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Abstract—Currently, the evaluation of thyroid cancer relies on the use of fine-needle aspiration biopsy, as noninvasive imaging methods do not provide sufficient levels of accuracy for the diagnosis of this disease. In this study,
the potential of quantitative ultrasound methods for characterization of thyroid tissues was studied using a rodent
model ex vivo. A high-frequency ultrasonic scanning system (40 MHz) was used to scan thyroids extracted from
mice that had spontaneously developed thyroid lesions (cancerous or benign). Three sets of mice were acquired
having different predispositions to developing three thyroid anomalies: C-cell adenoma, papillary thyroid carcinoma (PTC) and follicular variant papillary thyroid carcinoma (FV-PTC). A fourth set of mice that did not develop
thyroid anomalies (normal mice) were used as controls. The backscatter coefficient was estimated from excised
thyroid lobes the different mice. From the backscatter coefficient versus frequency (25–45 MHz), the effective scatterer diameter (ESD) and effective acoustic concentration (EAC) were estimated. From the envelope of the backscattered signal, the homodyned K distribution was used to estimate the k parameter (ratio of coherent to
incoherent signal energy) and the m parameter (number of scatterers per resolution cell). Statistically significant
differences were observed between cancerous thyroids and normal thyroids based on the ESD, EAC and m parameters. The mean ESD values were 18.0 ± 0.92, 15.9 ± 0.81 and 21.5 ± 1.80 mm for the PTC, FV-PTC and normal
thyroids, respectively. The mean EAC values were 59.4 ± 1.74, 62.7 ± 1.61 and 52.9 ± 3.42 dB (mm23) for the
PTC, FV-PTC and normal thyroids, respectively. The mean m values were 2.55 ± 0.37, 2.59 ± 0.43 and
1.56 ± 0.99 for the PTC, FV-PTC and normal thyroids, respectively. Statistically significant differences were
observed between cancerous thyroids and C-cell adenomas based on the ESD and EAC parameters, with an estimated ESD value of 21.3 ± 1.50 mm and EAC value of 54.7 ± 2.24 dB mm23 for C-cell adenomas. These results
suggest that high-frequency quantitative ultrasound may enhance the ability to detect and classify diseased thyroid
tissues. (E-mail: oelze@illinois.edu) Ó 2013 World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

malignant nodules is problematic. Using ultrasonic
imaging, certain studies have predicted that up to 70%
of the adult population have detectable thyroid nodules
(Marqusee et al. 2000; Ross 2002; Tan and Gharib
1997). With the increased use of ultrasound to image
the head and neck, the management problem has
skyrocketed over the past few decades to epidemic
proportions. The number of incidentally found nodules
on ultrasound examinations of asymptomatic patients
has complicated the debate on proper management of
thyroid nodules (Chidiac and Aron 1997; Leinung et al.
2001; Mirilas and Skandalakis 2002).
The problem of thyroid cancer management is
usually one of diagnosis rather than detection. Clinicians
will take a conservative approach if there is a modest level
of suspicion of malignancy in detected thyroid nodules.

Thyroid nodules are a very common occurrence and
present challenges to clinical diagnosis. In the United
States, between 4% and 7% of the general population
have clinically palpable nodules (Lewis et al. 2002).
The American Cancer Society (2012) estimated in 2012
there would be 56,460 new cases of thyroid cancer.
Although the prognosis in thyroid cancer is relatively
good, with 20-y survival rates of around 90% (Cotran
et al. 1999), clearly differentiating between benign and
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This results in many fine-needle aspiration biopsies with
a benign diagnosis and many with an undetermined diagnosis or just a level of suspicion. As a result, there are
many unnecessary surgical procedures in hindsight and
testing and treatments that carry with them their own
set of risks (Silver and Parangi 2004).
Although the advent of ultrasonography of the thyroid
has contributed to the management crisis concerning the
prevalence of nodules in asymptomatic adults, it has been
used to alleviate some of the costs and burden associated
with proper management. Abundant research has been
conducted to determine the ability of ultrasonic imaging
to predict the malignancy of thyroid nodules with some
success (Ahuja and Metreweli 2000; Ahuja and Ying
2002; Brander et al. 2000; Chan et al. 2003; Frates et al.
2003; Kim et al. 2002; Koike et al. 2002; Liebeskind
et al. 2005; Papini et al. 2002). The diagnostic approach
of ultrasound currently falls under two branches: ultrasonographic features (i.e., echogenicity of the nodule,
type of border around the nodule, presence or absence of
calcifications, composition and size) and color Doppler
characteristics of the nodules (Ahuja and Metreweli 2000).
Several studies using these ultrasonic features have
yielded a variety of results. The majority of the results
in the literature, however, suggest that current ultrasonic
imaging methods may provide only a level of suspicion
for a particular nodule (Frates et al. 2003; Iannuccilli
et al. 2004; Moon et al. 2008; Papini et al. 2002). This
is reflected in the current guidelines provided by the
American Thyroid Association, which state that no
single sonographic feature or combination of features
has sufficient sensitivity and specificity to allow for
non-invasive diagnosis of all thyroid nodules and, therefore, recommend fine-needle aspiration as the procedure
of choice in the evaluation of thyroid nodules (Cooper
et al. 2009).
Another difficulty with the use of sonographic and
color Doppler features to diagnose thyroid nodules is
the lack of system independence. The ability to map out
the feature set is highly dependent not only on the equipment used, but also on the operator and the training of the
operator. As a result, the statistics of sonographic feature
detection vary from one study to the next. In the end,
accurate diagnosis comes from a cellular level (optical
microscopy), and the feature sets proposed using conventional ultrasound diagnosis have little basis in structure at
the cellular level.
Recently, elastography techniques involving ultrasound have been examined for their ability to improve
thyroid cancer diagnostics. In one study, shear wave
elastography was used to diagnose 146 nodules from
93 patients (Sebag et al. 2010). The use of shear
wave elastography and the ultrasound features of the
thyroids had a sensitivity of 81.5% and specificity of
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97.0%. Similar experiments using strain imaging
were observed to increase the sensitivity and specificity over ultrasound B-mode imaging alone (Rago
et al. 2010). Ultrasound elastography has been used
to correlate the stiffness of thyroid nodules to malignancy, where increased stiffness of thyroid nodules is
associated with cancer and decreased stiffness is associated with benign nodules (Vorlander et al. 2010).
These techniques show promise, but still need to be
evaluated in larger clinical studies.
Another ultrasonic imaging mode that can potentially improve thyroid cancer diagnosis and help alleviate
the management crisis resulting from the detection of
thyroid nodules is quantitative ultrasound (QUS) techniques based on ultrasound backscatter. QUS techniques
(spectral-based parameters and parameters based on
envelope statistics) have been used to characterize
different disease states such as prostate cancer, ocular
tumors, mammary cancer in rodent models, micrometastases in lymph nodes and fatty liver disease
(Feleppa et al. 1997; Ghoshal et al. 2012; Lizzi et al.
1997; Mamou et al. 2011; Oelze et al. 2004; Silverman
et al. 2003).
On the basis of these earlier successes, where changes
in tissue microstructure led to new sources of image
contrast using QUS parameters, it is possible that highfrequency QUS could also provide sources of image
contrast to detect and classify thyroid cancer. Studies of
QUS applied to thyroid imaging are, however, sparse. Scatterer size imaging was used to examine a couple of cases of
thyroid cancer in Wilson et al. (2006), and preliminary data
suggested that scatterer size imaging could increase
contrast between thyroid abnormalities and healthy thyroid
tissue. However, no subsequent correlation with pathology
provided a comparison between actual underlying microstructure and the values of the lone QUS parameter
analyzed in that study. The few studies on quantitative
envelope characterization are based on texture analysis
(Catherine et al. 2006; Rajendra et al. 2012) instead of
envelope statistics parameters, which are more closely
connected to tissue microstructure (Destrempes and
Cloutier 2010).
In this study on mouse models of thyroid cancer,
multiple QUS parameters based on the frequencydependent backscatter coefficient and the envelope statistics of the backscattered ultrasound were estimated.
These QUS estimates were then compared with histologic slides of the thyroid tissues analyzed.
METHODS
The experimental protocol was approved by the
Institutional Animal Care and Use Committee of the
University of Illinois at Urbana-Champaign and satisfied
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all university and National Institutes of Health rules for
the humane use of laboratory animals.
A high-frequency ultrasonic scanning system was
used to scan thyroids extracted from mice that had spontaneously developed thyroid lesions (cancerous or
benign): one set of control mice and three sets of mice
with different predispositions to developing thyroid
anomalies. The first set of mice (n 5 8) did not develop
thyroid lesions, were judged to have normal thyroids by
a pathologist and were used as controls. The second set
of mice (n 5 6) of the Rb 11/– mouse strain was acquired
from the mouse cancer model repository at the National
Cancer Institute (courtesy of the Jacks Lab at the Koch
Institute for Integrative Cancer Research at Massachusetts Institute of Technology) (Jacks et al. 1992). Approximately 50% of these mice develop C-cell adenomas or
C-cell hyperplasia of the thyroid. These growths are typically benign in nature. The third set of mice (n 5 6) from
the TG-BRAF mouse line was acquired from the Fagin
lab (Sloan-Kettering Institute for Cancer Research)
(Knauf et al. 2005). These mice develop papillary thyroid
carcinomas (PTCs). The fourth set of mice (n 5 5) was
acquired from Dr. Cheng’s lab (Center for Cancer
Research, NIH) (Suzuki et al. 2002) and consisted of
mutant mice in which a dominant negative mutant thyroid
nuclear receptor gene, TRbPV, had been introduced into
the TRb gene locus. As a result of this mutation, as the
TRbPV/PV mice aged, they developed metastatic thyroid
tumors consistent with follicular variant papillary thyroid
carcinoma (FV-PTC).
All mice were examined weekly and scanned with
a VisualSonics Vevo 2100 (VisualSonics, Toronto, ON,
Canada) to determine the size of the thyroid of a particular
mouse, or if a mouse had developed a detectable lesion in
the thyroid. When the thyroid was determined to be larger
than normal, or appeared to have lesions, the mouse was
taken for experimental examination using the QUS scanning system and analysis.
Mice selected for scanning were euthanized, and
both thyroid lobes were extracted along with a portion
of the trachea. The thyroid lobes were placed in a tank
of de-gassed 0.9% saline maintained at 37 C for ultrasonic scanning. After scanning, both thyroid lobes were
excised, fixed in 10% neutral buffered formalin, processed and embedded in paraffin, sectioned and stained
for routine histologic evaluation by light microscopy.
A diagnosis was obtained for all animals after histopathologic evaluation.
The QUS scanning system consisted of a weaklyfocused (f/3) single-element transducer (USC, Ultrasonic Transducer Resource Center, Los Angeles, CA,
USA) with nominal center frequency of 40 MHz (the
actual –6-dB bandwidth of the transducer was 25–
45 MHz) and active element diameter of 3 mm. The
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transducer was operated using a Panametrics 5900
pulser/receiver (Olympus NDT, Waltham, MA, USA).
Backscattered waveforms were acquired with a PC via
a 14-bit UF3-4121 A/D card with 250-MHz sampling
(Strategic Test, Woburn, MA, USA) and were saved to
a computer for post-processing. For most thyroids,
more than a dozen slices were acquired by translating
the transducer using a micro-positioning system
(Daedal, Harrisburg, PA, USA) controlled with custom
LabView (National Instruments, Austin, TX, USA) software. Slices were taken 0.2 to 0.4 mm apart (larger than
a beamwidth) across the thyroid and perpendicular to the
axial direction of the trachea. For each slice, a number of
scan lines were acquired depending on the size of the
thyroid. Scan lines were separated by 0.05 mm, that is,
approximately half a beamwidth at the transducer center
frequency.
From the scan lines, the envelope was detected and
a B-mode image was constructed of the thyroid lobes.
For processing, custom MATLAB (MathWorks, Natick,
MA, USA) software was used to draw regions of interest
in each slice corresponding to the actual thyroid lobes.
Within the regions of interest, data blocks were automatically selected for QUS analysis. Each data block was
0.5 3 0.5 mm with a 75% overlap in the axial and lateral
directions. Two QUS parameters were examined based on
the backscatter coefficient versus frequency (spectralbased parameters: effective scatterer diameter [ESD]
and effective acoustic concentration [EAC]) and two
QUS parameters were estimated from the envelope statistics (k and m).
From each data block, the backscatter coefficient
versus frequency was estimated by the method of
Chen et al. (1997) and based on studies by Lavarello
et al. (2011). For calculation of the backscatter coefficient, a reference spectrum for each depth location
was acquired by measuring the signal reflected from
a smooth planar surface of known reflectivity (Plexiglas). To correct for attenuation, values of attenuation
for different thyroids were estimated using insertion
loss techniques. The mean attenuation slope value
from the estimates for all the thyroids in the frequency
range 25–45 MHz was 1.19 6 0.256 dB/MHz/cm, and
this value was used for attenuation compensation when
calculating the backscatter coefficient. Similar values
of attenuation in human thyroids have been estimated,
that is, 0.91–1.5 dB/MHz/cm when operating at
10 MHz (Fuji et al. 2003).
Spectral-based parameters were estimated by
applying a spherical Gaussian model to the data and using
an estimator that has been described previously (Insana
et al. 1990; Oelze et al. 2002). Under plane wave
incidence and no multiple scattering assumptions, the
backscatter coefficient (BSC) can be modeled as
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BSCðf Þ 5 2:89LqEAC

f 4 ESD6
110:67ðfqESDÞ

2e

23:04f 2 ESD2

where f is the frequency in megahertz, L is the gate length
in millimeters, and q is the ratio of the aperture radius to
data block depth. From a physical point of view, ESD is
indicative of the size of the scatterers giving rise to the
measured ultrasonic echoes, and EAC is proportional to
both the number density of scatterers and the square of
the impedance mismatch between the scatterers and background. In this work, the analysis bandwidth used for
deriving the spectral-based parameters was 25–45 MHz.
Envelope statistics were estimated with a routine
used to parameterize the homodyned K distribution
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(Hruska and Oelze 2009). The envelope of the backscattered signal was detected, and the values of the envelope
corresponding to a particular data block were stored in
a vector. The signal-to-noise ratio, skewness and
kurtosis were calculated from the envelope amplitude
values in the data block vector corresponding to two
fractional-order moments (i.e., 0.72 and 0.88). Level
curves previously stored for values of signal-to-noise
ratio, skewness and kurtosis were generated for k and
m parameters for each fractional-order moment. The
intersection of the curves in the k–m space represented
the values obtained for the particular data block. In
our estimator, m parameter estimates greater than 10
were excluded because these values were found to be

Fig. 1. Histology images of (top left) normal thyroid, (top right) C-cell adenoma, (bottom left) papillary thyroid carcinoma and (bottom right) follicular variant papillary thyroid carcinoma.
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Fig. 2. High-power views (403) of (top left) normal thyroid, where the round to oval follicles contain colloid material
and benign fatty tissue separates groups of follicles; (top right) C-cell neoplasm; (bottom left) papillary thyroid carcinoma; and (bottom right) follicular variant papillary thyroid carcinoma. Scale bar 5 50 mm.

unreliable estimates (Hruska 2009). The k parameter
quantifies the ratio of the coherent scattering signal to
the incoherent scattered signal. If scatterers are regularly spaced or large single scatterers are present, k
will increase. The m parameter provides an estimate of
the number of scatterers per resolution cell. If the resolution cell of the imaging system can be estimated, then
an estimate of the number density of scatterers can be
obtained. Because these parameters are related to the
organization of underlying scatterers, it may be possible
to correlate these parameters to underlying structure.
RESULTS
In Figures 1 (no magnification) and 2 (403
magnification) are histologic slides of tissues stained
with H&E. The normal thyroid gland consisted of round
to oval thyroid follicles lined by a single layer of
epithelial cells. Nucleoli were small, and chromatin was
dense. Follicles contained eosinophilic colloid material
and were separated by a small amount of benign adipose
tissue.
C-Cell tumors were characterized by solid sheets of
monotonous cells. There was much more cellular proliferation compared with the normal thyroid, and some
areas were completely taken over by sheets of cells.
The nuclear features were very characteristic of neuroendocrine cells. Chromatin was granular and dispersed,
usually described as ‘‘salt and pepper’’ chromatin.

Nucleoli were inconspicuous, and cytoplasm was barely
visible. Large tumor masses had areas of necrosis and
rather brisk mitotic activity.
Papillary thyroid carcinomas exhibited two main
patterns. The complex papillary structures in some areas
formed nodular masses (PTC) and in other areas had
a follicular pattern (follicular variant papillary thyroid
carcinoma [FV-PTC]). In both patterns, the follicles
were lined by enlarged follicular cells. Nuclei were large,
and chromatin was granular. There were optically clear
nuclei and well-defined intra-nuclear pseudo-inclusions.
Colloid material was either scant or absent. In other areas,
the follicular lumen was obliterated by malignant cells.
The cancer spread diffusely throughout the thyroids and
was not contained to small nodules, as can be the case
in human thyroid cancer.
In Figure 3 are B-mode images of mouse thyroids
(normal and cancerous) along with QUS images enhanced
by either the ESD or EAC. On B-mode images it would be
difficult to differentiate between different thyroids on the
basis of their visible appearance. However, through use of
the QUS images, differentiation between the malignant
and cancerous cases is possible. Nevertheless, thyroids
containing benign C-cell adenomas could not be differentiated from normal thyroids on the QUS images.
Table 1 summarizes the average results for the
different thyroid conditions examined. Scatter plots of
ESD versus EAC and of ESD versus m were also generated
to illustrate the ability of QUS to differentiate thyroids
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Fig. 3. B-Mode (left column) and quantitative ultrasound images of thyroids enhanced by (middle column) effective scatterer diameter (ESD) and (right column) effective acoustic concentration (EAC). Top row: normal thyroid (no tumor
observed); second row: C-cell adenoma; third row: papillary thyroid carcinoma; bottom row: follicular variant papillary
thyroid carcinoma.

(Figs. 4 and 5, respectively). The scatter plots indicate that
different groups clustered together based on the values of
the estimated parameters for each thyroid condition.
Given the relatively small population used in this
study (i.e., 25 animals in total), statistically significant
differences between the different groups were estimated
using the non-parametric Kruskal-Wallis test. Table 2
lists the p-values associated with the different sets of
tumors and indicates statistically significant differences

(p , 0.05) between the different kinds of thyroids
scanned. Statistically significant differences were observed between the cancerous thyroids (PTC and FVPTC) and the normal thyroids using the ESD, EAC, and
m parameters. The k parameter did not yield statistically
significant differences between groups. No parameter
was able to differentiate thyroids containing C-cell
adenomas from normal thyroids. Only the ESD and
EAC could differentiate cancerous thyroids from thyroids

Table 1. Estimated values of parameters for each thyroid condition examined

Normal
C-Cell adenoma
Papillary thyroid carcinoma
Follicular variant papillary thyroid carcinoma

ESD (mm)

EAC (dB mm23)

k

m

21.5 6 1.80
21.3 6 1.50
18.0 6 0.92
15.9 6 0.81

52.9 6 3.42
54.7 6 2.24
59.4 6 1.74
62.7 6 1.61

0.518 6 0.07
0.537 6 0.12
0.508 6 0.05
0.558 6 0.04

1.56 6 0.99
1.96 6 1.01
2.55 6 0.37
2.59 6 0.43

ESD 5 effective scatterer diameter; EAC 5 effective acoustic concentration.
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Fig. 4. Scatter plot of effective scatterer diameter (ESD) versus
effective acoustic concentration (EAC) for the different kinds of
thyroids examined. PTC 5 papillary thyroid carcinoma, FVPTC 5 follicular variant papillary thyroid carcinoma.

containing C-cell adenomas. However, if the outlier for
the C-cell adenoma in terms of the m parameter is
removed (see Fig. 5), then statistically significant differences are also observed between the cancerous thyroids
and the thyroids containing C-cell adenomas. Finally,
the ESD and EAC enabled PTC to be distinguished
from FV-PTC. The m parameter did not provide statistically significant differences between thyroids with PTC
and those with FV-PTC.
DISCUSSION AND CONCLUSIONS
High-frequency QUS provided a new source of
image contrast with the ability to differentiate cancerous
thyroids in mice from both normal mouse thyroids and
mouse thyroids with benign lesions (C-cell adenomas).
Further, spectral-based QUS techniques enabled differentiation of the two types of cancerous thyroids. These
results suggest that the additional information provided
by QUS can improve the diagnostic potential of ultrasound for thyroid classification. Improving the ability of
ultrasound to detect and classify thyroid cancer would

Fig. 5. Scatter plot of effective scatterer diameter (ESD) versus
m parameter for the different kinds of thyroids examined.
PTC 5 papillary thyroid carcinoma, FV-PTC 5 follicular
variant papillary thyroid carcinoma.
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greatly improve the management of thyroid cancer and
could potentially alleviate the need for many biopsies.
On comparison of the histologic slides of the
different thyroid conditions examined with QUS parameters, some correlations were observed. The feature
analysis plots in Figures 4 and 5 indicate that the ESD
estimates are smallest for FV-PTC thyroids, medium
for PTC thyroids, and largest for normal thyroids and
those containing C-cell adenomas. From the histologic
slides, the structure of normal thyroids is observed to
be dominated by follicles. The follicles are lined by
follicular cells, and the lumen contains colloid. Benign
follicles varied from 40 to 100 mm in diameter. Benign
cells measured approximately 10 mm in diameter.
Malignant follicles varied from 60 to 200 mm in diameter, and malignant cells, from 15 to 24 mm in diameter.
As cancer invaded the thyroid, the thyroid space
became increasingly filled by malignant cells and less
filled by follicles. If the scattering of ultrasound
occurred from a combination of follicles and follicular
cells, then as the thyroid tissue was taken over by the
cancer, the scattering may have been more dominated
by malignant cells, which are much smaller than
follicles.
Furthermore, both EAC and m were observed to
increase from normal thyroid to cancerous thyroid. The
increase in EAC means that the product of the number
density and the impedance mismatch between the scatterer and background increased. The increase in m corresponds to an increase in the number density of scatterers.
In contrast to normal thyroids, cancerous thyroids are
characterized by cellular hyperplasia. Assuming that the
cells contribute significantly to the backscattered signal,
this increase in the number of cells may result in an
increase in the number of scatterers per unit volume.
Therefore, an increase in the estimated number density
(as reflected in both EAC and m estimates) is consistent
with an increased proliferation of cells observed in histologic analysis of the cancerous thyroids.
High-frequency QUS was required because the
mouse thyroids were small (i.e., only a few millimeters),
and sufficient signal samples were needed to provide estimates of QUS parameters. The QUS parameters estimated from ultrasound signals over the frequency range
25–45 MHz produced contrast that allowed differentiation of malignant thyroids from normal thyroids or
thyroids with benign growths. The high-frequency ultrasound used in these studies may have resulted in greater
sensitivity to the microstructural changes occurring in
cancerous thyroids compared with the normal thyroids.
These microstructural changes were evident on the histologic slides of the different thyroids examined. Whether
or not this contrast exists at more clinical ultrasound
frequencies (1–20 MHz) has yet to be determined.

2340

Ultrasound in Medicine and Biology

Volume 39, Number 12, 2013

Table 2. p-Values from tests of statistically significant differences between groups for the ESD, EAC and m parameters
C-Cell adenoma

Normal
C-Cell adenoma
Papillary thyroid carcinoma

Papillary thyroid carcinoma

Follicular variant papillary thyroid carcinoma

ESD

EAC

m

k

ESD

EAC

m

k

ESD

EAC

m

k

0.90

0.90

0.12

0.44

,0.05
,0.05

,0.05
,0.05

,0.05
0.08

0.27
0.63

,0.05
,0.05
,0.05

,0.05
,0.05
,0.05

,0.05
0.07
0.86

0.07
0.52
0.12

ESD 5 effective scatterer diameter; EAC 5 effective acoustic concentration.

However, because of the location of the thyroid gland in
humans, it may be possible to use ultrasound signals at
the higher end of the clinical ultrasound frequency range
(20 MHz). Furthermore, the contrast in QUS estimates
detected in the mouse models of thyroid cancer may not
translate into contrast in humans. Therefore, additional
studies quantifying QUS contrast in human thyroid
nodules are warranted.
Another difference between scanning of humans and
scanning of the mouse thyroid samples used in this study
is the use of excised tissue samples. The main objective of
this study was to determine if there were significant
differences in QUS parameters of normal and diseased
thyroid tissues. Therefore, we decided to scan the thyroid
glands ex vivo to eliminate effects caused by intervening
tissues (i.e., heterogeneous attenuation profiles, aberration, clutter, blood flow). In humans, thyroid nodules
would be examined in vivo, and therefore, the aforementioned effects on the accuracy and precision of QUS estimates would need to be assessed.
Essentially, the radiofrequency backscattered signals
from a whole thyroid lobe were used to produce an
average QUS estimate for that particular thyroid sample.
The justification for doing this was that histologically,
the cancer in the thyroids appeared to be diffuse
throughout most of the gland, as observed in Figure 1.
The diffuse nature of the cancer in the diseased mouse
thyroid may be partially attributable to the procedures
used to monitor the progression of the disease. Mice
were taken for QUS scanning and histology after the
thyroids were enlarged as observed on sonograms obtained using the Vevo 2100 scanner. If the thyroids had
been excised at earlier time points, it is possible that the
cancer would have been less diffuse throughout the
glands. On the other hand, it is still highly unlikely that
in the cancerous cases, the whole thyroid lobe was
affected by the malignancy. This could potentially
increase the variance of estimates coming from malignant
thyroids depending on how diffuse the disease was at the
time of scanning. In humans with much larger thyroids
and the potential to observe thyroid nodules, it may be
possible to select signals only from suspicious thyroid
lesion, thereby reducing the variance of QUS estimates
and improving diagnostics.

This study has provided the first QUS results demonstrating significant contrast between cancerous thyroids
and normal thyroids. However, it is a preliminary study,
and many questions remain to be answered. Specifically,
future work will focus on determining the QUS contrast
in human thyroids at more clinical frequency ranges,
modeling thyroid nodules in greater detail to correlate
structural changes to QUS parameter estimates and
providing QUS estimates from in vivo samples as
opposed to excised samples. In addition, future studies
should also include the estimation of attenuation from
thyroid nodules to determine if attenuation can also be
used to discriminate benign and malignant thyroid
nodules.
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