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In Vitro Uterine Strain Imaging
Preliminary Results
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Objective. Uterine abnormalities, such as leiomyomas, endometrial polyps, and adenomyosis, are often
clinically associated with irregular uterine bleeding. These abnormalities can have similar B-mode charac-
teristics but require different treatment. The objective of this study was to develop diagnostic techniques
based on ultrasound strain imaging that would allow in vivo visualization and characterization of endome-
trial and myometrial uterine abnormalities, enabling physicians to improve diagnosis and treatment.
Methods. Ultrasound strain imaging was performed on 29 uteri removed via elective hysterectomy. An
ultrasound system with a linear array transducer was used to obtain radio frequency echo data during
manual freehand compressions of the tissue. Radio frequency data were post-processed with a 2-
dimensional block-matching algorithm to generate strain images. Results. In the uteri involved in this
study, there were 19 leiomyomas, 1 case of adenomyosis, and 3 endometrial polyps observed on strain
imaging. Leiomyomas appeared stiffer than the surrounding normal myometrium in strain images and
were characterized by a slipping artifact at their boundary. Endometrial polyps appeared softer than the
normal surrounding myometrium. The average strain contrast in small leiomyomas (<1.5 cm) compared
to the myometrium was 1.75 + 1.14; the strain contrast was 2.50 + 1.15 in large leiomyomas and 0.40
+ 0.05 in endometrial polyps. Leiomyoma strain contrast results were consistent with modulus contrast
values from mechanical testing results. Conclusions. Ultrasound strain imaging can differentiate between
endometrial polyps and leiomyomas. More data are necessary to validate these results and to ascertain
whether other uterine abnormalities can also be differentiated. Key words: adenomyosis; elastography;
endometrial polyps; leiomyomas; strain imaging; uterus.
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terine abnormalities tend to be clinically evi-

dent as dysfunctional uterine bleeding.

Although most cases result from a benign eti-

ology, approximately 10% to 30% of women
with dysfunctional uterine bleeding will be found to
have endometrial cancer.!

Three of the benign causes of dysfunctional uterine
bleeding are leiomyomas (uterine fibroids), endometrial
polyps, and adenomyosis. Leiomyomas are stiff growths
of homogeneous tissue bundles of smooth muscle and
can be differentiated from the normal myometrium by
the presence of a capsule.>®* Submucosal leiomyomas
that project into the uterine cavity are thought to cause
dysfunctional uterine bleeding because they usually
expand the endometrial surface and disturb the regular
shedding process.> Adenomyosis is a condition in which
the soft endometrial glands, smooth muscle cells, and
stroma invade the myometrium, creating cysts in the tis-
sue, and usually affects the posterior wall of the uterus.*¢
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Endometrial polyps are focal hyperplastic
growths of the endometrial glands and stroma,
which may contain malignant cells.”

Ultrasound B-mode characteristics of leiomy-
omas, endometrial polyps, and adenomyosis can
be compared to the surrounding normal uterine
tissue. Compared to the myometrium, the basal
layer of the endometrium is hyperechoic due to
the specular reflections from the ramifying
glands, whereas the functional layer of the
endometrium is hypoechoic compared to the
basal layer.2 Submucosal leiomyomas are usually
hypoechoic compared to the myometrium,*>°
but as they become more heterogeneous due to
the presence of degeneration, calcification, or
necrosis, the heterogeneity of the echo structure
also increases.!® When heterogeneous leiomy-
omas are present, it can be difficult to distinguish
them from endometrial polyps, adenomyosis,
blood, or mucus. Typical endometrial polyps are
hyperechoic compared to the myometrium and
isoechoic to the endometrium with a homoge-
neous echo texture.”!! In transvaginal ultra-
sound images, adenomyosis appears as a
hypoechoic region in the myometrium.!%!2

For premenopausal women, dysfunctional
uterine bleeding most often results from leiomy-
omas, endometrial polyps, and adenomyosis.
These may have similar appearances on B-mode
ultrasound scans, which can make differentiat-
ing between the conditions problematic with
conventional ultrasound techniques, especially
when there are diffuse echo texture changes.!%!?
This differentiation, however, is clinically impor-
tant because treatment for the 3 conditions dif-
fers considerably. Currently, magnetic resonance
imaging (MRI) is widely accepted as the most
capable modality for distinguishing between
adenomyosis and leiomyomas.!*!* However,
MRI studies are expensive and may be unavail-
able to some patients, preventing MRI from
being a first choice for screening the large num-
ber of patients with dysfunctional bleeding.

For postmenopausal women, the main causes
of dysfunctional uterine bleeding are endometri-
al polyps, endometrial cancer, endometrial
hyperplasia (or atrophy), and leiomyomas.?
Endometrial cancer shares a symptom of abnor-
mal uterine bleeding with benign condi-
tions."131% Endometrial biopsies are generally

used to diagnose endometrial cancer because
they sample a significant portion of the endo-
metrial lining.!8 However, current diagnostic
techniques, including endometrial biopsy, do
not allow differentiation between other sources
of dysfunctional uterine bleeding, especially
when more than 1 of these conditions is present.

Due to the differences in their tissue orientation
and makeup, the treatment options vary for
leiomyomas, endometrial polyps, and adeno-
myosis.>>11121719 Thys, finding a way to accu-
rately diagnose the causes for abnormal uterine
bleeding in vivo would allow the physician to
decide on appropriate treatment methods to
avoid unnecessary hysterectomies. Manual pal-
pation is a form of diagnosis that has been used
for centuries to differentiate between normal
and abnormal conditions. However, palpation
does not provide quantitative information that
can be compared from one patient visit to the
physician to the next and often cannot be easily
performed on organs such as the uterus.

Two imaging modalities, ultrasound strain
imaging®®% and magnetic resonance elastogra-
phy,?+2 are being investigated for providing a
more quantitative approach to palpation of
organs accessible and inaccessible to manual
palpation. Both modalities image the strain or
stiffness distribution throughout an organ in
response to an applied stress. Due to the differ-
ences in tissue makeup and stiffness between
adenomyosis, endometrial polyps, and leiomy-
omas, ultrasound strain imaging may have the
potential to provide additional diagnostic infor-
mation by differentiating between these 3 condi-
tions. In this article, we present preliminary
results that illustrate the ability of in vitro ultra-
sound strain imaging to differentiate between
leiomyomas and endometrial polyps on excised
intact human uteri.

Materials and Methods

Ultrasound strain imaging was performed on
uteri removed via elective hysterectomy at the
University of Wisconsin-Madison Hospitals and
Clinics. Most of these surgeries were precaution-
ary or preventive hysterectomies in women who
had no known uterine cancer or other serious
uterine pathology issues. Patient consent for the
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strain imaging study was obtained before
surgery, and all postsurgical imaging was per-
formed under a protocol approved by the

Table 1. Summary of Histopathology Results of the Number of
Patients With a Certain Condition or Lesion and the Number of
That Lesion or Condition Observed in This Study

University of Wisconsin—-Madison Hospitals and No. of No. of Lesions/Conditions

Clinics Institutional Review Board. The study  Condition Patients Observed

was also compliant with the Health Insurance  normal 4 NA

Portability and Accountability Act. Tissue was  Leiomyomas (fibroids) 21 19

obtained from 29 patients ranging in age from 32 ~ Adenomyosis 1 !
Endometrial polyps 6 3

to 84 years (mean age, 54.5 years; SD, 13.2 years).
Histopathology results on the excised uteri are
summarized in Table 1.

Ultrasound radio frequency (RF) data sets were
acquired on all 29 uteri within 30 minutes of exci-
sion. Data were collected with the Ultrasound
Research Interface on a SONOLINE Antares sys-
tem (Siemens Medical Solutions USA, Inc,
Ultrasound Division, Mountain View, CA) with a
VEX 13-5 linear array transducer. The transducer
was excited with an 11.4-MHz pulse, and the
transmitted signal had an approximately 80%
bandwidth. Digitized RF echo data were sampled
at 40 MHz and stored for offline processing.
Freehand palpation using the transducer was
applied to the excised uteri as the mechanical
stimulus for strain imaging.?! To determine the
areas for RF data acquisition, the transducer was
systematically scanned along the cranial-caudal
direction to find lesions within the uterus. Radio
frequency data were acquired where lesions were
evident on B-mode imaging. Otherwise, RF data
were acquired on the myometrium and cervix.

Offline analysis of the RF data sets consisted of
up-sampling in the axial direction 4 times using
a filter-based 2-dimensional (2D) spline inter-
polator. Strain images were produced by apply-
ing a modified 2D block-matching algorithm
with a 2D search strategy®° to estimate displace-
ment with relatively large frame average strain
(1%-2% for in vitro uterine tissue). The 2D
block-matching algorithm computed the sum-
squared difference between precompression
and postcompression RF frames for a rectangu-
lar kernel. The motion-tracking kernel size was
1.0 x 0.3 mm? (width x length) with a 50% over-
lap between adjacent tracking kernels. Linear
regression with a sliding 2.43-mm window was
used to estimate the axial strain from these dis-
placement estimates. In real-time imaging, there
is a fixed temporal relationship between the pre-
compression and postcompression echo fields.
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NA indicates not applicable.

In post-processing, which takes up to 30 minutes
per RF data set, the pairing of the precompres-
sion and postcompression data can be dynami-
cally adjusted to achieve a nominal frame
average strain of 0.8% to 1.2% to obtain high-sig-
nal-to-noise ratio strain images.*

After completion of freehand strain imaging,
the uterine specimen was sliced, and 1-cm?®
specimens of the normal myometrium, cervix,
and leiomyomas, if available, were used for
dynamic mechanical testing of the uterine sam-
ples. Dynamic testing was performed from 0.1 to
100 Hz on excised tissue samples with an
EnduraTEC 3200 ElectroForce system (Bose
Corporation, ElectroForce Systems Group, Eden
Prairie, MN), and these results were presented by
Kiss et al.3! Histopathology analysis was done on
these samples, and the results were compared to
the axial strain elastogram. Due to the need for
immediate pathology reports, we were unable to
use endometrial polyps for dynamic testing. It
should also be noted that the exact leiomyoma
from which the tissue sample was taken from
patients with multiple leiomyomas was not
known. Thus, there was no spatial correlation
done between the strain images and the dynam-
ic testing and pathology results, and correlation
between lesion size in the strain image and
pathology results could not be reported.

Results

Figures 1-7 show B-mode images on the top and
strain images on the bottom from different
patients with varying uterine pathologies. In
each B-mode image, a white rectangular box
outlines the region of interest for strain image
formation. In these strain images, regions of
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higher tissue strain appear brighter on the gray
scale, whereas regions of lower strain appear
darker. Arrows and arrowheads have been placed
exactly in the same exact locations on the strain
and B-mode image pairs (allowing direct com-
parison). The arrows were used to mark the edges
of the leiomyomas and endometrial polyps, and
the arrowheads were used to mark the slipping
artifacts in Figure 1 and the endometrial lining in
Figures 3-5.

Figure 1. B-mode (a) and strain (b) images of a small leiomy-
oma from patient 12, a 32-year-old woman with 3 leiomyomas
of 1.0, 3.5, and 5.5 cm in maximal direction without necrosis or
hemorrhage. In the B-mode image, a white rectangular box
outlines the region of interest for strain image formation. The
edges of the leiomyoma are marked by arrows, and the slipping
artifacts are marked by arrowheads. In the B-mode image, it is
difficult to differentiate the leiomyoma from the surrounding
normal myometrium. However, in the strain image, the slipping
artifact may be used as a method of differentiation.
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Leiomyomas

Figures 1-5 illustrate B-mode and strain images
of leiomyomas from different study patients. All
lesions that are stiffer than the background
myometrium are visualized on the strain images.
These include all the lesions identified as leiomy-
omas from the B-mode images and pathology. In
all the strain images of the leiomyomas, a clear
delineation between the boundary of the leiomy-
oma and the normal surrounding myometrium

Figure 2. B-mode (a) and strain (b) images of a large leiomy-
oma from patient 14, a 51-year-old woman with 3 intramural
leiomyomas with maximal dimension of 2.5 to 4.8 cm without
areas of necrosis or hemorrhage. In the B-mode image, a white
rectangular box outlines the region of interest for strain image
formation. The edges of the leiomyoma are marked by arrows.
In the B-mode image, it is difficult to distinguish the lower
boundary of the leiomyoma due to shadowing. In the strain
image, however, this boundary is evident due to the slipping
artifact, the apparently brighter softer region surrounding the
leiomyoma, marked by arrowheads.
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is observed. This delineation is significantly
enhanced by the bright stripe (apparently softer
region) around the entire leiomyoma, which is
probably a slipping artifact induced at the cap-
sule that characteristically surrounds uterine
leiomyomas. This slipping artifact was noticed in
all 24 RF data sets that included leiomyomas sur-
rounded by myometrial tissue. From the RF data
acquired, the smallest leiomyoma dimension
observed on strain images was 8 mm. The largest
leiomyoma that could be observed in strain

Figure 3. B-mode (a) and strain (b) images of small leiomyomas
from patient 27, a 47-year-old woman with the myometrium
containing 10 tan-white, whorled apparent leiomyomas of 0.5
to 3.3 cm in maximal dimension and with no areas of necrosis
or hemorrhage. In the B-mode image, a white rectangular box
outlines the region of interest for strain image formation. The
edges of the leiomyomas are marked by arrows, and the
endometrial lining is marked by arrowheads. In the strain image,
one can see a clear delineation of 1 leiomyoma on the left side
from the myometrium as well as a clear delineation between
the endometrial lining and the myometrium.
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images was limited by the field of view provided
by the ultrasound transducer, and a number of
the larger leiomyomas were bigger than the field
of view.

Figure 2 provides an example of a larger
leiomyoma, where in the B-mode image, a bor-
der between the normal myometrial tissue and
the leiomyoma can be observed at the top of the
image. However, it is difficult to distinguish the
lower boundary of the leiomyoma in the B-mode
images due to shadowing. In the strain image

Figure 4. B-mode (a) and strain (b) images of a later frame from
the same set of data shown in Figure 3 after additional compres-
sion. In the B-mode image, a white rectangular box outlines the
region of interest for strain image formation. The edges of the
leiomyomas are marked by arrows, and the endometrial lining is
marked by arrowheads. The second leiomyoma on the right side
of the strain image can be differentiated from the surrounding
normal myometrium, and the size of the left leiomyoma has also
changed. Both of these factors indicate elevational motion.
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shown in Figure 2b, this border between the nor-
mal myometrium and leiomyoma is evident over
the whole search region by the bright slipping
artifact, the apparently softer region, surround-
ing the leiomyoma, as indicated by the arrows.
An example in which elevational motion likely
compromised strain images is shown in Figures
3-5. Here, 3 different frames that depict leiomy-
omas from the uterus of a 47-year-old patient
with 10 leiomyomas that ranged from 0.5 to 3.3
cm in maximal dimension are presented. Figure

Figure 5. B-mode (a) and strain (b) images of a later frame
from the same set of data shown in Figures 3 and 4 after addi-
tional compression. In the B-mode image, a white rectangular
box outlines the region of interest for strain image formation.
The edges of the leiomyomas are marked by arrows, and the
endometrial lining is marked by arrowheads. The second
leiomyoma on the right side can again be differentiated from
the surrounding normal myometrium, and the size of the left
leiomyoma has also changed again. Both of these factors indi-
cate elevational motion.
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3 is a strain image from the earliest frame in the
RF loop, whereas Figures 4 and 5 are from later
frames. In all 3 strain images, the softer endome-
trial lining appears at the bottom of the image,
identified by an arrowhead, whereas the bound-
aries of the leiomyomas are shown with arrows.
In Figure 3, one can see a clear delineation of 1
leiomyoma on the left side of the strain image. In
Figures 4 and 5, after additional compression by
the handheld transducer, the second leiomyoma
on the right side of the strain image can be dif-

Figure 6. B-mode (a) and strain (b) images of endometrial
polyps from patient 14, a 51-year-old woman with 2 endome-
trial polyps with dimensions of 1.1 x 0.9 x 0.6 and 1.2 x 0.5 x
0.3 cm?. In the B-mode image, a white rectangular box outlines
the region of interest for strain image formation. The edges of
the endometrial polyps are marked by arrows. The endometrial
polyp appears to be as soft as the endometrial lining. In the
strain image, it is difficult to differentiate between the 2 polyps,
but there is clearly a softer abnormality between the endome-
trial lining.
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ferentiated from the surrounding normal
myometrium. The size of the left leiomyoma in
Figures 3-5 also changes over the time of acqui-
sition, likely indicating the presence of elevation-
al motion during compression of the uterus.

Endometrial Polyps

Figure 6 illustrates a strain image and B-mode
image of an endometrial polyp. Observe in the
image that the endometrial polyp, indicated by
arrows, appears to be softer (brighter) than the
surrounding myometrial tissue and appears to
be as soft as the endometrial lining.

Adenomyosis

Only 1 patient in the study had a diagnosis of
adenomyosis after pathology (Figure 7). The
strain image in this case shows no clear delin-
eation between the endometrium and the
myometrium, which is seen in some of the previ-
ous figures from patients without adenomyosis
(Figures 1 and 3-5). The strain image also indi-
cates softer tissue regions in the myometrium in
the top left region of the image that are not seen
in the B-mode image.

Contrast in Strain Images
It is useful to study the strain contrast between
leiomyomas, endometrial polyps, and other dif-
fuse and focal masses and the normal myome-
trial tissue. Many of the patients in this study
had large pedunculated, serosal, or subserosal
leiomyomas that allowed imaging of the leiomy-
oma but not the leiomyoma and the myometri-
um simultaneously. Thus, strain contrast could
only be calculated for a few of the patients from
the patient population imaged.

The definition of strain contrast was as follows:

strain contrast = strain in background |
strain in lesion

where the lesion was either the endometrial
polyp or uterine leiomyoma, and the back-
ground was the surrounding normal myometrial
tissue. The strain contrast was defined in this
manner, that is, using the mean strain of the
lesions in the denominator, to allow a direct
comparison of the strain contrast with the mod-
ulus contrast. Otherwise, the strain contrast

J Ultrasound Med 2007; 26:899-908

would have an inverse relationship with the
modulus contrast. The strain contrast was deter-
mined by selecting a sequence of at least 3
consecutive strain images that depicted the
leiomyoma from an RF data set. In each frame, a
region of interest was chosen within the leiomy-
oma or endometrial polyp in which there were
no artifacts present, and the mean strain and the
strain SD were calculated. For the endometrial
polyps, the areas of high strain were selected to
calculate the strain contrast. The same was done
for the surrounding normal myometrial tissue,
and from these values, the mean strain contrast
was determined for that RF sequence.

Figure 7. B-mode (a) and strain (b) images of adenomyosis in

Hobson et al

patient 26, a 54-

year-old woman with adenomyosis with an endometrial thickness of 0.2 cm. In the

B-mode image, a white rectangular box outlines the region of

interest for strain

image formation. The strain image shows no clear delineation between the
endometrium and the myometrium, which is shown in Figures 3-6. This implies
the possibility of a thicker endometrium and growth of the endometrial tissue into
the myometrium. The strain image also indicates softer tissue regions in the
myometrium in the top left region of the image that are not seen in the B-mode

image, which possibly correspond to cysts.
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For analysis purposes, the lesions were broken
into 3 different types: large leiomyomas, small
leiomyomas, and endometrial polyps. A large
leiomyoma took up most of the transducer field
of view (ie, 40 mm or leiomyomas that were >1.5
cm), whereas a small leiomyoma was 0.8 to 1.5
cm in diameter. The average over all the data sets
used for each lesion type is shown in Table 2.

Discussion

Leiomyomas

Similar instances of slipping artifacts have been
reported in strain images of unbound lesions in
an anthropomorphic breast phantom,?' breast
fibroadenomas,*>® and thyroid nodules.?! This
slipping artifact in strain images might be used as
a method of differentiating a leiomyoma from
the surrounding normal myometrium. This dif-
ferentiation is difficult to accomplish in regular
B-mode images due to shadowing, as shown in
the B-mode image in Figure 1. However, it is very
important to be able to determine the size and
extent of leiomyomas because this information
establishes the treatment method used.

Because leiomyomas are composed of stiff
fibrotic tissue, hysteroscopic resection can be
performed only on intracavitary parts of submu-
cosal leiomyomas by carving parts of the leiomy-
oma off and removing them through the cervix.!!
This is usually only recommended if 50% of the
leiomyoma is protruding into the endometrial
cavity, as determined from diagnostic hys-
teroscopy, sonography, or MRL! Thus, strain
imaging can further improve the diagnostic
capabilities of current B-mode imaging in the
uterus by determining the extent and size of uter-
ine leiomyomas when shadowing is present, as
in Figure 2, and can help determine whether a
hysteroscopic resection is possible.

The effect of elevational motion seen in Figures
3-5 emphasizes the importance of analyzing
sequences of leiomyoma strain images because a
single frame may give an incorrect fibroid maxi-
mum diameter. For example, if the fibroid is pre-
sent in the B-mode image and not in the strain
image, it may be incorrectly assumed that the
strain in the fibroid is higher than expected, lead-
ing to potential misdiagnosis. Looking at more
than 1 frame or a sequence of frames will allow
the correct strain in the leiomyoma to be deter-
mined.

Endometrial Polyps

Endometrial polyps appearing to be as soft as the
endometrial lining, as shown in Figure 6b, are
expected because endometrial polyps are derived
from the same type of tissue as the endometrial
lining. It is difficult to differentiate between the 2
polyps in Figure 6b, but there is clearly a softer
abnormality between the endometrial lining.

Adenomyosis

The lack of delineation between the endometri-
um and the myometrium seen in the 1 case of
adenomyosis implies the possibility of a thicker
endometrium (measured pathologically to be 0.2
cm thick) and the growth of endometrial tissue
into the myometrium. However, the degree of
adenomyosis in this patient is not known. The
softer tissue regions in the myometrium in the
top left region of the image possibly corre-
spond to the characteristic cysts seen in adeno-
myosis. The importance of showing this 1 case
of adenomyosis is to show that there are defi-
nite differences in strain distributions between
adenomyosis and leiomyomas. Further testing
on more patients with adenomyosis should allow
more definite conclusions of the strain charac-
teristics of adenomyosis.

Table 2. Mean and SD of the Strain Contrast Over All Patients for Small Leiomyomas, Large Leiomyomas,

and Endometrial Polyps

Lesion Type n* No. of Lesions Mean Age, y Mean Strain Contrast
Small leiomyoma 64 5 42 +7 1.75+1.14
Large leiomyoma 78 10 45 =7 250+ 1.15
Endometrial polyp 24 3 48 £ 3 0.40 = 0.05

*Number of frames used to calculate the values.

J Ultrasound Med 2007; 26:899-908



Contrast in Strain Images
The variability in the strain contrast, especially in
the small and large leiomyomas, could be due to
the internal histology content and is being inves-
tigated. However, none of the leiomyomas in this
study had any signs of necrosis or hemorrhage.
The generalization that can be made from the
results in Table 2 is that leiomyomas have a strain
contrast of greater than 1, and endometrial
polyps have a strain contrast of less than 1. There
are a few cases in which this generalization does
not fit, such as in the smaller leiomyomas in
patient 17. The strain in the leiomyoma is about
the same as that in the background, giving a
strain contrast equal to or less than 1. This may be
due to the age of the leiomyoma and the degree of
degeneration of the tissue within it, as well as the
size, which is not exactly known. In these cases,
the bright slipping artifact surrounding the
leiomyoma could be used to distinguish the
leiomyoma from the surrounding normal
myometrium. More data are needed to investi-
gate the relationship between the strain charac-
teristics, the size of the leiomyoma, and the
histologic content of the leiomyoma and the
myometrium when there is essentially no strain
contrast between the background and the
leiomyoma.

Comparison With Mechanical Testing on
Excised Uteri

The strain contrast results can be compared to
the modulus contrast results®! determined from
dynamic testing of the excised uterine samples
used in this study. The modulus contrast is
defined as the ratio of the Young's moduli of the
2 regions:

modulus contrast = Young’s modulus lesion
Young's modulus
background

Kiss et al*! reported that at quasistatic frequen-
cies of 0.1 to 1.0 Hz, the elastic contrast ranges
from 2.3 to 3.0 for 2% precompression and 1%
dynamic amplitude. This is well within the SD of
the mean strain contrast of the large leiomyomas
and close to the mean of the contrast of the small
leiomyomas (Table 2).

J Ultrasound Med 2007; 26:899-908

Conclusions

The preliminary results indicate that ultrasound
strain imaging does provide differentiation
between normal uterine muscle tissue and
pathologies such as leiomyomas and endometri-
al polyps. A uterine leiomyoma may also be dis-
tinguished from the normal surrounding
myometrium on strain images by the presence
of a slipping artifact at the boundary of the
leiomyoma. Strain contrast can also differentiate
between endometrial polyps and uterine leiomy-
omas. The strain contrast of a leiomyoma has
been shown to be greater than 1, whereas that of
an endometrial polyp was less than 1. The strain
contrast of leiomyomas was comparable with the
modulus contrast values determined by mechan-
ical testing of excised tissue samples.

However, the data presented in this study
lacked aleiomyoma protruding into the endome-
trial cavity or a case in which aleiomyoma and an
endometrial polyp were within the same field of
view. More data from excised uteri are necessary
to obtain a wider variety of leiomyoma sizes and
locations, adenomyosis, endometrial polyps, and
other conditions to determine the limits of strain
imaging in the uterus using ultrasound. It is
hoped that uterine strain imaging can provide
additional diagnostic information using the same
RF data acquired during B-mode ultrasound
scanning of the uterus. Potentially, the combina-
tion of B-mode and strain imaging of the uterus
will allow the physician to make an improved
noninvasive diagnosis and to choose the appro-
priate treatment method.
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