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Abstract

Female urinary incontinence mainly relates to damage of female urethra supporting structures, while its anatomy and func-
tion specially in which the connective tissue part are still unclear and controversial. We study it based on 4 thin-sectional,
high-resolution, transverse sectional anatomical images [Chinese Visible Human (CVH) images] and 10 high-resolution
MRI images from volunteers. The female urethral supporting structures and its adjacent structures were segmented and
three-dimensional (3D) reconstructed with Amira software. The urethral supporting structures include muscular and con-
nective tissue supporting structures. Muscular supporting structures are composed of levator ani muslce and striated urethral
sphincter, the connective tissue supporting structures are composed of anterior vaginal wall, pubovesical muscle, pubovesi-
cal ligament, lateral vesical ligament, and tendinous arch of pelvic fascia (TAPF). The anterior vaginal wall includes tight
and loose connections between urethral, bladder, and vagina. The lateral vesical ligament connects the proximal part of the
urethra to the TAPF. The pubovesical muscle is crescent shaped and continues with the detrusor of the bladder superior and
directly connects the TAPF laterally. The TAPF is an obvious fibrous structure that originates at the middle-posterior surface
of the pubis, travels onto the parietal pelvic fascia, and inserts posteriorly onto the ischial spine. The anterior vaginal wall, the
pubovesical muscle, the lateral vesical ligament, and the TAPF create the “hammock” structure and supplement DeLancey’s
theory. Its support to the proximal urethra and neck of bladder is crucial to maintain stability and urinary continence during
increased abdominal pressure.

Keywords Female pelvis - Lateral vesical ligament - Pelvic organ prolapse - Pubovesical muscle - Urethral supporting
structures
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risk of surgery for POP is 12-19% and more than 300,000
prolapse surgeries performed annually in the US, which cost
much money in each year (Barber 2016).

In the urinary continence system, closure and stability
of the bladder outlet are very important and are chiefly pro-
vided by the urethra and its supporting structures. Therefore,
we call the anatomical structures which are close to and sup-
port the urethra as the urethral supporting structures. Ana-
tomical or functional impairment of the urethral supporting
structures is regarded as the major cause of stress urinary
incontinence and anterior pelvic organ prolapse (Delancey
2010).

Urethral supporting structures are complicated and too
general structures including active supporting structure
which is also called muscular supporting structure and pas-
sive supporting structure which is also called connective tis-
sue structure (El-Sayed et al. 2007; Herschorn 2004). Mus-
cular supporting structures include the levator ani muscle
and the striated urethral sphincter, which are striated muscle
and can be regulated actively by the human body. While the
connective tissue supporting structures mainly include dense
connective tissue and smooth muscle around the urethra,
which create antagonistic force with increasing abdominal
pressure and also play an important role in urethral sup-
porting (Strohbehn et al. 1996). Impairment of urethral
supporting structures promotes high mobility of the vesical
neck, causing the vesical neck to move downward during
rapid increases in intra-abdominal pressure and leading to
stress urinary incontinence (SUI) or pelvic organ prolapse
(POP) (Brandao et al. 2015; Patel et al. 2007).Clinicians
and anatomists have long recognized that the support to the
urethra is important in preventing the pelvic floor dysfunc-
tion (DeLancey 1989; Hodgkinson 1953).

In our previous research, we study the architecture of
female urethral sphincter complex and levator ani muscle
based on unreformed thin-sectional anatomical image in
detail (Wu et al. 2015, 2018; Chen et al. 2017).

However, the detailed three-dimensional (3D) anatomic
shape, subdivision, spatial relationship, and function of the
urethral connective tissue supporting structures have many
controversies and are still not well defined (Mauroy et al.
2000).

Many anatomists and gynecologists used different
research approaches, including CT, MRI, and dissection, to
study anatomy of female anterior pelvic floor (Kraima et al.
2013; Luo et al. 2014; Ramanah et al. 2012). However, MRI
and CT have limited articulation and resolution, and it is
difficult to identify the connective tissue of the pelvic floor.
Dissection is prone to generate anatomy artifacts, including
structure destruction and position changing, particularly in
tiny facial and ligament structures.

Therefore, we plan to study the architecture of ure-
thral connective supporting structures based on real-color,

high-resolution, thin-sectional and unreformed sectional
anatomical images (Chinese Visible Human images) (Wu
et al. 2015; Zhang et al. 2003, 2004) and normal female
pelvic MRI images, which can help to imaging diagnosis,
surgical treatment, and clinical anatomy teaching.

Materials and methods
Data collection

Cross-section images from the iliac crest to the lower rim of
the perineum were selected from the CVH female, including
CVH2, CVH4, CVHS5, and CVO. All cadavers were enrolled
in the body donation program of the CVH project, which
follows the scientific and ethical rules of the Third Military
Medical University. The thickness of images ranged from
0.2 to 1.0 mm, and the maximal resolution was 4064 X 2704,
and the pixel size can reach 0.12 mm X 0.12 mm X 0.2 mm.
The detailed parameters of CVH images are presented in
Table 1. No pathologies were found via CT and MRI scans
before specimen milling.

Ten pelvic MRI images of healthy female volunteers were
selected. Approximately 30 min before 3.0 T MRI scan-
ning, the volunteers emptied their bladder (SIEMENS 3.0
Trio, four-channel surface coil). In MRI scanning, female
volunteers were placed in a supine position. All women
were asked to relax the pelvic floor muscle during the MRI
examination. MRI scanning ranged from sacral promontory
to the lower edge of perineum. A standardized protocol with
the following parameters was used: turbo spin-echo (TSE)
sequences, repetition time (TR) of 8610 ms, echo time (TE)
of 9.8 ms, axial slice orientation with a field of view of
280 mm X 280 mm, pixel size of 0.55 mm X 0.55 mm, an
image matrix of 512x 512, and a slice thickness of 2 mm.

Segmentation and 3D reconstruction
With Amira software (https://www.amiravis.com, version

5.3.3) (Fig. 1a), pelvic structures, including the pelvic
bone, veins, bladder, compressor urethrae, urethrovaginal

Table 1 Basic biometric data of the CVH bodies and details of sec-
tions used

CVH-2 CVH-4 CVH-5
Age 22 25 25
Height (mm) 1620 1620 1700
Weight (kg) 54 57.5 59
Sectioning direction Transverse  Transverse Transverse
Section thickness (mm) 0.25, 0.5 0.25,0.5,1.0 0.2
Image resolution 3072x2048 4064x2704 4064 x2704
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Fig. 1 Interface of Amira software and interactive 3D-PDF of urethral supporting structures. a The segmentation interface of Amira software
and b the interface of interactive 3D-PDF of urethral supporting structures

sphincter, urethral sphincter proper, medial and lateral part ~ segmented the levator ani muscle according to muscle
of pubovisceral muscle, superficial and deep part of the  fiber orientation and connective tissue septum between
puborectal muscle, rectal wall, arcuate ligament, pubovesi- muscle fibers (Wu et al. 2015). Furthermore, we always
cal ligament, lateral vesical ligament, pubovesical muscle,  inspected the corresponding sections in all other CVH
sacrotuberous ligament, sacrospinous ligament, piriformis,  specimens before proceeding to segmentation.

tendinous arch of pelvic fascia (TAPF), tendinous arch of After segmentation, we used 3D reconstruct, smooth
levator ani (TALM), superior and inferior part of urethrovag-  and simplify the urethral connective tissue structures with
inal septum, vesicovaginal septum, and cervicovaginal sep-  Amira software.

tum were segmented.
Criteria for segmentation included differences in tis-
sue’s natural color and fibrous septum. Specially, we
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Creation of Interactive 3D-pdf

We exported the 3D models of female urethra and its sup-
porting structures from the Amira software and imported
them to CINEMA 4D (Maxon Computer GmbH, Friedrichs-
dorf, Germany). The ‘mesh’ function of CINEMA was used
to create polygons that fitted the original AMIRA vertebral
models. Furthermore, CINEMA 4D enabled the export of 34
modelled structures via ‘wrl export’ into an ADOBE port-
able device format (PDF) reader version 9 (https://www.
adobe.com), which allows the generation of three-dimen-
sional interactive PDF files (Supplementary Figure). The
3D-PDF allows the reader to three-dimensionally visualize
all structures separately or as a whole to inspect their 3D
shape and topographical relationship through Adobe Reader
or Acrobat software.

Results

Four female pelvises (CVH 2, 4, 5 and CVO) were studied.
Some available biometric details of the specimens are pro-
vided in Table 1.

We successfully performed an interactive 3D reconstruc-
tion of urethral supporting structures and studied them,
including the anterior vaginal wall, the pubovesical mus-
cle, the pubovesical ligament, the lateral vesical ligament
and the TALM, and the adjacent active muscular structures

Fig.2 Shape and topographic
relations of urethral muscular
supporting structures. a—d
Urethral muscular supporting
structure. a Urethral muscular
supporting structure in superior
view; b urethral muscular sup-
porting structure in lateral view;
¢ urethral muscular supporting
structure in inferior view; d
urethral muscular supporting
structure in lateral view with
levator ani muscle transpar-
ent. B bladder, CU compres-
sor urethra, DPR deep part of
the puborectal muscle, EPV
external layer of pubovisceral
muscle, /PV internal layer of
pubovisceral muscle, LAM
levator ani muscle, R rectum,
SPR superficial part of the
puborectal muscle, U uterus,
USP urethral sphincter proper,
UVS urethrovaginal sphincter,

V vagina i
Superior

C Medial

including the striated urethral sphincter and the levator ani
muscle. (Figs. 1b, 2a—f).

Active muscle supporting structure
Levator ani muscle

The levator ani muscle (LAM) was a funnel-shaped structure
and was composed of the pubovisceral and the puborectal
muscle. The pubovisceral muscle was bilayered: its internal
layer and its outer, patchy layer reinforced the inner layer.
The puborectal muscle included deep and superficial parts,
which coincided with the “deep and superficial portion” of
the external anal sphincter (EAS) (Fig. 2) (Wu et al. 2015).

The striated urethral sphincter

The striated urethral sphincter included the urethral sphinc-
ter proper, the urethral compressor, and the urethrovaginal
sphincter. The sphincter proper encircled the urethra and
contained a tendinous portion in the posterior midline. The
U-shaped compressor muscle surrounded the urethra and
the urethral sphincter anteriorly and laterally at the transi-
tion of the upper two-third into the lower one-third (Fig. 1).
Posteriorly, the compressor muscle passed on the vaginal
wall to insert into the anteroinferior border of the puborectal
muscle with tendinous tissue. The distal part of the striated
sphincter, the urethrovaginal sphincter, encircles both ure-
thra and vagina.

. &S
Superior
’! B L Posterior
{

Superior -
D LPosterior
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Passive connective tissue supporting structure

Compared with active supporting structures, urethral passive
supporting structures included the urethrovaginal septum,
the pubovesical muscle, the pubovesical ligament, the lateral
vesical ligament, and the TALM.

Anterior vaginal wall

The anterior vaginal wall is a strong urethral connective
tissue support which has broad contact face. From top to
bottom, this structure includes the cervicovaginal septum,
vesicovaginal septum, superior part of urethrovaginal sep-
tum, and inferior part of urethrovaginal septum.

The cervicovaginal septum was 20.3 + 6.1 mm in length.
The vesicovaginal septum was 18.0+5.6 mm in length.
The superior part and the inferior part of the urethrovaginal
septum were 18.3+0.6 mm and 13.0+5.0 mm in length,
respectively. The cervicovaginal septum, vesicovaginal sep-
tum, and superior part of urethrovaginal septum are com-
posed of loose connective tissue, and some vessels were
located inside it, whereas the inferior part of urethrovaginal
septum was composed of tight connective tissue (Figs. 3a—c,
4b, c). In the MRI images, the upper loose part showed
higher signal due to the vessels, whereas the lower tight
part showed low signal (Fig. 3d-f).

Pubovesical muscle

The pubovesical muscle is a crescent-shaped smooth muscle
with left to right direction. This structure was located anteo-
inferior to the bladder neck and anterior to the upper part of
the main part of the urethral sphincter and continued with
the detrusor of the bladder, which is like the apron of the
detrusor. This muscle directly connects to the TAPF on the
left and right side, and connects to the lateral vesical liga-
ment posteriorly. Retropubic fat tissue was located between
the pubovesical muscle and the anterior pubis and ended
at urethral compressor muscle inferiorly. The urethral com-
pressor muscle is located beneath the pubovesical muscle,
but it does not connect with it (Figs. 3b, h, 4a, d, e). In MRI
images, the structure was obvious and showed lower signal
compared with that of the pelvic floor muscle (Fig. Se).

Pubovesical ligament

The pubovesical ligament differed from the pubovesical
muscle. This ligament was located between the pubis and
the main part of the urethal sphincter and located in the
the Retzius space, and directly connected to the pubovesical
muscle. The shape of the pubovesical ligament exhibits wide
variance. In the right part of CVH5 and VHP female, the
structure was slim and originated from the anterior—lateral
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part of the main part of urethral sphincter, and ended in the
posterior wall of pubis, and connected the upper part of the
urethra to the pubis (Figs. 3b, h, 4a, 6¢, d). In CVH2 and
CVH4 female pelvises, the two side structures fused and
were located in the middle of the Retzius space (Fig. 3i).
While in the left part of CVHS pelvis and volunteer MRI
pelvis, this structure was fused with the anterior part of the
TAPF (Fig. 3b, e). This ligament mainly keeps in anterior to
posterior direction and the length was 12.3 +5.0 mm.

Lateral vesical ligament

The lateral vesical ligament originated from the lateral wall
of the superior part of the urethral sphincter and the antero-
lateral wall of the lower part of the vagina and ended in
the TAPF, which affixed with the urethra to the TAPF and
prevented the urethra from prolapsing downward. The lateral
vesical ligament contained much dense connective tissue and
vascular plexus which was mainly located in the medial part
of the lateral vesical ligament, and connected the pubovesi-
cal ligament anteriorly. The antero-posterial length of the
lateral vesicle ligament was 22.8 +5.7 mm in all CVH, and
the superior-inferior length of the ligament to where attached
the urethral sphincter proper was 13.0+2.6 mm (Figs. 3a,
b, 4a, d, 6¢, d). In MRI images, the connective tissue part
of the lateral vesical ligament was obvious and showed
lower signal, and the vascular plexus part which was mainly
located in the posterior part of the lateral vesical ligament
and showed higher signal. The ligament originated from the
antero-lateral part of the urethra and the posteo-lateral part
of the bladder and ended in the levator ani muscle (Fig. 3d).

The tendinous arch of the pelvic fascia (TAPF)

The TAPF was a fibrous structure which began at the
medial inferior part of posterior surface of the pubis and
the beginning point was lateral to the pubic symphysis with
the distance of 10.2 +3.0 mm. The TAPF was thicker part
of endopelvic fascia and inserted posteriorly to the ischial
spine. The TAPF was not direct line shape, but curve line
shape. It was located beneath the tendinous arch of the leva-
tor ani muscle (TALM). The TALM conjoined with the
TAPF at a point which kept the distance of 31.6+ 18.6 mm
from the ischial spine posteriorly.

The distance between this conjoint point and the ischial
spine exhibited big variance. The TAPF was 81.1 +2.4 mm
and was divided into two parts by this conjoint point. In its
anterior part, the length was 53.8 +20.6 mm, and the width
of its anterior portion was 4.0 +0.6 mm and that of its pos-
terior portion was ~ 2.0 mm. In its posterior part, the length
was 31.6+ 18.6 mm and the width was 10.8 +3.1 mm, which
was much thicker than that of the anterior part. The anterior
part of the TAPF travelled onto the LAM and connected
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inferior view of vesicovaginal septum

pubovesical ligament

superior view of vesicovaginal septum

urethral sphincter

HEENENE -

Fig.3 CVH sectional anatomical images and MRI of urethral con-
nective tissue supporting structure. g The position of CVH and MRI
transverse sections. The transverse sections show the transverse
position of the lateral vesical ligament, superior part of urethrovagi-
nal septum (a, d), pubovesical muscle, pubovesical ligament, lateral
vesical ligament (b, e), inferior part of urethrovaginal septum (c, f) in
CVH sectional image and MRI images. h, i The pubovesical ligament

lateral vesical ligament

pubovesical muscle

tendinous arch of pelvic fascia

urethrovaginal sphincter

in VHP and CVH4 transverse anatomical images. AL arcuate liga-
ment, Ante anterior, B bladder, CL clitoris, CU compressor urethra,
LAM levator ani muscle, LVL lateral vesical ligament, Post posterior,
PVL pubovesical ligament, PVM pubovesical muscle, R rectum, RS
Retzius space, TAPF tendinous arch of pelvic fascia, U urethral, USP
urethral sphincter proper, UVS urethrovaginal sphincter, Ante anterior,
V vagina
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D E

Infe

Fig.5 Shape and topographic relations of urethral connective tis-
sue supporting structures. a—f Urethral connective tissue support-
ing structure in posteosuperior view. a Urethral sphincter complex
including compressor urethrae, urethrovaginal sphincter and urethral
sphincter proper. Urethral connective tissue supporting structure
includes pubovesical muscle (b), pubovesical ligament (c), lateral

the lateral vesical ligament medially and its posterior part
courses upward and travelled onto the internal obturator
muscle (IOM) (Fig. 6a—e). The TAPF was not visible in MRI
images because of its slimness.

The tendinous arch of the levator ani muscle (TALM)

The TALM was another tendinous arch in the pelvic wall,
which was considerably thinner than the TAPF. The TALM
was located in the superior side of the convergence of the
IOM and the LAM, which was opposed to the abdominal
cavity. In some individuals, the structure is almost invisible.
The TALM originated from the pubis anteriorly and ended
at the conjoining point with the TAPF posteriorly, and the
distance between the starting point and the pubic symphy-
sis was 24.8 +2.6 mm. The entire length of the TALM was
48.0+17.4 mm. However, the location of the conjoining
point exhibited significant variant between different indi-
viduals (Fig. 6a—e). In MRI images, the TALM was also not
visible, similar to the TAPF.

Discussion
The support and stabilization of the vesical neck and urethra

influences not only urinary continence but also the initiation
of micturition. Therefore, this support is very important and
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Urethrovaginal
Septum

Infe Infe

vesical ligament (d), tendinous arch of pelvic fascia (e) and ure-
throvaginal septum (f). Ante anterior, AVW anterior vaginal wall, CU
compressor urethra, LVL lateral vesical ligament, PB pubic bone, Post
posterior, PVL pubovesical ligament, PVM pubovesical muscle, TAPF
tendinous arch of pelvic fascia, USP urethral sphincter proper, UVS
urethrovaginal sphincter

consists of active muscular support from urethral sphincter
complex and levator ani muscle (Wu et al. 2015, 2018), and
the passive connective tissue support from urethrovaginal
septum, pubovesical muscle, pubovesical ligament, lateral
vesical ligament, and TAPF. Active muscular support can
reinforce pelvic supporting function through pelvic floor
muscle exercises. While the passive pelvic support including
the connective tissue and smooth muscle is a passive sup-
port which plays a role with abdominal pressure increasing.

Muscular supporting structures

In muscular support, the sphincter proper’s contract will
close the upper part of the urethra, and the compressor ure-
thra is U shaped and its contraction produces a force on the
urethra in a posteroinferior direction. Our study on levator
ani muscle’s four subparts including internal and external
part of the pubovisceral muscle and superficial and deep
part of the puborectal muscle is different from that on the
traditional levator ani muscle’s three subparts including the
pubovisceral muscle, the puborectal muscle, and the ili-
ococcygeal muscle. Contraction of the LAM will push the
upper part of urethra forward. In our previous publication
(Wu et al. 2015), we have described the levator ani muscle’s
architecture in detail.

Contraction of the LAM compresses the rectum and
moves the rectovaginal complex anteriorly and superiorly
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Fig.4 Shape and topographic
relations of urethral connective
tissue supporting structure. a
Posteosuperior view of pelvis; b
anterior view of urethrovaginal
septum; ¢ anterior view of ure-
throvaginal septum with bladder
transparent; d and e anterior
and right view of PVL, LVL,
and PVM. AL arcuate liga-
ment, Ante anterior, b bladder,
CL clitoris, CS cervicovaginal
septum, CU compressor urethra,
Infe inferior, IUS inferior part
of urethrovaginal septum,

LAM levator ani muscle, LVL
lateral vesical ligament, PB
pubic bone, PVL pubovesical
ligament, PVM pubovesical
muscle, Post posterior, Supe
superior, SUS superior part of
urethrovaginal septum, TAPF
tendinous arch of pelvic fascia,
U urethral, USP urethral sphinc-
ter proper, UVS urethrovaginal
sphincter, V vagina, VS vesicov-
aginal septum

Ante

towards the urethra in a plane that lies parallel to, but
superior of, that of the compressor urethra. Simultaneous
contraction of the LAM and compressor urethra causes an
anteriorly convex bend in the midurethra, which closes the
midurethral lumen (Wallner et al. 2009; Wu et al. 2018).

Anterior vaginal wall

The anterior vaginal wall is a strong connective tissue sup-
port for urethra which has expansive connective surface
between vagina and urethra and is also called the vesicov-
aginal connection or vaginal support (Occelli et al. 2001).
Therefore, when the anterior vaginal wall prolapse, the ure-
thra and bladder are usually pulled to prolapse by uterus
and vagina.

Posteriorly, the upper part of the anterior vaginal wall
mainly including vesicovaginal septum combines with the
lateral vesical ligament and pubovesical muscle to create
the hammock structure of the female urethra, which cre-
ates the upper supporting structure to the female urethra.

In DeLancey’s hammock, the continuity of the endopelvic
fascia, vaginal wall, arcus tendineus fasciae pelvis, and leva-
tor ani forms the hammock-like structural layer. In our study,
the lateral vesical ligament which is located lateral to the
urethra and pubovesical muscle which is located anterior
to urethra both belong to the endopelvic fascia around the
urethra, which complies with and supplements DeLancey’s
hammock theory. Contraction of the levator ani muscles can
elevate and contract the TAPF, and subsequently contract the
vaginal wall directly and urethra through the lateral ligament
which leads to close the urethral lumen.

We agree with Mauroy et al.’s opinion that the inferior
part of the urethrovaginal septum is hardly separated from
the anterior vaginal wall, because it mainly includes dense
connective tissue (Mauroy et al. 2000). However, different
with Mauroy et al.’s opinion that the proportion of this part
to the whole urethrovaginal septum is two thirds, we found
the proportion of this part is 0.16 (Mauroy et al. 2000).

Therefore, both the superior and inferior parts provide
the strong urethral support. In the urethral middle part
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- lateral part of pubovesical ligament

- tendinous arch of levator ani muscle

Fig.6 Sectional anatomy and 3D topography of the TAPF. f The
position of transverse image in a—c; d the posteosuperior view of
the female pelvis; e the posteosuperior view of the structures which
create hammock. AL arcuate ligament, AVW anterior vaginal wall,
B bladder, CL clitoris, Co coccygeus, EPV external layer of pubo-
visceral muscle, /O internal obturator muscle, /PV internal layer of

suspension, the gynecologists need to separate the vaginal
wall and urethra between through urethrovaginal septum,
the upper septum is relatively loose, so after water-cushion
injection, they can separate it with gently blunt separation,
but the middle and lower septum, it need to separate it with
scissors’ meticulously separation so as not to damage the
urethra.

The lateral vesical ligament

The lateral vesical ligament, also named pubovesical
ligament by Occelli et al. (2001), is a strong connection
that attaches the superior part of the urethra to the TAPF,
although it contains much vessels, like the cardinal liga-
ment of uterus, which is a net can prevent the uterus and
bladder from prolapsing downward (Mauroy et al. 2000).
We think the word “the lateral vesical ligament” can show
more accurate anatomical inserting and ending informa-
tion than that of word “pubovesical ligament”. When the
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- smooth muscle part of levator ani muscle - medial part of pubovesical ligament

tendinous arch of pelvic fascia

- sacrospinous ligament

pubovisceral muscle, IS ischial spine, LAM levator ani muscle, LVL
lateral vesical ligament, PVL pubovesical ligament, PVM pubovesical
muscle, R rectum, SB sacral bone, SSL sacrospinous ligament, STL
sacrotuberous ligament, TAPF tendinous arch of pelvic fascia, U ure-
thral, V vagina

vagina and urethra were pulled down, the net was tight and
created some force to prevent the urethra downward. This
ligament belongs to the continuity of endopelvic fascia
and is an important part of the “hammock” structure which
connects the urethra with the ATFP. This ligament bridges
the gap medially in the urogenital hiatus and supports the
vesical neck and urethra (Ashton-Miller and DeLancey
2007; DeLancey 1994; Herschorn 2004). We disagree
with Klutke et al.’s opinion that the urethra is suspended
laterally by the urethropelvic ligament (Klutke and Siegel
1995) and we found there is no so-called urethropelvic
ligament between vesical neck and levator ani muscle. We
agree with De La Taille et al. that the uterus and bladder
are held by the lateral vesical ligament through the TAPF.
Inside this ligament, we cannot clearly identify two layers
including the muscular and fascial layers, and found this
ligament has only ligament layer, which is inconsistent
with DeLancey et al. (1989).
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Lateral vesical ligament

The lateral vesical ligament belongs to the endopelvic fascia,
which connect s vesical neck, urethra, and the TAPF. In the
anterior pelvic organ prolapse or stress urinary incontinence
patients, gynecologists need to repair the lateral vesical liga-
ment which supports the middle part of the urethra. Repair-
ing the lateral vesical ligament to the TAPF that adjoins
the pubic symphysis contributes to fixing the urethra and
preventing it from prolapsing downward. Destruction of
the lateral vesical ligament will lead to urethral prolapse.
Therefore, to these prolapsed patients with ligament injury,
gynecologists sew the vagina or uterus to the TAPF as a
substitute for the lateral vesical ligament to strengthen the
vaginal support and maintain the urethral stability.

Pubovesical muscle

The pubovesical muscle is composed of smooth muscle
and is only loosely attached to its anterior surface with the
pubovesical ligament, but it connects the TAPF through the
lateral vesical ligament. Similar to other smooth muscles,
the pubovesical muscles are delicate and easily torn. The
pubovesical muscle is also a part of the hammock structure.
The pubovesical muscle, the pubovesical ligament, and the
lateral vesical ligament keep the position of the proximal
urethra and create the primary positive support to the upper
urethra, which can prevent the uterus and urethra prolapse.
If the support to the upper urethra is injured, the mobility
of the upper urethra will increase, and the orifice of the ure-
thra does not easily close tightly with increasing abdominal
pressure, which leads to stress incontinence. In Macura’s
opinion, they defined the paraurethral support into three
parts including the periurethral ligament, the paraurethral
ligament and the periurethral ligament (Macura et al. 2006).
While in our opinion, these three ligaments nearly include
pubovesical muscle and the lateral vesical ligament, because
smooth muscle and connective tissue all has lower signal in
MRI image.

Pubovesical ligament

The pubovesical ligament, which is also referred to as the
pubourethral ligament or the posterior pubourethral (Zacha-
rin 1963) or proximal pubourethral ligament (Abdel-Azim
et al. 2009), is a ligament between the pubis and the proxi-
mal urethra. (DeLancey 1989) Compared with the vesicov-
aginal septum and lateral vesical ligament, it is a slim and a
weak ligament that fixes the urethra and the bladder to the
pubis. This ligament has big variance and in some pelvises,
this ligament may converge with the TALM and is not vis-
ible. These findings are consistent with Mauroy et al. (2000)
and inconsistent with DeLancey (1989). The pubovesical

ligament and the pubovesical muscle are disparate struc-
tures, which is different from DeLancey et al.’s opinion in
1989 (DeLancey 1989). If this ligament destroys, the Retzius
space will be expanded (Kim et al. 2003). The absence and
hypoplasia of the pubovesical ligament will lead to weak-
ening the fixation of the vesical neck or urethra, and then
cause prolapse.

TAPF and TALM

The TAPF is a strong thickened fibrous structure that sus-
pends the urethra and vagina and provides a strong support
to the urethra and vagina. The destruction and relaxation
of the TAPF lead to prolapse of the urethra and vagina.
This structure can be palpated by the gynecologists through
bimanual examination. However, the structure is not visible
in MRI images, because of MRI’s low resolution. The poste-
rior part of the TAPF is much thicker than the anterior part,
in contrast to the findings of Maarten et al. (Pit et al. 2003).

According to Richardson’s technique, suturing of the
vagina to the TAPF for paravaginal colposuspension allows
a more physiological and resistant suspension of the bladder
neck. Therefore, if this TAPF is weak, the uterus and blad-
der will prolapse, and the gynecologist may appeal to other
operation methods. Because the TAPF is a clearly distin-
guishable string-like fibrous structure within the endopelvic
fascia and it is a thicken part of endopelvic fascia, which
are consistent with the findings of Maarten et al. (Pit et al.
2003).

The TAPF and TALM are completely different struc-
tures. Although confusing descriptions and illustrations are
presented in the literature, clear anatomic differences are
noted between the TAPF and the TALM (DeLancey and
Starr 1990; Mostwin 1991). The TALM is much weaker than
the TAPF, which nearly cannot provide support to urethral
support, and did not belong to urethral supporting structures
according to its position and relationship.

Based on clinical experience, the ability to prevent the
descent of the proximal urethra during periods of increased
abdominal pressure is crucial to maintaining urinary con-
tinence. Fixation to the pelvis and the pull-out strength of
the anterior TAPF can explain reason why this structure has
been used successfully as the anchor point for sutures in ure-
throsuspension procedures for urinary incontinence (Palma
et al. 2001).

Conclusions

In our study, the urethra and its supporting structures were
3D reconstruct. We find the muscular support structures
include the levator ani muscle and striated urethral sphincter,
and the connective tissue supporting structures include the
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anterior vaginal wall, the pubovesical muscle, the pubovesi-
cal ligament, the lateral vesical ligament, and the TAPF. The
pubovesical muscle, the anterior vaginal wall, the lateral ves-
ical ligament, and the TAPF create the “hammock” structure,
which complies with and supplements DeLancey’s theory.
The support to the proximal urethra and vesical bladder may
be crucial to maintaining stability and urinary continence
during increased abdominal pressure.
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