
Ultrasound Elastography in Musculoskeletal
Radiology: Past, Present, and Future
Žiga Snoj, MD, PhD1,2 C. H. Wu, MD3 M.S. Taljanovic, MD4 I. Dumić-Čule, MD5

E. E. Drakonaki, MD6 Andrea S. Klauser, MD7

1Radiology Institute, University Medical Centre Ljubljana, Ljubljana,
Slovenia

2Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia
3Department of Physical Medicine and Rehabilitation, National
Taiwan University Hospital College of Medicine, National Taiwan
University, Taipei, Taiwan

4Department of Medical Imaging, University of Arizona, Business,
SimonMed Imaging, Scottsdale, Arizona

5Department of Diagnostic and Interventional Radiology, University
Hospital, Zagreb, Croatia

6Medical School of the European University, Cyprus
7Department of Radiology, Division of Rheumatology and Sports
Imaging, Medical University Innsbruck, Innsbruck, Austria

Semin Musculoskelet Radiol 2020;24:156–166.

Address for correspondence Žiga Snoj, MD, PhD, Radiology Institute,
University Medical Centre Ljubljana, Ljubljana, Slovenia
(e-mail: ziga.snoj@gmail.com).

Ultrasound elastography (USE) is a method that evaluates
tissue elasticity in real time during ultrasound (US) imag-
ing.1,2 It has added a new dimension to US and is considered
the most important advance in US technology since Doppler
imaging implementation.1,2 The technique has a wide range
of applications in radiology includingmusculoskeletal (MSK)
soft tissue imaging.1,2 This article reviews the history and
physics of this technique, focuses on current applications in
the assessment of muscle, tendon, nerve, ligaments, and soft
tissue masses, and discusses future potential applications
and technical considerations.

The Past

Palpation is a qualitative diagnostic technique that has been
used inmedicalpracticefor thousandsof years.Hippocrateswas
reported to use palpation for battle injuries, identifying that if
thebone is not visible, it can assist in locating theweaponmark,
and, for head injuries, it can determine whether the cranium
beneath theflesh is strongorweak.3Palpation is still used today
and is an essential component of any clinical evaluation. How-
ever, palpation is based on subjective evaluation with limited
disease detection and limited organ accessibility.3
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Abstract Ultrasound elastography (USE) is becoming an important adjunct tool in the evaluation
of various musculoskeletal (MSK) traumatic conditions and diseases, with an increasing
number of applications and publications in recent years. This rapidly evolving
technique enhances the conventional ultrasound (US) examination by providing
information on the elastic properties of tissue alongside the morphological and
vascular information obtained from B-mode US and Doppler imaging. Those perform-
ing USEmust have basic knowledge of its proper imaging techniques and limitations. In
this review article, we place the USE in historical perspective and discuss basic
techniques and current applications of USE in the evaluation of various traumatic
and pathologic conditions of fasciae, nerves, muscles, tendons, ligaments, and MSK
soft tissue masses.
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Elastography is afield in science that aims toovercome these
limitations byprovidingnoninvasive imagingof tissuemechan-
ical properties. The US evolution has come to the point where
real-time elastography is possible and now integrated in com-
merciallyavailableUSmachines.Along thepathof theevolution
of US,many important steps need to be noted as the foundation
formodernMSK radiology. Thefirst report onMSK sonography
was published in 1958.4 In 1972, the first B-scan image of a
human joint was published describing the use of US imaging in
differentiating Baker’s cysts from thrombophlebitis.4 The first
report of using US-guided joint aspiration was published in
1981 in a septic arthritiswork-up.4 In 1994, thefirst application
of power Doppler was reported with demonstration of soft
tissue hyperemia inMSK disease.4 Contemporary elastography
was introduced in the imaging field, with applications in
magnetic resonance imaging (MRI) and US.5 In the beginning
USE applications were in vitro, and they subsequently evolved
into a real-time tool for in vivo imaging of the distribution of
tissue strain and elastic modulus. Over time US has become an
importantcornerstoneofMSKimagingwithUSEstriving tofind
its place in everyday clinical practice.4

The Present

USE has developed rapidly in recent years with an ever-
increasing number of publications, mainly due to its wide
availability on commercial US systems.3 The European Society
of Skeletal Radiology published a group consensus, based on
reviewing the literature on USEMSK applications, stating that
USE currently has a low level of indication in clinical practice
but acknowledging it is a promising technique for soft tissue
masses and nerve entrapment.6 Radiologists performing MSK
USEmust have basic knowledge of the physics and limitations
of the USE techniques used in various tissues. Depending on
the method of force application and data processing, several
USE methods are available.3 In the field of MSK radiology,
compression elastography (CE) and shear wave elastography
(SWE) are the most commonly used methods.

Compression Elastography

The principle exploited in CE is that the compression of tissue
produces displacement, or strain.3 In stiffer tissue, the strain is
minimal; in softer tissue, the strain is greater. Tissue displace-
ment is calculated fromrepeatedmanual compression byusing
a handheld US transducer.3 The displacement distribution is
shown in an elastogram, usually displayed as a color-coded
image superimposed over the B-mode image.7 Red is typically
used to depict softer tissue, blue harder tissue, and yellow or
green to depict intermediate elasticity.7 It is notable that the
color indicates the relative stiffness of the tissues, and therefore
the color coding can bemodified.7,8 Reliability of CE is another
challenge because too heavy or too gentle compression can
distortelastogramsduetononlinearchanges intissueelasticity.
Most vendors provide the amount of manual compression as
a visual indicator on the screen.7 For example, a “quality
factor”>60 indicates the optimal compression force, whereas
a “strain indicator” indicates if displacement is sufficient to

calculate local strains within the region of interest (ROI).9 In
some systems, semiquantitative tools are provided to analyze
image characteristics as a strain ratio.3 This is an index of
relative elasticityof target ROI versus referenceROI (usually the
subcutaneous fat layer).3,7

Shear Wave Elastography

A principle exploited in SWE is that directional force leads to
tissue shear deformationpropagating as a shear wave.3 SWE is
a typeofdynamicelastographyandbasedonthemeasurement
of the tissue propagation velocity distribution of the direc-
tional shear wave, produced by the US pulse.3,7 In addition to
qualitative depictionwith elastograms, SWE can also quantify
the absolute elasticity value of an imaged structure.3 Shear
waves move at a faster rate through harder tissue. The quanti-
tativemeasurement canbeexpressedasshearwavevelocity in
metersper second(m/sec)oras tissueelasticitybasedonshear
modulus calculation in kilopascals (kPa).3,10

Terminology in Elastography

Several physical misconceptions and nomenclatorial inaccu-
racies in the literature abound when reporting the elastog-
raphy results.10 Stiffness, shear modulus, and shear wave
velocity are distinct physical phenomena and should not be
used interchangeably.10 Thus when reporting elastography
results in kPa, the term shear modulus should be used, and
when reporting elastography results inm/sec, the term shear
wave velocity should be used.10

Fascia

Interest in fascia has grown in the recent years and is a subject
ofan increasingnumberofpublications. Elastography research
has mostly been conducted on plantar fascia; reports of other
fascia locations are scarce.11–13This is understandablebecause
plantar fasciitis is a commonpathology and frequently imaged
in clinical practice.11 Patients with plantar fasciitis show
significantly softer plantar fascia compared with healthy
individuals, even in those with typical clinical manifestations
of plantar fasciitis but without abnormalities on B-mode
sonography (►Fig. 1).14–16 The experience with other fasciae
is limited, with only a few articles reporting data on thoraco-
lumbar fascia and perimuscular fascia of the posterior thigh
and calf.12,13 Langevin et al showed that the shear strain of
thoracolumbar fasciawas� 20% lower in human subjectswith
chronic low back pain comparedwith a control group.12 It was
shown that USE can depict the effects of manual therapy and
thus expand the utility of elastography in fascia evaluation
beyond purely diagnostic purposes.13

Nerves

Most nerve USE studies have focused on the median nerve at
the wrist.17 This is most likely because themedian nerve runs
superficially with good depiction on US, and carpal tunnel
syndrome (CTS) is a common pathology (►Fig. 2).17 It was

Seminars in Musculoskeletal Radiology Vol. 24 No. 2/2020

Ultrasound Elastography in MSK Radiology Snoj et al. 157

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



shown inhealthy individuals that themediannerve is stiffer at
thewrist than in the forearm.18 Furthermore, the two sides do
not differ significantly; thereby a contralateral median nerve
may serve as an internal control.18Most of the studies on CTS
showed an important difference in median nerve stiffness
between patients with CTS and healthy controls.17 Subse-
quently, various cutoff values for the diagnosis of CTS were
proposed.17 Above the proposed cutoff values is the ratio
between themediannerve stiffness at the carpal tunnel versus
the median nerve stiffness in the forearm.19 A cutoff ratio of
1.48 was proposed for the diagnosis of CTS, yielding a sensi-
tivity of 97.7% and a specificity of 100%.17,19 Nerve USE
improves the diagnostic accuracy of US examination in com-
binationwithconventionalB-modeUSandaids insonographic
grading of carpal tunnel severity.17 It was shown that after
carpal tunnel release or corticosteroid injection,median nerve
stiffness decreases significantly.20,21 Moreover, it was
reported that nerve USE may be a more sensitive measure of
nerve recovery than the cross-sectional area.22 With the
increasingnumberof image-guided interventionalprocedures

of the MSK system, the use of USE may become an important
modality in the follow-up period.23–25

In other locations, nerveUSEhas beenused in theevaluation
of ulnar neuropathy, brachial plexus, and peripheral neuropa-
thy.17,22 Similar to the median nerve in CTS, increased ulnar
nerve stiffness was shown in ulnar neuropathy. However, no
relationship between the severity of ulnar neuropathy andUSE
was shown.17 Marked increase in stiffness in the irradiated
brachial plexus in comparisonwith the unirradiated contralat-
eral plexus in patients with breast cancer after radiotherapy
wasreported.17USEshowedpromisingresults intheevaluation
of peripheral neuropathy with detecting subclinical diabetic
polyneuropathy that is not evident on standard electrodiag-
nostic studies.17,22

Soft Tissue Masses

USE has been extensively explored in tumors outside the
MSK system and was found useful in differentiating benign
and malignant lesions mainly in the breast.26 However, the

Fig. 2 Longitudinal elastogram and B-mode image at the carpal tunnel of both forearms in a patient diagnosed with right-sided carpal tunnel syndrome
(CTS). Panel A: A thickened median nerve imaged longitudinally in the right forearm; CTS was graded as moderate on electromyelogram with measured
cross-sectional area 18mm2 on US at the carpal tunnel inlet. Panel B: Left forearm of the same patient with no complaints suspicious of CTS. Shear wave
elastography with scale depicting shear wave speed; the values of regions of interest are expressed in shear modulus.

Fig. 1 B-mode image and compression elastogram (CE) of the plantar fascia in a 51-year-old man with plantar fasciitis. The scattered areas of
yellow color in the red plantar fascia indicate relative tissue softening. The images were acquired with Siemens CEwhere red indicates hard tissue
and blue-purple indicates soft tissue.
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value of USE in the differentiation of MSK tumors is not
straightforward because a much greater variation in grade
and histologic types occurs in sarcomas compared with
breast lesions.26–29 One of the early articles on this topic
was a short pictorial essay by Lalitha et al. They briefly
reported that hemangiomas and neurofibromas demon-
strate soft to firm consistency, typical of benign lesions
(►Fig. 3).30 Further studies supported these findings with
the exception of a study by Pass et al that questions the
ability of USE to detect malignancy over B-mode consensus
classification.27–29

The value of USE for differentiatingmalignant frombenign
lesions is supported by a study including 73 histologically
proven soft tissue masses that showed higher stiffness of
malignant versus benign lesions.27 Similarly, Riishede et al
examined 61 histologically proven soft tissuemasseswith CE
and showed that strain ratios of malignant tumors were
significantly higher compared with strain ratios of benign
tumors but with overlapping confidence intervals.29 They
proposed that differentiation betweenmalignant and benign
tumorsmay be achieved by CE, a finding thatmay potentially
reduce the number of histologic biopsies.29 However, con-
trary to other studies, the largest published study with 105
biopsy-provenMSK soft tissue tumors found no difference in
SWE values between benign and malignant lesions.28 Inter-

estingly, a 2018 article explored the use of USE beyond soft
tissue tumors by reporting a case series of bone tumors in
children.31 The authors reported that most malignant bone
tumors were very stiff.31

Muscle

The use of USE to studymuscles has been expanding in recent
years. This trend may be attributed to increased research
interest in sarcopenia as well as to a broad application in
various disorders presenting withmuscle pathology.32 Awide
range of normal and abnormal muscle USE appearances are
reported, without established reference values.33 However,
contralateralmuscle proved to serve as a good internal control
because bilateral muscle assessment did not show significant
differences in muscle stiffness (►Fig. 4).34 Several studies
showed greater stiffness of contracted muscle compared
with the relaxed muscle (►Fig. 5).33 Gender differences
were reported in lumbar musculature with male muscles
proving to have higher stiffness; however, no gender differ-
ences were observed in the evaluation of calf muscles.35–37

There is no consensus in the literature on the effect of age on
muscle stiffness, with some authors reporting increasing and
others decreasing muscle stiffness.38–40 A few important
factors may be debated regarding this disagreement. First,

Fig. 3 B-mode and elastogram image of the forearm and the upper
thigh in a patient with neurofibromatosis type 1. Panel a: In the
patient’s forearm, a well-defined homogeneously hypoechoic subcu-
taneous lesion is seen with the corresponding elastogram showing a
homogeneously hard lesion. Panel b: In the patient’s upper thigh, a
well-defined heterogeneous lesion is seen with corresponding elas-
togram showing heterogeneous tissue morphology. Red regions
represent soft cystic areas; blue regions represent hard regions of
tumorous soft tissue. The compression cycles may be appreciated.

Fig. 4 Bilateral B-mode and elastogram image of the medial head of
gastrocnemius and soleus musculature in the distal third of the lower
leg in a patient with complaints of pain in the left calf). Panel a: A
longitudinal US image of the patient’s right lower leg showing
preserved muscle structure with predominantly intermediate stiff-
ness on elastogram. Panel b: A longitudinal image showing hyper-
echoic muscle tissue with loss of muscular structure and elastogram
showing predominantly soft stiffness of the medial head of gastroc-
nemius muscle and predominantly hard stiffness of the soleus muscle.
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the difference in the evaluationprotocol resulted invariedUSE
values based on the type of functional muscle assessment.23

Muscle stretching is responsible for a linear increase inmuscle
stiffness, whose magnitude depends on the type of muscle,
joint stiffness, and positioning.33 Second, the selection of
muscle groups across studies would influence USE values
because certain muscle groups may not show the same aging
pattern according to their function (e.g., axial versus appen-
dicular muscles).

Yanagisawaetaldemonstratedgreater stiffness in thebiceps
brachii muscle of post- versus pre-exercise USE values.41 Dif-
ferent manual therapy procedures and muscle manipulation
induce a change in muscle stiffness.33 A temporary increase of
muscle stiffness was also shown with SWE in delayed-onset
muscle soreness.42 These studies suggest the possibility of

monitoring physiologic changes and broadening USE utility
beyond pathologic processes. USE may prove useful in the
evaluation ofmyofascial pain syndrome and in a rehabilitation
processbydepictionofmyofascial triggerpoints.43 Inapictorial
essay, Botar et al demonstrated the use of USE in muscular
trauma by depiction of alterations in elastograms by intramus-
cular hemorrhage and fibrosis.44 This indicates that our under-
standing of muscle injuries and their healing process may be
broadenedwithUSE. In studyingmuscle crush injuries in rabbit
models with SWE, a significant difference was observed in
Young’smoduluswithvalues significantly higher in the injured
leg at 72hours after crushing pressure in comparisonwith the
uninjured leg.45

The use of USE in various neuromuscular disorders has
been studied (►Figs. 6 and 7).46–48 Botar et al showed a

Fig. 5 B-mode image with elastogram overlay of the biceps brachii muscle in a healthy volunteer. A longitudinal image of a relaxed muscle
(panel a) and flexed muscle (panel b). The images were acquired with shear wave elastography with the left box representing a color-coded
elastogram and the right box representing the quality of a shear wave. The regions of interest (ROIs) should be placed in the box where the waves
are most parallel. Values of ROIs are expressed as shear wave velocity.
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strong case for USE utility in inflammatory myopathies by
direct correlation of SE muscle values and specific muscle
inflammatory markers.47 SWE showed that the muscles are
significantly stiffer on the poststroke spastic side in acute or
chronic poststroke stage.48 Similar results were shown in
patients with multiple sclerosis and cerebral palsy.47,49 Thus
it may be concluded that USE may prove useful in patients
with neuromuscular disorders with the potential of helping
in the disease diagnosis pathway as well as monitoring the

course of the disease and can serve as guidance for choosing
the appropriate treatment.47 However, several factors are
important when imaging muscle, and the methodology of
USE in paretic muscle should be clarified.50,51

Tendon

Within the USE field of examining tendons, the Achilles
tendon has received the most attention due to its ease of

Fig. 7 Shear wave elastogram of the spastic biceps brachii muscle in a 34-year-old man with a left putaminal hemorrhage. The shear wave
velocity within the region of interest was 3.32 m/s.

Fig. 6 Shear wave elastogram of the calf in a 12-year-old boy with Pompe disease. It is clearly depicted that the shear modulus is 5.1 kPa,
105.1 kPa, and 15.1 kPa in the subcutaneous layer, the fascia, and the gastrocnemius muscle, respectively. The images were acquired with shear
wave elastography on an Aplio i800 machine with the left box representing a color-coded elastogram and the right box representing the quality
of a shear wave. The regions of interest (ROIs) should be placed in the box where the waves are most parallel. Values of ROIs are expressed as
shear wave speed.
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accessibility, susceptibility to pathology, and relatively large
size.26 Two other important sites in USE tendon research are
the rotator cuff and the common extensor and flexor tendons
of the elbow.52–54

In Achilles tendinopathy evaluation, the studies showed
moderate to perfect correlation between the USE and B-
mode US and excellent correlation with functional scores.54,55

Coombes et al reported that low shear wave velocity is corre-
lated with higher age, self-reported pain, and with decreased
loading capacity of the Achilles tendon.56 Slane et al also
showed lowering shear wave speed in older adults and
reported that aging alters spatial variations in the Achilles
tendon.57 Studies in athletes demonstrated that tendon soft-
ening may predict pain and tendinopathy.55 Thus USE may
prove useful in the detection of subclinical tendinopathy, and
timely preventive measures may be undertaken.55 Subclinical
changes of Achilles tendon were also shown with USE in
patients with ankylosing spondylitis, acromegaly, and in
patients with diabetic ulcers.55

USE has been used to evaluate supraspinatus tendon and
muscle, with tendinopathy predominantly presenting with
tendon softening but also with regions with increased
stiffness (►Fig. 8).55 Correlation between USE and B-
mode US in the evaluation of rotator cuff was reported.52,53

Rosskopf et al showed decreased shear wave velocity with
increasing fat content and increasing shear wave velocity in
the final stage of fatty infiltration of the supraspinatus
muscle.52 Seo et al reported that USE is able to quantify
the severity of fatty atrophy of the supraspinatus muscle

with excellent accuracy and interobserver reliability.53 USE
may prove to be useful in the preoperative setting in patient
selection because it can reflect tendon quality or surgical
outcome.58

In diagnosing medial epicondylitis, the addition of USE to
B-mode US provides a significant improvement in the
agreement between imaging and histologic results com-
pared with either B-mode US or USE alone.59 Furthermore,
USE proved to have higher diagnostic performance com-
pared with B-mode US.60 Several studies showed softening
of common extensor origin in the patients with lateral
epicondylitis.55

B-mode US or USE can depict fatty infiltration, loss of
collagen structure, and capillary proliferation; however, USE
may be able to show loss of fiber integrity with greater
sensitivity than B-mode US.54 The degenerative sign of loss
of fiber integrity withmucoid degeneration is associatedwith
pathologic softening on USE.26,54 Most studies confirmed this
as the predominant pattern of tendinopathy; however, few
studies showed increased tendon stiffness in tendinopathy.26

Patients with surgical repair of complete Achilles tendon
rupture showed a harder and heterogeneous pattern com-
pared with healthy controls, indicating the difference of
reparative compared with normal tendon tissue.61 Further-
more, in a 1-year follow-upof thepostsurgical elasticity values
of the Achilles tendon, SWE showed good correlation with
functional outcomes.62 These findings are supported by a
laboratory study on transected Achilles tendons in rabbits
that showed progressive hardening with healing time, a
finding supported with histologic correlation.63 A general
statement on the elastic properties in tendinopathy may not
be straightforward, and perhaps we should aim at identifying
areas of a heterogeneous distorted elastogram (hardening or
softening) as an indicator of tendinopathy.26

Ligaments

The literature on USE for imaging ligaments is scarce.64–67

Joint positioning plays an important role in ligament USE
imaging because stretched ligament or relaxed ligament
differ substantially.64 Two articles studied healthy volun-
teers for the characterization of the anterior talofibular
ligament and collateral ligament of the elbow.65,66 Both
concluded that USE could prove useful in evaluation of a
ligament injury and in the follow-up of the healing pro-
cess.65,66 Gupta et al showed no significant differences in
shear wave velocity between the dominant and nondomi-
nant arm when examining the ulnar collateral ligament.65

A similar observation was made by Wu et al when examin-
ing the coracohumeral ligament in healthy volunteers
(►Fig. 9).64 Furthermore, the same study showed a stiffer
coracohumeral ligament in patients with adhesive capsu-
litis of the shoulder.64 Interestingly, Mhanna et al showed
significantly increased shear wave velocity of the traverse
carpal ligament in pianists relative to non-pianists and
proposed that ligament maladaptation may explain why
populations with repetitive hand movements are at an
increased risk of developing MSK pathologies.67

Fig. 8 B-modeandelastogram imageof thebilateral supraspinatus tendon
in a patient with pain in the right shoulder. Panel a:Articular surface partial-
thickness tear of the right supraspinatus tendon is seen on the B-modewith
heterogeneous elastogram in the corresponding area showing tendon
softening (red areas). Panel b: Left shoulder of the same patient showing
intact supraspinatus tendon with normal hard (blue) elastogram. The
compression cycles may be appreciated.
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Technical Considerations

The presence of various commercially available systems,
imaging methods, and techniques make USE homogeniza-
tion difficult. Certain technical considerations must be rec-
ognized by the user because standardization of USE technical
settings will establish accuracy and thus identify variations
over time that may be recognized as true physiologic
changes.67 Kot et al recommended that SWE of the tendon
tendon and muscle should be performed with the lightest
transducer pressure and a shorter acquisition time for SWE
while measuring the mean elastic modulus regardless of ROI
size.68 It must be noted that USE values depend on the
surrounding tissues and depth.69 Bone vicinity especially
needs to be considered because it decreases the shear wave
velocity of the overlying tissues.69

Different transducer positioning has been used across
studies (transverse versus longitudinal position).34 The shear
waves propagate faster in contracted tendons and muscles
and along the long axis of tendons. The transducer must be
oriented longitudinally to the muscle fibers to achieve accu-
rate and reliable SWE measurements.70

CE is an operator-dependent technique, with a recommen-
dation to record several (at least three) compression-relaxation
cycles as cine loops, and the best elastograms should be
selected for evaluation.70 The transducer should be perpendic-
ular to the tissue to avoid anisotropy because the B-mode US
appearance influences the quality of the elastogram.70 The
elastogram is not influenced by the use of standoff devices in
imaging superficial structures because aminimum distance of
3mm is needed between transducer and target lesion.70

The Quantitative Imaging Biomarkers Alliance (QIBA)
was created by the Radiological Society of North America
to establish guidelines on quantitative imaging and the use

of imaging biomarkers in clinical practice. QIBA standard-
ized methods on US phantoms to understand the sources of
bias and variance in SWE.70 They found significant differ-
ences in shear wave speed estimation among systems and
according to the depth of the object.71 Important guidelines
and recommendations on elastography were created by the
European Federation of Societies for Ultrasound in Medicine
and Biology (EFSUMB).3,70

Standardization in reporting USEmeasurements is impor-
tant.When the formula to calculate Young’smodulus is used,
the tissue density is assumed to be constant. This assumption
is correct for isotropic tissues such as the liver or thyroid
gland, but the soft tissues examined in the MSK system are
heterogenous and anisotropic. Thus SWE in the MSK system
should be reported as shear wave velocity (m/sec) rather
than in shear modulus (kPa).10

Future Directions

Althoughsignificantworkand important advances inUSEhave
been made, further efforts are needed to define its various
potential applications and to assure its progress. Despite great
interest, the literature is still limited to small population
studies without control groups, utilizing different techniques
and evaluation methods. Multicenter long-term controlled
studies are needed with large populations of different ages
and levels of activity with long-term follow-up in correlation
with other imaging methods and clinical data.2 Considerable
action should be taken in the standardization of various
technical settings before obtaining valid data for diagnosis
and guiding corrective therapy. In this direction, initiatives
made by QIBA and EFSUMB are of great importance. However,
thismaynotbesufficient.Weshouldaimtoclose collaboration
between industry and clinical researchers to make optimized

Fig. 9 Shear wave elastogram of the coracohumeral ligament in the shoulder neutral position in a 41-year-old man with adhesive capsulitis of
the shoulder. The shear modulus within the region of interest was 245.5 kPa.
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protocols dedicated toMSK applications.2 Furthermore, USE is
currently equipped in high-end US machines and would be
helpful in wider applications as a bedside clinical tool.

Software for image fusion is integrated in some USE
machines, offering fusion of cross-sectional imaging meth-
ods and real-time USE. With cross-referencing imaging
methods, USE may yield similar information as those pro-
vided by MRI or CT.7 Three-dimensional (3D) images have
been reconstructed from two-dimensional elastograms.7

The potential use of real-time 3D elastographic analysis
would prove useful in the MSK field in the evaluation of
mass lesions in preoperative planning and follow-up.7

Conclusion

USE is a tool for the imaging of MSK soft tissue, providing
biomechanical data along with the morphological data sup-
plied by a conventional US examination, thus allowing an
insight into the biomechanics of normal or diseased tissue in
the clinical setting. The various USE techniques available for
clinical use create diversity in the reported data and neces-
sitate thorough knowledge of the physics, the limitations,
and the techniques of application in various tissues. At
present, USE is an additional tool to current standard prac-
tice inMSK imaging. The evidence supporting the role of USE
for assessing MSK soft tissue is constantly increasing in the
literature; however, more work is needed to ensure valida-
tion of thefindings and assessment of their clinical relevance.
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