
The predictive value of elastography in thyroid nodules and 
its comparison with fine-needle aspiration biopsy results

Objective: We aimed to evaluate the predictive value of elastography in determining malignancy during preopera-

tive investigation of thyroid nodules and to compare its results with preoperative fine-needle aspiration biopsy (FNA) 

and postoperative histopathology results.

Material and Methods: Among the group of patients who had indications for thyroidectomy between January 2013 

- September 2013 in the department of general surgery 86 euthyroid patients were prospectively included in the 

study. Informed consent was obtained from all patients. All patients received simultaneous thyroid ultrasonography 

and elastography by an experienced radiologist. The patients were classified into five scores according to Tsukuba 

scoring. Score 1 and 2 were evaluated as soft nodules (benign), score 3 as medium consistency (usually benign), and 

scores 4 and 5 as hard nodules (malignant). For statistical purposes, the FNA results were classified as benign, prob-

ably benign or malignant. The histopathological results were classified as benign or malignant. The results were 

compared with FNA and elastography findings.

Results: The fine-needle aspiration biopsy of the nodules revealed 60.5% benign, 17.4% high probability of benign, and 

22.1% malignant cases; and the elastography diagnosed 38.4% benign, 23.3% high probability of benign, and 38.4% ma-

lignant nodules. The postoperative pathology evaluation diagnosed 67.4% of patients as benign, and 32.6% as malignant. 

The rate of detection of thyroid cancer cases (sensitivity) by elastography was 67.9%, the ability to distinguish healthy 

individuals (specificity) was 75.9%, and the overall adequacy of the method (accuracy) was determined as 73.3%.

Conclusion: Elastography overlaps with especially benign cytology-pathology at a high rate, and provides definite 

diagnosis in 58% of malignant cases. In our study, elastography provided more reliable results than FNA, in terms 

of diagnosing malignancy.
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INTRODUCTION

Thyroid nodules are common thyroid pathologies. Thyroid nodule detection rate is 5% by palpation dur-
ing screening, 19-67% by high resolution ultrasonography, and 50% in autopsy series (1).

Although thyroid function tests, scintigraphy and ultrasound provide important information for malig-
nancy in the diagnosis of thyroid nodules, which are known to be mostly benign, they cannot differenti-
ate benign and malignant lesions with certainty. Ultrasonographic features like hypoechogenity, border 
irregularity, microcalcifications, unusual blood supply within the nodule and absence of halo suggest 
the risk of malignancy; however, FNA is required in many patients since their specificity and sensitivity 
are not sufficient (2). FNA is often used as the most reliable method in the evaluation of thyroid nodules 
in recent years. Nevertheless, FNA is an invasive procedure with false-negative results in 15% of patients 
with cancer (3), and is non-diagnostic in 20% of all patients (4, 5). In addition, requirement for repetition 
of the procedure in case of insufficient or suspicious FNA results is another disadvantage of this method.

Elastography is a newly developed ultrasonography method in the evaluation of thyroid nodules. Tissue 
elasticity is measured by application of compression on the tissue. In elastography, the displacement in 
the longitudinal plane of stiff tissues and adjacent soft tissues with the applied mechanical pressure is 
measured with the intent to have an idea about their stiffness. In average, benign thyroid nodules are 1.7 
times harder than the surrounding thyroid tissue, and malignant thyroid nodules are 5 times harder (6).

In this study, we aimed to evaluate the specificity, sensitivity and accuracy of elastography, which is a 
non-invasive method, in determining malignancy during preoperative investigation of thyroid nodules 
and to compare its results with preoperative fine-needle aspiration biopsy (FNA) and postoperative his-
topathology results.

MATERIAL AND METHODS

Among the group of patients who were admitted to the Department of General Surgery between Janu-
ary-September 2013, 86 patients who had an indication for surgery due to thyroid nodule with normal 
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thyroid function tests and who did not have previous thyroid 
surgery were prospectively evaluated. Informed consent was 
obtained from all patients. Ethical board review was obtained 
from the Ministry of Health Haseki Training and Research Hos-
pital Non-Drug Clinical Research Ethics Committee. Informed 
consent was obtained from all patients. 

All patients received simultaneous thyroid ultrasonography 
and elastography by an experienced radiologist at our hospi-
tal’s radiology clinic. The investigations were performed with 
HITACHI HIVISIONTM 7500 (USA and Europe) elastography 
device and 14 MHz linear transducers. The patient was placed 
in the supine position. The lesion was centralized, and rhyth-
mic compression-decompression maneuvers were performed 
with the ultrasound probe perpendicular to the skin, lesion 
and neck. The color scales visualized as a result of signals that 
were obtained before and after compression were evaluated 
by Tsukuba scoring and were divided into five scores. Score 
1 and 2 were evaluated as soft nodules (benign), score 3 as 
medium hardness (usually benign) and scores 4 and 5 as hard 
nodules (malignant) (Figure 1).

Tsukuba Scoring

Score 1: Lesions with similar elasticity to surrounding thyroid 
parenchyma, predominantly green coded. 
Score 2: Lesions with non-homogeneous elasticity, including 
areas of blue and green.
Score 3: Lesions coded green at the periphery, blue at the center.
Score 4: Lesions coded blue, without surrounding echogenic halo.
Score 5: Lesions coded blue, with surrounding echogenic halo 
(the elasticity of the surrounding tissue is also lost). 

The FNA was performed under ultrasonographic guidance 
by using a 21 G- 10 cc syringe in the radiology clinics. The 
obtained materials were fixed by placing inside containers of 
95% of ethyl alcohol and were assessed by pathology clinics 
after staining with hematoxylin-eosin method. The FNA was 
performed again in cases with inadequate and suspicious 
findings. Results of our study were classified as benign, high 
probability of being benign and malignant in order to obtain 
accurate statistics results.

The surgical method was total thyroidectomy in 70 patients, 
and lobectomy in 16 cases. The histopathological results were 
classified as benign and malignant. The FNA and elastography 
results were compared.

Statistical Analysis

Statistical Package for the Social Sciences, (SPSS, Inc., Chi-
cago, IL, USA) 15.0 for Windows program was used for 
analysis. Descriptive statistics were stated as number and 
percentage for categorical variables, and mean, standard 
deviation, minimum, maximum for numeric variables. Sen-
sitivity was defined as identification of individuals with 
health problems among individuals actually with health 
problems, and specificity as identification of healthy indi-
viduals within actually healthy individuals. Positive predic-
tive value was accepted as the percentage of individuals 
actually with health problems among individuals the test 
concluded to have health problems, and negative predic-
tive value was the percentage of actually healthy individu-
als among those the test identified as healthy. The overall 

strength of the test (accuracy) was defined as the ability to 
make an accurate diagnosis.

RESULTS

Eighty-six patients who were scheduled for surgery due to thy-
roid nodules, with a mean age of 47.1±12.0 years, consisting 
of 67 men and 19 women were included in the study. Table 1 
summarizes nodule characteristics. 

The FNA results of the nodules were interpreted as benign in 
60.5%, likely benign in 17.4%, and malignant in 22.1%. Elas-
tography results showed 38.4% benign, 23.3% likely benign 
and 38.4% malignant lesions. The postoperative pathology 
evaluation revealed 67.4% of cases as benign, whereas 32.6% 
were diagnosed as malignant (Table 2, Figure 2).

Within the group of patients who were diagnosed as benign 
by FNA, malignancy was detected in 19.2%, and out of the pa-
tients who were diagnosed as probably benign by FNA, malig-
nancy was detected in 53,3%. 47.4% of nodules with a diagno-
sis of malignancy were benign (Table 3, Figure 3).

The pathologic evaluation of patients diagnosed with a benign 
pathology by elastography revealed malignancy in 27.3%, and 
all lesions that were diagnosed as probably benign were diag-
nosed as benign. 42.4% of patients with a malignancy diagno-
sis were benign (Table 4, Figure 4). 

Statistically, there was no correlation between FNA and elas-
tography results (kappa=0.240) (Table 5). 

In our study, the rate of detecting patients with thyroid cancer 
(sensitivity) was calculated as 35.7%, the rate of distinguish-
ing healthy individuals (specificity) was 84.5%, and the overall 
adequacy (accuracy) was 68.6% for FNA (Table 6).

FNA

Sensitivity=35.7% 
Specificity=84.5% 
Positive predictive value=52.6% 
Negative predictive value=73.1% 
Accuracy=68.6% 

The rate of detecting patients with thyroid cancer (sensitiv-
ity) was calculated as 67.9%, the rate of distinguishing healthy 
individuals (specificity) was 75.9%, and the overall adequacy 
(accuracy) was 73.3% for elastography (Table 7).
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Figure 1. Ultrasonographic elastography scoring of nodules



Elastography

Sensitivity=67.9%

Specificity=75.9%

Positive predictive value=57.6% 

Negative predictive value=83.0%
Accuracy=73.3%

DISCUSSION

Thyroid cancer accounts for approximately 1% of all cancers, 
and 90% of endocrine malignancies, and is responsible for 
0.4% of cancer deaths (7). The female/male ratio is 4: 1. A large 
part of these tumors are well-differentiated tumors originating 
from follicular cells, and has a good prognosis (8, 9). Its signifi-
cance is not related to its incidence, but rather is due to its oc-
currence in young adults (10). Although FNA is a method that 
provides helpful information at a high rate in the diagnosis of 
thyroid neoplasms, distinguishing between benign and ma-
lignant lesions can sometimes be quite difficult. FNA is espe-
cially insufficient in discriminating follicular carcinomas from 
follicular adenomas, which are more common (11). The final 
postoperative pathology report may be required for definitive 
diagnosis. Therefore, additional markers are required for accu-
rate diagnosis of thyroid malignancies. One of these is elastog-
raphy, which is a preoperative radiological diagnostic method.

Differentiation between benign/malignant nodules can not 
be made with certainty by the usually applied thyroid func-
tion tests, scintigraphy and ultrasonography. Preoperatively, 149
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Table 1. Nodule characteristics on thyroid ultrasonography

Age (years) mean±SD (min-max) 47.1±12.0 (20-72)

Gender, n (%) Female  67 (77.9)

 Male 19 (22.1)

Nodule size (mm)   25.6±11.1 (4-42) 
Mean±SD (min-max)

Nodule location, n (%) Bilateral-except isthmus 20 (23.3)

 Left 20 (23.3)

 Right 19 (22.1)

 Dominant-left 10 (11.6)

 Dominant-right 7 (8.1)

 Dominant-isthmus 5 (5.8)

 Complete thyroid tissue 5 (5.8)

Preoperative  MNG 58 (69)
diagnosis, n (%)

 Suspicious thyroid malignancy 14 (16.7)

 Nodular goiter 12 (14.3)

Nodule border Regular 67 (77.9)

 Irregular 19 (22.1)

Component Solid 62 (72.1)

 Solid+cystic 24 (27.9)

Echogenity Isoechoic 50 (58.1)

 Hypoechoic 36 (41.9)

Hipoechoic halo   54 (62.8)

Vascularity   58 (67.4)

Calcification None 38 (44.2)

 Micro+ 31 (36.0)

 Micro+Macro+ 9 (10.5)

 Macro+ 8 (9.3)

Mean±SD: standard deviation; MNG: multinodular goiter

Table 2. Nodule characteristics according to FNA, 
elastography and specimen pathology results

  n (%)

FNA Benign 52 (60.5)

 High probably benign 15 (17.4)

 Malignant 19 (22.1)

Elastography Benign 33 (38.4)

 High probably benign 20 (23.3)

 Malignant 33 (38.4)

Pathology result Benign 58 (67.4)

 Malignant 28 (32.6)

FNA: fine needle aspiration biopsy

Table 3. Comparison of FNA and pathology results

                                    Patholgy result

  Benign, n (%) Malignant, n (%)

FNA   Benign 42 (80.8) 10 (19.2)

 High probably benign 7 (46.7) 8 (53.3)

 Malignant 9 (47.4) 10 (52.6)

FNA: fine needle aspiation biopsy

Table 4. Comparison of elastography and patholgy results

                                        Pathology result

  Benign, n (%) Malignant, n (%)

Elastography Benign 24 (72.7) 9 (27.3)

 High probably benign 20 (100.0) 0 (0.0)

 Malignant 14 (42.4) 19 (57.6)

Figure 2. Nodule characteristics according to FNA, elastography 
and pathology results
FNA: fine needle aspiration
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the most reliable diagnostic method is FNA (12). In contrast, 

there are studies in the literature that question the reliability of 

FNA. FNA may be insufficient for diagnosis especially in multi-

nodular goiter, where multiple nodules are present (13).

The sensitivity and specificity of FNA in thyroid malignancies is 

reported as 65-98% and 72-100%, respectively (14-16).

In our study, the rate of detecting patients with thyroid cancer 

(sensitivity) was calculated as 35.7%, the rate of distinguishing 

healthy individuals (specificity) was 84.5%, and the overall ad-

equacy (accuracy) was 68.6% for FNA. In our study, the sensitiv-

ity of FNA in detecting cancer was lower than the literature. We 

think that this discrepancy depends on many factors including 

radiology, pathology, and the materials used in FNA method, 

and patients with multiple nodules. Another disadvantage of 

FNA is its invasive nature. These disadvantages have caused 

the investigators to search a non-invasive method with fewer 

variables. 

Ophir et al. (17), who have been investigating methods to im-
prove diagnostic accuracy of ultrasonography, presented a 
new method called elastography in 1991. This method is an 
ultrasonography technique that detects the stiffness of le-
sions and accordingly, gives an estimate about the probability 
of malignancy of the lesion by using ultrasound device (18). 
Elastography is a newly developed dynamic technique and is 
a non-invasive evaluation of the degree of tissue stretching 
under application of an external force that is based on the 
principle of easier deformation of soft tissue under pressure 
(19, 20). According to Hooke’s law, when an elastic deformity is 
created by externally applying a force to a substance, the ac-
cumulated potential energy provides retrieval of the old shape 
after decompression. Elastography evaluates distortion that 
occurs in the tissue by externally applied pressure. It is based 
on the principle that soft parts of the tissue will sustain greater 
distortion than stiff parts. It is used to distinguish benign le-
sions from malignant lesions in the breast, prostate, pancreas, 
thyroid and lymph nodes (21, 22). 

Malignant thyroid nodules are usually harder than benign 
nodules. Within histological types, this feature is more pro-
nounced in papillary carcinomas. Elastography is performed 
by comparing the stiffness level of the nodule with that of the 
surrounding thyroid tissue. Therefore, in cases of thyroiditis 
that causes stiffness in the surrounding thyroid tissue, and in 
multinodular patients containing multiple nodules without 
any healthy surrounding tissue to make a comparison with, 
elastography may give erroneous results (23, 24). Likewise, cal-
cified nodules and nodules with a more than 20% cystic com-
ponent can also be misleading (25).

Rago et al. (24), in their study involving 92 patients, detected 
elastography sensitivity as 97%, and specificity as 100%. How-
ever, all of the patients included in the study group were cyto-
logically either suspicious or malignant, and a selected group 
of patients with large nodule size was included in the study.

In their study of 52 nodules Lyshchik et al. (26), reported the 
elastography sensitivity as 82%, and specificity as 96%. In this 
study, it is noteworthy that significant portions of the selected 
nodules were malignant. 

Rubaltelli et al. (27) reported elastography sensitivity as 81.8%, 
and specificity as 87.5%.

In their study involving 60 patients, Bender et al. (28) stated 
the sensitivity of elastography as 58.3%, and the specificity 
as 85.4%. They stated that the reasons why these values were 150
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Table 5. Comparison of FNA and elastography results

                                         FNA

  Benign Malignant High probably benign Total

Elastography Benign 29 2 2 33

 High probably benign 12 5 3 20

 Malignant 11 12 10 33

Total  52 19 15 86

FNA: fine needle aspiration biopsy

Table 6. Accuracy of FNA method

                                   Pathology result

   Benign  Malignant

FNA Malignant Number 10 9

  Column % 35.7 15.5

  Line  % 52.6 47.4

 Benign Number 18 49

  Column % 64.3 84.5

  Line % 26.9 73.1

FNA: fine needle aspiration biopsy

Table 7. Accuracy of elastography method

                                     Pathology result

   Benign  Malignant

Elastography Malignant Number 19 14

  Column % 67.9 24.1

  Line % 57.6 42.4

 Benign Number 9 44

  Column % 32.1 75.9

  Line % 17.0 83.0
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lower compared to those in the literature were the limited num-
ber of cases and lack of including a selected group of patients. 

In our study, for elastography, the rate of detecting patients 
with thyroid cancer (sensitivity) was calculated as 67.9%, the 
rate of distinguishing healthy individuals (specificity) was 
75.9%, and the overall adequacy (accuracy) was 73.3%. The 
relatively low rates in our study as compared to the literature 
are due to the lack of having a selected case group. 

In our study, the sensitivity and specificity rates of elastogra-
phy in the diagnosis of thyroid cancer were higher than FNA.

CONCLUSION

Once a nodule is detected in the thyroid gland, differentiation 
between benign/malignant nodules should be made with an 
aim to minimize unnecessary surgical interventions. There-
fore, diagnosis of malignancy prior to thyroid operations is 
important, particularly for the decision to perform total thy-
roidectomy or neck dissection, if required. At this stage, the 
diagnosis of malignancy must be confirmed by preoperative 
imaging techniques and FNA. Elastography is one of the latest 
developments in ultrasound technology, and is a non-invasive 
imaging modality that qualitatively and quantitatively evalu-
ates the stiffness of the tissue. It is complementary to gray 
scale and color Doppler findings and ensures the avoidance of 
unnecessary FNA at this stage. 

Elastography overlaps at a high rate especially with benign 
cytology-pathology, and can provide a definite diagnosis of 
malignancy at a rate of 58%. In our study, elastography has 
yielded more reliable results in the diagnosis of malignancy 
than FNA.

In the future, FNA perhaps will not be used for the diagnosis 
of malignancy in patients who are diagnosed with malignancy 
by elastography.
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