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Objective. This article describes a new research ultrasound scanner that can be programmed to pro-
duce elastograms and backscatter parametric images in real time. Its performance was evaluated in a
clinical setting. Methods. Radio frequency data were acquired from 13 patients with thyroid nodules
and from 4 normal thyroids, along with reference phantom data. Scatterer size was deduced by mea-
suring the backscatter versus frequency and fitting data to a model. Strain was obtained by a cross-
correlation method, comparing precompression and postcompression radio frequency signals.
Scatterer size contrast was defined as the observed contrast between the “normal” and “abnormal”
tissue in the same gland or, when considering diffuse conditions, by comparing with normal values.
Strain contrast was estimated if abnormal and normal tissue was captured in the same palpation, that
is, excluding diffuse disease, which was the case for 9 subjects. Results. On scatterer size images, 4
nodules exhibited positive contrast versus the adjacent normal parenchyma, indicating larger scatter-
ers. Five nodules were isoechoic, and 4 had negative contrast. Four nodules exhibited positive strain
contrast, indicating that they were softer than the normal parenchyma. Two nodules had the same
brightness, and 3 were darker than the background thyroid tissue on strain images. Conclusions.
Contrast was observed between nodules and thyroid parenchymal tissue for both types of paramet-
ric images. Further work is needed to determine whether the diagnostic importance of these param-
eters in characterizing thyroid nodules might be worthwhile. Both modes must be of a sufficient frame
rate to provide real-time feedback to operators, which will require further work. Key words: acoustic
backscatter coefficient; elastography; frequency-dependent backscatter; quantitative imaging; sono-
graphic tissue characterization; thyroid.
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hyroid cancer accounts for an estimated 14,000
new cancer cases and more than 1000 deaths in
the United States each year. The annual inci-
dence is about 4 per 100,000 of the population.

According to the Guide to Clinical Preventive Services,
Second Edition,1 the common form of screening for thy-
roid abnormalities, neck palpation, lacks the sensitivity
(33%) for detecting cancer, and the false-positive rate
with sonography is too large to avoid invasive tests, such
as biopsy, to rule out cancer. However, both the 5- and 
7-year survival rates among thyroid cancers show
notable improvement with early diagnosis. Thus, the
overall aim of this work was to develop methods for non-
invasively diagnosing cancer in the thyroid earlier and
more accurately than currently used diagnostic tests.
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Most thyroid nodules are discovered by palpa-
tion. Most are benign, and the clinical challenge
is to pick out those nodules that are malignant
and require surgical excision. Patients in whom
the nodule is hard or those in whom the nodule
is attached firmly to surrounding tissues are
thought to be at an increased risk of malignan-
cy.2 Further noninvasive evaluation may be
done by measuring serum thyrotropin (TSH)
levels, radioisotope scanning, and sonographic
imaging. However, these tests are usually not
specific enough to rule out cancer, although
abnormal thyroid function may make it less
likely. Thyrotropin levels, for example, are
indicative of an abnormality in the pituitary
gland. The production of TSH is controlled by
the thyroid gland, which has a higher likelihood
of being the cause of an abnormal value. High or
low levels of TSH are clinically important and
could be due to a cancer; however, further test-
ing is required. In fact, high TSH levels even have
the potential of acting as a promoter of cancer
growth. Nuclear medicine scanning is used to
classify suspected nodules as cold, warm, or hot.
Malignancies are most closely associated with
“cold nodules” on radioisotope scans; however,
only 5% to 15% of cold nodules actually are
malignant, so this classification is also associat-
ed with a high false-positive rate.

There is much interest in applying high-
frequency gray scale sonographic imaging and
Doppler methods to diagnose thyroid nodules.
One use of sonography is to localize nodules for
guidance of fine-needle aspiration (FNA) biopsy.
It is generally accepted that sonography can
assist in determining whether a nodule is con-
fined to the thyroid or is outside the organ. It can
also pinpoint the nodule location and internal
regions for biopsy guidance. In addition, it can
show whether a nodule is solid or cystic.2 The
ability to use sonography to classify nodules and
distinguish whether they are benign or malig-
nant is much more controversial, however.
Features such as relative echogenicity, presence
and appearance (fine or coarse) of calcifications,
blood flow patterns and whether they are periph-
eral or internal, definition of nodule margins,
through-transmission characteristics, and pres-
ence or absence of a sonographic “halo” circum-
scribing the nodule all are used in different
classification schemes.3 The sonographic appear-
ance of the most common thyroid malignancy,
papillary carcinoma, for example, includes hypo-

echogenicity (associated with a closely packed
nodular cell content), microcalcifications, and
hypervascularity.3 Not all these signs are present
in every case, and currently, no single sono-
graphic feature is associated consistently with a
nodule’s being benign or malignant. Thus, in
most centers, sonography remains an adjunct
modality for detection, localization, and follow-
up studies of thyroid masses.4

Fine-needle aspiration biopsy is the most wide-
ly used technique for detecting whether a thyroid
nodule is malignant. Sensitivities exceeding 95%
for classifying nodules have been reported. The
success of the technique can, however, be highly
variable, depending on the skill of the practition-
er and the availability of an experienced cytolo-
gist. Thus, reported FNA sensitivities actually
range widely, from 65% to 98%, and specificities
range from 72% to 100%.2

Although FNA is a very useful technique for
classifying thyroid nodules, the variable sensi-
tivity among centers and a desire for better
selection of patients subjected to needle biopsy
continues to raise interest in developing more
accurate imaging methods to detect thyroid
cancers. Conventional sonographic imaging
detects and displays only the amplitude of
detected echoes. We think that there is consid-
erably more information available in the fre-
quency content of ultrasonic signals and the
local strain distribution under compression.
However, this information cannot be easily
extracted even in most “high-end,” state-of-the-
art ultrasound scanners because they continue
to provide only amplitude processing of the
echo signals. Because the thyroid is very acces-
sible to ultrasound, particularly for transducers
operating at high frequencies and having
extremely wide frequency bandwidths, this is an
excellent clinical area to explore the usefulness
of echo signal processing tools that researchers
have found useful in areas such as the eye and
kidney to generate data and images based on
changes in the underlying tissue microstructure
such as scatterer size and concentration.5,6

These researchers operate as do we under the
premise that different tissue abnormalities lead
to variations that might be sensitive to quantita-
tive imaging such as scatterer size. The thyroid is
also easily palpated, which allows for generation
of elastograms using freehand techniques similar
to those being explored in the breast for differen-
tiation of cancer.7–9
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The purpose of this article is to present initial
findings using a new research ultrasound scan-
ner to image the thyroid. We programmed the
machine to produce elastograms and backscat-
ter parametric images in real time, albeit at slow
frame rates. Here we present examples of its use
by imaging thyroids of patients with nodules.

Materials and Methods

Patients 
Data were acquired on an institutionally
approved protocol following informed consent
from 13 patients with suspected thyroid nodules
or diffuse disease and from a normal group of 4
subjects. The study group included 10 women
and 3 men with ages ranging from 21 to 76 years,
with a mean of 46 years. Strain images were only
acquired for 9 patients because some of the
patients had a diffuse condition or simply had
no nodule present. When determining relative
contrast for scatterer size images in cases with
diffuse disease, comparisons were made with
scatterer sizes derived from the normal group.
No children were imaged in this preliminary
work.

Ultrasound Scanner
Thyroid nodules were scanned in vivo with an
Ultrasonix ES500RP real-time scanner (Ultrasonix
Medical Corporation, Bothell, WA) equipped with
an L12-5 linear array transducer with an 8.25-MHz
center frequency and an approximate 88% –6-dB
bandwidth. To acquire radio frequency (RF) data,
we used the Ultrasound Research Interface sup-
plied by the manufacturer and developed a client
program for real-time elastographic imaging to
communicate with the Ultrasonix Ultrasound
Research Interface and software server to acquire
the RF data during the palpation procedure. Echo
signals are digitized by the machine at a sampling
rate of 40 MHz. Radio frequency signals are
obtained from all beam lines in the frame up to
an image depth of 7.8 cm, which has since been
extended to a full frame acquisition on the com-
pany’s newer scanner, the Sonix RP.

One of the thyroid nodules was scanned using
a Terason Ultrasound (Burlington, MA) real-
time portable scanner equipped with an 8-MHz
linear array transducer with an approximate
60% bandwidth. To acquire RF data, we used a
licensed application supplied by the manufac-
turer to extract the RF signals from a raw data file

generated on the scanner for every acquisition.
These signals were analyzed off-line. Data were
acquired in a cine loop similar to the Ultrasonix
system during freehand palpation. Echo signals
are currently digitized at a rate of 40 MHz and
can be obtained from all beam lines in the frame.

With either machine, both longitudinal and
transverse scans were done by placing the probe
directly in contact with the external neck wall
over the site of the palpated nodule. Overall gain
and time-gain compensation settings were opti-
mized for gray scale images. For RF data collec-
tion, loops of echo data were acquired and then
analyzed off-line. For elasticity imaging, the
transducer was gently displaced back and forth
at a slow (3-second period) rate as data were col-
lected. 

Scatterer Size Imaging
A method of measuring scatterer sizes using the
frequency dependence of backscatter has been
implemented in the University of Wisconsin-
Madison laboratories.10 Basically, the technique
measures the backscatter coefficient versus fre-
quency for the sample using a reference phan-
tom method.11 Then it compares backscatter
versus frequency over the measurement band-
width to model backscatter-versus-frequency
curves, where each curve represents modeled
data for a different-sized scatterer. The modeled
scatterer size that yields the best fit to the mea-
surement result is used to represent an effective
scatterer size for the sample.10 The reference
phantom method enables correct backscatter-
versus-frequency data for any location in the
sonographically imaged field, facilitating use of
this method for imaging. For the data from the
Ultrasonix machine, the processing was carried
out on the machine itself. However, for the
Terason machine, only off-line processing was
available. The reference phantom used had a
nominal attenuation coefficient of 0.5 dB ⋅ cm–1 ⋅
MHz–1, which is lower than that of the thyroid
from other reported values higher than 1 dB ⋅
cm–1 ⋅ MHz–1.12 Attenuation corrections were,
however, not implemented at this time.

Strain Imaging
Real-time elastographic images were construct-
ed by following the well-established algorithms
used for off-line elastography in our laborato-
ries.13 We acquired RF data for successive image
pairs, saved these image buffers in system mem-
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ory, and then applied a 1-dimensional normalized
cross-correlation algorithm to compute frame-to-
frame tissue displacements. A 3-microsecond
window with 50% overlap was applied to the RF
data in this analysis. From the tissue displacement
data, a 3-point gradient operator was used to com-
pute the local tissue strain. A 5-point median filter
was then applied to reduce noise in the strain data
matrix, which is then displayed as an image.

Results

Figure 1 was generated with data collected on the
Terason portable laptop scanner. Figure 1A is a
standard B-mode image frame of a solitary isoe-

choic nodule in the right lobe of an elderly female
patient. The RF data from this frame, along with
the RF data from the immediately subsequent
image frame, was used to generate the elastogram
in Figure 1B. The brightness on the elastogram
indicates greater strain induced by the transducer
compression, where percent strain is shown in the
color bar. As described above, the elastographic
processing uses a cross-correlation algorithm to
measure time shifts in the echo data from one
image frame to the next. In this case, the time
shifts result from the sonographer-induced com-
pression of the transducer during acquisition of
the 60-frame series. The axial gradient of the mea-
sured time shift yields the elastogram. Figure 2 is a
B-mode image of the same nodule taken from a
slightly different orientation. It is included to illus-
trate the nodule margins (arrows) because the
margins in Figure 1A are not easily delineated
from the thyroid parenchyma. Interestingly, the
corresponding elastogram has a notable differ-
ence in contrast versus the background in the area
of the nodule. Notice that the nodule is difficult to
perceive in the B-mode images, but it is easily
identified in the elastogram. The biopsy sample
contained follicular cells, macrophages, and other
colloid consistent with benign multinodular goi-
ter. The bright appearance of the nodule versus
the background indicates that it is actually softer
than the surrounding thyroid tissue. This finding is
unlike results being reported for the breast, where
the nodules often appear dark or stiffer than the
adjacent parenchyma in the breast.

1024 J Ultrasound Med 2006; 25:1021–1029
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Figure 1. A, B-mode image obtained from a solid nodule in the
thyroid with a Terason 8L4 portable laptop scanner. Arrows
denote the proximal margins of the nodule. The nodule is isoe-
choic, and the margins are poorly delineated distally. B, The strain
image has better margin delineation and indicates that the nod-
ule has more strain, that is, is softer (brighter) under freehand
compression than the adjacent parenchyma.

A

Figure 2. B-mode image obtained on the Terason scanner of
the same lesion depicted in Figure 1 but with a slightly different
orientation, allowing for better visualization of the margins
(arrows) in this image format.

B
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No scatterer size images were obtained for this
patient, but of interest is the isoechoic nature of
the lesion on the B-mode image. At this imaging
frequency, no remarkable differences exist
between the normal parenchyma and the nod-
ule. It is unknown whether a change in imaging
frequency or a parametric image of scatterer
size might provide improved image contrast.
However, relative echogenicity is often used
without regard to the imaging protocol and
hardware used to acquire the images, including
no knowledge of the exact frequency setting on
the machine. In fact, these factors can have a
drastic impact on the appearance of lesions,
depending on the acoustic properties of the tis-
sue being imaged.

Figure 3B is a longitudinal B-mode image of
another solitary nodule, this one having a hypoe-
choic appearance compared with the normal
thyroid parenchyma depicted immediately to

the left. The elastogram and the scatterer size
image (averaged over the first 20 planes) corre-
sponding to this nodule are in Figure 3, A and C,
respectively. Considerable contrast of the lesion
versus the background tissue is observed in both
parametric images. The nodule appears to have
smaller scatterers and exhibits less strain on
compression than the adjacent parenchyma,
where the scatterer radius is shown in the color
bar. The elastogram appears to have more dis-
tinct margins that correspond to those on the
B-mode image compared with those in the scat-
terer size image. The mild enhancement seen on
the B-mode image is likely the cause of the scat-
terer size shadowing just beyond the nodule
because this would have caused an overestima-
tion of the backscatter coefficient in this area.
However, the contrast in the nodule versus the
adjacent parenchyma is still quite observable on
the scatterer size image.
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Figure 3. Strain image (A), B-mode image (B), and scatterer size
image (C) of a well-circumscribed, hypoechoic solitary thyroid nodule.
The strain image in A indicates that the nodule undergoes less strain,
that is, is harder under freehand compression, than the adjacent thy-
roid parenchyma just to the right of the nodule. It correlates well with
the B-mode image (B), where slight enhancement is seen below the
nodule, and normal thyroid parenchyma can be seen to the right of
the nodule. The scatterer size image (C) is taken from an average of
the first 20 planes of the cine acquisition. The image indicates that the
dominant scatterers in the nodule are smaller than the scatterers with-
in the normal parenchyma. The scatterer size image, like the B-mode
image, shows attenuation artifacts distal to the nodule.

B

A

C
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Another example is presented in Figure 4.
Unlike in the previous case, pathologic findings
were available and indicated that this patient had
Hurthle cell carcinoma. Figure 4B is a transverse
B-mode image of 2 nodules in the right lobe of
the thyroid; corresponding elastogram and scat-
terer size images are in Figure 4, A and C, respec-
tively. The strain image indicates that the nodules
have less strain, that is, are harder under free-
hand compression, than the adjacent parenchy-
ma. The scatterer size image (averaged over the
first 5 planes) shows less remarkable contrast
compared with that seen in Figure 3 but still
appears to have smaller scatterers than tissue
seen immediately above and to the right of the
nodules.

Table 1 presents a summary of results on
patients undergoing thyroid scanning to date.
Results show there appears to be considerable
contrast observed between nodules and thyroid
parenchymal tissue for both types of parametric

images. This suggests that further work to
determine the diagnostic importance of these
parameters in characterizing thyroid nodules is
worthwhile.

Discussion 

As reported by a number of researchers, relative
echogenicity is currently either viewed as not
being statistically significant or at best a com-
mon but weak predictor of malignancy in B-mode
sonography of the thyroid.14–16 Although it may be
true that relative echogenicity is not a sensitive test
to differentiate cancer at the frequency range cur-
rently used in these retrospective studies, it is not
clear whether standardization of machine settings
has been implemented in a way that would ensure
that such results are universally applicable. It is
also possible that some of the variations among
researchers may be due to other factors such as
user and machine differences. For example, as
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Figure 4. Strain image (A) and B-mode image (B) of 2 nodules in the
right lobe of a patient with a diagnosis of Hurthle cell carcinoma. The
strain image indicates that the nodules undergo less strain, that is, are
harder under freehand compression, than the adjacent parenchyma
and even shows some variation between the 2 nodules, with the nod-
ule on the right appearing slightly less stiff than the nodule on the left.
The B-mode image shows that there is normal thyroid parenchyma
above and to the right of the nodules. The scatterer size image 
(C) (averaged over the first 5 planes) appears to have smaller scatterers
in the nodules than adjacent tissue.

B

A

C
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shown by Wilson et al,17 the effective imaging
frequency of a scanner can vary measurably with
modest adjustments in the controls of the
machine, such as transmit focal depth. Such
changes in effective imaging frequency and
bandwidth are not generally reported to the oper-
ator. However, any appreciable variations in
backscatter and attenuation, which are frequen-
cy dependent, between thyroid nodules and
normal tissue may have a considerable impact
on the viewed relative brightness on B-mode
images. This was shown clinically in a report by
Sommer et al,18 in which changes in contrast-
noise ratios of relatively high- versus low-fre-
quency sonographic images were observed
when imaging liver tumors. Also, tissue harmon-
ic imaging was shown by Szopinski et al19 to
improve lesion detectability in thyroids with the
use of a comparison of relative gray scale levels of
the nodule versus adjacent parenchyma.

One parameter that may play an important role
in explaining these phenomena is the size of
dominant scatterers at the frequency range used
by the ultrasound machine. This is one reason
why the results presented in this work are of
interest. Contrast was observed between thyroid
nodules and normal parenchyma with the use of
scatterer size estimates, and unlike relative B-

mode echogenicity, this difference is based on an
objective estimate, which strives to eliminate
system dependencies. The estimates are still lim-
ited by the bandwidth of the transducer and sys-
tem but are not limited to the postprocessing
involved in the formation of B-mode (ampli-
tude-only) images. Gross differences on hema-
toxylin-eosin–stained histologic specimens of
benign and cancerous thyroid disease can be
easily observed at both the architectural and cel-
lular levels.20 Whether these differences con-
tribute to a diagnostically relevant difference on
effective scatterer size images is yet to be deter-
mined, but if proven to be the case, it might
notably contribute to the treatment of patients in
the future. It should be noted that we used a
gaussian autocorrelation model in computing
scatterer sizes. To be effective, this requires a fre-
quency bandwidth that presents a ka value
greater than or equal to 0.5 and less than or equal
to 1.6 (where k is the wave number, 2π/λ, λ being
the wavelength and a the effective scatterer
radius).21 This is slightly different than the band-
width requirements of 0.5 and 1.2 found by
Insana and Hall22 and Insana et al23 using Faran’s
scattering theory.24 The required bandwidth for
such a measurement is depicted in black in
Figure 5 for different scatterer sizes. This discus-
sion is included to show that the current system
may be a reasonable one for imaging thyroid
structures given their typical sizes under histo-
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Table 1. Results for Thyroid Imaging of Scatterer Size
and Strain

Contrast
Parametric Mode + 0 –

Scatterer Size* 4 5 4
Relative Strain† 4‡ 2 3

Qualitative comparison of contrast observed within a
patient group of 13 and a normal group of 4 was per-
formed. A positive (+) contrast in size indicates an observed
larger effective scatterer size versus normal parenchyma,
and a + contrast for the relative strain indicates a softer
(greater percent strain) structure than adjacent tissue.
Negative (–) indicates a smaller diameter or harder struc-
ture. Some of the patients had a diffuse condition rather
than a nodule or simply no nodule present. Therefore, strain
data were only given for 9 patients.
*Size contrast was determined by the observed contrast
between the normal and abnormal tissue, and when con-
sidering diffuse conditions, comparison was made with the
values obtained for the normal group of 4 subjects.
†Strain contrast was only estimated if abnormal and normal
tissue was captured in the same palpation.
‡A fibroadenoma acquired previously using a Terason scan-
ner was included as having a greater percent strain than the
surrounding thyroid tissue.

J Ultrasound Med 2006; 25:1021–1029

Figure 5. Required bandwidth (black) to yield an accurate estimation of the spa-
tial autocorrelation function used in determining the effective scatterer size for
effective scatterer diameters from 20 to 200 µm.
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logic staining; that is, normal thyroid follicles are
around 100 to 200 µm in diameter. In looking at
our initial results, our size ranges are from around
20 to 200 µm. Although the accuracy of these
determinations will eventually require close com-
parison with histopathologic findings and greater
knowledge of the actual sources of scattering, we
can refer to Gerig et al,25 who have analyzed the
accuracy of scatterer size determinations for
dominant scatterers in phantoms. They reported
SDs on the order of the estimated scatterer size
for small scatterers, 51 µm, and around 10% for
large scatterers, 232 µm. It should be noted that
they used a 3.35-MHz array with an approximate
bandwidth of 70%, which, given Figure 5 as a
selection criterion, was inappropriate to cover the
full range of sizes accurately in their phantom.
They also reported the ability to reduce the larger
deviation by about 50% by exploiting spatial
angular compounding, which increased the
number of “uncorrelated” estimates used in
backscatter calculations. Obviously, further inves-
tigation of the sources of dominant scattering in
thyroid and thyroid cancers at these particular
bandwidths is needed. However, given the
observed contrast presented here, such studies are
warranted. The thyroid remains a very good can-
didate for this type of imaging because current
sonography systems provide broad-bandwidth
transducers capable of imaging at sufficiently high
frequencies to allow accurate estimates of the size
ranges reported here. Spatial compounding
should further improve our estimates. In addition,
to better understand these new sonographic
applications in the thyroid, we would suggest for-
mulating phantoms with characteristics similar
to those of the thyroid for optimization of algo-
rithms and the use of animal studies to accurate-
ly identify sources of scattering in thyroid.

The preliminary results presented in this
article indicate that contrast can be observed
between thyroid nodules and adjacent
parenchyma with the use of 2 quantitative
parameters, estimates of the dominant effective
scatterer size and relative differences in strain.
No correlation to pathologic findings is present-
ed at this time, but the differences observed are
promising. These new imaging modes hold out
the prospect of improving differentiation of thy-
roid nodules in vivo and thus ideally removing
the need for more invasive procedures such as
FNA. If FNAs are not eliminated, they still stand
to be improved by better guidance of needles to

suggestive sites. All of this, of course, will be
dependent on refinement of the images, deter-
mination of the relevance of these parameters in
classifying tissue, and realization of these modes
in real time. It is not known whether quantitative
images can supplant or supplement current B-
mode and color flow imaging studies in the clas-
sification of thyroid nodules, but given the
observed differences reported here, further
studies are warranted. Continued work in the
optimization of these modes is ongoing.
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