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ABSTRACT

Objective: In the normal human penis, the glans wings are in apposition in the midline ventrally, and are
separated by the “septum glandis” and “frenulum” of the prepuce. However, most of the hypospadias repair
techniques include dissection of the glans wings and their approximation enclosing the neourethra within
the glans.

Material and methods: In order to obtain detailed information about the normal anatomy of glans penis,
magnetic resonance imaging (MRI) findings of the penis were studied in three adults. Transverse, and sagit-
tal sections of the penis were performed with a 1.5-T MRI scanner.

Results: The present MRI study has confirmed that the glans wings do not fuse at the ventral midline and
they are seperated by a fibrous tissue (septum glandis). This fibrous tissue is connected to the frenulum, tra-
versing the wings of the glans penis. The glanular urethra forming the fossa navicularis has a wider caliber
than the proximal urethra, and its walls are radiologically seen as the extension of that fibrous tissue.

Conclusion: The male urethra is not a uniform tubular structure and has distinct attachments in glans penis.
The glans wings are separated ventrally by the septum glandis and frenulum. In hypospadias, the septum
glandis and frenulum are entirely missing structures. Therefore, in hypospadias surgery, the anatomical
features of the glanular urethra must be taken into consideration.
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0z
Amac: Normal insan penisinde glans kanatlar1 ventral yiizde "septum glandis" ve prepusyuma ait "frenu-

lum" ile birbirinden ayridir. Oysa, hipospadiyas cerrahisinde uygulanan tekniklerin cogunlugu glans kanat-
larmin diseksiyonunu ve neoiiretray1 igine alacak sekilde karsilikli olarak birlestirilmesini icermektedir.

Gerec ve yontemler: insan penis glansi anatomisi hakkinda detayl bilgiler edinmek amaciyla iic eriskinde
penis anatomisi MR bulgulari ile degerlendirilmisgtir. Penisin yatay ve dikey kesitleri 1,5-T MR tarayici ile
gerceklestirilmisgtir.

Bulgular: Bu calisma ile glans kanatlarinin ventralde birlesmedigi ve bir fibréz doku ile birbirinden ayril-
dig1 gosterilmistir. Bu fibroz doku glans kanatlarini gegerek, frenulum ile birlesmektedir. Fossa navikularisi
olusturan glanular iiretranin proksimal iiretradan daha genis oldugu ve duvarlarinin bu fibr6z dokunun
uzantilari ile olustugu, radyolojik olarak goriilmiigtiir.

Sonug: Erkek iiretrasi uniform bir tiip yapisinda degildir ve penis glansi i¢inde 6zel baglantilar1 mevcuttur.
Glans kanatlar1 ventralde septum glandis ve frenulum ile ayrilmigtir. Hipospadiyas olgularinda septum
glandis ve frenulum yoktur. Bu sebeple, glanular iiretranin 6zellikleri hipospadiyas cerrahisinde dikkate
alinmalidir.

Anahtar Kelimeler: Frenulum; hipospadiyas; glans penis; penis; septum glandis.

of the penile urethra is essential, together with
a grasp of precise microscopic anatomy of the
penile hypospadias. In the normal human pe-
nis, the glans wings are in apposition in the

Introduction

In hypospadias surgery, a clear understanding
of the normal anatomy of the penis and origin
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midline ventrally, and are separated by the “septum glandis” in
conjunction with the “frenulum”. The frenulum is also included
in the formation of the distal (glanular and subcoronal) urethra,
which has a special part known as the “fossa navicularis”.!'4
Almost all hypospadias repair techniques include glans dissec-
tion and their approximation over the neo-urethra. However, the
male urethra is not a tubular structure with uniform configura-
tion and diameter, and has distinct attachments in glans penis.!"4

In order to obtain detailed information about the anatomy of
glans penis, magnetic resonance imaging (MRI) findings of
adult penis were studied, with particular reference to the glan-
ular urethra, septum glandis and frenulum. To the best of our
knowledge, this is the first study to examine MR images of this
particular part of the penis.

Material and methods
Magnetic resonance imaging of the glans penis in three adult

men (aged 23, 23, and 24 years) were peformed using a 1.5-T
8-channel MRI scanner (Siemens Magnetom Essenza, Siemens

Healthcare, Erlangen, Germany). The patients were members of
a football team, who were to undergo MRI studies for soft tissue
injuries. All individuals were otherwise normal on physical ex-
amination, but circumcised. The men consented to penile MRI
after being informed of the purpose and procedure of the study.
MRI of the glans penis was performed with a fixed position, ly-
ing the penis backwards onto the pubis.

Cross-sections of the glans penis were performed at six levels;
submeatal, distal glanular, mid-glanular, proximal glanular, cor-
onal and subcoronal levels. Four main structures: the glans pe-
nis, septum glandis, frenulum, and the corpus spongiosum were
visualized with particular reference to the glanular urethra.

Results

It was observed that the penile urethra was located within the
corpus spongiosum terminating at the mid-glanular level of the
glans penis. The walls of the glanular urethra were seen radio-
logically as an extension of the fibrous tissue (septum glandis)
connected to the frenulum, traversing the wings of the glans

Figure 1. a-f. Cross sectional MRI anatomy of the glans penis in a 24 year old man, showing the fibrous tissue (septum glandis)
between the glans wings (S). Note the walls of the glanular urethra as extension of the fibrous tissue connected to the frenulum
(F), traversing the wings of the glans penis.
a: submeatal level; b: distal glanular level; c: mid-glanular level; d: proximal glanular level; e: coronal level; f: subcoronal level. U: urethra; CS:
corpus spongiosum; CC: corpus cavernosum.
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Figure 2. Cross sections of the glans penis showing the sep-
tum and frenulum in “Anatomischer Hand-Atlas zum Geb-
rauch im Secirsaal (Band 6) Eingeweide — Braunschweig,
1877¢.[4] C) mid-glanular level, D) submeatal level. Upper
median septum (*), lower median septum (**), fibrous tissue
surrounding the glanular urethra and connecting the upper and
lower median septum (***), frenulum (y)

penis. Hence, the glans wings do not fuse at the ventral mid-
line (Figure 1a-f). The area between the wings of the glans was
composed of these extensions, forming a frenular delta at the
subglanular level (Figure 1e, f). The glanular urethra had a wider
caliber than the proximal urethra, resembling a laterally com-
pressed, slit-like passage (“fossa navicularis”) (Figure 1a-f).

Discussion

In the normal human penis, glans wings merge in the ventral
midline, but they are also separated by the frenulum and do not
attach to each other in the deeper layers. The septum of the glans
penis (septum glandis) is a median partition within the glans,
which extends to the tunica albuginea and it is attached to the
frenulum, the urethra and the ventral aspect of the urethral me-
atus. These anatomical features of the glans penis were well de-
scribed previously (Figure 2).1"4

In hypospadias, the frenulum is an entirely missing structure in
addition to a defective urethra and corpus spongiosum. Glans

wings are spread widely away and the glanular urethra is laid
open. The foreskin is not fused ventrally, and it appears as a
hood over the glans penis. Recent studies have shown that mas-
culinization of the urethral plate occurs in association with the
growth and fusion of the preputial fold along the ventral mid-
line of the genital tubercle, which also forms the frenulum of
the proximal part of the glanular urethra. It has been proposed
that preputial folds accompany the urethral folds during the for-
mation of the glanular urethra and the preputial frenulum.>*' A
reconstruction of the pathogenesis of hypospadias and associ-
ated anomalies has been recently described with histopathologic
findings." In this novel study, the description of the distalward
growth process of median fascial tissues that form the ventral
prepuce and frenulum is a new concept, which may change cur-
rent concepts in hypospadias repair.

Owing to the differences in signal intensity of the corpora cav-
ernosa, corpus spongiosum, fibrous layers, arteries and veins,
subcutaneous connective tissue, tunica dartos, epidermis and the
urethra the anatomy of the penis becomes visible in MR imag-
ing.®! A recent MRI study of the tissue planes and vessels in
hypospadias penis revealed their relationship with each other.
A close connection was demonstrated between the dartos and
bifurcated spongiosum of the laid open urethra, which are con-
tinuous with glans tissue and the adjacent preputium.”! In our
study, we showed that the frenulum was connected to the septum
between the glans wings as an epidermally lined fibrous tissue.
We found that the walls of the glanular urethra are radiologically
seen as an extension of that fibrous tissue forming the septum
glandis. Additionally, the glanular urethra is seen wider than the
proximal urethral caliber. We may say that the frenulum is in-
cluded in the formation of the distal (glanular and subcoronal)
urethra as proposed by van der Putte. Hence, anatomic correc-
tion of hypospadias should include tubularization of the urethral
plate, reunion of the diverted corpus spongiosum, and construc-
tion of the septum, frenulum and foreskin to form the glanular,
and subcoronal urethra.

The findings in embryologic and radiologic studies inspired the
author (HO), and invented a hypospadias repair technique (ie. the
Glanular-Frenular Collar (GFC) technique) that simulates the de-
velopment of the glanular and subcoronal urethra.'”’ In the GFC
technique, the split glans wings are supported by a neo-septum
and a neo-frenulum ventrally, which allows tension-free tubular-
ization afforded by the limited spongioplasty (Figure 3). A normal
wave-like flow pattern of micturition in 86% of the patients was
observed as suggested by Wheeler et al.''! Most of the techniques
for hypospadias repair include glansplasty with glanular surface
enhancement and dissection of the glans wings. Furthermore,
“extensive” dissection of the glans wings and their approximation
was recently advised. It was concluded that, enclosing the neoure-
thra within the glans provides a normally reconstructed penis."”
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Figure 3. a-c. Hypospadias repair with the glanular-frenular collar (GFC) technique!'":

(a) Subepithelial approximation of the glans wings and a holding suture at mid-frenular level of the ventral mucosal collar. (b)
Holding the suture superiorly exposes a cleft-like area between the glans wings (curly bracket) and the last stitch of the partial
spongioplasty extending up to the subcoronal level (arrow), filling the cleft-like area between the glans wings (septum glandis)
with the terminal ends of the spongiosum and dartos of the mucosal collar. (c) Midline skin closure of the ventral collar providing
a neo-fenulum reinforced with spongiosum and dartos: the glanular-frenular collar (GFC)

However, our contention is that, extensive dissection of the glans
wings and their approximation over the neo-urethra is not ana-
tomical and may be counter-productive. According to our MRI
findings of the glans penis and to our experience with the GFC
technique, the glans wings should stay separated by a neo-septum
and supported by a neo-frenulum ventrally, which allows tension-
free tubularization." The male (glanular) urethra is not a tubular
structure with a uniform configuration and diameter, and its re-
construction over a catheter/stent should allow for its expansion
to emulate fossa navicularis. One way to achieve this outcome is
to (re)create the frenular triangle or delta between the glans wings
with the described GFC technique.

In conclusion, MRI findings of the normal glans penis show that
the septum glandis and the frenulum separate the glans wings
on the ventrum. They are also included in the formation of the
distal (glanular and subcoronal) urethra, which include the fossa
navicularis. Our findings prove that the glanular urethra is not a
uniform tubular structure, and special attention should be given
to form that particular portion of the urethra in hypospadias re-
construction.
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