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Anatomy of the Human Penis: The Relationship of the
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ABSTRACT: To investigate the anatomy of the ischiocavernosus
muscle, bulbospongiosus muscle, and tunica albuginea and to de-
termine their relationships to smooth muscle, which is a key ele-
ment of penile sinusoids, we performed cadaveric dissection and
histologic examinations of 35 adult human male cadavers. The tu-
nica of the corpora cavernosa is a bilayered structure that can be
divided into an inner circular layer and an outer longitudinal layer.
The outer longitudinal layer is an incomplete coat that is absent
between the 5-o’clock and 7-o’clock positions where 2 triangular
ligamentous structures form. These structures, termed the ventral
thickening, are a continuation of the anterior fibers of the left and
right bulbospongiosus muscles. On the dorsal aspect, between the
1-o’clock and 11-o’clock positions, is a region called the dorsal
thickening, a radiating aspect of the bilateral ischiocavernosus
muscles. In the corpora cavernosa, skeletal muscle contains and
supports smooth muscle, which is an essential element in the si-
nusoids. This relationship plays an important part in the blood ves-
sels’ ability to supply the blood to meet the requirements for erec-
tion, whereas in the corpus spongiosum, skeletal muscle partially

entraps the smooth muscle to allow ejaculation when erect. In the
glans penis, however, the distal ligament, a continuation of the
outer longitudinal layer of the tunica, is arranged centrally and acts
as a trunk of the glans penis. Without this strong ligament, the
glans would be too weak to bear the buckling pressure generated
during coitus. A significant difference exists in the thickness of the
dorsal thickening, the ventral thickening, and the distal ligament
between the potent and impotent groups (P % .01). Together, the
anatomic relationships between skeletal muscle and smooth mus-
cle within the human penis explain many physiologic phenomena,
such as erection, ejaculation, the intracavernous pressure surge
during ejaculation, and the pull-back force against the glans penis
during anal constriction. This improvement in the modeling of the
anatomic-physiologic relationship between these structures has
clinical implications for penile surgeries.
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In 1992, we explored the 3-dimensional structure of the
human tunica albuginea and, through the use of gross

and microscopic dissection and study with light and elec-
tron microscopy, reported it to be a bilayered structure
with multiple sublayers (Hsu et al, 1992). The inner cir-
cular layer is circumferentially uniform, and the intracav-
ernosal pillars are an extension of this structure. The outer
longitudinal layer, however, varies in thickness as well as
in the distribution of collagen bundles, which condense
to form the ventral thickening at the 5-o’clock and 7-
o’clock positions. The dorsal thickening is conspicuous
between the 1-o’clock and 11-o’clock positions (Hsu et
al, 1994; Brock et al, 1997). Why and how these thick
ligamentous structures form remain unanswered.

Concerning the bulbospongiosus, ischiocavernosus, and
perineal muscles, the literature appears to be in general
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agreement (Gray, 1989; Putz and Pabsteds, 2001). The bul-
bospongiosus muscle has anterior, middle, and posterior
fibers. The anterior fibers radiate over the side of the cor-
pus cavernosum and insert partially into it. They contribute
to penile erection by compressing the deep dorsal vein of
the penis. The middle fibers encircle the bulb and adjacent
parts of the corpus spongiosum and assist in erection of
the spongiosum by compressing the erectile tissues of the
bulb (Wespes et al, 1990; Shafik, 1995). The ischiocaver-
nosus muscle is paired with and compressed to the crus
penis, retarding the return of blood through the veins to
assist in maintaining an erection (Lavoisier et al, 1988;
Claes et al, 1996; Kawanishi et al, 2001).

Although recent advances in our knowledge of penile
erection have been remarkable (Lue, 2000), the relation-
ships among the outer layer of the tunica albuginea and
the above muscles have not been elucidated. Moreover, the
obscurity of the relationship between skeletal and smooth
muscles prompted us to perform further studies with the
ultimate goal of improving anatomic knowledge, which, in
turn, can provide a foundation for penile surgery.
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Figure 1. Bulbospongiosus muscle in the human penis. (A) This is an
image of the junction (silk suture) between the pendulous and crural
portions. Note that the anterior fibers of the bulbospongiosus muscle
(white arrow) are conspicuous. The distal portion of the ischiocavernosus
muscle (arrowhead) can readily be seen if the pubic periosteum (aster-
isk) is detached. (B) The corpus cavernosum (CC) was opened along
the 5-o’clock position. The proximal tunica (right) is thin, but it becomes
thicker distally because the muscle fibers (white arrow) join it to form the
ventral thickening. (C) This is an image of the cross section of the ventral
thickening at the 7-o’clock position. It is cut from the level distal to the
insertion of the bulk of the bulbospongiosus muscle. These anterior fibers
insert into the outer longitudinal layer of the tunica albuginea to form the
ventral thickening (VT). Note that the thickness of the tunica of the corpus
spongiosum (CS) is consistently paper thin, whereas it varies markedly
in the CC (reduced from 73 magnification).

Materials and Methods
From November 1997 to March 2003, the penises of adult male
cadavers were studied. Their medical histories were reviewed,
and those who sustained a disease directly involving the exo-
genitalia were excluded from this study. Thirty-five case-pa-
tients, ranging in age from 23 to 93 years (average, 66.3 6 16.2
years), were included in the study. The underlying causes of
death included 13 of coronary artery diseases, 7 of hepatoma, 6
of lung cancer, 3 of brain tumor, 2 of lymphoma, 2 of pancreatic
cancer, and 2 young suicides.

Six young cadavers of sexually active men, classified as the
potent group, were used for the dissection of the ischiocaver-
nosus muscle, bulbospongiosus muscle, perineal muscle, levator
ani, and periosteum of the pubic angle. Among the remaining
29 cadavers, classified as the impotent group, 7 were used to
investigate the structure of the pendulous portion.

Under a dissecting microscope, the muscle configuration and
relationship with the tunica albuginea were observed, and each
muscle was dissected, bundle by bundle, until the proximal end
was encountered (Figure 1). In 11 cadavers, serial cross sections
at 2.5-cm intervals were taken from the tip of the penis con-
tinuing proximally until a complete septum was encountered.
Each cut surface was examined for tunical thickness at specific
locations (eg, 5 o’clock, 7 o’clock, 12 o’clock), the inner and
outer layers were defined, and distributions of the intracaver-
nosal fibrous structures (pillars) were detailed. Measurement was
made of the dorsal thickening as well as of the distal ligament
and the ventral thickening. Statistically, the Student’s t test was
applied whenever necessary. The components of the tunica were
stripped off bundle by bundle to determine its interactions with
other structures. A sagittal section was made on the tissue block
of the glanular penis. Finally, penile tissue from 11 cadavers was
used for histologic examination in which hematoxylin and eosin,
Masson trichrome, and orcein stains were used.

Results

The bulbospongiosus muscle (Figure 1A), a bipinnate
muscle, arises from the perineal body. The most posterior
fibers form a thin layer and join the urogenital diaphragm.
The middle fibers originate from the median raphe and
encircle the proximal part of the corpus spongiosum; on
its ventral surface, conspicuous fleshy fibers aggregate.
The anterior fibers (Figure 1B) partially radiate to encircle
the corpus cavernosum and mostly insert into the ventral
thickening (Figure 1C) of the tunica.

The ischiocavernosus (Figure 1A) muscle is paired
with and situated at the lateral boundary of the perineum.
It arises from the ischial tuberosity and divides into ven-
tral and dorsal fibers. The ventral fibers (Figure 2A) are
shorter, have a shiny appearance, and run along the medial
border of each crus. These fibers continue with the outer
longitudinal collagen bundles of the tunica albuginea. The
dorsal fibers run along the lateral border of each crus
between the crus and the periosteum of the ischial border.
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Figure 2. Ischiocavernosus muscle. (A) A single muscle fiber at the level
of the penile crus. It was chosen from the distal and medial borders of
the penile crus (shiny appearance in Figure 1A). These skeletal muscles
(asterisk) are evidenced by their characteristically unique striation within
the collagen bundle (double-headed arrow, Masson trichrome, 4003
magnification). (B) Cross section at the glanular level showing the distal
ligament. The dorsal thickening of the tunica albuginea becomes con-
spicuous because these ischiocavernosus muscle fibers have joined it.
Progressing distally, the dorsal thickening becomes prominent and is
grouped into the glans penis to form the distal ligament (asterisk). Note
that the distal end of the corpora cavernosa (CC) is apparent in spite of
a variation in the apparent size bilaterally that results from an asymmetric
cut and the position of the distal urethra (U). Not surprisingly, there is an
intracavernosal pillar (arrow) within the larger corpus. (C) This image is
of the sagittal section of the glans penis showing the distal ligament
(arrowhead). This structure is aggregated from the collagen bundles of

←

the outer longitudinal layer of the tunica in the CC. It is a strong trunk-
within the glans and is located at the 12-o’clock position of the distal U,
which is centrally located in the corpus spongiosum (CS).

Some muscle fibers that arise from the inner surface of
the pubis and ischium join these long, fleshy fibers as they
run along the crus. They then insert into the outer lon-
gitudinal collagen bundles of the tunica. At the penile
crus, both the ischiocavernosus and bulbospongiosus
muscles encircle their corresponding corpus. Where the 3
bodies are not in close contact, fleshy fibers are conspic-
uous; where the 3 bodies are in direct contact, the struc-
ture between them is thin and tendinous. This tissue was
further confirmed as skeletal muscle, because histologic
staining showed the striations that are unique to skeletal
muscle (Figure 2A).

At the junction between the pendulous and crural por-
tions, ventral thickening and dorsal thickening are obvi-
ous. The ventral thickening predominates and forms the
borders of the ventral groove that houses the corpus spon-
giosum, whereas the dorsal thickening begins to form a
concave dorsal groove that houses the deep dorsal vein
trunk. Progressing distally, the dorsal thickening becomes
conspicuous, groups into the glans penis, and forms the
distal ligament (Figure 2B and C), which is located at the
12-o’clock position of the distal urethra.

In the corpora cavernosa, skeletal muscle that is asso-
ciated with the continuing tunica albuginea contains and
supports smooth muscle, which is an essential element in
the sinusoids. This relationship plays an important part in
the blood vessels’ ability to supply the blood to meet the
requirements for erection. Thus, Pascal’s law governing
fluid pressures applies in the corpora cavernosa. The cor-
pora cavernosa allows only vascular and nervous tissue
to communicate with systemic circulation, whereas in the
corpus spongiosum, skeletal muscle partially entraps the
smooth muscle to allow ejaculation when erect. In the
glans penis, however, the distal ligament, a continuation
of the outer longitudinal layer of the tunica, is arranged
centrally and acts as a trunk for the entire glans.

To provide a better understanding of the anatomic-clin-
ical correlation, the Table summarizes the general data of
these cadavers. In the potent group, the ischiocavernosus
and bulbospongiosus muscles are much thicker than those
in the impotent group. In the potent group, the thickness
of ventral thickening, dorsal thickening, and distal liga-
ment is 2.2 6 0.3 mm, 1.9 6 0.2 mm, and 2.0 6 0.3 mm,
respectively. The corresponding values are 1.6 6 0.2 mm,
1.4 6 0.1 mm, and 1.5 6 0.1 mm in the impotent group.
A statistically significant trend existed between the potent
group and the impotent group (P % .01 in each).
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Summary of the skeletal components of 35 cadavers

Grouping
No. of

Cadavers Age, y

Thickness (mm)

Ventral
Thickening

Dorsal
Thickening

Distal
Ligament Ischiocavernosus Bulbospongiosus

Potent group

Impotent group

6

29

23–54
(38.2 6 9.9)

48–93
(71.1 6 9.7)

2.2 6 0.3

1.6 6 0.2

1.9 6 0.2

1.4 6 0.1

2.0 6 0.3

15 6 0.1

Remarkable

Slimmer

Remarkable

Slimmer

Total
P-value*

35
,.001 ,.001 .002 .01

* Univariate comparisons were performed using the Student’s t-test for parameters with continuous values.

Discussion

The human penis is composed of the glans penis, the
corpus spongiosum with the bulb of the penis, and the
paired corpora cavernosa in which skeletal muscle struc-
tures and the continuing tunica albuginea completely sur-
round and contain smooth muscle structures, which in-
termingle with fibrous tissue to form the wall of the si-
nusoids (Goldstein and Padma-Nathan, 1990; Hsu et al,
1992, 1994; Brock et al, 1997). The corpus spongiosum
is partially entrapped by the skeletal muscle. These en-
cased tissues finally pass through and are regulated by the
surrounding structures. The penis gives the appearance of
being an independent organ because of its skeletal muscle
structures. They are the tissue that determine the penile
shape as well as an essential part in the establishment of
a rigid penis.

The human penis mimics the structure of other parts of
the human body where skeletal muscles and the skeleton
encompass those visceral organs in which smooth mus-
cles reside. It is a pendulous organ that is uniquely sus-
pended from the front and strongly adheres to the pubic
ramus and ischium via the tenacious periosteum. The or-
gan leans on and is supported by a suspensory ligament
that is an extension of the linea alba. An erect penis is
analogous to an athletic diver without upper extremities
who is standing on a springboard ready to dive. Thus, the
glans penis corresponds to the head, and the penile shaft
corresponds to the trunk of the body, with the penile crura
corresponding to the legs. Whether the organ is healthy
depends on its muscle integrity.

The tunica albuginea of the corpora cavernosa is a bi-
layered structure. The inner circular layer completely con-
tains and, along with the intracavernosal pillars, supports
the sinusoids. There is a paucity of outer-layer bundles in
the region between the 5-o’clock and 7-o’clock positions
where there is close contact with the corpus spongiosum.
Distally, they are grouped into the glans penis, which
forms the distal ligament, a continuation of the outer lon-
gitudinal layer of the tunica, and is located at the 12-
o’clock position of the distal urethra. Coital ability can

be lost if the penis loses its intact distal ligament, even
though its erectile function is normal (Hsu et al, 2001).
This unique anatomic arrangement may explain why the
glans penis is strong enough to bear the buckling pressure
of coitus, as well as how an erect penis is sufficiently
rigid but never compresses the corpus spongiosum, which
otherwise would present an obstacle to ejaculation. A
strong glans protects the reflexogenic erectile mechanism
that may be evoked in response to global contraction of
the perineal muscles, which in turn compresses the veins
and erectile tissue to encourage penile rigidity and allows
rhythmic ejaculation (Schmidt and Schmidt, 1993; Shafik,
1998).

Smooth muscle is an essential component of the sinu-
soids in the corpora cavernosa, the corpus spongiosum,
and the glans penis. In the corpora cavernosa, the ischio-
cavernosus muscle and its continuation as the tunica al-
buginea contain and support the smooth muscle, and to-
gether, they meet the requirements for erection, whereas
in the corpus spongiosum, the skeletal muscle partially
entraps the smooth muscle to allow ejaculation when in
a state of erection. The young cadavers (Figure 1) show,
unequivocally, a remarkable muscle bulk, whereas elderly
subjects sustaining chronic diseases tend to demonstrate
a lighter skeletal muscle bulk and slimmer distal ligament
(Figure 2C) as well as a thinner tunica albuginea.

Traditional anatomy states that there are 2 end-artery
organs in the human body (ie, the retina and the kidney).
However, we believe that the sinusoids of the corpora
cavernosa, the corpus spongiosum, and the glans penis
should be included in this grouping. In our study, most
emissary veins often ran in an oblique path between the
inner and outer layers of the tunica albuginea. However,
the arteries take a more direct route through the tunica.
The veins, therefore, play a passive, yet overwhelmingly
important, role in erectile function.

In the area of the penis with a complete medium sep-
tum (Figure 3B), bulking is obvious in both the bulbo-
spongiosus and ischiocavernosus muscles. The anterior
fibers of the bulbospongiosus muscle are bulky, and sim-
ilarly, the ischiocavernosus muscle bulk is apparent at this
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Figure 3. Schematic illustration of the human penis. (A) Lateral aspect. The penis leans on and is supported by a suspensory ligament, which is an
extension of the linea alba. It is capped by the glans penis. Proximally, the corpus spongiosum (CS) is held by the bulbospongiosus muscle in which
the fibers are mostly transverse. The corpora cavernosa (CC) is surrounded by the tunica albuginea, which is a bilayered structure (an inner circular
and an outer longitudinal layer with multiple sublayers). The intracavernosal pillars, which may be considerably larger distally, are a continuation of
the inner circular layer. The corpus cavernosum is entrapped in the ischiocavernosus muscle with the muscle fibers aligned in the longitudinal direction.
(B) Medial aspect. The distal ligament is aggregated from the collagen bundles of the outer longitudinal layer of the tunica albuginea. It is an inelastic
fibrous structure that forms the trunk of the glans penis. The incomplete septum is dorsally fenestrated. The CS contains the urethra. (C) Ventral
aspect. The 3-dimensional structure of the human penis is evident. The ischiocavernosus muscle is paired with and situated at the lateral boundary
of the perineum. Each segment covers its ipsilateral penile crus. Meanwhile, the anterior fibers of the bulbospongiosus muscle partially radiate to
encircle the corpus cavernosum and mostly insert into the ventral thickening of the tunica.

level (Figure 1). Therefore, any surgical attempt, if erec-
tion is a concern, should spare these muscles (Mulhall et
al, 2001). In penile-lengthening procedures, it is not wise
to detach the pubic periosteum or to sever the collagen
bundles, which anchor the muscle to the dorsal thicken-
ing, as the underlying ischiocavernosus muscle might not
be saved (Shirong et al, 2000). Anatomic knowledge must
be deemed a prerequisite for any surgeon. Local anesthe-
sia for a penile implant and venous patch surgery should
be delicately handled (Hsu et al, 2003), and irreversible
iatrogenic damage of the muscles resulting from crural
detachment or ligation must be avoided, if possible.

In the human penis, the skeletal ischiocavernosus mus-
cles, the bulbospongiosus muscles, and their extension as
the tunica albuginea support and contain, completely in
the corpora cavernosa or partially in the corpus spon-
giosum, the smooth muscle structures that intermingle

with fibrous tissue to form the wall of the sinusoids. How-
ever, in the glans penis, the skeletal ligament is entrapped
by the smooth muscle structures and serves as a trunk.
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