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Abstract

Objective—To identify characteristic anatomical features of the posterior compartment using MR
cross-sectional anatomy and 3-D modeling.

Study Desigh—Supine, static proton-density MR images of 20 nulliparas were analyzed. MR
images were used to create models in a selected exemplar.

Results—The compartment’s upper, mid, and lower segments are best seen in the axial plane. It is
bounded inferiorly by the perineal body, ventrally by the posterior vaginal wall and dorsally by the
levator ani muscles and coccyx. In the upper portion, the compartment is bordered laterally by the
uterosacral ligaments while in the mid portion, there is more direct contact with the lateral levator
ani muscles. In the lower portion, the contact becomes obliterated as the vagina and levator ani
muscles become fused to one another and to the perineal body.

Conclusion—The posterior compartment has characteristic anatomic features in MR cross-
sectional anatomy that can be further elucidated and integrated with 3-D anatomy.
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Introduction

Posterior vaginal wall prolapse, including the clinical problems of rectocele and enterocele, is
a distressing and rarely discussed problem. Over 225,000 operations are performed annually

for prolapse® and 87% of those include surgery involving the posterior compartment2. Posterior
compartment dysfunction is the least understood form of pelvic organ prolapse and many of

the surgical treatments for it are empirically derived rather than based on objective, anatomic
demonstration of structural abnormalities.
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In 1999 we reported our early observations on posterior wall anatomy derived from the
dissection of fresh and fixed cadavers, supplemented also by examination of histologic and
macroscopic serial sections.® Cadaveric dissections have demonstrated that the posterior
compartment has well defined boundaries. These boundaries can be understood as a box with
four sides where the top is open superiorly for the rectum and the recto-uterine pouch of
Douglas (Figure 1). The cranial end of the vaginal wall is suspended by the uterosacral
ligaments which extend below the peritoneum, and are seen in dissection and in cross sectional
imaging.* The distal end of the vagina fuses with the perineal body, while the lateral margins
of the vagina form a visible line called the posterior arcus tendineus fascia pelvis.> MR imaging
and MRI based 3-D model reconstruction has allowed detailed anatomical study of living
women that avoids many of the distortions that exist in cadaveric specimens. To date, however,
MR has not been undertaken in studying the posterior vaginal wall.

This purpose of this research is to evaluate posterior compartment anatomy in living,
asymptomatic nulliparas using MR cross-sectional anatomy and 3-D model reconstruction.
This type of information is needed so that MRI can be used as the basis for efforts to objectively
identify specific structural defects in the posterior compartment in order to ultimately help
guide research as well as clinical and surgical practices.

Twenty MR scans from the MR library at the University of Michigan were analyzed to identify
and catalogue the key structures which clearly define the posterior compartment. These scans
were those of asymptomatic nulliparas under the age of 50 who were recruited from the
community by advertisements for study of pelvic floor anatomy and function not affected by
vaginal birth. Inclusion criteria also included women older than age 18 years with no prior
history of surgery for prolapse or incontinence. All subjects had uteri in situ. This sample size
was chosen by the senior author based on prior experience with anatomic research as
representing a sufficient number of scans to study features that are consistently present among
normal women.

Static proton-density MR images were obtained in the supine position in axial, coronal and
sagittal planes with a body coil. Multi-planar two-dimensional proton density pelvic MR
images (TE 15 ms, TR 4000 ms) were obtained by use of a 1.5 T superconducting magnet
(General Electric Signa Horizon LX, Milwaukee, WI). The field of view in axial and coronal
images were both 16 x 16 cm and in the sagittal images 20 x 20 cm. All three acquisitions had
a slice thickness of 4mm with a Imm gap between slices.

The project was conducted in two phases. In phase one, detailed slice-by-slice examinations
of axial, sagittal, and coronal images were conducted using the original source DICOM (Digital
Imaging and Communications in Medicine) MR data in 5 subjects. Characteristic features of
the posterior compartment components in each scan plane were catalogued. Next, in the
additional 20 scans, the visibility of the characteristic features of the posterior compartment
was tallied for all subjects and a plane specific percentage visibility was obtained.

For the second phase of the study, one exemplar MR dataset was selected. Using the 3-D slicer
program (v 2.1b1, Brigham and Women’s Hospital, Boston, MA), tracings and 3-D models
were made of the structures bounding the posterior compartment in the plane in which each
structure was best visualized. Tracing of the structures and 3-D models were reviewed by the
senior author. Each 3-D model was validated by overlaying the model with the original source
image.
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All women were continent of stool and urine and had no symptoms of pelvic organ prolapse;
the leading edge of pelvic organ descent was at least 1.cm above the hymenal ring. The mean
age of these subjects was 37.6 years (+/— 10.6 years) and eighteen of the 20 subjects (90%)
were Caucasian. The mean BMI of subjects was 26.7 kg/m? (+ 5.4).

In phase | it was found that the posterior compartment could be divided into an upper, mid,
and lower portion that mirrors the levels of support described for the vagina3. Each portion of
the posterior compartment has characteristic MR features in the various scan planes in
asymptomatic nulliparas (Table I).

The axial scan plane shows the most MR details involving the posterior compartment (Figure
2). MR images are labeled in centimeters relative to the arcuate pubic ligament. Positive
numbers are caudal to the ligament and negative numbers are cranial.

The axial MR images can be divided into three portions: the upper, middle, and lower, each
with distinct characteristics. The 3-D model (Figure 3) provides orientation of the relative
locations of the upper, middle, and lower images which are shown in Figure 4. In the upper
portion, the uterosacral ligaments form the lateral margins. The course of the uterosacral
ligaments can be seen in 88% of the MR images analyzed and its visceral insertions on the
cervix and vagina in 84%. The posterior compartment in the upper portion is bounded by the
uterosacral ligaments on either side. The compartment is widest at this point and the contact
between the genital tract and the pelvic walls is least direct in this region.

In the mid portion, the shape of the posterior compartment becomes smaller with the posterior
vaginal wall forming the ventral boundary, the pubococcygeus muscle forming the lateral
margins and the sling from the puborectalis muscle forming the dorsal margin. Although the
vagina in this portion is closer to the fibers of the levator ani muscles, a peri-vascular halo
separates these structures.

In the lower portion of the posterior compartment, the peri-vascular halo is lost as the vagina
becomes fused to the adjacent levator ani muscles, perineal body, and anus. The bottom of the
compartment is marked where the perineal body and the subdivisions of the external anal

sphincter can be seen. The perineal body was seen in 100% of the axial MR images analyzed.

The transition from the upper, mid and lower segments of the posterior compartment can best
be seen in the coronal scan plane (Figure 5, panel —3.0). In the upper portion, the uterosacral
ligaments could only be seen in 40% of the coronal scans analyzed. Because of the wing like
shape of the lliococcygeus muscle and the posteriorly directed curve of the vagina, the posterior
compartment appears to sit above the muscle in the coronal images. The lateral boundary of
the posterior compartment in the mid portion is also best demonstrated in the coronal scan
plane. In the mid portion, the fibers of the pubovisceral muscle, which includes the
pubococcygeus, pubovaginalis and puborectalis muscles, are seen lateral to the vagina. Dorsal
to the vagina, these fibers along with the fibers of the puborectalis muscle form the lateral
margins of the posterior compartment. In the lower portion, the perineal body along with the
external anal sphincter forms the caudal boundary of the posterior compartment; this could be
seen in 92% of the scans analyzed (Figure 5, panel **—4.5). Portions of the perineal membrane,
the connective tissue structure between the levator ani muscles and the vestibular bulbs, can
also be seen as it forms lateral connections from the visceral organs and perineal body medially
to the ischial pubic ramus laterally.
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This scan plane best demonstrates the ventral and dorsal boundaries of the posterior
compartment (Figure 6). The outline of the posterior vaginal wall which forms the ventral
boundary is often well seen on multiple slices. The levator ani muscles from each side decussate
to form the iliococcygeal raphé or levator plate in the midline. The levator plate forms the
dorsal boundary of the posterior compartment and can be seen in all the sagittal images
analyzed. The perineal body is also well seen in all the images as a dark, triangular structure
between the posterior vaginal wall and the external anal sphincter.

3-dimensional structural relationships

Comment

The posterior compartment has a complicated 3-dimensional shape where certain portions are
parallel to one scan plane and oblique to others (Figure 3). The upper portion of the
compartment has an oblique, dorsal-ventral orientation that follows the directionality of the
iliococcygeal raphé. The mid portion of the posterior compartment is more aligned with the
body axis as the sling of the levator ani compresses it against the pubic bone. 3-D modeling
also demonstrates the relationship between the perineal body, perineal membrane, and the
external anal sphincter complex in forming the caudal boundary of the posterior compartment
(Figure 3 and 7). The perineal body, through fusion with the vagina ventrally, the perineal
membrane laterally, and the external anal sphincter dorsally, forms a boundary that prevents
forward and downward movement of posterior compartment (Figures 3 and 7).

This project demonstrates that advanced MR imaging and 3-D modeling can provide a detailed
anatomic depiction of the normal posterior compartment structures in asymptomatic,
nulliparous, living women. It also illustrates clear posterior compartment boundaries provided
by muscular and connective tissue structural components that can be reliably visualized in
nulliparas. Our approach of using characteristic features in the various scan planes provides
an inventory of anatomic findings and the frequency with which these features can be seen. It
extends previous cadaver-based anatomical work by demonstrating a technique that can be
used in living women.

There are several clinical implications of being able to directly image elements of the posterior
compartment. Improved surgical outcomes have been achieved in other surgical disciplines
through accurate anatomical identification of structural abnormalities as has been possible with
lumbar disk disease or complex shoulder injury. Several steps are needed to accomplish this
goal. First, it is necessary to identify the appearance of normal structures in imaging studies as
we have done. Second, the appearance of different structural failures must be established in
symptomatic women by comparing changes seen in their anatomy to normal. Third, the
accuracy of the imaging modality to diagnose injuries is established through surgical
exploration. Knowing normal MR cross-sectional and 3-D anatomy provides a guide to basic
features of anatomy undisturbed by changes that occur during vaginal delivery; deviations and
differences in women with defects of the posterior compartment can then be easily compared
to normal anatomy. The list of normal features provided here can now be used to target areas
for investigation that seeks to identify specific areas of structural failure.

The future application of these techniques to study symptomatic women with posterior wall
failure can be expected to provide important information to guide surgical therapy and help
understand operative failure. Directed repair of identified defects holds the theoretical promise
of avoiding unnecessary surgical disruptions of normal areas and hopefully de novo
complications such as the occurrence of postoperative dyspareunia®. MR studies also have the
advantage of providing objective depictions of living women’s anatomy. Clinically, this may
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help in studying operative failure by providing a permanent record of anatomy that can be
examined postoperatively and thus help identify preoperative anatomical factors that may be
associated with operative failure. In addition, several different observers, blinded to subject
complaint and clinical findings, can independently evaluate anatomy to test differing
hypotheses using the same dataset. This may help improve on the poor inter-examiner and
intra-examiner agreement that investigators have found with clinical exams for prolapse.’

Previous studies using surgical and cadaveric dissections have investigated the structures of
the posterior compartment such as the rectovaginal septum,8 as well as its attachments to the
pelvic sidewall®. Although our group has significant experience with cadaveric anatomical
studies, we have found that MR analysis and 3-D models have added value; these analyses
provide an inventory of normal characteristic cross-sectional and 3-D features in living women,
in whom clinical symptoms and physical findings are known®. MR imaging has been used to
study normal anatomy of the levator ani muscles and the anal sphincter10:11,12,13 byt not to
our knowledge, the overall structural organization of the posterior compartment. While
previous studies have used 3-D modeling techniques for studying the levator ani 14:15:16,17,
18 and anal sphincter,1® this is also the first study, to our knowledge, to have built a model of
the posterior compartment in its entirety. Our 3-D model helps to elucidate the complex
interaction of the anatomy as a whole and thus, is valuable in the ultimate understanding of the
posterior compartment structure and function. 3-D modeling demonstrated the boundaries of
the posterior compartment as well as how specific MR cross-sectional anatomy related to each
other in 3-D space.

In interpreting the results of our study, several limitations must be kept in mind. Our MR images
are acquired with a 0.5 cm interval between images. This may account for why thin structures
obligue to the scan plane, i.e. the uterosacral ligaments, were not seen in 100% of the images
examined. While we do not think that this is a significant limitation for analysis of general
aspects of normal anatomy, it may become more important in studying disruptions or defects
in determining if a structure is actually missing or not imaged. The perineal body region, where
localized defects in the fibromuscular layer of the posterior vagina occur as described by
Richardson in 1995,20 and which resulted in changes in surgical treatment,21:22 are not well
visualized at present. The newer, 3 Tesla magnets will allow good images with 0.2 cm slice
intervals which should improve this situation in the near future. For our current projects, we
are investigating the 3-T magnet as well as new protocols to improve our visualization of
structures and overcome some current limits on visibility. In addition, at our current sample
size we are not able to comment on racial differences that may exist in the posterior
compartment anatomy due to the high proportion of Caucasians in our study sample.

While we are not currently advocating the routine use of MRI as a pre-operative imaging tool,
based on our demonstrated ability to image normal features in this area, it seems likely in the
near future that routine imaging may be warranted. This imaging may serve to objectively
identify specific abnormalities in each of the regions of posterior vaginal wall support prior to
surgical intervention. At present, defect identification depends on surgical dissection which
does not allow for tailored treatment or surgical plan pre-operatively and requires dissection
of areas that may not need repair. Pre-operative imaging studies may benefit patients in the
same way that detailed MR imaging currently help orthopedic surgeons manage a complex
knee injury23.

Condensation

The normal posterior compartment has characteristic anatomic features that can be
elucidated using MR imaging and 3-D modeling.
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Figure 1.

Cadaver dissection (left) and illustration (right) of posterior compartment of a 56 year old
multipararous female showing structural relationships after the rectum has been removed. Note
the apical connections of the upper posterior vagina to the inside of the pelvic wall in a
retroperitoneal position. These lie below the peritoneum and are dorsal and caudal to what is
traditionally referred to as the uterosacral ligament. These structures are continuous with the
posterior arcus tendineus fascia pelvis. At the distal end of the vagina the wall merges into the
top of the perineal body. The lateral and dorsal margins of the compartment are formed by the
levator ani muscles (LA) and the levator plate. The asterisk (*) denotes the region of the
sacrospinous ligament overlain by the coccygeus muscle. © DelLancey 2007.
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Figure 2.

Axial scan of a nulliparous female showing various features of the posterior compartment.
Images are presented cephalad (negative numbers) to caudad (positive numbers) in centimeters
relative to the arcuate pubic ligament (APL). In the upper portion of the compartment (—6.0 to
—2.0), there is loss of distinct separation of vagina (V) and surrounding structures; the bladder
(B), iliococcygeus muscle (ICM) and uterus (Ut) are visible. At —6.0, the course of the
uterosacral ligaments (USL) and the cervix (C) are visible. The course of the uterosacral
ligaments (USL) is further delineated in —5.0. At —2.0 to 0.0 in the mid-portion of the
compartment, the vagina has a “W” shape and is surrounded by a perivascular halo (PH); the
pubococcygeus (PCM) and pubovaginalis (PV) are also visible. At +1.0, the pubovaginal
division (PV) of the levator ani is still visible and the urethra (U) and arcuate pubic ligament
(APL) become visible. In the lower portion of the compartment (+1.0) the vagina (V) takes on
a “U” shape and fuses with the levator ani muscles. At +3.5 the perineal body (PB) is seen
anterior to the rectum (R) and the external anal sphincter (EAS). © DeLancey 2007
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Figure 3.

Left lateral view of the 3-D model. The outline of the mid-sagittal pubic bone (P) is shown.
Bladder (B) — yellow; uterus (U) and vagina (V) — pink; uterosacral ligament (USL) and
perineal membrane (PM) - turquoise blue; levator ani muscle (LA) — red; perineal body (PB)
- royal blue; external anal sphincter (EAS) - dark red; posterior compartment (PC) - gray. Image
A: all organs are shown. B: levator ani muscles have been faded to show underlying structures.
C: levator ani muscles have been removed. The locations of the upper, mid and lower axial
cross-sections in figure 2.2 are shown. © DeLancey 2007.
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Figure 4.

Axial MR cross-sections of the levels of the posterior compartment. The compartment is
outlined in a white dashed line. Upper: uterus (Ut), cervix (C), vagina (V), rectum (R),
uterosacral ligaments (black arrowheads). Mid: urethra (Ur), perivascular halo (white unfilled
arrows), pubococcygeus muscle (white filled arrows), bladder (B), urethra (Ur). Lower:
pubovaginalis muscle (white filled arrows), rectovaginal space (grey unfilled arrow). The same
images without labels are also shown. © DeLancey 2007.
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Figure 5.

Coronal scans of the same subject are depicted. Images are presented ventral (negative
numbers) to dorsal (positive numbers) in centimeters relative to the APL . The bladder (B),
uterus (Ut), urethra (Ur), vagina (V) are seen from —1.0 to —3.0. The fibers of the pubovisceral
muscle (PVM) are seen in —2.0 to —4.5. At —1.0 to —3.0, the lateral portion of the perineal
membrane (PM) is seen. At —3.0 the peri-vascular halo of the vagina is visible. At —3.5 the
rectovaginal space (RVSp) and iliococcygeus muscle (ICM) are seen. The perineal body (PB)
becomes visible at —4.5. At —5.5, the external anal sphincter (EAS) and puborectalis (PR) can
also be seen as well as the anal canal (AC). The division of the upper, mid and lower portions
of the posterior compartment are shown in panel —3.0. © DeLancey 2007.
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Figure 6.

Sagittal scans of the same patient showing features of posterior compartment. The midline
sagittal image is labeled 0 and other images left (L) or right (R) relative to it. The pubic
symphysis (P), bladder (B), uterus (Ut), cervix (C) and rectum (R) are seen. The perineal body
(PB) is visible anterior to the rectum and the external anal sphincter (EAS) as a low signal
intensity triangular structure. The posterior wall of the vagina is outlined in white. The levator
plate (LP) is also visible, forming the dorsal boundary of the posterior compartment. The same
images without labels are also shown. © DeLancey 2007.
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Figure 7.

Inferior view of 3-D model with the pubic bones in place. A: Levator ani (LA) — red; Perineal
membrane (PM) - turquoise blue; Perineal body (PB) — royal blue; External anal sphincter
(EAS) —dark red; Bladder (B) — yellow; VVagina (V) — light pink. B: Bladder and perineal body
have been removed to show the posterior compartment (PC) - grey. C: Posterior compartment
model removed to show the space it occupies. © DeLancey 20
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Table |

Posterior compartment characteristic features in each MRI scan plane

Page 15

Axial (Figure 2 panels) Coronal (Figure 5 panels) Sagittal (Figure 6 panels)
Uterosacral ligaments form lateral border(—6.0, Uterosacral ligaments not
—50) often visible
Iliococcygeus muscle and raphé forms dorsal Posterior compartment
Upper margin (3.0, —2.0) bounded dorsally by
Vagina and cervix not in contact with levators |Ilgc§%c@§lés muscle Bounded dorsally by the levator
(-1.0) (35t0-5.9) plate (L 0.5, 0, R 0.5, R 1.0)
Outline of the posterior vaginal wall
Vagina “W” shaped (—1.0) seen (L 0.5,0, R 0.5)
) Perivascular halo (-1.0) Lateral margins formed by
Mid More direct relationship between vagina and pubovisceral and puborectalis
levator ani but separated by vascular halo (-2.0, | muscles (2.0 to ~5.5)
-1.0)
Vagina “U” shaped (+2.0)
Lower Vagina fused with levator ani (+1.0, +2.0) ESug?I margin formed by EAS Perineal body well seen (L 0.5,
Perineal body crosses midline and fuses with and perineal body (~4.0) 0,R05,R10)
vagina (+3.5)
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