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Jakob Scholbach, and Michał Chlebiej

9.1  Introduction

Recently, several new ultrasound techniques have been 
developed that could significantly improve the diagnostic 
value of ultrasonography (US) in pelvic floor disorders. 
Three-dimensional (3D) and real-time four-dimensional 

(4D) imaging have been introduced into routine medical 
practice [1–4]. These techniques overcome some of the 
difficulties and limitations associated with conventional 
two- dimensional (2D) US.  Although 2D cross-sectional 
images may provide valuable information, it is often dif-
ficult to interpret the relationship between different pelvic 
floor structures because the 3D anatomy must be recon-
structed mentally. Three-dimensional reconstructions may 
closely resemble the real 3D anatomy and can therefore 
significantly improve the assessment of normal and patho-
logic anatomy. Complex information on the exact location, 
extent, and relation of relevant pelvic structures can be dis-
played in a single 3D image. Interactive manipulation of 
the 3D data on the computer also increases the ability to 
assess critical details.

In this chapter the new methods of 3D-US, including vol-
ume render mode (VRM), maximum intensity projection 
(MIP), and brush/shaving options with manual segmenta-
tion (sculpting), will be described. A variety of other 
advanced ultrasonographic techniques, including fusion 
imaging, PixelFlux, framing, color vector mapping, motion 
tracking, elastography, contrast-enhanced ultrasound, and 
automatic calculation systems, will also be presented. It 
seems likely that these new diagnostic tools will be increas-
ingly used in the future to provide more detailed informa-
tion on the morphology and function of examined organs, to 
facilitate planning and monitoring of operations, and for 
surgical training.

9.2  Volume Render Mode

Volume render mode is a technique for analysis of the 
information inside a 3D volume by digitally enhancing 
individual voxels [1]. It is currently one of the most 
advanced and computer- intensive rendering algorithms 
available for computed tomography (CT) scanning [5, 6] 
and can also be applied to high-resolution 3D-US data vol-
ume [1, 6]. Four fundamental post-processing functions 
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can be used in VRM: opacity, luminance, thickness, and 
filter. By using these different post-processing display 
parameters, the volume- rendered image provides better 
visualization when there are not any large differences in the 
signal levels of pathologic structures compared with sur-
rounding tissues [1]. Thus, it is successfully applied for 
more precise assessment of some pathological conditions, 
such as anal sphincter defects, fistulous tracts in perianal 
sepsis (Fig. 9.1), and invasiveness of the submucosal layer 
in early rectal cancer [7]. Moreover, it seems to be a very 

promising method for detailed evaluation of the integrity of 
or injuries to the pelvic floor muscles (Figs. 9.2, 9.3, and 
9.6), visualization of the spatial distribution of the vascular 
networks supplying the urethra, and assessment of the loca-
tion of tapes or meshes after pelvic floor surgery (Figs. 9.4 
and 9.5). Most recent advanced volume render mode 
includes volume-rendering mode of four- dimensional 
translabial ultrasound; this technique appeared very useful 
in the assessment of the association between a widened 
vaginal canal with concealed uterine prolapse [8] (Fig. 9.6).

a b

Fig. 9.1 Effects of image processing (volume render mode with filtering) on fistula tract views after hydrogen peroxide injection through an 
external opening (a, b). Scan obtained by endoanal ultrasound with 2050 transducer (BK Medical)

a b

Fig. 9.2 (a) Visualization of the puborectalis muscle in different 
oblique planes (∗). (b) Post-processing manipulation (volume render 
mode with high opacity and luminance) improves the visibility of the 

muscle. A anal canal, U urethra, V transducer into vagina. Scan obtained 
by endovaginal ultrasound with 2050 transducer (BK Medical)

M. M. Woźniak et al.



149

9.3  Maximum Intensity Projection

Maximum intensity projection (MIP) is a 3D visualization 
modality involving a large amount of computation [3]. It can 
be defined as the aggregate exposure at each point, which 
tries to find the brightest or most significant color or intensity 
along an ultrasound beam. Once the beam is projected 
through the entire volume, the value displayed on the screen 

is the maximum intensity value found (the highest value of 
gray or the highest value associated with a color). Conversely, 
if the value displayed on the screen is the minimum value 
found, this is termed minimum intensity projection (MinIP).

It has been reported in the literature that the application of 
MIP to 3D color US allows visualization of the distribution of 
blood vessels in tumors, providing additional information for 
management. Ohishi et al. [9] found that 3D images with MIP 

a b

Fig. 9.3 Visualization of puborectalis muscle showing defect on the left side (white arrows). (a) Normal mode, (b) volume render mode. A anal 
canal, U urethra, V transducer into vagina. Scan obtained by endovaginal ultrasound with X14L4 transducer (BK Medical)

a b

Fig. 9.4 Visualization of the position of a trans-obturator tape (TOT) in the coronal plane. In the left side, the sling appears dislodged (∗). (a) 
Normal mode, (b) volume render mode. Scan obtained by endovaginal ultrasound with 2050 transducer (BK Medical)
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a

b

Fig. 9.6 Visualization of hiatus with a 4D transperineal ultrasound (TPUS) showing left-sided defect (white arrows). (a) Surface render mode, (b) 
tomographic ultrasound imaging (TUI). Scan obtained by transperineal ultrasound with RM6C transducer (General Electric)

a b

Fig. 9.5 Visualization of the position of two trans-obturator tapes 
(TOT) in volume render mode (marked with white and yellow arrows). 
(a) The coronal plane, (b) the sagittal plane. A anal canal, SP symphysis 

pubis, V transducer into vagina. Scan obtained by endovaginal ultra-
sound with X14L4 transducer (BK Medical)
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mode improved evaluation of the entire vasculature of a tumor 
compared to cross-sectional 2D images. Hamazaki et al. [10] 
reported that 3D color Doppler US with MIP mode appeared 
to be useful for the differential diagnosis of subpleural lesions. 
Motohide et al. [11] considered this technique an efficient and 
safe modality as an intraoperative navigation system for liver 
surgery. In a preliminary study in nulliparous females, we 
found that application of MIP reconstruction allowed visual-
ization of the patterns of urethral vessels (spatial distribution 
and localization of vessels) (Fig. 9.7) [12].

9.4  Brush Options: 
Segmentation—Sculpting

Sculpting is a post-processing tool that allows the examiner 
to mark volume voxels, during off-line assessment of 3D-US 
imaging (version 7.0.0.518—BK Medical 3D Viewer), so 
that they are not displayed in the rendering operations. The 
marking process uses a standard projection method to map 
screen locations within a boundary of the volume data. There 
are two methods available: (1) in the first technique, the vox-

a

b

c

Fig. 9.7 Midsagittal view of 
urethral vasculature with 
color Doppler mode (a), 
normal render mode (b), and 
maximum intensity projection 
(c). B bladder, BN bladder 
neck, DU distal urethra, RTZ 
Retzius plexus, U urethra. 
Scan obtained by endovaginal 
ultrasound with 8848 
transducer (BK Medical)
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els are marked in a mirror volume which gives the possibility 
of turning the marking on and off or inverting it; (2) in the 
second technique, the voxels are replaced with some marker 
value. This method requires reloading of the volume to turn 
off the sculpting.

Various sculpting tools are possible, giving different 
degrees of control over what is removed: (1) to draw an out-
line and then remove everything within that outline to a given 
depth or through the entire volume; (2) to draw an outline 
and then remove everything outside the outline; or (3) to use 
a shaving tool that marks a few voxels at a time around the 
point of the cursor. The depth of sculpting can be a percent-
age of the total or a given value in millimeters from the sur-
face of the volume. As pelvic structures vary in shape and lie 
in different oblique planes, we recommend performing a 
sculpting on every section of some millimeters’ length or 
even on every image of 300 transaxial images collected dur-
ing 3D data acquisition (Figs.  9.8 and 9.9). Sculpting was 
originally developed for enhancing static volumes of the 
fetus by removing the placenta [13]. Its introduction into 
 pelvic imaging might facilitate the assessment of pelvic floor 
structures (Figs. 9.10 and 9.11), allowing comparison of the 
morphology in different disorders.

9.5  Fusion Imaging

Fusion imaging is based on a simultaneous capturing of 
scans obtained by two different examinations, e.g., CT/MRI 
(magnetic resonance imaging), US/MRI, CT-PET (positron 
emission tomography), and MRI-PET, providing the infor-
mation gathered by both modalities fused. This technique 
ensures a compensation for the deficiencies of one method 
and retains the advantages of another one. Fusion imaging is 
performed by using dedicated software, on a graphic work-
station, where the data are transferred using the Digital 
Imaging and Communications in Medicine (DICOM) sys-
tem. The volume-rendering mode allows simultaneous pro-
jection of the 3D dataset of two different studies to be fused. 
The datasets are labeled with color to allow the user to 
 identify the separate studies. The color labeling is arbitrary 
and depends on the user’s preference. The registration pro-
cess requires an individual manipulation and is achieved by 
superimposing the two datasets with the use of 3D volume 
projection. It is, however, mostly conducted in the 2D slice 
views, due to easier visualization of the superimposed datas-
ets, and in the transverse planes, as these provide better scan-
ning resolution. The user works in the standard directions of 
sagittal, coronal, and transverse and updates the registration 
in each of these views. Final image registration is based on 
anatomical adjustment of the imaging studies (Fig. 9.11).

Fusion imaging is commonly used in the diagnosis of 
cancer patients. Kim et al. [14] showed an additional diag-

a

b

c

Fig. 9.8 Sculpting of the levator ani muscle. (a) Axial view obtained by 
endovaginal ultrasound with 2050 transducer (BK Medical). (b) The 
outlining of the levator ani muscle. (c) The levator ani muscle is removed
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nostic value of fused MR/PET images in comparison with 
PET/CT in the detection of metastatic lymph nodes in 
patients with uterine cervical cancer. Another study reported 
that the fusion of real-time transrectal ultrasound (TRUS) 
and prior MR images of the prostate facilitated MRI-guided 
interventions such as prostate biopsies, cryoablation, brachy-
therapy, beam radiation therapy, or direct injection of agents 
outside of the MRI suite [15]. Moreover, the image fusion 
between color Doppler TRUS and endorectal MRI appeared 
to improve the accuracy of pathological staging in patients 

with prostate cancer [16]. MRI and TRUS fusion has the 
potential for follow-up of anorectal fistulae and abscesses 
and staging of anal and rectal tumors [17].

Similarly, CT/MRI fusion images were performed for 
abdominal, cervical, and intracranial regions assessment [18].

We assessed the application of US/MRI fusion imaging 
for the visualization of pelvic floor structures in nulliparous 
females. For the fusion process, T1-weighted axial scans 
were used. Fusion imaging was performed on a laptop with 
the use of dedicated software, and once it was completed, a 
3D reconstruction of the levator ani muscle and the anatomi-
cal alignment was conducted (Fig.  9.12). Both methods 
appeared to be highly concordant in the visualization of this 

Fig. 9.9 Two methods of sculpting: (1) the levator ani muscle is outlined and is cut off (left) and (2) outlining of the levator ani muscle with cutoff 
of all the structures lying beyond (right). Scan obtained by endovaginal ultrasound with 2050 transducer (BK Medical)

Fig. 9.10 Levator ani muscle reconstruction using the sculpting 
method. Scan obtained by endovaginal ultrasound with 2050 transducer 
(BK Medical)

Fig. 9.11 Three-dimensional reconstruction of the middle third of the 
anal canal using the sculpting method. The two rings of the internal 
(hypoechoic) and external (hyperechoic) sphincters are clearly visual-
ized. Scan obtained by endoanal ultrasound with 2050 transducer (BK 
Medical)
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a

c

b

Fig. 9.12 Axial views of the female pelvis. (a) MRI scan. (b) 
Endovaginal ultrasound with 2050 transducer (BK Medical). Both 
images were captured simultaneously to allow fusion of the information 

provided by each technique. (c) Fusion imaging of the three- dimensional 
reconstruction of the levator ani muscle (brown, US image; green, MR 
image)

M. M. Woźniak et al.
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muscle; however, MRI, due to a wider field of view than the 
ultrasound transducer, provided more information about sur-
rounding structures.

9.6  PixelFlux

PixelFlux is dedicated software that allows an automated 
calculation of blood perfusion in arbitrary regions of interest 
(ROIs) of different organs [19, 20]. The basic principle of 
this software is the requirement that measurements must be 
reliable (Fig. 9.13). For this reason:

 1. Perfusion measurements should not be influenced by the 
external settings of the US device. Any parameters that 
impact the perfusion depiction must be kept constant 
throughout. One of these parameters is pulse repetition 
frequency (PRF), higher PRF permits higher Doppler 
shifts to be detected, and lower PRF allows recording of 
lower velocities. The calibration of the image, which con-
sists of setting the scale and the maximum Doppler veloc-
ity, is automatically provided by the software, particularly 
when DICOM files are used.

 2. Perfusion measurements must not rely on the subjective 
visual impression of the examiner, as this may lead to 
serious misinterpretation. To avoid operator dependency, 

when opening a video or DICOM file, the software auto-
matically finds the scale indicating the colors used for per-
fusion depiction and allows a standardized measurement.

Perfusion measurements must yield constant results when 
comparing the perfusion of the same patient at different 
times. In order to assess the perfusion in an authentic way, it 
is thus crucial either to take into account the perfusion in 
similar points of the cardiac cycle, e.g., by always comparing 
the systolic or diastolic perfusion, or to compute the “aver-
age perfusion” during a complete heart cycle. The key step of 
the perfusion measurement technique is the definition of the 
ROI. The ROI can be arbitrarily chosen by the examiner, tak-
ing any desired size or shape. ROI can also be defined as a 
parallelogram, which has proved useful in measuring renal 
parenchymal perfusion [20], or can be derived from another 
freehand outlined ROI by a dartboard-like scheme, which is 
adapted to ring-like structures such as the rhabdosphincter 
muscle or the inner ring of the urethra, including the longitu-
dinal smooth muscle, the circular smooth muscle, and the 
submucosa layer of the urethra.

After choosing the ROI, the software automatically calcu-
lates the perfusion of the region in every frame of the video 
assessed. The following parameters are computed: (1) the 
velocity V, which corresponds to the color hue of the pixels 
inside the ROI; (2) the perfused area A, given by the amount 

Fig. 9.13 Color Doppler ultrasound for the assessment of the vascularity of the whole urethral complex in PixelFlux. A anal canal, SP symphysis 
pubis, U urethra. Sagittal scan of the mid-urethra obtained by endovaginal ultrasound with X14L4 transducer (BK Medical)
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of perfused pixels inside the ROI; and (3) the perfusion 
intensity, I. This parameter is defined as the ratio:

 I V A A= ´ / ROI
 

where AROI denotes the total area of the ROI. Consequently, the 
perfusion intensity increases with the perfusion velocity but 
decreases if less of the total area of the ROI is globally per-
fused. These three parameters are computed for each single 
frame of the video examined. Based on the periodic changes 
due to the cardiac cycle, the program then automatically calcu-
lates the heart period and takes into account only one or mul-
tiple full heart cycles. The quantification of complete heart 
cycles accomplishes the need for a time- independent perfu-
sion measurement as outlined above. Figure  9.14 shows a 
heart cycle recognized by the software (the parts of the chart 
highlighted in red and blue, respectively).

Another key parameter of the PixelFlux software is “per-
fusion relief.” It shows the local distribution of perfusion 
intensity, like a map depicting the height of mountains 
(Fig. 9.14). This tool can be used to gain a visual impression 
of the vasculature, showing areas with different local perfu-
sion (Fig. 9.15).

The PixelFlux technique enables a quantitative assess-
ment of blood perfusion. The program is completed by an 

internal database, facilitating the handling of large amounts 
of patient data, including features for comparison of differ-
ent patients or examination of the same patient at different 
times. It appears a very promising method for evaluating the 
vasculature of pelvic structures in females at risk for devel-
oping urinary incontinence or organ prolapse. In addition, it 
could be used to analyze the perfusion intensity in women 
suffering from any pelvic floor disorder, in order to define 
whether the severity of their symptoms correlates with perfu-
sion parameters.

Using the PixelFlux software for assessment of the blood 
perfusion in the urethra of nulliparous females, we found that 
the intramural and distal part of the urethra had poorer vas-
cular intensity than the mid-urethra. Interestingly, we did not 
observe any difference between the perfusion intensity in the 
inner (including the longitudinal smooth muscle, the circular 
smooth muscle, and the submucosa) and outer (correspond-
ing to the rhabdosphincter muscle) rings of the mid-urethra 
[12, 21]. Lone et al. studied vascularity of the urethra in con-
tinent women using color Doppler high- frequency endovagi-
nal ultrasonography and showed that compared to continent 
nulliparous women, continent  multiparous women demon-
strated a significant reduction in the vascularity parameters 
in all measured variables when parity was accounted for [22]. 

Fig. 9.14 PixelFlux technique. Analysis form shows the heart cycles and the values of velocity, intensity, and area within the region of interest

M. M. Woźniak et al.
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The same authors in the 1-year prospective follow-up study 
assessing urethral vascularity using 2D color Doppler high-
frequency endovaginal ultrasonography in women treated for 
symptomatic stress urinary incontinence found out that there 
is no change in vascularity parameters in women who opt for 
conservative or surgical treatment of SUI [23]. In the study 
by Yeniel et al., the authors attempted to find out if overactive 
bladder microvasculature disease is a component of systemic 
atherosclerosis and found that all atherosclerosis indicators 
were significantly associated with OAB and that there was a 
significant relationship between OAB and decreased bladder 
neck perfusion. Additionally, there were correlations of OAB 
severity with systemic atherosclerosis and impaired vascular 
perfusion of the bladder. Decreased perfusion at the bladder 
neck, the Framingham scores in severe OAB, and the cor-
relation between them suggest that OAB microvascular dis-
ease may be a component of systemic atherosclerosis rather 
than a separate process [24].

9.7  Framing

The motion of pelvic structures can be observed in real time 
by using dynamic ultrasound while asking patients in a 
supine or standing position to strain or to cough. The data 
can be registered as video files for off-line examination. 

Dynamic US, however, provides an abundance of informa-
tion that cannot be captured by the observer alone, as it 
occurs too fast.

Framing is a modality that provides a detailed visual-
ization of the motion sequences of specific structures. 
With use of dedicated software (VIRTUAL-DUB), it is 
possible to analyze consecutive frames of a video file, by 
cutting off the frame without decompression. It has poten-
tial application in the assessment of functional disorders 
of the pelvic floor.

9.8  Motion Tracking and Color Vector 
Mapping

Our ability to understand pelvic floor dysfunction arises 
from understanding the complex functional interactions 
among pelvic organs, muscles, ligaments, and connective tis-
sue. Dynamic US imaging provides a quantitative evaluation 
of pelvic floor structures. Measurements of bladder neck dis-
placement, urethral inclination, and retrovesical angle at rest 
and during pushing or straining give important information 
in patients with urinary incontinence [25]. However, due to 
small dimensions and different velocities and movements of 
the pelvic structures, it is not possible to describe their inter-
actions precisely.

Fig. 9.15 PixelFlux technique. Region of interest includes the mid- 
urethra. Analysis form showing the local perfusion relief (red areas cor-
respond to regions with high perfusion velocity; white and black areas 

correspond to regions with moderate or low perfusion velocity). Scan 
obtained by endovaginal ultrasound with 9C3 transducer (BK Medical)
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Motion tracking is a modality for the assessment of bio-
mechanical properties of tissues and organs [26]. 
Computer- aided vector-based perineal ultrasound appears 
to be a feasible and valuable tool for the assessment of 
bladder neck mobility, allowing the user to distinguish 
between women with and without stress urinary inconti-
nence [27, 28]. Peng et al. [29] reported that motion track-
ing may be used for the assessment of puborectalis and 
pubococcygeus contraction, by evaluating the displace-
ment of the anorectal angle (ARA) during perineal US. To 
map accurately the trajectory of the ARA, every frame was 
indexed to the same rigid landmark (the symphysis pubis—
SP). A template of the SP was initially defined in the first 
frame of the ultrasonographic video file, then it was com-
pared with the second image with different offset in both 
the x and y direction. The matching procedure employed 
some equations and was repeated until the last image 
frame. The relative displacement of the ARA to the SP was 
obtained by subtraction of the SP from the ARA. Results 
of this study showed that during cough, the ARA moves 
toward the SP (ventrally) in continent women and away 
from the SP (dorsally) in urinary-incontinent patients. In 
addition, the amplitude of ARA maximal caudal displace-
ment was smaller in continent women compared to incon-
tinent patients [29]. Constantinou [30] described the 
dynamics of female pelvic floor function using urodynam-
ics, ultrasound imaging with motion tracking, and MR, in 
terms of determining the mechanism of urinary conti-
nence. Among these modalities, motion tracking provided 
quantitative measures (displacement, velocity, accelera-
tion, trajectory, motility, strain) of pelvic floor muscles. 
On the basis of these parameters, the status of continent 
and asymptomatic women could be clearly distinguished 
from those with incontinence.

We developed a novel computer software for quantitative 
assessment of the motion of pelvic structures. This software 
was originally applied to 3D echocardiographic scans to 
evaluate the kinetics of the cardiac walls in patients with 
heart infarction [31, 32]. The process of analysis consisted of 
several main steps:

• Filtering: to improve the US image quality and to remove 
the noise; the diffusion algorithm was applied, as it dra-
matically enhances the structure boundaries and reduces 
the speckle noise.

• Description of the motion: recovery of transformation, 
which aligns the reference frame with all the other frames 
using intensity-based 3D volume registration; this allows 
to visualize local deformation of spatial objects.

• De-noising procedure using time-averaging technique: 
the deformation fields are used to generate new datasets 
elastically aligned with the reference frame T0; the noise 

in the datasets is smoothed, and the boundaries of the 
image structures are preserved.

• Segmentation step using the averaged dataset by iterative 
deformable boundary approach.

• Reconstruction of the motion by applying the deforma-
tion field operator.

For description of the motion, vector displacement was 
calculated as a total displacement (relative to the reference 
frame T0) and displacement between consequent time frames 
which can be seen as an instantaneous velocity. To visualize 
the motion occurring on the surface (twisting), the instanta-
neous velocity vectors were decomposed into tangential and 
normal components.

Different techniques can be used to visualize the local 
variations of the motion as follows:

• Color-based visualization according to length values of 
displacement vectors. It is the preferred modality when 
we deal with small moving surfaces.

• Vector-based visualization: for significant motion it is 
preferred to visualize vector values using the arrows rep-
resenting the length and spatial orientation of moving 
matter.

• Line-paths-based visualization: in this method, the small 
set of surface points is selected, and the path of their 
motion is visualized. Colors of the line segments repre-
sent various time frames. This method enables estimation 
of the viability of the heart using a single image. In addi-
tion to the line-paths method, we may also generate the 
“activity surface.” Using this technique, total path length 
values (in a single cardiac cycle) for every surface point 
can be visualized. Thus it allows easy detection of moving 
regions and evaluation of how significant this motion is, 
as well as estimation of the spatial extent of pathological 
regions on single static image. Line-paths visualization 
contains complete information about the motion, whereas 
activity surfaces show the overall surface activity more 
clearly [32].

The motion tracking procedure described above can be 
applied to assessment of the function of pelvic structures. 
The data are collected using transperineal and endovaginal 
ultrasound scanning in B mode, during straining and Valsalva 
maneuver, and registered as video files. The data are then 
analyzed with the use of color and vector mapping (Fig. 9.16). 
We believe that this modality could enhance our knowledge 
of pelvic organ dysfunction, facilitating the diagnosis of 
injuries or deficiency of pelvic muscles after childbirth that 
is not detectable by conventional imaging techniques. It can 
also be useful to evaluate muscle strength after biofeedback 
treatment.

M. M. Woźniak et al.
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9.9  Elastography

Elastography uses ultrasonic imaging to observe tissue 
shear deformation after applying a force that is either 
dynamic (e.g., by thumping or vibrating) or varying so 
slowly that it is considered “quasi-static” (e.g., by probe 
palpation). The deformation may be represented in an elas-
ticity image (elastogram), or as a local measurement, in one 
of three ways:

 1. tissue displacement which may be detected and displayed 
directly, as in the method known as acoustic radiation 
force impulse (ARFI) imaging,

 2. tissue strain which may be calculated and displayed, pro-
ducing what is termed strain elastography (SE), or,

 3. in the dynamic case only, the data may be used to record 
the propagation of shear-waves, which are used to calcu-
late either.

 (a) regional values of their speed (without making images) 
using methods referred to herein as transient elastogra-
phy (TE) and point shear-wave elastography (pSWE), or,

 (b) images of their speed using methods referred to 
herein as shear-wave elastography (SWE) which 
includes 2D SWE and 3D SWE [33].

The strain measurements (including SE and ARFI) are 
displayed as a semitransparent color map called an elasto-
gram, which is overlaid on the B-mode image. Typically, low 
strain (stiff tissue) is displayed in blue, and high strain (soft 

a b c

d e f

Fig. 9.16 (a) Longitudinal section of the posterior compartment. 
Color and vector mapping were applied for the assessment of the mus-
cles’ motion. AC anal canal, ARA anorectal angle, EAS external anal 
sphincter, PR puborectalis muscle, R rectum. (b–d) During straining, 
upward movement of the puborectalis is visualized. This movement 

closes the anorectal angle, assuring continence. (e, f) During Valsalva 
maneuver, the puborectalis activity is suppressed, whereas the external 
sphincter opens. Scans obtained by endovaginal ultrasound with 8848 
transducer
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tissue) is displayed in red, although the color scale can vary 
depending on the ultrasound vendor [34, 35]. A pseudo- 
quantitative measurement called the strain ratio can be used, 
which is the ratio of strain measured in adjacent (usually nor-
mal) reference tissue region of interest (ROI) to strain mea-
sured in a target lesion ROI. A strain ratio > 1 indicates that 
the target lesion compresses less than the normal reference 
tissue, indicating lower strain and greater stiffness [36]. In 
shear-wave elastography (SWE), measurement of the shear- 
wave speed results in qualitative and quantitative estimates 
of tissue elasticity [37]. The elasticity measurements, using 
SWE or 2D SWE, may be expressed as either shear-wave 
velocity (m/s) or Young’s modulus (kPa) [38].

9.9.1  Endovaginal Elastography

Strain elastography (SE) is a technique of parametric imaging 
that allows quantification of the elasticity of tissue. 
Kreutzkamp et al. [39] attempted to determine if the elasticity 
of paraurethral tissue correlates with urethral mobility and 
urinary incontinence (UI). One region of interest was placed 
in the tissue between the urethra and vagina at midlevel of the 
urethra bordering the urethral wall. The second ROI was set 
at the level of the os urethra internum in the tissue of the blad-
der neck in one line to the first ROI. The authors measured 
elasticity in both ROIs with TDI-Q (Tissue Doppler Imaging-
Quantification Software) and calculated the ratio between 
ROIs. Mobility of the urethra was quantified by measuring 
the angle between a line parallel to the urethra and a line par-
allel to the bladder neck during stress and rest. SE analysis 
was feasible in all cases. A correlation between urethral 
mobility and elasticity of the paraurethral tissue was found. In 
case of increasing urethral mobility, the paraurethral tissue 
close to the bladder neck seems to be more elastic, and the 
patients reported about more symptoms of UI. No noticeable 
correlation between UI and urethral elasticity was shown. SE 
may be a useful technique for direct quantification of tissue 
elasticity and assessment of pelvic floor biomechanics [39].

Female striated urogenital sphincter contraction mea-
sured by shear-wave elastography during pelvic floor muscle 
activation was described by Aljuraifani et  al. [40]. The 
authors used ultrasound shear-wave elastography (SWE), a 
noninvasive real-time technique to estimate tissue stiffness. 
As muscle stiffness can be used as an estimate of muscle 
force, SWE provides an opportunity to study contraction of 
the periurethral musculature. Stiffness in a region expected 
to contain the striated urogenital sphincter (SUS) was quanti-
fied using SWE at rest and during a pelvic floor muscle con-
tractions performed at 10%, 25%, and 50% of maximal 
voluntary contraction (MVC). Two repetitions were per-
formed for 10 s. The authors showed that during contraction, 
stiffness increased in the region of the SUS in all participants 

and at all contraction intensities. Multiple regions of 
increased stiffness were detected, with 95.8% of regions sit-
uated ventral to the mid-urethra within the anatomical area 
of the SUS. The increase in stiffness was greater for 50% 
MVC than both 10% and 25% MVC contraction intensities 
(P  <  0.01). The study has proven that stiffness increases 
within the anatomical region of the SUS during voluntary 
pelvic floor muscle contractions with predictable response to 
changes in contraction intensity. These observations support 
the potential for ultrasound SWE to study SUS function non-
invasively [40] (Fig. 9.17).

Chen et al. [41] described quasistatic elastography with a 
reference standoff pad as a promising quantitative method 
evaluating the elastic modulus of the perineal body. The 
authors used an UltraSONIXR P500 ultrasound system 
equipped with elastography software. Approximately 1 Hz 
freehand sinusoidal compression loading of the perineum 
was used to measure the relative stiffness of the perineal 
body compared to that of a custom reference standoff pad 
with a modulus of 36.7  kPa. Measurements were made in 
20  healthy nulliparous women. Preliminary data, despite 
their limitations, provided a first order in vivo estimation of 
the nulliparous perineal body modulus [41].

Xie et  al. [42, 43] evaluated the levator ani before and 
after Kegel exercise in women with pelvic organ prolapse 
(POP) stage I/II by transperineal elastography. The patients 
underwent conventional transperineal ultrasound and elas-
tography. For each patient, the levator ani was located and 
evaluated in the state of Valsalva. After Kegel exercises for 
12  weeks, transperineal ultrasound and elastography were 
repeated. The elasticity images were assessed using a four- 
point scale scoring system. The authors showed that the 
mean elastography score was statistically significantly higher 
for the levator ani after Kegel exercises (2.90 ± 0.48) than for 
the baseline score (1.90 ± 0.29) (p = 0.025). Transperineal 
elastography was an effective and useful tool in the evalua-
tion of the levator ani in patients with POP-Q stage I/II 
before and after Kegel exercises [42, 43].

Masslo et  al. [44] introduced elastography as a new 
method for sonographic assessment of levator avulsion 
injury in postpartum pelvic floor trauma. The authors showed 
that the elastographic evaluation revealed more trauma- 
suspicious lesions than the B-mode investigation. In conclu-
sion sonographic elastography assessment in a new 
examination plane shows postpartum trauma of the pelvic 
floor in women after vaginal delivery. This new method may 
help to identify women with a higher risk of postpartum pel-
vic floor disorders [44].

Egorov et al. [45, 46] designed a prototype of vaginal tac-
tile imager (VTI) for visualization and assessment of elastic 
properties of pelvic floor tissues. The prototype of the VTI 
included a transvaginal probe, an electronic unit, and a lap-
top computer with a data acquisition card. The vaginal probe 
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comprised of a tactile sensor array and a tilt sensor. The tac-
tile sensor array is installed on the probe head surface con-
tacting with the vaginal wall during the examination 
procedure. The probe head measures 48  mm in length, 
20  mm in width, and 14  mm in height having ellipsoidal 
cross section. The tactile sensor array (Pressure Profile 
Systems, Inc., CA) comprises of 120 capacitive pressure sen-
sors, which provide 2D pressure pattern being contacted 
with vaginal wall. A pilot clinical study performed with 13 
patients demonstrated that tactile imaging allows quantita-
tive evaluation of elastic properties of vaginal walls by means 
of the elasticity index and has a potential for differentiation 
of normal tissue and diseased tissue under prolapse condi-
tion. VTI allows imaging of a vaginal wall with increased 
rigidity due to implanted mesh grafts following reconstruc-
tive pelvic surgery [45, 46].

Sturm et al. demonstrated that [47] ultrasound shear-wave 
elastography bladder measurements correlate well with blad-
der storage pressure and shear-wave speed measurements 
differ between compliant and noncompliant bladders. This is 
the first known study to demonstrate that shear-wave elastog-
raphy is promising as a bedside modality for the assessment 
of bladder dysfunction in children [47].

9.9.2  Endoanal Elastography

Allgayer et al. [48, 49] analyzed endosonographic elastogra-
phy of the anal sphincter in patients with fecal incontinence 
and found that the IAS, a smooth muscle, and the EAS, a 
striated muscle, have different elastogram color distribu-
tions, probably reflecting their different elastic properties. 

Fig. 9.17 Assessment of urethral complex elasticity in an incontinent 
female during rest and Valsalva maneuver. Four selected frames demon-
strating different elasticity of the urethra and paraurethral structures at 
various states of urethral contraction/rest. Blue represents low elastic-

ity/high stiffness (hard tissues); red represents high elasticity/low stiff-
ness (soft tissues). Images obtained by the endovaginal ultrasound with 
E14C4t transducer (BK Medical)
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The absence of significant correlations with the major clini-
cal and functional parameters suggests that in routine clini-
cal practice ultrasound, real-time elastography may not yield 
additional information in patients with fecal incontinence. 
There may be exceptions, particularly in irradiated patients 
[48, 49]. Moreover real-time elastography in patients with 
fecal incontinence following anorectal surgery with quanti-
tation of sphincter elastic properties yields no further diag-
nostic and prognostic information compared to conventional 
EUS in irradiated and non-irradiated patients and, therefore, 
cannot be regarded as a new tool in the assessment of those 
patients. Our data further confirm the view that defined 
sphincter defects may be a major risk factor for an unfavor-
able outcome [49].

Elastography can distinguish malignant from benign 
tumors (malignant tumor mean strain ratio value over 1.25 
and benign tumor mean strain ratio value below 1.25). In 
terms of cancer staging, elastography, along with TRUS, 
is useful to distinguish pT0 stage from pT1 stage, with 
better results than MRI, including pretreatment biopsy. 
Elastography, additional to TRUS, does not bring additional 
information regarding T2 and T3 staging, as TRUS is suf-
ficient for final cancer staging. To our knowledge, the char-
acterization of pathological lymph nodes did not include 
their elasticity, but, by our experience, these appear more 
rigid than perirectal fat during elastography [50]. Li et  al. 
demonstrated that SWE is a promising tool that yields valu-
able quantitative data additional to that provided by ERUS 
examination in rectal lesions. The cutoff value 61.3 kPa for 
Emean may serve as a complementary tool in diagnosis of 
rectal lesions [51].

9.10  Contrast-Enhanced Ultrasound 
(CEUS)

9.10.1  Rectal Cancer

This application of EAUS has not yet been fully explored in 
relation to rectal tumors, but there are many studies in other 
areas of interest, where it has demonstrated its importance in 
the characterization of tumoral lesions [50]. Immediately 
after the injection of the contrast medium, the microbubbles 
reach the rectum, especially the areas where microcircula-
tion is more abundant. The images must be stored for further 
analysis of loading and unloading curves and for a more 
objective interpretation, according to the time intervals 
acquired on these curves. In order to calculate these curves 
and easily identify the differences between them, one or 
more ROIs must be manually selected on the equipment, one 
for the tumor-bearing region and another for an apparently 
tumor-free region. The most important time-intensity param-
eters that can be acquired on the loading and unloading 
curves are the following: contrast arrival time in the ROI 

(AT), maximum contrast medium enhancement (time to 
peak, TTP), maximum contrast intensity (peak intensity, PI), 
area under the curve (AUC), loading time (WIT), ascending 
slope (AS), and echo intensity (EI) . With the help of these 
parameters, CEUS offers very good interobserver variability 
[50, 52, 53].

The contrast agent is homogeneously retained by all rec-
tal adenomas, and, compared to tumor-free rectal wall, the 
contrast medium becomes visible later and with lower 
intensity. Difficulty may arise in case of larger adenomas 
with increased uptake. Adenocarcinomas are irregular, and, 
compared to the tumor-free rectal wall, the contrast medium 
loads faster, and contrast maximum enhancement occurs 
earlier [54]. Specifically, aggressive tumors with high 
degree of angiogenesis have an increased inhomogeneous 
contrast uptake. An exception to this rule is that of large 
tumors with intratumoral necrosis, which can have a low 
contrast uptake or even no uptake [50]. Enhanced intensity 
negatively correlates with histologic grade; however, none 
of other parameters correlates with TNM stage and histo-
logic grade [53].

9.10.2  Contrast-Enhanced Voiding 
Urosonography (ceVUS)

The most common pediatric application of US con-
trast agents is contrast-enhanced voiding urosonography 
(ceVUS), i.e., the intravesical application of US contrast 
agents via a bladder catheter for the evaluation of vesicoure-
teral reflux. The procedure and its diagnostic accuracy are 
well- established and documented [55]. Contrast-enhanced 
voiding urosonography (ceVUS) has become a well-estab-
lished method for the diagnosis and treatment monitoring of 
vesicoureteral reflux (VUR) in children, particularly after 
the recent approval for this application in children in the 
USA and in Europe [56]. It is a very safe technique [57, 
58], which can be used both in diagnostics and monitor-
ing of treatment of VUR as well as intraoperatively during 
endoscopic anti- reflux therapy [59]. It enables very accurate 
assessment of urethra, both in females and in males [60]. 
Other indications for ceVUS include bladder rupture and 
urogenital malformation [55].

The introduction of three-dimensional static (3D) and 
real-time (4D) techniques with ultrasound contrast agents 
opens up new diagnostic opportunities for this imaging 
modality [61–63]. 2D ceVUS and 3D/4D ceVUS allow to 
diagnose the same number of vesicoureteral refluxes; how-
ever, there is a statistically significant difference in grading 
between the two methods. Thus 3D/4D ceVUS appears at 
least a valid, if not even a more conspicuous technique com-
pared to 2D ceVUS [61–63] (Fig. 9.18).

Contrast-enhanced urosonography (ceVUS) and its modi-
fications such as contrast-enhanced urethrography can be 
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a

b

Fig. 9.18 Contrast-enhanced urosonography (ceVUS) in a pediatric 
patient with recurrent urinary tract infections. Two-dimensional (2D) 
(a) and four-dimensional (4D) (b) images of vesicoureteral reflux, 

according to 2D ceVUS graded as III and according to 4D ceVUS 
graded as IV.  Images obtained by the endovaginal volumetric trans-
ducer RIC5-9D (General Electric) from transabdominal access
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performed also in order to diagnose other congenital abnor-
malities, e.g., dystopic ureters (Fig. 9.19) or posterior ure-
thral valves in boys [62].

9.10.3  Contrast-Enhanced Ultrasound 
Genitography

Anorectal malformation is a group of congenital anomalies 
involving the distal anus and rectum (see chapter Congenital 
Abnormalities of the Pelvic Floor: Assessment and 
Management). The diagnosis as such is usually straightfor-
ward by clinical inspection and digital palpation. The role of 
imaging is to give an anatomical overview of the malforma-
tion and to assist treatment decisions by providing relevant 
data on the necessity of immediate surgical intervention, to 
accurately characterize the complex anatomy of anorectal, 
cloacal and genitourinary, pelvic, and perineal structures in 
order to allow for detailed surgical planning and to allow 
early detection of associated anomalies which is essential to 
prevent potential life-threatening complications. Contrast- 
enhanced dynamic US genitography with perineal access is 
one of the modalities which should be considered in such 
cases [64].

9.11  Automatic Ultrasound Calculation 
Systems

Ultrasound technology is rapidly evolving. The development 
of three-dimensional (3D) ultrasound in late 1980s enabled 
acquisition and analysis of volume data. This has important 
implications for clinical practice because assessment of 3D 
structures with a two-dimensional (2D) imaging modality 
requires either making assumptions about the shape of the 
structure or simply ignoring its 3D conformation. A recent 
development in ultrasound technology is automatic identifi-
cation and measurement of certain structures within an 
acquired 3D dataset. These applications aim to facilitate and 
increase accuracy and reproducibility of ultrasound exami-
nations [65]. Various vendors offer different software, 
enabling different measurements and post-processing calcu-
lations. These include among others software-enabling vol-
ume manipulation, analysis and optimization of ultrasound 
data sets, as well as automatic/semiautomatic calculations, 
for example, by General Electric (GE), SonoAVC, or by 
Samsung, 5D.

One of the automatic calculation systems is SonoAVC 
(automatic volume calculation; GE Medical Systems) or 5D 
Follicle (Samsung) which is a new software program 

Fig. 9.19 Contrast-enhanced 
urethrography in an 
adolescent female patient with 
urinary incontinence showing 
ectopic ureter entering the 
proximal urethra (arrows). 
Images obtained by the 
pediatric volumetric 
transducer RNA5-9D 
(General Electric) from 
transperineal access.  
B bladder, U urethra
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designed to provide automatic volume calculations of fluid- 
filled areas. It is either incorporated into the ultrasound 
machine or installed on a personal computer for off-line 
analysis of the datasets acquired by any ultrasound machine 
of the same manufacturer. SonoAVC/5D Follicle identifies 
and quantifies hypoechogenic regions within a 3D dataset 
and provides automatic estimation of their absolute dimen-
sions, mean diameter, and volume. Because each different 
volume is color-coded separately, the software is an ideal 
tool for studying follicular development within the ovary. 
The software is valid and provides accurate measurements 
[66] and reliable report (Fig. 9.20).

Another type of automatic calculations has been devel-
oped for the grading of cystocele.

The transperineal ultrasound (US) has recently emerged 
as an alternative tool for cystocele grading. The cystocele 
severity is usually evaluated with the manual measurement 
of the maximal descent of the bladder (MDB) relative to the 
symphysis pubis (SP) during Valsalva maneuver. However, 
this process is time-consuming and operator-dependent. In 
this study, we propose an automatic scheme for cystocele 

grading from transperineal US video. A two-layer spatiotem-
poral regression model is proposed to identify the middle 
axis and lower tip of the SP and segment the bladder, which 
are essential tasks for the measurement of the MDB. Both 
appearance and context features are extracted in the spatio-
temporal domain to help the anatomy detection. Experimental 
results on 85 transperineal US videos show that our method 
significantly outperforms the state-of-the-art regression 
method [67].

9.12  Conclusions

A number of new ultrasonographic techniques have been 
developed recently which carry the potential of significant 
improvement of the diagnostic value of ultrasound in pelvic 
floor disorders. Three-dimensional (3D) and real-time four- 
dimensional (4D) imaging techniques enable to overcome 
limitations of conventional two-dimensional (2D) 
US. Complex information on the exact location, extent, and 
relations of relevant pelvic structures can be displayed with 

Fig. 9.20 Three-dimensional (3D) endoanal examination of adoles-
cent girl with polycystic ovaries syndrome (PCOS) with the use of 
SonoAVC—a software enabling automatic calculation of the number, 
dimensions, and volumes of the ovarian follicles. (a) Each follicle is 

coded automatically with a different color. (b) Report from the exami-
nation listing each follicle in both ovaries. Images obtained by the endo-
vaginal volumetric transducer RIC5-9D (General Electric) from 
endoanal access

a
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Gynecology Report

Gynecology Report

Page 1/2

Patient / Exam Information Date of Exam: •••••

Patient ID •••••
Name ••••• ••••• •••••
DOB,Age •••••,16
Sex Other

LMP
Expected Ovul.
Day of Cycle
Day of stim.

Gravida
Para
AB
Ectopic

Perf. Phys. ••••• Ref. Phys. ••••• Sonographer •••••

Comment Indication

SonoAVC™ (Semi-)Automatic

Left Ovary Right Ovary

03:#latoT42:#latoT

Nr. d(V) dx dy dz mean d V

mm mm mm mm mm cm³

Nr. d(V) dx dy dz mean d V

mm mm mm mm mm cm³

1 9.6 21.0 8.2 6.1 11.8 0.47 1 9.9 15.9 9.9 7.3 11.0 0.51

2 8.7 13.5 8.7 6.6 9.6 0.34 2 9.7 17.3 9.8 7.2 11.5 0.48

3 7.3 13.4 8.0 4.4 8.6 0.20 3* 7.1 7.3 7.0 7.0 7.1 0.19

4 5.5 7.7 5.7 4.8 6.1 0.09 4 7.0 12.4 6.9 4.4 7.9 0.18

5 5.5 7.5 5.4 4.7 5.9 0.09 5 6.7 10.8 6.3 5.8 7.6 0.15

6 5.4 8.1 5.4 4.8 6.1 0.08 6 5.9 8.3 6.3 4.4 6.4 0.11

7 5.4 7.6 5.7 3.7 5.7 0.08 7 5.8 9.7 5.6 4.8 6.7 0.10

8 5.3 7.4 5.8 3.6 5.6 0.08 8* 5.0 5.6 4.7 4.7 5.0 0.06

9 5.1 6.3 5.9 3.9 5.3 0.07 9 4.9 6.6 5.2 4.1 5.3 0.06

10 5.1 7.8 5.3 3.8 5.6 0.07 10 4.8 6.5 5.4 3.9 5.3 0.06

11 4.8 7.6 5.1 3.0 5.2 0.06 11 4.8 7.2 4.3 3.8 5.1 0.06

12 4.1 5.3 4.5 3.1 4.3 0.04 12 4.2 7.0 3.7 3.1 4.6 0.04

13 4.1 6.5 5.2 2.3 4.7 0.04 13 4.1 5.4 4.3 3.4 4.4 0.04

14 3.7 6.8 4.1 2.2 4.3 0.03 14 4.0 6.2 4.6 2.3 4.4 0.03

15 3.6 5.0 3.9 2.6 3.8 0.03 15 3.9 5.5 3.9 3.1 4.2 0.03

16 3.6 6.3 3.6 2.4 4.1 0.02 16 3.7 5.4 3.7 2.8 4.0 0.03

17 3.6 6.6 3.6 2.1 4.1 0.02 17 3.4 5.2 4.1 2.0 3.8 0.02

18 3.4 4.7 4.0 2.2 3.6 0.02 18 3.4 4.7 4.2 2.1 3.7 0.02

19 2.7 5.0 2.6 2.0 3.2 <0.01 19 3.4 7.3 3.2 1.8 4.1 0.02

20 2.7 4.2 2.7 1.9 2.9 <0.01 20 3.2 4.4 3.6 2.4 3.5 0.02

21 2.5 3.7 2.9 1.6 2.7 <0.01 21 3.2 4.1 3.5 2.3 3.3 0.02

22 2.4 3.8 3.1 1.3 2.7 <0.01 22* 3.1 3.2 3.1 3.1 3.1 0.02

23 2.3 3.3 2.4 1.7 2.5 <0.01 23 3.0 3.9 3.5 2.6 3.3 <0.01

24 2.2 3.6 2.0 1.5 2.4 <0.01 24 3.0 4.0 3.5 2.0 3.2 <0.01

25 2.8 3.0 2.8 2.6 2.8 <0.01

26 2.6 4.1 3.0 1.6 2.9 <0.01

27 2.3 3.4 2.7 1.5 2.5 <0.01

28 2.3 3.3 2.4 1.6 2.5 <0.01

29 2.2 2.9 2.7 1.4 2.3 <0.01

30 2.2 3.9 2.1 1.3 2.5 <0.01

21.12.2016 10:30:55
1/2

Fig. 9.20 (continued)
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Name: ••••• Patient ID: •••••

2D Generic Value m1 m2 m3 m4 m5 m6 Meth.

Dist.
D 2.84 cm 0.84 7.44 3.47 1.03 4.04 0.21 avg.

Vol. 3 Dist.
D1 5.01 cm 4.94 5.08 avg.
D2 2.82 cm 2.91 2.73 avg.
D3 2.28 cm 2.50 2.05 avg.
Vol 16.829 cm³ 18.817 14.886

Date: ••••• Perf. Physician: ••••• Sonographer: •••••

21.12.2016 10:30:55
1/2

Fig. 9.20 (continued)
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the use of 3D techniques. A variety of other advanced 
 ultrasonographic techniques will be increasingly used in the 
future to provide more detailed information on the morphol-
ogy and function of examined organs, to facilitate planning 
and monitoring of surgical procedures, diagnosing postop-
erative complications, and for surgical training.
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