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Musculoskeletal ultrasonography (US) has unique advantages, such as excellent spatial resolution 
for superficial structures, the capability for dynamic imaging, and the ability for direct correlation 
and provocation of symptoms. For these reasons, US is increasingly used to evaluate problems 
in small joints, such as the foot and ankle. However, it is almost impossible to evaluate every 
anatomic structure within a limited time. Therefore, US examinations can be faster and more 
efficient if radiologists know where to look and image patients with typical symptoms. In this 
review, common etiologies of heel pain are discussed in a problem-based manner. Knowing the 
common pain sources and being familiar with their US findings will help radiologists to perform 
accurate and effective US examinations.

Keywords: Foot; Ankle; Heel; Pain; Ultrasonography; Ultrasound
Key points: Ultrasonography is a useful imaging modality that can be easily applied to identify 
the cause of heel pain in adults. Knowing the possible pain sources according to the specific site 
of pain will enhance the diagnostic quality of the ultrasonography.
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Introduction

Heel pain is a common problem that has a variety of differential diagnoses [1,2]. As the treatment 
is directed toward the cause, it is important to reach an accurate diagnosis, but doing so can be 
challenging because the potential pain generators are located close to one another [1,3]. Therefore, 
high-resolution ultrasonography (US) can be an excellent tool to assess heel pain, as it can readily 
evaluate various structures that can produce pain at the heel. 

Knowing the anatomic location of the pain may help to narrow the differential diagnosis (Table 1, 
Fig. 1). Plantar heel pain is usually caused by plantar fasciitis, tears of the plantar fascia, and heel fat-
pad syndrome. Neuropathy of the inferior calcaneal nerve (Baxter neuropathy) is a less frequently 
found, but important source of pain in the plantar heel. Common causes of posterior heel pain are 
Achilles tendinopathy, Haglund deformity with or without retrocalcaneal bursitis. Medial heel pain 
is commonly caused by tendinopathies, but tarsal tunnel syndrome should always be considered in 
patients who have medial heel pain, especially when neurologic symptoms are present. Lateral heel 
pain can be caused by peroneal tendon pathologies, sinus tarsi syndrome, and sural neuropathy. A 
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calcaneal fracture can cause deep and vague pain at the heel [2,4].
In this review, common etiologies of chronic heel pain are 

discussed in a problem-based manner. Knowing the common 
sources of pain and being familiar with their US findings will help 
radiologists to perform accurate and effective US examinations. 
Acute injuries of the hindfoot will not be discussed, because those 
are beyond the scope of this review.

Patient Positioning

The US examination to evaluate plantar and posterior heel pain 

is usually performed with the patient lying on the bed in a prone 
position with the patient’s feet hanging over the edge of the bed 
[5,6]. In this position, the plantar and posterior surface of the heel, 
including the plantar fascia, heel fat pad, plantar muscles, and the 
Achilles tendon and its vicinity, can be easily examined. This position 
also allows the contralateral side to be compared without difficulty. 
For evaluation of the medial heel, the position of the patient sitting 
or lying in a supine position with the hip and knee flexed in the 
frog-leg position is recommended. The lateral heel can be examined 
in the sitting or supine position with the foot flat on the bed and 
slightly inverted [7,8]. The position of the patient can be modified 
according to the patient’s condition and the examiner’s preferences, 
as well as for a dynamic evaluation.

Plantar Heel Pain

Plantar Fasciitis
The plantar aponeurosis, or plantar fascia, is a strong, fibrous 
investing layer of the sole [9]. The plantar fascia is composed of 
medial, central, and lateral bands. The thickest central band attaches 
proximally at the medial tubercle of the calcaneus and fans out 
distally to the subcutaneous tissue and joint capsules of the second 
through the fifth metatarsophalangeal joints, as well as the plantar 
bases of the corresponding proximal phalanges [10,11]. The lateral 
band covers the plantar surface of the abductor digiti minimi muscle 
and attaches proximally at the lateral tubercle of the calcaneus and 
distally to the joint capsule at the fifth tarsometatarsal joint. The 
medial band is much thinner than the other two parts [10,11]. 

Plantar fasciitis is the most common cause of heel pain, with a 

Fig. 1. Anatomic locations of pain corresponding 
to common etiologies are illustrated on plantar 
surface (A) and medial surface (B) of the heel. 
1, plantar fasciitis; 2, heel fat pad atrophy; 3, 
achilles tendinopathy; 4, tarsal tunnel syndrome; 
5, tibialis posterior tendinopathy.
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①

①
②

③
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Table 1. Possible causes of heel pain listed according to the 
location of pain with a suggested checklist of structures to 
evaluate during ultrasonography

Location of pain Cause of pain Checklist
Plantar Plantar fasciitis

Plantar fascia tear
Heel fat pad atrophy
Baxter neuropathy

Plantar fascia
Heel fat pad
Plantar muscle

Posterior Achilles tendinopathy
Bursitis
Haglund’s syndrome
Sural neuropathy

Achilles tendon
Deep/superficial 
Retrocalcaneal bursae
Sural nerve

Medial Tendinopathies/
tenosynovitis
Tarsal tunnel syndrome

Flexor tendons
Tarsal tunnel
Plantar muscle

Lateral Peroneal tendinopathy/
tenosynovitis
Sinus tarsi syndrome
Sural neuropathy

Peroneal tendons
Sinus tarsi
Sural nerve 

Deep and vague Calcaneal stress fracture Calcaneus
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10% lifetime prevalence in the general population, and it accounts 
for 1% of all orthopedic outpatient visits [1,12]. Patients usually 
have plantar medial heel pain that peaks either with their first 
few steps in the morning or after a prolonged period of rest [3]. 
Although an inflammatory condition is implied by the name "plantar 
fasciitis," recent studies suggest that it is a degenerative fasciosis 
lacking inflammation that is caused by repetitive microtrauma and 
excessive strain [13]. Known risk factors are pes planus, pes cavus, 
obesity, advanced age, poor footwear, weight-bearing professions, 
reduced subtalar joint mobility, and tightness of the Achilles 
tendon or gastrocnemius [3]. The most typically involved site is the 
calcaneal insertion or proximal third of the central band. However, 
plantar fasciitis may also involve the middle or distal third of the 
plantar aponeurosis, which has been reported to be associated with 
recalcitrant plantar heel pain [14]. The treatment of plantar fasciitis 
primarily uses conservative modalities, such as rest, structured 
physical therapy, home stretching exercises, heel cushions, orthoses, 
ice, nonsteroidal anti-inflammatory drugs, and weight loss [3]. With 
conservative management, 90% to 95% of patients will experience 
resolution of symptoms within 1 year [2].

The central and lateral band of the plantar fascia can be readily 
evaluated using US. The central band appears as a uniformly 
hyperechoic fibrillar structure measuring up to 4 mm in thickness [15] 
(Fig. 2). The lateral band is visualized as a thin band that abruptly 
widens at its insertion, maintaining a uniform hyperechoic fibrillar 
echotexture throughout its course [16]. Dorsiflexion of the toes 
during the US exam can facilitate identification of the plantar fascia 
margin and decrease anisotropy artifacts [17]. However, caution 

should be taken in measuring the thickness of plantar fascia in 
this position, because the plantar fascia thickness decreases with 
metatarsophalangeal joint extension [18].

Increased thickness of the plantar fascia, decreased echogenicity, 
loss of fascial edge sharpness, perifascial hypoechogenicity (fluid/
edema) and calcaneal spur/erosion are regarded as common US 
features of plantar fasciitis [5,6,17] (Fig. 3). From the first attempt to 
measure the thickness of plantar fascia with US in the patients with 
plantar fasciitis, a 4-mm thickness has been widely accepted as a 
criterion for the diagnosis of plantar fasciitis [17,19] at the proximal 
end of plantar fascia or the anterior margin of the inferior border of 
the calcaneus with patients in the prone position hanging their feet 
over the edge of the bed with the ankle dorsiflexed to 90° [5,17]. 
Although the 4-mm cut-off for the US diagnosis of plantar fasciitis 
has been validated by many researchers, there are some factors to 
be considered before applying the thickness criterion alone. Since 
the plantar fascia thickness can be increased with a higher body 
mass index in asymptomatic individuals, setting a higher threshold 
in obese patients has been suggested [20,21]. Simultaneously, a 
much smaller mean thickness of the plantar fascia (2.9 mm) was 
also reported in patients with plantar fasciitis diagnosed from a 
typical clinical history and pain site [22]. Therefore, in addition to the 
thickness of plantar fascia, other US findings of plantar fasciitis such 
as reduced echogenicity, loss of fascia edge sharpness, perifascial 
hypoechogenicity, and calcaneal abnormalities would be helpful 
in equivocal cases (Fig. 4) [6]. Hyperemia of the plantar fascia on 
power Doppler US was reported to be present in 27%-40% of 
plantar fasciitis patients [20,23]. One study group reported that 

Fig. 2. A 34-year-old woman with normal plantar fascia. In the 
long-axis view, a normal, uniformly hyperechoic fibrillar echo pattern 
can be appreciated at the proximal portion of the plantar fascia. The 
thickness of the plantar fascia measured at the anteroinferior border 
of the calcaneus was smaller than 4 mm (double-headed arrow). 
Note the area of the anisotropy artifact (arrowheads) just distal to 
the insertion site and mid-portion, because of the normal curved 
course of the plantar fascia.

Calcaneus

Fig. 3. A 66-year-old woman with plantar fasciitis. In the long-
axis view of the proximal plantar fascia, fusiform thickening, 
hypoechogenicity of the superficial fibers, and perifascial 
hypoechogenicity (asterisk) are noted. The thickness of the plantar 
fascia in this case was greater than the 4-mm cut-off for diagnosing 
plantar fasciitis (double-headed arrow).

Calcaneus
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whole thickness of the plantar fascia, in unclear cases [26].
Sabir et al. [6] reported 80.9% sensitivity and 85.7% specificity of 

US to diagnose plantar fasciitis when it was correlated to magnetic 
resonance imaging (MRI) findings as a reference standard in 2005. 
However, US may have more value than reported considering the 
cost, accessibility, and increased resolution with recent technical 
developments, though there are not sufficient studies on this topic. 
According to the recently released American College of Radiology 
(ACR) appropriateness criteria for chronic foot pain [27], the use of 
either US or MRI without contrast for plantar fasciitis is categorized 
as "usually appropriate". 

Tear of the Plantar Fascia
Tear of the plantar fascia is much less common than plantar fasciitis 
but occurs in a similar patient population [16]. It can occur in acute-
on-chronic fashion in patients with pre-existing plantar fasciitis, or 
in acute fashion in patients without a history of plantar fasciitis. 
Acute-on-chronic type plantar fascia rupture is often preceded by a 
glucocorticoid injection [28], and acute rupture of the plantar fascia 

plantar fascia hyperemia indicated the presence of acute-phase 
disease and the degree of hyperemia was correlated with the pain 
score [23], but such a relationship was not found in a more recent 
study conducted by another group [20].

The differential diagnosis of plantar fasciitis includes plantar 
fibromatosis and tear of the plantar fascia. Plantar fibromatosis 
is a benign fibroproliferative disorder that usually manifests as a 
painless lump in the midfoot or forefoot region [24,25]. However, it 
occasionally causes pain from direct pressure by the arch of the shoe 
or from medial plantar nerve irritation by compression [26]. Plantar 
fibroma appears as a hypoechoic fusiform nodular thickening within 
the central band of the plantar fascia and may extend beyond the 
superficial border. The main differentiating feature of plantar fasciitis 
from plantar fibroma is the location involved; the proximal portion 
near the calcaneal attachment site in plantar fasciitis and the middle 
to distal portion of the fascia in plantar fibromatosis. Furthermore, 
the typical finding of superficial involvement (one-half to two-thirds 
in the thickness of plantar fascia) of plantar fibromatosis (Fig. 5) can 
help distinguish it from plantar fasciitis, which usually involves the 

Fig. 4. A 52-year-old woman with plantar fasciitis. 
A. Long-axis view of the proximal plantar fascia, medial portion 
is shown. The plantar fascia appeared normal with a hyperechoic 
fibrillar appearance (white arrows). B. Long-axis view of the proximal 
plantar fascia, central portion is shown. The plantar fascia revealed 
decreased echogenicity (black arrows), with a perifascial hypoechoic 
area (asterisks) suggesting plantar fasciitis. C. Short-axis view of 
the proximal plantar fascia is shown. Localized hypoechoic changes 
(black arrows) are noted at the central portion of the plantar 
fascia accompanied by cortical erosion at the calcaneus (white 
arrowheads). The thickness of plantar fascia in this case was not 
greater than the 4-mm cut-off for diagnosing plantar fasciitis. Note 
the relatively normal-looking plantar fascia (white arrows) at medial 
portion.
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often affects competitive or amateur athletes [29]. 
Acute tears of the plantar fascia can occur both at its proximal 

third and at the mid-substance, which can be noted as disruption 
of the fibers with surrounding or intervening fluid [16]. Chronic 
tears can be seen as a nodular thickening of the plantar fascia with 
loss of fibrillar continuity, often affecting the superficial fibers more 
than the deep ones [30]. In cases where it is difficult to differentiate 
partial plantar fascia tears from severe plantar fasciitis, one of the 
clues is the location of the lesion. Tears of the plantar fascia tend 
to involve the area 2 to 3 cm distal from the calcaneal insertion 
(Fig. 6), whereas plantar fasciitis is most common at the calcaneal 
attachment [31]. A dynamic evaluation with dorsiflexion of the great 
toe can also aid in differentiation by demonstrating the gap of the 
torn fascia in recent injuries [26,32]. The same maneuver can be 
used to ascertain whether a tear of the plantar fascia is partial or 
full-thickness [26].

Heel Fat Pad Atrophy
The heel fat pad (HFP) is located beneath the calcaneus and 
composed of closely packed chambers of specialized fat surrounded 
by tough septa of collagen and elastin fibers [3,33]. On US, a normal 
HFP appears as uniform heterogeneity in which circular or ovoid 
hypoechoic fat pockets are separated by hyperechoic fibrous septa, 
with an uncompressed thickness measuring 12-28 mm on US [33]. 
Because the HFP serves as a shock absorber, its atrophy results in 
deep, radiating pain at the plantar heel typically involving the central 
weight-bearing portion of the calcaneal tuberosity, and the pain is 
usually exacerbated by walking on hard surfaces with bare feet [3].

HFP atrophy is the second leading cause of plantar heel pain 
[34,35]. However, little research has investigated the pathogenesis 

or imaging features of this condition, which is described using 
a variety of inconsistent terms, such as heel pad syndrome, 
subcalcaneal inflammatory lesion, and subcalcaneal adventitial 
bursitis [36-38]. 

In US studies of HFP in patients with underlying systemic 
inflammatory disorders, the abnormal findings of HFP were reported 
as an "inflammatory-edematous" pattern (intense hypoechoic 
area within the HFP with increased compressibility, sometimes 
with increased thickness in the unloaded position) (Fig. 7) and 
a "degenerative-atrophic" pattern (increased echogenicity with 
thinning of the fat pad). These HFP lesions are thought to be in the 

Fig. 5. A 70-year-old woman with plantar fibromatosis. 
A. Short-axis view of the plantar fascia at the midfoot level shows a relatively well-defined hypoechoic lesion (white arrows) involving the 
superficial plantar fascia. Note that the lesion is located within the plantar fascia (black arrowheads). B. Long-axis view of the mass shows a 
spindle-shaped hypoechoic lesion (white arrows) involving the superficial one-half of the plantar fascia. The mass is protruding superficially, 
with the undersurface of the plantar fascia (black arrowheads) remaining flat. 

A B

Fig. 6. A 48-year-old man with a chronic plantar fascial tear. He 
had acute extreme pain at the plantar heel when he slammed on 
the brakes during a traffic accident 2 years ago. Long-axis view 
of the proximal plantar fascia shows marked thickening, blurred 
margin, and disruption of the normal fibrillar pattern (arrows). The 
abnormality of the plantar fascia is most pronounced at 2-3 cm 
distal to the calcaneal insertion, which is the typical site for a plantar 
fascial tear.

Calcaneus
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spectrum of adventitial bursitis and are reported to be common 
in rheumatoid arthritis patients [39-41]. Abnormal thickness 
of the uncompressed HFP (<12 mm or >28 mm) and abnormal 
compressibility (compressed HFP thickness/uncompressed HFP 
thickness <0.45 or >0.75) have been suggested as US criteria 
for HFP abnormality in various conditions [33,42,43]. However, in 
a more recent US study, abnormal findings of the HFP were also 
frequently found in asymptomatic endurance runners, ranging from 
a focal or diffuse hypoechoic area to discrete, vertically oriented 
hypoechoic clefts within the HFP [33]. Abnormalities of the HFP can 
have more clinical importance in patients with plantar heel pain, but 
further studies are needed. Nevertheless, we suggest that abnormal 
US findings could be similarly described in radiology reports for 
patients with typical symptoms of HFP atrophy.

Baxter Neuropathy
Entrapment of the inferior calcaneal nerve, also known as Baxter 
neuropathy, is often an overlooked cause of heel pain [44]. 
Baxter neuropathy is frequently related to plantar fasciitis and 
calcaneal spurs (Fig. 8C) [45]. Nevertheless, the possibility of Baxter 
neuropathy should always be considered in patients who have 
plantar heel pain with or without plantar fasciitis. 

The Baxter nerve is usually the first branch of the lateral plantar 
nerve and courses in a medial-to-lateral direction between the 
abductor hallucis muscle and quadratus plantae muscle, running 
anteriorly to the medial calcaneal tuberosity, to supply motor 
branches to the abductor digiti minimi (ADM) muscle and sensory 
branches to the calcaneal periosteum and the long plantar ligament 
[45-47]. Compression of the Baxter nerve causes burning pain 

at the plantar medial aspect of the foot, anterior to the medial 
calcaneal tuberosity, and may radiate distally toward the plantar 
lateral foot (Fig. 8A, B) [3,48]. Direct compression of the Baxter 
nerve is not easily identified on US, but atrophy and fatty changes 
of the ADM muscle caused by chronic denervation are readily 
recognized on US [30] (Video clip 1). A comparison with the 
adjacent muscles or the ADM muscle on the contralateral side may 
aid in the determination of atrophic changes (Fig. 8D) [30].

Using either US or MRI without contrast is categorized as "usually 
appropriate" for Baxter neuropathy in the recently released ACR 
appropriateness criteria for chronic foot pain [27]. However, US has 
some limitations in visualizing early denervation changes of the 
ADM muscle or soft tissue edema around the nerve in neuropathy, 
which would be better demonstrated by MRI [49].

Posterior Heel Pain

Achilles Tendinopathy
The Achilles tendon is formed by the confluence of the soleus 
muscle with the two bellies of the gastrocnemius muscle and inserts 
onto the posterior surface of the calcaneus [50,51]. In contrast to 
the other tendons of the ankle encased by the synovial sheath, the 
Achilles tendon is enveloped with thin vascularized tissue, called 
the paratenon [52]. Therefore, paratenonitis can occur around the 
tendon instead of tenosynovitis [53]. Achilles tendinopathy can 
be classified by its anatomic location in relation to the calcaneus, 
as non-insertional tendinopathy occurring 2-6 cm proximal to 
the distal insertion on the calcaneus and insertional tendinopathy 
occurring near the distal insertion on the calcaneus [50,54]. 

Fi g .  7 .  A  6 4 - y e a r- o l d 
woman with plantar heel 
pain.  Pai red short-axis 
views of the plantar heel 
show discrete hypoechoic 
areas within the plantar 
hee l  fa t  pad over l y ing 
the plantar surface of the 
ca lcaneus. The marked 
hypoechoic areas (arrows) 
noted without compression 
( l e f t - s ide  image)  were 
easily collapsed by minimal 
c omp re s s i on  w i t h  t he 
u l t ra sound  t ransduce r 
(right-side image).

Calcaneus

Not compressed Compressed

Calcaneus
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The normal Achilles tendon shows a hyperechoic fibrillar 
echotexture, a concave anterior border, and anteroposterior 
dimension of 5 to 7 mm, whereas Achilles tendinopathy appears 
as focal or diffuse thickening with hypoechogenicity of the Achilles 
tendon, sometimes with calcifications [16,55,56]. On a short-
axis scan, loss of the normal anterior concavity of the Achilles 
tendon may be observed [16]. Achilles paratenonitis can also be 
observed on US as an ill-defined hypoechoic tendon margin or fluid 
collection around the tendon (Fig. 9) [57,58]. It has been shown 
that neovascularization in the Achilles tendon detected by color 
or power Doppler US is correlated with symptom severity [59,60]. 
Meanwhile, MRI and US have both shown good diagnostic accuracy 
for diagnosing Achilles tendinopathy in a few studies [61,62].

Bursitis
There are two bursae at the posterior heel. One is the retrocalcaneal 
bursa, which is located between the Achilles tendon and calcaneal 
tuberosity, and the other is the retroachilles bursa, which is located 
superficially over the Achilles tendon [63]. The cause of bursitis at 
the heel is commonly ill-fitting shoes irritating the area of Achilles 
tendon insertion [64]. Bursitis can be associated with Achilles 
tendinopathy or Haglund deformity. However, retrocalcaneal 
inflammation may be caused by inflammatory arthritis, such as 
spondyloarthritis [65,66]. A study suggested that bursal distension 
with a maximum thickness of 2 mm was a highly specific criterion 
for spondyloarthritis when compared to healthy controls or 
rheumatoid arthritis patients [67]. When retrocalcaneal bursitis is 
associated with bone erosions, inflammatory arthritis should be 

Fig. 8. A 62-year-old woman with plantar fasciitis 
and Baxter neuropathy, who had swelling and 
pain at the medial arch of the sole. 
A. Anatomic location of pain in Baxter neuropathy, 
when compared to plantar fasciitis and heel fat 
pad atrophy is illustrated on the plantar surface 
of the foot. 1, plantar fasciitis; 2, heel fat pad 
atrophy; 3, Baxter neuropathy. B. The painful site 
of Baxter neuropathy is marked as a grey area on 
a schematic drawing of the posterior tibial nerve 
and its branches. 1, posterior tibial nerve; 2, medial 
calcaneal nerve; 3, medial plantar nerve; 4, lateral 
plantar nerve; 5, inferior calcaneal nerve (Baxter 
nerve). C. Long-axis view of the plantar fascia shows 
diffuse thickening and hypoechoic changes of the 
plantar fascia (arrows) near the calcaneal insertion. 
D. Short-axis view of the plantar midfoot level shows 
bright hyperechoic changes of the abductor digiti 
minimi (ADM) muscle when compared to the normal 
echo of the flexor digitorum brevis (FDB) muscle.
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considered [68].

Haglund Syndrome
Haglund syndrome is a group of soft tissue and bony abnormalities 
caused by an abnormal protuberance of the posterosuperior border 

of the calcaneus (Haglund deformity) with inflammation of the 
overlying soft tissue and Achilles tendon [53,69]. On US, the soft 
tissue abnormality of Haglund syndrome (Fig. 10) can be visualized 
as insertional Achilles tendinosis with retrocalcaneal bursitis and 
retroachilles bursitis [69]. The diagnosis of Haglund syndrome can 

A

Fig. 9. A 57-year-old woman with Achilles tendinopathy and 
paratenonitis. 
A. Long-axis view of the left distal Achilles tendon shows 
attenuation of the normal fibrillar echotexture and diffuse 
hypoechogenicity and thickening of the Achilles tendon (black 
arrows). Note the irregularly shaped hypoechoic area, superficial 
to the Achilles tendon, suggestive of paratenonitis (double-headed 
white arrows). B. Short-axis view of the bilateral distal Achilles 
tendons shows diffuse swelling and hypoechoic changes of the left 
Achilles tendon (black arrows) with paratenon thickening (double-
headed white arrows), in comparison to the right Achilles tendon 
(double-headed white arrows). C. Neovascularization is noted in the 
affected Achilles tendon.

C

B

Right Left
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be made with radiographic confirmation of Haglund deformity.

Medial Heel Pain

Tendinopathies
Tendinosis, tenosynovitis, and tendon tears are common pathologic 
conditions that can affect the tendons at the medial ankle. These 
conditions have a similar US appearance to that of other tendons 
elsewhere in the body. Tendinosis appears as thickening of the 
tendon with focal or diffuse areas of hypoechogenicity and loss of 
normal fibrillar echotexture, often with neovascularization within 
the abnormal tendon on Doppler US [70]. Tenosynovitis appears as 
irregular thickening of the tendon sheath, usually accompanied by 
fluid in the tendon sheath, generating the "target sign" on short-
axis scans and the "rail-track sign" on long-axis scans [53]. One 

pitfall is that fluid in the tendon sheath ranging from 1 to 3 mm 
partially surrounding the medial ankle tendons can be frequently 
observed in the normal population [16]. A tendon tear can be 
observed as a hypoechoic or anechoic gap that interrupts the 
tendon fibers on US [53].

The tibialis posterior tendon is a fundamental stabilizer of the 
medial longitudinal arch of the foot, and its dysfunction is the 
most common cause of acquired flatfoot deformity in adults. As 
the pathology of the tibialis posterior tendon is thought to develop 
gradually by stages, initially starting with tenosynovitis and followed 
by partial tear and complete rupture leading to the flatfoot deformity 
(Fig. 11, Video clip 2), early diagnosis and treatment are crucial for 
preventing severe disability [16,71,72]. Most pathologies involving 
the tibialis posterior tendon are found in the watershed zone 
behind the medial malleolus, and less commonly at the navicular 

Fig. 10. A 67-year-old man with Haglund deformity. 
A. Lateral ankle X-ray shows an abnormal bony protuberance (arrow) 
at the posterosuperior border of the calcaneus with multiple bone 
fragments. B. Long-axis view of the bilateral posterior heel shows 
insertional Achilles tendinopathy (black arrows) with calcifications, 
a bone fragment (white arrow), and retrocalcaneal bursitis (asterisk) 
at the affected heel. Note the normal-appearing Achilles tendon and 
collapsed bursa (curved arrow) on the contralateral side.
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insertion [16,73]. The flexor digitorum longus tendon can be used 
as an internal reference when assessing the size of the tibialis 
posterior tendon on US. Normally, the axial diameter of the tibialis 
posterior tendon is approximately twice as large as that of the flexor 
digitorum longus tendon, which enables a rapid assessment of 
tendon thickening as seen in tendinosis, or thinning as can be seen 
in some partial tears [16,72].

While pathologies of the flexor digitorum longus tendon are 
extremely rare, pathologies of the flexor hallucis longus tendon can 
be seen mostly in individuals involved in sports that require extreme 
plantar flexion of the ankle, such as ballet dancers and soccer 
players [16,72]. Repeated friction in the tarsal tunnel can lead to 
acute tenosynovitis, stenosing tenosynovitis (Fig. 12), and tendinosis 
of the flexor hallucis longus tendon [72]. Dynamic US with flexion 
and extension of the great toe can aid identifying the flexor hallucis 
longus tendon and reproduce triggering or snapping of the tendon 
in the case of stenosing tenosynovitis (Video clip 3) [16,74].

Tarsal Tunnel Syndrome
The tarsal tunnel is a fibro-osseous tunnel at the medial side of the 
ankle beneath the flexor retinaculum, behind and inferior to the 
medial malleolus. The floor of the tunnel is formed by the medial 

wall of the distal tibia, talus, and calcaneus [75]. Entrapment of the 
tibial nerve or its branches within the tarsal tunnel is referred to as 
tarsal tunnel syndrome and is characterized by numbness and pain 
in the toes and sole of the foot [30,76]. 

Both US and MRI are known to be useful for finding accessory 
muscles, masses, and other space-occupying lesions and determining 
the lesion extent and relationship to the tibial nerve and its branches 
[77,78]. US can also be used for stress assessment with the patient 
in the standing position, whereas MRI can better demonstrate early 
denervation changes in the muscle and some soft tissue masses 
such as lipomas [78].

Only 60% to 80% of tarsal tunnel syndrome cases are identified 
as having a specific cause [79]. The leading causes of space-
occupying lesions in tarsal tunnel syndrome vary across studies, with 
varicose veins being the most common cause in an Italian study [78], 
and ganglion cysts and talocalcaneal coalition being common causes 
in Japanese studies [76,80]. Ganglion cysts within the tarsal tunnel 
most commonly arise from the talocalcaneal or talocrural joint, and 
may coexist with talocalcaneal coalition [76,81]. On US, ganglion 
cysts (Fig. 13, Video clip 4) appear as well-demarcated anechoic to 
hypoechoic masses with multiple internal septations and always 
without internal vascularity [30]. In patients with talocalcaneal 

Fig. 11. A 75-year-old man with a nearly complete tear of the 
tibialis posterior tendon. 
A. Short-axis view of the tibialis posterior tendon shows nearly 
complete discontinuity of the tendon (arrows) at the retromalleolar 
level. B. Extended long-axis view along the tendon course shows the 
gap of the torn tendon, measured as 4.8 cm between the calipers. 
FDL, flexor digitorum longus; Nav, navicular.
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coalition, US may reveal a prominent irregular bony outline, or beak-
shaped appearance of the medial talus overlying the sustentaculum 
tali [30,76]. Varicose vein is a frequently underdiagnosed, but 
common cause of tarsal tunnel syndrome, reported to represent 
13% of cases in a literature review by Lau and Daniels [79]. A 
varicose vein in tarsal tunnel may appear as bulbous enlargements 
of the venous structure on US [76]. In a study of 81 cases, 21 
cases were diagnosed as tarsal tunnel syndrome by identifying 
varicose plantar veins in the distal tarsal tunnel measuring >5 mm 
in diameter on US or being tortuous with signs of venous stasis in 
standing position [78]. Tarsal tunnel syndrome can also be caused 
by other etiologies, including osteophytes, hypertrophic retinaculum, 
tendinopathies, trauma, inflammatory arthritis, foot deformities 
(varus or valgus heel) [75,76,79], and other space-occupying lesions, 
such as tumors or supernumerary muscles, especially the flexor 
digitorum accessorius longus muscle [78,82] and accessory abductor 
hallucis muscle [79]. Because US has a limited window for deeper 
structures, radiologists should actively look for the possible causes 
of tarsal tunnel syndrome in suspected cases, and a comparison 

with the contralateral side is very important. A dynamic examination 
during the movements of the ankle and local compression by the 
US transducer can help to confirm the diagnosis by reproducing 
the patient’s symptoms (US Tinel test) [30]. The suggested scanning 

Fig. 12. A 12-year-old girl who was a ballet student with bilateral flexor hallucis longus tendinopathy, 
tenosynovitis, and snapping. 
A. Short-axis view of the flexor hallucis longus tendon shows marked enlargement when compared to the 
adjacent flexor digitorum longus (FDL) tendon. B. Long-axis view of the flexor hallucis longus (FHL) tendon shows 
severe thickening and decreased echogenicity of the tendon with diffuse synovial hypertrophy (asterisk) in the 
tendon sheath. C. Typical foot and ankle position with full plantar flexion is shown when the ballet dancer is en 
pointe in pointe shoes. TP, tibialis posterior tendon; TN, tibial nerve.
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Table 2. Suggested protocol to evaluate tarsal tunnel syndrome
Position of patient Checklist

Supine with out-toeing Comparison of the bilateral tibial nerves, two 
plantar nerves, and inferior calcaneal nerves
Screening for a static compressive lesion
US Tinel test
Comparison of bilateral foot muscle volume 
and echogenicity

Standing Screening for a dynamic compressive lesion 
such as in the medial process of talus in valgus 
flat foot
Dilatation of plantar veins in distal tarsal tunnel 
(diameter >5 mm) or venous stasis
US Tinel test

US, ultrasonography.
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protocol modified from a large series of tarsal tunnel syndrome 
assessed with US by Fantino [78] is provided in Table 2.

Lateral Heel Pain

Peroneal Tendon Pathologies
The peroneal tendons can develop various pathologies including 
tenosynovitis, tendinosis, and tendon tears. Tenosynovitis of the 
peroneal tendons usually appears as an irregularly thickened and 
hypoechoic synovial membrane with a significant amount of effusion 
on US. Tendinosis appears as hypoechoic thickening of the tendon 
without a defect [83]. Tears of the peroneal tendons are usually the 
longitudinal split type, whereas complete ruptures are much less 
common [16]. The peroneus brevis is more commonly affected by 
pathologies than the peroneus longus tendon because of its location 
between the peroneus longus tendon and fibula, being susceptible 
to degenerative tears [16,83]. On US, key findings of peroneus 
brevis tears are either incomplete cleft of the tendon or complete 
cleft with the formation of two distinct hemi-tendons, irregularities 
of the tendon, or signs of associated tenosynovitis (Fig. 14, Video 
clip 5) [83]. Tears of the peroneus longus tendon can occur in 
isolation or in combination with peroneus brevis tendon tears [84]. 
Isolated peroneus longus tears commonly occur at the level of the 

cuboid tunnel, whereas peroneus brevis tendon tears often occur at 
the retromalleolar groove [83].

Fig. 13. A 60-year-old woman with an intraneural ganglion cyst at 
the tarsal tunnel. 
Short-axis view (A) and long-axis view (B) of the right-side tarsal 
tunnel shows a well-defined anechoic mass inside of the tarsal 
tunnel, adjacent to the medial plantar nerve and superficial to the 
flexor hallucis longus (FHL) tendon. C. T2-weighted fat-suppressed 
magnetic resonance imaging reveals a cystic mass that had 
propagated along the course of the medial plantar nerve. 
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Fig. 14. A 76-year-old woman with peroneal tendinopathy and 
split tear of the peroneus brevis. Short-axis view of the peroneal 
tendons at the retromalleolar level shows enlarged peroneal 
tendons with a longitudinal split tear gap (arrow) at the peroneus 
brevis tendon, which is pushed anteriorly by the peroneus longus 
tendon toward the lateral malleolus. PB, peroneus brevis tendon; PL, 
peroneus longus tendon.
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Instability of the peroneal tendons is an uncommon phenomenon 
found in 0.3%-0.5% of cases after ankle injuries. Peroneal tendon 
instability includes anterior subluxation and dislocation of the 
peroneal tendons with associated superior peroneal retinaculum 
(SPR) injury, and intrasheath subluxation (Video clip 6), in which 
the peroneal tendons subluxate over each other with an intact SPR 
[85,86]. Due to its dynamic capability, US has shown to be a highly 
effective method to diagnose peroneal tendon subluxation [87,88]. 
For evaluation of peroneal tendon instability, the US transducer 
should be placed over the peroneus tendons in a short-axis view, 
at the level of the lateral malleolus. Simultaneous dorsiflexion 
and eversion of the foot with or without resistance applied by the 
examiner’s free hand will reproduce the dislocation of the peroneal 
tendons. It is important to apply a large amount of gel to prevent 
the US transducer from causing excessive local pressure, which may 
block tendon dislocation during the dynamic study [89].

Sinus Tarsi Syndrome
Sinus tarsi syndrome is a relatively unfamiliar condition presenting 
with pain in the lateral hindfoot, often with increased pain on 

palpation over the sinus tarsi, and a subjective sensation of hindfoot 
instability [1,90]. The most common cause of sinus tarsi syndrome 
is single or multiple episodes of ankle sprain, causing the instability 
of the subtalar joint, which exerts excessive forces onto the tissues 
in the sinus tarsi, eventually resulting in subtalar joint synovitis with 
chronic inflammation and infiltration of fibrotic tissues in the sinus 
tarsi [91,92]. Other less common causes of sinus tarsi syndrome are 
hindfoot deformities, such as in posterior tibialis tendon injuries, 
and inflammatory conditions, such as rheumatoid arthritis or gout 
[92,93]. By placing the ultrasound probe at the lateral aspect of the 
ankle in the oblique coronal plane, the sinus tarsi can be identified 
as a triangular space between the anterior-superior surface of 
the calcaneus and the talar neck. The US findings of sinus tarsi 
syndrome are an abnormally hypoechoic appearance in the sinus 
tarsi, hyperemia on Doppler imaging (Fig. 15), and narrowing or 
obliteration of the sinus tarsi in advanced cases [94].

Sural Neuropathy
The sural nerve is a small sensory nerve located in the subcutaneous 
tissue of the calf, supplying the lateral inferior third of the leg, 

Fig. 15. A 46-year-old woman with repeated ankle sprain and 
sinus tarsi syndrome. 
A. Long-axis view of the calcaneocuboidal joint at the lateral 
heel shows a chronic avulsion fracture fragment (white arrow) 
at the calcaneus and a focal discontinuity (black arrow) of the 
calcaneocuboidal ligament. B. Oblique coronal scanning over the 
sinus tarsi shows hypoechoic changes in the sinus tarsi (asterisk), 
which is a finding of sinus tarsi syndrome. C. Hyperemia was noted 
in the sinus tarsi on Doppler ultrasonography.
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lateral ankle, and foot. It runs close to the small saphenous vein 
and the lateral margin of the Achilles tendon at the distal calf, 
and around the lateral malleolus at ankle level, and then follows 
the peroneal tendons (Fig. 16A) [95]. The superficial location 
of the sural nerve and its close relationship with the Achilles 

tendon and small saphenous vein render it prone to either direct 
trauma or postsurgical trauma during surgical procedures on the 
gastrocnemius muscle, Achilles tendon, and varicose veins [96,97]. 

US is the most preferred imaging modality for evaluation of the 
sural nerve, because of its high resolution and easy accessibility 

Fig. 16. A 47-year-old man with lateral foot pain caused by sural neuropathy. He had an 
ankle inversion injury several years ago. 
A. A schematic illustration of the course of sural nerve at lateral heel and the patient’s 
symptomatic area is shown as a grey area. B. Paired short-axis view of the bilateral sural 
nerve at the level of the peroneal tubercle shows hypoechoic thickening of the right-side 
sural nerve (black arrow), when compared to the normal left-side sural nerve (white arrow). 
C. Long-axis view of the sural nerve shows fusiform thickening and hypoechoic changes of 
the sural nerve (black arrows).
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[95,98,99]. The US findings of posttraumatic sural nerve may 
vary from mild thickening of the nerve (Fig. 16B, C) to complete 
discontinuity of the nerve fascicles according to the severity of 
injury [95,98]. Rbia et al. [99] reported that the best cut-off value 
of the sural nerve cross-sectional area was 8.3 mm2 to diagnose 
sural neuropathy after ankle surgery, with sensitivity and specificity 
of 57% and 92%, respectively. Other reported findings of nerve 
pathology are increased or decreased echogenicity, changes in 
fascicle morphology, and increased endoneurial/perineurial blood 
flow [99]. A comparison to the contralateral side and provocation of 
the symptom by applying local pressure to the pathologic site by the 
US transducer can increase the diagnostic confidence [95].

Deep and Vague Pain

Calcaneal Stress Fracture
The calcaneus is one of the most common locations of stress 
fractures in the foot, second only to the metatarsals [3]. Although 
US is not routinely used as the first-line imaging modality in the 
diagnosis of bone disorders, a US examination can lead to suspicion 
of calcaneal stress fracture (Fig. 17). US findings that warrant 
suspicion of a stress fracture are irregularity of the calcaneal cortex 
with an adjacent hypoechoic line, which represents edema and 
thickening of the periosteum, and increased vascularity on color 
Doppler imaging [26,100]. The cortical discontinuity is not always 
visible even in the presence of a fracture, because the calcaneal 
stress fracture may only involve the internal trabecular bone, not 
affecting the outer cortex of the calcaneus [100].

Conclusion

To use US as a problem-solving tool to evaluate heel pain, 
radiologists should communicate with patients about the detailed 
location and characteristics of the pain and should correlate that 
information with the US findings. Moreover, knowing what to look 
for and being familiar with pathologic US findings in patients who 
have typical symptoms will help radiologists to perform accurate and 
effective US examinations.
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Supplementary Materials
Video clip 1. A 62-year-old woman with plantar fasciitis and Baxter 
neuropathy. Short-axis view of the plantar foot scanning from the 
proximal to distal direction is shown. Diffuse hyperechoic changes of 

Fig. 17. A 46-year-old woman with calcaneal stress fracture. 
A. Long-axis view of the calcaneal tuberosity at the posterior heel reveals cortical step-off (black arrow) with a small fracture fragment (white 
arrowhead). Note the small amount of effusion present in the retrocalcaneal bursa (asterisk). B. Lateral ankle X-ray taken after 3 weeks 
demonstrated a radio-opaque fracture line (black arrows) at the calcaneal tuberosity, which was not visible on an initial X-ray (not shown in 
the figure). A, Achilles tendon.
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the abductor digiti minimi muscle were apparent when compared to 
the normal flexor digitorum brevis muscle (https://doi.org/10.14366/
usg.21069.v001). 

Video clip 2. A 75-year-old man with a nearly complete tear of the 
tibialis posterior tendon. Short-axis view of the tibialis posterior 
tendon scanning from the proximal to distal direction is shown. 
The proximal tendon is enlarged with a proximally retracted stump, 
followed by a nearly complete discontinuity of the tendon at the 
retromalleolar level. The residual stump at the distal tendon shows 
diffuse enlargement and hypoechoic changes, suggesting severe 
tendinopathy. Note the type 2 accessory navicular at the distal 
tendon attachment site. TP, tibialis posterior; FDL, flexor digitorum 
longus; Acc. Nav., accessory navicular (https://doi.org/10.14366/
usg.21069.v002).

Video clip 3. A 12-year-old girl with bilateral flexor hallucis longus 
tendinopathy and tenosynovitis with snapping. Long-axis view of the 
flexor hallucis longus tendon shows severe thickening and decreased 
echogenicity of the tendon with diffuse synovial hypertrophy in the 
tendon sheath. Visible and audible snapping of the tendon was 
observed during flexion and extension of the great toe (https://doi.
org/10.14366/usg.21069.v003).

Video clip 4. A 60-year-old woman with surgically confirmed 
intraneural ganglion cyst at the tarsal tunnel. Short-axis view of 
the right-side tarsal tunnel scanning from the proximal to distal 
direction is shown. A well-defined lobulated anechoic cystic mass 
is located inside of the tarsal tunnel, anterior to the posterior tibial 
vessels, and superficial to the flexor hallucis longus tendon (https://
doi.org/10.14366/usg.21069.v004). 

Video clip 5. A 76-year-old woman with peroneal tendinopathy and 
split tear of the peroneus brevis. Short-axis view of the peroneal 
tendons scanning from the proximal to distal direction is shown. 
Ultrasonography at the retromalleolar level shows enlarged peroneal 
tendons with a localized longitudinal split tear at the peroneus 
brevis tendon, which is pushed anteriorly by the peroneus longus 
tendon toward the lateral malleolus (https://doi.org/10.14366/
usg.21069.v005).

Video clip 6. A 27-year-old man with peroneal tendon intrasheath 
subluxation. Short-axis view of the peroneal tendons scanning 
obliquely from the lateral malleolus to the calcaneus, perpendicular 
to the peroneal tendons is shown. Ultrasonography shows the 
peroneus brevis and peroneus longus tendons switching their 
positions with ankle dorsiflexion and eversion (https://doi.

org/10.14366/usg.21069.v006).
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