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Abstract 

Purpose:  To investigate the urogenital fascia (UGF) anatomy in the inguinal region, to provide anatomical guidance 
for laparoscopic inguinal hernia repair (LIHR).

Methods:  The anatomy was performed on 10 formalin-fixed cadavers. The peritoneum and its deeper fascial tissues 
were carefully dissected.

Results:  The UGF’s bilateral superficial layer extended and ended in front of the abdominal aorta. At the poste-
rior axillary line, the superficial layer medially reversed, with extension represented the UGF’s deep layer. The UGF’s 
bilateral deep layer medially extended beside the vertebral body and then continued with the transversalis fascia. 
The ureters, genital vessels, and superior hypogastric plexus moved between both layers. The vas deferens and sper-
matic vessels, ensheathed by both layers, moved through the deep inguinal ring. From the deep inguinal ring to the 
midline, the superficial layer extended to the urinary bladder’s posterior wall, whereas the deep layer extended to its 
anterior wall. Both layers ensheathed the urinary bladder and extended along the medial umbilical ligament to the 
umbilicus and in the sacral promontory, extended along the sacrum, forming the presacral fascia. The superficial layer 
formed the rectosacral fascia at S4 sacral vertebra, and the deep layer extended to the pelvic diaphragm, terminating 
at the levator ani muscle.

Conclusion:  The UGF ensheaths the kidneys, ureters, vas deferens, genital vessels, superior hypogastric plexus, semi-
nal vesicles, prostate, and urinary bladder. This knowledge of the UGF’s anatomy in the inguinal region will help find 
correct LIHR targets and reduce bleeding and other complications.
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Introduction
It is difficult to distinguish between the retroperitoneal 
fascia and the fascia surrounding the pelvis. The same 
fascia is called by different names in different parts of 
the body, and the same name can be used for two differ-
ent fasciae. The concept of the urogenital fascia (UGF) 
is not novel in the anatomical field. Diarra et al. [1] and 
Muntean et al. [2] proposed the concept of the UGF. Yang 
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et al. [3] proposed the concept of a urogenital-hypogas-
tric sheath. Both concepts consider the renal fascia as the 
core and define the renal fascia and its extensions as the 
UGF or the urogenital-hypogastric sheath. However, the 
boundaries and adjacent relationships between the UGF 
and the urogenital-hypogastric sheath remain unclear. 
During laparoscopic inguinal hernia repair (LIHR), sur-
geons not only focus on the anatomy of the membrane 
but also propose some related fasciae, such as preperi-
toneal, extraperitoneal, and umbilico–prevesical fas-
ciae (UPF). However, their interrelationship remains 
unclear. Controversy also surrounds the stratification of 
the transversalis fascia [4, 5]. Currently, no studies have 
focused on the relationship among the UGF, UPF, prep-
eritoneal fascia, and extraperitoneal fascia. These differ-
ent definitions for the same fascia may interfere with our 
understanding of the inguinal membrane and even affect 
LIHR results. Therefore, understanding the anatomy of 
the UGF is required to distinguish relevant fasciae, unify 
the definitions of relevant fasciae, and provide a perfect 
anatomical basis for LIHR. This study explored the ana-
tomical characteristics of the UGF and its clinical appli-
cation value in surgery in the inguinal region.

Subjects and methods
Subjects
The entire study was carried out in strict line with pro-
tocols approved by the Biomedical Ethics Committee of 
Xi’an Jiaotong University (Ethics Permit Number: 2014-
0303). The study was based on the dissection of 10 for-
malin-fixed cadavers (9 males and 1 female) provided by 
the Department of Anthropotomy and Histo-Embryol-
ogy of Xi’an Jiaotong University Health Science Center, 
using one set of anatomic devices and one camera. Writ-
ten informed consent was obtained from the immedi-
ate family members of the deceased for educational and 
scientific research purposes. The format of the informed 
consent form is in line with the guidelines of the China 
Organ Donation Administrative Center.

Methods
In each cadaver, the peritoneum was horizontally 
incised at 5 cm from the deep inguinal ring in the ante-
rior abdominal wall, lateral to the anterior superior iliac, 
and medial to the medial umbilical fold. First, the peri-
toneum and its deeper fascial tissues were carefully dis-
sected. Next, the vas deferens and spermatic vessels in 
male cadavers were continuously separated from the 
sigmoid mesocolon root after exposing the deep ingui-
nal ring. Internally and inferiorly, the space between the 
urinary bladder and pubic ramus was separated, exposing 
the pubic symphysis. After the anatomy of the inguinal 
hernia repair area was determined, the peritoneum at the 

bilateral paracolic gutter was longitudinally incised. Then, 
the ascending and descending colons and the sigmoid 
colon were medially separated from the sigmoid mesoco-
lon root. Medially, the colon was lifted, exposing the ret-
roperitoneal space. The presacral space was entered from 
the surface of each ureter at the sigmoid mesocolon root. 
Next, along the pelvic wall, the surroundings of the rec-
tum were anatomized toward the anus. To clear expose 
the low structure of the rectum, 10 anatomical specimens 
were sagittally incised, forming 20 semi-pelvic cavities.

Results
The UGF was found to be located on the deep side of 
the posterior peritoneum, with two types of layers, deep 
and superficial. The bilateral superficial layer mutually 
extended and ended in front of the abdominal aorta. At 
the posterior axillary line, the superficial layer medi-
ally reversed and continued to medially extend to a deep 
layer. The bilateral deep layer extended medially beside 
the vertebral body and then continued with the trans-
versalis fascia. The kidneys were ensheathed by both lay-
ers. The ureters, genital vessels, and superior hypogastric 
plexus moved between both layers.

In the inguinal region, the deep and superficial lay-
ers ensheathed the vas deferens and spermatic vessels 
and moved through the deep inguinal ring. From the 
deep inguinal ring to the midline, the superficial layer 
extended to the posterior wall of the urinary bladder, 
whereas the deep layer extended to the anterior wall 
of the urinary bladder. The deep and superficial layers 
wrapped around the urinary bladder and extended along 
the medial umbilical ligament to the umbilicus.

In the sacral promontory, the deep and superficial lay-
ers extended along the sacrum, forming the presacral fas-
cia. The superficial layer, i.e., the superficial layer of the 
presacral fascia, formed the rectosacral fascia at the S4 
sacral vertebra, whereas the deep layer, i.e., the deep layer 
of the presacral fascia, extended to the pelvic diaphragm, 
terminating at the levator ani muscle. On the rectum’s 
lateral side, the neurovascular bundles moved between 
both layers.

Discussion
Based on the anatomical results, it was found that a fas-
cia system ensheaths the kidneys, ureters, vas deferens, 
genital vessels, superior hypogastric plexus, seminal 
vesicles, prostate, and urinary bladder. The fascia can be 
called “UGF,” which includes the deep UGF, superficial 
UGF, and the extension to the abdominal and pelvic wall 
(Fig. 1). To better understand the extension of the UGF, 
the superficial layer of UGF (towards the abdominal and 
pelvic organs) may also be called the visceral layer of 
UGF. Similarly, the deep layer of UGF (towards the body 
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wall, pelvic wall) may also be termed the parietal layer of 
UGF. Additionally, the anterior renal, posterior renal, and 
presacral fasciae are defined as parts of the fascia system.

Many researchers have proposed the concept of the 
UGF, but descriptions of its boundaries are often confus-
ing or even missing. The UGF has two layers, deep and 
superficial, in addition to a lateral and a bottom bound-
ary. The lateral boundary of the UGF is the key to actually 
understanding the UGF. Kneeland [6] et  al. and Thorn-
ton [7] et al. also confirmed that the bilateral superficial 
layer of the UGF mutually extends and ends in front of 
the abdominal aorta. Laterally, Mirilas [8] et al. believed 
that the deep and superficial layers of the UGF fuse on 
the posterolateral surface of the ascending or descend-
ing colon, forming the lateroconal fascia, which then 
merges with the transversalis fascia. However, anatomi-
cal studies have found that the superficial layer reverses 
laterally at the posterior axillary line and continues to 
medially extend to a deep layer. Therefore, the UGF 
forms a distinct lateral boundary (Fig. 2). Consistent with 
our results, Yang et al. [3] also found that the deep layer 
medially extends to communicate with the transversa-
lis fascia. Raptopoulos et  al. [9] believed that the deep 
layer medially continues with the lumbar muscle fas-
cia. From the viewpoint of embryonic development, the 

genitourinary organs and pelvic wall muscle systems are 
derived from the mesoderm, and the UGF and transver-
salis fascia can be considered the “envelope” of the meso-
derm’s inner layer. Therefore, the UGF and transversalis 
fascia should be homologous.

In our study, it was found that the UGF coursed 
through the deep inguinal ring (Fig. 3). Stoppa et al. [10] 
also found a fascial system that laterally extends and 
ensheaths the vas deferens and spermatic vessels, form-
ing the spermatic sheath, which is considered part of the 
UGF. However, the authors did not describe the exten-
sion from the deep and superficial layers of the UGF to 
the urinary bladder [10] (Fig. 4). The previous study [11] 
has reported that the preperitoneal fascia also surrounds 
the vas deferens and spermatic vessels.

According to our anatomy, the preperitoneal fascia 
and extraperitoneal fascia are part of the UGF. Sato [12] 
and Fowler [11] reported that the preperitoneal fascia 
has two layers. According to Sato, the preperitoneal fas-
cia is a continuation of the renal fascia, which means a 
continuation of the UGF [12]. Fowler observed that the 
superficial layer of the preperitoneal fascia ensheaths the 
vas deferens and enters the deep inguinal ring, in addi-
tion to blending with the transversalis and internal sper-
matic fasciae [11]. Similarly, Arregui et al. [13] observed 

Fig. 1  Overall appearance of the UGF. a Schematic diagram of the anatomical composition of the UGF. The light-blue shaded portion represents 
the UGF; the light-blue dotted line indicates the unclear boundary. b The partial entity of panel a in a cadaver. 1, kidney; 2, ureter; 3, genital vessels; 
4, the lateral boundary of the UGF; 5, prostate; 6, deep inguinal ring; 7, urinary bladder; 8, spermatic sheath
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that the preperitoneal fascia ensheaths the hernial sac 
and spermatic cord. Besides, Lampe [14] suggested that 
the extraperitoneal fascia includes an outer layer and a  
fat layer. These results show that the preperitoneal and 

extraperitoneal fasciae are part of the UGF. However, 
these authors observed only local anatomical character-
istics of the fasciae without focusing on their origin and 

Fig. 2  Cross-section of the UGF. 1, transversalis fascia; 2, parietal peritoneum; 3, visceral peritoneum; 4, ascending colon; 5, superficial layer of the 
UGF; 6, right kidney; 7, inferior vena cava; 8, small intestine; 9, descending colon; 10, the lateral boundary of the UGF; 11, abdominal aorta; 12, left 
kidney; 13, deep layer of the UGF

Fig. 3  The urogenital fascia in the pelvis. a Schematic diagram of the UGF in the pelvis (view of the inner abdomen). b The partial entity of panel 
a in a cadaver. The UGF has a lateral boundary, laterally and inferiorly ensheathing the vas deferens and spermatic vessels and moving through the 
deep inguinal ring. Medially, the UGF is extended to the urinary bladder and pelvis. The ureters, vas deferens, and spermatic vessels move between 
both layers of the UGF. 1, rectus abdominis muscle; 2, transversalis fascia; 3, spermatic vessels; 4, ureter; 5, iliac vessels; 6, inferior epigastric vessels; 
7, superficial layer of the UGF; 8, deep layer of the UGF; 9, vas deferens; 10, the lateral boundary of the UGF; 11, the transitional part of the UGF from 
the deep inguinal ring to the urinary bladder;12, urinary bladder. The green line indicates the transitional part of the UGF from the deep inguinal 
ring to the urinary bladder must be cut to flatten the mesh in LIHR
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boundary; therefore, the results had some deviations and 
deficiencies.

A clear understanding of the anatomy of the UGF, 
which medially extends from the deep inguinal ring 
to ensheath the urinary bladder, provides an anatomi-
cal basis for further understanding the relevant fascia of 
the urinary bladder and also helps identify various ana-
tomical levels during surgery. The UPF extends from the 
umbilicus to the urinary bladder, which is located deep 
in the transversalis fascia [8]. The deep and superficial 
layers of the UGF extended to the anterior and poste-
rior walls, respectively, of the urinary bladder. Therefore, 
the UPF described by Diarra et  al. [1] should represent 
the deep layer of the UGF, whereas the umbilical vesical 
fascia described by Mirilas et al. [8] should be the intrin-
sic fascia of the urinary bladder. These results indicate 
that the intrinsic fascia of the urinary bladder is sur-
rounded by the deep and superficial layers of the UGF, 
which extended from the urinary bladder to the umbili-
cus along the medial umbilical ligament. Mirilas et al. [8] 
also observed that the UPF extends from the umbilicus 
to the urinary bladder. Caudally, the UGF is continuously 
extended to form the presacral fascia, which is closely 
related to the lateral ligament of the rectum and the neu-
rovascular bundle.

The confusion related to the anatomy of the inguinal 
region membrane led to controversy surrounding the 
transversalis fascia stratification, causing a difference in 
the understanding of the Retzius’ space. Although most 
researchers believe that the transveralis fascia has two 

layers, Read et al. [5] reported that the deep layer of the 
transversalis fascia is the superficial layer of the extra-
peritoneal fascia. We believe that the deep layer of the 
transversalis fascia is the deep layer of the UGF. Accord-
ing to the relationship among the UGF, urinary bladder, 
and transversalis fascia, when we performed LIHR, the 
Retzius’ space should be separated between the trans-
versalis fascia and the deep layer of the UGF (namely, 
the deep layer of the transversalis fascia), whereas the 
Bogros’ space should be separated between the perito-
neum and the superficial layer of the UGF. Separating the 
Retzius’ space between the deep and superficial layers of 
the UGF might damage the blood vessels on the surface 
of the urinary bladder, leading to uncontrolled bleeding. 
Similarly, peeling off the transversalis fascia might cause 
the corona mortis to become naked, leading to uncon-
trolled bleeding.

During LIHR, the interior side of the mesh should be 
placed between the transversalis fascia and the deep 
layer of the UGF, whereas its lateral side should be placed 
between the peritoneum and the superficial layer of the 
UGF. To flatten the mesh, the transitional part of the 
UGF from the deep inguinal ring to the urinary bladder 
must be cut (Fig.  3). Similarly, Nagahisa et  al. [15] sug-
gested that this part of the fascia should be incised. Our 
view of space separation and mesh placement is consist-
ent with that of Mirilas et al. [16]. Also, the UGF on the 
surface of the vas deferens and spermatic vessels must be 
protected to reduce the adhesion between the mesh and 
vas deferens. The previous studies have summarized the 
complications associated with the mesh, such as mesh 
migration [17], mesh erosion into the urinary bladder 
[18], and visceral injury [19]. Proper mesh placement is 
key to preventing these complications. Knowledge of the 
anatomy of the UGF provides an anatomical basis for the 
correct determination of space and accurate placement 
of the mesh during LIHR. The application of the UGF in 
colorectal surgery requires further study.

Conclusion
An independent UGF system with a deep and superfi-
cial layer exists in the body. The bilateral superficial layer 
of the UGF mutually extends and ends in front of the 
abdominal aorta, while the deep layer of the UGF con-
tinues with the transversalis fascia, beside the vertebral 
body. Superiorly, the two layers ensheath each kidney, 
while laterally ensheathing the ureters and genital ves-
sels. Meanwhile, the partial UGF moves through the deep 
inguinal ring along with the vas deferens and spermatic 
vessels, forming a distinct boundary from the lateral 
border of each kidney to the deep inguinal ring. Next, 
from the deep inguinal ring to the midline, the deep 
and superficial layers ensheath the urinary bladder and 

Fig. 4  The UGF and the urinary bladder. 1, ureter; 2, superficial layer 
of the UGF; 3, urinary bladder; 4, deep layer of the UGF; 5, spermatic 
vessels; 6, vas deferens; 7, spermatic sheath; 8, spermatic cord. 
Laterally and inferiorly, the deep and superficial layers of the UGF 
extend to the spermatic sheath and move through the inguinal ring. 
Medially, the UGF ensheaths the urinary bladder. The superficial layer 
ensheaths the posterior urinary bladder wall and the deep layer 
ensheaths the anterior urinary bladder wall. The ureters, vas deferens, 
and spermatic vessels move between both layers.
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extend along the medial umbilical ligament to the umbili-
cus. Inferiorly, the deep and superficial layers extend to 
the pelvic diaphragm. The superior hypogastric plexus, 
seminal vesicles, prostate, and neurovascular bundles 
move between the two layers of the UGF. Studying the 
UGF provides a comprehensive anatomical basis for 
understanding the membrane anatomy of the ingui-
nal region, helping us unify the anatomical concepts 
of the preperitoneal fascia, the extraperitoneal fascia, 
and the UPF. Besides, it helps find the right anatomical 
level during LIHR, thereby reducing bleeding and other 
complications.

Acknowledgements
We thank NES Institution for editing the English text of a draft of this 
manuscript.

Authors’ contributions
LY designed the research, mainly anatomize the corpses, put forward the main 
viewpoint, drew all the figures, and had primary responsibility for the final 
content. YL wrote the manuscript, collected a large number of references, and 
annotated all the figures. CQ designed the structure of the writing and modi-
fied the language of the manuscript, which is more in line with the habits of 
the native English language. CT, ZY, and YX participated in anatomy, took pho-
tographs, and made records. JQ and XW engaged in discussion and helped 
explain the results. All authors read and approved the final manuscript.

Funding
This work was supported by the Beijing Hospitals Authority Youth Programme 
(Code: QML20170307).

Availability of data and materials
The datasets generated and analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee (Biomedical Ethics Committee of Xi’an Jiaotong Univer-
sity, approval number: 2014-0303) and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. Written informed 
consent was obtained from the immediate family members of the deceased 
for educational and scientific research purposes. The format of the informed 
consent form is in line with the guidelines of the China Organ Donation 
Administrative Center.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests..

Author details
1 First Department of General Surgery, Shaanxi Provincial People’s Hospital, 
Xi’an, Shaanxi 710000, China. 2 Department of Hernia and Abdominal Wall 
Surgery, Beijing Chaoyang Hospital, Capital Medical University, Beijing 100043, 
China. 

Received: 16 October 2020   Accepted: 31 May 2021

References
	1.	 Diarra B, Stoppa R, Verhaeghe P, Mertl P. About prolongations of the 

urogenital fascia into the pelvis: An anatomic study and general remarks 
on the interparietal-peritoneal fasciae. Hernia. 1997;1(4):191–6.

	2.	 Muntean V. The surgical anatomy of the fasciae and the fascial spaces 
related to the rectum. Surg Radiol Anat. 1999;21(5):319–24.

	3.	 Yang XF, Luo GH, Ding ZH, Li GX, Chen XW, Zhong SZ. The urogenital-
hypogastric sheath: an anatomical observation on the relationship 
between the inferomedial extension of renal fascia and the hypogastric 
nerves. Int J Colorectal Dis. 2014;29(11):1417–26.

	4.	 Lytle WJ. The internal inguinal ring. Br J Surg. 2010;32(128):441–6.
	5.	 Read RC. Cooper’s posterior lamina of transversalis fascia. Surg Gynecol 

Obstet. 1992;174(5):426–34.
	6.	 Kneeland JB, Auh YH, Rubenstein WA, Zirinsky K, Morrison H, Whalen 

JP, et al. Perirenal spaces: CT evidence for communication across the 
midline. Radiology. 1987;164(3):657–64.

	7.	 Thornton FJ, Kandiah SS, Monkhouse WS, Lee MJ. Helical CT evaluation 
of the perirenal space and its boundaries: a cadaveric study. Radiology. 
2001;218(3):659–63.

	8.	 Mirilas P, Skandalakis JE. Surgical anatomy of the retroperitoneal 
spaces part II: the architecture of the retroperitoneal space. Am Surg. 
2010;76(1):33–42.

	9.	 Raptopoulos V, Touliopoulos P, Lei QF, Vrachliotis TG, Marks SJ. Medial 
border of the perirenal space: CT and anatomic correlation. Radiology. 
1997;205(3):777–84.

	10.	 Stoppa R, Diarra B, Mertl P. The retroparietal spermatic sheath—an ana-
tomical structure of surgical interest. Hernia. 1997;1(1):55–9.

	11.	 Fowler R. The applied surgical anatomy of the peritoneal fascia of 
the groin and the “secondary” internal inguinal ring. Aust N Z J Surg. 
1975;45(1):8–14.

	12.	 Sato T. Introduction of pelvic surgery anatomy. Jpn J Endourol. 
2012;25:2–10.

	13.	 Arregui ME. Surgical anatomy of the preperitoneal fasciae and posterior 
transversalis fasciae in the inguinal region. Hernia. 1997;1(2):101–10.

	14.	 Lampe EW. Special comment: experiences with preperitoneal hernio-
plasty. In: Nyhus LM, Condon RE, editors. Hernia. 1st ed. Philadelphia: JB 
Lippincott Co; 1964. p. 295–301.

	15.	 Nagahisa Y, Homma S, Chen K, Sakurai R, Hattori N, Kawamoto Y, et al. 
Feasibility of a new approach for creating a preperitoneal space in 
transabdominal preperitoneal repair inguinal hernia repair: using a sand-
wich approach. Surg Today. 2017;47(5):595–600.

	16.	 Mirilas P, Mentessidou A, Skandalakis JE. Secondary internal inguinal ring 
and associated surgical planes: surgical anatomy, embryology, applica-
tions. J Am Coll Surg. 2008;206(3):561–70.

	17.	 Cunningham HB, Weis JJ, Taveras LR, Huerta S. Mesh migration fol-
lowing abdominal hernia repair: a comprehensive review. Hernia. 
2019;23(2):235–43.

	18.	 Li J, Cheng T. Mesh erosion into urinary bladder, rare condition but 
important to know. Hernia. 2019;23(4):709–16.

	19.	 Gossetti F, D’Amore L, Annesi E, Bruzzone P, Bambi L, Grimaldi MR, et al. 
Mesh-related visceral complications following inguinal hernia repair: an 
emerging topic. Hernia. 2019;23(4):699–708.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Urogenital fascia anatomy study in the inguinal region of 10 formalin-fixed cadavers: new understanding for laparoscopic inguinal hernia repair
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Subjects and methods
	Subjects
	Methods

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


