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Summary

Recent studies substantiate a model of the tunica albuginea of the corpora cavernosa as a bi-layered
structure with a 360° complete inner circular layer and a 300° incomplete outer longitudinal coat
spanning from the bulbospongiosus and ischiocavernosus proximally and extending continuously
into the distal ligament within the glans penis. The anatomical location and histology of the distal
ligament invites convincing parallels with the quadrupedal os penis and therefore constitutes po-
tential evidence of the evolutionary process. In the corpora cavernosa, a chamber design is respon-
sible for facilitating rigid erections. For investigating its venous factors exclusively, hemodynamic
studies have been performed on both fresh and defrosted human male cadavers. In each case, a
rigid erection was unequivocally attainable following venous removal. This clearly has significant
ramifications in relation to penile venous surgery and its role in treating impotent patients. One
deep dorsal vein, 2 cavernosal veins and 2 pairs of para-arterial veins (as opposed to 1 single vein)
are situated between Buck’s fascia and the tunica albuginea. These newfound insights into penile
tunical, venous anatomy and erection physiology were inspired by and, in turn, enhance clinical
applications routinely encountered by physicians and surgeons, such as penile morphological re-
construction, penile implantation and penile venous surgery.
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BACKGROUND

The animal kingdom has consistently played a predomi-
nant role on earth in different eras [1]. Traits of the geni-
talia best demonstrate how species-level divergence occurs
[2,3]. This is most conspicuous in the male genitalia owing
to substantial structural and functional variances between
species. As the vehicle for delivering sperm cells, this pro-
truding organ has been indispensable to human life [4-6].
It is hardly surprising that this miraculous organ, with its re-
markable erectile capability, has throughout human history
consistently been considered emblematic of masculinity [7].

Given its importance, it is unsurprising that the penis
has been the subject of exhaustive study, and its anatomy
(Figure 1) is generally deemed to be well-established [8-13].
It is commonly believed that the glans penis is composed
exclusively of uniform sinusoids. There is a single deep dor-
sal vein (DDV) and 2 dorsal arteries between the tunica al-
buginea and Buck’s fascia. Thus the DDV is sandwiched
by a pair of dorsal arteries, and the 2:1 ratio of arteries to
veins is identical to the umbilical cord’s artery-vein ratio.
In addition, the tunica albuginea of the corpora cavernosa
is consistently described as a single-layered coat with uni-
form thickness.

The conventional anatomical paradigm of the penis may,
however, be questionable since it does not yet supply an-
swers to some important questions arising from daily prac-
tice. Take, for example, the following case: In 1985, a 32-year-
old impotent man sustained a prostrate-depressive course
for erectile dysfunction (ED) and had long yearned for a
cure for his awkward condition. Sudden loss of body weight
had resulted from cancer phobia in the previous month.
He asked for reconfirmation of whether a hard ridge that
he had palpated a month earlier inside his glans penis
from the urethral tip was a cancerous growth, as had been
previously suspected by a cancer subspecialist. Upon hear-
ing my reply that there should only be sinusoids within the
glans penis, he became convinced of a diagnosis of penile
cancer [14]. He had become so desperate that he had ulti-
mately lost interest in daily activities since, in his mind, he
had to struggle to survive cancer, with ED being the least of
his worries. He suffered from chronic, intractable depres-
sion. Could any physician have given him a different answer
when the medical literature holds that there are only sinu-
soids within the glans?

Consider a second example: In 1986, a 3-year-old boy was
brought by his mother for medical treatment of urination
pain and posthitis resulting from complete phimosis asso-
ciated with smegma. The mischievous boy asked me why
he sometimes had a rigid bone inside his penis, which dis-
appeared after urination. His mother, a veterinarian, re-
minded me that there is a bone in the canine penis [15].
Is the notion of an os penis in human beings really so out-
rageous? Perhaps a short aside illustrates why it might in-
deed be: In 1988, a 27-year-old male sustained a penile frac-
ture when, needing to urinate in the middle of the night,
he started moving half-asleep towards the bathroom and
his erect penis collided with the wall. These painful acci-
dents are entirely avoidable when the penis is flaccid; they
would, however, be an inevitable occurrence were man to
possess an os penis.

Consider a third case: In 1987, a pediatric surgeon taught
us that plication of Buck’s fascia could correct the penile
curvature of his young patient. Might this present a sustain-
able surgical solution? Fourthly in 2000, a 44-year-old man,
a specialist in a form of penile weight practice (which, in
Chinese society, is believed to be beneficial for ED and var-
ious chronic systemic diseases) consulted our institute be-
cause his glans was insufficiently rigid to sustain coitus [16].
He told us the sad story of when, in 1995, he sustained an
accident of glanular disruption while attempting to hold a
300-kg weight with his penis in order to attract potential dis-
ciples. An emergency repair of the disrupted glans was made
by a urologist. His glans penis incurred a 30% volume loss
and became considerably weaker afterwards. He was unable
to engage in coitus for 5 years because his partner consis-
tently declined his sexual advances in spite of the fact that
his erectile function and libido were excellent. Physical ex-
amination showed his glans penis to be strange. It had tak-
en on a rubberlike quality, lacking any firm connectivity
with the corpora cavernosa. One can only assume that the
distal ligament (DL) had been overlooked during the orig-
inal corrective surgery. It could be hypothesized that with-
out this structure, the glans penis would be too weak either
to bear the buckling pressure generated by coitus or to pro-
vide sufficient rigidity for intercourse.

Consider a fifth and final case: In 1990, we were approached
by a 28-year-old engineer who had been suffering from ED
for 7 years and who had already sought consultation with a
number of highly credible physicians. His previous doctors
had, without exception, diagnosed his ED as having a psy-
chogenic origin, but after multidisciplinary investigations
at our institutes we discovered the presence of a veno-oc-
clusive dysfunction [17]. Amazingly, his prolonged condi-
tion was corrected by penile venous-stripping surgery. This
patient’s diagnosis and successful treatment poses the ques-
tion —what is the optimal experimental model to isolate the
venous factor from psychogenic influences in ED?

The preceding examples demonstrate that it is not uncom-
mon to encounter events in daily practice that seemingly
call into question the existing literature’s depiction of both
the penile anatomy and erection physiology, highlighting
its inability to provide satisfactory answers to medical ques-
tions and to act as a foundation for advancing penile sur-
gical strategies. Furthermore, how can an evolutionary
process of the animal kingdom be correctly interpreted if
human penile anatomy has not been correctly described
[18]? Can recent insights into penile anatomy provide an-
swers to common dilemmas and offer evidence of evolu-
tionary differentiation?

This review of penile anatomy and erection physiology is
intended for all physicians and surgeons, since both the
appreciation of any human-related physiological process
and the subsequent derivation of treatment strategies are
wholly dependent upon a correct understanding of anato-
my and physiology.

THE FIBRO-SKELETON OF THE HUMAN PENIS: THE TUNICA
ALBUGINEA AND ITS RELATED STRUCTURE

The human penis is a unique structure composed of mul-
tiple fascial layers that surround 3 cylinders of erectile
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sinusoids, including a pair of corpora cavernosa and a sin-
gle corpus spongiosum. Thus, it consists of the glans pe-
nis, the corpus spongiosum (with the bulb of the urethra),
the paired corpora cavernosa, the bulbospongiosus, and
the ischiocavernosus muscles. Together, they are encased
by fascial layers of the tunica albuginea — Buck’s fascia and
Colles’ fascia — that separate the corporeal sinusoids from
the dermis and skin layer.

The tunica albuginea of the corpora cavernosa is the essential
fibro-skeleton (Figure 2) required for rigidity during sexual
intercourse [19]. This design seems indispensable to such a
purpose. It has been consistently but wrongly described as a
single layer with a uniform circumferential thickness [20];
however, it is in actuality a bi-layered structure in which the
inner layer is arranged circumferentially and in which fibers
of the outer layer are arrayed longitudinally. The inner lay-
er completely contains and, together with the intra-caver-
nosal pillars, supports the sinusoids. There is a paucity of
outer layer bundles at the region between the clockwise 5
and 7 o’clock positions, where 2 triangular ligament struc-
tures originate [21,22] — these structures, termed the ventral
thickening, are a continuation of the left and right bulbo-
spongiosus muscles, respectively. There is close contact of
the corpora cavernosa with the corpus spongiosum between
them. Between the 11 and 1 o’clock positions on the dorsal
aspect, there is also a dorsal thickening of the outer longitu-
dinal tunica, a radiating aspect of the bilateral ischiocaver-
nosus muscles. The continuation of the outer longitudinal

layer of the tunica, located at the 12 o’clock position of the
distal urethra, is grouped into the glans penis to form the
distal ligament (DL). This structure is arranged centrally
and acts as a trunk of the glans penis to maintain patency
of the distal urethra and preserve the range of ejaculation.
At the pendulous portion of the penis the median septum
is incomplete, with dorsal fenestration, and differs greatly
from the depiction in all textbooks currently available. The
extent of fenestration is commensurate with the quantity of
the intracavernosal pillars. Thus, in the distal penis the pil-
lars are numerous where the septum is most incomplete,
in order to allow for tensile capability.

This anatomical knowledge of the fibro-skeleton is deemed
a prerequisite for every physician who attempts to provide a
rational solution for any medical event involving the penis.
It is also a foundation for any surgeon who performs sur-
gery on the delicate tunica albuginea, such as procedures
involved in penile curvature correction [23,24], patch sur-
gery [25], and penile implantation [26].

THE INTEGRAL RELATIONSHIP BETWEEN THE SKELETAL AND
SM00TH MuUSCLE COMPONENTS

In the human penis, the components of the skeletal mus-
cles include the ischiocavernosus muscle, the bulbospongio-
sus muscle, and their continuing fibro-skeleton (Figure 3)
[27]. The distribution of the tunica albuginea is, howev-
er, singularly dependent upon specific anatomical parts,
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Figure 2. Schematic llustration of the
fibroskeleton in the human penis.
The tunica albuginea of the corpora
cavernosa is a bilayered structure.
The inner circular layer completely
contains the sinusoids and,
together with the intracavernosal
pillars, supports them. There is
a paucity of outer layer bundles
at the region between the 5 and
7 o'clock positions where there
is close contact with the corpus
spongiosum. Distally, they are
grouped into the glans penis
forming the distal ligament,
located at the 12 o'clock position
of the distal urethra. The median
septum is incomplete with dorsal
fenestration at the pendulous
portion of the penis and is merely
complete where the penile crura
are nearly formed.

in accordance with which a functional requirement ex-
ists — the corpora cavernosa and corpus spongiosum, for
instance. Thus, the skeletal ischiocavernosus muscle, bul-
bospongiosus muscle, and the bi-layered tunica albuginea
support and form the corpora cavernosa, the most ideal mi-
lieu in the entire human body in which to test Pascal’s law
[28], which states that pressure applied to any part of an
enclosed fluid at rest is transmitted undiminished to every
portion of the fluid and to the walls of the containing ves-
sel. The mono-layered tunica albuginea contains the cor-
pus spongiosum, while the skeletal bulbospongiosus mus-
cle partially encloses it, thereby allowing ejaculation despite
the erection being rigid (since tumescence, as opposed to
rigidity, is conserved). This is a result of the paucity of the
outer longitudinal layer. In the glans penis, however, the
skeletal distal ligament is entrapped by the smooth muscle
sinusoids and serves as a kind of trunk, allowing the glans
to protect the reflexogenic erectile mechanism, thus ren-
dering it essential to coitus.

The smooth muscle structure is found inside the vascular
walls — the artery, vein, and sinusoidal walls which are inter-
twiningly formed with smooth muscle cells and fibrous tis-
sue structures throughout the glans penis, the single cor-
pus spongiosum, and the paired corpora cavernosa. The
human penis mimics the structure of the human body in
which the skeletal muscles and skeleton encompass viscer-
al organs containing smooth muscles. Whether the organ is
healthy depends upon the integrity of its muscles.

Any penile surgery, if erectile function is a concern, should
spare the muscles, since muscle integrity is essential in de-
termining a penis’s health. This situation is analogous to
that of a freely movable finger, which can only be preserved
if the arm-sited muscle is spared during attempted hand
surgery. Since iatrogenic damage to the muscles resulting
from crural detachment or ligation is irreversible and whol-
ly undesirable, this anatomical knowledge is critical to any
surgeon [29].

THE Os PENIS IN QUADRUPEDS AND THE DISTAL LIGAMENT
IN AN UPRIGHT ANIMAL: EVIDENCE OF EvOLUTION

A full exploration of the penile anatomy among animal
species provides the framework for an investigation into
the processes of species-level divergence [30]. In quadru-
peds, such as dogs and rats, an os penis — supported by a
pair of well-developed, non-elastic corpora — forms an un-
varying and indispensible component of the penis, vital to
intercourse. This is necessary for rigorous coitus in dogs,
which have a protracted coital time [31]. In rats, a joint-
like design between the corpus cavernosum and os penis
is optimal for its action of flipping mating in order to re-
move the semen plug deposited by a previous male com-
petitor (although its coital time lasts only a few seconds)
[32]. These multifarious anatomical designs are specifical-
ly attuned to the unique physiological functions and re-
quirements of each species, and they accordingly display
a great deal of variety.
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Figure 3. Schematicillustration of the three-dimensional human penis. (A) Lateral view. The penis leans upon the suspensory ligament which is an
extension of the linea alba. Proximally, it is capped by the glans penis, and the corpus spongiosum is held by the bulbospongiosus muscle
in which the fibers are mostly transverse. The corpora cavernosa are surrounded by a bilayered tunica albuginea which is composed of
inner circular and outer longitudinal collagen bundles. The intra-cavernosal pillars, which are considerably more numerous distally, are a
continuation of the inner circular layer. The corpus cavernosum is entrapped in the ischiocavernosus muscle with the muscle fibers aligned
in longitudinal arrangements. (B) Medial view. The distal ligament is segregated from the collagen bundles of the outer longitudinal layer
of the tunica albuginea. Itis an inelastic fibrous structure which forms the trunk of the glans penis. The incomplete septum is dorsally
fenestrated. The corpus spongiosum contains the urethra. (C) Ventral aspect. The three-dimensional structure of the human penis is
evident. The ischiocavernosus muscle is paired and situated at the lateral boundary of the perineum. Each segment covers its ipsilateral
penile crus. Meanwhile, anterior fibers of the bulbospongiosus muscle partially spread out to encircle the corpus cavernosum (not shown
here) and mostly insert into the ventral thickening of the tunica albuginea.

Although there is no os penis in upright animals such as
humans, a closely corresponding distal ligament with the
same histology is arranged centrally and acts indispens-
ably as a supporting trunk of the glans penis. The absence
of an os penis (and the phenomenon of penile extensibil-
ity) in upright animals may have been evolutionary advan-
tageous for locomotion by removing a significant impedi-
ment to movement.

The distal ligament is convergent from the outer layer of
the tunica albuginea; what we might think of as a kind of
spine within the glans penis has been overlooked in the ex-
isting literature [33]. Since the distal ligament in human
beings is analogous to the quadrupedal os penis not only
in terms of the anatomical position but also in the histolo-
gy component, might this not constitute solid evidence of
evolutionary development? Without this important struc-
ture, the glans would be too weak to bear the buckling pres-
sure generated during coitus and too limber to maintain
an efficacious passage for ejaculation, potentially resulting
in poor transmission of intracavernosal pressure along the
entirety of the penile shaft during ejaculation. This model

of penile anatomy is, accordingly, meaningful, and, in ad-
dition to constituting plausible evidence of the evolution-
ary process, can provide a broader foundation for medical
and surgical strategies in clinical practice [34].

NEW INSIGHTS INTO PENILE VENOUS ANATOMY

The venous system of the human penis has been widely stud-
ied and is generally described as follows: A single superfi-
cial dorsal vein (SDV) is located between Buck’s fascia and
Colles’ fascia for general venous drainage of superficial tis-
sues, and a single DDV accompanied by a pair of dorsal ar-
teries (DAs) is positioned between the tunica albuginea and
Buck’s fascia for blood drainage of the corpora cavernosa,
a chamber essential to facilitating a rigid erection [35-38].
Thus, according to the received medical wisdom, the penis,
like the umbilical cord, constitutes a rare exception in the
human anatomy in that its attendant arteries number fewer
than its attendant veins do. A recent study, however, found
that each of the DAs is sandwiched by a medial and lateral
para-arterial vein (PAV) and that the DDV is accompanied
by cavernosal veins (CVs) which are more deeply housed in
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their own perivascular sheath in accordance with the drain
corresponding to the corpus cavernosum (Figure 4) [39].
It is important to recognize that the DDV is not unique in
having dedicated emissary and circumflex veins — the CVs
and PAVs also possess them.

The DDV, consistently located in the median position, re-
ceives blood through the emissary veins from the corpora
cavernosa and through the circumflex vein from the corpus
spongiosum. In other words, it remains the common drain-
age channel of the paired corpora cavernosa and corpus
spongiosum. It is flanked by a pair of CVs, although these
lie in a deeper position. Bilaterally, each DA is respectively
sandwiched by its corresponding medial and lateral PAVs. A
slumped-looking communicating vein can clearly be iden-
tified between the 2, acting as a kind of hammock or sling
for the corresponding dorsal artery [40]. The lateral PAV
merges with the medial one proximally. Therefore, there
are 7 veins between the tunica albuginea and Buck’s fascia
in the pendulous portion of the penis, not 1 as was tradi-
tionally believed. (Although the number becomes 4 at the
level of the penile hilum, as a merger takes place in each
pair of nomenclature veins.)

Hence, the penile vascular system still complies with the gen-
eral anatomical rule that veins number more than arteries
do. Erection-related veins are arrayed in an imaginary arc
on the dorsal aspect of the corpora cavernosa. The relation-
ship of the vasculature to the fibro-skeleton is interesting,

and the difference between the penile venous and arteri-
al paths is substantial. The veins traverse an oblique path
between the inner and outer layers of the tunica albugin-
ea, whereas the arteries take a more direct route. This de-
sign is optimal for facilitating penile erection in that the ve-
nous vasculature is susceptible to being compressed. As one
might expect in erection physiology, there is a description
of a subtunical venule space [41], a transitional zone be-
tween the inner and outer layers. This outer layer is indis-
pensable for rendering rigidity, yet it has been previously
disregarded. Could a proper explanation of erection phys-
iology be made in light of these new insights?

A thorough scrutiny of the penile vasculature reveals a com-
plexity that could plausibly account for physicians over-
looking “residual veins” when performing penile venous
surgery and in subsequently misinterpreting these veins
as “recurrent” in the event of a disappointing postopera-
tive result [42,43].

PATHOPHYSIOLOGY OF ERECTILE DYSFUNCTION

The current consensus maintains that erectile function relies
upon a number of conditions: a normal hormonal profile,
arterial sufficiency, neurological integrity, freedom from the
adverse effect of drugs, a lack of systemic chronic disease,
the absence of psychological disturbance, and healthy caver-
nosal sinusoids with integral endothelial function [44-46].
Accordingly, ED could be attributed to any combination of
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hormonal deficiency, arterial insufficiency, neurological im-
pairment, adverse reaction to drugs, systemic chronic dis-
ease, psychological disturbance, or cavernosal defects [47].
However, a recent hemodynamic study of fresh human ca-
davers indicated that a rigid erection was unequivocally at-
tainable after erection-related veins were removed in all sub-
jects — despite the fact that their sinusoidal tissues were dead
[48]. Given that none of the other commonly ascribed con-
tributors to erectile function could be said to affect erectile
capability in cadavers, might we not perceive in these find-
ings strong evidence of the pivotal role played by the penile
veins? Might we not infer then that a fully rigid erection may
depend upon the drainage veins as well, rather than just on
the intra-cavernosal smooth muscle? Therefore, might we
not look at venous malfunction [49,50] — a phenomenon
manifest in a variety of other disease entities, including hem-
orrhoids [51], varicose veins of the leg [52], and varicocele
testis [63] — with a renewed appreciation for its critical role
in ED? It is understandable that veins are susceptible to dys-
function in dependent portions in upright animals, imply-
ing that these various diseases could, to a large extent, be
avoided if man walked on 4 feet. Could penile venous sur-
gery and morphological reconstruction, therefore, be ben-
eficial for ED patients [54,55]? There is evidence that the
mechanism of erections is predominantly a vascular hemo-
dynamic phenomenon. While a rigid erection overall de-
pends on cooperation among healthy sinusoids, a normal
tunica, functional arteries, and veno-occlusive drainage, it
is logical that the venous factor be included alongside (or
even be afforded priority over) other factors.

CONCLUSIONS

For physicians, the importance of anatomy is second to none
- both in forming treatment strategies and in confronting
medical questions in routine practice. These newfound in-
sights into penile tunical, venous anatomy and erection
physiology were inspired by, and, in turn, enhance, clinical
applications routinely encountered by physicians and sur-
geons, including penile morphological reconstruction, pe-
nile implantation and penile venous surgery.
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