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A B S T R A C T

Ultrasound Elastography/Elastosonography is the non-invasive method of qualitative and quantitative
evaluation of strain and elastic modulus distribution in soft tissues. One of the main benefits of
ultrasonography is that it is a straightforward, less intrusive procedure. A general understanding of the
underlying principles could benefit the entire process of data acquisition and interpretation, enhancing the
USE reproducibility. The present review will highlight the topographies of the novel method and it is used
in dentistry.
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1. Introduction

Often, the first imaging modality to look into oral and
maxillofacial abnormalities is ultrasound.1 Variety of
diagnostic modalities, such as intraoral and panoramic
radiography, ultrasonography (USG), computed
tomography (CT), magnetic resonance imaging (MRI),
and nuclear medicine techniques like positron emission
tomography, can be used to detect the varied disorders
that are noticeable in the oral and maxillofacial provinces.
When it comes to the non-invasive diagnosis of disorders
connected to soft tissues, USG is the most user-friendly of
these modalities.2

While sonographic signs suggestive of a certain
diagnosis can be seen on grayscale and power Doppler
USG, there can be notable overlap within diagnostic
categories, particularly between benign lesions and
some low-grade malignant neoplasms. Using ultrasonic
imaging, elastography evaluates the tissue’s viscoelastic
characteristics to produce both qualitative and quantitative
assessments of elasticity values.3 Elastography, to put it
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simply, is the study of tissue stiffness and how deviations
from this measure indicate pathology in the tissue or organs
under examination.4 For example, a procedure involving
fat deposition results in less stiff tissue, but a procedure
inducing fibrosis or scar tissue deposition creates more stiff
tissue. Because morphological changes typically precede
changes in tissue stiffness or elasticity, this approach
allows for early disease process diagnosis and tissue
characterization.5

Ultrasound (US) elastography is an indicative skill
that is cost-effective, non-invasive, non-ionizing, real-time,
and more patient-acceptable. In situations where tongue
opening is little or non-existent, it can be the most useful
instrument.6

2. History

The earliest known account of bats using sound waves
for spatial direction dates back to 1794, when Lazaro
Spallanzani made the discovery of echo-location.7 In the
latter part of the 1980s, English researchers were the first
to enter the field of ultrasonic elastography; Tristam et
al. With little to no success, early attempts were made to
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quantify tissue elasticity and deformability using subjective
ultrasound-based techniques such motion quantification and
visual evaluation of B- and M-mode pictures.7 In 1988,
University of Rochester researchers made a device that
used a modified colour Doppler to measure the movement
of tissue. The ensuing innovation came in the late 1990s
in the realm of dynamic elastography, where a non-
imaging FibroScan instrument was created specifically for
the purpose of assessing liver stiffness. The next major
advancement in go-ahead elastography was the introduction
of shear wave elastography (SWE), which is currently the
most used technique and has attracted a lot of interest
with the newer imaging modalities. SWE is currently the
subject of extensive research. The technique known as
"sonoelasticity" imaging produced tissue stiffness-based
pictures by utilising Doppler signals. Ophir et al. from the
University of Texas Medical School in the United States
invented and used the first strain elastography technology
that was officially recognised in 1991.8,9

3. Basic Working Principle

The elastic characteristics of different tissues can be
evaluated via elastography, and the resulting images
are compared to both pre- and post-compression states.
Different tissues, such as fat, collagen, etc., and the
same tissue under different pathologic conditions, such
as inflammation and cancer, have different levels of
elasticity.10 Tissue toughness can be visualised by detecting
the distortion of the tissue under an applied force, and it
usually increases as the disease progresses. Early disease
process detection may be possible with the help of the
high contrast images that are produced. To ascertain how
much displacement each little area of tissue experiences
in reaction to the compression the ultrasonic transducer
applies, the data are then compared using a cross-correlation
technique.11

4. Types

The methods used to estimate tissue elasticity and the
kinds of information they yield are what differentiate
the various forms of elastosonography. Static or quasi-
static elastography and dynamic elastography are the two
elastography methods now in use.12

The basis of strain elastography, a type of static or
quasi-static elastography, is the capture of radiofrequency
(RF) signals both prior to and during the application of a
deforming force by a transducer in the form of mild tissue
compression. The pre-compression and post-compression
image data sets’ RF signals are compared, and there is a
correlation between them.13

Dynamic elastography can be based on magnetic
resonance (MR) or ultrasonography (US). Acoustic
radiation force impulse imaging (ARFI), transient

elastography (TE), point shear wave elastography (pSWE),
and shear wave elastography (SWE) are the several
forms of dynamic US elastography.14 ARFI creates and
propagates quick bursts of long focused ultrasound pulses,
commonly known as "push pulses," using a conventional
transducer. These pulses cause tissue deformation, and
radiofrequency echo monitoring is utilised to track the
pulses’ propagation.15 In TE, a transducer that resembles
a piston is utilised to create a slight thud by the use of a
probe fixed to a vibrator. The transducer’s edges produce
a shear wave, which is monitored using a tissue Doppler
with a high pulse reiteration frequency and computed in
M-mode to provide quantitative information. Point shear
wave, sometimes referred to as quantitative ARFI, creates
shear waves that are tracked by Doppler after brief tissue
displacement brought about by ARFI.15,16

A new technology called shear wave elastography
stresses tissues with push pulses and uses ultrafast
ultrasound imaging to find the resulting shear waves. Shear
wave elastography was used to calculate the elasticity values
for various tissues. At some locations along the acoustic
axis, tissue displacement and deformation are caused by
an acoustic radiation force impulse. RF echo tracking is
used to image the generated shear wave over a grid of
points, producing a real-time image.17,18 Real-time tissue
elastography (RTE) can be used to quantity the pliability of
muscle and soft tissue in real time. RTE has been utilised
to assess the masseter muscle’s hardness in order to assess
stomatognathic function and to assist in the identification of
oral cancer. RTE is also helpful for assessing the tongue’s
movement during swallowing and the movement of soft
tissues during function.15

As a dynamic technique, magnetic resonance
elastography operates on the same fundamental principles
as other types of dynamic elastography. In addition to being
unsuitable for patients who are unstable due to the lengthy
acquisition time, MR elastography is not very useful in
iron-overload conditions.19

5. Advancements

Ultrasound practice has been revolutionised by
technological advancements in electronics and computing,
with ever-expanding applications. Greater bandwidths
with better spatial and contrast resolution have been
made possible by advancements in transducer tools and
display designs. Advances in digital signal processing
have led to advancements in visual display, archiving, and
beam formation.20 New imaging modalities that take gain
of the non-linear behaviour of tissue and microbubble
contrast agents have been made possible by technological
advancements. Ultrasound’s therapeutic and research
applications have been significantly expanded by the use
of microbubble contrast agents.10 With the introduction
of tissue-specific agents, ultrasound’s sensitivity and
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specificity in identifying and characterising focal liver
lesions should be able to compete with CT and MRI.
Recently, ultrasound has been used therapeutically, with
promising results in the delivery of medications and
genes using high intensity focused ultrasound (HIFU) and
microbubble aided ultrasound.21

6. Elastography in Maxillofacial Region

A useful diagnostic auxiliary for diseases affecting the
maxillofacial region is elastography. It is beneficial in the
following ways:5,7

1. Cervical lymph node assessment: Identifying reactive
from malignant nodes.

2. Recognise benign from malignant pathologies.
3. Used to scale muscle stiffness in myofacial pains.
4. Assess localised lesions in the main salivary glands.

7. Advantages5,7

1. Improved margin delineation and tissue component
definition.

2. Separating benign tumours from malignant ones.
3. Can add more diagnostic data to B mode US pictures.
4. Clinically helpful manual for nodal dissection or

percutaneous biopsy.
5. Early recurring cancer detection.

8. Limitations5–7

1. The transducer’s inability to regulate the degree of
tissue compression.

2. Inadequate probe contact over a vast area can result in
unsatisfactory strain pictures of big lymph nodes.

3. The movement of the surrounding tissues and arteries
may result in artefacts.

9. Discussion

A technique known as elastography has the potential
to produce a variety of novel image types known as
elastograms. Because of this, all of the characteristics of
elastograms differ from the well-known characteristics of
sonograms. Elastograms relate to the local stresses, Young’s
moduli, or Poisson’s ratios of the tissue, whereas sonograms
provide information on the confined aural backscatter
energy as of its constituent parts.22

Sonoelastography is the most widely utilised radiology
modality, however it is also used in other modalities like as
MRI and US. Elastography has been used since the middle
of the 1990s to assess the elasticity and stiffness of soft
tissues by applying external pressure. Because it is non-
invasive and safe, it is a substitute method for biopsy. It is
capable of detecting muscle and other bodily tissue stiffness
and flexibility.10,23

Alam F et al.,24 assessed the diagnostic efficacy of
B-mode sonography and sonographic elastography both
separately and in combination for the identification of
reactively and metastatically enflamed cervical lymph
nodes. For B-mode sonography, the corresponding values
were 98%, 59%, and 84%; for elastography, they were
83%, 100% and 89%; and for the combined evaluation,
they were 92%, 94% and 93%. The diagnosis of metastatic
distended cervical lymph nodes may be further improved by
combining very sensitive conventional B-mode sonography
with highly selective elastography.

Zengel P et al.,25 noted that elastography is a simple
diagnostic technique with potential to be an important tool
for determining the severity of a disease. This is because, it
allows patients to have a treatment benefit assessment when
there is a significant difference between the MEI ratios of
the symptomatic and asymptomatic sides in TMD patients
experiencing myofascial pain.

Ariji Y et al.26 in 2012 examined the characteristics
of the masseter muscle inflexibility in temporomandibular
disorder (TMD) patients with myofascial pain, as well
as the relationship amid the masseter muscle elasticity
index (MEI) ratio obtained by sonographic elastography
and the toughness measured by a firmness metre in healthy
volunteers. Whereas, Shingaki M et al.27 calculated the
clinical value of intraoral strain elastography in establishing
a tongue cancer early diagnosis. The findings implied
the possibility of using intraoral strain elastography as a
substitute non-invasive technique to identify tongue cancer.

Ogura I et al.,28 sought to assess tongue carcinoma’s
quantitative strain elastography utilising intraoral
ultrasound. The average strain of the typical tissue
and tongue cancer in the 50-year-old male were 1.468 and
0.000%, respectively, according to the results. In a 59-year-
old male, the typical strain of typical tissue and tongue
cancer were 1.007 and 0.000%, respectively. Summary
was that intraoral ultrasound-based strain elastography is
a potentially useful method for identifying and separating
cancer from normal tongue tissues.

Reichel CA et al.,29 determined that individuals with
sialolithiasis, one of the supreme ubiquitous non-malignant
illnesses of the salivary glands, can reasonably be followed
up on during therapy using acoustic radiation force impulse
imaging (ARFI).

Monzoor I et al.,30 analysed sonoelastography’s
diagnostic accuracy in patients receiving primary and
secondary healthcare in 2018. There were 46 studies
on breast masses, lymph nodes, prostate cancer, liver
diseases, diseases of the salivary and parotid glands,
pancreatic masses, musculoskeletal disorders, and renal
diseases. Sonoelastography had an overall sensitivity
of 83.14% in diagnosing all of these diseases, and a
specificity of 81.41%, specifying high sensitivity and
specificity in making diagnosis of various body disorders.
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On Contradictory, Bhatia KSS et al.,21 examined the
quality of ultrasound elastography in order to determine the
ability to distinguish benign lesions from malignant disease
in localised salivary gland masses found during ordinary
clinical practice.

Mukul SK et al.,31 in 2019 carried out a study to see
whether ultrasonic elastography could be used to measure
clinical presentation objectively in relation to the severity
of OSMF clinical condition. There were 27 clinically
analysed and staged OSMF subjects in the study sample.
The following is the range of summative elastography
scores: The three groups, 8–10, 11–14, and ≥15, indicated
the corresponding degrees of tissue stiffness, ranging from
mildly stiff to severely stiff. In the end, it was determined
that ultrasonic elastography appeared to have promising
advantages over the subjective clinical approach for OSMF
diagnosis and staging.

Sasaki Y et al.,32 assessed the ability of shear wave
elastography to discriminate amid benign and malignant
cervical lymph nodes in patients through oral carcinoma
and establish that it is a useful method for the objective and
quantitative diagnosis of oral carcinoma metastases to the
cervical lymph nodes.

Toker C et al.,33 examined the suitability of shear
wave elastography (SWE) for bruxism diagnosis in ten
individuals with confirmed bruxism and a control group
matched for age and gender. Three circumstances were used
to quantify the SWE of the left and right masseter muscles:
relaxed jaw, 50% of the perceived maximum bite force, and
maximal jaw opening. The authors proved the probability
of SWE in bruxism and its impending convenience for
monitoring and diagnosis; however, we also point out
significant limitations and methodological factors that will
need to be taken into account for further research.

Akatsuka K et al.,34 evaluated 60 paediatric patients, 30
boys and girls each, ages 6 to 11, using ultrasonography
to quantity vagaries in tongue hardness during growth.
According to the authors, measuring tongue elasticity can
be done well with the use of ultrasound SWE and SE.

Generally by the current review, as a diagnostic
technique, ultrasonic elastography appears to have some
promising advantages over the intuitive clinical way of
diagnosis.

10. Conclusion

Elastosonography, which employs a variety of approaches
based on the elasticity estimating principles, is a potent
non-invasive method for assessing tissue stiffness. We have
sufficient evidence for optimism that elastography will
advance into a more objective, non-invasive diagnostic
instrument in the future, and that it will be highly beneficial.

11. Source of Funding

None

12. Conflict of Interest

None

References
1. Joshi PS, Pol J, Sudesh AS. Ultrasonography-A diagnostic

modality for oral and maxillofacial diseases. Contemp Clin Dent.
2014;5(3):345–51.

2. Mohan KR, Rao NK, Krishna GL, Kumar VS, Ranganath N, Lakshmi
UV. Role of ultrasonography in oral and maxillofacial surgery: A
review of literature. J Maxillofac Oral Surg. 2015;14(2):162–70.

3. Gennisson JL, Deffieux T, Fink M, Tanter M. Ultrasound
elastography: Principles and techniques. Diagn Interv Imaging.
2013;94(5):487–95.

4. Dewall RJ. Ultrasound elastography: Principles, techniques, and
clinical applications. Crit Rev Biomed Eng. 2013;41(1):1–19.

5. Ozturk A, Grajo JR, Dhyani M, Anthony BW, Samir AE. Principles
of ultrasound elastography. Abdom Radiol. 2018;43(4):773–85.

6. David CM, Tiwari R. Ultrasound in maxillofacial imaging: A review.
J Med, Radiol, Path & Surg. 2015;1(4):17–23.

7. Das D, Gupta M, Kaur H, Kalucha A. Elastography: the next step. J
Oral Sci. 2011;53(2):137–41.

8. Garra BS. Elastography: history, principles, and technique
comparison. Abdom Imaging. 2015;40(4):680–97.

9. Sigrist RMS, Liau J, Kaffas AE, Chammas MC, Willmann
JK. Ultrasound elastography: Review of techniques and clinical
applications. Theranostics. 2017;7(5):1303–29.

10. Ophir J, Alam SK, Garra BS, Kallel F, Konofagou EE, Krouskop T,
et al. Elastography: Imaging the elastic properties of soft tissues with
ultrasound. J Med Ultrason. 2002;29(4):23–32.

11. Shiina T. JSUM ultrasound elastography practice guidelines: Basics
and terminology. J Med Ultrason. 2013;40(4):309–23.

12. Dejong HM, Abbott S, Zelesco M, Kennedy BF, Ziman MR, Wood
FM. The validity and reliability of using ultrasound elastography to
measure cutaneous stiffness, a systematic review. Int J Burns Trauma.
2017;7(7):124–41.

13. Patra S, Grover SB. Physical principles of elastography: A primer for
radiologists. Indographics. 2022;1(1):27–40.

14. Dietrich CF, Bamber JC. Editorial on the special issue of applied
sciences on the topic of elastography. Appl Sci . 2018;8(8):1232–41.

15. Sarvazyan A, Hall TJ, Urban MW, Fatemi M, Aglyamov SR, Garra
BS. An overview of elastography - an emerging branch of medical
imaging. Curr Med Imaging Rev. 2011;7(4):255–82.

16. Elastography: general principles and clincial applications. Ultrasound
clinics. 2014;9(1):1–11.

17. Taljanovic MS, Gimber LH, Becker GW, Latt LD, Klauser AS,
Melville DM. Shear-wave elastography: basic physics and
musculoskeletal applications. Radiographics. 2017;37(3):855–70.

18. Winn N, Lalam R, Cassar-Pullicino V. Sonoelastography in the
musculoskeletal system: current role and future directions. World
J Radiol. 2016;8(11):868–79.

19. Vappou J. Magnetic Resonance− and ultrasound Imaging− Based
elasticity imaging methods: a review. Critical ReviewsTM in
Biomedical Engineering. 2012;40(2):121–155.

20. Yamamiya A, Irisawa A, Hoshi K, Yamabe A, Izawa N, Nagashima K.
Recent advances in endosonography-elastography: literature review. J
Clin Med. 2021;10(16):3739–51.

21. Bhatia KS, Lee YY, Yuen EH, Ahuja AT. Ultrasound elastography
in the head and neck. Part I. Basic principles and practical aspects.
Cancer imaging. 2013;13(2):253–62.

22. Li GY, Cao Y. Mechanics of ultrasound elastography. Proc Math Phys
Eng Sci. 2017;473(2199):20160841.

23. Hoskins PR. Principles of ultrasound elastography. Ultrasound.
2012;20(1):8–15.

24. Alam F, Naito K, Horiguchi J, Fukuda H, Tachikake T, Ito K.
Accuracy of sonographic elastography in the differential diagnosis of

4



Vishnu Rao and Astekar / IP International Journal of Maxillofacial Imaging 2024;10(1):1–5

enlarged cervical lymph nodes: comparison with conventional B-mode
sonography. Am J Roent. 2008;191(2):604–14.

25. Zengel P, Notter F, Clevert DA. Does acoustic radiation force
elastography improve the diagnostic capability of ultrasound in
the preoperative characterization of masses of the parotid gland?
Dentomaxillofac Radiol. 2018;47(7):20180068–76.

26. Ariji Y, Gotoh A, Hiraiwa Y, Kise Y, Nakayama M, Nishiyama W.
Sonographic elastography for evaluation of masseter muscle hardness.
Oral Radiol. 2013;29(1):64–73.

27. Shingaki M, Nikkuni Y, Katsura K, Ikeda N, Maruyama S, Takagi R.
Clinical significance of intraoral strain elastography for diagnosing
early stage tongue carcinoma: a preliminary study. Oral Radiol.
2017;33:204–11.

28. Ogura I, Nakahara K, Sasaki Y, Sue M, Oda T. Usefulness of shear
wave elastography in the diagnosis of oral and maxillofacial diseases.
Imaging Sci dent. 2018;48(3):161–05.

29. Reichel CA, Vincek T, Gellrich D, Schrötzlmair F, Clevert D, Zengel P.
Ultrasound elastography in diagnosis and follow-up for patients with
sialolithiasis. Dentomaxillo Radiol. 2018;47(7):20170424–20170454.

30. Manzoor I, Bacha R, Gilani SA. Diagnostic accuracy of
sonoelastography in different diseases. J Ultrasono;18(72):29–36.

31. Mukul SK, Kumar S, Pandey S, Mokhtar EA, Kumar A. Ultrasound
elastography as a potential diagnostic aid in oral submucous fibrosis.
Nat J Maxillofacial Surg. 2019;10(2):129–62.

32. Sasaki Y, Ogura I. Shear wave elastography in differentiating between
benign and malignant cervical lymph nodes in patients with oral
carcinoma. Dentomaxillofacial Radiology. 2019;48(6):20180454–
20180462.

33. Toker C, Marquetand J, Symmank J, Wahl E, Huettig F, Grimm A.
Shear Wave Elastography in Bruxism-Not Yet Ready for Clinical
Routine. Diagnostics. 2023;13(2):276–87.

34. Akatsuka K, Haga S, Nagahama R, Maki K. Investigation of tongue
hardness using ultrasound elastography in children during growth
period. Cl and Invest Ortho. 2023;82:98–107.

Author biography

Sowmya Gujjar Vishnu Rao, Professor
 

 

https://orcid.org/0000-0002-
6441-0426

Madhusudan Astekar, Professor & Head

Cite this article: Vishnu Rao SG, Astekar M. Elastosonography– A
revisited novel facet in dentistry. IP Int J Maxillofac Imaging
2024;10(1):1-5.

5

https://orcid.org/0000-0002-6441-0426
https://orcid.org/0000-0002-6441-0426
https://orcid.org/0000-0002-6441-0426

	Introduction
	History
	Basic Working Principle 
	Types
	Advancements
	Elastography in Maxillofacial Region 
	Advantages 2304253:30608847,2304253:30608868
	Limitations 2304253:30608847,2304253:30608856,2304253:30608868
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

