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Abstract

Female pelvic floor dysfunction occurs when the integrity of the pelvic floor muscles is
compromised and impacts the position and function of the pelvic organs. Physicians use
international guidelines to evaluate and treat women for POP taking into account that
posture and gravity impact pelvic organ position, and degree of prolapse. Our clinical
focuses on the description of surface anatomy. This examination alone is insufficient.
Although imaging is recommended, the modalities currently available are recognized
to have flaws. MRI is performed in the supine position regardless the effect of pos-
ture and gravity on POP. A literature search was performed using databases, searching
MEDLINE and PubMed using the key terms ultrasound, MRI, and CT. We describe use
of a new protocol and advanced technique to evaluate the changes of POP in different
positions using open MRI (MRO). POP patients underwent MRO imaging of the pelvic
floor using a 0.5 T MRO scanner. The extent of displacement of prolapsed organs was
determined using validated reference lines drawn on the mid-sagittal images. Manual
segmentation and surface modeling were used to construct the 3D models. MRO offers
new levels of anatomic detail; 3D sequences based on 2D images are an additional
refinement.

Keywords: magnetic resonance imaging, upright open MRI, ultrasound, CT scan, 3D
computer generated image

1. Introduction

Female pelvic floor dysfunction is a widespread condition where the associated symptoms
of urinary and fecal incontinence negatively impact the quality of life of many women. The
life time risk of surgery for pelvic organ prolapse (POP) in women is estimated as 10-20%.
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Despite the pervasiveness, our information about the etiology and pathophysiology of female
pelvic floor dysfunction is limited, as evaluation is primarily based on physical examination
using international guidelines [1]. Imaging is recommended in addition, but current methods
are not able to assess the effects of posture and gravity, factors recognized to impact pel-
vic organ position, pelvic floor muscle integrity, degree of prolapse, and symptom severity.
Importantly, the degree of prolapse may be worse after a lengthy time in the upright position
and better when gravity is not a factor, e.g., when lying in the supine position.

The first imaging of pelvic floor dysfunction was done in the 1920s [2]. Radiological techniques
were first used to show bladder manifestations and subsequently for central and posterior com-
partment prolapse [3]. The advent of B-mode real-time ultrasound presented a technique that
allowed for a clear image by the transperineal or the vaginal route [4, 5]. Later, magnetic reso-
nance imaging (MRI) emerged as an option. Although MRI provided imaging of ligamentous
and muscular pelvic floor structures in fine detail, the cost of imaging, access problems, and
restriction to imaging patients in the supine position have obstructed its general acceptance [6].

Most recently, upright open MRI has become available, which allows the patient to be imaged
when sitting or standing as well as supine [7]. We have conducted research literature search
that has allowed a protocol to be developed for using upright open MRI to more comprehen-
sively evaluate patients with POP and demonstrate where posture and gravity have impact
on organ positions and symptom severity.

2. Pelvic organ prolapse

Pelvic organ prolapse (POP) is a prevalent condition affecting up to 50% of parous women; it
most often presents with symptoms of urinary incontinence [8]. Traditionally, gynecologists
identify prolapse by using a simple clinical staging system (stages 0 to III or IV), with 0 indi-
cating normal conditions and III or IV denoting full organ prolapse or vaginal eversion fOP-Q
staging for POP (POP-Q).

The accuracy of staging is important, as the treatment or surgery recommended to the patient
is based on the staging of their POP. However, surgical repair of prolapse has a failure rate as
high as 30%, and this is probably due to current pre-surgical evaluation providing incomplete
assessment of the extent of the underlying structural changes causing the prolapse, resulting
in incomplete repair. For instance, the levator ani muscle complex plays an important role
in pelvic organ support. Evaluation of the integrity of this element of the pelvic structures is
particularly difficult, and clinical examination alone is often insufficient [9].

Physicians assess patients using guidelines from organizations such as the International
Urogynecological Association (IUGA) and International Continence Society (ICS) to evalu-
ate women for POP and define treatment options to address the associated urinary and fecal
incontinence.

The guidelines recommend steps for physical examination of symptomatic women which rec-
ognize that whether the patient is standing, sitting, or lying affects the position of the pelvic
organs and the type, occurrence, and severity of symptoms. Hence, examination is done with
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the woman'’s bladder (and preferably rectum) empty, using the left lateral (Sims), or supine,
standing, or lithotomy position, depending on which best demonstrates POP in that patient,
and which the patient confirms is the maximal extent she has perceived. Forced expiration
against a closed glottis (Valsalva) increases the accuracy of diagnosis CHANGE REFERENCE
to a recent one/update the reference [10].

However, problematically, not all women can Valsalva effectively or tolerate examination
when upright, and the guidelines acknowledge that “the more complicated the history and
the more extensive and/or invasive the proposed therapy, the more complete the examination
needs to be” [11]. Hence, further evaluation using imaging modalities is recommended when
the appropriate indication(s) are present, with imaging highly recommended in specific situ-
ations. (IUGA) Imaging modalities employed currently include 2D and 3D ultrasound (US),
computed tomography (CT), and magnetic resonance imaging (MRI).

Current research on the association between childbirth-related pelvic floor muscle trauma
and female POP provides an example of how imaging can aid better understanding of the
pathophysiology of pelvic floor dysfunction [12-15], allowing primary (inflatable balloon
device) [16] and secondary (surgical repair) prevention trials, and if all goes well resulting in
efficient treatment based on translational research [17, 18].

Clinical examination focuses primarily on surface anatomy, which alone is not able to fully
detect the extent of the underlying structural abnormalities. For example, prolapse of the pos-
terior vagina, which is most prevalent in women with symptoms of prolapse and obstructed
defecation is called “rectocele”, and it occurs in at least five distinct anatomical forms that are
hard to define without imaging [19]. Improved imaging of the pelvic floor to quantify and
determine pelvic floor support has been identified as an important method to improve our
understanding of POP, aid our ability to perform surgical repair, and to define the causes
for surgical failure [20]. However, the position of the levator ani within the pelvic cavity,
encircled as this structure is by the bony pelvis, and its shape, make direct imaging complex.

The differences between cystocele, enterocele, and rectocele are also difficult to determine
with physical examination and are much better evaluated with imaging. Imaging also can
discover unsuspected defects like enteroceles and sigmoidoceles [21]. The discovery rate of
enteroceles is less with physical examination than with imaging; this is because of the misdi-
agnosis of enteroceles as rectoceles [22].

The role of imaging is to identify clinically suspected problems, discriminate between differ-
ent anatomic defects, and define unsuspected problems in pelvic floor support. In patients
with non-specific clinical findings, MRI can provide additional information to assess the need
for surgical repair of the pelvic floor [21].

3. Patient positioning

The relevance of posture on the extent of POP and severity of associated symptoms is well rec-
ognized. However, investigation of the influence of the body posture on pelvic floor pathologies
and defecation has been done in only a few studies. Dynamic pelvic floor imaging is performed in
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the supine position with patients lying in a closed-configuration MR scanner [23]. The principal
reason for this is the limitation on imaging to the supine position. Lying supine is also comfort-
able for most patients, and this technique has been simple to standardize. However, in POP, pos-
ture and gravity impact pelvic organ position, pelvic floor muscle integrity, degree of prolapse,
and symptom severity. Indeed, the degree of prolapse may be worse after a lengthy time in the
upright position and better when gravity is not a factor, e.g., when lying in the supine position
[10]. Hence, one could question if measurement in the lying position is valid for assessment of
muscle function or the evaluation of patients who are symptomatic in the standing position [24].

Additionally, gravity and body weight contribute to pelvic organ muscle contractile features
when standing [25]. It is likely that complex factors related to upright posture that produce
more contractility over pre-loaded and/or pre-activated muscles come into play, as the weight
of pelvic organs and gravity are contributing forces affecting the pelvic floor. This may explain
why digital muscle testing and squeeze-pressure readings can be lower in the standing posi-
tion. However, it is not known exactly which components of pelvic organ muscle activation
— squeeze or lift — are influenced by alterations in posture.

Hypothetically speaking, the dynamics of the whole pelvic floor may be modified (or the
squeeze and the elevation components might be influenced variously) owing to different
effects such as descent of the pelvic organs when standing, different tensions on fascia and
ligaments, alteration in resting length and tone of the contractile elements, and other factors.

It is well known that being upright results in a displacement of the pelvic organs and the
pelvic organs muscle as compared with being supine [24, 26]. The full bladder is less mobile
than the empty organ this factor may prohibit complete pelvic organ prolapse. In the standing
orientation, the bladder is situated lower at rest but descends about as far in a lying patient on
a Valsalva maneuver [27]. Dietz and Clarke [27] in their population of 132 patients with pelvic
floor dysfunction found a 5-mm difference in the resting level of the bladder neck between
supine and standing as measured by transperineal ultrasound. The only study comparing
MRI in sitting and lying positions found that they were equally efficient in recognizing clini-
cally relevant problems of the pelvic floor [28].

The position and eventual prolapse of pelvic organs is best visualized on MRI in the midsag-
ittal plane. The imaging technique for the pelvic floor involves imaging several pelvic floor
positions. Firstly, the position of the pelvic organs is assessed at rest. Then, the pelvic floor
muscles images are recorded during squeezing to view the contractility and the strength of
contraction of the pelvic floor. In the third phase, pelvic floor pathologies are assessed during
straining and evacuation. In a recent study to view the full extent of pelvic floor pathologies,
imaging was done during evacuation of a contrast agent; a number of pathologic conditions
would have been missed if these defecation phase images had not been acquired [29].

4. Current imaging techniques

Evaluation using imaging modalities is recommended in international guidelines when
the appropriate indication(s) are present, and imaging is highly recommended in specific
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situations [10]. Imaging modalities employed currently include 2D and 3D ultrasound,
computed tomography, and magnetic resonance imaging.

4.1. Ultrasound

Imaging the pelvic floor in cases of dysfunction dates back to the 1920s [2]. Radiological tech-
niques were used first to show changes in the bladder’s location within the pelvis and sub-
sequently to demonstrate central and posterior compartment prolapse. During the 1980s the
advent of B-mode real-time ultrasound allowed a clear image to be obtained by the transperi-
neal or the vaginal route [19].

Translabial ultrasound can define uterovaginal prolapse [30]. The inferior border of the sym-
physis pubis works as a line of reference against which the higher descent of bladder, uterus,
culde sac, and rectal ampulla on Valsalva maneuver can be measured [30]. Ultrasound imag-
ing for prolapse quantification is especially helpful in outcome evaluation after pelvic recon-
structive surgery, both clinically and in a research context, and it has also led to a re-appraisal
of what is meant by prolapse.

The structures used for evaluation of the three compartments are (a) the bladder neck or the
leading edge of a cystocele for the anterior vaginal wall, (b) the cervix (or, within certain limi-
tations, the pouch of Douglas) for the central compartment, and (c) the rectal ampulla for the
posterior compartment. All these structures are imaged in real time in the mid-sagittal plane.
An exception is a high undescended uterus that may be hidden by a rectocele [10]. Because
of its non-invasive nature, ready availability, and lack of distortion, perineal or translabial
ultrasound is now commonly applied in clinical practice [30], and almost all gynecologists
and urologists are trained in its use [19].

Current developments such as the evaluation of levator ani muscle activity and prolapse and
the use of color Doppler to define urine leakage are further promoting the clinical utility of
ultrasound. Hopefully, improved standardization of parameters will facilitate the ability of
clinicians and researchers to compare data [30].

Regardless of which technique is used to define descent of the pelvic organs, it is obvious that
there is a large difference in pelvic organ mobility even in young nulliparous women. This dif-
ference may be partially genetic in origin. Ultrasound imaging permits quantification of the
wide variation in pelvic organ mobility, which will make it easier to use molecular and popu-
lation genetic approaches to assess the etiology of pelvic floor and bladder dysfunction [30].

It seems to be irrelevant with chapter title Ultrasound imaging of the pelvic floor is safer,
lower in cost, and better at providing visualization of the pelvic floor structures in real time
than MRI. This includes evaluation of levator function and dynamic changes during contrac-
tion and Valsalva [20]. As yet, there are no comparisons of pre- and postnatal results gained
with MRI, possibly because of cost and logistic problems. However, such a comparison is
available for many hundreds of women studied by 4D translabial ultrasound [2].

Disadvantages of ultrasound include that a large bowel-filled prolapse, i.e., an enterocele or
rectocele, may cause incomplete imaging of the cervix and vault if these structures remain
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high. In addition, variable transducer pressure can result in an underestimation of severe
prolapse. Procidentia or complete vaginal eversion prevents translabial imaging, and some-
times what appears to be anterior vaginal wall prolapse will turn out to be due to a urethral
diverticulum [31, 32].

4.2. CT scan

CT is not usually recommended for imaging the pelvic floor because of the level of radiation
required. However, this modality can offer accurate visualization of the pelvic soft tissue and
bony structures and has been used to increase the diagnostic accuracy of pelvic floor ana-
tomical disorders [1]. Although the soft tissue contrast with CT is inferior to that of MRI, the
bladder, uterus, small bowel, peritoneal fat, and rectum are readily identified, and changes in
position with the patient straining can be visualized. Additionally, the contour of the levator
ani muscles can be evaluated effectively, and images of pelvic anatomy can be produced in
multiple planes. Therefore, in patients who cannot tolerate MRI and in whom rapid noninva-
sive multiplanar assessment of the pelvis is desired, CT has a potential role. With recent scan-
ners, tube output can be modified depending on the patient’s body thickness, and this may
help to decrease the radiation dose given. The pelvic floor and viscera can be visualized, and
the addition of dynamic imaging can be applied to determine prolapse [33].

4.3. MRI

Techniques associated with urology have developed over the last 30 years. In the 1990s MR
techniques were improved with rapid and strong gradients and higher readout bandwidth.
The first study depicting the using of MR for imaging pelvic organ prolapse was by Yang et al.

The increasing availability of MRI has added the benefit of this form of diagnostic imaging to
evaluation in urogynecology and female urology, with more studies being done every year
[30]. With the option of cross-sectional imaging methods, MRI has emerged as an alternate
method to fluoroscopy for assessing patients with pelvic organ prolapse [34].

Benefits of MRI include multiplanar imaging and superior soft tissue contrast, permitting
evaluation of the pelvic floor levator ani muscle in detail. The anatomy of the levator ani is
now known to be complex; it has been shown not to be a single muscle, being composed of
two functional components that differ in thickness and function [20]. In addition, where there
is organ prolapse, enhanced visualization of the rectovaginal space improves diagnosis of
peritoneoceles and enteroceles and of the cervix clarifies cervical descent [33]. This allows
demonstration of enterocele-type defects or peritoneoceles where there is just herniation of
peritoneal fat and not bowel, comprehensive evaluation of the levator ani muscle, and visu-
alization of the uterus.

The position and relationship of the pelvic organs are best visualized on MRI in the midsagit-
tal plane. The imaging technique for the pelvic floor involves imaging in various pelvic floor
positions. Firstly, the position of the pelvic organs is assessed at rest. Then, the pelvic floor
muscles images are recorded during squeezing to view the contractility and the strength of
contraction of the pelvic floor. In the third phase, pelvic floor pathologies are assessed during
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straining and evacuation. In a recent study to view the full extent of pelvic floor pathologies
imaging was done during evacuation of a contrast agent; a number of pathologic conditions
would have been missed if these defecation phase images had not been acquired [29].

Dynamic MRI techniques have been shown to be more sensitive than pelvic examination in
evaluating and grading pelvic floor displacement in supine women and also for diagnosis of
rectoceles [35, 42]. In the case of an anorectal problem, MR defecography can identify several
components of pelvic floor dysfunction, including rectal descent, enterocele, anterior procto-
cele, and internal rectal prolapse [36].

The short acquisition time is relevant because patients do not need to keep on straining for
more than 1 to 3 s. Patients are instructed in the Valsalva maneuver before the start of the
examination, and instructions are repeated frequently during the imaging sequence [37, 38].
Dynamic sequences that permit the acquisition of images in 1 to 10 s are helpful to obtain
maximal strain [39].

Sometimes, patients cannot tolerate MRI due to claustrophobia, general weakness, or the
presence of medical equipment [33]. Positive elements of MRI include the fact that filling the
bladder, the vagina, or the rectum does not seem to be a fundamental requirement because of
to the high resolution of MRI, which prevents distorting the anatomy of the pelvic organs [40].
Also, in a research context, MRI is acceptable to asymptomatic volunteers [40].

The expense of MRI imaging and limited access to scanning facilities has impacted wide-
spread application of this technology. Additionally, because of the dynamic nature of pelvic
floor pathology, it is controversial whether even fast MRI imaging can capture reproducible
results owing to the dissimilarity of Valsalva maneuvers between studies and possible varia-
tions in levator activity [10].

The physical features of MRI systems make it complicated for the operator to ensure efficient
conduct of the required maneuvers by patients; over 50% of women do not achieve a proper
pelvic floor contraction during examination, and a Valsalva is very often confounded by asso-
ciated levator ani activation [41]. Without real-time imaging, these confounders cannot be
controlled for [2] upright open MRI.

Importantly this provides the ability to replicate normal functional posture and enables the
effects of gravity on prolapse to be evaluated for the first time [7]. In POP, posture and gravity
impact pelvic organ position, pelvic floor muscle integrity, degree of prolapse, and symptom
severity, and the degree of prolapse may be worse after time in the upright position and bet-
ter when gravity is not a factor, e.g., when lying in the supine position [1]. Near-real-time
sequences allow images to be obtained every 1.5 s. These can be stored and displayed on video,
enabling a dynamic assessment of the pelvic floor from the resting position through straining
and contraction [40]. The gynecologic literature proposes that straining in the lying position
does not give sufficient deformity of the pelvic floor for accurate delineation of prolapse.

Upright open MRI allows visualization of all the pelvic organs and the pelvic floor support
structures; obviously the technique combines the advance of allowing sitting and standing
imaging with the known benefits of conventional MRI. We believe that the importance of this
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technique is that it enables comprehensive definition of the full extent of organ prolapse due
to the effects of posture and gravity [40].

Upright open MRI is currently only available as a research entity. A new clinical protocol for
MRO image capture of the female pelvis has been created and introduced into clinical prac-
tice. This provides enhanced anatomic definition and allows more comprehensive evaluation
and staging.

5. Reference lines

Image interpretation from conventional and upright open MRI evaluates the three com-
partments of the pelvic floor [43]. The three compartments are evaluated for morphologic
changes such as POP at various pelvic floor positions. To define the existence and descent
of POP, the use of a point of reference is beneficial. Several points and lines of reference for
measuring POP have been reported [44]. The more commonly used lines are the pubococ-
cygeal line (PCL) and the mid-pubic line (MPL), both applied on midsagittal images. The
PCL is the line drawn from the inferior part of the symphysis pubis to the last coccygeal
joint. Extending the posterior portion of the PCL to the sacrococcygeal joint also has been
proposed because there is movability of the coccyx with straining [21]. The MPL is a line
extending along the long axis of the symphysis pubis. The PCL represents the levator plate,
while the MPL correlates with the level of the hymen, which is the landmark applied for
clinical staging [45]. To measure pelvic organ prolapse a perpendicular line is drawn from
the reference line (PCL or MPL) to the bladder base (anterior compartment), the cervix or
vaginal vault (middle compartment), and the anal rectal junction (AR]) (posterior compart-
ment) [23].

Another classification system, H line, M line, organ prolapse (HMO), has been proposed for
measuring prolapse [35]. The H line is drawn from the pubis to the posterior anorectal junc-
tion and measures the levator hiatus width. Organ prolapse is measured relative to that line.
The M line measures the descent of the levator plate from the pubococcygeal line. The angle of
the levator plate relative to the pubococcygeal line and the width and part of the pelvic hiatus
on axial images can be measured as well [22].

The choice of which reference line is used is mostly made by the radiologist and/or the refer-
ring clinician, as neither of the two lines has shown distinct superiority [44]. The PCL, how-
ever, is the most-used reference line, particularly by surgeons and gastroenterologists. The
MPL is better known among urogynecologists, as it is compatible with their clinical staging
system. Both reference lines display only moderate to poor agreement with clinical staging
of pelvic organ prolapse [38]. This might be partly because anatomical landmarks used for
MR measurements and for clinical examination differed in most of the studies [23]. Standards
exist for diagnosing prolapse on physical examination [1]. Congruity between this clinical
standard and MRI imaging analysis should be used to document the utility of MRI and the
success of treatment [22].
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However, different criteria are currently used for diagnosing prolapse on MRI. Most research
that reported using the bony reference lines uses one of the following criteria: (a) descent of the
bladder base more than 1 cm inferior to the pubococcygeal line, (b) position of the cervix or vagi-
nal vault less than 1 cm over the PCL or below it, and (c) descent of the posterior compartment
more than 2.5 cm below the PCL (International Urogynecological Association and International
Continence Society) [1]. There are also other minor differences in the diagnostic criteria applied
for prolapse; cystocele has been defined as when the bladder descends to any area below the PCL,
and uterocervical prolapse and enterocele are when the cervix or small bowel are below the PCL .

6. Proposed protocol for upright open MRI evaluation of POP

Based on our literature search research, the protocol we propose for upright open MRI evalu-
ation of women with prolapse and stress urinary incontinence is as follows. (1) All women
complete a history that includes validated symptom scores for bladder, bowel, and prolapse-
related symptoms. (2) Patients have a physical examination that follows IUGA/ICS guidelines
[10]; this examination includes POPQ staging. (3) Patients complete a screening assessment
tool to ensure there are no contraindications for magnetic resonance imaging. Some metals
and surgical hardware are ferromagnetic and, therefore, are not acceptable with MRI. (4).
Imaging is then conducted.

Our images are obtained currently using a 0.5 T scanner located at a dedicated research facil-
ity at the Centre for Hip Health at the University of British Columbia, Canada. Each patient’s
preparation includes ensuring a full bladder; hence, they are asked to refrain from voiding
for 2 h before imaging. For standing images, intermittent pneumatic compression devices
are applied to the legs. A T2-weighted sagittal image of the midline structures, including the
symphysis, urethra, and coccyx, is acquired. Women then empty the bladder, and images in
the supine, seated, and upright position are obtained. Current settings based on pilot stud-
ies indicate successful imaging is obtained with the following: TR/effective TE, 2500/16; echo
train length, 32; bandwidth, 32 kHz; excitation, one; matrix size, 256 x 160; field of view, 0.5
(24 cm); section thickness, 5 mm, slice gap, 1. Sagittal images for mobility of the bladder neck
and urethra can be obtained during straining [46].

7. Proposed clinical scenario for imaging

As an example of the benefits of this protocol, a 60-year-old multiparous woman presented
with increasing urinary incontinence, constipation, a sensation of incomplete emptying, pel-
vic pressure, and pain. On pelvic examination (supine and inclined, at rest, and with Valsalva),
no organ descent was detected. Conventional supine magnetic resonance imaging (MRI) did
not identify pelvic organ prolapse (POP), but evaluation using upright open MRI diagnosed
that organ prolapse involving the bladder occurred when standing. In Figure 1 an example
of anterior views of sagittal images showing gravity-induced quantification prolapse can be
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Figure 1. Anterior views of sagittal images show gravity-induced quantification prolapse. When a supine midsagittal
single-shot fast SE image obtained at 0.5 T (panel A) and the corresponding image in standing (panel B) T2-weighted
sagittal images of the female midline pelvic floor structures are compared, elongation of the bladder below the
pubococcygeal reference line identifies significant prolapse when this patient is standing. A) Sagittal MRI image of
female pelvis in the supine position, B) Sagittal MRI image of female pelvis in the standing position, C) Sagittal MRI
image of female pelvis in the sitting position.

seen. When a supine midsagittal single-shot fast SE image obtained at 0.5 T (Panel A) and the
corresponding image in standing (Panel B) also the corresponding image in sitting position
(Panel C) T2-weighted sagittal images of the female midline pelvic floor structures are com-
pared, elongation of the bladder below the pubococcygeal reference line identifies significant
prolapse when this patient is standing.

8. 3D computer-generated images

An additional component for more comprehensive evaluation of POP is to generate 3D images.
After mid-sagittal pelvic MRI scans are complete, the images are transmitted to a workstation
for processing to generate 3D models. On average, 40 axial images were combined to generate
each 3D model. The data were first segmented to anatomically major components, includ-
ing bladder, urethra, vagina, uterus, rectum, obturator internus, and all three components of
the levator ani (puborectalis, iliococcygeus, and coccygeus) using manual editing. Old refer-
ence 3D reconstruction is labor intensive and hence costly. However, the resulting images
yield a huge amount of detailed information that simply cannot be obtained from 2D images.
Moreover, use of mathematical modeling will be helpful in the future to assist in defining the
relationships of organs and quantifying mobility and pressure gradients to resolve questions
of continence and pelvic floor prolapse [47]. Further, advantages of 3D reconstruction include
the additional data provided for patient—clinician interaction to enhance understanding, more
comprehensive surgical planning, and to advance medical research, and education [46]. A
three-dimensional model of the levator can be produced for living individuals and muscle
volume calculated old reference.

The limitations include high cost and relative complexity of acquiring the initial images and
the requirement for computer hardware and dedicated software [46]. Examples of the 3D
imaging of the female pelvic floor can be seen in Figure 2.



Effects of Posture and Gravity on Pelvic Organ Prolapse
http://dx.doi.org/10.5772/intechopen.77040

(A)

(B)

Figure 2. Three-dimensional imaging of the female pelvic floor: (A) anterior view of 3D pelvic floor model: (gray, pelvic
bones), (pink, obturator internus m, piriformis m), (red, levator ani m). (B) Anterior view of 3D reconstruction of the
whole female pelvis: (yellow, bladder, urethra), (red, uterus), (pink, vagina), (blue, rectum) as segmented from MRI
images. A) Anterior view of 3D pelvic floor model as segmented from MRI images. B) Anterior view of 3D computer
model of the whole female pelvis including supporting structures and organs.

9. Conclusions

Physicians should be aware that as upright open MRI becomes available this form of imag-
ing will offer new levels of anatomic details relevant to a more accurate staging of POP and
improved allocation to medical or surgical treatment. In POP, posture and gravity impact
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pelvic organ position, pelvic floor muscle integrity, degree of prolapse, and symptom sever-
ity. Importantly, while guidelines for clinical evaluation include recognition of the effects of
posture, current imaging modalities are not always able to capture this aspect of prolapse.
Ultrasound is a practical and widely available imaging modality. In patients who cannot
bear MRI, CT may be beneficial as an alternate diagnostic process, but radiation is high. MRI
provides multiplanar imaging and superior soft tissue contrast, permitting evaluation of the
pelvic floor levator ani muscle in detail, but current imaging is limited to the supine position.

Reference lines related to bony anatomical landmarks allow prolapse to be quantified. 3D
image reconstruction from 2D MRI images provides information beyond that acquired from
2D studies. Our upright open MRI imaging and 3D protocol makes comprehensive diagnostic
imaging available that improves the accuracy of diagnosis and staging of POP.
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