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Sonoelastography is a comparatively new and developing technology in the field of salivary gland imaging. Nev-

ertheless, it has the potential to distinguish between various types of lesions by calculating the degree of strain-

related deformation under the externally applied force. With this background, the present study was undertaken 

to evaluate the role of sonoelastography in characterising salivary gland lesions as benign or malignant.  

The aim: To evaluate and characterize salivary Gland lesions on the Gray scale and Colour doppler ultraso-

nography and sonoelastography and to correlate these findings with the clinico-pathological diagnosis. 

Methodology: This prospective cross-sectional study was conducted in the Department of Radiodiagnosis, Teer-

thanker Mahaveer Medical College & Research Centre, Moradabad (U.P.), from Aug 2021 to Nov 2022. All pa-

tients referred to the radiology department for imaging with clinical suspicion of having salivary gland lesions 

were enrolled in the study and evaluated on the SIEMENS ACUSON S3000 machine. Gray scale USG was done 

first to assess various morphological features of lesions, and then a Doppler assessment was done to determine 

vascularity within the lesion. Subsequently, real-time strain elastography (eSie touch) was performed to assess 

the tissue stiffness. The elastogram image of the detected lesions was evaluated using colour coding ranging 

from blue (soft) through green (intermediate/average hardness) and red (hard). After strain elastography, shear 

wave elastography of the lesion was also performed using Virtual Touch Quantification (VTQ) and Virtual 

Touch Imaging Quantification (VTIQ) software. The sonographic findings were correlated with histopathologi-

cal diagnosis. The acquired data were subjected to statistical analysis using the software SPSS version 20. Sen-

sitivity, specificity, PPV and NPV were calculated for conventional ultrasound techniques alone & in combina-

tion with elastography. 

Results: Out of the 50 salivary gland lesions included in the study, 44 (88 %) were benign, whereas 6 (12 %) 

were malignant on cytology. The age of the study population ranged from 16 to 75 years, with a mean age of 

38.82 years. Pleomorphic adenoma (60 %) was the most frequent lesion, followed by Warthin's tumour (28 %). 

The Conventional USG showed 66.67 %, sensitivity, 52.27 %, specificity, 16.00 %, PPV, 92.00 % NPV and 

54.00 % accuracy in differentiating benign from malignant lesions while USG- Elastography combined showed 

higher diagnostic performance with 83.33 %, sensitivity, 79.55 %, specificity, 35.71 % PPV, 97.22 % NPV and 

80.00 %, accuracy. The specific cut-off scores for the sonoelastography score, eSie touch, VTQ, and VTIQ were 

also determined to diagnose a lesion as malignant or benign, and the difference was found to be statistically sig-

nificant. 

Conclusions: Sonoelastography alone cannot be solely relied upon to distinguish between malignant & benign 

salivary gland abnormalities. However, it can be combined with conventional USG for better differentiation and 

characterization of these lesions 
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1. Introduction 

Salivary gland tumours account for a significant 

proportion of oral and maxillofacial pathologic abnor-

malities [1]. Salivary gland diseases range in severity 

from mild inflammatory illnesses to a variety of benign-

&-malignant neoplasms. Most salivary gland illnesses 

manifest as gland enlargement, and the preponderance of 

neoplasms originate in the parotid gland, with the re-

mainder (10–15 %) occurring in the submandibular 

gland. It has been estimated that the annual incidence of 

salivary gland neoplasms is around 2.5–3 cases per 

100,000 people [2, 3]. 

The management of a salivary gland lesion is 

primarily decided by whether the lesion is benign or 

malignant (type of histology of the lesion). Therefore, it 

is crucial to distinguish between benign-&-malignant 

salivary gland lesions before surgery since the latter may 

require more complex surgery [4, 5]. 

Although FNAC is the ideal preoperative diagnos-

tic tool for salivary gland lesions, it is an invasive proce-
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dure; hence non-invasive techniques are often used [6]. 

The radiological methods employed for imaging salivary 

gland lesions include ultrasound, computed tomography, 

and magnetic resonance imaging (MRI) [7]. 

B mode ultrasound is a sensitive and presently 

recommended first-line imaging tool for patients with 

salivary gland enlargement because it is non-invasive, 

radiation-free, simple to use, time and cost-effective, and 

provides good resolution for superficial tissues. The 

majority of the time, it is possible to display the lesion's 

precise position, size, shape, consistency, and margins. 

Additionally, ultrasound can properly determine if a 

lesion is intraglandular or extraglandular. However, be-

cause the morphological characteristics of benign-&-

malignant-lesions frequently overlap, sometimes neither 

greyscale nor colour doppler ultrasonography can distin-

guish the nature of a tumour [8, 9].  

More details regarding the mass and the structures 

around it (such as the mandible or temporal bone) can be 

obtained using CT and MRI. However, these procedures 

are time-consuming, costly, and not always accessible. 

Additionally, CT comes with an associated danger of 

radiation exposure [10]. Further, due to the substantial 

overlap in the imaging characteristics of benign-&-

malignant salivary gland lesions, despite their great sen-

sitivity, they cannot distinguish between benign-&-

malignant-lesions [11]. 

Sonoelastography is a relatively modern technol-

ogy that provides qualitative, quantitative, and semi-

quantitative characteristics to quantify the elasticity of 

the tissue. The cornerstone behind this modality is the 

repetitive application of pressures to the tissue with an 

ultrasonic probe. Shear Wave Elasticity Imaging (SWEI) 

was first conceptually characterized by Sarvazyan et al. 

in 1998 [12] and realistically explored by Nightingale 

and Trahey in the period of 1995–2003 [13]. The physi-

cian's fingers on the surface of the body or organ are 

replaced by the radiation force, which functions as a 

"virtual finger" that can be employed to palpate the organ 

from within the organ [14].  

Elastograms, also known as colour maps, quantify 

and illustrate changes in tissue displacement [14–16]. A 

cutting-edge method enables overlaying that colour scale 

with an elasticity score over the typical ultrasound image 

in greyscale. A separate colour is used to indicate each 

elasticity score [15, 17]. Soft tissue is represented by red, 

medium-stiff tissue by green, and "hard" tissue by blue. 

Grayscale sonograms are overlaid with colour-scaled 

elastograms to enable an examination of the elasticity of 

any visible lesions [16]. 

There is a paucity of sonoelastography research 

on the salivary gland in the Indian population, despite the 

fact that this approach has been proven effective in dis-

tinguishing benign from malignant lesions in breast, 

thyroid, and prostate cancer [18]. Due to the concomitant 

desmoplastic response, most malignant lesions are harder 

than benign lesions. Elastography, primarily based on 

this concept, distinguishes between various types of 

lesions by measuring the degree of strain-related defor-

mation under the externally applied force [19].  

Sonoelastography is a comparatively new and 

evolving technology in the field of salivary gland imag-

ing [20]. To confirm and demonstrate its efficacy in 

salivary gland imaging, more research is still needed. 

With this background, the present study was undertaken 

to evaluate the diagnostic accuracy of sonoelastography 

in characterizing salivary gland lesions and to prospec-

tively correlate it with conventional ultrasonography and 

clinicopathological diagnosis. Additionally, we believe 

that the inclusion of elastographic data to pre-

existing Grayscale and Color doppler USG may improve 

the assessment of salivary gland lesions, thereby elimi-

nating the need for additional MRI/CT scanning. 

 

2. Materials and methods 

This prospective cross-sectional study was con-

ducted in the Department of Radiodiagnosis, Teerthanker 

Mahaveer Medical College & Research Centre, Morada-

bad (U.P.), from Aug 2021 to Nov 2022. This study was 

performed following ethical principles and standards for 

conducting medical research in India and was started 

after taking due approval from the ethical committee of 

TMU University (TMU/IEC/20-21/083 dated 

28/07/2021) and written informed consent from patients. 

All the patients who were referred to the radiolo-

gy department for imaging with clinical suspicion of 

having salivary gland lesions and were incidentally found 

to be having salivary gland lesions on imaging were 

enrolled in the study. The lesions clearly outside the 

confines of the salivary gland on ultrasound were ex-

cluded from the study. Also, patients with a previous 

history of salivary gland surgery/malignancy/radiation 

therapy and patients who refused to give prior written 

consent/ Uncooperative patients were also excluded from 

the research. 

Ultrasound was performed while a patient was ly-

ing in a supine position with the neck turned to the oppo-

site side during the examination of the parotid gland, 

whereas imaging of the submandibular gland was per-

formed in a hyperextended neck position. Gray Scale 

Ultrasound, Color Doppler and ultrasound elastography 

of the Salivary Gland Lesions were performed on SIE-

MENS ACUSON S3000 (Germany) machine using Sie-

mens 9L4 linear-array probe (4-9MHz), and the findings 

were correlated with the clinical-pathological diagnosis. 

The salivary gland lesions were carefully ana-

lyzed, and various sonomorphological features were 

recorded as follows [21–23] – Gland involved (Parot-

id/Submandibular/Both), Laterality (Unilateral/Bilateral), 

Focal/Diffuse Involvement, Size of the lesion (in the 

perpendicular plane in mm), the shape of the lesion 

(round/oval/lobulated/irregular), Margin of the lesion 

(Well demarcated/Poorly demarcated), consistency of 

lesion (Solid/Cystic/Mixed), Echo-pattern of the lesion 

(Anechoic/Hypoechoic/Isoechoic/Hyperechoic/Mixed) 

and Echo-texture of the lesion (Homogene-

ous/Heterogeneous). Doppler assessment was also done 

to evaluate the presence and pattern of vascularity within 

the lesion. 

Subsequently, Sonoelastography was performed 

using a 9L4 linear array transducer of frequency 4– 

9 MHz with the same depth focus and gained settings as 

grayscale imaging. The scanner was switched to Elasto-

graphic mode (eSie touch), and real-time strain elas-

tography was performed to assess the tissue stiffness. 

The Grayscale and sonoelastography images were pre-
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sented side by side on a dual screen. Wherever possible, 

the elastographic window or box was positioned to en-

compass the whole tumour region, including some of the 

healthy surrounding tissue, and the box size was modi-

fied accordingly. Patients were instructed to hold their 

breath while recording measurements. The quality of the 

elastography was indicated by the quality factor, which 

was kept at 65 [24]. 

The elastogram image of the detected lesions was 

evaluated using colour coding ranging from blue (soft) 

through green (intermediate/average hardness) and red 

(hard). In addition, all lesions were scored on elastogram 

in terms of their stiffness and compared to normal paren-

chyma using a 4-grade system as follows [10]. 

Score 1 – The lesion has elasticity similar to the 

surrounding glandular parenchyma (soft). 

Score 2 – The lesion is predominantly soft com-

pared to the adjacent parenchyma, with some areas of 

stiffness accounting for <50 % of the lesion area. 

Score 3 – The lesion is mostly stiff, but elastic areas 

are still present; Stiffness is over >50 % of the lesion area. 

Score 4 – Lesion is completely stiff. 

After strain elastography, shear wave elastography 

of the lesion was also performed in the longitudinal plane 

using Acoustic Radiation Force Impulse (ARFI) technolo-

gy. Virtual Touch Quantification (VTQ) and Virtual Touch 

Imaging Quantification (VTIQ) software were used for 

shear wave elastography assessment. Quantitative analysis 

was done using the VTQ application. It provides shear wave 

velocity at the user-defined region of interest (ROI), and two 

parameters, i.e. Young modulus: in kilopascal (kPa) and 

Shear wave speed (m/s), were measured. The dynamic 

range for shear wave velocity measurements was set as 0.5 

to 10 m/s. These values were measured three times for each 

lesion (preferably in the solid parts of the lesion), and the 

mean value was considered final. VTIQ provides an image-

based assessment of shear wave velocity using colour-coded 

scales (elastogram). It was used to identify stiffness in dif-

ferent areas of the lesions on the basis of their colour coding 

as follows-Low Stiffness (Blue colour), Intermediate stiff-

ness (Turquoise to yellow) and High stiffness (Red colour). 

The ultrasound findings were correlated with pathological 

findings in all the cases. 

Statistical Analysis. The acquired data was entered 

into a Microsoft Excel spreadsheet and subjected to statisti-

cal analysis using software SPSS version 20. p-value less 

than 0.05 was considered significant. Sensitivity, specificity, 

PPV and NPV were calculated for conventional ultrasound 

techniques alone & in combination with elastography. The 

receiver operating characteristic curve, or ROC curve analy-

sis, was done to generate ideal cut-off values for the sonoe-

lastography score, eSie touch, VTQ, and VTIQ to diagnose 

a lesion as malignant or benign. 

3. Results 

In the present study, a total of 50 patients were se-

lected as per inclusion and exclusion criteria between the 

periods of Aug 2021 to Nov 2022. The age of the study 

population ranged from 16 to 75 years, with a mean age 

of 38.82 years, where the maximum number of subjects 

was found in 21 to 30 (38.0 %). 56 % (28 patients) of the 

patients were female, and the remaining were males  

(22 patients). According to clinical complaints, the max-

imum number of patients complained about swelling  

(76 %), followed by pain (16 %) (Table 1). 
 

Table 1 

Distribution of Masses according to the various Demo-

graphic Characteristics 

Age in Years No. % 

<20 3 6.0 

21-30 19 38.0 

31-40 8 16.0 

41-50 9 18.0 

51-60 4 8.0 

>60 7 14.0 

Total 50 100.0 

Sex No. % 

Male 22 44.0 

Female 28 56.0 

Clinical complaints No. % 

Pain 8 16.0 

Pain & swelling 4 8.0 

Swelling 38 76.0 

Total 50 100.0 

 

Out of the 50 salivary gland lesions included in 

the study, 44 (88 %) were found to be benign, whereas 6 

(12 %) were found to be malignant (Table 2). The two 

most frequent lesions in the study were Pleomorphic 

adenoma (60.0 %) and Warthin's Tumor (28 %).  

(Fig 1, 2). 
 

Table 2 

Distribution of cases according to Pathological diagnosis 

(FNAC) 

FNAC Findings No. % 

Pleomorphic adenoma 30 60.0 

Warthin's Tumor 14 28.0 

Squamous cell carcinoma 1 2.0 

Myoepithelial carcinoma 1 2.0 

Metastatic adenocarcinoma 1 2.0 

Carcinoma ex-pleomorphic adenoma 1 2.0 

Adenoid cystic carcinoma 1 2.0 

Acinic cell carcinoma 1 2.0 

Total 50 100.0 

 



Scientific Journal «ScienceRise: Medical Science»                                                                                         №1(52)2023 

  

 
13 

 
a 

 
b 

   
c                                                                     d 

 
e 

Fig. 1. USG and Elastographic findings in a case of Pleomorphic Adenoma: a – B mode USG shows a Focal, well-

demarcated, oval-shaped, heterogeneously hypoechoic solid lesion in the right submandibular gland; b – strain elas-

tography (eSie touch) shows predominantly soft lesion (represented by green & blue colour) with some areas of stiff-

ness (represented by red colour) accounting for <50 % of the lesion area (corresponding to Score 2) indicating low 

tissue stiffness; c – shear wave elastography (VTQ) shows the velocity of 1.76 m/s and stiffness in kPa of 9.2 within the 

selected ROI; d – shear wave elastography (VTIQ) shows variable velocity ranging from 2.67 m/s to 3.06 m/s at multi-

ple ROIs within the lesion; e – microphotograph shows poorly cohesive myoepithelial cells with abundant pale cyto-

plasm and bland nuclei associated with fibrillar fibromyxoid stroma (×200) – Pleomorphic Adenoma 
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e 

Fig. 2. USG and Elastographic findings in a case of Warthin’s Tumor: a – B mode USG shows a Focal, well-

demarcated, round-shaped, heterogeneously hypoechoic solid lesion in the submandibular gland; b – colour doppler 

USG shows a peripheral pattern of vascularity around the lesion; c – shear wave elastography (VTQ) shows the velocity 

of 2.16 m/s & stiffness of 14.0 kPa at the selected ROI; d – shear wave elastography (VTIQ) shows colour-coded map 

representing predominantly low stiffness area (represented by green and blue colour) in the lesion; e – microphotograph 

shows a monolayered sheet of bland oncocytic epithelial cells with scattered lymphocytes on a background of murky 

fluid (×200) – Warthin’s Tumor 
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The size of the lesion was compared between the 

Malignant & Benign categories. In Benign and Malig-

nant lesions, the mean size of the long axis was 

24.83±9.15 mm and 30.83±9.15 mm, respectively, 

whereas, for the short axis, these were 18.5±7.14 mm and 

23.33 mm, respectively. However, the difference in the 

mean sizes was not statistically significant (Table 3). 

Table 4 shows the distribution of various 

sonomorphological features assessed on the Grayscale 

and colour doppler amongst the malignant and benign 

salivary gland lesions. 

23 out of 44 purely benign lesions were correctly 

diagnosed as benign on Conventional USG (Grayscale & 

Doppler), while the remaining 21 were diagnosed as 

malignant.  

Of the malignant lesions, out of 6 lesions, 4 were 

correctly diagnosed as malignant, while 2 were falsely 

labelled as benign (Table 5). 

 

Table 3 

The difference in the size of malignant and non-malignant salivary gland lesions 

Size of Lesion 
FNAC Findings-Benign FNAC Findings-Malignant Statistic 

n Mean±SD n Mean±SD Difference P value 

Long axis (mm) 44 24.8±9.1 6 30.8±14.3 5.9 0.16* 

Short axis (mm) 44 18.5±7.1 6 23.3±12.1 4.8 0.16* 

Note: * – Non-significant 

 

Table 4 

Frequency distribution of cases according to various USG Parameters (Grayscale and Color doppler) 

USG Findings No. % 

Type of lesion 
Focal 48 96.0 

Diffuse 2 4.0 

Shape of lesion 

Round 6 12.0 

Oval 20 40.0 

Irregular 12 24.0 

Lobulated 12 24.0 

Margin of lesion 
Well demarcated 40 80.0 

Poorly demarcated 10 20.0 

Consistency of lesion 
Solid 26 52.0 

Mixed 24 48.0 

Echo pattern of lesion 
Hypoechoic 14 28.0 

Mixed 36 72.0 

Echotexture of lesion 
Homogeneous 13 28.0 

Heterogeneous 37 72.0 

Vascularity 
Present 42 84.0 

Absent 8 16.0 

Vascularity Pattern 

Peripheral 16 38.1 

Mixed 11 26.2 

Central 15 35.7 

 

Table 5 

Comparison of conventional USG diagnosis with pathological diagnosis in terms of benign and malignant 

USG diagnosis 
FNAC diagnosis 

Total, abs. (%) 
Malignant % Benign % 

Malignant 4 66.7 21 47.7 25 (50.0 %) 

Benign 2 33.7 23 52.3 25 (50.0 %) 

Total 6 12 44 88 50 

 

 

When conventional USG was combined with elas-

tography, 35 out of 44 purely benign lesions were cor-

rectly diagnosed as benign, while the remaining 9 were 

diagnosed as malignant. Of the malignant lesions, out of 

6 lesions, 5 were correctly diagnosed as malignant, and 

only 1 was falsely labelled as benign (Table 6). 

As can be seen in Table 7, the combination of 

USG and elastography yielded a higher diagnostic per-

formance as compared to USG alone. 

The sonoelastography score (eSie touch) correla-

tion with FNAC showed statistically significant distribu-

tion patterns (Table 8). 

Similarly, the difference in the mean values for 

VTQ (kPa), VTQ (m/s), and VTIQ (m/s) in benign and 

malignant lesions was also found to be statistically sig-

nificant (Table 9). 

The ROC analysis of sonoelastography, VTQ 

(kPa), VTIQ (m/s) and eSie touch score against FNAC 
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findings was done to estimate the cut-off value with 

optimized sensitivity and specificity to diagnose the 

lesion as malignant or benign. The cut-off value >40.7 

was obtained for VTQ (kPa) with 83.33 % sensitivity and 

88.64 % specificity. Similarly, for VTIQ (m/s) and eSie 

touch score, cut-off values were >3.74 and >2, with rea-

sonably good sensitivity and specificity to diagnose the 

lesion as malignant (Table 10).  

 

Table 6 

Comparison of combined USG elastography diagnosis with Pathological diagnosis in terms of benign and malignant 

USG & Elasto's diagnosis 
FNAC diagnosis 

Total, abs. (%) 
Malignant % Benign % 

Malignant 5 83.3 9 20.5 14 (28.0 %) 

Benign 1 16.7 35 79.5 36 (72.0 %) 

Total 6 12 44 88 50 

 

Table 7 

Diagnostic Performance of Conventional USG (USG-CD) and USG-Elastography (USG-CD-Elasto) against FNAC 

findings to differentiate between malignant & benign 

S.No. Parameters USG-CD vs FNAC USG-CD-Elasto vs FNAC 

1. Sensitivity 66.67 83.33 

2. Specificity 52.27 79.55 

3. PPV 16.00 35.71 

4. NPV 92.00 97.22 

5. Accuracy 54.00 80.00 

 

Table 8 

Correlation of elastography score (eSie touch) with pathological diagnosis 

Elastography score eSie touch 
FNAC Findings Total, 

abs. (%) Malignant % Benign % 

1 1 16.7 5 11.4 6 (12.0 %) 

2 0 0.00 30 68.2 30 (60.0 %) 

3 2 33.3 9 20.5 11 (22.0 %) 

4 3 50 0 0 3 (6.0 %) 

5 6 100 44 100 50 

χ2 26.613 

Significance level p < 0.0001 

 

Table 9 

Comparison of VTQ (kPa), VTQ (m/s), and VTIQ (m/s) against FNAC findings to differentiate malignant & benign 

lesions 

Variable 
FNAC – Benign FNAC – Malignant Statistic 

n Mean±SD n Mean±SD Difference P value 

VTQ (kPa) 44 25.4±15.6 6 53.6±25.4 28.1 0.0004* 

VTQ (m/s) 44 2.8±0.8 6 4.0±1.1 1.2 0.0011* 

VTIQ (m/s) 44 2.9±0.8 6 4.3±1.2 1.3 0.0010* 
Note: * – statistically significant 

 

Table 10 

ROC analysis of criterion values and coordinates of the ROC curve 

ROC analysis of Elastographic parameters VTQ (kPa) VTIQ eSie-touch 

The area under the ROC curve (AUC) 0.822 0.807 0.809 

Significance level P (area=0.5) 0.0191 0.0235 0.0425 

Cut-off value >40.7 >3.74 >2 

Sensitivity 83.33 83.33 83.33 

Specificity 88.64 88.64 79.55 

 

4. Discussion 

Out of the 50 salivary gland lesions included in 

the study, 44 (88 %) were benign, whereas 6 (12 %) were 

malignant. 

Demographic Profile. Most of the affected pa-

tients were between the ages of 21–30 yrs (38 %), and the 

mean age of the study population was 38.82 yrs. The max-

imum number of patients in the study by Babu N et al. 

[25] also belonged to the 21–30 yrs age bracket (39.14 %). 

The mean age of patients in the study by Dumitru et al. 

[26] was 44.2 years, which nearly matches our study.  

In the present study, the females (56 %) were 

mostly affected as compared to males (44 %). 63.15 % of 

females got affected by salivary-gland lesions and out-
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numbered males in a study by Dumitriu et al. [26]. Simi-

larly, female predominance (51.9 %) was also observed 

by Stewart et al. [27] in their study.  

Glandular involvement. We found predominant 

involvement of the parotid gland (PG – 66 %) as com-

pared to the submandibular gland (SMG – 44 %). These 

findings nearly match the studies of Bocatto et al. [28] 

(Parotid gland – 87.6 % and submandibular gland –  

10.1 %), Rajdeo et al. [29] (PG – 70 % and SMG –  

24 %), and Cristallini et al. [30] (PG – 70.8 % and SMG – 

21.6 %) in which parotid gland involvement was more 

frequent than submandibular gland involvement.  

The two most prevalent salivary gland lesions, as 

reported in the literature, are Pleomorphic adenoma and 

Warthin's tumour [31, 32]. Pleomorphic adenoma was the 

most frequent tumour comprising 54.2 % of all tumours 

and 80.3 % of the benign salivary gland tumours in the 

case series (256 cases) of Kamble RC et al. [32]. In this 

study, also Pleomorphic adenoma (60 %) was the most 

frequent lesion, followed by Warthin's tumour (28 %).  

Size. We observed no statistically significant dif-

ference in gland and lesion size between malignant and 

benign lesions (p > 0.05). These findings are in clear 

contrast to the findings of Speight P et al. [33] as they 

stated that the behaviour of salivary tumours was only 

marginally influenced by histologic type while greatly 

influenced by lesion size. This possible reason for this 

discrepancy may be attributed to the low number of ma-

lignant cases in the present study. 

Sonographic features. Malignant and benign 

cases were identified according to the elastography score 

(eSie touch). We were not able to differentiate between 

benign and malignant lesions based on the scores alone. 

Dumitriu et al. [26] evaluated salivary-gland tumours 

using elastography. They got higher scores for malignant 

tumours than benign tumours. In 2011, Dumitriu et al. [5] 

used the same scoring pattern to distinguish between the 

malignant and benign nature of lesions, but the findings 

were not statistically significant. Although most malignant 

masses in their study either scored 3 or 4, few either 

scored 1 or 2. Also, among tumours with a score of 4, 

more than half were pleomorphic adenomas [5].  

The conventional sonographic features (USG-CD) 

of malignant salivary-gland lesions consist of irregular 

form, poorly demarcated outline, heterogeneous echotex-

ture, mixed consistency of lesion and echo pattern, and 

mixed/central vascularity pattern [34–37]. Whereas not a 

single parameter is sufficient for adequate diagnostic 

assessment, so we prepared overall findings for USG-CD 

while in the case of USG-Color Doppler-Elastography 

(USG-CD-Elasto), scores of eSie touch, VTQ (kPa), and 

VTIQ (m/s) were used to prepare overall findings. Fur-

ther, we validated the overall findings of USG-CD and 

USG-CD-Elasto for the confirmation of benign and ma-

lignant salivary-gland lesions against FNAC findings. 

In comparison, the USG-CD diagnosis with 

FNAC shows that 23 out of 

44 purely benign lesions were also diagnosed as be-

nign in the USG-CD findings, while the remaining 21 were 

misdiagnosed as malignant. In the case of malignant lesions, 

the USG-CD incorrectly diagnosed four of six lesions as 

malignant and two as benign. USG-CD-Elasto diagnosis 

with FNAC shows that 35 out of 44 purely benign lesions 

were diagnosed as benign in the USG-CD-Elasto finding, 

while the remaining nine were misdiagnosed as malignant. 

In the case of malignant lesions, out of 6 lesions, 5 were 

diagnosed as malignant, and only 1 was falsely diagnosed as 

benign in USG-CD-Elasto. These findings were utilized to 

compare the diagnostic performances of USG-CD and 

USG-CD-Elasto, and their sensitivity, specificity, PPV, 

NPV, and accuracy were determined. The USG-CD-Elasto 

showed higher diagnostic performance with 83.33 % sensi-

tivity, 79.55 % specificity, 35.71 % PPV, 97.22 % NPV, 

and 80.00 % accuracy as compared to conventional ultra-

sound techniques. 

Cheng et al. [38] also reported similar enhanced 

diagnostic performance after the addition of sonoelas-

tography to conventional USG, with 89 % specificity and 

85 % accuracy. A German-based meta-analysis reported 

92 % sensitivity and 90 % specificity in distinguishing 

benign lesions from malignant ones [39]. Several other 

studies [40, 41] also suggested that sonoelastography is 

an independent method capable of assessing malignancy 

with comparable accuracy to USG. In the study of Canti-

sani et al. [40], forty of the lesions analyzed harboured a 

malignant lesion, and US elastography demonstrated that 

malignant lesions had significantly higher stiffness with 

respect to benign ones. We also observed that sonoelas-

tography provides an add-on capability to USG-Color 

Doppler to differentiate benign from malignant tumours. 

To confirm whether sonoelastography can be used 

independently to distinguish benign from malignant 

tissue, we performed ROC analysis, determining criteri-

on values and different ROC curve coordinates. Shear 

wave velocity (SWV), which is mostly determined by the 

target tissue's stiffness, is given an objective numerical 

value by VTQ, while VTIQ, an upgraded technology of 

VTQ, gives a more inside picture with increased reliabil-

ity and reproducibility and a smaller ROI with a wide 

spectrum range. eSie Touch is a relatively new technolo-

gy for elasticity imaging [42–44]. 

We compared sonoelastography scores, VTQ 

(kPa), VTQ (m/s), and VTIQ (m/s), against FNAC-

confirmed cases to differentiate between malignant and 

benign lesions. The difference in VTQ (kPa), VTQ (m/s), 

and VTIQ (m/s) were statistically significant in all cases 

because the observed p-values were 0.05. Our findings 

concord with previous reports [38, 45–47] that stated that 

the mean value for elasticity (as a measure of stiffness) 

proved higher in malignant lesions with respect to benign 

tissue. Cheng et al. [38] found a significant difference in 

the standard deviation of elasticity between benign and 

malignant tumours (median±IQR, 25.9±25 vs 34.8± 

±20.4 kPa). The standard deviation of elasticity among 

malignant tumours, pleomorphic adenoma and other 

benign tumours also showed a significant difference 

under the Kruskal-Wallis test (median±IQR, 34.8±20.4, 

28±22.4, 27.7±20.5, and 13.7±26.4 kPa).  

The mean elasticity score was 4.1±0.9 for malignant 

lesions and 2.1±1.0 for benign lesions in the study by 

Schaefer et al. [45]. Similarly, Yi et al. [46] also found a 

higher mean elasticity score for malignant lesions as com-

pared to benign lesions (2.94±1.10 vs 1.78±0.81). Chen et 

al. [47] reported that for all sizes, Shear wave velocity VTQ 

and shear wave velocity VTIQ were higher for malignant 

versus benign tumours (P<0.05). 
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Further, we analyzed the diagnostic performance 

of sonoelastography scores. The ideal cut-off value gen-

erated a ROC curve based on maximum sensitivity and 

specificity. The specific cut-off scores for the sonoelas-

tography score, eSie touch, VTQ, and VTIQ were deter-

mined for FNAC findings to diagnose a lesion as malig-

nant or benign. The cut-off value of >40.7 kPa was ob-

tained for VTQ (kPa) with 83.33 % sensitivity, 88.64 % 

specificity, and a good AUC value (0.822). Similarly, for 

VTIQ (m/s) and eSie touch score, cut-off values were 

>3.74 m/s and >2 scores, with 83.33 % and 83.33 % 

sensitivity and 88.64 % and 79.55 % specificity with 

good AUC values (0.807 and 0.809).  

Interestingly, Cheng et al. and Chen et al. have al-

so observed similar findings [38, 47]. Chen et al. [38] 

discovered that the respective cut-off values for VTQ and 

VTIQ ranged from 2.94 m/s to 4.59 m/s, with sensitivi-

ties and specificities ranging from 75 % to 92.59 % and 

75 % to 91.84 %, respectively, for different tumour sizes 

(10, 10-20, and >20 mm).  

Similarly, Cheng et al. [47] also observed an op-

timal cut-off value of 31.5 kPa, and the sensitivity, speci-

ficity, and accuracy were 74 %, 62 %, and 64 %, respec-

tively, to differentiate a lesion as malignant or benign. 

Farasat et al. [3] also observed similar findings (sensitivi-

ty 71 % and specificity 50 %) to our study.  

Study limitations. Most of the study period coincid-

ed with the Covid Pandemic, and as the number of patients 

presenting to Covid Hospital for salivary abnormalities was 

limited, the assessment was constrained, which resulted in a 

smaller sample size than expected.  

Prospects for further research. Thus, further re-

search with a larger sample size is warranted to reaffirm 

the findings of this study.  

 

5. Conclusions 

We investigated the role of sonoelastography in 

the diagnosis of salivary gland tumours, and the follow-

ing conclusions can be drawn from the study: 

1. The elastographic score VTQ (kPa), VTQ 

(m/s), and VTIQ (m/s) of malignant salivary gland tu-

mours (53.63±25.49, 4.09±1.15, and 4.34±1.26) were 

greater than those of benign tumours (25.46±0.81, 

2.80±0.81 and 2.96±0.84) and the accuracy for identify-

ing malignancy was reasonably good.  

2. The ROC curve analysis of VTQ (kPa), VTIQ 

(m/s) and eSie touch score for differentiating benign 

from malignant salivary gland lesions demonstrated cut-

off values of >40.7, >3.74 and >2, respectively, with 

fairly good sensitivity and specificity.  

3. The combination of USG elastography showed 

higher diagnostic performance (83.33 % sensitivity, 

79.55 % specificity and 80 % accuracy) as compared to 

conventional USG alone (66.67 % sensitivity, 52.27 % 

specificity and 54 % accuracy).  

4. We propose that the elastographic scores and 

cut-off values for elasticity obtained might be utilized 

to aid in the better characterization of salivary gland 

lesions as benign or malignant. However, elastographic 

results in malignant & benign tumours may overlap, 

and thus, sonoelastography alone cannot be relied upon 

solely. Thus, conventional ultrasound should be com-

bined with sonoelastography in a diagnostic system to 

achieve better differentiation of benign and malignant 

salivary gland lesions. 
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