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Tendon and ligament imaging
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ABSTRACT. MRI and ultrasound are now widely used for the assessment of tendon and
ligament abnormalities. Healthy tendons and ligaments contain high levels of collagen
with a structured orientation, which gives rise to their characteristic normal imaging
appearances as well as causing particular imaging artefacts. Changes to ligaments and
tendons as a result of disease and injury can be demonstrated using both ultrasound
and MRI. These have been validated against surgical and histological findings. Novel
imaging techniques are being developed that may improve the ability of MRI and
ultrasound to assess tendon and ligament disease.
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MRI and ultrasound are powerful tools for the
assessment of tendons and ligaments. The imaging
appearances are related to the structure of the normal
tendon and the changes that occur in disease.

Tendon and ligament structure and function

The structure of tendons makes them uniquely
suited to their role connecting muscle to bone. They
have a very high collagen content, mostly Type I
collagen [1], arranged in a cross-linked triple-helix
structure [2, 3]. Tightly bound water molecules bridge
the strands of the helix [4], stabilising the structure
and allowing hydrogen bonding to further water
molecules, all of which are confined to the transverse
plane of the tendon [5]. There is a complex, hierarch-
ical structure with collagen macromolecules grouped
into fibrils, which, in turn, are bundled into fibres and
fascicles surrounded by vascularised connective tissue
endotendon [5, 6]; these are bound together to form
the tendon. A tendon sheath, comprising two layers of
synovium, is typically seen surrounding tendons that
pass through tight fibro-osseous tunnels or around
corners, such as those at the wrist and ankle.
Elsewhere, tendons are surrounded by a paratenon,
comprising a thin layer of loose fatty connective
tissue.

The orientation of the fibres within a tendon depends
on the tension the tendon is subjected to [7]; for
tendons such as the patellar tendon, in which the force
is directed along the tendon, the collagen is predomi-
nantly aligned along the long axis of the tendon. Some
tendons, particularly those with origins from more

than one muscle such as the Achilles tendon and
quadriceps tendon, have a more complex structure
with fibres running in discrete bundles. The regular
structure of cross-linked collagen macromolecules is
responsible for the great tensile strength of healthy
tendons. However, repetitive stress due to sports
may result in tendon damage and tendinopathy.
Paratenonitis or tenosynovitis in athletes is often an
acute inflammatory response to a change in training
regimes.

Ligaments differ from tendons in function, connecting
bone to bone, but their structures have many simila-
rities. The main differences in composition are the
higher proteoglycan and water content [8] and lower
collagen content. In addition, their structure is less
uniform with the collagen bundles generally showing a
less ordered, interlaced, weaving pattern [9]. Ligaments
restrict and guide movement at joints; ligament injury is
thus often associated with joint derangement. Some
ligaments, such as the cruciate ligaments, have anato-
mically distinct bundles that become tense at different
points through the range of joint movement, which
means the position of the joint at the time of injury
determines the portion of the ligament which is
disrupted.

The enthesis, where tendons insert into bone, may be
either fibrous or fibrocartilaginous. Fibrous entheses
typically occur where tendons attach to long bone
metaphyses or diaphyses and consist of dense fibrous
connective tissue between tendon and bone or perios-
teum [10]. Fibrocartilaginous entheses typically occur at
epiphyses, apophyses or small bones, and contain
calcified and uncalcified fibrocartilage.

Tendons receive their blood supply from the musculo-
tendinous and osteotendinous junctions to the body of
the tendon via the paratenon or small blood vessels that
enter the tendon at the vincula [7, 11, 12]. Less is known
about the blood supply of ligaments; however, they
appear to have a similar supply from the surface and also
contain relatively avascular regions [13].
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Imaging of normal tendons and ligaments

The structure of tendons has important implications
for their imaging appearance. On ultrasound, the
fascicular structure is seen as multiple, closely spaced
echogenic parallel lines on longitudinal scanning
(Figure 1), whereas in the transverse plane multiple
echogenic dots or lines are visible. Ligaments also appear
as echogenic fibrillar structures [14]. However, they tend
to be less echogenic than tendons [15], in keeping with
their less regular structure; changing the probe orienta-
tion along the axis of the ligament may bring different
groups of fibres into view. Both ligaments and tendons
exhibit anisotropy on ultrasound owing to their regular,
uniform structure. The brightly reflective fascicles
within the tendon or ligament are best seen when the
ultrasound beam is perpendicular to the orientation of
the fascicles. If the beam is not perpendicular the
echogenic appearance is lost. This may simulate disease
and has important implications when examining tendons
where the fibres change direction relative to the probe, or
which do not lie parallel to the skin surface.

The structure of tendons is also important in determin-
ing their MRI appearance. Because the collagen and
water molecules are aligned, dipole interactions sub-
stantially shorten the T2 of normal tendon to 1–2 ms
[16–18]. Consequently, normal tendons appear with low
signal intensity on all conventional imaging sequences
(Figure 2). However, the effect depends on the angle the
collagen makes to the static magnetic field, so the T2

increases when the angle between the tendon and the
magnetic field is above 20u, reaching a maximum at
around 55u—the ‘‘magic angle’’ [5, 18] (Figure 3).
Collagen orientated at around 55u to the magnetic field
may therefore show higher signal intensity, depending
on the type of sequence and the echo time. Images
acquired with a longer echo time are not susceptible to
magic angle effects and this has led to the concept of the
‘‘critical echo time’’ above which magic angle effects are
unlikely to be significant; this has been reported to be
30 ms for gradient echo, 40 ms for spin echo and 70 ms
for fast-spin echo imaging [19]. T1 relaxation times are
also relatively short in normal tendons (,600 ms at 3 T)
[16, 20]. Conventional MRI sequences all have echo times
much longer than the T2 of normal tendon. They

therefore only visualise signal from tendons when the
average T2 is substantially increased, and conventional
sequences can therefore be considered to be T2 weighted
with respect to tendon. The T2 of ligament is rather
higher (3–10 ms) than that of tendon, which is in keeping
with the differences in structure and composition
[21–23]. Nevertheless, the T2 is sufficiently short that
normal ligaments appear with low signal intensity on
both T1 and T2 weighted sequences.

Techniques for tendon imaging

Ultrasound imaging of tendons requires high-fre-
quency transducers to clearly visualise their internal
structure. The optimal frequency depends on the depth
of the tendon as penetration is limited at higher
frequencies. In the shoulder, for example, a frequency
of 10–12 MHz has been recommended [24]. Because of
the problems of anisotropy described above, tendons and
ligaments are best imaged using a linear transducer
aligned perpendicular to the axis of the collagen fibres. A
key advantage of ultrasound over MRI is the ability to
image tendons and ligaments dynamically, allowing
visualisation from different angles and under stress.
The use of harmonic imaging may improve the con-
spicuity of, for example, partial tears [24, 25]. Power
Doppler allows the assessment of neovascularisation in
tendinopathy (Figure 4). A disadvantage of ultrasound
over MRI is its need for an acoustic window. It is unable
to image through bone, which prevents visualisation of
some ligaments and tendons such as the cruciate
ligaments of the knee or deep-lying tendons in the
pelvis. Furthermore, in some cases, imaging is needed to
look for associated intra-articular damage such as
osteochondral injury in an ankle which has sustained a
ligament tear. In this situation MRI provides a means of
imaging both the ligament injury and the associated
intra-articular damage.

MRI of tendons and ligaments benefits from high
spatial resolution. Stronger magnetic fields lead to higher
signal-to-noise ratios and improvements in image reso-
lution; for this reason, 3-T MRI may be more sensitive
than 1.5 T for detection of partial thickness tears [26].
Alternatively, higher resolution may be achieved by

(a) (b)

Figure 1. Ultrasound of the normal Achilles tendon. Longitudinal (a) and transverse (b) ultrasound images of distal tendon. The
normal tendon appears echogenic with multiple, parallel echogenic lines reflecting the internal fibrillar structure.
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using a local surface coil [27]. Imaging with shorter echo
times improves sensitivity to tendon changes, although
this may come at the expense of specificity [28, 29]. T2

weighted images are helpful for identifying fluid signal
in tendon or ligament tears (Figure 5) as well as for
demonstrating changes in the surrounding tissues [30]. If
the orientation of a tendon changes over its course, magic
angle effects may be problematic; it may therefore be

helpful to acquire images with a sufficiently long echo
time to avoid these artefacts.

Tendon and ligament pathology

Tendon pathology can be broadly divided into two
classes: first, tendinosis or tendinopathy/tendonopathy

(a) (b)

Figure 2. MRI of the normal Achilles tendon. T1 weighted images of a healthy Achilles tendon, (a) sagittal and (b) axial, just
proximal to the calcaneum. The tendon appears with predominantly low signal intensity. Linear and punctuate high signal is
seen within the tendon reflecting the complex hierarchical internal structure.

(a) (b)

Figure 3. Magic angle artefact.
Peroneus brevis tendon (arrow)
appears with increased intensity on
a T1 weighted image (a) as it
approaches an angle of 55u to the
external magnetic field, which is
perpendicular to the plane of the
image. The T2 weighted image (b),
with its longer echo time, shows the
tendon with normal, low signal
intensity.
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encompassing mechanical, degenerative and overuse
disease; and, second, inflammatory enthesitis, which
occurs in spondyloarthritis. The terms ‘‘tendinosis’’ or
‘‘tendinopathy’’ are preferred to the older term ‘‘tendi-
nitis’’ as they reflect the degenerative nature of the
pathology as opposed to implying an inflammatory
process.

Various risk factors have been associated with tendi-
nosis. Tendons undergo changes with age, including a
decrease in water content and changes in collagen
structure that predispose them to damage [31]. Tendon
disease often occurs at hypovascular areas and vascu-
larity also decreases with age. Metabolic or endocrine
abnormalities may also increase the risk of tendon
damage. Abnormal and excessive loading of the tendon
owing to instability or impingement predisposes to
injury [1, 30]. Histologically, tendon degeneration is
associated with myxoid, hypoxic, hyaline, fatty, fibrinoid
or calcific degeneration [30]. There is disorientation of
the collagen structure with accumulation of mucoid
material [32] and increased water and proteoglycan
content [33–35] with thickening of the tendon. Rupture of
the collagen fibrils occurs and these regions may merge
to form intrasubstance tears that may then extend to the
surface before finally progressing to full thickness
tendon tears [1, 30]. There is often ingrowth of vessels
into the tendon; however, there is no evidence of any
inflammatory cells or mediators to suggest a true in-
flammatory response [32, 36–38]. Degenerative changes
generally precede the development of macroscopic
tendon tears and it is unusual for a tear to occur in a
normal tendon.

Ligament abnormalities typically result from acute
trauma, although, as in tendons, chronic repetitive
microtrauma may be a factor [39, 40]. This can give rise
to a spectrum of damage, including interstitial tearing of
collagen fibres, partial tears extending to the surface and
full thickness ligament ruptures. The ligament may be
elongated and lax. There is often fluid around the
ligament in the acute phase and there may be other
evidence of injury, for example bone contusions, frac-
tures or joint effusion. Healing may result in a thick,
weakened ligament that is prone to further tearing.

Tendon abnormalities in spondyloarthritis tend to be
more closely related to the fibrocartilaginous enthesis. As
with other tendon disease, there is increased vascularity
[41]. The normal entheseal architecture is disrupted with
defects at the bone–fibrocartilage interface. In contrast to

mechanical tendon disease, there is infiltration by
inflammatory cells, in particular macrophages [41].

Imaging of abnormal tendons and ligaments

Ultrasound of tendinopathy, whether the result of
mechanical or inflammatory causes, typically shows loss
of the normal fibrillar structure with increased spacing of
the hyperechoic fibrillar lines and generally reduced
echogenicity (Figure 4a). This is often associated with
thickening of the tendon. Power Doppler may show
tendon neovascularisation (Figure 4b) and sometimes
calcification may be present (Figure 6). The sonographic
appearance of tears depends on their chronicity. Acutely,
anechoic fluid may be visible within the tear (Figure 7),
but as this becomes organised its echogenicity increases
and it may be difficult to differentiate from the adjacent
tendon. Dynamic imaging during muscle contraction or
passive movement is often helpful. Doppler imaging
may be required to distinguish small intrasubstance tears

(a) (b)

Figure 4. Patellar tendinosis. (a) Longitudinal ultrasound of the patellar tendon near the inferior pole of the patella shows
hypoechoic thickening (arrow). (b) Power Doppler shows neovascularisation of the tendinopathic region (arrow).

Figure 5. Quadriceps tendon rupture. Sagittal T2 weighted
fat-suppressed image. The quadriceps tendon is discontin-
uous and is replaced by fluid. The tendon and proximal
muscle are retracted (arrow).
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from vessels that have developed in tendinopathic
tendon. Ultrasound of an acute ligament sprain may
show thickening of the ligament with diffuse hypoecho-
genicity and surrounding fluid [42]. A tear may be seen
as a hypoechoic area that interrupts the ligament fibres,
extending across the ligament in a full thickness
complete tear. As the ligament heals, the fluid disappears
but the ligament may remain thickened and laxity may
be demonstrated on dynamic imaging.

On MRI, the first sign of tendon abnormality is often
an increase in the signal intensity, seen first on gradient
echo images, followed by T1 weighted spin echo images
(Figure 8). Post-gadolinium images may show enhance-
ment, again better demonstrated at shorter echo times.
As with ultrasound, thickening of the tendon may also
be seen. Again, the appearance of a tendon tear is
variable: fluid signal on T2 weighted or short-tau
inversion–recovery (STIR) images may be seen in tendon
tears (Figure 5), although scarring can lead to intermedi-
ate signal. Underlying tendinopathy is often demon-
strated in association with the tear. Ligament sprains
have similar characteristics. There is typically fluid
adjacent to the ligament in the acute phase that is visible
on T2 weighted or STIR sequences. The damaged
ligament may be thickened, lax and have increased
intrasubstance signal. Tears may be visible as fluid
crossing part or all of the ligament and may be associated
with an abnormal ligament course (Figure 9). With time,
scarring may leave the ligament thickened, thinned or
irregular.

Foot and ankle tendons and ligaments

The Achilles tendon is formed from the tendons of
gastrocnemius and soleus, which spiral round each
other to insert in the posterior calcaneum. Its anterior
border is normally concave or flat and it is surrounded
by a paratenon. The retrocalcaneal bursa lies between
the tendon and the calcaneum, while, posteriorly, there
is a retro-Achilles bursa. The variable plantaris tendon
lies medially. The normal Achilles tendon shows

typical undulating, tightly packed fibrillar structure
on ultrasound without Doppler flow (Figure 1). On
MRI the tendon is of low signal on all conventional
sequences with variable punctate or linear high signal,
particularly near the superior calcaneum, visible on
high-resolution images (Figure 2) [43]. Changes within
the abnormal tendon appear similar irrespective of the
aetiology. The tendon may be thickened with convexity
of the anterior border [30]. Ultrasound shows hypo-
echogenicity of the tendon with fibrillar separation
and neovascularisation. On MRI there is intermediate
signal intensity on T1 weighted images. Tears may
also be visible (Figure 10). The tendon changes may be
associated with paratenonitis, with a thickened hypo-
echoic paratenon on ultrasound (Figure 11) and high
signal around the tendon visible on fluid-sensitive or
contrast-enhanced MRI. Paratenon inflammation may
be seen around the Achilles tendon without underlying
tendon disease. Classically, mechanical tendon disease
affects the mid-portion of the Achilles and may be
more prominent posteriorly (Figure 8). In spondyloar-
thritis, tendon changes are typically located anteriorly
at the Achilles insertion and may be associated with
retrocalcaneal bursitis, calcaneal bone marrow oedema
and calcaneal erosions [44, 45]. Imaging changes of
Achilles tendinopathy are often asymptomatic, with
pain developing only when partial tearing of the
tendon occurs.

The peroneal tendons share a synovial sheath in the
retromalleolar grove posterior to the lateral malleolus
with peroneus brevis anteromedial to peroneus longus.
Peroneus brevis then runs anteriorly to insert into the
lateral aspect of the fifth metatarsal base while peroneus
longus runs anteriomedially inferior to the cuboid bone
in the cuboid tunnel to insert into the first cuneiform and
first metatarsal base. Both tendons normally appear
homogeneously echogenic on ultrasound and hypoin-
tense on MRI, although their curving course makes them
susceptible to ultrasound anisotropy and MRI magic
angle artefact (Figure 3). The tendon of peroneus brevis
normally appears flat or mildly crescentic. It is suscep-
tible to longitudinal splits, resulting in increased signal
intensity on MRI, irregularity and a ‘‘C’’-shaped config-
uration around peroneus longus (Figure 12) [46, 47]. Risk
factors for peroneal tendon dysfunction such as a low-
lying muscle belly, peroneus quartus or peroneal tendon

Figure 6. Rotator cuff calcification. Longitudinal ultrasound
image of the supraspinatus tendon showing echogenic
calcification within the tendon (arrow) without acoustic
shadowing, a common feature of less mature tendon
calcification.

Figure 7. Full thickness tear of tibialis posterior. Longi-
tudinal ultrasound shows fluid and debris within the tendon
sheath (arrow) with tendinopathy of the adjacent tendon
(asterisk).

Olympic special feature: Tendon and ligament imaging

The British Journal of Radiology, August 2012 1161



dislocation may also be demonstrated [48]. Peroneus
longus tears may occur in association with a peroneus
brevis split in the retromalleolar grove [46], or in
isolation at the mid-foot where they are often traumatic
[49]. Ultrasound findings include disruption of normal
tendon architecture by hypoechoic regions in partial
tearing or frank tendon discontinuity in full thickness
tears [50]. Increased signal intensity and abnormal
morphology of the tendon, including longitudinal split-
ting, may be associated with marrow oedema in the
adjacent bone visible on MRI.

The tendon of tibialis posterior is most susceptible to
degenerative tearing at or just distal to the medial
malleolus [51]. Abnormal insertion such as an accessory
navicular increases the risk of tendon pathology [52].
Partial tears may be visible on ultrasound as hypoechoic
discontinuities in the normal structure (Figure 13) and
on MRI as intermediate or high signal [53]. The tendon
may be thinned, thickened or irregular compared with
its normal size (approximately twice that of the adjacent
flexor digitorum and flexor hallucis tendons). Again,
longitudinal splits are common or there may be full

(a) (b)

(c) (d)

Figure 8. Mechanical and inflam-
matory Achilles tendon disease
(arrows). Short echo time images of
the Achilles tendon in mechanical
tendinosis (a, c) and inflammatory
tendinopathy (b, d). Axial sections
show the posterior location of the
tendinosis (a) and the anterior loca-
tion of the inflammatory disease (b).
Sagittal sections show tendinosis in
the mid-portion of the tendon in
mechanical disease (c). Inflam-
matory disease is typically more
closely related to the enthesis (d).

(a) (b)

Figure 9. Tears of the lateral liga-
ments of the ankle. (a) Full thickness
tear of the distal anterior talofibular
ligament. There is a fluid-filled dis-
continuity distally (black arrow)
with proximal retraction (white
arrow). (b) Full thickness tear of
the calcaneofibular ligament in the
same patient. The ligament (white
arrow) is of increased signal inten-
sity on the proton density-weighted
image and retracted posterior to the
peroneal tendons. There is asso-
ciated fluid in the peroneal tendon
sheath (black arrow).
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thickness tears (Figure 7). Secondary signs of tibialis
posterior tendon tears include a distal tibial spur and
altered bony alignment [54, 55].

The anterior talofibular ligament is the most com-
monly injured ankle ligament. Normally, it is relatively
flat and runs from the anterior lateral malleolus to the

anterior talus [56]. The normal ligament appears hyper-
echoic on ultrasound. It is best examined with the foot in
plantar flexion, a position which tensions the ligament.
Injuries range from laxity to rupture or avulsion.
Acutely, ultrasound may show thickening and surround-
ing fluid. Partial or complete tearing may be visible as
fluid extending across the ligament. With healing, the
ligament may remain thickened and show laxity. MRI
changes are best demonstrated on axial or axial oblique
images. Acutely the ligament may show partial or
complete disruption, laxity, thickening or increased
signal intensity (Figure 9a) [57]. Joint fluid may extra-
vasate into adjacent tissues. Associated changes may
include soft-tissue oedema or haemorrhage, synovitis
and adjacent bone marrow oedema. In a chronic tear, the
ligament may be irregular, thickened or thinned and lax.

The calcaneofibular ligament runs from the inferior
lateral malleolus obliquely posteriorly to the calcaneus. It
is generally only injured if the anterior talofibular
ligament is also involved. In contrast to the anterior
talofibular ligament, it becomes tense in dorsiflexion and
ultrasound examination is usually performed in this
position. Again, ligament tearing may result in swelling
and reduced echogenicity [56]. The close relationship of
the calcaneofibular ligament to the peroneal tendons
leads to secondary signs of tendon rupture, including
fluid around the tendons. In addition, the tendons are no
longer displaced laterally by the ligament during passive
dorsiflexion of the foot [42]. MRI may show the typical
ligament injury findings of thickening, increased signal
or discontinuity as well as demonstrating fluid in the
peroneal tendon sheath (Figure 9b) [58].

Rotator cuff of shoulder

The tendons of subscapularis, supraspinatus, infra-
spinatus and teres minor make up the complex rotator
cuff of the shoulder. Rotator cuff tears typically occur as
a result of trauma to a tendinopathic tendon and may be
related to impingement. Tears are most common in the
supraspinatus tendon, typically at the anterior attach-
ment to the greater tuberosity of the humerus. Partial
thickness tears are more common than full-thickness

Figure 10. Full thickness tear of the Achilles tendon. T1

weighted sagittal MRI. There is discontinuity of the tendon
with retraction of the proximal portion (black arrow). The
distal tendon is tendinopathic and appears thickened and of
increased signal intensity (white arrow).

(a) (b)

Figure 11. Paratenonitis. Transverse (a) and longitudinal (b) ultrasound images of the Achilles tendon showing thickened,
hypoechoic paratenon (arrows) surrounding the tendon.
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tears, with articular surface tears seen more often than
bursal surface or intrasubstance tears [59].

Because of the complex arrangement of the tendons
that form the rotator cuff, care must be taken to ensure
that the tendon is perpendicular to the ultrasound beam
in order to demonstrate the normal hyperechoic fibrillar
structure. This may be facilitated by scanning subscapu-
laris with the arm externally rotated, supraspinatus with
the hand directed posteriorly behind the back, so the
shoulder is in an extended and internally rotated
position, and infraspinatus and teres minor with the
arm in front of the chest [60]. Tendinosis appears as
regions of diffuse, heterogeneous hypoechogenicity and
may be associated with calcific tendinitis, commonly
seen near the supraspinatus insertion, ranging in
appearance from multiple fluffy, echogenic foci to well-
defined echogenic areas. Initially there may be little
posterior shadowing (Figure 6), but as the calcification
matures this may become more evident, as seen with
calcification elsewhere in the body [60]. Partial tears may
appear as hypoechoic or mixed echogenicity defects in
the tendon [61] and may cause flattening of the normally

convex bursal surface of the supraspinatus tendon.
Articular surface partial thickness tears can be associated
with irregularity of the greater tuberosity [62]. Full
thickness tears are seen as focal defects or failure of
visualisation of part of the tendon (Figure 14). In massive
tears, the rotator cuff may be completely absent from
view, resulting in the deltoid muscle lying directly
adjacent to the humeral head. Operator experience is
important in accurately diagnosing rotator cuff pathol-
ogy with ultrasound, particularly for the detection of
partial thickness tears: one study showed only moderate
agreement (k50.6) between an expert radiologist and
one with standard experience of shoulder ultrasound for
detecting partial thickness tears; agreement for full
thickness tears was much better [63].

On MRI, partial thickness tears appear with low to
intermediate signal on T1 weighted images and inter-
mediate to high signal on proton-density-weighted
images, and may be difficult to differentiate from
tendinosis. High signal on T2 weighted images, ideally

(a) (b)

Figure 12. Peroneus brevis split. (a)
Axial proton density-weighted MRI.
(b) Ultrasound. The split compo-
nents of the tendon of peroneus
brevis (white arrows in both parts)
extend around the peroneus longus
tendon [black arrow in part (a)].

Figure 13. Partial thickness tear of the tibialis posterior
tendon. Longitudinal ultrasound shows a normal fibrillar
pattern of the intact, deep part of the tendon (black arrow)
with partial tearing of superficial fibres where there is loss of
the normal echogenic pattern and localised thinning of the
tendon (white arrow).

Figure 14. Full thickness rotator cuff tear. Longitudinal
ultrasound showing retraction of the supraspinatus tendon
(black arrow) with anechoic fluid in the tear (white arrow).
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with fat suppression, provides the most specificity for
diagnosing tears (Figure 15) [64, 65]. The high signal may
extend to the articular or bursal surface of the tendon, or
may be restricted to a linear region along the tendon axis
in intrasubstance tears. There may be thickening or
thinning of the tendon and surface irregularity. Partial
tears can propagate into full thickness tears. Defects in
the tendon are filled with fluid or granulation tissue.
Typically, in the case of supraspinatus tears, fluid is seen
superior, inferior and anterior to the tendon. There may
be retraction of the tendon. Secondary signs of full
thickness tears include muscle oedema, atrophy or fatty
infiltration, retraction of the supraspinatus musculoten-
dinous junction, irregularity of the tendon contour,
subacromial, subdeltoid fluid (although this is non-
specific [66]) (Figure 16) and synovial reaction.

Subscapularis tendon tears are most commonly asso-
ciated with tears of the supraspinatus and infraspinatus
tendons, although they do occur in isolation [67].
They may be associated with medial dislocation of the
long head of biceps tendon. Tears of teres minor are
uncommon.

Tendons of hip and pelvis

The iliopsoas tendon inserts into the lesser trochanter
of the femur. It can be separated from a thin intramus-
cular tendon in iliacus by a plane of fatty fascia [68].
Ultrasound of the normal tendon demonstrates the
typical fibrillar structure [69] while T1 weighted MRI
shows the low-signal tendon with a variable, thin,
hyperintense cleft of fat. In iliopsoas tendinopathy, the
typical tendinopathic features (hypoechogenicity, thick-
ening, intrasubstance hyperintensity) may be accompa-
nied by peritendinous high signal on T2 weighted images
and fluid in the iliopsoas bursa [69, 70]. Iliopsoas tears
may be partial or complete with complete tears most
commonly occurring in the elderly [71, 72]. Examination

of these tendons with ultrasound can be difficult owing
to their deep location and oblique courses.

Gluteal tendon disease is an important cause of greater
trochanteric pain [72–75]. In addition to tendinopathy
and partial or complete tears, imaging may reveal
peritendinitis and bursal fluid. Calcification may be
visualised on ultrasound as hyperechogenic foci, or on
MRI as hypointensity in areas of tendinopathy.

Similar changes may be seen in the adductor tendons.
These are also involved in athletic pubalgia along with
the rectus abdominus insertions; findings typically
include pubic bone marrow oedema and a high-signal-
intensity secondary cleft sign [76–78].

Posterior tendon pathology is most commonly due to
hamstring injury at the ischial tuberosity [70]. There may
be high signal on T2 weighted images in and around the
origins of semimembranosus, semitendinosus and the
long head of biceps femoris corresponding to partial or
complete tearing together with oedema of the underlying
bone (Figure 17).

Patellar tendon

The normal patellar tendon has a typical fibrillar
appearance on ultrasound with a thin surrounding
paratenon. On MRI the healthy tendon appears with
low signal intensity on all sequences, apart from a
variable hyperintense triangle at the patellar enthesis
[79]. Infrapatellar tendinosis is thought to occur as a
result of malalignment, instability and overuse and is
associated with jumping sports such as basketball and
volleyball [80]. It commonly affects the deep, medial or
central part of the tendon near the patellar insertion
[81, 82]. Ultrasound shows disruption of the fibrillar
pattern with areas of focal hypoechogenicity and
swelling of the tendon [83, 84]. There may be echogenic

Figure 15. Full thickness tear of the rotator cuff of the
shoulder. T2 weighted paracoronal image of the shoulder
shows a full thickness tear with fluid filling the defect in the
supraspinatus tendon near the insertion into the greater
tuberosity (black arrow). More proximally, the tendon is
tendinopathic with increased intensity and linear fluid signal
intensity owing to partial tearing (white arrow).

Figure 16. Subacromial, subdeltoid bursitis. Sagittal T2

weighted fat-suppressed paracoronal image of the shoulder
showing subacromial, subdeltoid bursitis (white arrow).
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calcification and power Doppler may demonstrate
vascular ingrowth from the infrapatellar fat pad
(Figure 4). Paratenonitis may be present with circum-
ferential hypoechogenicity around the tendon and
increased vascularity. Paratenon changes may be the
first to be visualised on MRI as high signal on T2

weighted fat-suppressed images. Focal thickening of
the tendon may be associated with increased signal
intensity, particularly on short echo time gradient echo
images, and loss of definition of the posterior border
between the tendon and fat pad (Figure 18). Bone
marrow oedema of the inferior pole of the patella may
be seen on T2 weighted fat-suppressed images. Tendon
tears are also most common in the proximal tendon
and typically occur in areas of tendinosis [84]. Partial
thickness tears may be difficult to differentiate from
tendinopathy [84]; acutely, there may be associated
oedema of the subcutaneous tissues and the infra-
patellar fat pad. Full thickness tears may lead to tendon
retraction and patella alta. The tendon may be lax
and thickened and often shows signs of pre-existing
tendinosis. Traumatic avulsion injuries can occur at the

tibial insertion but tears of the mid-portion of the
tendon are rare [85].

Epicondylitis

Lateral epicondylitis is sometimes referred to as
‘‘tennis elbow’’, although it is mostly seen in non-
athletes as a result of repetitive stress [86–88]. It occurs at
the common extensor tendon, most often involving
extensor carpi radialis brevis at its origin, where there
is tendon degeneration and tearing [89]. The extensor
tendon is well visualised sonographically with the elbow
flexed. In addition to the typical tendinosis findings of
heterogeneous hypoechogenicity and tendon thickening,
calcification and adjacent fluid may also be seen,
together with partial or full thickness tears. MRI also
shows typical changes of tendinosis with increased
intratendinous signal and thickening. The tendon may
show evidence of partial tearing with fluid signal on
T2 weighted images or diffuse thinning (Figure 19).
Complete tears may result in a fluid-filled gap at the
attachment of the tendon to the lateral epicondyle. There
may be associated lateral ulnar collateral ligament injury,
bone marrow oedema, extensor muscle strain, osteo-
chondral injury or synovitis [90].

The lateral–collateral ligament complex includes the
annular ligament that surrounds the radial head, the
radial collateral ligament between the anterior lateral
epicondyle and the annular ligament, and the lateral
ulnar collateral ligament that runs posteriorly from
the lateral epicondyle behind the radial head to the
supinator crest of the ulna. Ligament abnorma-
lities, particularly of the lateral ulnar collateral ligament,
are often associated with tendon damage in lateral
epicondylitis, with repeated microtrauma causing micro-
scopic tears and ligament degeneration, progressing to
partial or full thickness tears, most commonly at the
humeral attachment [39]; the ligament may also be torn
acutely [88]. On ultrasound, the normal radial collateral
ligament is seen as a hyperintense, fibrillar structure
deep to the common extensor tendon [91]. However, it
can be difficult to distinguish from the overlying
common extensor tendon as the two structures are
closely applied and have similar echo characteristics
and the lateral ulnar collateral ligament is not readily
seen at ultrasound. In lateral epicondylitis ultrasound
may show ligament thickening and irregularity with

(a) (b)

Figure 18. Patellar tendinosis. Proton
density-weighted fat-suppressed (a)
sagittal and (b) axial images of the
knee. There is proximal hyperintensity
and thickening of the patellar tendon.
Axial image shows tendinopathy in
the typical central/medial region of
the tendon (arrow).

Figure 17. Proximal hamstring tendinopathy and partial
tearing. Axial T2 weighted image of the proximal hamstrings.
The right side shows the normal hypointense appearance of
the tendons of semimembranosus (anterior, black arrow)
and semitendinosus and biceps femoris (posterior) near their
insertions into the ischial tuberosity. On the left, there is
tendinosis of the semimembranosus tendon, which is
thickened and of increased intensity, with partial tearing
shown as fluid signal crossing part of the tendon (white
arrow). There is also fluid adjacent to the tendon.
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discontinuity owing to tears. On MRI there may be loss
of the normal low-signal-intensity band, which may be
thickened, thinned, hyperintense or irregular [39]. Tears
may be demonstrated as a fluid-filled defect on T2

weighted images or failure to visualise the ligament.
Medial epicondylitis is much less common than lateral

epicondylitis [88]. It typically involves pronator teres
and flexor carpi radialis near their insertion into the
epicondyle. Ultrasound examination is performed with
the elbow extended and the forearm supinated. Tendon
imaging findings are similar to those in lateral epicon-
dylitis [88, 92, 93]. Secondary signs include epicondylar
marrow oedema, medial collateral ligament tears, syno-
vitis and muscle oedema. There may be associated ulnar
neuritis [88].

The medial collateral ligament complex consists of
anterior and posterior bundles and an oblique transverse
ligament. The anterior band is functionally the most
important and runs between the inferior medial epicon-
dyle and the medial coronoid process. It is susceptible to
chronic microtrauma owing to repetitive stress in medial
epicondylitis and may also be acutely torn, typically in
throwing athletes [40]. Chronic damage leads to scarring,
thickening and calcification. On ultrasound, the normal
ligament shows typical regular, hyperechoic, fibrillar
ligamentous structure. In contrast to the lateral collateral
ligament it is easy to see at ultrasound as it is separated
from the adjacent common flexor tendon by muscle and
connective tissue. Chronic changes include hypoecho-
genicity, heterogeneity and thickening with or without
calcification [40, 94]. Tears may be seen as partial or full
thickness discontinuity in the ligament owing to anec-
hoic fluid with disruption of the normal fibres, or failure
to visualise the ligament. MRI may reveal chronic
thickening, increased signal and ossification of the
ligament [90]. Partial tears typically affect the deep
surface and may lead to the ‘‘T’’ sign—extension of joint

fluid between the distal anterior bundle and adjacent
bone, or there may be a full thickness tear of the ligament
[88]. Associated findings include bone oedema or
fractures and traction spurs.

Evidence for the accuracy of MRI and
ultrasound

Tears

There have been many studies performed to char-
acterise the accuracy of tendon imaging. The tendons of
the rotator cuff of the shoulder are the best studied and,
recently, data from multiple studies have been com-
bined. Three meta-analyses of studies using ultrasound
of the shoulder integrated data from between 23 and 62
studies. These analyses showed that ultrasound had a
sensitivity of 92–96% and a specificity of 93–96% for
detecting full thickness rotator cuff tears [95–97] when
compared with the gold standard of open or arthroscopic
surgery. For partial thickness tears, sensitivity was less
(67–84%), although specificity remained high (89–94%).
A meta-analysis of 67 studies assessing the accuracy
of MRI for diagnosing rotator cuff tears compared with
open or arthroscopic surgery showed an overall sensi-
tivity of 92% and a specificity of 93% for detecting
full-thickness tears [95]. For partial-thickness tears,
sensitivity was 64% and specificity was 92%. There was
no significant difference between the performance of
MRI and ultrasound.

Studies comparing MRI and ultrasound with surgical
findings for detecting tears of the gluteal tendons have
recently been systematically reviewed [98]. Sensitivity
reported for MRI has been varied (33–100%), although
specificity was consistently high (92–100%). Ultrasound
appears more consistently sensitive (79–100%) and has
been proposed as the first-line investigation for sus-
pected gluteal tendon disease.

Several studies have looked at the value of MRI or
ultrasound for assessing tears of the tendons of the foot
and ankle. When compared with surgery, ultrasound
has been shown to be both sensitive and specific for
detecting tendon tears [50], differentiating partial- from
full-thickness tears in the Achilles tendon [99], and for
detecting tears of the peroneal tendons [100]. MRI also
appears sensitive for diagnosing tears of the larger
Achilles and posterior tibial tendons when compared
with surgical findings [101], but less sensitive for
detecting tears of the smaller peroneal tendons [101–104].
Studies comparing MRI and ultrasound suggest that MRI
is more sensitive for detecting partial tears in the Achilles
[105] and posterior tibial [106] tendons.

A study of tears of the distal biceps tendon showed
that MRI is sensitive and specific for diagnosing full
thickness tears when compared with surgery but less
sensitive for partial thickness tears [107]. The distal
biceps tendon is particularly difficult to examine at
ultrasound as it inserts deep on the radial tuberosity and
takes an oblique course relative to the skin surface. As
a result, special techniques are required to optimally
visualise it at ultrasound [108, 109]. The extent of lateral
epicondylar tears seen on MRI has also been shown to
correlate well with surgical findings [110].

Figure 19. Lateral epicondylitis. T2 weighted MRI of the
elbow showing a partial thickness tear of the common
extensor tendon (arrow).
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Tendinopathy

Not surprisingly, there is less evidence from surgical
correlation for imaging of tendinosis. However, compar-
ison of MRI and ultrasound with surgical findings in the
shoulder suggests that ultrasound may be slightly more
sensitive but less specific than MRI for detecting
tendinosis and significantly more sensitive for detecting
calcific tendonitis [111]. At the lateral epicondyle,
tendinosis demonstrated on MRI correlated well with
surgical findings [110]. Comparisons between ultra-
sound and MRI in the Achilles tendon in mechanical
and inflammatory disease have shown mixed results
[112–118]. A study comparing MRI and ultrasound with
the clinical diagnosis for patellar tendinopathy found

ultrasound to be more sensitive than MRI with similar
specificity; specificity was increased by using power
Doppler [119]. By contrast, comparison of MRI and
ultrasound with clinical diagnosis for epicondylitis
of the elbow found MRI to be more sensitive than
ultrasound [93]. The mixed results from studies compar-
ing MRI and ultrasound underline the crucial impor-
tance of technique; for example, in ultrasound, operator
experience and transducer frequency can markedly
affect accuracy whereas for MRI the choice of echo time
may affect both sensitivity and specificity [28, 29].

Novel techniques and future prospects

Sonoelastography

Traditional imaging techniques are directed towards
assessing tissue structure. However, the biomechanical
properties of tendon also change during disease, includ-
ing their hardness [120]. Sonoelastography estimates the
hardness or softness of a tissue by measuring the strain
caused by tissue compression [121] and may therefore
be useful for detecting changes in tendon properties
in tendinosis. Preliminary studies of chronic Achilles
tendinosis [122] and lateral epicondylitis [123] have used
elastography to demonstrate tendon softening compared
with healthy controls.

Ultrashort echo time MRI

Imaging of tendons with conventional MRI is limited
by the short T2 of the healthy tendon (1–2 ms) [16–18],
which means that tendons appear with low signal
intensity on all conventional MR images until relatively
late in the disease process. Ultrashort echo time
sequences overcome this limitation by starting signal
acquisition less than 100 ms after excitation [124]. This
allows the use of novel techniques to generate image
contrast, such as off-resonance saturation [125] and
improved visualisation of the tissues of the enthesis
(Figure 20) [126]. Such techniques have been used to
show changes in patients with tendinosis [124, 127, 128]
and spondyloarthritis tendinopathy (Figure 21) [29].

Figure 20. Ultrashort echo time MRI. Ultrashort echo time
subtraction image (ultrashort echo time–gradient echo)
showing the fibrillar structure of the Achilles tendon near
the enthesis (arrow).

(a) (b)

Figure 21. Ultrashort echo time
MRI. Contrast-enhanced ultrashort
echo time subtraction images (post-
contrast–pre-contrast) of the Achilles
tendon. (a) Healthy volunteer show-
ing little enhancement. (b) Patient
with psoriatic arthritis showing thick-
ening and enhancement of the ten-
don (arrow).
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Dynamic contrast-enhanced MRI

Dynamic contrast-enhanced MRI has been widely
used for the quantitative assessment of synovitis in
inflammatory arthritis [129]. Typically, the early
enhancement rate is measured, which depends on tissue
vascularity and capillary permeability. It has been
successfully used in the assessment of tendinosis, in
which enhancement rates have been shown to correlate
with histological markers of disease [130] and to respond
to treatment (Figure 22) [131].

Conclusion

Ultrasound and MRI are valuable for assessing tendon
and ligament disease throughout the body. Novel
imaging techniques have the potential to further improve
tendon and ligament characterisation.
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