibers
(57].

According to Oelrich [58], the female rhabdosphinc-
ter carries two extensions: a short superolateral extension
(i.e., the compressor urethrae) and a long inferolateroposte-
rior extension (i.e., the urethrovaginal sphincter). The ure-
throvaginal sphincter is easily to demonstrate in horizontal
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FIGURE 8: Frontal sections in an 83-year-old woman. Panels (a), (b), (d), and (e): HE staining; panel (c): aldehyde fuchsin staining (elastic
fibers, violet). In panels (a) and (c), elastic fibers between the muscle fibers of the rhabdosphincter (RS) join to provide a thick fascial structure,
the perineal membrane (arrows in panel (a)). The levator ani is attached to the upper aspect of the membrane. Panel (b), 25 mm behind panel
(a), includes the posterior end of the vestibular bulb (VB). Part of the rhabdosphincter, the urethrovaginal sphincter (UVS), extends in and
along the perineal membrane in panel (b). Scale bars: 10 mm in panels (a) and (b); 1mm in panels (c), (d), and (e). BS: bulbospongiosus
muscle; CC: crus clitoris; CU: compressor urethrae; DTP: deep transverse perineal muscle; IC: ischiocavernosus muscle; IRF: ischiorectal

fossa; VAG: vagina; VB: vestibular bulb.

sections [56, 59], although Figure 7 shows a level slightly
higher than the thickest part.

Despite continuity with the major part of the rhab-
dosphincter, the compressor urethra is difficult to demon-
strate because it is restricted to a relatively thin frontal plane
(Figure 8(a)) and because well-developed examples were very
small in number [49]. In the horizontal plane, the com-
pressor is difficult to discriminate from the urethrovaginal
sphincter [59]. Using histology and macroscope slices, Stein
and DeLancey [60] found that both the compressor urethrae
and urethrovaginal sphincter are closely “associated” with the

female perineal membrane. However, in their photos, it was
difficult to identify the composite fibers of the perineal mem-
brane. Moreover, unlike our interpretation, they considered
the perineal membrane to connect with the endopelvic fascia.

Kato et al. [49] clearly demonstrated that elastic fibers
between the rhabdosphincter muscle fibers join together to
form the perineal membrane. Thus, an elastic fiber cage for
the rhabdosphincter muscle fibers (Figure 1(f)) is a common
feature in both genders, although the male perineal mem-
brane is solid, collagen fiber-rich, and extends along the infe-
rior margin of the rhabdosphincter area (Figure 2(c) insert).
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FIGURE 9: Sagittal sections in a 91-year-old man and an 88-year-old woman. Panel (a) (azan staining) and panel (c) (elastica-Masson staining)
display the urethra (UR) and rhabdosphincter area (RS) in a 91-year-old man and an 88-year-old woman, respectively. In panel (a), the
rectourethralis muscle (RUM; smooth muscle) is seen between Cowper’s gland (CG) and the rectum (REC). Panel (c) includes the urethral
opening to the bladder (BL). Panels (b) and (d) (nerve mapping) display nerve distributions according to S100 protein immunohistochemistry
using sections adjacent to those in panels (a) and (c). In both genders, abundant nerves are evident on the posterior side of the urethra (UR).
Panel (e) (nNOS immunohistochemistry), panel (f) (vasoactive intestinal polypeptide: VIP), and panel (g) (tyrosine hydroxylase: TH) are
higher-magnification views of a nerve near the vaginal wall (VAG). The abundant VIP-positive fibers characterize female pelvic nerves.
Panels (a)-(d) ((e)-(g)) were prepared at the same magnification. Scale bars: 10 mm in panel (a) and 0.1 mm in panel (e). BP: bulbus penis;
BS: bulbospongiosus muscle; DTP: deep transverse perineal muscle; PR: prostate.

Mirilas and Skandalakis [61] simply considered the
perineal membrane as a structure extending between the
bilateral LA slings, but it is similar to a concept of the hiatal
ligament by Shafik [24]. In females, striated muscle fibers of
the compressor urethrae are embedded in the elastic fiber
mesh of the perineal membrane immediately superior to the
crus clitoris (Figure 8(a)). Kato et al. [49] demonstrated that
cavernous nerve candidates cross the perineal membrane
near the compressor urethrae from the intrapelvic to the
extrapelvic space.

The perineal membrane extends medially and inferiorly
along the vaginal wall (in which the urethrovaginal sphincter
is embedded) and changes into a solid membrane between
the vestibular bulb and vaginal wall (Figure 8(b)). The LA
is located in the superior, medial, and posterior sides of the
perineal membrane. Thus, in females, the inferomedial edge

of the LA does not attach to or even face the rhabdosphincter
area. Instead, the LA seems to act on the rhabdosphincter
and urethra via the perineal membrane attached to the LA.
However, such an indirect connection between the LA and
female rhabdosphincter seems not to contradict the evidence
by Morgan et al. [62] that the LA acts more strongly to the
longer female urethra.

2.2.7. Deep Transverse Perineal Muscle. Nakajima et al. [63]
have reported that the deep transverse perineal muscle is
attached to Cowper’s gland in males and is continuous with
the rhabdosphincter (Figures 1(c), 5(a), and 9(a)). With
regard to the situation in females, although Fritsch et al.
[64] reported that the muscle was absent, we believe that it
is present, although vestigial, adjacent to Bartholin’s gland.
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Thus, in both genders, the muscle is located inferiorly or
superficially relative to the perineal membrane and not
embedded in the membrane (see Section 2.2.6).

Likewise, a fascia covering the deep transverse perineal
muscle may be regarded as the perineal membrane. Actually,
because the male rhabdosphincter is continuous with the
transverse muscle, the male perineal membrane along the
bottom of the rhabdosphincter area (Figure 2(c) insert) is
likely to attach to the muscle. The deep transverse perineal
muscle has long been considered as a core of the urogenital
diaphragm: the concept of the urogenital diaphragm will be
discussed in the final part of this review.

2.2.8. Rectourethralis Muscle. The rectourethralis muscle
(smooth muscle mass in males) has been one of major
interests in uroanatomy [65, 66], but its topographical rela-
tion with the LA was not described well. Frontal sections
clearly demonstrate the rectourethralis muscle occupying the
urogenital hiatus [38] (Figure 5(b)). Unlike the descriptions
by Walz et al. [67], the rhabdosphincter is unlikely to attach
to Denonvilliers’ fascia because the rectourethralis muscle, to
various degrees among individuals, is consistently interposed
between the fascia and the sphincter [38, 68, 69].

In males, Rocco et al. [70] considered that the “tendi-
nous” median dorsal raphe of the rhabdosphincter acts as
a fulcrum for contraction. However, it is not tendinous or
collagenous but composed of smooth muscle and elastic (not
collagen) fibers. The tendinous nature of the dorsal raphe may
have been overestimated through comparison with general
morphology in experimental animals such as rats that carry
the typical raphe [71]. Actually, a recent big review of the
rhabdosphincter physiology was based on the rat anatomy
[72]. The median part is continuous with the rectourethralis
muscle or, rather, it is a part of the rectourethralis muscle
[38]. Because of Bayliss effect, the smooth muscle may
resist traction from the rhabdosphincter and urethra. Some
urologists believed that the LA contributes to a double-sling
mechanism via the median dorsal raphe for closure of the
urethra in males [39, 73], but the LA does not extend to the
midsagittal area (Figure 9(a)). This theory seems to be an
analogy of the triple loop system of rhabdosphincter around
the anal canal [74].

On the inferior side of the pelvic floor in males, the
rectourethralis muscle is attached to the perineal body
[69], whereas in females the superolaterally located perineal
membrane is not attached to the perineal body. In fact, the
perineal body in females is the thickest in the lateral part
(not in the midsagittal plane) and contains abundant smooth
muscle. However, it connects the external anal sphincter to
the vagina [75]. Thus, Denonvillier’s fascia does not seems
to contribute to urethral support because it ends at the
rectourethralis muscle in males (Figures 5(b) and 9(a)),
whereas it is fragmented or absent in females. In the pelvic
floor of females, the rectovaginal septum or Denonvilliers’
fascia is a rare example of a structure composed of “regularly”
arrayed elastic fibers [76].

In both genders, sagittal sections show that nerves are
distributed much more densely on the posterior side of
the rhabdosphincter than on the anterior side (Figures 9(b)
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and 9(d)): this nerve-rich area corresponds to the anterior,
minor part of the paracolpium in females [19], and the
rectourethralis muscle in males (Figures 9(a) and 9(c)).
A nerve running longitudinally along the vagina may be
included [77]. As Hoyle et al. [78] reported, nerves positive
for VIP are richly distributed near and along the vaginal
wall (Figure 9(f)). Tekenaka et al. [79] considered the rec-
tourethralis muscle mass to be one of the multiple courses of
the cavernous nerve.

2.2.9. Nerves Passing through the Interface Tissues for the
LA. We have described nerves passing through the perineal
membrane, the rectourethralis muscle, and the interface
tissue between the LA and rhabdosphincter area (Figures
1(d), 2(a), 2(c), 3(c), 4(e), 5(b), 9(b), and 9(d)). Most of
these nerves take a long course from the pelvic plexus to the
cavernous tissue, rhabdosphincter and urethral wall smooth
muscles. Major targets of the nerves are not the interface
tissues themselves: smooth muscles as a connective tissue
do not need nerve supply according to Bayliss effect. We
can remind an anatomical rule of the long nerve courses
along striated muscles in the body: they run through the
intermuscular septum (a definite fascial space) that provides a
neutral zone free from tensile stress between a pair of striated
muscle groups with different function (e.g., the flexors and
extensors). Likewise, in the pelvic floor, such a pair of muscles
seems to be found in the LA and rhabdosphincter, the LA and
another perineal muscle and, the LA and longitudinal rectal
muscle although the last one is not striated. These interfaces
should conduct muscle contraction force, but not to damage
the long nerves involved, elastic nature of the interface should
make tensile stress weak and constant. This is an essential
contradiction required for the pelvic floor interface tissues.

Urologists expect the active LA function to elevate the
rhabdosphincter, but they do not want injury of nerves
passing through the interface between the LA and sphincter
area. For improved postoperative continence, the nerve-rich
tissue seems to require a technique with athermal division
and selective suture ligation of the dorsal vasculature complex
without either bunching the vasculature or incision of the
endopelvic fascia [80]. Surgical incision with bleeding makes
a collagenous scar to connect the separated tissues: Oguma
et al. [81] demonstrated the typical morphology after surgery
although it was an experimental tendon incision, not in
the pelvic floor. Gynecologists may not want impairment of
elastic nature of the pelvic floor interface tissues. However, a
polypropylene mesh against pelvic organ prolapse seems to
be inserted into the nerve-rich interface tissues [82].

2.2.10. Classical Schemes of the Pelvic Floor and the Leva-
tor Ani. To consider the gender difference in pelvic floor
anatomy, it is pertinent to refer to the well-known schemes
proposed by Oelrich [58, 83]. However, his schemes do
not include the LA, and the viewpoints for the diagrams
differ between the genders. Therefore we propose a revision
of Oelrich’s schemes, although the elegance of his original
drawings may be lost in view of our limited technical skill
(Figures 10 and 11). Oelrich [83] described large, upward
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FIGURE 10: A diagram of the levator ani and rhabdosphincter in men. Lateral view through the bony pelvis. In the male, the rhabdosphincter is
connected with the inferomedial margin of the levator ani. The fibers of the levator ani muscle are directed to the external sphincter and anus.
By a thick fascia (sandwiched by arrows) containing veins, nerves, elastic fibers, and smooth muscle, the rhabdosphincter area in the male is
connected with the inferomedial margin of the levator ani. Stars indicate a layer for the male perineal membrane (not drawn; see Figure 2(c)
insert). On the lower side of the rhabdosphincter area, the deep transverse perineal muscle connects Cowper’s gland and the internal surface

of the ischiadic bone.

extensions of the rhabdosphincter along the prostatic capsule.
Later, these extensions were termed the “prostatocapsular
rhabdosphincter” [84, 85]. We also emphasize the muscle
extension (Figure 10).

In our diagrams, the interface between the rhabdosphinc-
ter and the LA is seen through the obturator foramen of
the bony pelvis (Figures 10 and 11). For this view, however,
the interface is shifted more posteriorly than the actual
“lateral” position. Thus, the interface tissue might be mis-
takenly considered to occupy a position similar to that of
the rectourethralis muscle. Actually, Uchimoto et al. [38]
regarded the smooth muscle-made interface to the LA as an
extension of the rectourethralis muscle.

The perineal membrane in the male is omitted in order to
avoid confusion with neighboring lines. Likewise, in Figure 11
for the female pelvis, because the interface between the
perineal membrane and the LA was difficult to draw, the LA
is shifted from the actual superoposterior side of the perineal
membrane to the posterior side. We have also omitted the

ischiocavernosus muscle in both genders (see Figures 1(c), 5,
and 8(a)), as well as the bulbospongiosus muscle in males (see
Figures 1(c), 2(a), and 5).

2.2.11. Urogenital Diaphragm. Finally, it is necessary to dis-
cuss the concept of the urogenital diaphragm, which is
believed to be composed (simply) of the deep transverse
perineal muscle. On the basis of magnetic resonance imaging
studies, the strictest argument against the existence of the
urogenital diaphragm was provided by Myers [86], who
established a safe treatment for the retropubic veins in
radical prostatectomy. He stated that “there is not a hint
of what might be called Henle’s artifact, his diaphragma
urogenitale” In spite of his excellent schemes, which included
amembranous structure at the external genitalia, Oelrich [58,
83] also had a negative, rather than positive, opinion, because
he did not identify striated muscles but smooth muscles in
the membranous structure.
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FIGURE 11: A diagram of the levator ani, rhabdosphincter, and perineal membrane in women. Lateral view through the bony pelvis. In the
female, the rhabdosphincter is connected with the ischiadic bony ramus by the perineal membrane. The fibers of the levator ani muscle
are directed to the external sphincter and anus. In the female, the rhabdosphincter is continuous with the anterior long muscle sheet, the
urethrovaginal sphincter (UVS), and the posterolateral small part, the compressor urethrae (CU). These striated muscles are embedded in an
elastic-fiber mesh that provides the insertion for the perineal membrane (PM) to the ischiadic bony ramus. The perineal membrane extends
anteromedially to a space between the vestibular bulb and the vaginal wall. The levator ani is attached to the superior aspects of the perineal

membrane (arrows).

Nakajima et al. [63] considered that, because the deep
transverse perineal muscle is not sheet-like but a 3-
dimensional pillar continuous with the rhabdosphincter, pre-
vious researchers had found it difficult to identify, especially
in histology preparations. The perineal membrane might also
be considered a “fascia” of the transverse perineal muscle.

During dissection of the urogenital hiatus from the
ischiorectal fossa on the anterior side of the rectum and
on the lateral side of the urethra or vagina, we were able
to touch by hand a diaphragm-like structure containing (1)
the rhabdosphincter, its extensions, and the elastic interface
tissue with the LA, (2) the perineal membrane, (3) the rec-
tourethralis muscle, (4) the deep transverse perineal muscle,
and/or (5) parts of the bulbospongiosus and ischiocavernosus
muscles. Histological evidence for all of these structures

has been provided in the form of photos in this review.
Likewise, for measurement of thickness using clinical imag-
ing, Betschart et al. [87] considered the perineal membrane
as en mass that includes striates muscle, smooth muscle,
and connective tissues. Because the deep transverse perineal
muscle is sometimes thick and wide, even in elderly men [63]
(Figure 5(a)), we do not need to rule out the concept of the
urogenital diaphragm.

3. Concluding Remarks

For anorectal function, the LA muscle fibers are directed to
and inserted into the upper rectum via a specific interface
tissue, the conjoint longitudinal muscle coat. This feature
is quite different from the other striated muscles. Although
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we cannot rule out a partial contribution of the LA to
maintenance of continence, the LA seems unsuitable for
pulling up the male urethral sphincter in view of the direction
of the muscle fibers and because of the elastic fiber-rich
interface with the sphincter area. Moreover, abundant nerves
and veins pass through the interface. The interface tissue with
the LA also contains abundant smooth muscle. Randomly
arrayed smooth muscles in the pelvic floor, including those
in the conjoint longitudinal muscle coat, are likely to act
as a barrier, septum, or protector against mechanical stress
because, even without innervation, they would resist pressure
in accordance with Bayliss effect.

The male perineal membrane is thin but solid and extends
along the inferior margin of the rhabdosphincter area. In con-
trast, in females, the rhabdosphincter, compressor urethrae,
and urethrovaginal sphincter are embedded in the elastic
fiber mesh that is continuous with the perineal membrane.
The inferomedial edge of the female LA is attached to the
upper surface of the perineal membrane and not directly
attached to the rhabdosphincter. Thus, in female, the action
of the LA on the urethral sphincter seems to be much less
marked than in males. The urogenital diaphragm is not
composed simply of the deep transverse perineal muscles but
of multiple fibrous structures.

To understand the diverse structures concerning male
and female urinary continence, we have provided an overview
of the complex anatomy of the urethral rhabdosphincter,
levator ani, and those surrounding structures. Knowing this
anatomy and respecting, it should modify surgical proce-
dures of radical prostatectomy or radical cystectomy and
improve postoperative voiding and storage disorders. The
present study has a limitation that the present materials
did not include younger materials. Nevertheless, the because
the patients undergo these surgeries are same ages with the
cadavers donated for the presented study.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors are grateful to people who donated their
bodies after their death to Sapporo Medical University or
Tokyo Dental College for research and education on human
anatomy without any socioeconomic benefit. They also thank
their families for agreement of the donation as well as
patience for waiting the return their bones after study.

References

(1] J. A. Trotter, “Functional morphology of force transmission in
skeletal muscle. A brief review,” Acta Anatomica, vol. 146, no. 4,
pp. 205-222, 1993.

[2] P. A.Huijing, “Muscle as a collagen fiber reinforced composite: a
review of force transmission in muscle and whole limb,” Journal
of Biomechanics, vol. 32, no. 4, pp. 329-345, 1999.

15

[3] P. P. Purslow, “The structure and functional significance of
variations in the connective tissue within muscle,” Comparative
Biochemistry and Physiology—A Molecular and Integrative Phys-
iology, vol. 133, no. 4, pp. 947-966, 2002.

[4] H. Osanai, J. E. Rodriguez-Vazquez, H. Abe, G. Murakami, H.
Ohguro, and M. Fujimiya, “Fetal check ligament connected
between the conjunctiva and the medial and lateral recti,
Investigative ophthalmology ¢ visual science, vol. 52, no. 10, pp.
7175-7179, 2011.

[5] J. G. Tidball, “Desmin at myotendinous junctions,” Experimen-
tal Cell Research, vol. 199, no. 2, pp. 206-212,1992.

[6] S. Abe, S.-K. Rhee, M. Osonoi et al., “Expression of intermediate
filaments at muscle insertions in human fetuses,” Journal of
Anatomy, vol. 217, no. 2, pp- 167-173, 2010.

[7] M. Benjamin, H. Toumi, J. R. Ralphs, G. Bydder, T. M. Best, and
S. Milz, “Where tendons and ligaments meet bone: Attachment
sites (“entheses”) in relation to exercise and/or mechanical
load,” Journal of Anatomy, vol. 208, no. 4, pp. 471-490, 2006.

[8] J. A. Ashton-Miller, D. Howard, and J. O. L. DeLancey, “The
functional anatomy of the female pelvic floor and stress con-
tinence control system,” Scandinavian Journal of Urology and
Nephrology, vol. 35, no. 207, pp. 1-7, 2001

[9] J. O. L. DeLancey, “Fascial and muscular abnormalities in
women with urethral hypermobility and anterior vaginal wall
prolapse,” The American Journal of Obstetrics and Gynecology,
vol. 187, no. 1, pp. 93-98, 2002.

[10] G.Murakami, F. Nakajima, T. . Sato, M. H. Tsugane, K. Taguchi,
and T. Tsukamoto, “Individual variations in aging of the male
urethral rhabdosphincter in Japanese,” Clinical Anatomy, vol. 15,
no. 4, pp. 241-252, 2002.

[11] M. S. Hahn, J. B. Kobler, B. C. Starcher, S. M. Zeitels, and R.
Langer, “Quantitative and comparative studies of the vocal fold
extracellular matrix I: elastic fibers and hyaluronic acid,” Annals
of Otology, Rhinology and Laryngology, vol. 115, no. 2, pp. 156-
164, 2006.

[12] G.P.Korn,J. R. M. Martins, S. W. Park et al., “Concentration of
hyaluronic acid in human vocal folds in young and old subjects,”
Otolaryngology—Head and Neck Surgery, vol. 145, no. 6, pp. 981-
986, 2011.

[13] T. Kawase, S. Shibata, Y. Katori, A. Ohtsuka, G. Murakami,
and M. Fujimiya, “Elastic fiber-mediated enthesis in the human
middle ear;” Journal of Anatomy, vol. 221, no. 4, pp. 331-340,
2012.

N. Hinata, G. Murakami, S. Abe et al., “Coexistence of elastic

fibers with hyaluronic acid in the human urethral sphincter

complex: a histological study;,” Journal of Urology, vol. 190, no.

4, pp. 1313-1319, 2013.

World Medical Association, “World medical association dec-

laration of helsinki: Ethical principles for medical research

involving human subjects,” The Journal of the American Medical

Association, vol. 310, no. 20, pp. 2191-2194, 2013.

[16] N. Hinata, G. Murakami, S. I. Abe et al., “Detailed histological
investigation of the female urethra: application to radical
cystectomy; Journal of Urology, vol. 187, no. 2, pp. 451-456, 2012.

[17] A. Takenaka, G. Murakami, A. Matsubara, S. H. Han, and M.
Fujisawa, “Variation in course of cavernous nerve with special
reference to details of topographic relationships near prostatic
apex: histologic study using male cadavers,” Urology, vol. 65, no.
1, pp. 136-142, 2005.

[18] K. Hieda, K. H. Cho, T. Arakawa, M. Fujimiya, G. Murakami,
and A. Matsubara, “Nerves in the intersphincteric space of the

[14

[15



16

(19]

[20]

(21]

(22]

(23]

(24

[25]

(26]

(27]

[29]

(30]

(31]

(32]

(33]

human anal canal with special reference to their continuation to
the enteric nerve plexus of the rectum,” Clinical Anatomy, vol.
26, no. 7, pp. 843-854, 2013.

N. Hinata, K. Hieda, H. Sasaki et al., “Nerves and fasciae
in and around the paracolpium or paravaginal tissue: an
immunohistochemical study using elderly donated cadavers,”
Anatomy & Cell Biology, vol. 47, no. 1, pp. 44-54, 2014.

T. Arakawa, G. Murakami, E Nakajima et al., “Morphologies of
the interfaces between the levator ani muscle and pelvic viscera,
with special reference to muscle insertion into the anorectum in
elderly Japanese,” Anatomical Science International, vol. 79, no.
2, pp. 72-81, 2004.

H. D. Schroder and E. Reske Nielsen, “Fiber types in the striated
urethral and anal sphincters,” Acta Neuropathologica, vol. 60,
no. 3-4, pp. 278-282, 1983.

K. M. T. Ho, G. Mcmurray, A. F. Brading, J. G. Noble, L. Ny, and
K.-E. Andersson, “Nitric oxide synthase in the heterogeneous
population of intramural striated muscle fibres of the human
membranous urethral sphincter;” Journal of Urology, vol. 159, no.
3, pp. 1091-1096, 1998.

J. O. L. DeLancey and R. A. Starr, “Histology of the connection
between the vagina and levator ani muscles. Implications for
urinary tract function,” Journal of Reproductive Medicine for the
Obstetrician and Gynecologist, vol. 35, no. 8, pp. 765-771, 1990.
A. Shafik, “Levator ani muscle: new physioanatomical aspects
and role in the micturition mechanism,” World Journal of
Urology, vol. 17, no. 5, pp. 266-273,1999.

Y. Kinugasa, T. Arakawa, H. Abe et al., “Anococcygeal raphe
revisited: a histological study using mid-term human fetuses
and elderly cadavers,” Yonsei Medical Journal, vol. 53, no. 4, pp.
849-855, 2012.

H. Strasser, M. Tiefenthaler, M. Steinlechner, G. Bartsch, and
G. Konwalinka, “Urinary incontinence in the elderly and age-
dependent apoptosis of rhabdosphincter cells,” Lancet, vol. 354,
no. 9182, pp. 918-919, 1999.

K. Hieda, N. Hinata, H. Sasaki et al, “Topohistology of
sympathetic and parasympathetic nerve fibers in pelvic plexus
branches: an immunohistochemical study using donated
elderly cadavers,” Anatomy ¢ Cell Biology, vol. 47, no. 1, pp.
55-65, 2014.

A. Takenaka, G. Murakami, A. Matsubara, S. H. Han, and M.
Fujisawa, “Variation in course of cavernous nerve with special
reference to details of topographic relationships near prostatic
apex: Histologic study using male cadavers,” Urology, vol. 65, no.
1, pp. 136-142, 2005.

P. Kannus, “Structure of the tendon connective tissue,” Scandi-
navian Journal of Medicine and Science in Sports, vol. 10, no. 6,
pp. 312-320, 2000.

T. M. Ritty, K. Ditsios, and B. C. Starcher, “Distribution of the
elastic fiber and associated proteins in flexor tendon reflects
function,” Anatomical Record, vol. 268, no. 4, pp. 430-440, 2002.

C. Stecco, A. Porzionato, V. Macchi et al., “Histological charac-
teristics of the deep fascia of the upper limb,” Italian Journal of
Anatomy and Embryology, vol. 111, no. 2, pp. 105-110, 2006.

J. Ochala, W. R. Frontera, D. J. Dorer, J. Van Hoecke, and L. S.
Krivickas, “Single skeletal muscle fiber elastic and contractile
characteristics in young and older men,” Journals of Gerontology
A Biological Sciences and Medical Sciences, vol. 62, no. 4, pp. 375-
381, 2007.

R. Kono, V. Poukens, and J. L. Demer, “Quantitative analysis of
the structure of the human extraocular muscle pulley system,”

(34]

(36]

(37]

(38]

[41]

(42]

[43]

(47]

(48]

BioMed Research International

Investigative Ophthalmology and Visual Science, vol. 43, no. 9,
pp. 2923-2932, 2002.

J. L. Miller, K. L. Watkin, and M. E Chen, “Muscle, adipose,
and connective tissue variations in intrinsic musculature of the
adult human tongue,” Journal of Speech, Language, and Hearing
Research, vol. 45, no. 1, pp. 51-65, 2002.

E. Hirata, H. Fujiwara, S. Hayashi et al., “Intergender differences
in histological architecture of the fascia pelvis parietalis: A
cadaveric study;” Clinical Anatomy, vol. 24, no. 4, pp. 469-477,
2011.

K. P. Dingemans, P. Teeling, J. H. Lagendijk, and A. E. Becker,
“Extracellular matrix of the human aortic media: an ultrastruc-
tural histochemical and immunohistochemical study of the
adult aortic media,” Anatomical Record, vol. 258, no. 1, pp. 1-14,
2000.

V. Macchi, A. Porzionato, C. Stecco, E. Vigato, A. Parenti, and
R. De Caro, “Histo-topographic study of the longitudinal anal
muscle;” Clinical Anatomy, vol. 21, no. 5, pp. 447-452, 2008.

K. Uchimoto, G. Murakami, Y. Kinugasa, T. Arakawa, A. Mat-
subara, and Y. Nakajima, “Rectourethralis muscle and pitfalls of
anterior perineal dissection in abdominoperineal resection and
intersphincteric resection for rectal cancer,” Anatomical Science
International, vol. 82, no. 1, pp. 8-15, 2007.

R. P. Myers, D. R. Cahill, P. A. Kay et al,, “Puboperineales:
Muscular boundaries of the male urogenital hiatus in 3D from
magnetic resonance imaging,” Journal of Urology, vol. 164, no.
4, pp. 1412-1415, 2000.

C. E. Constantinou, “Dynamics of female pelvic floor func-
tion using urodynamics, ultrasound and Magnetic Resonance
Imaging (MRI),” European Journal of Obstetrics Gynecology and
Reproductive Biology, vol. 144, supplement 1, pp. S159-S165,
20009.

M. T. Nelson, “Bayliss, myogenic tone and volume-regulated
chloride channels in arterial smooth muscle;” Journal of Phys-
iology, vol. 507, no. 3, p. 629, 1998.

G.Ji, R.J. Barsotti, M. E. Feldman, and M. 1. Kotlikoff, “Stretch-
induced calcium release in smooth muscle;” Journal of General
Physiology, vol. 119, no. 6, pp. 533-543, 2002.

W. M. Bayliss, “On the local reactions of the arterial wall to
changes of internal pressure;” The Journal of Physiology, vol. 28,
no. 3, pp. 220-231, 1902.

P. Petros, The Female Pelvic Floor: Function, Dysfunction and
Management According to the Integral Theory , with 3 Tables,
Springer, Berlin, Germany, 2004.

Y. Kinugasa, T. Arakawa, H. Abe, J. E Rodriguez-Vazquez, G.
Murakami, and K. Sugihara, “Female longitudinal anal muscles
or conjoint longitudinal coats extend into the subcutaneous
tissue along the vaginal vestibule: a histological study using
human fetuses,” Yonsei Medical Journal, vol. 54, no. 3, pp. 778-
784, 2013.

J. O. L. DeLancey, “Anatomic aspects of vaginal eversion
after hysterectomy;,” The American Journal of Obstetrics and
Gynecology, vol. 166, no. 6, pp. 1717-1724, 1992.

P.J. Donker, “A study of the myelinated fibres in the branches of
the pelvic plexus,” Neurourology and Urodynamics, vol. 5, no. 2,
pp- 185-202, 1986.

T. P. Ball Jr,, J. M. H. Teichman, E E. Sharkey, V. J. Rogenes,
and E. K. Adrian Jr., “Terminal nerve distribution to the urethra
and bladder neck: considerations in the management of stress
urinary incontinence,” Journal of Urology, vol. 158, no. 3, pp.
827-829, 1997.



BioMed Research International

(49]

(50]

(51]

[56]

(58]
(59]

(60]

(61]

[63]

M. Kato, A. Matsubara, G. Murakami et al., “Female perineal
membrane: a study using pelvic floor semiserial sections from
elderly nulliparous and multiparous women,” International
Urogynecology Journal and Pelvic Floor Dysfunction, vol. 19, no.
12, pp. 1663-1670, 2008.

E. Hirata, M. Koyama, G. Murakami et al., “Comparative histo-
logical study of levels 1-3 supportive tissues using pelvic floor
semiserial sections from elderly nulliparous and multiparous
women,” Journal of Obstetrics and Gynaecology Research, vol. 37,
no. 1, pp. 13-23, 2011.

J. O. L. DeLancey, “Structural support of the urethra as it relates
to stress urinary incontinence: the hammock hypothesis,” The
American Journal of Obstetrics and Gynecology, vol. 170, no. 6,
pp. 1713-1720, 1994.

H. Masumoto, J. E Rodriguez-Vazquez, S. Verdugo-Lépez, G.
Murakami, and A. Matsubara, “Fetal topographical anatomy of
the female urethra and descending vagina: a histological study
of the early human fetal urethra,” Annals of Anatomy, vol. 193,
no. 6, pp. 500-508, 2011.

K. Colleselli, A. Stenzl, R. Eder, H. Strasser, S. Poisel, and G.
Bartsch, “The female urethral sphincter: a morphological and
topographical study;” Journal of Urology, vol. 160, no. 1, pp. 49—
54,1998.

H. Strasser and G. Bartsch, “Anatomy and innervation of the
rhabdosphincter of the male urethra,” Seminars in Urologic
Oncology, vol. 18, no. 1, pp. 2-8, 2000.

H. Masumoto, A. Takenaka, J. E Rodriguez-Vazquez, G.
Murakami, and A. Matsubara, “Reappraisal of intergender
differences in the urethral striated sphincter explains why a
completely circular arrangement is difficult in females: a histo-
logical study using human fetuses,” Anatomy & Cell Biology, vol.
45, no. 2, pp. 79-85, 2012.

M. Kurihara, G. Murakami, M. Kajiwara, K. Taguchi, T.
Tsukamoto, and T. Usui, “Lack of the complete circular rhab-
dosphincter and a distinct circular smooth muscle layer around
the proximal urethra in elderly Japanese women: an anatomical
study,” International Urogynecology Journal and Pelvic Floor
Dysfunction, vol. 15, no. 2, pp. 85-94, 2004.

L. Zhu, J. Lang, R. Feng, J. Chen, and E Wong, “Estrogen
receptor in pelvic floor tissues in patients with stress urinary
incontinence;” International Urogynecology Journal and Pelvic
Floor Dysfunction, vol. 15, no. 5, pp. 340-343, 2004.

T. M. Oelrich, “The striated urogenital sphincter muscle in the
female,” Anatomical Record, vol. 205, no. 2, pp. 223-232,1983.

J. O. L. DeLancey, “Correlative study of paraurethral anatomy,”
Obstetrics and Gynecology, vol. 68, no. 1, pp. 91-97, 1986.

T. A. Stein and J. O. L. DeLancey, “Structure of the perineal
membrane in females: gross and microscopic anatomy;” Obstet-
rics and Gynecology, vol. 111, no. 3, pp. 686-693, 2008.

P. Mirilas and J. E. Skandalakis, “Urogenital diaphragm: an erro-
neous concept casting its shadow over the sphincter urethrae
and deep perineal space,” Journal of the American College of
Surgeons, vol. 198, no. 2, pp- 279-290, 2004.

D. M. Morgan, W. Umek, K. Guire, H. K. Morgan, A. Garabrant,
and J. O. L. DeLancey, “Urethral sphincter morphology and
function with and without stress incontinence,” Journal of
Urology, vol. 182, no. 1, pp. 203-209, 2009.

E. Nakajima, A. Takenaka, E. Uchiyama, F. Hata, D. Suzuki, and
G. Murakami, “Macroscopic and histotopographic study of the
deep transverse perineal muscle (musculus transversus perinei
profundus) in elderly Japanese,” Annals of Anatomy, vol. 189, no.
1, pp. 65-74, 2007.

(64]

(65]

(68

(69

(71]

(72]

(73

(74]

(75]

[76]

(77]

(78]

17

H. Fritsch, A. Lienemann, E. Brenner, and B. Ludwikowski,
“Clinical anatomy of the pelvic floor,” Advances in Anatomy,
Embryology, and Cell Biology, vol. 175, pp. 1-64, 2004.

J. D. Brooks, S. E. Eggener, and W.-M. Chao, “Anatomy of the
rectourethralis muscle,” European Urology, vol. 41, no. 1, pp. 94—
100, 2002.

A. Porzionato, V. Macchii, M. Gardi, C. Stecco, A. Parenti,
and R. De Caro, “Histotopographic study of the rectourethralis
muscle;” Clinical Anatomy, vol. 18, no. 7, pp. 510517, 2005.

J. Walz, A. L. Burnett, A. J. Costello et al., “critical analysis of the
current knowledge of surgical anatomy related to optimization
of cancer control and preservation of continence and erection
in candidates for radical prostatectomy;” European Urology, vol.
57, no. 2, pp. 179-192, 2010.

A. Matsubara, G. Murakami, T. Arakawa et al., “Topographic
anatomy of the male perineal structures with special reference
to perineal approaches for radical prostatectomy;” International
Journal of Urology, vol. 10, no. 3, pp. 141-148, 2003.

H. Soga, A. Takenaka, G. Murakami, and M. Fujisawa, “Topo-
graphical relationship between urethral rhabdosphincter and
rectourethralis muscle: a better understanding of the apical
dissection and the posterior stitches in radical prostatectomy;’
International Journal of Urology, vol. 15, no. 8, pp. 729-732,2008.
E Rocco, L. Carmignani, P. Acquati et al., “Early continence
recovery after open radical prostatectomy with restoration of
the posterior aspect of the rhabdosphincter,” European Urology,
vol. 52, no. 2, pp. 376-383, 2007.

M. Lehtoranta, T. Streng, E. Yatkin et al., “Division of the male
rat rhabdosphincter into structurally and functionally differ-
entiated parts,” Anatomical Record A Discoveries in Molecular,
Cellular, and Evolutionary Biology, vol. 288, no. 5, pp. 536-542,
2006.

K. B. Thor and W. C. De Groat, “Neural control of the female
urethral and anal rhabdosphincters and pelvic floor muscles,”
The American Journal of Physiology—Regulatory Integrative and
Comparative Physiology, vol. 299, no. 2, pp. R416-R438, 2010.
H. Strasser, G. Klima, S. Poisel, W. Horninger, and G. Bartsch,
“Anatomy and innervation of the rhabdosphincter of the male
urethra,” Prostate, vol. 28, no. 1, pp. 24-31, 1996.

A. Shafik, “A new concept of the anatomy of the anal sphincter
mechanism and the physiology of defecation. II. Anatomy of
the levator ani muscle with special reference to puborectalis,”
Investigative Urology, vol. 13, no. 3, pp. 175-182, 1975.

H. Soga, I. Nagata, G. Murakami et al., “A histotopographic
study of the perineal body in elderly women: the surgical
applicability of novel histological findings,” International Urog-
ynecology Journal and Pelvic Floor Dysfunction, vol. 18, no. 12,
pp. 1423-1430, 2007.

I. Nagata, G. Murakami, D. Suzuki, K. Furuya, M. Koyama, and
A. Ohtsuka, “Histological features of the rectovaginal septum
in elderly women and a proposal for posterior vaginal defect
repair,; International Urogynecology Journal and Pelvic Floor
Dysfunction, vol. 18, no. 8, pp. 863-868, 2007.

S. Yoshida, M. Koyama, T. Kimura et al.,, “A clinicoanatom-
ical study of the novel nerve fibers linked to stress urinary
incontinence: The first morphological description of a nerve
descending properly along the anterior vaginal wall;” Clinical
Anatomy, vol. 20, no. 3, pp- 300-306, 2007.

C. H. V. Hoyle, R. W. Stones, T. Robson, K. Whitley, and G.
Burnstock, “Innervation of vasculature and microvasculature
of the human vagina by NOS and neuropeptide-containing
nerves,” Journal of Anatomy, vol. 188, no. 3, pp. 633-644, 1996.



18

(79]

(82]

(83]

(84]

(85

A. Tekenaka, M. Kawada, G. Murakami, S. Hisasue, T.
Tsukamoto, and M. Fujisawa, “Interindividual variation in
distribution of extramural ganglion cells in the male pelvis: A
semi-quantitative and immunohistochemical study concerning
nerve-sparing pelvic surgery,” European Urology, vol. 48, no. 1,
pp. 46-52, 2005.

Y. Lei, M. Alemozaftar, S. B. Williams et al., “Athermal division
and selective suture ligation of the dorsal vein complex during
robot-assisted laparoscopic radical prostatectomy: description
of technique and outcomes,” European Urology, vol. 59, no. 2,
pp. 235-243, 2011.

H. Oguma, G. Murakami, H. Takahashi-Iwanaga, M. Aoki,
and S. Ishii, “Early anchoring collagen fibers at the bone-
tendon interface are conducted by woven bone formation: light
microscope and scanning electron microscope observation
using a canine model,” Journal of Orthopaedic Research, vol. 19,
no. 5, pp. 873-880, 2001.

M. Takeyama, M. Koyama, G. Murakami, I. Nagata, H. Tomoe,
and K. Furuya, “Nerve preservation in tension-free vaginal
mesh procedures for pelvic organ prolapse: a cadaveric study
using fresh and fixed cadavers,” International Urogynecology
Journal and Pelvic Floor Dysfunction, vol. 19, no. 4, pp. 559-566,
2008.

T. M. Oelrich, “The urethral sphincter muscle in the male,
American Journal of Anatomy, vol. 158, no. 2, pp. 229-246, 1980.
A. Elbadawi, R. Mathews, J. K. Light, and T. M. Wheeler,
“Immunohistochemical and ultrastructural study of rhab-
dosphincter component of the prostatic capsule;,” Journal of
Urology, vol. 158, no. 5, pp. 1819-1828, 1997.

J. K. Light, E. Rapoll, and T. M. Wheeler, “The striated urethral
sphincter: muscle fibre types and distribution in the prostatic
capsule,” British Journal of Urology, vol. 79, no. 4, pp. 539-542,
1997.

R. P. Myers, “Practical surgical anatomy for radical prostatec-
tomy,” Urologic Clinics of North America, vol. 28, no. 3, pp. 473—
490, 2001.

C. Betschart, D. Scheiner, C. Maake et al., “Histomorphological
analysis of the urogenital diaphragm in elderly women: a
cadaver study;” International Urogynecology Journal and Pelvic
Floor Dysfunction, vol. 19, no. 11, pp. 1477-1481, 2008.

BioMed Research International



International Joumal of

Peptl

BioMed Stem Ce||5 ~ International \ urnal of
Research International International ( Genomics

Journal of

Nucleic Acids

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journal o L The SCientiﬁC
Signal Transduction World Journal

Anatomy var i
Research International Mlcroblology Research International Bioinformatics

International Journal of Biochemistry Advances in

Enzyme International Journal of Molecular Biology

Archaea Research Evolutionary Biology International




