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ABSTRACT

 
Purpose: The gubernaculum seems to be the most important anatomical structure in the 
testicular migration process. The objective of this paper is to review current literature re-
garding the role of gubernaculum testis nerves in testicular migration. We conducted a com-
prehensive literature review about the gubernaculum testis innervation. A PubMed database 
search was performed in April 2024, focusing on gubernaculum testis and cryptorchidism 
and genitofemoral nerve (GFN) and calcitonin gene-related peptide (CGRP) gene.  The gu-
bernaculum has its own nerve supply, the GFN, descending on the anteromedial surface of 
the psoas muscle from L1-L2 segments. The second phase of testicular descent is regulated 
by androgens and CGRP, released from the sensory nucleus of the GFN. The GFN doesn’t 
directly play a role in testicular migration but there is a theory that shows a regulatory 
function of this nerve in hormonal action during this process.  The gubernaculum testis has 
important structural alterations during the testicular migration and the genitofemoral nerve 
and CGRP gene are of great importance in this process. The genitofemoral nerve provides 
motor innervation to the cremaster muscle and gubernaculum, which helps regulate the 
position of the testes within the scrotum.
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INTRODUCTION

During the human fetal period the testes mi-
grate from the abdomen to the scrotum traversing the 
abdominal wall and the inguinal canal between the 
15th and the 28th week post-conception (WPC) (1, 2). 
The most important factors involved in this process 
are: (1) intra-abdominal pressure (3); (b) development 
of the epididymis, spermatic vases and deferent ducts 
(4); (c) the genitofemoral nerve stimulus (5); (d) the 
hormonal stimulus (6-8); and (e) the gubernaculums 
development (9, 10). 

The gubernaculum seems to be the most important 
anatomical structure in the testicular migration process, by 
means of contraction and shortening, thus imposing trac-
tion strength on the testis and facilitates the transition of the 
testis through the inguinal canal (9, 11, 12).

One of the factors involved in cryptorchidism 
is the failure of the gubernaculum to migrate all the 
way to the scrotum (13). Structural studies conduct-
ed in patients with cryptorchidism reveal significant 
changes in the gubernaculum’s structure, with a high-
er quantity of fibrous tissue and lower concentration 
of collagen than in the fetal gubernaculum (14). Stud-
ies about the gubernaculum nerves and their role in 
testicular migration are scarce in literature.  The ob-
jective of this paper is to review the current literature 
regarding the role of gubernaculum testis nerves in 
testicular migration.

MATERIAL AND METHODS

In this study we carried out a review about the 
role of the innervation of the gubernaculum testis in 
testicular migration and analyzed papers published 
in the past 50 years.  A PubMed database search was 
conducted in April 2024 using the following Medical 
Subject Heading (MeSH) terms: “Testicular Migra-
tion” or ‘Gubernaculum Testis’ and either ‘Genitofemo-
ral Nerve” or “CGRP gene” or ‘Undescended testis’ or 
‘Cryptorchidism. Multiple free text searches were per-
formed using the following terms individually through 
all fields of the records: ‘Genitofemoral Nerve” or “CGRP 
gene”, ‘Undescended Testis’, and ‘gubernaculum testis’ 

or “Testicular Migration”. In this review we found sev-
eral papers in these databases, and we included only 
papers in English and excluded case reports, editorials 
and opinions of specialists.

RESULTS

Testicular descent is regulated by hormonal 
and mechanic factors such the testosterone, insulin-
like factor 3 (INSL3) and the gubernaculum (1, 15). The 
gubernaculum is a ligament-like structure that guides 
the testes into the scrotum during fetal development 
(16-18). The process of testicular migration is very com-
plex process and occurs in two distinct phases: Phase 
1: Abdominal stage and Phase 2: Inguinal-scrotal stage 
(1, 15-19). We show in this review some important as-
pects about the stages of testicular migration, the gu-
bernaculum testis structure and innervation and the 
role of the genitofemoral nerve in this process.

Abdominal Stage of testicular Migration
In this stage that begins around the 8th WPC 

and lasts until the 15th WPC the testis migrates from 
the abdomen to the internal inguinal ring when insulin-
like hormone 3 (Insl3) from the Leydig cells stimulates 
the gubernaculum to swell, thereby anchoring the 
testis near the future inguinal canal as the fetus grows 
(Figure-1) (20).

During the eighth week of gestation, the testis 
and mesonephros are linked to the posterior abdomen 
wall by a peritoneal fold (21, 22). The portion of this fold 
called the diaphragmatic ligament degenerates, turning 
into the cranial portion of the gonadal mesentery. This 
structure is called the caudal gonadal ligament, which 
gives rise to the gubernaculum testis (1, 22). One of the 
factors involved in cryptorchidism is the failure of the 
gubernaculum to migrate all the way to the scrotum 
(1, 12, 22). The influence of fetal androgens on the 
fetal gubernaculum’s development is very important 
for the alterations of this structure, and the changes 
in its secretions can be one of the factors involved in 
cryptorchidism (1).

In the abdominal stage of testicular migration, 
the gubernaculum enlarges to hold the testes near the 



IBJU | GUBERNACULUM TESTIS INERVATION

521

groin, regulated by INLS-3 (23). INSL-3 is secreted by 
the Leydig cells and controls gubernaculum swelling 
via its receptor, LGR8 (leucine-rich repeat containing G 
protein-coupled receptor 8, also known as GREAT or 
relaxin receptor 2), a process resulting in thickening 
of the gubernaculum because of increases in water, 
glycosaminoglycan and hyaluronic acid content (1, 
2 , 23). At this moment, the future inguinal canal is 
still only a space in the musculature of the anterior 
abdominal wall, where only mesenchyme tissue 
exists. In this region, the genital branch of the 
genitofemoral nerve crosses the abdominal wall and 

descends to the scrotum where it will innervate the 
cremaster muscle, and subsequently, in the caudal to 
cranial direction, will provide the nerve supply to the 
gubernaculum (1, 19).

Inguinal-Scrotal Stage of testicular Migration
The inguinal-scrotal stage is the transition of 

the testes through the inguinal canal until their defini-
tive arrival in the scrotum that begins around the 20th 
WPC and lasts until the 30th WPC (1, 23). During this 
stage, after the testis crosses the external inguinal ring 
the gubernaculum migrates across the pubic region to 

Figure 1 - Gubernaculum Testis. 

The figure shows some aspects of the gubernaculum testis during testicular migration. A) A fetus with 20 weeks post conception (WPC), the 
abdominal wall was opened and we can observe the testis in abdominal position (T) and the gubernaculum (G) near to internal inguinal ring, B= 
Bladder; B) In this figure we can observe a fetuses with 21WPC, the inguinal canal was opened to show the relationship of gubernaculum testis(G) 
with the inguinal canal, T=Testis, B=Bladder; C) The figure shows a fetuses with 24WPC with the testis in inguinal position, we can observe the 
dissection of the gubernaculum testis (G) and D) In this picture we can observe a photomicrography of the gubernaculum testis in a fetus with 
20WPC in abdominal position.  The arrow shows the gubernaculum innervation, Immunohistochemycal with  tubuline antibody X400.
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reach the scrotum under control of testosterone. The 
androgen acts indirectly via the GFN, which produces 
CGRP to control the direction of migration (24).

The passage of the testis through the inguinal 
canal occurs very quickly between 21 and 25 WPC (1-4, 
25).  In a recent paper with more than 240 human male 
fetuses studied shows that all the fetuses older than 30 
weeks already had the testes in the scrotum (25). Other 
authors, however, report that the testicular migration is 
only completed after the 32nd WPC (1). Heyns (1) found 
only 2.6% of the testes examined in his sample located 
in the inguinal canal, while Sampaio & Favorito (2), in a 
sample of 71 human fetuses, found 20.5% of the testes 
located there. Furthermore, 73.3% of these testes were in 
fetuses with ages between 21 and 25 WPC, indicating that 
in this period the migration through the inguinal canal 
intensifies.  In the same study, all the fetuses older than 
30 weeks already had the testes in the scrotum. Other 
authors, however, report that the testicular migration is 
only completed after the 32nd week post-conception (19).

The androgens stimulate growth and differen-
tiation of the muscular part of the gubernaculum bulb, 
which facilitates the movement of the gubernaculum 
through the inguinal region by the traction resulting 
from this growth (12, 26). Distally the gubernaculum 
approaches the inguinal region. At this moment, the 
future inguinal canal is still only a space in the muscu-
lature of the anterior abdominal wall, where only mes-
enchyme tissue exists. In this region, the genital branch 
of the GFN crosses the abdominal wall and descends 
to the scrotum where it will innervate the cremaster 
muscle, and subsequently, in the caudal to cranial di-
rection, will provide the nerve supply to the gubernac-
ulum (1, 27, 28).

Gubernaculum Testis
The gubernaculum starts to develop in the hu-

man fetus during the sixth week of gestation, the same 
period when the germinative cells are arriving at the 
genital ridge (1, 19).

	In the eighth week of gestation, the testis and 
mesonephros are linked to the posterior abdomen wall 
by a peritoneal fold. As the mesonephros degenerates, 
the portion of this fold cranial to the testis, called the 

diaphragmatic ligament, also degenerates, turning 
into the cranial portion of the gonadal mesentery. This 
structure is called the caudal gonadal ligament, which 
gives rise to the gubernaculum testis (1, 19).

At about the eighth week of gestation, a por-
tion of the epithelium starts a small invagination from 
the coelomic cavity, across from the gubernaculum, 
slowly penetrating its mesenchymal substance. This 
invagination occurs bilaterally and is considered the 
start of the vaginal process. Some authors consider 
this phenomenon to be “active”, involving the inva-
sion of the gubernaculum by mesothelial cells (19), 
while others advocate that this phenomenon is “pas-
sive” and secondary to the increase in intra-abdomi-
nal pressure (1, 19).

The growth of the vaginal process divides the 
gubernaculum into three parts: (a) the main gubernac-
ulum, which corresponds to the portion covered by the 
visceral layer of the peritoneum of the vaginal process; 
(b) the vaginal gubernaculum, which corresponds to 
the portion that externally surrounds the parietal por-
tion of the vaginal process, and (c) the infra-vaginal 
gubernaculum, corresponding to the caudal region of 
the gubernaculum, which has not been invaded by the 
vaginal process (19).

The maintenance of this undifferentiated mes-
enchyme along the inguinal canal and scrotum is essen-
tial for the downward extension of the vaginal process 
to occur, during which it follows the pathway created by 
dilation of the gubernaculum, forming the canal through 
which the testis will reach the scrotum (1, 19).

The gubernaculum is a cylindrical structure, 
covered by a peritoneum on all sides except the pos-
terior, where the testicular vessels and vas deferens 
are situated. Macroscopically, it looks like the Whar-
ton’s jelly of the umbilical cord (1, 12). Histologically, it 
is composed of undifferentiated cells with elongated 
shape, surrounded by a large quantity of extracellular 
material, where it is impossible to identify smooth or 
striated muscle cells except in its distal end and in the 
peripheral portion (29) (Figure-1).

The different parts of the gubernaculum un-
dergo varied changes during testicular migration. The 
vaginal and infra-vaginal portions become proportion-
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ally longer as the testis starts to descend to the scro-
tum. At the same time, their diameter increases, a fact 
considered one of the most important mechanisms for 
dilating the inguinal canal to allow the testis to pass 
across the inguinal canal (1).

The gubernaculum’s growth is divided into two 
phases, triggered by different hormonal stimuli (19). In 
the first, its volume increases and in the second it de-
creases in size, coinciding with the complete descent 
of the testis (1). The cremaster muscle presents struc-
tural alterations during this period as well (30, 31). This 
muscle allows rhythmic contraction to guide the testis 
into the scrotum in rats and in humans, leading to ever-
sion of the distal portion of the gubernaculum and con-
tributing to its migration to the scrotum (30).

The first phase is marked by pronounced cell 
multiplication and accumulation of glycosaminogly-
cans, mainly hyaluronic acid. These substances act 
as hydrophilic agents and raise the quantity of water. 
There is also an increase in the amount of extracellular 
material, explaining the low cell density found at some 
points (1). The presence of myoblasts intensifies and 
there are changes in the number and arrangement of 
the collagen fibers and alterations of the elastic system.

	In the second phase, the gubernaculum 
shrinks, particularly its length, normally accompanied 
by descent of the testis. This phenomenon appears to 
be androgen-dependent and brings substantial deg-
radation of the glycosaminoglycans previously accu-
mulated in the extracellular material, with consequent 
dehydration of this space and condensation of the gu-
bernaculum (20). Although no estimates are available 
of the degree of shortening, some authors believe this 
acts together with other factors, causing the gubernac-
ulum to convey the testis to the scrotum (1, 19).

	Understanding the relationship between re-
gression of the gubernaculum and descent of the testis 
is vital to comprehension of how androgens control 
testicular migration. Studies have demonstrated an 
association between androgen deficiency, on the one 
hand, and failed regression of the gubernaculum and 
cryptorchidism on the other. In this situation, the gu-
bernaculum appears to act as an obstacle to testicular 
descent (6, 30). 

The gubernaculum has its own nerve supply, 
the GFN, descending on the anterior and medial sur-
face of the psoas muscle from L1-L2 segments (1, 9, 30). 
The 2nd phase of testicular descent is regulated by an-
drogens and calcitonin gene-related peptide, released 
from the sensory nucleus of the GFN (5, 15). In rodents, 
the active proliferation of the gubernacular tip and 
cremaster muscle, the muscle’s rhythmic contraction, 
and the chemotactic gradient provided by the CGRP 
together result in migration of the testes into the scro-
tum. The importance of this mechanism is corroborat-
ed by experimental models where the sectioning of the 
genitofemoral nerve leads to cryptorchidism (12, 23).

	The gubernaculum’s growth is divided into 
two phases, triggered by different hormonal stimuli (8, 
19). In the first, its volume increases and in the second 
it decreases in size, coinciding with the complete de-
scent of the testis (28). The cremaster muscle presents 
structural alterations during this period as well (31). 
This muscle allows rhythmic contraction to guide the 
testis into the scrotum in rats and in humans, leading 
to eversion of the distal portion of the gubernaculum 
and contributing to its migration to the scrotum (31).

The first phase is marked by pronounced cell 
multiplication and accumulation of glycosaminogly-
cans, mainly hyaluronic acid. There is also an increase in 
the amount of extracellular material, explaining the low 
cell density found at some points (32, 33). In the sec-
ond phase, the gubernaculum shrinks, particularly its 
length, normally accompanied by descent of the testis. 
This phenomenon appears to be androgen-dependent 
and brings substantial degradation of the glycosami-
noglycans previously accumulated in the extracellular 
material, with consequent dehydration of this space 
and condensation of the gubernaculum (29). Although 
no estimates are available of the degree of shortening, 
some authors believe this acts together with other fac-
tors, causing the gubernaculum to convey the testis to 
the scrotum (1, 19). The connective tissue of the guber-
naculum undergoes remodeling, so that at the end of 
migration it has essentially become a fibrous structure, 
rich in collagen and elastic tissue (29).

In a previous study with fetuses without anom-
alies and fetuses with Prune Belly syndrome the nerves 
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of gubernaculum testis were analyzed (34, 35). Prune 
belly syndrome (PBS) is a disorder characterized by 
deficiency or hypoplasia of the abdominal muscles 
and/or malformation of the urinary tract, such as large 
and hypotonic bladders, dilated and tortuous ureters 
and bilateral cryptorchidism (36, 37). The main patho-
genic theory of SPB is urethral obstruction that would 
cause distension of the urinary tract, preventing the 
normal development of the abdominal musculature 
and the descent of the testicles (36). Recently, impor-
tant alterations in the gubernaculum testis structure 
were demonstrated in fetuses with PBS (20). Bilateral 
cryptorchidism is characteristic of prune belly syn-
drome (36, 37). The contraction of the muscles of the 
abdominal wall, growth of the liver and intestines and 
accumulation of meconium all increase the pressure 
inside the fetal abdomen. According to several authors, 
this favors testicular migration (23). Contraction of the 
abdominal musculature is impaired in PBS. Mechani-
cal obstruction due to bladder distention is another 
factor believed to hinder testicular migration in this 
syndrome (37). Another theory put forward to explain 
bilateral cryptorchidism in PBS is the structural altera-
tion of the inguinal canal, which hampers the passage 
of the testis (37).

In this study about the gubernaculum in PBS 
with human fetuses (20), we observed a small quan-
tity of nerves both in the gubernaculums of the control 
group and those of the PBS group (mean of 3.158%) 
without statistical differences (Figure-1). This is the 
first study assessing and quantifying the distribution 
of the nerves of the human testicular gubernaculum. 
The small quantity of nerves presents in the guber-
naculums studied could confirm the theory that the 
rhythmic contraction of the gubernaculum, mediated 
by stimulus from the genitofemoral nerve (7, 8, 20, 35), 
has little importance in humans, but future researches 
will be necessary to clarify this topic.

The gubernaculums analyzed from the fetuses 
with PBS showed alterations in the concentrations of 
collagen and elastic fibers. We did not observe the pro-
cessus vaginalis developing inside the gubernaculum 
in Prune Belly Syndrome. These structural alterations 
could be one of the factors involved in cryptorchidism 

in prune belly syndrome. The tissue changes in the gu-
bernaculum testis during the fetal period suggest that 
it plays an active role in testicular migration.

Genitofemoral Nerve
The genitofemoral nerve is a mixed nerve that 

originates from the lumbar plexus, specifically from the 
ventral rami of the L1 and L2 spinal nerves. It has both 
sensory and motor components. Anatomically, the 
genitofemoral nerve divides into two branches: Genital 
branch and femoral branch (38, 39) (Figure-2).

The genital branch supplies sensory innervation 
to the skin of the upper anterior thigh and the skin of the 
genital region, including the scrotum in males and the 
mons pubis and labia majora in females. In males, it also 
innervates the cremaster muscle, which is involved in 
the regulation of testicular position (38, 39). The femoral 
branch innervates the femoral triangle, supplying sen-
sory fibers to the skin over the femoral artery and vein, 
as well as the iliac lymph nodes. Overall, the GFN plays a 
crucial role in providing sensory innervation to the geni-
tal and upper thigh regions, as well as motor innervation 
to the cremaster muscle in males (Figure-2) (38, 39).

The GFN mainly provides sensory innervation 
to the genital region and motor innervation to the cre-
master muscle, which helps regulate the position of the 
testes within the scrotum but doesn’t directly influence 
their descent (1, 5). The GFN doesn’t directly play a role 
in testicular migration but there is a theory that shows 
a regulatory function of this nerve in hormonal action 
during this process (1, 5).

According to this theory, fetal androgens mas-
culinize the spinal nucleus of the GFN and then the 
nerve itself (27). Testosterone appears to play an active 
role in testicular migration, inducing the development 
of important structures for testicular migration such as 
the vaginal process, the vas deferens, the epididymis, 
the inguinal canal and the scrotum. Another mecha-
nism of action of testosterone would be through stimu-
lation of the genitofemoral nerve, which would induce 
the production of calcitonin gene-related peptide 
(CGRP) that acts by stimulating the development of the 
testicular gubernaculum. This masculinization results 
in an increase in the number of motoneurons in this re-
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Figure 2 - Genitofemoral Nerve Anatomy

A) The figure shows a schematic drawing of the genitofemoral nerve (GFN) and its relationship with the psoas major muscle; B) The figure shows 
a fetus with 22 WPC, the abdomen was dissected and we can observe the GFN (arrowheads) and the relationship of the nerve with the psoas 
major muscle (PM), U=Ureter, K=Left kidney; and C) The figure shows a schematic drawing of the genitofemoral nerve (1) ramification in femoral 
branch (2) and in the genital branch (3).

gion with consequent increase in secretion of the cal-
citonin gene-related peptide (CGRP) (Figure-3). This 
mechanism was studied in experimental models where 
the sectioning of the GFN leads to cryptorchidism (1). 
Increased CGRP levels lead to a rhythmic contraction 
of the testicular gubernaculum that would induce its 
migration to the scrotum (5).

Fetal and placental gonadotropins are also im-
plicated in the process of testicular migration. These 
substances act by stimulating the production of tes-
ticular androgens, which induce the growth and de-
velopment of the vas deferens, the epididymis, the 
vaginal process and the gubernaculum itself (8). It 
is well known that treatment of cryptorchidism with 
gonadotropins induces testicular migration at levels 
ranging from 25 to 55% of cases (28). Another endo-
crine substance involved in testicular migration would 
be descine (10). This androgen-independent secreted 
substance in the testis would play an important role in 
the growth of the gubernaculum mesenchymal cells.  
The gubernaculum would therefore be one of the fe-
tal structures implicated in testicular migration, most 
modified by hormonal action (30).

The site of action of the CGRP is the neuro-
muscular junction. In experimental animals such as 
rodents, for example, there is an abundance of mus-
culature, fortifying this hypothesis (5), but the human 
gubernaculum is basically composed of an abundant 
extracellular matrix with high concentrations of glycos-
aminoglycans (12, 29), so this theory of CGRP-induced 
traction in humans is debatable. The indirect action of 
androgen via the GFN required for testicular descent 
may be one of the sites of anomalies in the putative 
multifactorial cause of cryptorchidism (40).

Calcitonin Gene-Related Peptide Gene
	The Calcitonin Gene-Related Peptide (CGRP) 

gene does not have a direct role in testicular migration. 
CGRP is primarily known for its involvement in vasodi-
lation, neurotransmission, and pain modulation in the 
peripheral and central nervous systems. It is produced 
by sensory nerves and is involved in various physiolog-
ical processes, including regulation of blood flow and 
inflammation. Testicular migration, on the other hand, 
is primarily regulated by hormonal factors, such as tes-
tosterone and INSL3, and the gubernaculum (1, 9).
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Insulin-like peptide 3 (INSL3) is a small pep-
tide hormone of the insulin-relaxin family, which is 
produced and secreted by the fetal Leydig cells in 
the testes only following gonadal sex determination 
around 8WPC and represents a major secretory prod-
uct uniquely from the male fetus (41). The INSL3 is 
very important during testicular migration because it 
influences gubernacular ligament thickening, anchor-

ing the testis in the inguinal region and promoting the 
migration of the testis until the inner inguinal ring (41).

	The integrity of the axis between the testis, hypo-
thalamus and pituitary, which regulates testosterone pro-
duction, is important for the testicular migration process. 
Cryptorchidism is a common event in pathologies on this 
axis, such as hypogonadotropic hypogonadism and 5-al-
pha reductase deficiency (15, 23). Testosterone appears 
to play an active role in testicular migration, inducing the 
development of important structures for testicular migra-
tion such as the vaginal process, the vas deferens, the 
epididymis, the inguinal canal and the scrotum. Another 
mechanism of action of testosterone would be through 
stimulation of the genitofemoral nerve, which would in-
duce the production of CGRP that acts by stimulating the 
development of the testicular gubernaculum.

	The gubernaculum undergoes a “swelling re-
action” during the transabdominal phase and is mainly 
under the control of INSL-3 and Mullerian Inhibitory 
Substance/Anti-Mullerian Hormone (1, 9). The 2nd 
phase of testicular descent is regulated by androgens 
and calcitonin gene-related peptide (CGRP) release 
from the sensory nucleus of the GFN. In rodents, the 
active proliferation of the gubernacular tip and cremas-
ter muscle, its rhythmic contraction, as well as the che-
motactic gradient provided by the CGRP result in even-
tual migration of the testis into the scrotum. Cremaster 
muscle matures slower than other body muscles, and 
the persistence of immature myogenic proteins seen in 
cardiac muscle allows rhythmic contraction to guide 
the testis into the scrotum. Finally, remodelling of the 
cremaster muscle enables gubernacular eversion (1, 
42, 43). Further understanding of the molecular regu-
lators governing the structural and hormonal changes 
in the cremaster muscle may lead to new advances in 
the treatment of undescended testes.

While CGRP may indirectly influence some as-
pects of reproductive physiology, its role in testicular 
migration specifically is not well defined.

CONCLUSIONS

The gubernaculum testis has important struc-
tural alterations during the testicular migration and the 

Figure 3 - The figure shows a schematic drawing fetal 
of the genitofemoral nerve (*) action in testicular 
migration. The androgens originate in testis (T) 
masculinize the spinal nucleus of the genitofemoral 
nerve and result in an increase in the number of 
motoneurons in this region with consequent increase 
in secretion of the calcitonin gene-related peptide 
(CGRP) that induces structural modifications of 
gubernaculum testis (G) during testicular descent.
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genitofemoral nerve and CGRP gene are of great im-
portance in this process. In the first phase of testicular 
migration, the gubernaculum enlarges to hold the tes-
tis near the groin and in the second phase the guber-
naculum migrates across the pubic region to reach the 
scrotum.  The genitofemoral nerve provides motor in-
nervation to the cremaster muscle and gubernaculum, 
which helps regulate the position of the testes within 
the scrotum.

ABBREVIATIONS

GFN = Genitofemoral nerve
CGRP = calcitonin gene-related peptide 
WPC = week post-conception 
INSL3 = insulin-like factor 3 

FUNDING

This work was supported by the National 
Council for Scientific and Technological Development 
(CNPq –Brazil) and the Rio de Janeiro State Research 
Foundation (FAPERJ).

CONFLICT OF INTEREST

None declared.

REFERENCES

1.	 Heyns CF, Hutson JM. Historical review of theories on 
testicular descent. J Urol. 1995;153(3 Pt 1):754-67.

2.	 Sampaio FJ, Favorito LA. Analysis of testicular migration 
during the fetal period in humans. J Urol. 1998;159:540-2. 
doi: 10.1016/s0022-5347(01)63980-6.

3.	 Attah AA, Hutson JM. The role of intra-abdominal pressure 
in cryptorchidism. J Urol. 1993;150:994-6. doi: 10.1016/
s0022-5347(17)35672-0.

4.	 Hadziselimovic F. On the descent of the epididymo-
testicular unit , cryptorchidism, and prevention of 
infertility. Basic Clin Androl. 2017;27:21. doi: 10.1186/
s12610-017-0065-8.

5.	 Clarnette TD, Hutson JM. The genitofemoral nerve may 
link testicular inguinoscrotal descent with congenital 
inguinal hernia. Aust N Z J Surg. 1996;66:612-7. doi: 10.1111/
j.1445-2197.1996.tb00831.x.

6.	 Barthold JS, Kumasi-Rivers K, Upadhyay J, Shekarriz B, 
Imperato-Mcginley J. Testicular position in the androgen 
insensitivity syndrome: implications for the role of 
androgens in testicular descent. J Urol. 2000;164:497-501.

7.	 Husmann DA. Testicular descent: a hypothesis and 
review of current controversies. Pediatr Endocrinol Rev. 
2009;6:491-5. 

8.	 Nation TR, Balic A, Southwell BR, Newgreen DF, Hutson 
JM. The hormonal control of testicular descent. Pediatr 
Endocrinol Rev. 2009;7:22-31.

9.	 Favorito LA, Costa SF, Julio-Junior HR, Sampaio FJ. The 
importance of the gubernaculum in testicular migration 
during the human fetal period. Int Braz J Urol. 2014;40:722-
9. doi: 10.1590/S1677-5538.IBJU.2014.06.02.

10.	 Hutson JM, Southwell BR, Li R, Lie G, Ismail K , Harisis G, et 
al. The regulation of testicular descent and the effects of 
cryptorchidism. Endocr Rev. 2013;34:725-52. doi: 10.1210/
er.2012-1089.

11.	 Heyns CF. The gubernaculum during testicular descent in 
the human fetus. J Anat. 1987;153:93-112.

12.	 Hutson JM, Hasthorpe S. Abnormalities of testicular 
descent. Cell Tissue Res. 2005;322:155-8. doi: 10.1007/
s00441-005-1126-4.

13.	 Hutson JM, Balic A, Nation T, Southwell B. Cryptorchidism. 
Semin Pediatr Surg. 2010;19:215-24. doi: 10.1053/j.
sempedsurg.2010.04.001.

14.	 Soito IC, Favorito LA, Costa WS, Sampaio FJ, Cardoso 
LE. Extracellular matrix remodeling in the human 
gubernaculum during fetal testicular descent and in 
cryptorchidic children. World J Urol. 2011;29:535-40. doi: 
10.1007/s00345-011-0702-3.

15.	 Fu P, Layfield S, Ferraro T, Tomiyama H, Hutson J, Otvos L Jr, et 
al. Synthesis, conformation, receptor binding and biological 
activities of monobiotinylated human insulin-like peptide 3. 
J Pept Res. 2004;63:91-8. doi: 10.1111/j.1399-3011.2003.00118.x.

16.	 Backhouse KM. Embryology of testicular descent and 
maldescent. Urol Clin North Am. 1982;9:315-25. 

17.	 Beasley SW, Hutson JM. The role of the gubernaculum 
in testicular descent. J Urol. 1988;140(5 Pt 2):1191-3. doi: 
10.1016/s0022-5347(17)41998-7.



IBJU | GUBERNACULUM TESTIS INERVATION

528

18.	 Frey HL, Rajfer J. Role of the gubernaculum and 
intraabdominal pressure in the process of testicular 
descent. J Urol. 1984;131:574-9. doi: 10.1016/s0022-
5347(17)50507-8.

19.	 Wensing CJ. The embryology of testicular descent. Horm 
Res. 1988;30(4-5):144-52. doi: 10.1159/000181051.

20.	 Hutson JM, Li R, Southwell BR, Newgreen D, Cousinery 
M. Regulation of testicular descent. Pediatr Surg Int. 
2015;31:317-25. doi: 10.1007/s00383-015-3673-4.

21.	 Favorito LA, Bernardo FO, Costa SF, Sampaio FJ. Is 
there a trans-abdominal testicular descent during the 
second gestational trimester? Study in human fetuses 
between 13 and 23 weeks post conception. Int Braz J Urol. 
2016;42:558-63. doi: 10.1590/S1677-5538.IBJU.2015.0301.

22.	 Ludwig KS. The development of the caudal ligaments of 
the mesonephros and of the gonads: a contribution to the 
development of the human gubernaculum (Hunteri). Anat 
Embryol (Berl). 1993;188:571-7. doi: 10.1007/BF00187012.

23.	 Husmann DA, Levy JB. Current concepts in the 
pathophysiology of testicular undescent. Urology. 
1995;46:267-76. doi: 10.1016/s0090-4295(99)80207-6.

24.	 Fentener van Vlissingen JM, Koch CA, Delpech B, Wensing CJ. 
Growth and differentiation of the gubernaculum testis during 
testicular descent in the pig: changes in the extracellular matrix, 
DNA content, and hyaluronidase, beta-glucuronidase, and 
beta-N-acetylglucosaminidase activities. J Urol. 1989;142:837-
45. doi: 10.1016/s0022-5347(17)38927-9.

25.	 Benzi TSCG, Costa WS, Sampaio FJ, Favorito LA. 
Inguinoscrotal stage of testicular descent: analysis in 
217 human fetuses. J Pediatr Urol. 2020;16:198-204. doi: 
10.1016/j.jpurol.2020.01.016.

26.	 Allnutt B, Buraundi S, Farmer P, Southwell BR, Hutson JM, 
Balic A. The common fetal development of the mammary 
fat pad and gubernaculum. J Pediatr Surg. 2011;46:378-83. 
doi: 10.1016/j.jpedsurg.2010.11.019. 

27.	 Su S, Farmer PJ, Li R, Sourial M, Buraundi S, Bodemer 
D, et al. Regression of the mammary branch of the 
genitofemoral nerve may be necessary for testicular 
descent in rats. J Urol. 2012;188(4 Suppl):1443-8. doi: 
10.1016/j.juro.2012.02.041.

28.	 Gapany C, Frey P, Cachat F, Gudinchet F, Jichlinski 
P, Meyrat BJ, et al. Management of cryptorchidism in 
children: guidelines. Swiss Med Wkly. 2008;138:492-8. doi: 
10.4414/smw.2008.12192.

29.	 Costa WS, Sampaio FJ, Favorito LA, Cardoso LE. 
Testicular migration: remodeling of connective tissue 
and muscle cells in human gubernaculum testis. J Urol. 
2002;167:2171-6.

30.	 Elder JS, Isaacs JT, Walsh PC. Androgenic sensitivity 
of the gubernaculum testis: evidence for hormonal/
mechanical interactions in testicular descent. J Urol. 
1982;127:170-6. doi: 10.1016/s0022-5347(17)53655-1.

31.	 Lie G, Hutson JM. The role of cremaster muscle in 
testicular descent in humans and animal models. 
Pediatr Surg Int. 2011;27:1255-65. doi: 10.1007/s00383-
011-2983-4.

32.	 Heyns CF, Human HJ, De Klerk DP. Hyperplasia and 
hypertrophy of the gubernaculum during testicular 
descent in the fetus. J Urol. 1986;135:1043-7. doi: 10.1016/
s0022-5347(17)45972-6.

33.	 Heyns CF, Human HJ, Werely CJ, De Klerk DP. The 
glycosaminoglycans of the gubernaculum during 
testicular descent in the fetus. J Urol. 1990;143:612-7. doi: 
10.1016/s0022-5347(17)40040-1.

34.	 Costa SF, Costa WS, Sampaio FJ, Favorito LA. Structural 
study of gubernaculum testis in fetuses with prune belly 
syndrome. J Urol. 2015;193(5 Suppl):1830-6. doi: 10.1016/j.
juro.2014.06.099.

35.	 Gill B, Kogan S. Cryptorchidism. Current concepts. 
Pediatr Clin North Am. 1997;44:1211-27. doi: 10.1016/
s0031-3955(05)70554-x.

36.	 Hassett S, Smith GH, Holland AJ. Prune belly syndrome. 
Pediatr Surg Int. 2012;28:219-28. doi: 10.1007/s00383-
011-3046-6.

37.	 Massad CA, Cohen MB, Kogan BA, Beckstead JH. 
Morphology and histochemistry of infant testes in the 
prune belly syndrome. J Urol. 1991;146:1598-600. doi: 
10.1016/s0022-5347(17)38178-8.

38.	 Brooks JD, Chao WM, Kerr J. Male pelvic anatomy 
reconstructed from the visible human data set. J Urol. 
1998;159:868-72.

39.	 Netter F. Reproductive System. Ciba, New Jersey, 1978; 
Vol. 2. pp.

40.	 Cousinery MC, Li R, Vannitamby A, Vikraman J, 
Southwell BR, Hutson JM. Neurotrophin signaling in 
a genitofemoral nerve target organ during testicular 
descent in mice. J Pediatr Surg. 2016;51:1321-6. doi: 
10.1016/j.jpedsurg.2015.11.009.



IBJU | GUBERNACULUM TESTIS INERVATION

529

41.	 Ivell R, Mamsen LS, Andersen CY, Anand-Ivell R. 
Expression and Role of INSL3 in the Fetal Testis. Front 
Endocrinol (Lausanne). 2022;13:868313. doi: 10.3389/
fendo.2022.868313.

42.	 El Zoghbi CS, Favorito LA, Costa WS, Sampaio FJ. 
Structural analysis of gubernaculum testis in cryptorchid 
patients submitted to treatment with human chorionic 
gonadotrophin. Int Braz J Urol. 2007;33:223-9; discussion 
230. doi: 10.1590/s1677-55382007000200014.

43.	 Favorito LA, Sampaio FJ, Javaroni V, Cardoso LE, Costa WS. 
Proximal insertion of gubernaculum testis in normal human 
fetuses and in boys with cryptorchidism. J Urol. 2000;164(3 
Pt 1):792-4. doi: 10.1097/00005392-200009010-00050.

______________________________
Correspondence address:

Luciano Alves Favorito, MD, PhD
Unidade de Pesquisa Urogenital, Departamento de 

Anatomia da Univer. do Est. do Rio de Janeiro – UERJ
Rua Professor Gabizo, 104/201

Rio de Janeiro, RJ, 20271-320, Brasil
Telephone: +55 21 2264-4679

E-mail: lufavorito@yahoo.com.br


