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The Achilles tendon is commonly affected by both chronic repetitive overuse and
traumatic injuries. Achilles tendon injuries can potentially affect any individual but
have a particularly high incidence in professional athletes. Appropriate imaging eval-
uation and diagnosis are paramount to guiding appropriate management. In this AJR
Expert Panel Narrative Review, we discuss the role of various imaging modalities (par-
ticularly ultrasound and MRI) in the assessment of Achilles tendon pathology, focus-
ing on the modalities’ relative advantages and technical considerations. We describe
the most common diagnoses affecting the Achilles tendon and adjacent structures,
highlighting key imaging findings and providing representative examples. Various
image-guided interventions that may be used in the management of Achilles tendon
pathology are also reviewed, including high-volume injection, tendon fenestration,
prolotherapy, and corticosteroid injection. The limited evidence supporting such in-
terventions are summarized, noting an overall paucity of large-scale studies showing
benefit. Finally, a series of consensus statements by the panel on imaging and im-
age-guided intervention for Achilles tendon pathology are provided.

The Achilles tendon is the body’s thickest and strongest tendon, composed of fibers
from the gastrocnemius and soleus muscles. Given its high tensile load, it is also among
the body’s most commonly injured tendons and can be affected by chronic repetitive
overuse and traumatic injury. Although an Achilles tendon injury can potentially affect
any individual, the incidence of Achilles tendon injury is particularly high in elite-level ath-
letes [1]. Appropriate imaging evaluation and diagnosis are paramount to guiding appro-
priate management. This review describes the role of various imaging modalities (primar-
ily ultrasound and MRI) in the assessment of the most common pathologies affecting the
Achilles tendon and adjacent structures, highlighting key imaging findings. The article
also reviews current techniques and supporting evidence regarding various image-guid-
ed interventions that may be used to manage Achilles tendon pathology.

Anatomy

The Achilles tendon is approximately 15 cm in length and is formed by components
of the gastrocnemii and soleus tendons. The tendon begins its formation in the mid calf
starting with contributions from the medial and lateral heads of the gastrocnemii that
gradually come together over a length of 3-4 cm. A component from the soleus then joins
over a similar distance, and together they form the Achilles tendon proper at a distance of
approximately 5-6 cm proximal to the calcaneal insertion [2]. As the tendon descends, the
gastrocnemius fibers rotate laterally greater than 90°, such that the gastrocnemius fibers
insert laterally toward the posterior calcaneus, and the soleus fibers insert anteriorly at the
medial aspect of the calcaneus. The calcaneal insertion is a true enthesis with fibrocarti-
lage intermeshing with the marrow of the calcaneus. This direct meshing of tendon fibrils
into marrow provides significant strength at this site; thus, the site is a rare location of ten-
don failure [3]. The tendon has a normal thickness of 4-7 mm and on axial imaging should
have a concave anterior margin throughout most of its course. Those involved in intense
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athletic activity are expected to have a thicker tendon [4, 5]. The
tendon lacks a true tendon sheath and is enveloped distally by
a paratenon on its superficial surface that is highly vascularized
and blends with the muscle fascia at its proximal aspect and the
periosteum distally. The paratenon allows the tendon to glide rel-
ative to the adjacent soft tissues and also provides the tendon’s
blood supply. The paratenon’s blood supply is primarily from the
posterior tibial artery. The paratenon does not extend around the
tendon’s deep surface, where the Kager fat pad directly contacts
the tendon itself. The resulting diminished vascularity, particular-
ly in the tendon’s midportion, leaves the tendon susceptible to
injury and decreased healing ability [6].

The plantaris tendon is intimately related to the Achilles ten-
don. It originates from the lateral supracondylar ridge of the fe-
mur above the lateral head of the gastrocnemius muscle and is
congenitally absent in approximately 7% of individuals [7]. From
this origin, it passes obliquely between the gastrocnemius and
soleus muscles with a small muscle belly measuring 7-10 cm in
length. The distal plantaris tendon lies along the medial aspect
of the Achilles tendon and has several insertion points, although
most of its fibers insert at a distinct point on the posterior aspect
of the superior calcaneus 1 cm anterior and medial to the Achil-
les tendon.

Imaging Techniques
Radiography

Radiography has an important role in the evaluation of heel
and hind foot pain and is often a first-line investigation. Evalua-
tion of heel pain can be clinically challenging, and radiography
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helps identify and exclude various causes including an acute or
stress fracture, calcific tendinosis, or osteoarthritis. Assessment
for Haglund deformity or tendon calcification is important in pa-
tients with insertional tendinopathy, though this can also be as-
sessed by MRI. Loss of the usual lucency in the Kager fat pad is
often a sign of regional edema. Such edema may relate to exten-
sion of the Achilles tendon into the fat pad as a result of the ab-
sence of a true sheath around the tendon or to inflammation as-
sociated with the retrocalcaneal bursa.

Ultrasound

Ultrasound is highly accurate in evaluation of the Achilles
tendon for tear [8]. Ultrasound is also highly sensitive for tend-
inopathy when performed by an experienced operator using a
high-frequency linear transducer. The Achilles tendon should be
scanned from its myotendinous junction to its calcaneal insertion
in transverse and longitudinal planes. The Achilles tendon thick-
ness should be measured on transverse images, because longi-
tudinal images may yield measurement errors if the probe is tan-
gential to the tendon [9]. When scanning the tendon in the short
axis, the probe can be tilted on each side of the tendon to assess
the peritendinous envelope. During this maneuver, the medial
aspect of the plantaris and the retroachilles and retrocalcaneal
bursas should be assessed [10]. If a tear is present, the dynamic
capabilities of ultrasound allow evaluation of the tear in neutral
and plantar flexion positions. As most tears are treated by casting
in a plantar flexion position, it is useful for the clinical team to rec-
ognize any residual gap in the tendon and the torn fiber’s prox-
imity in this position (Fig. 1). This information can help guide the

Fig. 1—49-year-old man with 6 weeks of calf ache
and popping sensation in ankle 1 week before
imaging.

A, Longitudinal ultrasound image obtained with
patient in prone position and ankle in neutral
position shows full-thickness Achilles tendon tear
with 2.3-cm gap (between calipers, 1) between
tendon ends and interposed hematoma (between
arrows).

B, Longitudinal ultrasound image of Achilles tendon
with patient in plantar flexion position shows closing
of gap (between calipers, 1) to 1.7 cm.
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decision between conservative and surgical management. Pan-
oramic imaging can help assess the tear’s exact location and its
distance from the calcaneal tendon insertion.

Given the tendon’s superficial location, a high-frequency linear
probe (6-18 or 4-20 MHz) should be used to acquire highest-reso-
lution images of the tendon and adjacent structures. Power Dop-
pler should be used to assess for hyperemia within the tendon,
a finding that can be seen in Achilles tendinopathy and can help
guide intervention (Fig. 2). Hyperemia can also indicate subacute
traumatic injury, with neovascularization representing recent heal-
ing. The normal tendon should not exhibit any vascularity.

Shear wave elastography has been shown to provide comple-
mentary biomechanical information and to be reproducible [11,
12]. However, it is not currently used in routine clinical practice.

MRI

MRI, when performed using an extremity coil and a high-res-
olution matrix, is a comprehensive and highly accurate imag-
ing modality for evaluating the Achilles tendon. The exam-
ination should ideally be performed at 3 T and should include
sagittal and axial planes as well as a combination of fat-saturat-
ed sequences (e.g., STIR and fat-saturated T2-weighted or pro-
ton density-weighted sequences). T1-weighted sequences are
also useful to assess the tendon, which should exhibit uniformly
low T1-weighted signal throughout its course and the visualized
bone marrow. Although the tendon is straight, it may be impact-
ed by magic angle effect artifact through the altered angles of
some of its traversing intratendinous bundle fibers. T2-weight-
ed sequences are not affected by magic angle effect artifact and
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should be assessed if T1-weighted sequences show an apparent
abnormality. Table 1 provides a sample MRI protocol for Achilles
tendon evaluation.

Postoperative Imaging

The most common complication after Achilles tendon surgery is
rerupture [13]. Ultrasound is rapid and accurate in assessment for
rerupture. Radiologists should recognize ultrasound features after
different surgical procedures involving the Achilles tendon such
as calcaneal osteotomy and flexor hallucis longus tendon transfer
(Fig. 3). Potential limitations of ultrasound in postoperative assess-
ment include limited access because of surgical dressings or post-
surgical hematoma or collections. Limited access may necessitate
use of a lower frequency on a linear transducer or use of a curvi-
linear transducer to fully evaluate the deeper soft tissues for col-
lections. Dynamic assessment in these patients can be beneficial
by allowing more accurate delineation of the ends of the tendon.

Ultrasound also readily assesses such findings as inflammation,
infection, scarring, and calcification. Intratendinous vascularity is
reduced in the immediate postoperative period and returns to
approximately its baseline level after the first month; a period of
hypervascularity is then observed in months 3-6 after surgery
[14]. Intratendinous hypervascularity that persists after 6 months
should be considered to represent pathologic scarring.

MRI in the postoperative period should include T1-weighted
and fat-saturated T2-weighted sequences, with consideration of
postcontrastimaging to aid identification of small fluid collections.
If sutures or surgical material cause artifact, then STIR should be
considered in place of fat-saturated T2-weighted sequences.

Fig. 2—23-year-old male amateur soccer player
with Achilles tendon rupture 6 months prior and
recent contralateral calf discomfort. Imaging was
performed of calf with recent discomfort.

A, Longitudinal ultrasound image shows diffuse
Achilles tendon hypoechogenicity and tendon
thickening with concavity of anterior aspect of
tendon (dashed arrows) and marked intrinsic
vascularity (solid arrows). Findings are consistent
with diffuse noninsertional Achilles tendinopathy.
B, Transverse ultrasound image shows diffuse
heterogeneous hypoechogenicity (curved arrow) of
Achilles tendon with prominent internal vascularity
(straight solid arrow) and associated prominent
thickening of paratenon (dashed arrows).
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Pass et al.

TABLE 1: Suggested Parameters for MRl Performed for Achilles Tendon Evaluation

No. Slice Scan

TR | TE FOV Signals No. Thickness | No. [ Interslice | Oversampling | Time

TSE Sequence, Plane | (ms) | (ms) | (mm) | Acquired | Concat. | Matrix (mm) Slices | Gap (%) (%) (min:s)
PDW, axial 3800 | 38 160 x 160 1 1 448 x 314 3 35 10 60 2:30
FS PDW, coronal 3940 | 33 160 x 132 2 1 352x203 3 32 10 100 3:58

FS T2-weighted

Sagittal 4560 | 64 180 x 180 2 1 336 %235 3 25 10 110 3:04
Axial 400 160 | 100 x 100 1 1 336 x 235 3 35 10 110 2:42
T1-weighted, sagittal 704 n 180 x 180 1 2 448 x 314 3 25 10 100 2:36

Note—TSE = turbo spin echo, concat. = concatenations, PDW = proton density-weighted, FS = fat-saturated.

Imaging Diagnoses
Descriptive Terms

Descriptive terms relating to pathology of the Achilles ten-
don lack uniform agreement, and certain historic terms may lead
to confusion when used in contemporary medical practice with
their precise definitions. For the purpose of this article, we avoid
the use of the term “tendinopathy” to describe a broad clinical
entity encompassing essentially any painful condition of the
tendon or tendon sheath including tendinosis, tendinitis, and
tendon tear. Rather, we explicitly define tendinosis as a chron-
ic tendon condition characterized histologically as collagen de-
generation, tendinitis as tendon inflammation, paratenonitis as
inflammation and fibrosis of the paratenon, and tendon tear as
partial- or full-thickness tendon disruption [15].

Noninsertional Tendinopathy

Noninsertional tendinopathy is of uncertain cause but is most
likely a degenerative process with contributory factors including
poor vascularity, overuse, and genetic and metabolic factors. The

A

Achilles tendon can also be affected secondarily by inflammation
from the retrocalcaneal bursa [3].

A recent systematic review highlighted nine clinical risk factors
for Achilles tendinopathy including prior lower limb tendinop-
athy or fracture, use of quinolone antibiotics, moderate alcohol
use, and training during cold weather [16]. Strong evidence indi-
cates that diabetes is associated with Achilles tendinopathy [17].
Tendinopathy most often occurs 2-6 cm from the calcaneal inser-
tion, the region where the tendon has least vascularity. Proximal
to this region, the tendon receives its blood supply and nutrition
from the adjacent musculotendinous junction of the gastrocne-
mius muscle [18]. Distal to this region, the tendon’s blood supply
is provided from the periosteal vessels near the calcaneal inser-
tion [4]. Achilles tendinopathy is common in both athletes and
nonathletes, most common in middle-distance runners [19], and
multifactorial in origin. Treatment options vary, and the optimal
treatment is debatable.

Imaging of noninsertional Achilles tendinopathy was histori-
cally reserved for recalcitrant or atypical cases but has become

Fig. 3—58-year-old woman with prior surgical repair of Achilles tendon and Haglund deformity resulting from long-standing Achilles insertional tendinopathy

refractory to conservative treatment.

A, Longitudinal ultrasound image shows postsurgical thickening of Achilles tendon, consistent with tendinopathy. Echogenic sutures (arrows) are seen along tendon

course.

B, Longitudinal ultrasound image shows Achilles tendinopathy, with echogenic sutures (straight dashed arrows) along tendon course. Image also shows postsurgical
changes of calcaneal osteotomy (curved solid arrow) with adjacent flexor hallucis longus tendon transfer (curved dashed arrows) and bone tunnel (straight solid arrows).
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routine practice. Ultrasound provides dynamic imaging, includ-
ing the ability to assess for hyperemia, which may help guide
treatment decisions. Radiography has a limited role in assess-
ing tendinopathy. Radiography may show an increase in tendon
width where the tendon is bordered by the Kager fat pad anteri-
orly and subcutaneous fat posteriorly. Nonetheless, such assess-
ment is not routinely performed by radiography, and other imag-
ing modalities are more accurate.

Ultrasound in noninsertional tendinosis shows thickening of
the affected portion of the tendon (usually in a fusiform pattern),
loss of the fibrillary echotexture, and loss of the normal anterior
concavity of the tendon on transverse images. The normal an-
teroposterior tendon diameter has a wide range, and a cutoff

A

Fig. 5—67-year-old man with bilateral calf pain refractory to physiotherapy.

Fig. 4—52-year-old woman with calf pain.

A, Sagittal STIR image shows diffuse thickening of midportion

of Achilles tendon with generalized increased signal posteriorly
(straight arrows). More focal high signal centrally (curved arrow) is
consistent with early mucoid degeneration. Findings are consistent
with noninsertional tendinopathy.

B, Axial fat-saturated T2-weighted MR image shows diffuse tendon
thickening (solid arrows) with loss of normal anterior concavity of
tendon. No paratenon inflammation is present, and only minor
edema (dashed arrow) is present in adjacent fat pad.

value for tendinosis has not been established. Neovascularity is
thought to be associated with symptom severity and, when pres-
ent, a poor clinical outcome [20, 21]. MRI shows similar features
and generalized low signal throughout the tendon, generally oc-
curring at a site 2 cm proximal to the calcaneal insertion and ex-
tending toward the musculotendinous junction (Fig. 4). Areas of
mucoid degeneration can show increased signal on fluid-sen-
sitive sequences; these areas can include small clefts or par-
tial-thickness interstitial tears in severe cases (Fig. 5).

Tendon Xanthomas
The Achilles tendon is the most common site of tendon xan-
thoma formation which often occurs in the setting of hypercho-

A, Axial fat-saturated T2-weighted MR image shows thickening of Achilles tendon with loss of its anterior concavity (straight arrow). Tendon shows heterogeneous
increased signal posteriorly (curved arrow) resulting from mucoid degeneration with focal interstitial tear.
B, Axial proton density-weighted MR image shows increased signal (straight arrow) in posterior aspect of thickened Achilles tendon with areas of mucoid

degeneration and small interstitial tear (curved arrow).

C, Coronal fat-saturated T2-weighted MR image shows area of interstitial tear (arrows) in medial aspect of mid Achilles tendon.
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Fig. 6—87-year-old woman with history of hypercholesterolemia who presented with calf pain and swelling.

A, Sagittal fat-saturated T2-weighted MR image shows diffuse nonfusiform swelling of Achilles tendon (solid arrows) with small area of increased signal (dashed arrow).
B, Sagittal T1-weighted MR image shows areas of intrinsic signal (arrows) within Achilles tendon.

C, Axial proton density-weighted MR image shows increased tendon volume with loss of anterior concavity (curved arrow) and intrinsic striated appearance. Straight

arrow indicates intrinsic signal change.

lesterolemia. Low-density lipoproteins accumulate within the
tendon and present clinically as slowly progressive, diffuse, non-
painful tendon enlargement [22]. On ultrasound, the tendon ex-
hibits a uniform nonfusiform increase in volume, with loss of its
usual anterior concavity. On MRI, the tendon exhibits interme-
diate signal on T1- and T2-weighted images, with higher signal
in comparison with a normal tendon. The tendon may exhibit a
striated appearance because of the interposition of xanthoma
between tendon fibers [23] (Fig. 6). A recent exploratory study
suggested that Dixon MRI may be able to differentiate Achilles
tendon xanthoma and tendinopathy [24].

Insertional Tendinopathy

Focal tendinopathy that occurs near the calcaneus is usually a
result of one of three causes: seronegative arthropathy, retrocal-
caneal bursitis, or chronic traction injury.

Seronegative arthropathy—Seronegative arthropathy rep-
resents an inflammatory reactive insertional tendinitis and is vari-
ably associated with concurrent retrocalcaneal bursitis. Erosions
may be present at the calcaneal insertion and aid differentiation
of this entity from tractional causes of tendon injury (Fig. 7). In-
deed, ultrasound and MRI cannot accurately differentiate inflam-
matory tendinitis from other causes of tendinitis in the absence of
erosions [25]. On MRI, erosions are present in one- to two-thirds of
patients with spondyloarthropathy. MRl may also show bone mar-
row edema at the tendon insertion, possibly related to the level of
human leukocyte antigen B27 (HLA-B27) [26]. Finally, foci of calci-
fication may occur within the tendon just adjacent to its insertion.

Retrocalcaneal bursitis—The normal retrocalcaneal bursa is visi-
ble on MRI and may contain up to 1T mL of fluid. Its posterior border
is represented by the Achilles tendon. The bursa should measure
less than 6 mm from superior to inferior, less than 3 mm from me-
dial to lateral, and less than 2 mm from anterior to posterior [27].
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The retrocalcaneal bursa serves to protect the distal Achilles
tendon from the frictional wear of the adjacent calcaneus. In Ha-
glund syndrome, a Haglund deformity (i.e., bony enlargement
of the posterior calcaneus) compresses the retrocalcaneal bursa
and the overlying Achilles tendon. This compression in turn caus-
es inflammation of the retrocalcaneal bursa and tendon, poten-
tially stimulating further bony irregularity and bone growth with
associated further compression and irritation. Bursal findings in-
clude increased fluid volume and minor inflammatory edema in
the adjacent soft tissues.

Other causes of retrocalcaneal bursitis include athletic over-
activity in ballet dancers and runners as well as inflammatory
arthropathy. The bursa is intimately related to the enthesis and
therefore can be involved in inflammatory insertional tendinop-
athy [3]. Seronegative insertional tendinopathy exhibits similar
imaging findings as found in Haglund syndrome, including dis-
tention of a fluid-filled bursa with minor adjacent inflammation.
Bone changes in an inflammatory condition are likely to be ero-
sive, in contrast with the bony hypertrophy that occurs in Ha-
glund syndrome (Fig. 7).

Chronic traction injury—Chronic traction injury is the most
commonly encountered Achilles tendon injury in athletes or oth-
er physically active individuals, occurring most commonly in run-
ners. Chronic traction injury relates to chronic repetitive strain
at the tendon’s calcaneal insertion. Imaging shows tendinosis
with thickening of the Achilles tendon and new bone forma-
tion at the enthesis (i.e., enthesophytes). Ultrasound may show
regional neovascularity and can clearly identify enthesophytes,
which may then be further evaluated with radiographs. On MRI,
T1-weighted sequences are the most useful sequences to identi-
fy new bone formation, though small areas of calcification within
the tendon can be more reliably identified by radiograph (or CT if
the referring physician desires cross-sectional imaging for oper-
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ative planning). MRI also shows general tendon thickening with
possible increased signal on T2-weighted sequences, consistent
with low-grade inflammation.

Superficial or Retroachilles Bursitis

The retrocalcaneal bursa is the only true bursa of the ankle.
However, an additional bursa acquired through inflammation
or trauma is located superficial to the distal Achilles tendon and
deep to the overlying skin. This bursa may normally contain a
small volume of fluid and be visible on both ultrasound and MRI.
Nonetheless, the bursa normally measures less than 2 mm in an-
teroposterior diameter. A greater size of the bursa may be consid-
ered to represent bursitis [27].

Paratenonitis

Although the Achilles tendon cannot be involved in tenosy-
novitis because of its lack of a tendon sheath, the surrounding
paratenon, a loose network of connective tissue, can become in-
flamed, described as paratenonitis. The paratenon can become
inflamed in isolation (i.e., without Achilles tendon pathology), for
example in inflammatory conditions including rheumatoid ar-
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Fig. 7—54-year-old woman with rheumatoid arthritis
and increasing ankle pain and swelling.

A, Lateral ankle radiograph shows swelling and
erosive change in retrocalcaneal bursa (straight solid
arrows). Prominent soft-tissue swelling is present
over proximal plantar fascia with erosive change

in calcaneum at its insertion (dashed arrows). Large
tibiotalar joint effusion and swelling (curved arrow)
are also present.

B, Longitudinal ultrasound image at Achilles tendon
insertion shows fluid in retrocalcaneal bursa (dashed
arrow) and erosion of adjacent posterior calcaneus
(solid arrows).

C, Sagittal STIR image shows fluid and inflammation
in retrocalcaneal bursa with adjacent calcaneal
erosive change (solid straight arrows). Also present are
tibiotalar and subtalar joint synovitis (dashed arrows)
and associated calcaneal bone edema (curved arrow).
D, Sagittal T1-weighted MR image shows
retrocalcaneal inflammation and adjacent calcaneal
erosion (straight solid arrow). Also present are
rheumatoid plantar nodule at calcaneal plantar fascia
insertion with associated soft-tissue change (dashed
arrows) and calcaneal erosion (curved arrow).

thritis, seronegative arthropathy, and gout [28]. The paratenon
can also become inflamed in conjunction with Achilles tendino-
sis; in this context, the swelling of the Achilles tendon is consid-
ered to reduce the tendon’s smooth gliding within the paraten-
on. In such patients, the paratenon shows increased signal as a
result of edema and vascularization, and patients experience sec-
ondary pain given the paratenon’s rich nerve supply [29].

In paratenonitis, ultrasound shows a thickened hypoechoic
paratenon, with possible fluid between the tendon and the para-
tenon that is particularly observed in the acute phase. Doppler
imaging may show increased vascularity. On MRI, fat-suppressed
fluid-sensitive sequences show increased signal intensity in the
paratenon, most pronounced posteriorly. Inflammation can be
shown in the adjacent soft tissues extending into the Kager fat
pad anteriorly (Fig. 8). The paratenon may show thickening after
chronic inflammation. Adhesions have been reported during sur-
gical evaluation but are difficult to identify on imaging [30].

Plantaris Friction Syndrome

Several small case studies have indicated a role of the plantaris
tendon in the development of tendinopathy of the mid Achilles
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tendon and describe this process as plantaris friction syndrome
[31-33]. The exact role of the plantaris tendon in friction syn-
drome is poorly understood. One study indicates that the plan-
taris tendon is stiffer and stronger than the Achilles tendon [34].
Thus, the plantaris tendon may tether to the Achilles tendon,
causing a compressive force or adjacent inflammation in the ten-
don. Alfredson [31] described tendinopathic changes in the plan-
taris tendon at surgery, similar to the changes found in the Achil-
les tendon. However, such changes were not observed by Calder
et al. [35], leading to the hypothesis that the plantaris tendon has
primarily a tractional role [35, 36].

Ultrasound has been described as the most accurate assess-
ment for plantaris friction syndrome given its high special reso-
lution and ability to use power Doppler to assess vascularity [37].
Ultrasound findings include focal medial Achilles tendinosis with
tendon hypoechogenicity and hyperemia. Koh et al. [37] advo-
cate the use of a plantaris window during ultrasound to aid diag-
nosis, whereby the ultrasound probe is placed over the medial as-
pect of the Achilles tendon using a gel standoff. In patients with
plantaris friction syndrome, MRl may show focal increased signal
of the Achilles tendon medially in close relation to the plantaris
tendon (Fig. 9).

Ultrasound tissue characterization provides a potential di-
agnostic adjunct in patients with suspected plantaris friction
syndrome [38]. The technique allows further evaluation of the
tendon structure and matrix integrity [39]. Such assessments pro-
vide accurate and earlier diagnosis of plantaris friction syndrome
by the identification of areas of architectural disorganization in
the medial mid Achilles tendon [37, 38].

Tendon Tears

Achilles tendinopathy is thought to represent the end result of
intrasubstance degeneration and is proposed to be a precursor
to Achilles tendon rupture. However, the literature evaluating this
theory is limited, and one study using a national database found
a 4% rupture rate in patients with Achilles tendinopathy [40].

Tendon tears can be categorized on a spectrum as microtears,
interstitial tears along the tendon, partial-thickness tears, and
complete ruptures. Achilles tendon tears are generally thought
to result from intratendinous degeneration, which includes four
described mechanisms: hypoxic fibromatosis and myxoid, lipoid,
and osseus calcific degeneration [41].
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Fig. 8—27-year-old male professional soccer player
with 2-week history of gradual onset calf pain.

A, Axial fat-saturated T2-weighted MR image shows
thickening and edema around Achilles tendon
(arrows), consistent with paratenonitis.

B, Sagittal fat-saturated T2-weighted MR image
shows paratenon inflammation (arrows) along
posterior aspect of tendon.

Most tears occur in the less vascularized zone of the Achilles
tendon, located 2-6 cm from its calcaneal insertion. However,
tears may also occur proximally and distally. The proximal tear is
essentially a musculotendinous junction injury and is therefore
more common in muscles that have fast-twitch fibers and that
cross two joints. Thus, proximal tears often involve the gastrocne-
mius muscle (most commonly its medial head) and rarely involve
the soleus muscle. Distal tears (i.e., at the calcaneal insertion) are
rare because of the protective enthesis that results from fibrocar-
tilage intermeshing with the calcaneal bone marrow. Insertional
Achilles tendinopathy may contribute to distal tears.

On ultrasound, Achilles tendon tears, whether full or partial
thickness, show disruption of the tendon fibers with a hypoecho-
ic gap between the torn fibers; hematoma may be present at the
site of injury and may be hyperechoic (Fig. 10). Ultrasound is par-
ticularly useful to help differentiate partial- and full-thickness
tears because of the ability to image dynamically during ankle
plantar flexion and dorsiflexion to better define the tendon anat-
omy. In full-thickness tears, the tendon usually exhibits a degree
of retraction, with a gap present between the tendon ends. The
gap may increase during dorsiflexion, aiding evaluation (Fig. 1). A
secondary feature of a full-thickness tear is fat herniation of the
Kager fat pad into the tendon gap (Fig. 10).

The plantaris tendon is not necessarily involved in an Achil-
les tendon tear and may remain intact. On ultrasound, an intact
plantaris tendon should not be mistaken for intact residual Achil-
les tendon fibers.

On MRI, the most common finding of tendon tear is increased
T2-weighted signal [42]. Interstitial tears typically show a longitu-
dinal orientation and are thought to result from myxoid degen-
eration (Fig. 5). Partial-thickness tears show disruption of tendon
fibers with heterogeneous signal between the fibers (Fig. 11). Re-
traction of tendon fibers with buckling may be present, but some
fibers remain intact. Full-thickness tears involve all fibers, with a flu-
id-filled gap at the injury site and the tendon fibers either retracted
oroverlapping [43] (Fig. 12). Over time, the hematoma between the
tendon ends resolves, and granulation and scar tissue form.

Management

A recent European Delphi-based consensus statement con-
cluded that there is currently insufficient evidence to establish
that image-guided interventions are superior to conservative
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Imaging Diagnoses and Interventions of the Achilles Tendon

Fig. 9—32-year-old male professional soccer player
with gradual onset calf pain after period of increased
training 10 days before imaging.

A, Transverse ultrasound image of Achilles tendon
shows focal hypoechogenicity in medial tendon
(arrows) without neovascularity.

B, Longitudinal ultrasound image shows focal
hypoechogenicity in medial tendon (straight arrows)
and small areas of internal vascularity (curved arrow).
C, Axial proton density-weighted MR image shows
focal increased signal and loss of internal definition
in medial Achilles tendon (straight arrow) adjacent to
plantaris tendon (curved arrow).

D, Axial fat-saturated T2-weighted MR image shows
focal increased signal in medial tendon (straight
solid arrow) adjacent to plantaris tendon (curved
arrow). Also present are thickening of paratenon
with increased signal (dashed arrow) and edema in
adjacent soft tissues.

Fig. 10—52-year-old woman who described lower leg weakness after experiencing popping sensation when descending stairs 4 months earlier. Longitudinal
ultrasound image shows chronic full-thickness Achilles tendon tear. Distal end of tendon (straight solid arrow) is in normal position. Proximal end (curved arrow) is

retracted with adjacent fluid. Fat from Kager fat pad (dashed arrows) is interposed in gap.
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Fig. 11—58-year-old man with sudden-onset heel
pain while playing volleyball.

A, Longitudinal ultrasound image shows tearing of
superficial tendon fibers (straight solid arrows) with
retraction of this portion of tendon (dashed arrow).
Color Doppler shows background of increased
vascularity (curved arrows), consistent with Achilles
tendinopathy.

B, Axial ultrasound image shows hypoechogenicity
(straight solid arrow) and increased vascularity
(dashed arrows) with paratenon thickening (curved
arrow), consistent with tendinopathy.

management, and thus they should be considered a second-line
approach for treating patients with Achilles tendinopathy [44].
The consensus statement also concluded that the current evi-
denceis unchanged from a previous Cochrane and systematic re-
view in 2015 [45, 46].

Conservative Management

Most patients with Achilles tendinopathy are managed con-
servatively. Eccentric loading represents the mainstay of man-
agement and achieves reasonable long-term results in noninser-
tional tendinopathy [47].

Recent studies have shown that the addition of shockwave
therapy to eccentric exercises improved patient outcomes over a
4-month period in comparison with eccentric exercises alone [48].
Eccentric loading has shown less favorable results in patients with
insertional tendinopathy, and a randomized controlled trial showed
better results from shockwave therapy in such patients [49].

A recent meta-analysis of the effectiveness of different treat-
ments for patients with Achilles tendinopathy showed a high de-
gree of bias in the published studies, with 76% of included stud-
ies found to be at high risk of bias [50]. For midportion Achilles
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tendinopathy, all treatments were superior to no treatment at
3-month follow-up. However, results from various active treat-
ments were not different at 3- or 12-month follow-up [50].

Image-Guided Treatments

High-volume injection—High-volume injections involve the
placement of a needle anterior to the Achilles tendon using ul-
trasound guidance with the subsequent installation of a large
volume of fluid deep to the tendon and superficial to the under-
lying fat pad. The procedure is generally performed immediate-
ly after a diagnostic ultrasound examination to allow targeting
of areas of neovascularity. The injectate typically includes saline
and long-acting local anesthetic, though may include a steroid.
The injected volume is usually between 20-30 mL. A study of a
small sample of patients in 2008 by Chan et al. [51] showed im-
proved function in patients who received high-volume injection
in comparison with control patients, though the presence of cor-
ticosteroid in the injectate may have affected the results. Fur-
thermore, in a randomized double-blinded prospective study in
2017 by Boesen et al. [52], high-volume injection that included a
steroid in combination with eccentric training was more effective
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Fig. 12—29-year-old male professional
rugby league player presenting with
sudden-onset calf pain.

A, Longitudinal ultrasound image
shows acute tear of midportion of
Achilles tendon, with gap observed
between proximal and distal ends
(calipers, 1). Internal hemorrhage is
present within gap (between arrows).
Patient underwent tendon repair.

B, Patient experienced acute onset of
pain 6 months after repair. Longitudinal
ultrasound image shows retear of
Achilles tendon; tendon ends are
marked by curved arrows. Site of
retear is proximal to site of earlier
repair as indicated by sutures (straight
solid arrows). Hemorrhage is present
between dashed arrows.

C, Sagittal fat-saturated T2-weighted
MR image confirms site of retear
(between solid arrows) proximal

to site of earlier repair (between
dashed arrows). Entire Achilles

tendon is thickened, consistent with
tendinopathy.
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in reducing pain, improving activity level, and reducing tendon
thickness and intratendinous vascularity in comparison with ec-
centric training alone. Yet, in a double-blinded placebo-con-
trolled randomized clinical trial in 2020 by van der Vlist et al. [53],
high-volume injection without steroid showed no benefit in pa-
tients with midportion Achilles tendinopathy in comparison with
a placebo injection consisting of 2 mL of 1% lidocaine and saline.
Thus, further study remains warranted.

Prolotherapy—Prolotherapy involves the injection of a small
volume of an irritant substance, usually hyperosmolar dextrose,
around the site of a tendon injury or a tendon or ligament inser-
tion to initiate a local inflammatory response. Initial nonblind-
ed studies in patients with Achilles tendinopathy without a con-
trol group have shown a good clinical response to prolotherapy
with injection into the areas of tendinosis [54-56]. A small blind-
ed study showed similar pain reduction in patients with Achilles
tendinopathy between injection of the sclerosant polidocanol
into areas of neovascularity and an injection comprising lido-
caine and adrenaline [57]. To our knowledge, no large-scale stud-
ies have confirmed these findings.

Tendon fenestration—Tendon fenestration, or dry needling,
refers to the repeated passing of a needle through a tendon,
causing bleeding and inflammation, which in turn increase the
presence of growth factors and other substances that promote
healing. The needle is usually passed 20-30 times through the re-
gion of tendinosis under local anesthetic, targeting areas of neo-
vascularity under ultrasound guidance. This approach is most
strongly supported when applied around the common extensor
tendon origin of the elbow [58, 59]. The additional use of steroid
has been shown not to improve results of tendon fenestration to
treat common extensor tendinosis of the elbow, presumably be-
cause the steroid’s antiinflammatory properties counteract the
inflammation-promoting effect of the fenestration [59]. To our
knowledge, no good-quality studies have evaluated tendon fen-
estration in the management of Achilles tendinopathy [60].

Platelet-rich plasma—Platelet-rich plasma (PRP) is thought to
promote tendon repair by delivering growth factors directly to
the site of pathology. Tendon fenestration is often combined
with autologous blood or PRP injections. Though preparations
vary widely among manufacturers, the use of more concentrat-
ed platelets may improve clinical response. The potential benefits
remain controversial. The current available evidence overall sup-
ports a lack of efficacy of PRP in Achilles tendinopathy [61-63]. The
use of PRP has also been assessed in patients with Achilles tendon
rupture [64-66]. However, a randomized control trial showed no
improvement with this technique, and a systematic review con-
cluded that the available data do not clearly indicate a significant
effect of PRP for the treatment of Achilles tendon rupture [64, 66].

Corticosteroids—Corticosteroids are commonly used in the
management of tendinopathy and have been reported to reduce
pain and swelling in the short term [67]. However, the role of in-
flammation in chronic tendinopathy is unclear, and the use of an-
tiinflammatory injections in the management of Achilles tendi-
nopathy is controversial [67]. The absence of long-term benefit
may reflect the injection’s targeting of only the superficial aspect
of the tendon. Thus, the deep tendon, which is largely hypovas-
cular, is often not targeted. Some trials have reported adverse ef-
fects after corticosteroid injection, including tendon rupture and
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atrophy with decreased tendon strength [68-70], such that any
initial benefit of steroid use needs to be balanced against the po-
tential risks [71, 72]. Good-quality data are lacking.

Steroids are commonly used in the management of retro-
calcaneal bursitis as the retrocalcaneal bursa is easily target-
ed under ultrasound guidance. However, a paucity of evidence
supports its use [72-74]. A recently published small-scale retro-
spective study showed a significant short-term decrease in pain
score in most patients with retrocalcaneal bursitis who were
treated with corticosteroid injection [74]. That study reported a
tendon rupture rate of 1.8%, which, although important, is sig-
nificantly lower than the rupture rate reported for insertional
Achilles tendinopathy, a diagnosis which was also present in all
patients [40].

Consensus Statements

+ Achilles tendinopathy is a degenerative process that is
often a precursor to tendon rupture.

+ Retrocalcaneal bursitis is strongly associated with in-
flammatory arthropathy.

+ Both ultrasound and MRI are highly accurate imaging
modalities for evaluating the Achilles tendon for both
tendinopathy and tear.

« Ultrasound is particularly useful to help differentiate par-
tial- and full-thickness tears because of the ability to im-
age dynamically during ankle plantar flexion and dorsi-
flexion, thereby better defining the tendon anatomy.

» Large-scale randomized controlled trials supporting
the use of high-volume injection, prolotherapy, tendon
fenestration, or PRP for treatment of Achilles tendinop-
athy are lacking.

+ Evidence shows short-term benefit of corticosteroid in-
jection for treatment of Achilles tendinopathy, though
long-term benefits have not been established.
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