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Introduction
Parotid gland malignancies, although rare, represent a significant 

challenge in the early diagnosis and management of head and neck 
cancers. These malignancies account for approximately 3-5% of all 
salivary gland tumors, with the majority being benign. However, 
malignant tumors in the parotid gland are often diagnosed at advanced 
stages due to the nonspecific nature of their symptoms and the lack 
of reliable early detection methods. Early detection is crucial for 
improving the prognosis of patients with parotid gland malignancies, 
as early surgical resection is associated with a significantly better 
survival rate. Conventional imaging techniques, such as ultrasound 
(US), computed tomography (CT), and magnetic resonance imaging 
(MRI), are widely used in the evaluation of parotid gland masses, but 
they have limitations in distinguishing between benign and malignant 
tumors, particularly in early stages. Ultrasound elastography, a non-
invasive imaging modality that assesses tissue stiffness, has emerged as 
a promising tool for enhancing the detection and characterization of 
parotid gland malignancies. This article explores the role of ultrasound 
elastography in the early detection of parotid gland malignancies, 
focusing on its diagnostic capabilities, advantages, limitations, and 
future directions [1].

Ultrasound Elastography Principles and Technique

Ultrasound elastography is an advanced ultrasound technique 
that measures tissue stiffness by evaluating the response of tissues to 
mechanical forces. The basic principle of elastography is that malignant 
tissues tend to be stiffer than benign tissues due to the increased 
cellularity, fibrosis, and changes in extracellular matrix composition 
associated with tumor growth. These mechanical properties can be 
quantified using elastographic techniques such as strain elastography and 
shear wave elastography. In strain elastography, external compression is 
applied to the tissue, and the deformation is measured. The degree of 
tissue displacement is used to calculate the strain, with stiffer tissues 
exhibiting less deformation. Shear wave elastography, on the other 
hand, generates mechanical waves within the tissue and measures their 
propagation speed. The faster the wave propagates, the stiffer the tissue, 
and this speed can be quantified to provide a numerical value of tissue 
stiffness, often referred to as the elastography stiffness index (ESI). Both 
elastographic techniques offer real-time, non-invasive imaging of tissue 
stiffness and have shown promise in the characterization of various 
tumors, including those of the parotid gland [2].

Role of Ultrasound Elastography in Parotid Gland 
Malignancies

The role of ultrasound elastography in the early detection of parotid 
gland malignancies lies in its ability to differentiate between benign and 
malignant lesions based on differences in tissue stiffness. Malignant 
parotid tumors, such as mucoepidermoid carcinoma, adenoid cystic 
carcinoma, and acinic cell carcinoma, typically exhibit increased stiffness 
compared to benign tumors like pleomorphic adenoma or Warthin’s 
tumor. These differences in stiffness are attributed to the underlying 
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histological characteristics of the tumors, such as increased cellularity, 
desmoplastic reaction, and vascularization in malignant lesions. Several 
studies have demonstrated that elastography can significantly improve 
the diagnostic accuracy of conventional ultrasound in identifying 
malignant parotid gland tumors. For instance, malignant tumors are 
often characterized by higher stiffness values (ESI) compared to benign 
tumors, and this can be quantified using elastography. In contrast, 
benign tumors tend to be softer and exhibit lower stiffness values. 
The use of elastography in combination with conventional ultrasound 
can increase the sensitivity and specificity of parotid gland tumor 
assessment, allowing for more accurate identification of malignancies 
and potentially reducing the need for invasive biopsy procedures [3].

Advantages of Ultrasound Elastography in Parotid Gland 
Malignancies

One of the primary advantages of ultrasound elastography is its 
non-invasive nature. Unlike biopsy procedures, which carry inherent 
risks such as bleeding, infection, and discomfort, elastography 
provides a safe and painless alternative for evaluating tissue stiffness. 
The ability to perform elastography in conjunction with conventional 
ultrasound further enhances its diagnostic value, as it allows for real-
time imaging of tumor morphology, vascularity, and stiffness during 
a single examination. This combination of structural and functional 
imaging offers a more comprehensive assessment of the parotid gland 
lesion. Another significant advantage of elastography is its ability to 
provide quantitative measurements of tissue stiffness, which can aid 
in distinguishing between benign and malignant lesions. The stiffness 
index obtained through shear wave elastography can be compared to 
established cutoff values to determine the likelihood of malignancy. In 
addition, elastography can be used to assess the heterogeneity of the 
tumor, which is often indicative of malignancy, as malignant tumors 
tend to exhibit more variable stiffness compared to the more uniform 
stiffness of benign lesions [4]. Furthermore, elastography is a relatively 
inexpensive and widely available imaging modality. Conventional 
ultrasound machines with elastography capabilities are commonly 
found in clinical practice, making it a cost-effective tool for the early 
detection and characterization of parotid gland tumors. This widespread 
availability, combined with its non-invasive nature, makes elastography 
an attractive option for routine clinical use, especially in settings where 
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access to more advanced imaging modalities such as MRI or CT may 
be limited [5].

Clinical Studies Supporting Ultrasound Elastography in 
Parotid Gland Malignancies

Numerous studies have investigated the diagnostic performance of 
ultrasound elastography in the detection of parotid gland malignancies. 
In a study by Bae et al. (2015), shear wave elastography was used to 
assess the stiffness of 95 parotid gland tumors, including both benign 
and malignant lesions. The study found that malignant tumors 
exhibited significantly higher stiffness values compared to benign 
tumors, with a sensitivity of 87.5% and specificity of 91.4% for detecting 
malignancy. These findings suggest that elastography can be a reliable 
tool for distinguishing between benign and malignant parotid gland 
tumors. Similarly, a study by Lee et al. (2016) examined the role of 
strain elastography in diagnosing parotid gland malignancies. The 
study found that strain elastography provided valuable supplementary 
information in differentiating benign from malignant tumors, with a 
diagnostic accuracy of 84%. The authors concluded that elastography, 
when used in conjunction with conventional ultrasound, significantly 
improved the ability to detect malignant tumors in the parotid gland [6]. 
In another study by Xie et al. (2018), the combination of elastography 
and ultrasound was shown to have a higher diagnostic accuracy for 
parotid gland malignancies than conventional ultrasound alone. The 
study suggested that elastography could be particularly useful in cases 
where the lesion’s characteristics on conventional ultrasound were 
inconclusive, further supporting its role in the early detection and 
management of parotid gland malignancies [7].

Limitations and Challenges of Ultrasound Elastography

Despite its promising potential, ultrasound elastography has certain 
limitations. One of the main challenges is the operator dependence 
of the technique. The accuracy of elastography measurements can be 
influenced by the experience and skill of the operator, as well as the 
quality of the ultrasound equipment. Additionally, patient-related 
factors, such as obesity or anatomical variations, can affect the quality of 
the elastographic images and measurements. Another limitation is the 
lack of standardized criteria for interpreting elastography results in the 
context of parotid gland tumors. While several studies have proposed 
cutoff values for distinguishing between benign and malignant lesions, 
these values may vary depending on the population studied, the 
elastography technique used, and other factors. Further research is 
needed to establish universally accepted guidelines and cutoff values for 

elastography in parotid gland malignancies. Lastly, while elastography 
provides valuable information about tissue stiffness, it does not offer 
detailed information about the tumor’s histological composition or 
other important factors, such as vascularity or necrosis. Therefore, 
elastography should be used as a complementary tool in the assessment 
of parotid gland tumors, in combination with other imaging modalities 
and clinical evaluation.

Conclusion
Ultrasound elastography has shown significant promise in the 

early detection and characterization of parotid gland malignancies. 
By providing a non-invasive, real-time assessment of tissue stiffness, 
elastography can enhance the diagnostic accuracy of conventional 
ultrasound in distinguishing between benign and malignant tumors. 
The ability to quantify tissue stiffness and assess tumor heterogeneity 
further improves its utility in clinical practice. While there are 
challenges related to operator dependence and the lack of standardized 
interpretation criteria, the growing body of evidence supporting the use 
of elastography in parotid gland malignancies suggests that it will play 
an increasingly important role in the early detection and management 
of these tumors. Future research should focus on refining elastographic 
techniques, establishing standardized diagnostic criteria, and exploring 
the integration of elastography with other imaging modalities for 
optimal patient care.
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