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ABSTRACT

The structure and development of the sulcus between the glans and
prepuce of the human clitoris have hardly been investigated. Interest in
its structure was raised when in the female, in contrast to the male,
glands were found to develop from the solid lamella-like precursor of the
glandopreputial sulcus. It prompted a further histological analysis of the
sulcus in female fetuses and newborn and an extension of that study to
clitorises of adult women. The investigation showed that in the clitoris, in
contrast to the penis, the transformation of the glandopreputial lamella
into the open sulcus was mostly incomplete and apparently remained so
throughout life. As a most striking and probably exclusively female fea-
ture, two to eight eccrine glands developed from the base of the lamella
in fetuses older than 14.5 weeks gestation. These glands formed secretory
coils near and occasionally inside the adjacent distal corpora cavernosa.
Some glands showed atresia, cystic dilatation, and squamous metaplasia.
A remarkably similar picture was observed in the adult clitorises, in
which the secretory coils were often found between the large blood vessels
and nerves to the glans and were connected to the sulcus by long excre-
tory ducts. All glands revealed unmistakably eccrine features. It is sug-
gested that their secretion moistens the female glandopreputial sulcus,
which is not lubricated by urethral secretion as in the male. The findings
may explain the rare clitoral phimosis, cysts, and some pilonidal sinuses.
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The sulcus between the glans and the prepuce of the
clitoris is an inconspicuous structure, which has received
little attention in the literature. As even its existence
was mostly ignored (Rhodin, 1974; Moore and Daley,
1996; McLean, 1999; Larsen, 2001; O’Connell et al.,
2005; Wilkinson and Hardt, 2007; Standring, 2007), fac-
tual knowledge about its development and microscopic
anatomy is scarce. The data suggest that, as in the
male, it develops on the dorsum of the clitoris as a down-
growth of a solid epithelial lamella, which temporarily
connects the prepuce to the glans and later splits into
the opposed surfaces of the preputial sac lined by corni-
fied stratified squamous epithelium (Glenister, 1956;
Cold and Taylor, 1999; Van der Putte, 2005). In line with
the results of recent extensive studies of the male prepu-
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tial sac, it is considered to be devoid of glands (Barreto
et al., 1992; Cold and Taylor, 1999; Velazquez et al.,
2007). Moistening of the female sulcus would be the
result of fluid transudation as that sulcus is excluded
from wurethral secretions, which form most of the
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GLANDOPREPUTIAL GLANDS OF THE HUMAN CLITORIS

TABLE 1. Clinical and histological data of 24
specimens of human fetuses

Fetus Gestational Crown-rump Plane of Mounting

no. age (weeks)® length (mm) sections of sections
1 10.5 35 Sagittal Series

2 11 45 Sagittal Series

3 11.5 55 Sagittal Series

4 11.5 60 Sagittal Series

5 12 65 Frontal Series

6 12 70 Sagittal Series

7 12 70 Transverse Series

8 13 85 Sagittal Series

9 13 85 Sagittal Series

10 14 93 Sagittal Series

11 14.5 105 Frontal  Step sections
12 15 110 Sagittal Series

13 15 110 Frontal Series

14 16 125 Sagittal  Step sections
15 17.5 140 Frontal  Step sections
16 18 150 Sagittal Series

17 21 182 Frontal Series

18 22 190 Sagittal  Step sections
19 26 230 Frontal Series

20 26 230 Sagittal  Step sections
21 26 230 Transverse Single section
22 28 260 Frontal Single section
23 35 320 Frontal Single section
24 39 360 Frontal Step sections

2The estimated gestational ages are approximations. Values
are based on clinicopathological information for fetuses
under 12 weeks and on the growth curve for crown-rump
lengths by Maroun and Graem (2005) for fetuses of 12
weeks and older.

POrientation to the surface of the perineum between the
anal and vestibular orifices.

smegma in the male (Parkash et al., 1973; Cold and Tay-
lor, 1999).

Surprisingly, during an investigation into the develop-
ment of the human perineum, tubular glands were found
that developed from the deepest part of the solid lamella
(Van der Putte, 2005). It raised the question whether a
causal relationship could exist between these glands and
poorly understood clitoral cysts, especially because the
glands might show segmental atrophy and dilatation
during the last trimester before birth. It stimulated fur-
ther research in both fetal and adult clitorises. The find-
ings were correlated to data in the literature about
clitoral cysts and other disorders.

MATERIALS AND METHODS

The investigation was performed on specimens from
female fetuses, which formed part of a previous study on
the development of the perineum (Van der Putte, 2005),
and from adults. The selection comprised 24 normal clit-
orises from spontaneously born fetuses (Table 1). They
ranged in age from 10.5 to 39 weeks gestation and in
crown-rump length (CRL) from 35 to 360 mm. The speci-
mens were fixed in 4% formalin, embedded in paraplast,
and sectioned at 5-7 pm. The plane of sectioning was
transverse, frontal, or sagittal to the surface of the peri-
neum between anal and vestibular openings. Sections
were mounted in complete series, series of step sections
(1:5 or 1:10), or as single sections.
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The surgical pathology files of the University Medical
Centre Utrecht were searched for vulvectomies, that is,
complete or partial surgically removed vulvas. Pathology
reports were reviewed for the indication of vulvectomy,
age of the patient, and the presence of a clitoris, which
was not involved in the pathological process. The 30 vul-
vectomies were performed for squamous cell carcinoma
(N = 26), malignant melanoma (N = 2), and lichen scle-
rosus (N = 2). The patients were between 43 and 92
years old (mean age: 70 years). The pathological speci-
mens consisted of transverse slices removed from clitor-
ises as part of a standard pathological procedure. They
could contain cranial, middle, and/or caudal segments of
a glandopreputial sulcus. In most cases, a single slice
had been removed. Multiple slices allowing a picture of
the whole clitoris were available in five cases. The speci-
mens were fixed in 4% formalin and embedded in para-
plast. Eleven single slices and five multiple slices from
one clitoris were serially sectioned at 5 pm and mounted
as step sections (1:5 or 1:10) and as complete series at
selected levels. Sections were stained with hematoxylin
and eosin. Histochemical tests comprised periodic acid-
Schiff (PAS) staining with or without diastase prediges-
tion for the detection of glycogen and mucoproteins and
Alcian blue (pH 2.5) for mucoproteins.

Immunohistochemical stains comprised the use of
antibodies detecting the low-molecular-weight keratin
(CK7) and smooth muscle actin (SMA) for the discrimi-
nation between secretory and excretory segments of cu-
taneous glands, and epithelial membrane antigen (EMA)
for the identification of intercellular secretory canuliculi,
which are characteristic of eccrine glands. The tests
were performed on rehydrated 4-um paraffin-embedded
sections using an automatic Bond-Max immunohisto-
chemistry system (Leica, Newcastle). Slides were heated
for 10 min at 56°C. CK7 was brought in a pH 6.0 citrate
buffer for 20 min at 99°C, EMA was similarly treated by
ethylene diaminetetraacetic acid, pH 9, and no antigen
retrieval was needed for SMA. The anti-CK7 clone
OVTL 12/30 (Biogenex, San Ramon, USA) was used at a
dilution of 1:800, the anti-EMA clone E29 (Dako,
Glastrup, Denmark) at a dilution of 1:400, and the anti-
alpha-SMA clone 1A4 (Sigma, St. Louis, USA) at a dilu-
tion of 1:16,000. The primary antibody incubation was
15 min. It was followed by postprimary incubation for 8
min, polymer—peroxidase for 8 min, and diaminobenzi-
dine for 10 min (Bond polymer refine detection system)
at room temperature. Sections were counterstained with
hematoxylin. Tissues that were previously shown to
demonstrate reactivity with the different antibodies
were used as positive controls.

This human research was performed according to the
guidelines of the University Medical Centre Utrecht.

RESULTS
Development of the Glandopreputial Lamella
and Sulcus in Female Fetuses

The first indication of the formation of the glandopre-
putial lamella was an increase in the concentration of
basal cells with dark nuclei in the epithelium covering
the peripheral extension of dense stroma of the glans at
the early fetal stage between ~10.5 and 11.5 weeks ges-
tation (35-60 mm CRL) (Fig. 1). An initial depression
filled by stratified squamous epithelium (Fig. 1la) was
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Fig. 1. Early development of the glandopreputial lamella of the
clitoris in human fetuses of 11.5 (a), 11.5 (b), 12 (c), and 14.5 weeks
(d) gestational age [55, 60, 65, and 105 mm crown-rump length
(CRL)]. The figures demonstrate the transformation of a shallow sul-
cus lined by epidermis with strikingly crowded nuclei into a solid
lamella (large arrowheads) while preserving its basic structure and

later transformed into an outward growing solid glando-
preputial lamella in concert with the increase in volume
of the flanking corona of the glans medially and the pre-
puce laterally (Fig. 1b). The prominent dense basal cell
layer remained at the deepest part of the lamella and
gradually decreased distalward over the glans. It also
extended for a short distance over the inner layer of the
prepuce derived from the originally most peripheral
glans stroma, before passing into stratified squamous ep-
ithelium with paler basal cells changing into epidermis
near the edge of the prepuce (Fig. 1c,d).

The lamella slightly broadened in fetuses older than
~14.5 weeks gestation (105 mm CRL) and revealed the
appearance of variable numbers of whorls at the side of
the prepuce causing an undulating epithelial outline.
Most whorls had disappeared at the end of pregnancy
but some had been transformed into small isolated cav-
ities with central cornification inside an otherwise still
solid lamella.

Development of Glandopreputial Glands in
Female Fetuses

A most striking feature of the female lamella was the
development of multiple gland primordia, which devel-
oped from its basal layer in a restricted area at the glan-
dar side of its deepest part in female fetuses older than
~14.5 weeks gestation (105 mm CRL) (Figs. 1d, 2a,c).
These primordia numbered five to eight in total for one
lamella. They were most numerous in the middle part of
the sulcus and could be absent at the cranial and caudal
sides. A variable proportion of these primordia, mostly
near the base of the lamella, formed tubular glandular
structures with a distinct two-layered epithelium which
ended in a broader, at first solid and later cribriform
“bud” with developing canaliculi characteristic of eccrine
differentiation (Fig. 2a—d). These glands extended deep
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intimate relationship to the expanding corona of the glans (1), distal-
ward growing prepuce (2), and underlying nerves to the glans (small
arrowheads). This indicates that the lamella grows outward in associ-
ation with the corona and prepuce. Asterisk, whorl; arrow, earliest
primordium glandopreputial gland. Magnifications: a, x80; b and c,
x100; d, x65.

into the clitoris where they were found in tissues very
close to the corpora cavernosa, often between nerves and
large blood vessels related to the glans, and occasionally
inside the corpora (Fig. 2e). One or two glands consis-
tently occurred at each side but often glands also devel-
oped from the cranial part of the lamella into tissues at
the dorsum side of the distal corpus cavernosum (Fig.
2d). Some primordia appeared to become abortive ele-
ments by revealing atresia, squamous metaplasia, or
cystic dilatation (Fig. 2a—c,f). Immunohistochemistry of
the secretory coils demonstrated reactivity for the low-
molecular-weight keratin CK7. In the newborn, EMA
was variably present inside the cytoplasm of the epithe-
lial cells. It was concentrated on the luminal surface,
thereby outlining intercellular canaliculi characteristic
of eccrine differentiation (Fig. 2e). SMA-positive myoepi-
thelium was positioned at the periphery. Excretory ducts
showed a concentration of EMA in the lumen and a
gradual disappearance of CK7 and SMA in the segment
following the secretory coil. Histochemistry showed gly-
cogen granules in some secretory cells and a faint reac-
tivity for mucin in alcian blue and diastase-resistant
PAS staining in most cells.

Structure of the Glandopreputial Sulcus of the
Adult Clitoris

The glandopreputial sulcus of the clitorises in the pre-
dominantly old age group investigated revealed a consid-
erable variation in structure from completely solid
lamellas to fully open sulcuses. The most common vari-
ant consisted of an open sulcus superficially and a varia-
bly long tapering solid lamella at a deeper level (Fig.
3a—c). The open part showed a lining of markedly corni-
fying stratified squamous epithelium at the side of the
glans. Strong cornification was also observed at the side
of the prepuce, but in half the number of specimens, a
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Fig. 2. Development of glandopreputial glands in female human
fetuses of 21 (a-c), 18 (d), 39 (e), and 35 weeks (f) gestational age
(182, 150, 360, and 320 mm CRL). (a—c) A transverse section through
the clitoris at low magnification (a) shows the topography of a very
early gland primordium (arrowhead) and early glands (arrows) which
grew from the glandopreputial lamella (1) at the base of the glans (2)
into the tissues around the distal corpus cavernosum (3). Details dem-
onstrate in b a still cribriform secretory segment (arrow) and an abor-
tive primordium (arrowhead) and in ¢ an excretory duct (arrow) and
another abortive primordium (arrowhead). Inset, early primordium
(small arrowhead). (d) A parasagittal section illustrates an early and

variably long deep part is lined by a noncornifying para-
keratotic stratified squamous epithelium (Fig. 3d). The
often strikingly thin solid part may have formed irregu-
lar long and thin rete ridges and may contain a few
whorls and small cavities (Fig. 3a). This combination of
solid and open sulcus was observed in caudal and middle
segments of the sulcus in particular.

A completely open sulcus lined by a markedly corni-
fied stratified squamous epithelium occurred in five
specimens in the middle and cranial parts of the sulcus.

A solid lamella was seen in sections of caudal seg-
ments of seven clitorises. In six of these cases, informa-
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still solid eccrine secretory bud (arrow) (detail in inset) in close proxim-
ity to the corpus cavernosum (3) and dorsal artery of the clitoris
(arrowhead). (e) A frontal section shows a secretory coil (arrow) which
is partially positioned inside the corpus cavernosum (3). Inset, EMA
shows intercellular canaliculi (small arrowhead) characteristic of
eccrine differentiation. 2, glans; asterisk, area of large nerves and ves-
sels of the glans. (f) A parasagittal section reveals a normal (small
arrow) and a dilated excretory duct (large arrow) and an abortive pri-
mordium (arrowhead) beneath the glans (2). Magnifications: a, x30; b
and c, x185, inset x280; d, x48, inset, x140; e x145, inset, x225; f,
x25.

tion about other parts of the lamella was not available.
In the seventh case, the whole lamella was proven solid.

A hair shaft was found inside the lumen of two sul-
cuses in which, like in the other sulcuses, neither hair
follicles or sebaceous glands were observed.

Glandopreputial Glands of Adult Clitorises

Glandopreputial glands were found in 27 of 30 clitor-
ises. They were absent in three clitorises represented by
single slices from caudal or cranial parts of the sulcus,
which could not be considered representative for the
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Fig. 3. Glandopreputial lamella and sulcuses in clitorises of adult women.
Transverse sections demonstrate a range from a completely solid lamella (1)
in a to the most common variant of a partially open and partially solid variant
(1) in b, and a completely open sulcus (1) in c. The epithelium is stratified

sulcus as a whole. The limited number of completely an-
alyzed clitorises did not allow a clear overall assessment
of the number and distribution of glands in a certain
clitoris. However, the collected data could suggest that,
similar to the pattern in the fetus, one or two glands
occurred on each side and none to three glands at the
cranial side (Fig. 4).

The topography had not altered either when compared
with the pattern in the fetuses. The glands were embed-
ded in dense parallel and longitudinal oriented connec-
tive tissue directly related to the clitoris (Figs. 3c, 4,
5a,b). Nineteen secretory coils and 33 excretory ducts
were found. The coils were still in the direct vicinity of
the main neurovascular structures related to the glans
(Fig. 5a).

The secretory coils occurred in two types. A minority
(7 of a total of 19 secretory coils) revealed the character-
istic morphology of typical eccrine glands with their
dark mucoid cells and clear glycogen-containing cells
and a peripheral layer of SMA-reactive myoepithelium.
Between the cells were EMA-positive canaliculi charac-
teristic of eccrine secretory epithelium (Fig. 5¢). A major-
ity of the coils were lined by a less distinctive epithelium
consisting of a single layer of monotonous columnar cells
with a weakly staining eosinophilic or amphophilic cyto-
plasm. This epithelium could also show intercellular
canaliculi, but these were often less numerous than in
the characteristic variant (Fig. 5d). The CK7-positive se-
cretory epithelium passed gradually into the conspicuous
two-layered cuboidal epithelium at the transition to the
CK7- and SMA-negative excretory ducts.

As the result of a considerably increased distance
between these structures and the glandopreputial
lamella after birth, the excretory ducts had lengthened
considerably. All 33 excretory ducts revealed the eosino-

squamous and may form a complete horny layer in the sulcuses but may
also differentiate into a noncornifying epithelium at the deep preputial side
(asterisk in d). 2, glans; 3, prepuce; arrowhead, cornified cavity; arrows, glan-
dopreputial gland. Magnifications: a, x17; b, x19; ¢, x22; d, x57.

Fig. 4. Diagrams of a midsagittal and a transverse section through
the adult clitoris to illustrate the topography of glandopreputial glands
and the direction of sectioning. (a) The midsagittal section shows a
glandopreputial gland (arrow) extending from the cranial part of the
glandopreputial sulcus (1) into the vicinity of the corpus cavernosum
(2) where its secretory coil is situated amid blood vessels and nerves
of the glans (3). 4, prepuce. (b) A transverse section (plane of section
(A) indicated in a) illustrates bilateral glandopreputial glands (arrows)
opening into the deep glandopreputial sulcus. Magnification: x10.

philic cuticle-like luminal border typical of the eccrine
excretory duct and lacked myoepithelium (Fig. 5d). The
number of small spinal duct cells increased before the
duct merged with the epithelium of the wall of the glan-
dopreputial sulcus or lamella. In three specimens, a seg-
ment of the duct was atrophic (Fig. 5e) before it formed
a small cystic dilatation and ended blindly near the
lamella. A few small cysts were completely isolated.
Unlike the ducts in the fetuses, those in the adults
opened at various positions into the glandopreputial
lamella or sulcus. Orifices were found at the glandar
side, at the base, or at the side of the prepuce. The
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Fig. 5. Glandopreputial glands in clitorises of adult women. (a) The
typical configuration of a glandopreputial gland opening into the lateral
part of the glandopreputial sulcus (1) shows a secretory coil situated
between a large artery (large asterisk) and nerves (small asterisks) of the
glans (2). A typical eccrine excretory duct (arrowhead) courses lateral to
the solid part of the sulcus before opening into its superficial open part.
(b) Anti-cytokeratin 7 highlights the secretory coils (arrows) of two glands,
which are situated anterior to the tip of the corpus cavernosum (3) and
open into the cranial part of a glandopreputial sulcus (1). 2, glans. (c and

position of the orifices at the right side could differ from
those at the left side in the same fetus. Almost all ducts
entered the open part of a sulcus superficial to the solid
part. One duct showed a protracted intraepithelial
course through the whole length of a solid part to the
open segment (Fig. 5f). In a specimen with a completely
solid lamella, a duct at the left side ended in a small iso-
lated cornified intralamellar cavity and two ducts at the
right side ended blindly in small dilatations outside the
lamella.

The glands were often surrounded by loosely
arranged finely fibrillar connective tissue and intercellu-
lar mucin.

d) Secretory coils (arrows) demonstrate the variegated histology of a typi-
cal eccrine gland (c) and the more monotonous epithelium of a variant
eccrine gland (d). The insets show examples of EMA-stained eccrine
canaliculi (arrowheads) in similar glands. (e) A detail of an excretory duct
demonstrates the usual eccrine structure (large arrowhead) and in this
specimen also an atrophic segment (small arrowhead). (f) A terminal seg-
ment of an excretory duct (arrowheads) traverses the whole length of a
solid lamella-like part of a glando-preputial sulcus (1). Magnifications: a,
x35; b, x12; c and d, x160, inset, x260; e, x275; f, x60.

DISCUSSION
Terminology

The inconspicuous anatomical structure between the
glans and the prepuce of the clitoris has, to the best of
our knowledge, yet not been named. The term “preputial
sac” used for the male counterpart seems inappropriate
for the very small female sulcus, which is also partially
solid in most instances. The frequently used term “glan-
dar lamella” for the preceding solid plate (Johnson,
1920; Glenister, 1956; O’Rahilly and Miiller, 2001)
ignores the essential participation of the prepuce. The
term “glando-preputial lamella” used for the initial solid
plate by Hamilton and Mossman (1972) in their textbook
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on embryology seems more appropriate. The present
introduction of the term “glandopreputial sulcus” for the
succeeding open sulcus is in line with this terminology.

Development of the Glandopreputial Lamella
and Sulcus in Female Fetuses

This investigation demonstrated that the neglected
glandopreputial lamella and sulcus of the clitoris are
actually interesting structures. The scarce data reported
(Saalfeld, 1899; Glenister, 1956) supported the general
idea that there was a basic similarity in formation and
morphology of the sulcus between male and female with
the exception of the vestibular groove which keeps the
lateral margins of prepuce and lamella separated in the
female. With respect to the formation of the sulcus and
prepuce, more extensive research in the male (Schweig-
ger-Seidel, 1866; Herzog, 1904; Hart, 1908; Johnson,
1920; Hunter, 1935) eventually resulted in the now gen-
erally accepted theory of a combination of preputial fold-
ing over the glans penis and simultaneous ingrowth of
an epithelial lamella (Glenister, 1956).

In a recent study, however, it was noted that during
the whole developmental process, the deep margin of the
lamella did not change its original position close to large
underlying nerves passing toward the glans (Van der
Putte, 2005) as had also been observed by Johnson in
1920. This is inconsistent with an inward growing
lamella. As there were no indications of a folding of the
prepuce over the glans either, it was suggested that the
lamella grows outward together with the flanking and
intimately connected prepuce and corona of the glans.

No information was found about the transformation of
the solid glandopreputial lamella of the clitoris into the
(partially) open sulcus. Rare studies of the process in the
male suggested a confluence of whorl-derived small cor-
nified and initially isolated cavities which develop inside
the solid lamella (Gairdner, 1949; Van der Putte, 2005)
or a central keratinization under influence of androgen
hormones (Oster, 1968).

This study could not reconstruct this process in the
female because it takes place after birth and specimens
from children and young adults were not available. How-
ever, it did reveal that the number of cornified cavities
in the still solid lamella in third trimester female fetuses
was far smaller than the number in their male counter-
parts. In a fetus of 39 weeks gestation, a central split
bordered by parakeratotic noncornified stratified squa-
mous epithelium extending from the opening between
the labia minora into a solid lamella without cornified
cavities suggested that such splitting may play an im-
portant role in at least a proportion of the sulcuses. This
process may be influenced by sex hormones as prenatal
treatment of male rhesus monkeys caused a delay in
separation (Thompson et al., 1981).

Development of Glandopreputial Glands in
Female Fetuses

The development of tubular glands from the deepest
part of the glandopreputial lamella in every fetus stud-
ied has, to the best of our knowledge, not been reported
before. Their development in such a “remote” spot at
the base of the glans is most remarkable. It is true that
the lamella derives from the early epidermis that covers
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the genital tuberculum and may therefore be considered
capable of forming epidermal appendages. But their ori-
gin from glans epithelium at such an isolated place far
from the nearest cutaneous appendages, which develop
many months later at the outside of the prepuce, may
explain why they were not observed before.

The histiogenesis of the glands revealing a large ter-
minal bud differentiating into a secretory coil with inter-
cellular canaliculi strongly suggested that they were
eccrine glands.

The early development of the glands at a stage that
the base of the glandopreputial lamella is very close to
the major blood vessels and nerves of the glans and to
the ill-defined extremity of the corpus cavernosum
explains the intimate relationship between the struc-
tures which will apparently last for life.

The change in position of a number of orifices from
the medial to the lateral sides of the glandopreputial sul-
cus is probably due to alterations in shape and structure
of the lamella.

Structure of the Glandopreputial Sulcus of the
Adult Clitoris

Information about the microscopic anatomy of the
adult female glandopreputial sulcus appears practically
nonexistent. This investigation demonstrates that the
female sulcus is not merely a small variant of the male
sulcus but has some specific features. Apart from
the posterior interruption by the vestibular opening, the
study shows that most sulcuses of the clitoris had not
split completely as is the normal process in the male,
but had preserved the solid lamella-like character of the
fetal stage to a variable degree. In addition, this distinc-
tive female sulcus proved to have its own specific mois-
tening system of glandopreputial glands, whereas the
moistening of the male preputial sac depends on fluid
produced by the urethra and its glands (Cold and Taylor,
1999).

Glandopreputial Glands of the Adult Clitoris

No information was found in the literature about
fluid-producing glands opening into the glandopreputial
sulcus of the female clitoris. In the only report dealing
with the question whether such glands occur in the
female, their existence was denied (Saalfeld, 1899).
Long-lasting and sometimes fierce discussions about
their presence in the male had recently resulted in the
conclusion that the concept of preputial glands discharg-
ing their products in the preputial sac was in fact a
myth (Baretto et al., 1992; Taylor et al., 1996; Cold and
Taylor, 1999). However, these disputes were about seba-
ceous glands (Hyman and Brownstein, 1969). The ab-
sence or presence of other types of glands opening in the
preputial sac was not disputed (Saalfeld, 1899; Parkash
et al., 1973; Taylor et al., 1996).

In a previous study, it was demonstrated that, indeed,
no glands developed inside the preputial sac of male
fetuses apart from a single primordium in an 18-week-
old (150-mm CRL) fetus (Van der Putte, 2005). This
study showed that the situation is distinctly different in
the female clitoris by revealing that from the early fetal
stage of 14.5 weeks gestation to old age, tubular glands
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probably form a normal constituent of the glandoprepu-
tial sulcus of the clitoris.

The striking correspondence in the number of glands
and in the intimate relationship of the secretory coils to
the central structures of the clitoris between fetuses and
aged women is in accordance with the notion that
eccrine glands serve the individual for life (Folk and
Semken, 1991). This close relationship itself is best
explained by their original proximity at an early devel-
opmental stage.

The glandopreputial glands proved to be eccrine
glands because all excretory ducts had the small diame-
ter and typical luminal cuticle of the eccrine duct. In
addition, a large proportion of the secretory coils showed
the light and dark cells with intercellular canaliculi of
the typical eccrine gland. The glands that showed a less
characteristic and more monotonous secretory epithe-
lium most likely represented a variant of the typical
eccrine gland because they revealed canaliculi in some
specimens and differed markedly in morphology from
apocrine, apoeccrine, and mammary-like glands (Van der
Putte, 1991, 1994).

The human glandopreputial glands differ essentially
from the “preputial glands” observed in mammals such
as rats (Reznik and Ward, 1981) and mice (own unpub-
lished observations), which originate from the epidermis
at the outside of the prepuce and are modified sebaceous
glands.

The consistency in presence and configuration of the
glands precludes an ectopic character and indicates that
the glands are an essential part of the clitoris, with the
moistening of the glandopreputial sulcus as a most likely
main function.

Clinical Aspects

Congenital malformations that can be related to the
glandopreputial sulcus or its glands appear to be very
rare. Phimosis as illustrated by Goldstein (2007) may
well be the clinical interpretation of a partially or com-
pletely solid lamella, which is shown to be a normal var-
iation in this study.

Congenital clitoral cysts are the most prevalent anom-
aly, although only three reports were found (Merlob
et al., 1978; Teague and Anglo, 1996; Abudaia et al.,
1999). Detailed histological information is missing but
localization and epithelial lining do fit in well with a
deviation caused by the remarkable developmental his-
tory of the glandopreputial sulcus. It is conceivable that
the clinically irrelevant cystic dilatation of isolated cav-
ities in the solid parts of the sulcus and in adjacent ex-
cretory ducts of glandopreputial glands noticed in some
older fetuses during this investigation may occasionally
expand to a true congenital cyst and may even form the
substrate for the rare clitoral cysts, which became mani-
fest during puberty or later in life (Concetti, 1940;
Schmidt et al., 1999; Guelinckx and Sinsel, 2002; Linck
and Hayes, 2002).

The equally rare pilonidal sinus of the clitoris is
considered to be an acquired condition, which is
caused by hair shafts “sucked” into the trough-like sul-
cus which may result in inflammation and destruction
of the epithelium progressing into the formation of a
fistula (Betson et al.,, 1962; Patey and Curry, 1962;
Radman and Bhagavan, 1972; Werker and Kon, 1990).
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The presence of hair shafts in two normal glandopre-
putial sulcuses of adult clitorises as observed in this
investigation may support this theory. However, such
mechanism does not preclude that, theoretically, the
glandopreputial sinus epithelium from which appa-
rently eccrine glands originate may rarely give rise to
one or more hair follicles. Such a deviation may
explain the presence of hair-producing follicles in a
“sinus pilonidalis” (Palmer, 1957) or a “dermoid cyst”
(Abudaia et al., 1999). No information was found about
benign and malignant tumors, which could be related
to the glandopreputial glands.
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