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Abstract: The aim of the study was to evaluate the diagnostic performance of acoustic radiation force impulse (ARFI) 
induced strain elastography (SE), point shear wave elastography (p-SWE), and their combined use in differentiat-
ing thyroid nodules. This retrospective study included 155 thyroid nodules (94 benign and 61 malignant) in 136 
patients. Ultrasound, ARFI-induced SE and p-SWE were performed on each nodule. Receiver operating character-
istic curve (ROC) analyses were performed to assess the diagnostic efficacy of ARFI-induced SE, p-SWE and their 
combined use to distinguish benign from malignant thyroid nodules with histological results used as the reference 
standard. The areas under the ROC for ARFI-induced SE, p-SWE, and their combined use were 0.828, 0.829, and 
0.840, respectively (both P > 0.05). The specificity of ARFI-induced SE was higher than that of p-SWE as well as their 
combined use (both P < 0.05). The combination of the two methods significantly improved the diagnostic sensitivity 
and NPV compared with either ARFI-induced SE or p-SWE alone (both P < 0.05). For nodules ≤ 10 mm, the combi-
nation of the two methods significantly improved the diagnostic sensitivity only. For nodules > 10 mm, there were 
no significant differences in sensitivity and NPV among the three methods in differentiating thyroid nodules (all P > 
0.05). In conclusions, ARFI-induced SE and p-SWE are both valuable tools for detecting malignant thyroid nodules. 
The combined use of ARFI-induced SE and p-SWE improves the diagnostic sensitivity and NPV significantly whereas 
ARFI-induced SE alone achieves the highest specificity. 
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Introduction

The prevalence of thyroid nodules assessed by 
high frequency ultrasound (US) examination 
has increased to 68% in general population [1], 
and 14% of thyroid nodules were malignant [2]. 
US is the principal imaging method in identifica-
tion of thyroid nodules. However, its diagnostic 
performance is unstable, which is highly 
depended on the experience and skills of the 
operators [3-6]. 

Hard thyroid nodules are more suspicious for 
malignancy [7]. Tissue stiffness can be evalu-

ated by acoustic radiation force impulse (ARFI) 
elastography, a new imaging method that 
appeared in recent years. In this method, tissue 
is mechanically excited with short-duration 
acoustic pulses to generate localized tissue dis-
placement. Localized tissue displacement is 
less in harder tissues than in softer ones. ARFI 
elastography included ARFI-induced strain elas-
tography (SE) and point shear wave elastogra-
phy (p-SWE). ARFI-induced SE estimates the 
tissue elasticity of the whole nodule qualitative-
ly, by displaying the repetition of tissue dis-
placement process along multiple image lines 
as a gray scale image, whereas p-SWE mea-
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sures the elasticity in a selected region in the 
nodule quantitatively by calculating the shear 
wave velocity (SWV). A number of studies have 
affirmed the value of p-SWE in diagnosis of 
nodules [8-10]. However, only few studies have 
reported the diagnostic efficacy of ARFI-
induced SE [11] and compared p-SWE and 
ARFI-induced SE in differentiating benign and 
malignant thyroid nodules [12, 13]. In addition, 
to our knowledge, no studies have shown the 
combined value of ARFI-induced SE and P-SWE. 
The aim of our study was to compare the diag-
nostic efficacy of ARFI-induced SE, p-SWE and 

examinations

The US and ARFI examinations were performed 
using the S2000 US scanner (Siemens Medical 
Solutions, Mountain View, CA, USA) with a 4-9-
MHz linear probe. All patients were scanned in 
the supine position with the neck slightly 
extended. 

US images were obtained for each target nod-
ule in both transverse and longitudinal planes. 
The target nodule was evaluated for size (larg-
est diameter was 7-10 mm, or > 10 mm), loca-

Figure 1. Flowchart of the selection of the thyroid nodules. 

their combined use in differentiat-
ing thyroid nodules.

Materials and methods

Patients

From November 2012 to March 
2013, 155 nodules in 136 patients 
were included in this retrospective 
study. The institutional review 
board approved this study, and all 
involved patients provided in- 
formed consent to include the data 
for analysis. Inclusion criteria were 
as follows: (1) Nodules underwent 
US, p-SWE and ARFI-induced SE. 
(2) Nodules were confirmed by his-
topathology after surgery. Nodules 
with following criteria were exclud-
ed: (1) Maximum diameter of nod-
ule was less than 7 mm. (2) Image 
data of nodules were not complete: 
US, p-SWE, or ARFI-induced SE 
image quality was poor. (3) Mixed 
cystic (< 50% solid) or almost cys-
tic nodules. (4) There was no 
enough thyroid tissue surrounding 
the nodule. The flowchart for the 
selection of patients was present-
ed in Figure 1.

The included patients consisted of 
33 males and 103 females. The 
patient age was 51 ± 12 years 
(range, 22-78 years). Twenty-seven 
patients had one nodule and 109 
had multiple nodules. The maximal 
diameter of the nodules was 16.9 
± 10.0 mm (range, 7-53 mm).

US, p-SWE, and ARFI-induced SE 
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tion (left lobe, right lobe, or isthmus), and inter-
nal components (solid or cystic). 

ARFI-induced SE was performed following con-
ventional US. The ARFI-induced SE image 
reflects the tissue elasticity with grayscale 
image in the field of view (FOV), in which the 
white indicates soft tissue whereas the black 
indicates hard tissue. To obtain qualified imag-
es, patients were asked to hold their breath. 
The probe was placed on the body surface with 
light pressure, and FOV was adjusted to include 
the whole nodule and some surrounding thyroid 
tissue. Tissue stiffness on ARFI-induced SE 
was scored from 1 (soft) to 6 (hard), according 
to Xu’s scoring system [11]: 1, predominantly 
white; 2, predominantly white with a small 
amount of black; 3, equally white and black; 4, 
predominantly black with a few white spots; 5, 
almost completely black; and 6, completely 
black without white spots. Based on the previ-

ous study, grade ≥ 4 was considered for malig-
nancy [11].

p-SWE reflects the stiffness of tissue quantita-
tively with the SWV (m/s). The region of interest 
(ROI) was placed on the solid portion of the 
nodule, avoiding bulky calcification and fluid 
portion as far as possible during measurement. 
The measurement was repeated for seven 
times without movement of the probe. The 
maximum and minimum values of the seven 
measurements were excluded, and the mean 
of the remaining values was calculated and 
used for analysis. Nodule measurement 
expressed as X.XX m/s was occasionally found. 
Several possible explanations for the phenom-
enon were as follows: patient’s respiration or 
motion, operator’s inappropriate gesture, and 
measurements of fluid portion or tissue stiff-
ness beyond the p-SWE measuring range (0.5-
8.4 m/s). After excluding other possible expla-

Figure 2. Images acquired in a 63-year-old woman. A. At conventional US, a 15-mm nodule appears solid in the right 
lobe of the thyroid. B. ARFI-induced SE score of 4. C. SWV of X.XX m/s on p-SWE. D. Histopathological examination 
of the thyroid nodule confirms the diagnosis of papillary carcinoma after surgery (Hematoxylin and eosin stain, × 
100). US = ultrasound, ARFI = acoustic radiation force impulse, SE = strain elastography, SWV = shear wave velocity, 
p-SWE = point shear wave elastography.
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nations, the measurement result of “X.XX m/s” 
was replaced by 8.4 m/s, because all the nod-
ules included in our study were solid or > 50% 
solid.

Statistics analysis

Statistical analyses were performed by using 
SPSS software version 19.0 (SPSS Inc, Chicago, 
IL, USA). P < 0.05 was considered to be statisti-
cally significant. Continuous variables were 
analyzed by the independent t test. Receiver-
operating characteristic (ROC) curve analyses 
were performed to assess the diagnostic per-
formance of the three methods in differentiat-
ing benign from malignant thyroid nodules. The 
comparison of areas under the ROC curve 
(AUCs) was performed by Z test. The best cut-
off value of SWV was obtained when Youden 
index (YI) was maximum. The sensitivity, speci-
ficity, accuracy, positive predictive values (PPV), 

negative predictive values (NPV), and YI of 
p-SWE, ARFI-induced SE and their combined 
use for differentiating thyroid nodules were cal-
culated comparing the findings with histological 
results. Differences in sensitivity, specificity, 
and accuracy were tested using the McNemar 
test and that in PPV and NPV were tested by 
chi-square test.

Results

Histopathological analysis

Of the 155 thyroid nodules, 61 were malignant 
(Figure 2 is an example of a malignant nodule) 
and 94 were benign (Figure 3 is an example of 
a benign nodule). All of the malignant nodules 
were papillary carcinomas. In the group of 
benign nodules, the diagnosis included nodular 
goiter (n = 64), adenoma (n = 18), and 
Hashimoto’s nodule (n = 12).

Figure 3. Images acquired in a 60-year-old man. A. At conventional US, a 12-mm nodule appears solid in the left 
lobe of the thyroid. B. ARFI-induced SE score of 3. C. SWV of 1.33 m/s on p-SWE. D. Histopathological examination 
of the thyroid nodule confirms the diagnosis of follicular adenoma after surgery (Hematoxylin and eosin stain, × 
100). US = ultrasound, ARFI = acoustic radiation force impulse, SE = strain elastography, SWV = shear wave velocity, 
p-SWE = point shear wave elastography.
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Table 1. Characteristics of the patients and the 
nodules
Characteristic Benign Malignant
Patients* 81 55
    Age (years) 54 ± 11 (25-77) 47 ± 13 (22-78)
    Gender
        Female 59 44
        Male 22 11
Nodules 94 61
    Size (mm) 20.4 ± 10.9 (7-53) 21.1 ± 10.8 (7-28)
        7-10 mm 21 37
        > 10 mm 73 24
Location
    Left lobe 49 23
    Right lobe 40 34
    Isthmus 5 4
Note-*Patients with multiple nodules were classified into 
malignant group, when they had at least one nodule that was 
histopathological proved malignant.

Characteristics of patients and nodules

The basic characteristics of the patients and 
the nodules are presented in Table 1. In 
patients with multiple nodules, 1 nodule in 
each patient from 91 patients (including 58 
benign and 33 malignant nodules), 2 nodules 
in each patient from 17 patients (including 6 
with 2 benign nodules in each, 4 with 2 malig-
nant nodules in each, and 7 with 1 benign and 
1 malignant nodule), 3 nodules in each from 1 
patients (including 2 malignant and 1 benign 
nodules) were included in this study.

The ARFI characteristics of the thyroid nodules

ARFI-induced SE scores of thyroid nodules with 
different pathology types are presented in 

mm. Only the specificity of ARFI-induced SE 
was higher than that of the combined use (P < 
0.05). The diagnostic performance results of 
the three methods in groups with different 
sizes are summarized in Table 3.

Discussion

Most of thyroid nodules are benign, whereas 
the risk of malignancy cannot be neglected. 
Fine-needle aspiration biopsy (FNA) is the most 
accurate and cost-effective method to distin-
guish benign thyroid nodules from those at risk 
for malignancy [14]. With the development of 
the US technology, many thyroid nodules are 
detected without clinical symptoms, and the 
decision to perform FNA mainly depended on 
the US characteristics of the nodules. In addi-

Table 2. Histopathologic Types and SE Scores for 
the Thyroid Nodules

Histopathology results
ARFI-induced SE score

1 2 3 4 5 6 Total
Benign nodules (n = 100)
    Nodular goiter 2 23 33 5 1 0 64
    Adenoma 0 10 6 1 0 1 18
    Hashimoto nodule 0 2 9 1 0 0 12
    Total 2 35 48 7 1 1 94
Malignant nodules (n = 72)
    Papillary carcinoma 0 6 10 35 10 0 61
Note-ARFI = acoustic radiation force impulse, SE = strain elas-
tography. 

Table 2. The mean SWV of 94 benign thyroid 
nodules was 2.32 ± 1.08 m/s (range, 0.36-
7.20 m/s), and the mean SWV of 61 malig-
nant thyroid nodules was 4.40 ± 2.31 m/s 
(range, 1.52-8.40 m/s) (P < 0.001). ROC curve 
analyses showed that the best SWV cutoff 
value was 2.64 m/s. When ARFI-induced SE 
and p-SWE were combined, the nodule was 
considered malignant as long as meeting one 
of the following two conditions: first, ARFI-
induced SE score was 4 or above; second, 
SWV ≥ 2.64 m/s. 

Diagnostic performance of the three meth-
ods

The sensitivity, specificity, accuracy, PPV, 
NPV, YI and AUC of the three methods are pre-
sented in Table 3. The specificity of ARFI-
induced SE was higher than that of p-SWE as 
well as their combined use (both P < 0.05). 
The sensitivity and NPV were increased by the 
use of a combination of ARFI-induced SE and 
p-SWE in comparison with ARFI-induced SE or 
p-SWE alone (both P < 0.05). There were no 
significant differences in accuracy, PPV and 
AUC among the three modalities (all P > 0.05).

When dividing the nodules into two groups 
with different sizes, for the nodules ≤ 10 mm, 
the best SWV cutoff value of p-SWE was 3.21 
m/s. The sensitivity of the combined use was 
higher than that of ARFI-induced SE or p-SWE 
alone (both P < 0.05), and there were no sig-
nificant differences in accuracy, PPV, NPV and 
AUC among the three modalities (all P > 0.05). 
On the other hand, the best SWV cutoff value 
of p-SWE was 2.64 m/s for the nodules > 10 
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Table 3. Performance of ARFI-induced SE, p-SWE, and their combined use in 
differentiating benign from malignant lesions in different size
Groups Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) YI AUC
≤ 10 mm ARFI-induced SE 64.9 (24/37) 81.0 (17/21) 70.7 (41/58) 85.7 (24/28) 56.7 (17/30) 0.458 0.704

p-SWE 59.5 (22/37) 85.7 (18/21) 69 (40/58) 88 (22/25) 54.5 (18/33) 0.452 0.773

ARFI-induced SE/p-SWE 89.2a (33/37) 61.9 (13/21) 79.3 (46/58) 80.5 (33/41) 76.5 (13/17) 0.511 0.755

> 10 mm ARFI-induced SE 87.5 (21/24) 93.2b (68/73) 91.8 (89/97) 80.8 (21/26) 95.8 (68/71) 0.807 0.912

p-SWE 83.3 (20/24) 82.2 (60/73) 82.5 (80/97) 60.6 (20/33) 93.8 (60/64) 0.655 0.844

ARFI-induced SE/p-SWE 100 (24/24) 78.1 (57/73) 81.4 (79/97) 60.0 (24/40) 100 (57/57) 0.781 0.89

Total ARFI-induced SE 73.8 (45/61) 90.4d (85/94) 83.9 (130/155) 83.3 (45/54) 84.2 (85/101) 0.642 0.828

p-SWE 82 (50/61) 76.6 (72/94) 78.7 (122/155) 69.4 (50/72) 86.7 (72/83) 0.569 0.829

ARFI-induced SE/p-SWE 96.7c (59/61) 71.2 (67/94) 81.3 (125/155) 68.6 (59/86) 97.1e (67/69) 0.68 0.84
Note-aCompared with sensitivity of ARFI-induced SE and p-SWE in nodules ≤ 10 mm, both P < 0.05. bCompared with specificity of ARFI-induced SE/p-SWE only in nodules 
> 10 mm, P < 0.01. cCompared with sensitivity of ARFI-induced SE and p-SWE in all nodules, both P < 0.01. dCompared with specificity of p-SWE and ARFI-induced 
SE/p-SWE in all nodules, both P < 0.05. eCompared with NPV of ARFI-induced SE and p-SWE in all nodules, both P < 0.05. ARFI = acoustic radiation force impulse, SE = 
strain elastography, p-SWE = point shear wave elastography. PPV = positive predictive values, NPV = negative predictive values, YI = Youden index, AUC = area under the 
receiver-operating characteristic curve.

tion, the incidence of differentiated thyroid can-
cer of all sizes has been increasing in recent 
years [15]. Therefore, US tools with a high sen-
sitivity for malignancy are needed to minimize 
the risk of missing malignant nodules not sub-
mitted to FNA.

The technique p-SWE could provide quantita-
tive elasticity information for tissue, with a sen-
sitivity range of 71.6-100%, a specificity range 
of 75-95.7%, an accuracy range of 80.3-
96.13%, a PPV range of 58.9-93.75%, and a 
NPV range of 90-97.8% in the differential diag-
nosis between malignant and benign thyroid 
nodules [8, 10, 16-19]. In addition, Zhang et al 
[18] reported a reasonable intraobserver and 
interobserver reproducibility of p-SWE. In our 
study, the sensitivity, specificity, accuracy, PPV 
and NPV were 82%, 76.6%, 78.7%, 69.4%, and 
86.7%, respectively, when using a cut-off value 
of 2.64 m/s. These are equivalent or slightly 
lower than those in previous studies. The rea-
son was most likely because 37.4% (58/155) of 
nodules in our study were small (≤ 10 mm). For 
nodules ≤ 10 mm, calcification is difficult to 
exclude, as the ROI has a fixed size of 6 × 5 
mm, which eventually leads to a higher p-SWE 
value. For ARFI-induced SE, Zhang et al [11] 
found that the sensitivity, specificity, accuracy, 
PPV and NPV were 87.0%, 95.8%, 92.7%, 
91.8%, and 93.1%, respectively. In our study, 
the sensitivity, specificity, accuracy, PPV and 
NPV were 73.8%, 90.4%, 83.9%, 83.3% and 
84.2%, respectively. The sensitivity of p-SWE 
and ARFI-induced SE were not high enough 
(82% and 73.8%). When the two methods were 
combined, the sensitivity increased to 96.7% 
and NPV increased to 97.1% at the same time, 

yet the specificity reduced to 71.2%. Further 
studies should evaluate whether the results are 
suitable to the following situations as well, such 
as thyroid nodules in high risk groups [14] or 
nodules with suspicious US features were diag-
nosed as benign by FNA. 

Papillary thyroid carcinoma (PTC) is the most 
common thyroid malignancy, the major task of 
modern imaging techniques is to make a dif-
ferentiation between it and benign nodules. 
PTC can be defined as a thyroid papillary micro-
carcinoma (PTMC) when it is less than 10 mm. 
The incidence of lymph node metastasis in 
PTMC ranges from 24% to 64% [20-23]. Routine 
FNA is not recommended for nodules < 1 cm, 
unless the following problems were existing: 
suspicious US findings of nodules and abnor-
mal lymph nodes, family history of papillary thy-
roid carcinoma, history of irradiation as a child, 
history of hemithyroidectomy with discovery of 
thyroid cancer before and so on. Furthermore, 
FNA has a high inadequate specimen rate. The 
diagnosis of PTMC was difficult compared with 
the cancer > 1 cm. A previous study [24] 
showed that ARFI elastography seems to be a 
valuable tool for the differential diagnosis of 
thyroid nodules ≤ 1 cm, in which, the sensitivity, 
specificity, and accuracy were 61.4%, 88.3%, 
and 73.4%, respectively for ARFI-induced SE; 
56.2%, 79.2%, and 66.5% for p-SWE, in consis-
tent with those in our study. In summary, the 
sensitivity of ARFI for the diagnosis of malig-
nancy in thyroid nodules ≤ 10 mm is low. With 
regard to combined use of p-SWE and ARFI-
induced SE, the sensitivity obviously improved. 
Thus, the rate of missed diagnosis could be 
reduced. For the nodules > 10 mm, there was 
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no difference of sensitivity, accuracy, PPV, and 
NPV among p-SWE, ARFI-induced SE, and their 
combined use in differentiating thyroid 
nodules.

There were several limitations in our study. 
First, this was a retrospective study with a lim-
ited sample size and all of the malignancies 
were papillary thyroid carcinomas; second, nod-
ules with diameters less than 7 mm were 
excluded from the study, because ROI was fixed 
at 6 × 5 mm, ARFI could not give reliable infor-
mation about the tissue stiffness. Thus, further 
studies with more sample size and varied tumor 
types are required to validate the study results. 

In conclusions, p-SWE and ARFI-induced SE 
have been shown potent value in the character-
ization of thyroid nodules between the benign 
and malignant nodules. The combined use of 
p-SWE and ARFI-induced SE improves the diag-
nostic sensitivity and NPV significantly whereas 
ARFI-induced SE alone achieves the highest 
specificity, which is relevant in clinical practice.
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