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Objective: The aim of our study was to assess the

performance of acoustic radiation force impulse (ARFI)

imaging to differentiate benign from malignant thyroid

nodules.

Methods: 182 patients who needed thyroid surgery were

examined. All patients and 50 healthy volunteers un-

derwent ARFI sonoelastography, which quantitatively

analysed the elasticity and hardness of the nodule’s

centre and periphery.

Results: ARFI values showed a statistical significance

between malignant nodules and benign nodules and

common thyroid parenchyma, in both the centre and

periphery of nodules (p,0.01). There was no significant

difference between benign nodules and common thyroid

parenchyma in either the nodule’s centre or periphery

(p.0.05). There was no significant difference between

the nodule’s centre and periphery of the elastic param-

eters in both the benign and malignant nodules. There

was a statistically significant difference among the two

areas (the central group and the peripheral group) under

the receiver operating characteristic curve, and the

optimal model was the peripheral group. For differenti-

ation of malignant from benign nodules, the sensitivity

and specificity were 96.3% and 96.2%, respectively, when

2.545ms21 was chosen as a cut-off value in the peripheral

group.

Conclusion: ARFI imaging may be helpful to differentiate

benign nodules frommalignant thyroid nodules. The select-

ingmeasurement position is important in ARFI imaging, and

it has good diagnostic value in clinical applications.

Advances in knowledge: This study shows the diagnostic

contribution of ARFI imaging in thyroid lesions.

Thyroid cancer is the most common endocrine malig-
nancy, and its incidence has increased in recent years.1 It
comprises different clinical and histological features in
respect to different treatments.2 The diagnostic method for
thyroid cancer has very quickly progressed in recent years,
but the pre-operative misdiagnosis rate is 40–70%.

A newer ultrasound elastography technique called acoustic
radiation force impulse (ARFI), which is performed under
direct visual guidance, has recently been verified to measure
the stiffness of many tissues in vivo, for example in the liver.3,4

In our study, we investigated themechanical properties of focal
thyroid disease with ARFI. The purposes of this study were to
assess the effectiveness of ARFI quantification in the diagnosis
of focal thyroid nodules and differentiation of benign from
malignant thyroid lesions by quantification of their stiffness.

METHODS AND MATERIALS
Patients
Our study was approved by the ethics review board of our
institution. Patients provided signed informed consent.

Between August 2009 and February 2011, 182 patients (88
male patients and 94 female patients) with thyroid nodules
referred to the Qilu Hospital of Shandong University,
Jinan, China, were enrolled in our study. A detailed med-
ical history was obtained from all patients. Mean age of the
patients was 53.67 years (range, 27–83 years). Mean di-
ameter of the nodules was 3.97 cm (range, 3.0–5.5 cm).
There were 69 malignant nodules, including papillary
thyroid carcinoma (n5 40), follicular thyroid carcinoma
(n5 13), poorly differentiated thyroid carcinoma (n5 8)
and medullary thyroid carcinoma (n5 8). The 122 benign
nodules included 58 nodular goitres and 55 thyroid
adenomas.

All patients were operated on after the ARFI examination
within 3 days or 1 week, and the pathological findings were
obtained in 1 week.

Control group
50 healthy adult volunteers (25 males and 25 females) were
examined with ARFI imaging and served as a control group
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to obtain median ARFI velocity measurements. The mean age of
the volunteers (45 years; age range, 35–68 years) was not sig-
nificantly different from that of the patient group.

Ultrasound techniques
ARFI elastography was performed in all patients using a Siemens
Acuson S2000™ ultrasound system (Siemens Healthcare, Erlan-
gen, Germany) at the time of their regular ultrasound performed
by an experienced radiologist, who had 10 years’ experience in
China. The operator could select the depth at which thyroid
elasticity was evaluated by placing a “measuring box” (10mm
long and 5mm wide) in the desired place. The patients were
examined in dorsal decubitus. The front of the patient’s cervical
part (to avoid cardiac motion) was scanned, with minimal
scanning pressure applied by the operator, while the patients were
asked to stop breathing for a moment, to achieve accurate and
reproducible measurements. We performed five measurements in
each patient and healthy adult; the former were measured si-
multaneously in the centre and periphery of the nodules. A me-
dian value was calculated, the result being measured in metres per
second. If the nodules were heterogeneous, we made an attempt
to avoid the areas where the ARFI values might differ, such as
regions of calcification and liquefaction.

Statistical analyses
Statistical analyses were conducted using SPSS® v. 12.0 software
(SPSS Inc., Chicago, IL). Because of the heterogeneity of variance,
the group comparisons were performed using the Kruskal–
Wallis test. The Tamhane’s T2 method was used between the
central and peripheral groups. The diagnostic performance of the
median velocity measured using ARFI sonoelastography was
assessed by analysing the receiver operating characteristic (ROC).
Logistic regression analysis was applied on the central group and
the peripheral group.

RESULTS
The size and ARFI values of the central and periphery groups in
all nodules are summarised in Table 1 and Figure 1a,b

The differences of the shear wave velocity in the
benign thyroid nodule group
The shear wave velocity range of the benign nodule group was
relatively narrower than the malignant group, and an overlap
could be seen in each other. The shear wave velocity range of
nodular goitres was greater than other benign cases, which had
no statistical significance (p. 0.05) between the other benign
lesion nodules.

The differences of the shear wave velocity in the
malignant thyroid nodule group
The wave velocity range of the malignant group was wider than
that of the benign group and the control group, which over-
lapped each other, but there was no statistically significant dif-
ference in each group (p. 0.05).

The differences of the shear wave velocity in the
benign thyroid nodule group and in the common
control group
There was a smaller overlap in the shear wave velocity range of
the benign group and the control group, and no statistically
significant difference between the two groups (p. 0.05).

The differences of the shear wave velocity in the
malignant thyroid nodule group and in the common
control group
From Table 1 and Figure 1, we can see that the wave velocity
range of the malignant nodule group was significantly higher
than that of the control group, and there was a significant dif-
ference between the two groups (p, 0.01).

Table 1. Acoustic radiation force impulse (ARFI) values of thyroid nodules

Groups
No. lesions
(no. patients)

Size of lesions,
mean (range; cm)

ARFI values,
median (SD; m s21)

Range of ARFI
values (m s21)

Nodular goitre
Centre 19 (14)

3.90 (3.6–4.2)
1.93 (0.44) 1.36–2.73

Periphery 19 (14) 1.89 (0.46) 1.32–2.85

Thyroid adenoma
Centre 17 (17)

4.10 (3.5–4.7)
2.07 (0.22) 1.88–2.31

Periphery 17 (17) 2.10 (0.16) 1.76–2.45

Papillary thyroid
carcinoma

Centre 12 (12)
3.95 (3.7–4.2)

2.73 (0.68) 2.47–4.20

Periphery 12 (12) 2.67 (0.73) 2.39–4.32

Follicular thyroid
carcinoma

Centre 8 (8)
3.85 (3.6–4.1)

3.94 (0.72) 2.65–4.28

Periphery 8 (8) 3.76 (0.76) 2.59–4.29

Poorly differentiated
thyroid carcinoma

Centre 6 (6)
4.05 (3.8–4.3)

4.07 (0.20) 3.76–4.23

Periphery 6 (6) 3.96 (0.24) 3.58–4.19

Medullary thyroid
carcinoma

Centre 4 (4)
4.10 (3.8–4.4)

3.69 (0.21) 3.66–4.10

Periphery 4 (4) 3.77 (0.18) 3.59–4.03

SD, standard deviation.
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The differences of the shear wave velocity in the
benign thyroid nodule group and in the malignant
thyroid nodule group
There was no significant overlap between the benign group and
the malignant group, only nodular goitres had a small overlap
with the malignant group. There was a statistically significant
difference between the two groups (p, 0.01), being in the
centre and periphery of the nodules.

The specificity and sensitivity of acoustic radiation
force impulse for identifying benign and malignant
thyroid nodules
To evaluate the diagnostic performance of the ARFI values in the
differentiation of benign from malignant nodules, ROC analysis
was performed. For the two groups of the ROC curve, the lo-
gistic regression analysis was applied because of the high cor-
relation of the central group (X1) and the peripheral group (X2).
There was no statistically significant difference between the two
areas under the ROC curve (p, 0.05). Since the X2 model was
larger than the X1 model, the optimal model was only the X2
model in stepwise regression. The sensitivity and specificity
values were 96.3% and 96.2%, respectively, when 2.545m s21

was chosen as a cut-off value in the peripheral group (Figure 2).

DISCUSSION
Thyroid cancer, a familiar cancer in the head and neck region, has
the highest incidence of endocrine neoplasms, an approximate
7–21% palpable mass in the thyroid, of which about 5% is thyroid

cancer.5 Clinically, the benign and malignant thyroid nodules
have many similar characteristics, but their treatment and prognosis
are completely different, so early identification of the clinical thy-
roid nodule properties, especially the distinction of the benign from
the malignant nodules, is very important. Many methods have
been used to test the thyroid neoplasms pre-operatively; ultra-
sound with its non-invasive real-time monitoring, economy and
convenient operation has become the most common method in
a clinic. However, the traditional ultrasound examination, including
colour Doppler ultrasonography and energy Doppler ultrasonog-
raphy, can not accurately distinguish the nature of a thyroid nodule,
even if combined with CT and MRI examination.

Elasticity and hardness are significant physical parameters of
tissues. All tissues are inherently viscoelastic, and the hardness is
to a large extent related to their structural properties and the
organizational micro and macro forms. Elastic changes are often
related to abnormal pathological conditions, the different or-
ganizational structures and the same structure of different
pathological status make a distinct difference in elasticity and
hardness.6–8 The feasibility of using acoustic radiation force
methods to detect the mechanical properties of tissues has been
investigated by several groups.9–11 The thyroid nodules have
benign and malignant lesions, which have different elasticity and
hardness with different pathological patterns. ARFI can be used
to measure the different viscoelasticity and hardness of the
thyroid lesions by testing the velocity of tissues, which reflects
the different pathological types.

Figure 1. (a) The central group; (b) The periphery group. Acoustic radiation force impulse (ARFI) values of the central and periphery

groups in all nodules; the wave velocity range of the malignant thyroid nodule group was significantly higher than the control group

and the benign group. (a) Scatter plots of ARFI values for benign and malignant thyroid nodules in the centre. The long horizontal

bar shows mean value, and the two short horizontal bars show the standard deviation (SD). (b) Scatter plots of ARFI values for

benign and malignant thyroid nodules in the periphery. The long horizontal bar shows mean value, and the two short horizontal bars

show the SD.
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Figure 2. (a) Only X1 (central group); (b) X1, X2 (central, peripheral); (c) only X2 (peripheral); (d) stepwise. (a) Only the central group

was the model, the area under the receiver operating characteristic (ROC) curve for differentiation of the benign and malignant

nodules is 0.9766. (b) The central group and the peripheral group were the model, the area under the ROC curve for differentiation

of the benign and malignant nodules is 0.983. (c) Only the peripheral group was the model, the area under the ROC curve for

differentiation of the benign and malignant nodules is 0.9842. (d) For stepwise regression, the optimal model is the X2 model.
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ARFI imaging involves targeting an anatomical region to be ex-
amined for its elastic properties by using short-duration acoustic
pulses (push pulses), which produce shear waves that spread away
from the region of interest, and to generate localized micron-scale
displacements in tissue.12,13 Simultaneously, tracking beams are
applied adjacent to the push pulse path, which are sensitive to.1/
100 of the wavelength of sound. These beams are continuously
transmitted until the passing shear wave front is detected. The
time between the generation of the shear wave and the detection
of the peak is used to compute the shear wave velocity, which can
reflect the elasticity and hardness of tissues.4,14,15

The shear wave velocity increases with stiffness, and the stiffer
a region in the tissue, the greater the shear wave velocity as it
travels through this region.14,15 Thus, the measured shear wave
speed is an intrinsic and a reproducible property of tissues.16

Our investigation indicates that there was a significant differ-
ence (p, 0.01) in the ARFI values (shear wave velocity) be-
tween malignant and benign lesion nodules and normal
controls, whether in the centre or periphery of the nodules. For
differentiation of malignant from benign nodules, the sensi-
tivity and specificity were 96.3% and 96.2%, respectively, when
2.545m s21 was chosen as a cut-off value. This provides
a powerful imaging guarantee to clinically judge the nature of
the thyroid nodule before the operation. Thus, in the future,
patients with median velocities of .2.545m s21 should be
closely followed up because it is likely that they are malignant
nodules and that thyroid needle biopsy should be undertaken. On
the other hand, there is a possibility that patients with low median
velocity might have benign nodules. Therefore, in the future,
patients with a low median velocity measured using ARFI might be
spared from undergoing thyroid biopsy.

It can be concluded that the pathological changes of the organi-
zational form can affect the shearing velocity of a wave according
to the forming principles of the shear wave. In our study, ma-
lignant nodules showed an extremely wider range than the benign

nodules and the common control group in shearing velocity of
the wave owing to many pathological types, for example calcifi-
cation, diffluence and vascular perfusion. The nodular goitre as
a special benign thyroid nodule also has a wider range than the
other benign thyroid nodules because of its multiple pathological
morphologies.17,18

There were not many details regarding the measurement posi-
tion in the previous literature, whereas our study measured the
shear wave velocity in nodular lesions in the centre and pe-
riphery of nodules. And there was a statistically significant dif-
ference through the two ROC curve areas (the centre and
periphery groups) for diagnosing the benign and malignant
nodules. So in the future, it is necessary to pay much attention
to the measurement position of the lesions, especially in the
periphery of the nodules.

In our preliminary studies, ARFI could non-invasively quantify
thyroid elasticity and hardness and reflect the pathological char-
acter of thyroid lesions, andmight be helpful to differentiate benign
from malignant lesions. At the same time, we considered that ad-
ditional studies correlating with other such elastographic techni-
ques and with signs of thyroid lesions, for example the shape of the
lesions with calcification or not and tumour vascularity, will be
required to assist the clinical value of ARFI technology in the dif-
ferential diagnosis of thyroid lesions in further studies.

In conclusion, the ARFI as an uncomplicated and non-invasive
medical image diagnostic method has made a great contribution
to the determination of benign and malignant nodules and also
has an application prospect in clinical practice.
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