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The indifferent stage 
 
At embryonic day 19, the human embryo is a 0.6 mm wide three-layered germ disc. 
The three intra-embryonic germ layers, the endoderm, intra-embryonic mesoderm 
and ectoderm have been formed by the process of gastrulation in the so-called 
primitive streak. Already at 21 days, a subdivision in the mesodermal layer can be 
recognized (Fig. 1). From medial to lateral the following mesodermal components are 
formed; the axial mesoderm (or notochordal plate), the paraxial mesoderm from 
which the somites develop, the intermediate mesoderm that constitutes the urogenital 
system and the lateral plate mesoderm from which the body wall and circulatory 
system will be formed. We now focus on the intermediate mesoderm, because at 
embryonic day 26, when the embryo measures less than 3 mm, the first embryonal 
precursors of the urogenital system can be appreciated; the mesonephros and its 
mesonephric duct (Wolffian duct) (Fig. 2). The intermediate mesoderm constitutes 
the urogenital ridge, from which the embryonic kidney, the mesonephros, and the 
definitive kidney, the metanephros develop. Also, the paramesonephric duct 
(Müllerian duct) and the gonads are derivatives of the urogenital ridge. Because the 
urogenital ridge constitutes both the definitive kidneys and the internal genitalia, 
anatomical variants of the internal genitalia are often accompanied by the absence or 
dislocation of one or two kidneys, or presence of a horseshoe kidney. 
 
The most ventral of the three germ layers, the endoderm, also contributes to the 
urogenital system. From de endodermal layer, the foregut, midgut and hindgut 
develop. It is the hindgut that contributes to the urogenital system since it forms the 
cloaca in very early staged embryos. The cloaca collects wastes from both the kidneys 
and the gut. At its ventral part, the cloaca passes into the allantois, a tubular structure 
that runs in the umbilical cord. The allantois serves as waste-collecting unit in animals 
that develop in eggs, because they are unable to wash out their waste products 
through the placenta. When the lumen obliterates in the fetal period, the allantois is 
called urachus. It can be recognized in adults as the median umbilical ligament 
(Xander’s ligament) on the ventral body wall. Although the function of the allantois in 
humans has not been fully elucidated yet, it does serve as the axis along which the 
umbilical arteries develop. Embryological remnants of the allantois or urachus 
sometimes form cysts in the trajectory of the median umbilical ligament, from the apex 
of the bladder to the umbilicus. When the lumen of the allantois failed to obliterate 
completely, urine can drain from the bladder to the umbilicus through a urachal fistula.  

From day 31, the ureteric bud forms from the dorsolateral wall of the cloaca. It 
thereby initiates the surrounding mesoderm of the urogenital ridge to form the 
mesonephros. The ureteric bud will form the ureters, the calyces and the renal pelvis. 
Around day 42, when the embryo is approximately one cm in length, the cloacal 
membrane disappears, which means that the embryo is now able to dispose wastes 
from the cloaca in the amniotic fluid. When the cloaca becomes separated from the 
primordial rectum and anal canal by the urorectal septum, the ventral part of the cloaca 
is called the urogenital sinus (Fig. 3). This separation completes around 50 days of 
development, when the crown rump length is approximately 1.5 cm. The urogenital 
sinus will form bladder and urethra in males. In females, the urethra still needs to 
become separated from the vagina in the fetal period, by means of the urogenital 
septum (Fig. 3).  
 
Besides the mesonephros, the mesonephric duct and the metanephros, the gonads 
also derive from the urogenital ridge. Since the urogenital ridges in an early stage of 
development bulged ventrally into the coelomic cavity, the gonads are lined with 
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coelomic epithelium. On the ventral surface of each of the two ridges the coelomic 
epithelium thickens. Together with gonadal mesenchyme from the urogenital ridge it 
constitutes the gonadal ridge from day 30. This gonadal ridge covers almost the entire 
ventral length of the urogenital ridge. It starts as a long flat ridge, but later in 
embryonic development it becomes relatively shorter and thicker. When the gonadal 
ridge is no longer a ridge but merely an oval shaped organ, it is dubbed a gonad. 
Depending on the genetic makeup of the embryo, the gonads will become ovaries in 
females or testes in males. An ovotestis is a gonad which contains both testicular and 
ovarian tissue (Ortenberg et al. 2002). This condition was formerly known as true 
hermaphroditism and it can occur bilateral, when both gonads are affected, or 
unilateral, when the other gonad is a normal ovary or testis. The testicular tissue in an 
ovotestis should be removed or carefully monitored due to its increased risk of 
gonadal cancer. Though this condition has not been thoroughly studied, mosaicism 
with a Y bearing cell line in the gonad is a plausible explanation for this rare variant 
(Andrade et al. 2017; Ortenberg et al. 2002).  

Fig. 1. Mesodermal differentiation in a human embryo of 22 days of development (5 
pregnancy weeks). Left a dorsal view on a 3D reconstruction of the embryo. In green the 
developing neural tube which is already closed and covered with skin in the middle region. The 
dashed line indicates the level where the transverse histological section was positioned. Above 
right the histological section, and below it a schematic representation of the same section, 
where the mesodermal differentiation is presented. The urogenital system develops from the 
intermediate mesoderm. The 3D reconstruction and histological section depict human embryo 
specimen No. 6330 of the Carnegie Collection of the Human Developmental Anatomy Center 
at the National Museum of Health and Medicine in Silver Spring, MD, USA, as published in the 
3D Atlas of Human Embryology by de Bakker et al., 2016, with permission. 
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The primordial germ cells form at the time of gastrulation in the caudal region of the 
endoderm. They migrate through the initially loose mesoderm along the hindgut 
towards the gonadal ridge, where they become incorporated in the gonadal 
mesenchyme. The primordial germ cells will later constitute the oocytes or 
spermatozoa, the reproductive cells in females or males respectively. When a germ 
cell does not reach the gonadal ridge, it can become a germ cell tumor (e.g. a teratoma 
or germinoma) later in life. These tumors are often found along the migration 
trajectory of the primordial germ cells, but also in other regions of the human body. 
 

  

Fig. 2. The alimentary, respiratory and urogenital system in a human embryo of 28 days  
(6 pregnancy weeks). Left the outer features of this human embryo specimen No. 8505A of the Carnegie 
Collection of the Human Developmental Anatomy Center at the National Museum of Health and Medicine 
in Silver Spring, MD, USA. It measures 2.9 mm in length. Right the different parts of the alimentary, 
respiratory and urogenital system are indicated. Note that of the urogenital system only the mesonephros, 
the mesonephric duct, the cloaca and allantois have been formed so far at this stage. 3D reconstructions are 
taken from the 3D Atlas of Human Embryology by de Bakker et al., 2016, with permission. 
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Genital ducts 

Already at embryonic day 26, the mesonephros and its mesonephric duct (Wolffian 
duct) are present. It will take another two weeks until the paramesonephric duct 
(Müllerian duct) finally starts to develop, around day 43 (Fig. 4). Both ducts and their 
male or female derivatives will be discussed (Table 1).  
The mesonephric duct first functions as excretory duct of the mesonephros, the 
embryonic kidney. It develops in craniocaudal direction from the intermediate 
mesoderm, thereby acting as a signaling center for the induction of nephric tubules in 
both the meso- and metanephric mesenchyme (Vize et al. 1997; Nishinakamura 2003; 
Kuure, Vuolteenaho, and Vainio 2000). The mesonephric duct reaches and opens into 
the cloaca around day 30. The mesonephric tubules who actually collect the embryonic 
urine in the mesonephros and pass it on to the mesonephric duct will later become the 
efferent ductiles of the testis (FIPAT, 2013), while the mesonephric duct constitutes 
the epididymis (including its duct and appendix) (Chimenti and Accordi 2011; Michos 
2009; Saxen and Sariola 1987; 2013), the ductus deferens (vas deferens) and the 
seminal gland (Mathews 1976; Vize, Woolf, and Bard 2003). In both males and 
females, part of the mesonephric duct becomes intercalated in the bladder as bladder 
trigone (Lieutaud). In females, scattered rudimentary mesonephric tubules that are 
sometimes found next to the ovary and uterine tube (Fallopian tubes, salpinges) are 
called an epoöphoron, and presence of even smaller rudimentary tubules in the broad 
ligament between epoöphoron and uterus is called a paroöphoron (Fig. 5). Except for 
the bladder trigone, the mesonephric duct regresses completely in females, although 
a mesonephric (or Gardner or Wolffian) duct cyst can develop later in life in the 
anterolateral wall of the superior portion of the vagina from remnants of the 
mesonephric duct (Siegelman et al. 1997; 2013). 

The paramesonephric duct (Müllerian duct) develops around embryonic day 43 as an 
ingrowth from the coelomic cavity into the most cranial part of the urogenital ridge. It 
grows directly lateral from the mesonephric duct towards the caudally positioned 
urogenital sinus, where both paramesonephric tubes meet and fuse with the 
urogenital sinus around day 55. The unfused part of the paramesonephric duct in 
females constitutes the uterine tubes, the fused part will develop into the body and 
cervix of the uterus and the proximal one third of the vagina. Since the 
paramesonephric duct is an outgrowth of the coelomic cavity towards the vagina, it 
naturally connects the abdominal cavity with the outside world. Sperm cells can 
therefore also fertilize an ovum in the abdominal cavity, instead of in the uterine tube 
itself. More research is needed to elucidate the intricate process of fertilization. 
Though there is some debate about the male remnants of the paramesonephric duct, 
they are generally believed to be the prostatic utricle (vagina masculine) and the 
appendix testis (hydatid of Morgagni) (Shapiro et al. 2004; 2013). 

A wide variety of anatomical variations is caused by the incomplete formation 
or fusion of the paramesonephric ducts in females (Fig. 6). The mean prevalence of 
congenital malformations in the female genital tract found in the general population is 
up to 7% (Saravelos, Cocksedge, and Li 2008). However, because these anomalies are 
often asymptomatic and not always detected, their true prevalence in the general 
population remains unknown (Acien and Acien 2011). Examples of anatomical variants 
caused by the incomplete formation of the uni- or bilateral paramesonephric duct(s) 
are the unicornuate uterus or uterine agenesis respectively. A partially double 
developed paramesonephric duct can be the cause of an accessory ostium of the 
uterine tube or an extremely rare complete accessory uterine tube. However, most 
anatomical variants are caused by the incomplete fusion of the paramesonephric ducts 
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in the embryonic or early fetal period. Examples of those variants are the arcuate 
uterus, bicornuate uterus, subseptate uterus, septate uterus, bicervical uterus, uterus 
didelphys and a double uterus (Fig. 6). Note that the uterus, the cervix and the vagina 
can all be affected by the incomplete formation or fusion of the paramesonephric ducts 
in more or less extend (Acien and Acien 2011). This makes that the nature of 
anatomical variations in this region is very diverse.  

Fig. 3. Schematic overview of the development of the urogenital system between 30 and 60 
days of human embryonic development (6-10 pregnancy weeks). At 30 days only the 
mesonephros and mesonephric duct are present. At 40 days, the mesonephric ducts are in 
contact with the urogenital sinus and the metanephros has formed. At 52 days, the gonad and 
paramesonephric duct can be appreciated. At 60 days, the paramesonephric ducts have reached 
the urogenital sinus and are in the process of fusing. These figures are based on human embryo 
specimen Nos. 836, 6517, 462 and 9226 of the Carnegie Collection of the Human 
Developmental Anatomy Center at the National Museum of Health and Medicine in Silver 
Spring, MD, USA, as published in the 3D Atlas of Human Embryology by de Bakker et al., 2016, 
with permission. 
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Fig. 4. The differentiation of the mesonephric and paramesonephric ducts towards male 
and female anatomy. On top the ducts in their indifferent stage as they are found at the end of 
the embryonic period at 60 days of development (10 pregnancy weeks) (Fig. 3). During the 
fetal period the ducts will further differentiate towards male (left) or female (right) anatomy 
(Table 1).  
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Fig. 5. Remnants of the mesonephric duct in females. Remnants of mesonephric nephrons or 
duct can sometimes be found in the broad ligament as epoöphoron, paroöphoron or Gartner’s 
duct, depending on the location.  

Table 1. The embryonic precursors of the male and female genitalia 
Embryonic structure Male derivative Female derivative 

Internal genitalia 
primordial germ cells  spermatozoa oocytes 
mesonephric tubules  efferent ductiles of the 

testis 
epoöphoron, paroöphoron1 

mesonephric duct  bladder trigone, 
epididymis, ductus 
deferens and seminal gland 

bladder trigone, 
mesonephric 
duct cyst1 

paramesonephric duct  prostatic utricle(?) 
appendix testis 

uterine tubes, body and 
cervix of the uterus and 
proximal one third of the 
vagina 

External genitalia 
genital tubercle glans and dorsal part of the 

body of penis 
glans and body of the clitoris  

genital swellings  scrotum labia majora  
urethral folds ventral part of the body of 

the penis  
labia minora  

1) Note that the epoöphoron, paroöphoron and mesonephric duct cyst are normally not present in 
females. When present it concerns an anatomical variant.
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The mesonephric duct differentiates towards male anatomy under the direct 
stimulation of testosterone, which is synthesized by Leydig cells in the testicle 
(Svechnikov et al. 2010). On top of that, Sertoli cells in the testicles of the male fetus 
produce Anti-Müllarian hormone to inhibit further development of the 
paramesonephric ducts towards female anatomy (Taguchi et al. 1984). In the absence 
of a proper functioning sex determining region of Y chromosome (SRY), as in females 
(XX) or in Turner syndrome (X0) for example, the genital ducts will thus
automatically follow the developmental pathway towards female anatomy. It should
hover be noted that differentiation towards male or female sex is subject to many more
factors than just the presence or absence of a proper functioning SRY gene.

Further development towards the female genital system 

Under the absence of the sex determining region of Y chromosome (SRY), the female 
gonad will constitute the ovarium. The ovarium develops apart from the uterine tube 
and has its own peritoneal coverage and mesentery (mesovarium). The ovary is 
connected with the ovarian ligament to the uterus horn nearby the entrance of the 
uterine tube. This ligament is continuous with the round ligament of the uterus that 
extend via the inguinal canal to the labium minus. In male fetuses, shortening of the 
gubernaculum, a mesenchymal band between the caudal end of the gonad and the 
scrotum or labia majora in males and females respectively (Fig. 7), causes the relative 
descend of the testis into the scrotum. The round ligament is a remnant of the female 
embryonic gubernaculum. Whether the ovarian ligament is also a remnant of the 
gubernaculum is debated (Acien et al. 2011). The ovaries are situated in the posterior 
part of the broad ligament. The broad ligament of the uterus connects the lateral sides 
of the uterus with the pelvic walls and floor. This peritoneal fold forms the 
mesenteries of the uterus (mesometrium), the uterine tubes (mesosalpnx) and the 
ovaries (mesovarium). Its anatomy varies with the degree of fusion of the 
paramesonephric duct (Miller, Hong, and Hutson 2004). 

The vagina is a fibromuscular tube that connects the external world with the uterine 
cavity. The proximal one third of the vagina is derived from the paramesonephric duct, 
whereas the distal two third finds its origin in the urogenital sinus. At short distance of 
the vaginal orifice, at the level of the pelvic floor, the hymen or its remnants can be 
present. This membrane is a result from the early embryonic period when the vagina 
separated from the urethra by the urogenital septum (Fig. 3). Normal variations range 
from completely absent, thin perforated or incomplete to thick membranous circular 
hymens without perforations (imperforate hymen). Other anatomical variations in 
this region can be vaginal agenesis, in which the uterus is present but the vagina failed 
to develop from the urogenital sinus (Fig. 3), or a double vagina, due to the incomplete 
fusion of the paramesonephric ducts (Fig. 6). 

Further development towards the male genital system 

Under influence of the sex determining region of the Y chromosome (SRY), the 
indifferent gonads develop further towards the testes in male embryos. As for the 
ovaries, the testes are also covered by coelomic epithelium. The indifferent gonads are 
longitudinal shaped organs, that extend from the level of the fifth thoracic vertebra to 
the level of the fifth lumbar or first sacral vertebra around 40 days of development. 
Three weeks later in development, the cranial margin of the gonads can be found at 
the level of the second lumbar vertebra, while the caudal margin remained at the same 
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Fig. 6. Overview of the most common anatomical variants of the female genital tract. Most 
depicted variants are due to the incomplete formation (above right) or incomplete fusion 
(middle row) of the paramesonephric ducts. Below two very rare variants due to (partially) 
double developed paramesonephric ducts.  

level. Thus, the gonads become relatively shorter, giving the erroneous impression 
that they descend during embryonic development (de Bakker et al. 2016). Before 
birth, however, they actually do descend through the inguinal canal towards the 
scrotum. In their path downward, they ‘pull’ all vessels and nerves with them and even 
the ductus deferens is following the testes. In their relative descend towards the 
scrotum, the testes are more or less ‘pulled’ out of the abdominal cavity by the 
gubernaculum (Fig. 7) and take (parts of) the muscular layers of the abdominal wall 
with them. The ductus deferens (the muscular transportation tube from the testes) 
therefore makes a strange loop, from the scrotum outside of the abdominal cavity 
inward, behind the inferior epigastric artery, behind the urinary bladder piercing 
through the prostate to connect with the urethra and leave the pelvis via the penis.  
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Fig. 7. Histological features of the gubernaculum in a human embryo of 60 days (10 pregnancy 
weeks). A: Transverse section at the level of the pelvis. Bones in blue and muscles and organs in 
purple. On the ventral part two legs and the umbilical cord with physiologically herniated gut can be 
appreciated. B: Lateral view on the human embryo of 60 days development. Its crown-rump length 
measures 3 cm. The dotted line indicates the level of the transverse section in A and C. C: Enlarged part 
of the section in A. Note how the gubernaculum, a mesenchymal band, connects the gonad with the 
ventral body wall. In later stages the caudal end of the gonad will reach the scrotum or labia majora in 
males and females respectively where its traction causes the relative descend of the gonads. The round 
ligament is a remnant of the female embryonic gubernaculum. The histological sections in A and C and 
3D reconstruction in B depict human embryo specimen No. 9226 of the Carnegie Collection of the 
Human Developmental Anatomy Center at the National Museum of Health and Medicine in Silver 
Spring, MD, USA, as published in the 3D Atlas of Human Embryology by de Bakker et al., 2016, with 
permission. 
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Fig. 8. Schematic overview of the development of the external genitalia. On top the 
development of the outer genitals in the indifferent stage during the embryonic period, after 
which the external genital development will continue towards male (left) or female (right) 
anatomy. 
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Failure of the testes to descend can lead to the common condition criptorchism 
(undescended testis) or, when an unusual pathway has been followed, an ectopic 
testis can be found at rare locations like in the abdomen, in front of the thigh, in the 
femoral canal, under the skin of the penis or behind the scrotum (Stevenson 2006; 
2013).  
 
 
Development of the external genitalia 
 
By the process of embryonic folding and formation of the body wall, external genital 
progenitor cells which originate at the lateral edges of the lateral plate mesoderm form 
the region of the external genitalia (Herrera and Cohn 2014). In the embryonic period, 
so before the 8th week of development, the external genitalia are identical in the two 
sexes (Fig. 8). It is in the differentiating phase that the genital tubercle of the fetus 
differentiates under influence of androgens secreted by the testes in male fetuses into 
the glans and dorsal part of the body of penis. Also, the coronary groove (coronary 
sulcus) becomes more eminent in male fetuses, thereby delineating the glans from the 
body of the penis. Without the influence of androgens, the genital tubercle becomes 
the body and glans clitoris in female fetuses.  

The genital swellings (labioscrotal swellings) constitute the labia majora in 
females and the scrotum in males. In contrast, the labia minora in females are formed 
by the urethral (urogenital) folds, which contribute to the ventral part of the body of 
the penis in males. The urethral groove lies as a temporary linear indentation in 
between the two urethral folds. Failure of urethral groove closure results in varying 
degrees of hypospadias. The incidence of hypospadias approaches 0.4% of all male 
newborns (Feldkamp et al. 2017). Hypospadias are located on the ventral side of the 
penis and can concern the glans penis, (part of) the body of the penis, in the 
penoscrotal or perineal regions and even a bifid penis can occur. In epispadias, a far 
more rare malformation (Mouriquand 1998; Dees 1949), the urinary meatus is 
localized on the dorsal side of the penis (dorsal cleft of the penis), or clitoris in females 
(bifid clitoris). This condition often includes extrophy of the bladder, i.e. the 
epispadias-extrophy complex, due to disruption of body wall closure (Herrera and 
Cohn 2014; Mollard, Basset, and Mure 1997).  
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