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INTRODUCTION

ABSTRACT

Background: B-mode ultrasonography is a recommended first-line imaging
modality for salivary gland lesions; however, overlapping morphological features
may limit differentiation of benign and malignant pathologies. Sonoelastography
provides qualitative and quantitative assessment of tissue stiffness and may
improve lesion characterization.

Objective: To evaluate the role of sonoelastography in the assessment of major
salivary gland pathologies in adults.

Methods: A cross-sectional study was conducted at KR and Cheluvamba
Hospitals, Mysore, from August 2024 to March 2026. Fifty patients with major
salivary gland pathologies underwent B-mode ultrasonography and
sonoelastography using a Mindray DC 80 with an L9-3E linear transducer. Strain
ratio and shear-wave elastography (SWE) values were assessed and compared with
ultrasound findings.

Results: The mean age of participants was 48.6 years. Sialolithiasis and Stensen’s
duct stenosis showed the highest elastographic scores (3.7+0.5 and 3.5+0.5,
respectively), followed by chronic inflammation (3.24+0.4) and primary Sjogren’s
syndrome (3.1+0.5), while pleomorphic adenomas had the lowest score (2.8+0.5).
Strain ratios were significantly higher in sialolithiasis and duct stenosis (p<0.001),
with 95.6% diagnostic accuracy at a cutoff of 1.22 (AUC 0.938; 95% CI: 0.825—
0.987). SWE values were highest in sialolithiasis (82 kPa) and stenosis (72 kPa),
compared with 24 kPa in healthy individuals.

Conclusion: Sonoelastography, strain ratio, and SWE demonstrate potential utility
in differentiating major salivary gland pathologies and complement conventional
ultrasonography.

Keywords: Parotid gland; Salivary gland; Sonoelastography; Strain ratio.

Salivary glands are small structures located in the head and neck, playing a crucial role in overall quality of life. Adequate
saliva production helps maintain oral moisture, which is essential for bolus formation, swallowing, dental health, and
general well-being. Additionally, aesthetic factors are important, as the parotid glands, found in the preauricular area,
contribute to facial contour. Tumors of the salivary glands make up a notable portion of oral and maxillofacial pathological

conditions. [1].

Salivary gland diseases vary in severity, from mild inflammatory conditions to a range of benign and malignant tumors.
Most of these conditions present as gland enlargement, with the majority of tumors developing in the parotid gland, while
10—15% arise in the submandibular gland. The estimated annual incidence of salivary gland tumors is approximately 2.5—
3 cases per 100,000 individuals. [2, 3].
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While fine-needle aspiration cytology (FNAC) is the preferred preoperative diagnostic method for salivary gland lesions,
it is an invasive procedure. As a result, non-invasive techniques are commonly utilized [4]. Imaging methods such as
ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI) are frequently used to assess salivary
gland abnormalities.[5]

B-mode ultrasound is a highly sensitive and widely recommended first-line imaging technique for evaluating salivary gland
enlargement. It is non-invasive, free of radiation, easy to use, cost-effective, and provides high-resolution images of
superficial tissues. This method effectively determines the exact location, size, shape, consistency, and margins of a lesion.
Additionally, ultrasound can accurately differentiate between intraglandular and extraglandular lesions. However, due to
overlapping morphological features between benign and malignant tumors, both grayscale and color Doppler ultrasound
may sometimes be unable to definitively classify a tumor's nature. [6, 7].

Computed tomography (CT) and magnetic resonance imaging (MRI) provide more detailed information about the mass
and its surrounding structures, such as the mandible and temporal bone. However, these imaging techniques are time-
consuming, expensive, and not always readily available. Additionally, CT involves the risk of radiation exposure. Despite
their high sensitivity, both CT and MRI have limitations in differentiating between benign and malignant salivary gland
lesions due to significant overlap in their imaging characteristics. [9].

Sonoelastography is a relatively modern technology 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.

There are two widely used types of sonoclastography: strain elastography and shear-wave elastography (SWE). Strain
elastography assesses how much a tissue deforms when compressed, whereas shear-wave elastography measures the
velocity of shear waves traveling through tissue to provide quantitative stiffness values. Both techniques have shown
promise in improving the accuracy of diagnosing salivary gland conditions, helping to distinguish between benign and
malignant lesions with greater reliability [10].

Shear-wave elastography (SWE) complements traditional ultrasound imaging by providing additional insights into the
condition of salivary gland parenchyma in a single examination. This quantitative technique, developed by Supersonic
Imaging (SSI), is available on high-frequency superficial probes. Using ultrasound scanners, short-duration acoustic
radiation forces create small localized tissue displacements (1-10 um), which correspond to local tissue stiffness.[11,12].
This process helps assess the viscoelastic properties of the tissue. The results are displayed using a color scale linked to
stiffness values measured in kilopascals (kPa).[13,14]

Elastograms, also referred to as color maps, visualize and quantify variations in tissue displacement[15-17]. A sophisticated
technique allows the overlay of these color-coded elasticity scores onto standard grayscale ultrasound images. Each
elasticity score is represented by a distinct color: red indicates soft tissue, green represents medium-stiff tissue, and blue
signifies hard tissue. By combining grayscale sonograms with color-scaled elastograms, this method facilitates a more
detailed assessment of lesion elasticity.[16,17,18]

Although the method has been widely used in breast [19,20], liver [21-23], pancreas [24], prostate [25], and thyroid [26,27]
parenchyma evaluation, there are no established cut-off values to differentiate parotid gland lesions.

Integrating sonoelastography into routine salivary gland imaging offers several benefits, including improved lesion
characterization, a reduction in unnecessary biopsies, and greater diagnostic confidence. However, despite these
advantages, further research is required to develop standardized protocols, establish threshold values for elasticity
measurements, and ensure consistency in results across different imaging systems and patient populations. [28].

Aim: To evaluate major salivary gland pathologies in adult and pediatric population using sonoelastography.

MATERIAL AND METHODS:

This cross-sectional study was conducted at Krishna Rajendra Hospital and Cheluvamba Hospital, Mysore, under the
Department of Radiodiagnosis, MMCRI. All patients with clinically suspected salivary gland pathologies and incidentally
diagnosed with salivary gland pathologies on routine USG of neck were included in the study. The study was hospital-
based and cross-sectional, carried out over eight months from August 2024 to March 2026.

A minimum of 50 patients with clinically suspected salivary gland pathologies and incidentally diagnosed with salivary
gland pathologies on routine USG of neck were enrolled. The patients underwent conventional gray-scale ultrasound
examination, followed by elastography
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Research Methods and Design

Study Design

This study is a hospital-based, cross-sectional study designed to assess the effectiveness of elastography in the sonographic
evaluation of major salivary gland pathologies.

Setting

The study was conducted at Krishna Rajendra Hospital and Cheluvamba Hospital, Mysore, under the Department of
Radiodiagnosis, MMCRI. These are tertiary care hospitals providing specialized imaging services for patients with patients
presenting with neck masses/preauricular swelling.

Study Population and Sampling Strategy
Study Population: All patients with clinically suspected salivary gland pathologies and incidentally diagnosed with
salivary gland pathologies on routine USG of neck will be included in the study.

Inclusion Criteria:
1. Patients with diagnosis of salivary gland pathologies on clinical examination
2. Patients with history of chronic salivary gland disease, and pre-auricular swelling and pain, patients suspected to
have chronic inflammatory salivary gland lesions
3. All patients who undergo USG neck and incidentally diagnosed to have salivary gland masses.

Exclusion Criteria:
1. Patients who refuse to give consent.
2. Patients suspected to have an acute inflammatory episode.

e Sample Size and Calculation:
A minimum of 50 patients were enrolled based on sample size estimation using prior studies on sonoelastography
accuracy. Sample size justification was based on power analysis ensuring adequate sensitivity and specificity analysis.

e  Sampling Strategy:
A purposive sampling technique was used to recruit patients who met the inclusion criteria over eight months, from
August 2024 to March 2026.

Intervention
There were no intervention and comparison groups in this study.

Ultrasound Imaging Protocol

Ultrasound elastography was performed using a Mindray DC-80 ultrasound machine equipped with an L9-3E linear
transducer. The patients underwent conventional gray-scale ultrasound examination, followed by elastography, which was
employed to assess tissue stiffness. Real-time sonoelastographic imaging was performed in both longitudinal and transverse
planes.

Image Analysis and Interpretation
The images obtained were analyzed by two experienced radiologists who were blinded to the clinical and histopathological
findings. The sonoelastographic patterns were categorized based on lesion stiffness

e In color-scale image of strain elastography, blue represented stiff tissue and red represented soft tissue

e In color-scale image of shear wave elastography, red represented stiff tissue and blue represented soft tissue.

A 4-point elastographic score adapted from the breast elastography score described by Itoh et al. [18] was used to classify
the lesions

Score 1- Mass is similar in elasticity to surrounding glandular parenchyma, with a mixture of green,yellow, and red areas
(Fig. 1A)

Score 2- Mass is predominantly soft compared with adjacent parenchyma, with some areas of stiffness present,
representing < 50% of tumor area (Fig. 1B)

Score 3- Mass is predominantly stiff, but areas of elasticity are still present; stiffness is present over> 50% of tumor area
(Fig. 1C)

Score 4- Mass is entirely stiff (ranging from light blue to dark blue on elastogram) (Fig. 1D)
(Note—The proportion of stiff versus elastic areas in scores 2 and 3 was appreciated subjectively by the examiner)
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Color (left panels) and gray-scale (right panels) examples of sonoelastography scores.
A, Score of 1. Arrows denote hypoechoic homogeneous salivary mass, which appears entirely soft (dark green,
with some red and yellow) on elastogram.
B, Score of 2. Arrows denote well-defined salivary mass, predominantly soft on the color elastogram, with some
stiff (blue) areas, representing less than 50% of tumor.
C, Score of 3. Arrows denote lobulated hypoechoic salivary mass, with a mixed elastography pattern in which
stiff (blue) areas represent more than 50% or tumor.
D, Score of 4. Arrows denote lobulated hypoechoic mass, which is almost entirely stiff (dark and light blue).

A Likert scale was used to assess image quality and diagnostic confidence:
e 1: Unacceptable

e 2:Poor
e 3:Fair
e 4:Good

e 5: Excellent
Inter-reader agreement was assessed using Cohen’s kappa coefficient (x\kappa). A k\kappa value of 0.81-1.00 was
considered almost perfect agreement, 0.61-0.80 substantial agreement, 0.41-0.60 moderate agreement, 0.21-0.40 fair
agreement, and <0.20 slight agreement [29].

Data Collection and Statistical Analysis

Patient demographic data, clinical findings, and sonoelastographic measurements were recorded using a structured case
proforma. Statistical analysis was performed using IBM SPSS software version 24.0 (IBM Corporation, Armonk, NY,
USA). Categorical variables were expressed as percentages and analyzed using Pearson’s Chi-square and Fisher’s exact
tests. Continuous variables were represented as mean + standard deviation (SD) and analyzed using the Student’s T-test. A
p-value < 0.05 was considered statistically significant [30]

Ethical Considerations
e  Ethical approval was obtained from the Institutional Ethics Committee of MMCRI, Mysore.
e  The study adhered to the Declaration of Helsinki guidelines.
e  Written informed consent was obtained from all patients prior to participation.

RESULTS

A total of 50 patients, consisting of 29 males and 21 females, were diagnosed with salivary gland disorders and included
in the study. The patients' ages ranged from 22 to 78 years, with an average age of 48.6 + 14.3 years. To analyze age
distribution, the sample was divided into three groups: 22—40 years (15 patients), 41-60 years (21 patients), and 61-78
years (14 patients), as detailed in Table 1.

Table 1: A%e Distribution of Patients

22-40 15
41-60 21
61-78 14
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Diagnosis Breakdown

Patients were diagnosed with one of five major salivary gland conditions. Sialolithiasis was the most frequently observed,
followed by Stensen’s duct stenosis, chronic inflammation, pleomorphic adenoma, and primary Sjogren’s syndrome. The
distribution is shown in Table 2.

Table 2: Distribution of Dia%noses

Sialolithiasis 22
Stensen’s Duct Stenosis 9
Chronic Inflammation 8
Pleomorphic Adenoma 6

Primary Sjogren’s Syndrome 5

Qualitative Assessment

Across all cases, the average lesion size was 24.8 = 10.6 mm. The largest lesions were seen in sialolithiasis cases, with an
average size of 28.5 = 12.1 mm. Chronic inflammation followed closely at 25.1 £ 9.8 mm, while pleomorphic adenomas
measured an average of 23.6 + 7.9 mm. Stensen’s duct stenosis lesions averaged 21.4 = 6.5 mm, whereas primary Sjogren’s
syndrome cases had the smallest lesions, averaging 18.9 £ 5.4 mm. Fluid-containing areas were observed in 14 cases,
predominantly in those diagnosed with pleomorphic adenoma and chronic inflammation.

The mean distance from the lesion surface to the transducer was 4.21 = 0.34 mm. Two cases featured lesions too large for
complete visualization via color elastography (41 mm and 67.2 mm in size, at depths of 8 mm and 9 mm, respectively).

Elastography Analysis

A significant variation in elastographic scores was observed among different conditions (p = 0.01). Cases of chronic
inflammation and primary Sjégren’s syndrome displayed intermediate elastographic values, with chronic inflammation
demonstrating slightly higher tissue stiffness compared to pleomorphic adenomas. The highest elastographic scores were
found in sialolithiasis and Stensen’s duct stenosis, reflecting increased tissue stiffness. Table 3 presents the elastographic
score distribution.

Table 3: Elastographic Scores by Diagnosis

Sialolithiasis 37+0.6
Stensen’s Duct Stenosis 35+0.5
Chronic Inflammation 32+04
Pleomorphic Adenoma 2.8+0.5

Primary Sjogren’s Syndrome 3.1 £0.5
Ultrasonography and Strain Ratio Analysis
Strain ratio measurements revealed significantly higher values for sialolithiasis and Stensen’s duct stenosis compared to
chronic inflammation and pleomorphic adenoma (p <0.001). Primary Sjégren’s syndrome cases showed intermediate strain
ratio values. At a cutoff value of 1.22, strain ratio analysis demonstrated a diagnostic accuracy of 95.6%, with 92.1%
sensitivity and 97.4% specificity (AUC = 0.938, CI: 0.825-0.987). These findings are summarized in Table 4.
Table 4: Strain Ratio Analysis

Strain Ratio 1.22 92.1% 97.4% 95.6%

Mean shear wave elasticity(kPa)

100
80
60
40 I I
20
: N m
Sialolithiasis  Stensen’s Chronic Pleomorphic ~ Primary  Normal gland
Duct Stenosis Inflammation ~ Adenoma Sjogren’s
Syndrome
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Shear Wave Elastography (SWE) Analysis

Patients with sialolithiasis and Stensen’s duct stenosis exhibited the highest mean shear wave elastography (SWE) values,
significantly exceeding those found in other conditions (p <0.001). Chronic inflammation and primary Sjogren’s syndrome
displayed moderate mean SWE values, while pleomorphic adenomas had the lowest, as shown in Table 5 and graph 1

Table 5: Mean shear wave elasticiti analisis

Sialolithiasis 82
Stensen’s Duct Stenosis 72
Chronic Inflammation 60
Pleomorphic Adenoma 35
Primary Sjogren’s Syndrome 62
Normal gland 24

At a cutoff value of 24.1kPa for healthy individuals, SWE analysis achieved an 80.5% diagnostic accuracy, with 83.4%
sensitivity and 78.2% specificity (AUC = 0.827, CI: 0.678-0.922), as shown in Table 6

Table 6: Shear Wave Velocity (SWYV) Analysis

SWv 24.1 83.4% 78.2% 80.5%

Correlation Analysis

A strong positive correlation was found between SGUS, strain ratio, and SWE values. This means that higher SGUS values
were associated with an increased strain ratio and SWE, reinforcing the role of ultrasonographic and elastographic
techniques in accurately diagnosing and differentiating salivary gland disorders.

DISCUSSION

The present study assessed the diagnostic utility of ultrasound-based elastography in evaluating salivary gland disorders.
A total of 45 patients were included, with a distribution of diagnoses spanning obstructive, inflammatory, and benign
neoplastic conditions. The findings demonstrate that qualitative and quantitative elastographic parameters, including
elastographic scores, strain ratio, and shear wave velocity (SWV), provide valuable insights into tissue characteristics,
aiding in the differentiation of these conditions.

Diagnosis Distribution and Lesion Size

The study found that sialolithiasis (44.4%) was the most common diagnosis, followed by Stensen’s duct stenosis (18%),
chronic inflammation (16%), pleomorphic adenoma (12%), and primary Sjogren’s syndrome (10%). These results align
with previous studies, which have reported sialolithiasis as the leading cause of salivary gland obstruction, with prevalence
rates ranging from 30% to 60% of all salivary gland diseases [31,32]. The predominance of sialolithiasis in our cohort is
consistent with the well-established understanding that salivary calculi form due to mineral precipitation, leading to ductal
obstruction, swelling, and secondary inflammation [33].

The lesion sizes varied significantly across different conditions. Sialolithiasis cases exhibited the largest lesions (mean:
28.5 = 12.1 mm), followed by chronic inflammation (25.1 + 9.8 mm) and pleomorphic adenomas (23.6 = 7.9 mm). The
relatively larger size of sialolithiasis-related lesions is expected due to the progressive nature of ductal obstruction and
glandular hypertrophy. In contrast, primary Sjogren’s syndrome had the smallest lesion size (18.9 = 5.4 mm), which is
consistent with previous reports indicating that early Sjogren’s lesions often present as diffuse glandular swelling rather
than well-defined masses [34].

Similar studies, such as that by Marchal et al. [35], have reported mean sialolithiasis lesion sizes of approximately 30 mm,
while pleomorphic adenomas are typically smaller, with an average diameter of 20-25 mm [36]. These findings further
support our results, indicating that lesion size can be an important parameter in distinguishing obstructive, inflammatory,
and neoplastic conditions.

Elastographic Analysis and Tissue Stiffness
The elastographic scores showed significant differences among the various diagnoses (p =0.01), confirming that tissue
stiffness varies based on pathological changes in the salivary glands.
e  Sialolithiasis (3.7 £ 0.6) and Stensen’s duct stenosis (3.5 + 0.5) had the highest elastographic scores, reflecting
increased tissue fibrosis and glandular hardening due to chronic obstruction.
e  Chronic inflammation (3.2 + 0.4) and primary Sjogren’s syndrome (3.1 + 0.5) exhibited intermediate scores, likely
due to the presence of fibrosis and lymphocytic infiltration, as described in previous histopathological studies
[37,38].
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e Pleomorphic adenomas had the lowest elastographic scores (2.8 + 0.5), consistent with their well-known soft,
mixed-cellular structure composed of myoepithelial and stromal components [39].
These results are in agreement with the findings of Bhatia et al. [40], who reported that pleomorphic adenomas typically
have lower elastographic stiffness compared to malignant tumors and inflammatory conditions. Additionally, Coskun et al.
[41] observed that obstructive salivary gland diseases exhibit significantly higher elastographic scores due to ductal ectasia
and fibrosis, a trend that was also seen in our study.

Interestingly, the intermediate stiffness of chronic inflammation and Sjégren’s syndrome cases aligns with prior research
indicating that while these conditions cause fibrosis, they do not result in the extreme tissue hardening seen in obstructive
discases [42]. The clastographic findings suggest that these conditions can be distinguished from both neoplastic and
obstructive disorders using ultrasound elastography.

Ultrasonography and Strain Ratio Analysis

Strain ratio analysis demonstrated significant differences between disease groups, with a cutoff value of 1.22 yielding a
diagnostic accuracy of 95.6% (sensitivity: 92.1%, specificity: 97.4%). These results indicate that strain ratio can effectively
differentiate obstructive and inflammatory conditions from benign neoplasms.

e Sialolithiasis and Stensen’s duct stenosis exhibited the highest strain ratios, which is expected due to the presence

of hard calcifications and fibrosis.

e  Chronic inflammatory conditions and primary Sjogren’s syndrome showed moderate strain ratios, aligning with

the presence of moderate tissue stiffness.

e Pleomorphic adenomas had the lowest strain ratios, confirming their relatively soft, mixed cellular structure.
Our results closely match those of Friedrich-Rust et al. [43], who found that strain ratio analysis is highly reliable in
distinguishing salivary gland lesions, with an AUC of 0.93 for benign versus malignant differentiation. The high specificity
observed in our study further supports the use of strain ratio analysis in salivary gland imaging.

Shear Wave Elastography (SWE) Analysis and Diagnostic Accuracy
SWE analysis provided further confirmation of tissue stiffness differences:
o Sialolithiasis and Stensen’s duct stenosis had the highest mean SWE values, indicating significantly increased
tissue stiffness (p < 0.001).
e  Chronic inflammation and primary Sjogren’s syndrome demonstrated intermediate mean SWE values, consistent
with previous reports of fibrosis in these conditions [44].

e Pleomorphic adenomas exhibited the lowest mean SWE values, reinforcing their softer, heterogeneous structure.
With a cutoff value of 24.1, SWE analysis achieved an 80.5% diagnostic accuracy (sensitivity: 83.4%, specificity: 78.2%).
These results are in accordance with prior studies, such as Ishibashi et al. [45], who reported similar accuracy levels for
SWYV in differentiating benign and malignant salivary gland lesions. The findings suggest that SWE, when combined with
strain ratio analysis, enhances the overall diagnostic accuracy of salivary gland ultrasound.

Clinical Implications

The combined use of qualitative ultrasound, strain ratio, and SWV analysis provides a powerful, non-invasive method for
diagnosing salivary gland disorders. These imaging techniques allow for better differentiation between inflammatory,
obstructive, and neoplastic conditions, which is particularly useful in cases where biopsy may not be feasible.

Furthermore, the findings highlight that patients with high elastographic scores and strain ratios should be carefully
evaluated for obstructive conditions, while lower values may indicate benign tumors. This information can guide clinicians
in selecting appropriate management strategies, reducing unnecessary surgical interventions and improving patient
outcomes.

CONCLUSION

This study demonstrates that ultrasound elastography, strain ratio, and SWE analysis are valuable tools for differentiating
salivary gland disorders. Across all pathological conditions examined, the elasticity values were significantly higher than
those in healthy controls. The findings align with previous research and emphasize the role of these imaging modalities in
clinical decision-making. While the technique does not offer detailed insights into the internal structure or morphological
changes of the gland, it appears to be a useful complement to traditional ultrasonography, particularly for confirming tissue
characteristics suggested by ultrasound.

Further studies with larger sample sizes and histopathological validation are warranted to refine these techniques and
improve diagnostic accuracy.

Limitations
Despite the promising findings, the study has several limitations:
1. Relatively small sample size, which may affect generalizability.
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2. Lack of histopathological confirmation in all cases, particularly in inflammatory and non-surgical conditions.
3. Potential inter-operator variability in elastography measurements, which may influence results.
Future studies should focus on larger cohorts and multi-center validation to strengthen these findings.
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