
133© Springer International Publishing Switzerland 2017 
D.-A. Clevert et al. (eds.), Atlas of Elastosonography, DOI 10.1007/978-3-319-44201-3_6

      Musculoskeletal                     

     Teresa     Cammarota     ,     Armanda     De     Marchi    , 
and     Simona     Pozza   

      In recent years, elastosonography (ES) has 
become an important application in the study of 
the musculotendinous apparatus [ 1 – 4 ]; in fact, 
this method permits both a qualitative and quan-
titative evaluation of the elasticity properties of 
soft tissues and its alteration in traumatic lesions 
and degenerative pathology. In the fi eld of rheu-
matology, in particular, it adds a complementary 
diagnostic element to the standard imaging 
studies represented by ultrasound (US) and 
magnetic resonance imaging (MRI). ES can 
therefore be considered a tool which provides 
additional and important information regarding 
certain functional characteristics of musculoten-
dinous tissues. 

 When pressure is applied to a tissue surface, 
the force of compression is transmitted to the 
underlying tissue, producing a change in the 
mechanical stress of the tissue which will vary 
based on the tissue consistency: less change in 
rigid tissue and more in elastic tissue. 

 The elastosonographic methods, differenti-
ated by modalities of force application to the tis-

sue and modalities of measurement and 
visualization of the tissue response, are of two 
types: quantitative (shear wave imaging) and 
qualitative (strain imaging). 

 Shear wave ES evaluates the velocity of the 
transversal wave that is generated by the passage 
of the excitation wave, expressed as a number 
relative to the elasticity module. 

 Strain ES evaluates the deformation of the tis-
sue along the propagation axis of the beam by 
means of analysis of the RF signal along each 
line of scanning, with a color-coded representa-
tion of the information where, by convention, red 
corresponds to elastic tissue, green to moderately 
elastic tissue, and blue to rigid tissue. 

 Both methods are used for the study of muscu-
lotendinous structures, though strain ES allows 
for a more immediate evaluation and better 
adapts itself to the structures in the region of 
interest. 

 In fact, it’s a peculiarity that muscles and ten-
dons have elastographic characteristics which 
differ not only from region to region but also 
based on the resting state or tension and/or con-
traction. Therefore, an elastographic study of 
musculotendinous structures is always a 
dynamic-type study. 

 Furthermore, it’s important to be familiar with 
the elastographic aspect of normal muscular and 
tendon structures, both in the static and dynamic 
phases, in order to recognize the variations 
caused by different pathological conditions. 
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 Strain ES is performed with dedicated equip-
ment using a linear transducer with which man-
ual compressions and relaxations are applied in a 
vertical direction with a homogeneous and 
 regular force which is quantifi ed by an indicator 
on the screen. 

 Visualization of the tissue under examination 
occurs in real time using a double window on the 
monitor, which allows evaluation of the aspect 
both in basal condition and during elastosonogra-
phy, with scans done parallel and perpendicular 
to the long axis of the tissue. The results are 
shown in a chromatic scale where blue represents 
maximum rigidity and red the maximum elastic-
ity, passing through intermediate values going 
from light blue to green to yellow. This chromatic 
box, partially transparent, is superimposed on the 
basal ultrasound image, with the possibility to 
sample in regions of interest (ROI) the values of 
the ratio between pathological tissue and healthy 
tissue, adding therefore a quantitative evaluation 
to the exam. 

 Some authors use a “spacer” between the 
transducer and the skin to make the pressure 
exerted on the tissues more homogeneous and 
regular and also to reduce artifacts, especially in 
anatomical regions with irregular surfaces [ 3 ,  5 ]. 

 Each tissue has, in normal conditions, 
mechanical properties and therefore a character-
istic elasticity coeffi cient, which can undergo 
change in pathological conditions. 

 ES can be indicated when the ultrasound study 
is inconclusive, highlighting different elasticity 
between healthy and pathological tissue, espe-
cially when confronted with pain symptom when 
the ultrasound exam does not fi nd any signifi cant 
morphostructural tissue changes. 

 Healthy tissue and pathological tissue can, in 
fact, have the same echogenicity; it is this lack of 
tissue contrast that doesn’t permit the recognition 
of alterations in certain pathological conditions 
[ 2 ,  6 ]. 

 In the musculoskeletal fi eld, the preliminary 
results in the study of tendinopathy and muscle 
disorders are encouraging [ 4 ]. 

  Tendinopathies  are frequent in athletes, but 
they are not easily treatable due to their multifac-
tor etiology [ 7 ]. 

 The alterations that tendons undergo, regard-
ing both clinical fi ndings, constituting thicken-
ing, and anatomopathological fi ndings, are well 
known [ 8 ]. 

 Continuous microtrauma, overload, and vas-
cular alterations cause tissue damage which has 
repercussions on the elasticity of the fi brillary 
architecture [ 3 ]. 

 ES has been used in some work groups to com-
pare the behavior of healthy tendons with patho-
logical ones in the rotator cuff, the elbow [ 9 ], and 
the Achilles tendon [ 8 ,  10 ,  11 ], with satisfying 
results in comparison to basal ultrasound. 

 Some authors have demonstrated that ES has 
detected alterations of the elastosonographic 
characteristics of tendons both in symptomatic 
and asymptomatic patients [ 10 ,  11 ]; this fi nding 
implies that this new method, combined with 
basal ultrasound, can increase the diagnostic 
accuracy given that it can detect alterations 
very early. 

 Healthy tendons and, in particular, the Achilles 
tendon, which is easy to study because of its size 
and location, have an elastosonographic pattern 
which is prevalently blue, expression of a certain 
rigidity and scarce deformability [ 10 ,  11 ]. 

 In geriatric patients, however, the Achilles 
tendon has a prevalently green color with traces 
of blue, while when it’s the site of tendinopathy, 
the color is predominately red due to the reduced 
consistency [ 4 ]. 

 The supraspinatus tendon, according to the 
same author, has an analogous chromatic pattern 
in the same clinical conditions. 

 This fi nding has been confi rmed by other 
authors who compared elastosonographic fi nd-
ings with those of magnetic resonance imaging 
which is the gold standard, highlighting a good 
sensitivity of ES [ 12 ]. 

 ES has been used in the diagnosis of fatty 
degeneration of the rotator cuff with similar 
results also in this case with magnetic resonance 
imaging [ 12 ], demonstrating a reduced elasticity 
of the tendons in atrophy and providing useful 
information regarding prognosis and treatment. 

 Interesting applications have emerged in the 
study of  synovial pathology  where some authors 
were able to differentiate infl ammatory synovial 
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pathology from infectious synovial pathology, 
demonstrating a reduction in elasticity with pre-
dominant red color in areas with infl ammatory 
disease in comparison to infectious complica-
tions, which present as areas of greater consis-
tency with a green color [ 4 ]. 

 An area of great interest is that of ES in the 
study of  muscle tissue  in different pathological 
conditions such as infl ammation, trauma, and the 
rarer congenital dystrophies [ 13 ,  14 ]. 

 Normal muscle tissue presents a chromatic 
pattern which is prevalently green. In this fi eld, 
the exam of choice is magnetic resonance imag-
ing, but the agreement that some authors have 
found between this method and ES could, in the 
future, lead to the substitution of MRI with ES 
due to MRI’s limitations of claustrophobia, pace-
makers, surgical clips, and higher cost [ 15 ]. 

 In our study we used ES in muscle lesions fol-
lowing direct and indirect trauma, at a time inter-
val of up to 6 months after the trauma, to allow 
for healing time in widespread lesions. 

 The criteria of inclusion are the traumatic 
event and pain. 

 We compared fi ndings of basal ultrasound 
exam, ES, clinical examination, and MRI, which 
is considered the gold standard [ 16 ]. 

 ES was able to demonstrate persistence of alter-
ations even when basal ultrasound became normal-
ized and allowed to correctly interpret the dynamics 
of tissue repair and eventual complications in the 
follow-up leading to the potential of the method to 
indicate the correct therapy or to modify the ther-
apy enacted in order not to risk further damage. 

 The use of ES has also been extended to the 
study of space-occupying lesions of the skeletal 
muscle system in an attempt to characterize the 
tissue: confronted with the poor attendibility of 
the quantitative elastographic fi ndings, the quali-
tative fi ndings, expressed as a color-coded map, 
are useful in differentiating benign forms from 
malignant forms [ 17 ]. 

 Preliminary studies of angiomatous lesions 
and of neurofi bromatosis have shown an ES color 
pattern which is predominantly red for angiomas 
due to their soft consistency and predominantly 
green for neurofi bromas due to their more rigid 
tissue structure [ 4 ]. 

 ES has also been evaluated for  carpal tunnel 
syndrome : the elasticity of the median nerve is 
decreased in pathological conditions with a blue 
chromatic pattern [ 18 ,  19 ]. 

 ES has some limits; mainly it is operator 
dependent and therefore diffi cult to reproduce the 
fi ndings; regarding this, it is indispensable to pay 
attention to the indicative scales on the screen 
during pressure application to the tissues during 
the examination. 

 At present, the imaging of the mechanical 
properties and of the elasticity of the tissues has 
arrived at a high technical level of development 
to make it clinically useful [ 20 – 22 ]. 

 However, large-scale studies are necessary to 
defi ne the indications and the role of the method 
in the diagnostic work-up of musculotendinous 
pathology, either as an exam associated with the 
basal ultrasound exam or as a substitute for less 
comfortable and more costly exams. 
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6.1     Image Gallery 

  Fig. 6.1    Grayscale longitudinal image ( right ) of normal 
relaxed rectus femoris muscle. At sonoelastography ( left ), 
the muscle appears as a mosaic of intermediate stiffness 

 green color  with scattered softer ( red ) areas near muscle 
boundaries (ribbed elastic appearance)       

  Fig. 6.2    ( a ) Grayscale 
axial scan ( left ) of the 
anterior rectus femoris 
shows a normal muscle 
aspect; at sonoelastogra-
phy ( right ), an altered 
intrinsic elasticity with 
intramuscular stiffer areas 
( blue dot arrow ) mixed 
with softer ones ( red dot 
arrow ) in patient with 
anterior thigh pain without 
trauma. ( b ) Contralateral 
healthy side. ( c ) MRI: 
SET2W and fat suppres-
sion images show a normal 
muscle aspect         
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cFig. 6.2 (continued)

6 Musculoskeletal



138

a

b

  Fig. 6.3    ( a ) Grayscale axial images of the semimenbra-
nosus and semitendinosus muscle ( right ): a post-traumatic 
intramuscular hyperechoic longitudinal area and corre-
sponding elastogram ( left ) in neutral thigh position. The 

presence of a  red oblique area  between the muscles means 
a partial fl uid collection. ( b ) Axial T2 W: fl uid collection 
well defi ned with MRI       
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  Fig. 6.4    ( a ) Grayscale axial image ( left ): partial quadri-
ceps muscular rupture 10 days after trauma which appears 
like a hypo-anechoic round area; on the  right  a very soft 
aspect of the hemorrhage. ( b ) The contrast-enhanced US 

(CEUS) evidences the muscular lesion like a  black round 
area  without vascularization. ( c ) The lesion after 1 month 
appears stiff ( green/blue ) at sonoelastography due to the 
reparative process       

 

6 Musculoskeletal



140

a

b

c

  Fig. 6.5    ( a ,  b ) Grayscale axial ( a ) and longitudinal ( b ) 
images of the rectus femoris muscle ( left ): a post-trau-
matic intramuscular anechoic interfascial area. The 
corresponding elastogram ( right ) in neutral thigh posi-
tion shows a  red soft area  that means a fl uid interfascial 

collection and a soft aspect of the muscle because of 
the hemorrhage. ( c ) The MRI axial T2 fat suppression 
image confi rms the interfascial liquid and the intramus-
cular hemorrhage       
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  Fig. 6.6    Grayscale longitudinal images ( right ) of rectus femoris detachment; at elastosonography ( left ) very soft aspect 
of the hemorrhage in the distal portion of the muscle       

Fat suppressionb

a

  Fig. 6.7    ( a ) Axial grayscale ( left ) and sonoelastography 
( right ) scan in patient with a fi brosis scar of the medial 
gastrocnemius muscle: the lesion appears hypoechoic at 

grayscale and  blue  like a stiff area at sonoelastography. 
( b ) The MRI shows a fi brous tissue in SET2W and fat 
suppression images       

 

 

6 Musculoskeletal



142

  Fig. 6.8    Grayscale axial view ( left ) of the tibial anterior 
muscle which appears hyperechoic in patient with trau-
matic denervation; at elastosonography ( right ) shows a 

complex aspect characterized by an increase elasticity in 
the superfi cial region and low elasticity in the deep por-
tion due to the fi brosis       
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  Fig. 6.9    ( a ,  b ) Grayscale 
longitudinal ( a ) and axial 
( b ) scan of fl uid 
homogeneous post-trau-
matic subcutaneous 
collection in the anterior 
tibial region on the  left . At 
the sonoelastography 
( right ), the collection 
appears as a typical 
 red-green- blue  aspect, 
like a cyst lesion. ( c ,  d ) 
Coronal T2FS ( c ) and 
axial T2 ( d ) view confi rm 
the fl uid collection       
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  Fig. 6.10    ( a ) Grayscale longitudinal image of the normal 
anterior tibial tendon ( right ) and corresponding elasto-
gram ( left ) in neutral ankle position. The tendons appear 
homogeneously stiff ( green-yellow ), with no distinct soft 

( red ) areas. ( b ) Grayscale longitudinal image of the nor-
mal Achilles tendon ( left ) and corresponding elastogram 
( right ) in extension position. The tendons appear homoge-
neously stiff ( green/blue )       

  Fig. 6.11    Post-traumatic hypoechoic subcutaneous area in grayscale ( left ), at sonoelastography soft aspect of the hem-
orrhage near the Achilles tendon that is normal ( right )       
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  Fig. 6.12    Grayscale longitudinal image of the anterior tibial 
tendon ( right ) and corresponding elastogram ( left ) in neutral 
ankle position. Clinically the patient had diffi culty to dorsi-
fl exion. The tendon appears enlarged and inhomogeneous in 

grayscale with a prevalence of  blue  and  green area  with few 
 red spots  in superfi cial portion during the elastography: soft 
area alternating with areas of low elasticity which demon-
strate small partial-thickness tear in tendinosis       

  Fig. 6.13    Bis Longitudinal RTSE scan in patient with Achilles tendinopathy shows distinct superfi cial intratendinous 
softening and  blue areas  of reduced elasticity in the medial and deep portion ( right )       
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  Fig. 6.14    ( a ) Grayscale sonographic image reveals 
swelling and intratendinous hypoechogenicity in common 
extensor tendon origin in patient with lateral elbow pain. 
( b ) Color Doppler sonographic image shows increased 
vascularity epicondylitis. ( c ) MRI T2 FS coronal view 

shows a hyperintensity area in the proximal insertion of 
the common extensor tendon. ( d ) The elastosonography 
reveals a diffuse  red-coded area  in symptomatic common 
extensor tendon       
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  Fig. 6.15    ( a ) Longitudinal 
grayscale of the patellar 
tendon: the tendon appears 
thick and inhomogeneous 
with a small calcifi cation in 
the proximal deep portion. 
( b ) At the elastosonography 
the tendon reveals 
homogeneous increased 
elasticity in case of 
tendinopathy. ( c ) MRI 
sagittal view T2FSW ( d ) and 
T1SEW ( c ) images shows 
high signal intensity at the 
enthesis due to tendinosis       
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  Fig. 6.16    ( a ,  b ) 
Grayscale longitudinal 
plane of the plantar fascial 
( a ) and color ( b ). The 
plantar fascia appears 
ticked and hypoechoic in 
the insertion, in the 
intermediate and distal 
portion without spots of 
color. ( c ) 
Sonoelastography 
evidences focused 
softening of the plantar 
fascia in the intermediate 
region       
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  Fig. 6.17    ( a ) Grayscale 
longitudinal scan of 
anterior tibial tendon old 
rupture. ( b ,  c ) At 
elastosonography reduced 
elasticity of the tendon 
with area of fi brosis ( blue 
areas ) ( b  – transversal 
view,  c  – longitudinal 
view)       
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  Fig. 6.18    Flexor tendons 
tenosynovitis in pregnant 
woman who had onset of 
pain. ( a ) US power axial 
scan of fl exor tendons in 
the volar region of the 
hand: an evident anechoic 
area is visualized around 
the tendons which are 
increased in size as a 
result of edematous 
changes. ( b ) The anechoic 
area appears at elasto-
sonography very soft and 
means an abundant 
effusion in the sheath       
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  Fig. 6.19    Pigmented 
villonodular synovitis 
(PVNS). ( a ) Real-time 
sonoelastography view 
( right ) and B mode image 
( left ) in 74-year-old 
patient with pain and 
swelling of the wrist. 
Hypertrophied synovium 
shows predominant fi rm 
to soft nature, which is 
represented by predomi-
nant  red color  with patchy 
 blue areas : ( b ) MRI 
gradient echo in sagittal 
plane confi rms a 
heterogeneous synovial 
mass with decreased 
signal intensity caused by 
hemosiderin       
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  Fig. 6.20    ( a ,  b ) US 
grayscale longitudinal 
view ( a ) and axial view 
( b ) show a heterogeneous 
mass next to the bone in 
tibial fracture in patient 
with pain and fever. ( c ) At 
elastosonography the 
lesion appears almost 
completely  blue  with a 
small superfi cial 
component of high 
elasticity: the lesion was a 
localized collection of pus 
and infl ammation       
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  Fig. 6.21    Lymphangioma. 
( a ) Grayscale ( left ) shows 
in the groin an oval-
shaped mass anechoic 
between the fascia and 
subcutaneous tissue; at 
elastosonography ( right ), 
the lesion shows a 
cyst-like aspect ( red-
green-blue ). ( b ) The mass 
evidences at CEUS a rich 
vascularization because of 
a lot of white spots inside. 
( c ,  d ) MRI on axial SET1 
and SET2W shows a 
liquid multiloculated 
mass with thin septa 
inside       

  Fig. 6.22    Lipoma. Grayscale longitudinal images ( left ) 
of a little elliptical subcutaneous mass parallel to the skin 
surface hyperechoic relative to the adjacent muscle which 
contains linear echogenic lines; at elastography ( right ), 

the subcutaneous lipomas have a typical horizontally ori-
ented striated pattern which is characterized as tricolor 
( blue, green-yellow , and  red )       
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  Fig. 6.23    Real-time sonoelastography view ( right ) and B 
mode image ( left ) of intramuscular lipoma; it has a mot-
tled appearance without the horizontal striations. This 

probably is related to differences of elasticity in masses 
that are embedded in a muscle compartment surrounded 
by fascia       

  Fig. 6.24    Sebaceous cyst. B mode image ( left ) in longi-
tudinal scan of subcutaneous mass, hypo-anechoic, inho-
mogeneous, with sharp margins and enhanced 
through-transmission deep to the lesion with refractive 

shadowing at the edges; real-time sonoelastography 
( right ) shows a stiff and moderate elasticity in the mass 
due to different content of the cyst       
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  Fig. 6.25    Myxoid liposarcoma. ( a ) Longitudinal gray-
scale and  color  show an oval hypoechoic mass with regu-
lar edges and with some vessels inside. ( b ) The lesion 
studied with CEUS evidences a rich heterogeneous vascu-
larization. ( c ) At sonoelastography in longitudinal view, 

the mass appears almost completely stiff. ( d ) MRI SET1 
coronal plane image after intravenous gadolinium admin-
istration shows nonenhancing tissue central with periph-
eral enhancement. ( e ) MRI SET2 axial plane image shows 
a hyperintense lesion       
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  Fig. 6.26    Dermatofi brosarcoma protuberans (DFSP). ( a ) 
US color shows a huge hypoechoic hynomogeneous mass 
in the anterior region of the thigh with some vessels 
inside. ( b ) At CEUS the mass appears completely full of 

vessels. ( c ) The biopsy procedure. ( d ) At elastosonogra-
phy the lesion appears very stiff in the half deep portion 
and with high elasticity in the other superfi cial part       
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  Fig. 6.27    MRI image evidences a large exophytic DFSP 
involving the skin, and subcutaneous fat of the medial 
anterior thigh shows in axial T1W image ( a ) low signal 

intensity, a homogeneous enhancement after gadolinium 
injection ( b ), and high signal intensity on the long TR 
images ( c )       
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  Fig. 6.28    Neuroendocrine carcinoma. ( a ) Grayscale 
axial view ( left ) shows a homogeneous hypoechoic mass 
in the groin which at elastosonography ( right ) evidences a 
moderate elasticity with a layer of low elasticity in super-

fi cial region. ( b ) At CEUS the lesion shows some vessel in 
the middle region. ( c ) MRI T1W axial image shows low 
enhancement of the lesion. ( d ) MRI T2 fat suppression 
shows inhomogeneous high signal       
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  Fig. 6.29    Giant cell tumor of tendon sheath (nodular 
tenosynovitis) in woman with a slightly painful fi nger 
mass. ( a ) Grayscale longitudinal view of the volar region 
of the hand shows a lobulated and well-defi ned, 

hypoechoic lesion around the tendon. ( b ) Corresponding 
elastosonography shows the lesion as a mosaic of various 
levels of stiffness over the normal tendon which is  blue        

 

T. Cammarota et al.



159

a b

c

d

  Fig. 6.30    ( a ,  b ) Grayscale axial ( a ) and longitudinal ( b ) 
view of the median nerve at the proximal carpal tunnel 
level evidences the enlargement of the median nerve 
cross-sectional area. The nerve is hypoechoic with a 

reduced fascicular pattern. ( c ,  d ) At sonoelastography in 
axial ( c ) and longitudinal view ( d ), the nerve appears sig-
nifi cantly stiffer in patients with carpal tunnel syndrome       
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