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ANATOMY OF THE PELVIS

Concepts

Hypotheses

Theories

Cross sectional anatomy

Cadavers
Imaging

3D / 4D Rendering
Biomechanics studies and models



INTEGRAL THEORY

SUSPENSION BRIDGE ANALOGY




Boat 1n dock analogy
(P. Norton)
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4
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Boat- pelvic organs
Water- levator muscles
Moorings- ligaments

Problem:
s Water
= Moorings

Figure 27-3 In this representation of the pelvic floor support mechanism, water represents the pelvic floor musculature, the guy ropes are the
ligaments, and the ship is the pelvic organs (A). If the pelvic muscles are weakened, undue force is applied to the ligaments (B), which weaken and

may be damaged (C).

Raz: Female Urology, 3rd ed Suanders, 2008
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ANATOMY OF THE PELVIS

Bones
Ligaments
Muscles
Fasciae
Nerves
Blood supply
Organs



Thrse subsystems
» ‘i ///

| [ 2. Support:
g I'ascial

<
J

8 1. Sphincteric

System:
Vesical neck &
Urethra

3. Support:
Levator
Muscles



LEVELS OF PELVIC SUPPORT

Apical suspension
apex to pelvic walls and sacrum

Damage results in prolapse of vaginal
apex

Midvaginal lateral attachment

Ischial spine & Vaginal attachment to ATFP and ATLA

'S_GCFOSP'"OUS Pubocervical and rectovaginal fasciae
lgam?t support bladder and anterior rectum

Avulsion results in cystocele or rectocele
Levator ani =
Distal perineal fusion
Fusion of vagina to perineal membrane,
body and levators

Damage results in deficient perineal body
or urethrocele

Pubocervical fascia
Rectovaginal fascia




THE BONES

Greater sciatic foramen

Lesser sciatic foramen

Sacrospinous
ligament

Sacrotuberous

Obturator canal ligament

Obturator membrane










Adapted from Nichols DH, Randall CL Vaginal Surgery Fourth Edition.



Adapted from Nichols DH, Randall CL Vaginal Surgery Fourth Edition.



Hypothesis:
Sphincter Compression

Hypothesis:
Levator Stretch

Adapted from Nichols DH, Randall CL Vaginal Surgery Fourth Edition.
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ORIGINAL ARTICLE

Are bony pelvis dimensions associated with levator
ani defects? A case—control study

Mitchell B. Berger - Stergios K. Doumouchisis -
John O. Delancey

“Severe bilateral LAD are associated with shorter
SCIPP length”

Fig. 1 a Axial pelvic magnetic resonance imaging (MRI) slice dem-
onstrating the interspinous diameter (double-headed arrow). b Axial
pelvic MRI slice illustrating the intertuberous diameter (solid dowble-
headed arrow) and subpubic angle (dushed lines), ¢ Sagittal pelvic
MRI slice demonstrating the sacrococcygeal joint-lo-infrapubic point
(SCIPP) line (double-headed arrow)




I ,-1 Neurourology and Urodynamics 32:37-42 (2013)
A
N
U

Bony Pelvis Dimensions in Women With and Without
Stress Urinary Incontinence

Mitchell B. Berger,** Stergios K. Doumouchtsis,” and John O. DeLancey*
“Pelvic Floor Research Group, Department of Obstetrics and Gynecology, University of Michigan, Ann Arbor, Michigan
Department of Obstetrics and Gynecology, St. George’s University of London, London, UK

Postpartum SUI is associated with a wider subpubic angle.

By contrast, no significant differences in bony pelvis dimensions were
1dentified when comparing middle-aged women with SUI and their
continent controls.



Int Urogynecol J (2012) 23:1075-1080
DOIL 10.1007/s00192-012-1735-x

ORIGINAL ARTICLE

Variation of distances from mid-urethra
to the obturator foramen: an MRI study

Petr Hubka - Stergios K. Doumouchtsis -
Mitchell B. Berger - John 0. DeLancey

“There 1s high variability in the distance from mid-urethra to
the obturator foramina.

Height should not be used as a predictor of dimensions in the
lesser pelvis”.



T |
A &
Urethra-Obturator |
Distances

Fig. 1 Conceptual diagram showing our measurements. The red rib-
bon shows the expected path of the transobturator tape from the medial
aspect of the obturator foramen on each side to its location at the mid-
urethra in the midline. Measurements were taken from a point under
the mid-urethra




THE MUSCLES - LEVATOR ANI

Levator ani
Pubococcygeus

e Puboperinealis

e Pubovaginalis

e Puboanalis

Puborectalis

Iliococcygeus

Origin

Pubic bone

Pubic bone

Pubic bone

Pubic bone

Tendinous arch of the
levator ani

Insertion

Perineal body

Lateral vaginal wall
(mid-urethral level)

Intersphincteric groove
between internal and
external anal sphincter;
ends in the anal skin

Joins contralateral
fibers and forms a sling
behind the rectum

The 2 sides fuse in the
iliococcygeal raphe

Function

Constant tone pulls
perineal body ventrally
toward pubis

Elevates vagina in
region of mid-urethra

Elevates the anus and
the anal skin

Closes pelvic floor and
forms anorectal angle

Supportive diaphragm
that spans the pelvic
canal



Levator ani - components

Obturator internus muscle

Tendinous arch e Coccygeus

Obturator canal

lliococcygeus

sacrospinous ligt
muscle B

Levator ani — Pubococcygeus Anal aperture

muscle

muscle

L Puborectalis

Urogenital hiatus




LATERAL VIEW OF URETHRAL AND PELVIC
FLOOR MUSCULAR ANATOMY

BC bulbocavernosus
CU compressor urethrae
D detrusor

LA levator ani

US urethral sphincter

O O 0O 0O O o

UVS urethrovaginal
sphincter

Puborectalis muscle 1s removed
for clarity

Ashton Miller & Delancey 2007
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APPLIED SURGICAL ANATOMY

VAGINAL HYSTERECTOMY (VH)

Pelvic organ prolapse 1s not corrected by VH alone.

Limited evidence that VH has any advantage over
uterine preservation.

VH can be avoided unless there 1s other indication.

McCall culdeplasty
SSF

uterosacral igament suspension



VAGINAL VAULT PROLAPSE (VVP)

A result of damage to Richter: 72% of pts with VVP had other
cardinal - USLs. pelvic floor defects.

Incidence: 0.1 to 45% Cruickshank: modified Mc Call

after hysterectomy. culdoplasty is effective at preventing
Associated with cystocele,  future apical defects (6% versus 30%

rectocele, enterocele, or a incidence at 3 yrs).

combination. Reattach the apex to the SSL,
1liococcygeous muscle or the USLs
unilaterally or bilaterally.



THE LIGAMENTS

Cardinal

Mesentery-like structure, originating at the level of
internal 1liac artery and reaching the lateral margins of
the cervix and vagina.

Attached medially to the cervix and upper vagina,
intermingling fibers with USL.

The origin is distributed to the pelvic wall around the
origin of internal iliac vessels.



THE LIGAMENTS

Uterosacral

The distal (cervical) section: the thickest portion. At the
edge of the cervix and vagina, 1t is fused with the CL.
Dense connective tissue containing small blood vessels
and small branches of the hypogastric plexus.

The intermediate section 5 cm in length and 5mm in
thickness, i1t thins out gradually as it progresses
posteriorly.

The proximal (sacral) section 5.5cm long but variable in
thickness and appearance. Thin sheet of connective tissue
with no clear fibrillar appearance.



Neurourology and Urodynamics 33:380-386 (2014)
n

N

D
u A Historical Perspective and Evolution of Our Knowledge on
the Cardinal Ligament

George Iancu and Stergios K. Doumouchtsis

Uterosacral ligament

Ureter

Uterovesical ligament .




Neurourology and Urodynamics 33:380-386 (2014)
n

N

D
u A Historical Perspective and Evolution of Our Knowledge on
the Cardinal Ligament

George Iancu and Stergios K. Doumouchtsis

Lines of action of loading forces with corresponding tension in the ligaments

Chan et al 2012 .




UTEROSACRAL AND CARDINAL LIGAMENTS

SACRAL SECTION

INTERMEDIATE SECTION

CERVICAL SECTION

o The thick (5—20 mm) distal section, attached to cervix and upper vagina, is
confluent laterally with the cardinal ligament.

o The proximal section is diffuse in attachment and generally thinner.

o The relatively unattached intermediate section is wide, and thick, well
defined when placed under tension, more than 2 cm from the ureter.

Vu et al 2010




HIiGH UTEROSACRAL LIGAMENT SUSPENSION

> 7

Shull et al (2000), Am J Obstet Gynecol 183, 6




Shull et al (2000), Am J Obstet Gynecol 183, 6
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Cumulative Proportion Without Vaginal Support Defect

0.0

1.0}

0.7 |

Rectum

Bladder

—i

2 3 4
Years After Surgery

Shull et al (2000), Am J Obstet Gynecol 183, 6
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MODIFIED HUSLS

Doumouchtsis Int Urogynecol J. 2011 May;22(5):577-84




MODIFIED HUSLS

Doumouchtsis Int Urogynecol J. 2011 May;22(5):577-84




THE SACROSPINOUS LIGAMENT

o Flat triangular ligament / .
o Apex attaches to the ¥

1schial spine

Greater sciatic foramen

Lesser sciatic foramen

o Base attaches to the
lateral surface of the
sacrum and coccyx

o The tendinous posterior
part of the
1schiococcygeus muscle

Sacrospinous
ligament

Sacrotuberous

Obturator canal ligament

Obturator membrane




SACROSPINOUS LIGAMENT FIXATION

First described by Sederl in 1958

Popularized by Richter and Albright in Europe,
Randall and Nichols in United States

Unilateral or bilateral
Subjective success rates 67 - 97 %

Complications:
Haemorrhage
Injury to pelvic organs (rectum & bladder - 0.8%)
Gluteal pain (up to 3%)
Perineal paraesthesia






Kearney. Apex Location at Sacrospinous Suspension. Obstet Gynecol 2‘




Kearney. Apex Location at Sacrospinous Suspension. Obstet Gynecol 2005.




Kearney. Apex Location at Sacrospinous Suspension. Obstet Gynecol 2005.



ACCESS TO SSL

C Poscr s De Tayrac, IUJ 2010 '

The sacrospinous ligament can be palpated and exposed along any one of three approaches: anterior
paravaginally (A), transperitoneally (B), and posterior pararectally (C).




ACCESS TO SSL DESCHAMPS

Walters: Urogynecology and Reconstructive Pelvic Surgery, 34 Ed. '




ANTERIOR SACROSPINOUS SUSPENSION

:
ol
: .
e,
\ Y Taa
>
! -
’

Raz Female Urology, 3™ Ed ‘
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Morgan et al 2010



ANATOMIC VARIATIONS

Totyo Mams

Fig. 4 Schematic diagram illustrating the nerve distribution in the
region of the cocecygeus muscle sacrospinous ligament complex (SSL-
coccygeus complex) in cadavers with an inferior rectal nerve variant,
in the left hemipelvis. a The levator ani nerve (shown in yellow)
originates from the sacral foraminas S3 and/or S4 and crosses anterior
to the SSL-coccygeus complex. Lateral to the levator ani nerve, the
inferior rectal nerve variant (shown in blue) originates from the S3
and/or S4 nerve roots and pierces the midpoint of the SSL-coccygeus

IRN
variant

PN

complex to enter the ischio-rectal fossa. The pudendal nerve (shown in
green) originates from the S2, S3, and S4 nerve roots, and in most
cadavers, it passes posterior to the SSL and medial the ischial spine. b
Magnified view of the nerves in diagram in (a). The nerves shown in
(a), the levator ani nerve (LAN), the inferior rectal nerve variant (IRN
variant), and the pudendal nerve (PN) are shown passing medial to the
ischial spine (IS) at the mean distances of 2.5, 1.9, and 0.6 cm,
respectively

Lazarou et al 2008 ‘




VAGINAL CONFIGURATION (MRI DATA)

NORMAL SSF

e* =215°
S 47 =53" Posterior d® = 62°
pel
PIVS SCP

/ e* = 146° / e® = 149°
d® = 707 d® = 52°
i

i

Figure 2 Schematic diagrams showing the vaginal configurations
(using mean angles) of normal subjects and after each procedure.
d®, angle between pubococcygeal line and lower vaginal plane;

¢”, angle between lower and upper vaginal planes; UVE upper .

vaginal plane; LVP, lower vaginal plane; PCL, pubococcygeal

line; PIVS, posterior intravaginal slingplasty; SCP, sacrocolpopexy;
SSE, sacrospinous fixation. Rane et al 2004




SACROCOLPOPEXY:
VAGINAL AXIS AND MESH FIXATION

» - . » s " >
- - . . »
. = ‘ ’ . w32 % \ = A
. = . , , > = - L0 W - P >
- - v 3 . -“ A . Dt i ot
= =

A, Apex of vagina was directed to the point of sacral fixation with a manipulator and both strips of mesh were attached sequentially at the 5 study points
marked with a white mefal pin. These included B, the lower portion of S2; C, lower portion of S1; D, sacral promontory; E, mid portion of L5-S1 disc;
and F, lower portion of L5.

L5, fifth lumbar vertebra; S, first sacral vertebra; S2, second sacral vertebra.

Balgobin. Sacrocolpopexy vaginal axis and sacral attachment site. Am ] Obstet Gynecol 2013.




Neurourology and Urodynamics
m

N
D
U Management of Apical Compartment Prolapse (Uterine and
Vault Prolapse): A FIGO Working Group Report

Cornelia Betschart,'* Mauro Cl&ﬂ.'igni,2 Oscar Contreras Ortiz,? Stergios K. Doumouchtsis,*
Masayasu Koyama,® Carlos Medina,® Jorge Milhem Haddad,’ Filippo la Torre,® and Giuliano Zanni®

longitudinal

-

/ \ I ¥ tub

. ‘\ ,/ r r
sacrospinous \ \ / ﬁag n(zeume ous
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ANTERIOR VAGINAL WALL

Downward
translation

Cupping
Distal rotation

Larson et al 2010



Berek & Novak Gynaecology ‘




DEFECTS
MIDLINE PARAVAGINAL

TRANSVERSE CEPHALAD

= FIGURE 3. A cephalad defect with loss of
FIGURE 2. A transverse defect with loss of apical attachment at the level of the ischial
the anterior fornix. spine.

Brincat et al 2010




ANTERIOR COLPORRHAPHY

Walters: Urogynecology and Reconstructive Pelvic Surgery, 34 Ed.




POSTERIOR COMPARTMENT

The various locations of breaks in the rectovaginal
septum.

Richardson 2012



CONCEPT DIAGRAM SHOWING MECHANICS
OF SUPPORT

A. Closure of pelvic floor by puborectalis
muscle (large arrow). Increases in
abdominal pressure result 1n balanced
pressure on anterior and posterior vaginal
walls (arrows). Caudally, there is no
balancing pressure, and force results
(dashed arrow) that must be resisted by the
fibers of the perineal membrane (shaded
area) of perineal body.

B, Absence of levator-mediated closure of
pelvic floor. Increases in rectal pressure are
unopposed (arrow). c

C, Level II supports oppose force shown in
B(dashed arrow) by their upward dorsal
tension (arrows attached to posterior

vaginal wall and endopelvic fascia). % ,‘ ¢
DelLiancey 1999




PERINEAL MEMBRANE AND PERINEAL BODY

Perineal membrane

Peripheral attachments of perineal membrane to ischiopubic rami and
direction of tension on fibers uniting through perineal body (arrows). B,
These fibers have been transected, exposing unsupported distal rectum.
Note level II fibers are not shown. U-shaped contour of posterior vaginal
wall in level III and W-shaped contour in level II are shown.

DeLancey 1999



POSTERIOR COMPARTMENT
METHODS OF SURGICAL TREATMENT

Transvaginal repair (posterior colporrhaphy -

site-specific fascial defect repair)
Transanal repair

Transperineal repair

Abdominal repair

Laparoscopic repair



POSTERIOR COLPORRHAPHY

Walters: Urogynecology and Reconstructive Pelvic Surgery, 34 Ed.
Raz Female Urology, 34 Ed




SITE SPECIFIC REPAIR

Wein: Campbell-Welsh Urology, 10t Ed




FUTURE DEVELOPMENTS

Anatomical correction of defects
Vaginal axis
Intermediate section of USL
Cardinal ligament

Regenerative techniques
Animal studies

Restore anatomy and function of deficient anatomical structures



FUTURE DEVELOPMENTS 2

Modern techniques (fine-slice MRI, 3D modeling, biomechanical

studies or immunohistochemistry) may improve our knowledge
further.

A better understanding of pelvic organ support may allow the

development of novel surgical techniques and result in better
outcomes.



FUTURE DEVELOPMENTS - 3D MODELS

Doumouchtsis et al 2014 l




FUTURE DEVELOPMENTS - 3D MODELS
VISUALISATION OF DEEP STRUCTURES

3D volume rendering of hepatic tumour (dark blue mass).
(8b) Fusion of 3D reconstructed images of tumour and
stereoscopic view during laparoscopic tumour resection

Volonte 2011 .




FUTURE DEVELOPMENTS - 3D MODELS
VISUALISATION OF DEEP STRUCTURES

3D Image projection on to the patient allows the exact identification of the mass (green
circle) and (9b) visual triangulation with laparoscopic instruments (blue arrows)

Volonte 2011 .
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