Foot and Ankle
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The foot and ankle function together in an extremely complex
network of structures, each of which can be affected by injury.
Multiplanar movement is achieved by interactions between
the ankle, hindfoot, midfoot, and forefoot. Stability is pro-
vided primarily by the medial (deltoid) and lateral ligaments.
The mobility and repetitive stress on the foot and ankle make
them susceptible to injury. The bones and their cartilaginous
articulations are subject to degeneration, fracture, and inflam-
mation. The muscles, tendons, and ligaments can suffer from
acute or chronic tearing or overuse. Peripheral neuropathy
and vascular disease can lead to injury and impair healing.

The clinical utility and superiority of ultrasound guidance
for technical accuracy when performing injections in the foot
and ankle has been well reported and will be cited through-
out the chapter. Given the high density of structures in this
region, accuracy is key in ensuring diagnostic and therapeu-
tic efficacy. More importantly, the ability to visualize the
neurovascular structures and bony landmarks allows for
increased patient safety and comfort.

Tibiotalar (“Ankle”) Joint

The tibiotalar joint is a diarthrodial joint comprised of the
talus inferiorly, the distal tibia superiorly and medially, and
the distal fibula laterally. The medial and lateral malleoli
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articulate with the chondral surface of the talus on their
respective sides. A capsular joint ligament surrounds the
ankle and is strengthened by the medial and lateral ligament
complexes. Although sprains and other soft tissue injuries to
the surrounding structures of the joint are common, arthritis
is the primary source of intra-articular pain. An anterior
approach with the ankle in plantar flexion is preferred due to
optimal visualization of effusions and needle access for aspi-
ration and injection [1-3]. Ultrasound can detect as little as
2 mL of fluid in the tibiotalar joint; up to 3 mL can be con-
sidered normal (Table 7.1) [6, 7].

Scanning Techniques and Anatomy to Identify

Scan the anterior aspect of the joint in the sagittal plane to
visualize the anterior recess. Identify the distal tibia, the talar
head, and the talar dome in between them with its thin
anechoic cartilage. The joint capsule extends as a hyper-
echoic line between the distal tibia and the talar head.
Immediately deep to the capsule is the intra-articular fat pad,
which is triangular shaped, like a wide arrowhead pointing
posteroinferiorly into the joint space. Sweep medially and
laterally to visualize the surface of the talar dome, exploring
for effusion or osteochondral defects. Rotate the transducer
90° to the axial plane. Position it slightly inferior to the distal
tibia, and identify the tendons of the tibialis anterior, exten-
sor hallucis longus, and extensor digitorum longus muscles.
Identify and avoid the anterior tibial artery and deep fibular
nerve (Fig. 7.1).

Table 7.1 Accuracy of tibiotalar joint injections

Study — tibiotalar joint injection Author Accuracy (%)
Wisniewski et al. [4] 88
Kirk et al. [5] 100

Palpation
Ultrasound guided
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Fig. 7.1 (a) Sagittal view of tibiotalar joint. (b) Orange indicates tibi-
alis anterior tendon. Arrowhead indicates hyaline cartilage. Arrows
indicate fluid within tibialis anterior tendon sheath. Asterisk indicates
joint space. F fat pad. Tibia and talus labeled. (¢) Axial view of tibiota-

Injection Technique: In-Plane Sagittal Anterior
Approach [2, 8]

Patient positioning: Lay the patient supine, knee flexed with
foot flat. Alternatively, the ankle can rest off the end of the
table with the foot passively plantar flexed.

Probe positioning: Position the transducer so that the cen-
ter of the screen is in between the extensor hallucis longus
and tibialis anterior, and then rotate back to the sagittal plane
for the injection (Fig. 7.2a).

Markings: Identify the dorsalis pedis artery, deep fibular
nerve, tibialis anterior tendon, and extensor hallucis longus
tendon.

Needle position: Enter in-plane and maintain a rela-
tively steep angle to avoid scraping the talar dome, which
can sometimes appear contiguous with an overlying
effusion.

Safety considerations: Avoid the dorsalis pedis artery,
deep fibular nerve, tibialis anterior tendon, and extensor hal-
lucis longus tendon.

Pearls:

e There should be minimal resistance during injection.

lar joint. (d) Orange indicates tibialis anterior muscle. Purple indicates
extensor hallucis longus muscle. Yellow indicates deep peroneal nerve.
Arrow with stop indicates the anterior tibial artery. Magenta indicates
extensor digitorum longus muscle

e Superior migration of the overlying fat pad further con-
firms intra-articular spread of injectate.

e If visualization is poor, gel standoff can be used.
Equipment needed:

e Medium-frequency linear array transducer (8—12 MHz)

e 22-25G 1.5" needle

e 0.5-1.0 mL of steroid preparation

¢ 1-3 mL local anesthetic

Subtalar Joint (Talocalcaneal Articulation)

The subtalar joint is comprised of three articulations between
the talus and the calcaneus. The anterior facet is located
above the anteromedial corner of the calcaneus, the middle
facet is located medially, and the posterior facet is located
posteriorly. The anterior and middle facets are contiguous
and together comprise the anterior subtalar articulation
[9, 10]. The current literature only focuses on the posterior
articulation, perhaps because it is the largest of the three and
presumably bears the majority of the weight across the joint.
In one study blind injection using an anterolateral approach
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resulted in a 27 % rate of extravasation into the surrounding
structures in an unpredictable distribution [9]. The postero-
lateral approach was found to be superior (91.2 % vs. 67.6 %)
[10]. A study comparing ultrasound-guided anterolateral,
posterolateral, and posteromedial approaches resulted in
100 % accuracy for all three methods, with rates of extrav-
asation 25, 25, and 8.3 %, respectively [11]. Furthermore,
using dynamic ultrasound may allow a smoother needle tra-
jectory, minimizing contact with surrounding structures [12].
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Fig. 7.2 (a) Example of sagittal probe position over anterior tibiotalar
joint with in-plane needle position. (b) Sagittal view tibiotalar joint.
Arrow indicates needle trajectory. Asterisk indicates effusion. Tibia and
talus labeled
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Scanning Techniques and Anatomy to Identify

The posteromedial approach has been shown to have the
best accuracy (reference above). Position the patient side
lying with the medial aspect of the affected joint upwards
and a rolled towel beneath the lateral malleolus to place
the ankle in subtalar eversion. Place the transducer in the
coronal plane with the proximal end on the medial malleo-
lus and the distal end over the sustentaculum tali of the
calcaneus. Identify the middle subtalar facet, which
appears as an anechoic space between the sustentaculum
tali and the talus. Sweep the transducer posteriorly to
locate the anechoic medial aspect of the posterior subtalar
joint line (Fig. 7.3).

Injection Technique: Out-of-Plane Coronal
Posteromedial Approach

Patient positioning: Lay the patient on their side with the
medial aspect of the affected ankle facing upwards. A rolled-
up towel can be placed below the lateral malleolus to pro-
mote subtalar eversion.

Probe positioning: Place the probe in the coronal plane
just posterior to the sustentaculum tali and medial malleolus
(Fig. 7.4a).

Markings: Identify and avoid the tarsal tunnel.

Needle position: Insert the needle out-of-plane, anterior
to the transducer, and angle it posteriorly and laterally.

Safety considerations: Avoid the tibialis posterior, flexor
digitorum, and flexor hallucis longus tendons and the plantar
nerves and arteries.

Pearls:

e Subtalar alignment can vary based on the type of
pathology

* Gel standoff can be used to optimize trajectory
Equipment needed:

* High-frequency linear array transducer

Fig.7.3 (a) Coronal view of posterior subtalar joint. (b) Green deltoid ligament. Asterisk indicates subtalar joint. Talus and calcaneus labeled
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Calcaneus

Fig. 7.4 (a) Example of coronal probe position over posteromedial
subtalar joint with out-of-plane needle position. (b) Coronal view over
subtalar joint. Arrowhead indicates needle tip. Talus and calcaneus
labeled

e 22-25G 1.5" needle
* 0.5 mL of steroid preparation
e 1-3 mL local anesthetic

Medial (Deltoid) Ligament

Ankle sprains have been found to account for 15-40 % of all
athletic injuries [13-15]. The medial ligament is composed of
the posterior tibiotalar, tibiocalcaneal, tibionavicular, and ante-
rior talotibial ligaments. The complex is stronger, more stable,
and less commonly injured than the lateral ligaments. It is a
major contributor to ankle stability during weight bearing and is
the primary limiter of lateral talar shift and talar external rota-
tion. External rotation fractures at the lateral malleolus are asso-
ciated with medial ligament injuries. Local swelling, tenderness,
and ecchymosis have been shown to be unreliable in establish-
ing a diagnosis. MRI is useful for visualization of ligament
irregularity but is unable to demonstrate instability. A 2004
study found the most commonly used radiographic finding for
deltoid ligament rupture and medial ankle instability (the medial
clear space) to be unreliable [16]. In a prospective study of 12
patients with supination external rotation injuries, ultrasound
accurately diagnosed acute deltoid ligament rupture with a sen-
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sitivity and specificity of 100 % [8]. No current evidence sup-
ports the use of local injections for medial ligament injuries.
However, emerging studies seem promising for the eventual
development of an appropriate injectate.

Scanning Techniques and Anatomy to Identify

Position the patient in side-lying position with the medial
aspect of the affected joint facing upwards. Use a rolled-up
towel below the lateral malleolus to place the ankle in subta-
lar eversion. Maintain the proximal end of the transducer
over the medial malleolus and rotate the distal end to the
neck of the talus for the anterior tibiotalar ligament, the
navicular bone for the tibionavicular ligament, the susten-
taculum tali for the tibiocalcaneal ligament, and the posterior
process of the talus for the posterior tibiotalar ligament,
which sits deep to the tibialis posterior tendon (Fig. 7.5).

Injection Technique: In-Plane Coronal
Approach

Patient positioning: Lay the patient on their side with the
medial aspect of the affected ankle facing upwards. A rolled-
up towel can be placed below the lateral malleolus to pro-
mote subtalar eversion.

Probe positioning: Maintain the proximal end of the probe
over the medial malleolus while rotating the distal end to the
talar neck for the anterior tibiotalar ligament, the navicular
bone for the tibionavicular ligament, the sustentaculum tali
for the tibiocalcaneal ligament, and the posterior process of
the talus for the posterior tibiotalar ligament, which sits deep
to the tibialis posterior tendon (Fig. 7.6a).

Markings: Identify the tarsal tunnel and avoid inadvertent
puncture.

Needle position: Enter with a superficial trajectory, in-
plane with the probe.

Safety considerations: Avoid the posterior tibialis, flexor
digitorum, and flexor hallucis longus tendons, and the plan-
tar nerves and arteries.

Pearls:

e Manipulate the ankle to provide slack vs. tension to the
structures of interest while scanning.

e Placing tension on the ligament may help the “feel” of the
needle tip piercing its surface.

e Placing slack on the ligament may cause it to appear
thicker, resulting in better visualization.

Equipment needed:

* High-frequency linear array transducer
e 25G 1.5" needle

e 0.5 mL of injectate

e 1-3 mL local anesthetic
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Fig.7.5 (a) Coronal view of anterior tibiotalar ligament. (b) Green indicates tibiotalar component of deltoid ligament. Medial malleolus and talus
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Fig. 7.6 (a) Example of coronal probe position with gel standoff over
anterior tibiotalar ligament with in-plane needle position. (b) Coronal
view of anterior tibiotalar ligament. Arrow indicates needle trajectory.
Medial malleolus and talus labeled

Lateral Ligament Complex

The lateral ligament complex consists of the anterior talofibu-
lar ligament (ATFL), the calcaneofibular ligament (CFL), and
the posterior talofibular ligament (PTFL) [17, 18]. In one

study, point tenderness over the ATFL and CFL correlated
with ligament rupture 52 and 72 % of the time, respectively.
71 % of patients with a positive anterior drawer sign, 68 % of
patients with a positive talar tilt, 70 % of patients with >4 cm
of swelling under the lateral malleolus, and 91 % of patients
with such swelling in combination with point tenderness were
shown to have lateral ligamentous injury [19]. Ultrasound has
been shown to have the diagnostic accuracy of 95 % for ATFL
tears and 90 % for CFL tears (Table 7.2) [17, 18].

Scanning Techniques and Anatomy to Identify

Position the patient on their side with the lateral aspect of the
affected ankle facing upwards. Use a rolled-up towel under the
medial malleolus to place the ankle in subtalar inversion. For
the ATFL, passively plantar flex the ankle and place the proxi-
mal edge of the transducer over the anterior aspect of the lateral
malleolus, with the distal edge over the talus, reaching horizon-
tally towards the midfoot. Visualize the lateral malleolus, the
talus, and the ligament between them. For the CFL place the
ankle in neutral and position the proximal edge of the trans-
ducer over the lateral malleolus. Aim the distal edge inferiorly
and slightly posteriorly. Dorsiflexing the ankle may help visual-
ize the ligament by placing it in tension. Immediately superfi-
cial to the CFL at the level of the superior edge of the calcaneus,
the fibular tendons appear in cross section. The sural nerve runs
inferior to these tendons, at a similar depth (Fig. 7.7) [21].

Injection Techniques: In-Plane Axial Approach

Patient positioning: Lay the patient on their side with the lat-
eral aspect of the affected ankle facing upwards. A rolled-up
towel can be placed under the medial malleolus to promote
subtalar inversion. Place the ankle in plantar flexion for
ATFL and dorsiflexion for CFL.
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Table 7.2 Anatomy of lateral ligament complex
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Ligament [12,20]  ATFL CFL PTFL

Origin 1 cm proximal to the distal tip of the Distal tip of the fibula 10 mm proximal to the distal tip of the
fibula fibula

Insertion lateral talar neck Calcaneus Posterior talus

Size 6-10 mm wide x 10 mm long x 2 mm Cylindrical in shape, 20-25 mm
thick length x 6-8 mm diameter

Notes Weakest, most commonly injured Attachment point of the peroneal Strongest, least commonly injured

tendon sheath

Fig. 7.7 (a) Axial view of the ATFL. (b) Green indicates the ATFL. Asterisk indicates joint space. Fibula and talus labeled. (¢) Coronal oblique
view of the CFL. (d) Green indicates the calcaneofibular ligament. Fibula and calcaneus labeled

Probe positioning: Maintain the proximal edge over
lateral malleolus. Place the distal edge over the talus
in the axial plane for the ATFL (Fig. 7.8a). Place the
distal edge over the calcaneus in the coronal plane for the
CFL.

Markings: Identify and avoid the sural nerve.

Needle position: Enter the skin with a superficial trajec-
tory, in-plane with the probe.

Safety considerations: Avoid the sural nerve, peroneal
tendons, and lesser saphenous vein.

Pearls:

e Manipulate the ankle to provide slack vs. tension to the
structures of interest while scanning.

Placing tension on the ligament may help the “feel” of the
needle tip piercing its surface.

Placing slack on the ligament may cause it to appear
thicker, resulting in better visualization.

The ATFL is contiguous with the ankle joint capsule and
can appear as a discrete capsular thickening.

The CFL is the only extra-articular ligament within the
lateral complex.

Equipment needed:

High-frequency linear array transducer

25G 1.5" needle

0.5 mL of steroid preparation

1-3 mL local anesthetic



7 Footand Ankle

Fig. 7.8 (a) Example of axial probe position over ATFL with in-plane
needle approach. (b) Axial view of ATFL with arrow indicating needle
trajectory. Fibula and talus labeled

Retrocalcaneal Bursa

The retrocalcaneal bursa is located immediately superior and
deep to the distal insertion of the Achilles tendon on the pos-
terior calcaneus. Ultrasound has been shown to accurately
visualize the bursa and guide targeted intervention [20]. One
study suggests that merely visualizing the bursa on ultra-
sound suggests pathology [22]. An anterior to posterior
diameter greater than 2.5 mm is generally considered abnor-
mal [15]. The Achilles (retro-Achilles/subcutaneous calca-
neal) bursa is larger and located superficial to the Achilles
tendon at the same level. Any evidence of fluid here on ultra-
sound is pathologic.

Scanning Techniques and Anatomy to Identify

Position the patient prone with the ankle and foot hanging
off the table edge. Place the transducer in the longitudinal
plane directly over the Achilles tendon. Visualize the
Achilles tendon, its calcaneal insertion, and Kager’s fat pad,
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Fig. 7.9 (a) Sagittal view of Achilles tendon and retrocalcaneal bursa.
(b) Orange indicates Achilles tendon. Arrow indicates retrocalcaneal
bursitis. Kager’s fat pad and calcaneus labeled

which is deep to the tendon immediately proximal to its
insertion. The retrocalcaneal bursa sits in between these
three structures and is not always visible. Rotate the trans-
ducer 90° into the axial plane and identify the aforemen-
tioned structures [23]. The fat pad should not be visible
since it is directly superior to this viewing level, above the
bursa. Moving the transducer superiorly and inferiorly will
bring the fat pad and calcaneus into view, respectively
(Fig. 7.9).

Injection Technique: In-Plane Axial Approach

Patient positioning: Lay the patient prone with the foot hang-
ing off the table edge.

Probe positioning: Place the probe in the sagittal plane
directly midline over the Achilles tendon at its calcaneal
attachment. Center the bursa on the screen in the sagittal
plane, then rotate into the axial plane. Use Doppler to identify
any surrounding blood vessels and use a medial or lateral
approach accordingly (Fig. 7.10a).

Markings:

Needle position: Enter the skin in-plane with the
transducer from the medial or lateral side.
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Calcaneus

Fig. 7.10 (a) Example of axial probe position over retrocalcaneal bursa
with in-plane needle position. (b) Arrow indicates needle trajectory into
retrocalcaneal bursitis. Cross section of Achilles labeled. Calcaneus labeled

Safety considerations: Avoid the sural nerve and any
obvious vessels with the lateral approach.
Pearls:
* Doppler can also be used to confirm hyperemia within the
bursa.
Equipment needed:
* High-frequency linear array transducer
e 25G 1.5" needle
e 0.5 mL of steroid preparation
e 1-3 mL local anesthetic

Table 7.3 Accuracy of achilles tendon injections

Author Accuracy (%)
Reach et al. [2] 100

Study — Achilles tendon injection
Ultrasound guided (unblinded)

Achilles Tendon/Paratenon

Ultrasound is useful in identifying small tears, partial
ruptures, retrocalcaneal bursitis, and chronic tendinosis
[24-26]. Corticosteroid injection is generally not recom-
mended due to the risk of rupture; however, in the set-
ting of acute and/or chronic inflammation, corticosteroid
injection to the surrounding paratenon sheath can alleviate
symptoms. If symptoms become chronic, dry needling and
injection of reparative substances are potential interven-
tions (Table 7.3) [27].

Scanning Techniques and Anatomy to Identify

Position the patient prone with the foot hanging off the end
of the examination table. A pillow under the distal tibia can
be used for comfort. Scan both views of the tendon from
the myotendinous junction to the calcaneus. In the trans-
verse plane, scan on both sides of the tendon to visualize
the paratenon envelope or peritendinous sheath [1, 8].
Passive plantar/dorsiflexion may improve visualization of
the tendon [28]. Look for the retro-Achilles and retrocalca-
neal bursae. Power Doppler settings may be utilized to
visualize neovascularization and inflammation [1].
Tendinosis appears as areas of hypoechogenicity with
intact fibrillar structure. Thickening of the tendon or a rela-
tively diffuse convex shape at the attachment of the tendon
is abnormal [29, 30]. Generally, the injection approach is
medial to avoid injuring the sural nerve [31-33].
Alternatively, inject the paratenon at the midportion level
(2—6 cm proximal to the Achilles tendon insertion into the
calcaneus) (Fig. 7.11) [34].

Injection Technique: In-Plane Sagittal
Approach

Patient positioning: Lay the patient prone with foot resting
off the end of the table.

Probe positioning: Place the probe in the sagittal plane for
initial visualization and scan proximally and distally, looking
for focal thickening and/or fluid (Fig. 7.12a). The probe can
also be rotated 90° to the axial plane for an in-plane axial
approach.

Markings:

Needle position: Enter in-plane, from proximal to distal
or distal to proximal, and maintain a shallow trajectory.
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Fig. 7.11 (a) Sagittal view of Achilles tendon. (b) Orange indicates Achilles tendon, Kager’s fat pad and calcaneus labeled. (¢) Axial view of
Achilles tendinosis. (d) Axial view of Achilles tendon (e) Orange indicates Achilles tendon. Kager’s fat pad and calcaneus labeled

Safety considerations: Approach from medial to lateral to
avoid damage to the sural nerve.
Pearls:

e Accurately measuring the depth of the target on the screen
is important to maintain the trajectory parallel to the
transducer.

e Ankle dorsiflexion stretches the Achilles tendon and may
reduce anisotropy [30].

* Power Doppler may also be used to see areas of increased
vascularity, representing inflammation [2, 35].
Equipment needed:

e High-frequency linear array transducer

e 25G 1.5" needle

* 0.5 mL of steroid preparation

e 1-3 mL local anesthetic

Midtarsal Joint (Transverse Tarsal Joint)

The midtarsal or transverse tarsal joint, also known as the
Chopart joint, is comprised of articulations between the talona-
vicular and calcaneocuboid joints. Ligaments that help to stabi-
lize this joint are the dorsal talonavicular, dorsal and plantar
calcaneocuboids, spring, and bifurcate ligaments. The spring
ligament attaches from the sustentaculum tali of the calcaneus
and attaches to the medial and plantar border of the navicular
bone, providing strong plantar support for the talar head along
with the short and long plantar ligaments (plantar calcaneocu-
boids and calcaneocuboid metatarsal ligaments, respectively),
as well as maintaining the longitudinal arch of the foot [5].
Although injuries to the midtarsal joints are rare with the
incidence estimated to be at 3.6 per 1,000,000 year, up to
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Fig.7.12 (a) Example of sagittal probe position with gel standoff over
Achilles tendon with in-plane needle position. (b) Example of in-plane
injection with arrowhead in tendon sheath. Arrow indicates needle. Gel
shows standoff positioning. Bracket indicates needle reverberation.

41 % of these cases are misdiagnosed, possibly secondary
to poor imaging choices [36]. In the detection of midfoot
fractures, standard dorsoplantar and oblique radiographic
views are reported to have low sensitivities ranging any-
where from 25 to 33 % [37]. In regard to tendinous injuries,
insufficiency of the spring ligament is associated with
increased risk for development of pes planus and dysfunc-
tion of the posterior tibial tendon [38]. Osteoarthritis of the
midfoot may occur as a result of aging, trauma, and/or
misalignment.

Scanning Techniques and Anatomy to Identify

Place the patient supine with the ipsilateral knee bent so that
the foot is resting comfortably on the table. Use the medial
and lateral malleoli as starting points for the proximal end of
the transducer, and place the distal end sagittal, towards the
midfoot. For the talonavicular joint, start at the medial mal-
leolus and slide the transducer anteriorly while identifying
the talus, then the navicular bone. For the calcaneocuboid
joint, start at the lateral malleolus and slide the transducer
anteriorly while identifying the talus, then calcaneus, then
cuboid bone (Fig. 7.13).

K.Vadada et al.

Calcaneus

Calcaneus

Calcaneus labeled. (¢) Black arrowhead indicates steroid flash within in
sheath superficial to the Achilles tendon. White arrowhead indicates
needle tip. Arrow indicates needle. Bracket indicates needle reverbera-
tion. Calcaneus labeled

Injection Technique: In-Plane Axial Approach

Patient positioning: Lay the patient supine with the knee bent
and the foot resting comfortably on the table.

Probe positioning: For the talonavicular joint, start with
proximal tip over the medial malleolus and the distal tip
extending towards the midfoot. Slide distally while identify-
ing the talus, and then the navicular bone. For the calcaneo-
cuboid joint, start with proximal tip over the lateral malleolus
and the distal tip extending towards the midfoot. Slide dis-
tally while identifying the talus, then calcaneus, then cuboid
bone (Fig. 7.14a). Center the joints on the screen and build
up adequate gel standoff.

Markings: None.

Needle position: Enter the skin in-plane with the probe,
using gel standoff to optimize the trajectory (proximal to dis-
tal for the talonavicular joint and distal to proximal for the
calcaneocuboid joint).

Safety considerations: Avoid the dorsalis pedis artery by
using power Doppler to plan the needle entry point.

Pearls:

e The angle of needle entry must be fairly steep to steer
clear of the medial and lateral malleoli. Improve the angle
by performing the injection distal to proximal.
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Fig.7.13 (a) Axial view of talonavicular joint. (b) Asterisk indicates joint space. Talus and navicular labeled. (¢) Axial view of calcaneocuboid
joint. (d) Asterisk indicates joint space. Calcaneus and cuboid labeled
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Navicular

Cuboid

Fig. 7.14 (a) Example of axial probe position with gel standoff over  labeled. (¢) Example of axial probe position over calcaneocuboid joint
talonavicular joint with in-plane needle position. (b) Arrow indicates ~ with in-plane needle position. (d) Arrow indicates needle trajectory into
needle trajectory into the talonavicular joint. Talus and navicular the calcaneocuboid joint. Calcaneus and cuboid labeled
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Equipment needed:
e High-frequency linear array transducer
e 25G 1.5" needle
* 0.5 mL of steroid preparation
e 1-3 mL local anesthetic

Morton’s Neuroma

Morton’s neuroma (interdigital neuroma) is a common cause
of forefoot pain and paresthesia, especially in women. It is a
nonneoplastic enlargement of the common plantar digital nerve
due to trauma, nerve entrapment, endoneurium edema, axonal
degeneration, and/or vascular proliferation [30, 39]. The most
common site for a Morton’s neuroma is the 3rd web space, fol-
lowed by the 2nd. Mulder’s sign, where the examiner places
medial and lateral stress compressing the metatarsal heads, dis-
placing a neuroma in the plantar direction, may elicit a palpable
click or pain. Ultrasound is both sensitive and specific, diag-
nosing Morton’s neuroma with 95-98 % accuracy [40, 41].

Scanning Techniques and Anatomy to Identify

Place the patient supine with the leg straight and the foot lying
comfortably. Position the transducer in the coronal plane,
transverse to the metatarsal heads. The neuroma appears as a
hypoechoic mass, replacing the normal hyperechoic fat found

Fig. 7.15 (a) Coronal view of Morton’s neuroma. (b) Black arrow
indicates location of digital nerve. White arrow with stop indicates vas-
culature. MH metatarsal heads

K.Vadada et al.

in the interdigital web space. Masses greater than 5 mm are
more likely to be symptomatic [40]. In the sagittal plane, iden-
tification of the common plantar digital nerve leading into the
neuroma and non-compressibility of the mass both support the
diagnosis of neuroma, rather than bursitis (Fig. 7.15) [30].

Injection Technique: Out-of-Plane Coronal
Approach

Patient positioning: Lay the patient supine with the knee
flexed and the foot resting flat on the table.

Probe positioning: Place the probe transversely over the
MTP joints. Visualize the neuroma in between the symptom-
atic MTP joints, and center it on the screen (Fig. 7.16a).

Markings: Identify small arteries.

Needle position: Enter the skin out-of-plane, advancing
the needle posteriorly and inferiorly.

Fig.7.16 (a) Example of coronal probe position over metatarsal heads
with out-of-plane needle position. (b) Example of out-of-plane injec-
tion. Arrowhead indicates needle tip, MH metatarsal heads
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Safety considerations: Advancing too deep can result in
perforation of the sole of the foot.
Pearls:

e Power Doppler may be useful in differentiating between
symptomatic and noninflamed interdigital neuromas [2].
Equipment needed:

e Medium-frequency linear array transducer (8§—12 MHz)

e 22-25G 1.5" needle

e 0.5 mL of steroid preparation

e 1-3 mL local anesthetic

e 3 mL alcohol or phenol

First Metatarsophalangeal Joint (MTP)

The first metatarsophalangeal (MTP) joint is a common site
for forefoot pain. Differential includes gout, osteoarthritis,
rheumatoid arthritis (RA), fracture, infection, turf toe, pso-
riatic arthritis, sesamoiditis, and EHL tendon rupture. Initial
treatment includes orthotics with 1st MTP immobilization,

Table 7.4 Accuracy of first metatarsophalangeal joint (MTP)
injections

Study — 1st MTP injection Author Accuracy (%)
Ultrasound guided (unblinded) Reach et al. [2] 100
Ultrasound guided (unblinded) Wempe et al. [42] 100

Proximal
Phalanx

Fig.7.17 (a) Sagittal gel standott view over MTP joint. (b) Teal indicates
gel. Asterisk indicates joint space. Metatarsal and proximal phalanx labeled
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rest, ice, compression, elevation (RICE), and activity modi-
fication. When pain persists, intra-articular injection of cor-
ticosteroid or hyaluronic acid may provide benefit
(Table 7.4) [30, 43].

Scanning Technique and Anatomy to Identify

Begin by placing the transducer in the sagittal plane over the
EHL tendon. Identify the distal phalanx, proximal phalanx,
and 1st metatarsal. Slide the probe medially off of the ten-
don, and apply light traction and flexion to the toe, further
opening up the joint space (Fig. 7.17).

Injection Technique: In-Plane Sagittal Approach

Patient positioning: Place the patient supine with knee flexed.
Position the foot so that the forefoot is hanging off the edge,
to facilitate manual traction.

Probe positioning: Place the probe in the sagittal plane,
just medial to the EHL tendon (Fig. 7.18a).

Fig.7.18 (a) Example of sagittal probe position with gel standoff over
first MTP joint with in-plane needle position. (b) Sagittal gel standoff
view of first MTP with arrowhead indicating entry into joint. Arrow
indicates needle. Bracket indicates needle reverberation. PP proximal
phalanx. Metatarsal and gel labeled
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Markings: None.

Needle position: Enter the skin in-plane with the trans-
ducer, advancing distal to proximal. Maintain a superficial
trajectory and use gel standoff for better access.

Safety considerations: Avoid the EHL tendon.

Pearls:

* Applying axial traction may assist in opening up the joint.

e If gout is suspected, consider aspiration and lab work.

* Use a gel standoff to keep the needle parallel to the trans-
ducer and facilitate joint entry.

Equipment needed:

* High-frequency linear array transducer
e 25G 1.5" needle

e 0.5 mL of steroid preparation

e 1-3 mL local anesthetic

Peroneal (Fibular) Tendon Sheath
The peroneus longus runs from the proximal fibula to the
base of the first metatarsal and the peroneus brevis from the

distal lateral fibula to the fifth metatarsal. Together, they dor-

Table 7.5 Accuracy of peroneal tendon sheath injection

Study — peroneal tendon

sheath injection Author Accuracy (%)
Palpation Muir et al. [46] 60
Ultrasound guided Muir et al. [46] 100

Fig. 7.19 (a) Short-axis view of peroneal tendons. (b) Orange indi-
cates peroneusa brevis. Asterisk indicates tenosynovitis. Purple indi-
cates peroneus longus. Lateral malleolus labeled. (¢) Longitudinal view

K.Vadada et al.

siflex (peroneus longus) and evert (peroneus brevis) the foot
at the ankle. Injury to the tendons from repetitive eversion,
trauma, or sudden dorsiflexion of the foot can lead to tenosy-
novitis, subluxation/dislocation, rupture, or chronic tendi-
nopathy. Diagnosis is largely clinical but ultrasound is a
useful and expedient alternative to MRI when imaging is
indicated [44, 45]. Treatment begins with rest, immobiliza-
tion, physical therapy, and anti-inflammatory medications.
Persistent cases can be treated with injection therapy and
surgery. Corticosteroid injections have proven to be useful
but must be carefully performed given the close proximity to
the sural nerve (Table 7.5) [45, 46].

Scanning Techniques and Anatomy to Identify

Lay the patient on their side with the lateral aspect of the
affected ankle facing up. A rolled-up towel can be placed
under the medial malleolus for comfort. Locate the lateral
malleolus and position the transducer in the axial plane pos-
terior to the fibula in the retromalleolar groove, approxi-
mately 3—4 cm proximal to the fibular tip. Starting superiorly,
the peroneus brevis’ muscle belly and tendon will be seen
first. More inferiorly, approaching the fibular tip, the pero-
neus longus tendons may be identified [30, 47]. Follow the
tendons in cross section along their course, wrapping around
the malleolus. Visualize them just inferior and anterior to the
medial malleolus in preparation for injection (Fig. 7.19).

Lateral
Malleolus

of the peroneus brevis tendon. (d) Orange indicates peroneus brevis
tendon. Arrows indicate tenosynovitis. Lateral malleolus labeled
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Lateral Malleolus

Fig. 7.20 (a) Example of short-axis probe position over peroneal ten-
dons with out-of-plane needle position. (b) Example of out-of-plane
injection. Arrowhead indicates needle tip. Lateral malleolus labeled

Injection Technique: Out-of-Plane Short-Axis
Approach

Patient positioning: Lay the patient in on their side with the

lateral aspect of the affected ankle facing up.

Probe positioning: The probe is placed inferior and ante-
rior to the lateral malleolus, short axis to the tendons
(Fig. 7.20a).

Markings:

Needle position: Enter the skin out-of-plane to the probe
from either side of it, and advance to the tendon sheath.

Safety considerations: Look for and avoid the sural nerve,
although it is not easily visualized.

Pearls:

* To assess for dynamic instability, place the transducer in
the axial plane posterior to the distal fibula, and have the
patient actively dorsiflex and evert the ankle [30].
Equipment needed:

¢ Medium-frequency linear array transducer (8—12 MHz)

e 25G 1.5" needle

e 0.5 mL of steroid preparation

e 1-3 mL local anesthetic
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Lateral Malleolus

Fig. 7.21 (a) Example of longitudinal probe position over peroneal
tendons with in-plane needle position. (b) Example of in-plane injec-
tion. White arrowhead indicates needle tip. White arrow indicates nee-
dle. Bracket indicates needle reverberation. Black arrow indicates fluid
within tendon sheath. Lateral malleolus labeled

Injection Technique: In-Plane Longitudinal
Approach

Patient positioning: Lay the patient in on their side with the
lateral aspect of the affected ankle facing up.

Probe positioning: The probe is placed inferior and ante-
rior to the lateral malleolus longitudinal to the peroneal ten-
dons (Fig. 7.21a).
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Markings:

Needle position: Enter the skin in-plane to the probe from
either side of it and advance to the tendon sheath.

Safety considerations: Look for and avoid the sural nerve,
although it is not easily visualized.

Pearls:

e To assess for dynamic instability, place the transducer in
the axial plane posterior to the distal fibula, and have the
patient actively dorsiflex and evert the ankle [30].
Equipment needed:

e Medium-frequency linear array transducer (8—12 MHz)

* 25G 1.5" needle

e 0.5 mL of steroid preparation

e 1-3 mL local anesthetic

Plantar Fascia (Aponeurosis)

The plantar fascia arises proximally from the medial tuberosity
of the calcaneus and attaches distally at the metatarsal heads of
the proximal phalanges of the toes. It provides supports for the
foot arch and acts as a shock absorber during weight-bearing
activities. A 2003 Cochrane review by Crawford and Thomson
described the condition as self-limiting, often resolving within
a year’s time regardless of treatment type [48]. According to
another study by Tsai et al., 80-90 % of those affected respond
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to conservative treatment [49]. Patients who fail conservative
measures may benefit from corticosteroid injections, PRP, or
dry needling techniques. However, repeated steroid injections
to this area can result in plantar fat pad atrophy or spontaneous
plantar fascia rupture [26, 49, 50]. Palpation-guided injections
are reported to have anywhere from 31 to 35 % treatment suc-
cess rate [35]. Ultrasound guidance can decrease the risk of
complication by guiding the needle along the plantar margin of
the fascia and avoiding fat pad injection. In addition, response
to injection therapy can be monitored by serial measurements
of the plantar fascia [30].

Scanning Techniques and Anatomy to Identify

Lay the patient prone with their feet hanging off the table or at
the end of the examination table with a pillow underneath. Place
the transducer in the sagittal plane over the plantar aspect of foot
at the level of the calcaneal insertion. Here, the width of the
fascia may be measured along its whole course, noting areas of
thickening. Normal plantar fascia appears echogenic and stri-
ated. Hypoechoic thickening (>4 mm) is an abnormal finding
that is often seen at the proximal attachment of the fascia on the
calcaneus [30, 33]. With the proximal attachment centered on
the screen, rotate the probe 90° to visualize the attachment site
in the coronal plane in preparation for injection (Fig. 7.22).

32 Hz

100 %
,_ XBeam On
1= BStr +Off

Fig.7.22 (a) Sagittal view of plantar fascia. (b) Green indicates plantar fascia. Fat pad and calcaneus labeled. (¢) Coronal view of plantar fascia.

(d) Green indicates plantar fascia. Fat pad and calcaneus labeled
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Calcaneus

Fig. 7.23 (a) Example of coronal probe position over plantar fascia
with in-plane needle position. (b) Example of in-plane injection.
Arrowhead indicates needle tip. Arrow indicates needle. Bracket indi-
cates needle reverberation. Calcaneus labeled

Injection Technique: In-Plane Axial Approach

Patient positioning: Lay the patient prone with the feet hang-
ing over the edge of the table.

Probe positioning: Place the transducer longitudinally
over the plantar aspect of foot at the level of the calcaneal
insertion. Rotate the probe 90° to visualize the calcaneal
attachment in the coronal plane (Fig. 7.23a).

Markings: None.

Needle position: Enter the skin from either the medial or
lateral heel, in-plane with the transducer, and guide it to the
plantar fascia. Switch to the sagittal plane to visualize the
needle out-of-plane, and help guide it to areas of calcifica-
tion, hypoechogenicity, or thickening. This can be facilitated
with a “K” turn, retracting the needle and rotating radially to
increase needle coverage without rebreaking skin.

Safety considerations: Avoid injecting the fat pad. When
injecting within the fascia, use minimal volume to decrease
the risk of rupture.

Pearls:

e With dynamic scanning, active ankle dorsiflexion may
help to better visualize the plantar fascia margins.
Equipment needed:

¢ High-frequency linear array transducer

e 25G 1.5" needle

e 0.5-1.0 mL of steroid preparation

e 1-3 mL local anesthetic

Tarsal Tunnel Syndrome

The tarsal tunnel is formed by the groove between the poste-
rior calcaneus and medial malleolus. It wraps around the
inferior malleolus, following the course of its overlying
flexor retinaculum. It contains the tendons of the tibialis pos-
terior, flexor digitorum longus, flexor hallucis longus, and
the posterior tibial nerve, artery, and vein. Within the tunnel
the posterior tibial nerve bifurcates into the medial and lat-
eral plantar nerves, although this can occur proximal to the
tunnel in 5 % of cases [43]. Before the bifurcation, also
within the tunnel, the medial calcaneal nerve branches off
from the posterior tibial nerve; however, it has been shown to
arise from the lateral plantar nerve 25 % of the time [43].
It has also been shown to branch off earlier and bypass the
tarsal tunnel superficial to the flexor retinaculum [30].
Ultrasound can be helpful in detecting soft tissue and osse-
ous abnormalities within the tarsal tunnel [51] and is very
useful in guiding injections to this crowded region.

Scanning Techniques and Anatomy to Identify

Position the patient on their side with the medial aspect of
the affected ankle facing up. Place the probe in the axial
plane just superior and posterior to the medial malleolus.
From anterior to posterior, identify the tibialis posterior ten-
don; flexor digitorum tendon; posterior tibial artery, vein,
and nerve; and lastly the flexor hallucis longus [34]. The
overlying flexor retinaculum should appear hyperechoic and
fibrillar. Slide the probe inferiorly and anteriorly following
the course of the tunnel while rotating it accordingly to
maintain cross-sectional views. Look for the bifurcation into



K.Vadada et al.

Fig.7.24 (a) Axial view of tarsal tunnel with Doppler utilization. (b) Orange indicates tibialis posterior tendon. Purple indicates flexor digitorum
longus. Arrow with stop indicates tibial artery adjacent to veins. Yellow indicates tibial nerve. FHL flexor hallucis longus

the plantar nerves, as well as the emergence of the medial
calcaneal nerve. Find the level prior to the bifurcation where
the flexor retinaculum is clearly visible, which generally
occurs towards the proximal end of the tunnel. Use power
Doppler to monitor the vascular distribution in preparation
for injection (Fig. 7.24).

Injection Technique: Out-of-Plane Axial
Approach

Patient positioning: Lay the patient in the lateral decubitus
position with the medial aspect of the ankle facing upwards.

Probe positioning: Place the probe in the axial plane just
superior and posterior to the medial malleolus. Slide the
probe distally until the flexor retinaculum is clear. Try to stay
proximal to the bifurcation of the posterior tibial nerve
(Fig. 7.25a).

Markings:

Needle position: Enter the skin out-of-plane with the
probe, from either proximal to distal or distal to proximal.
Use power Doppler to plan the trajectory towards the nerve
while avoiding the vascular structures.

Safety considerations: Avoid the posterior tibial artery
and vein.

Pearls:

* Hydrodissection around the nerve is recommended to
loosen any adhesions that may be present.

Equipment needed:

* High-frequency linear array transducer
* 25G 1.5" needle

* 0.5 mL of steroid preparation

e 1-3 mL local anesthetic

Injection Technique: In-Plane Axial Approach

Patient positioning: Lay the patient in the lateral decubitus
position with the medial aspect of the ankle facing upwards.

/T

Fig. 7.25 (a) Example of axial probe position over tarsal tunnel with
out-of-plane needle position. (b) Example of out-of-plane injection.
Arrowhead indicates needle tip. Arrow with stop indicates tibial artery.
Tibia labeled

Probe positioning: Place the probe in the axial plane just
superior and posterior to the medial malleolus. Slide the probe
distally until the flexor retinaculum is clear. Try to stay proxi-
mal to the bifurcation of the posterior tibial nerve (Fig. 7.26a).

Markings:

Needle position: Enter the skin in-plane with the probe,
from anterior to posterior. Use power Doppler to plan the
trajectory towards the nerve while avoiding the vascular
structures.

Safety considerations: Avoid the posterior tibial artery
and vein.



7 Footand Ankle 87

4. Wisniewski SJ, Smith J, Patterson DG, Carmichael SW, Pawlina W.
Ultrasound-guided versus nonguided tibiotalar joint and sinus tarsi
injections: a cadaveric study. PM R. 2010;2(4):277-81.

5. Kirk KL, Campbell JT, Guyton GP, Schon LC. Accuracy of poste-
rior subtalar joint injection without fluoroscopy. Clin Orthop Relat
Res. 2008;466:2856—60.

6. Fessell DP, van Holsbeeck M. Foot and ankle sonography. Radiol
Clin North Am. 1999;37:831-58.

7. Nazarian LN, Rawool NM, Martin CE, et al. Synovial fluid in the
hindfoot and ankle: detection of amount and distribution with ultra-
sound. Radiology. 1995;197:275-8.

8. Henari S, et al. Ultrasonography as a diagnostic tool in assessing
deltoid ligament injury in supination external rotation fractures of
the ankle. Orthopedics. 2011;34(10):639—43.

9. Milz P, Milz S, Putz R, Reiser M. 13 MHz high-frequency sonogra-
phy of the lateral ankle joint ligaments and the tibiofibular syndes-
mosis in anatomic specimens. J Ultrasound Med. 1996;15(4):
277-84.

10. Kraus T, Heidari N, Borbas P, Clement H, Grechenig W, Weinberg
AM. Accuracy of anterolateral versus posterolateral subtalar injec-
tion. Arch Orthop Trauma Surg. 2011;131(6):759-63.

11. Smith J, Finnoff JT, Henning PT, Turner NS. Accuracy of sono-
graphically guided posterior subtalar joint injections. J Ultrasound
Med. 2009;28:1549-57.

12. Campbell DG, Menz A, Isaacs J. Dynamic ankle ultrasonography.
A new imaging technique for acute ankle ligament injuries. Am J
Sports Med. 1994;22(6):855-8.

13. Colville MR. Surgical treatment of the unstable ankle. ] Am Acad
Orthop Surg. 1998;6(6):368-77.

14. Stone DA, Abt JP, House AJ, Akins JS, Pederson JJ, Keenan KA,
Lephart SM. Local anaesthetics use does not suppress muscle activ-
ity following an ankle injection. Knee Surg Sports Traumatol

Fig. 7.26 (a) Example of axial probe position over tarsal tunnel with Arthrosc. 2013;21(6):1269-78 [Epub 2012; Apr 7:1-10]

in-plane needle Position. ,(b) Example ofin-plahne inject.io'n. Arrow inc'li- 15. Balduini FC, Vegso JJ, Torg JS, et al. Management and rehabilita-
cates needle trajectory with gel standoff technique avoiding the medial tion of ligamentous injuries to the ankle. Sports Med. 1987:4(5):
tendons and vessels. Arrow with stop indicates tibial artery. Tibia 364-80

labeled 16. Schuberth JM, Collman DR, Rush SM, Ford LA. Deltoid ligament

integrity in lateral malleolar fractures: a comparative analysis of
arthroscopic and radiographic assessments. J Foot Ankle Surg.
Pearls: 2004;43(1):20-9.
o If the medial malleolus is prominent, it may interfere with ~ 17. Taser F, Shafiq Q, Ebraheim NA. Anatomy of lateral ankle liga-
the needle guidance. In this case rotate the probe so that ments and their relationship to bony landmarks. Surg Radiol Anat.

. . .. . 2006;28(4):391-7.
its anterior edge is just above the malleolus, leaving a 18. Siegler S, Block J, Schneck CD. The mechanical characteristics of

clear path. the collateral ligaments of the human ankle joint. Foot Ankle.

e Hydrodissection around the nerve is recommended to 1988:8(5):234-42. . | ; |

. 19. Funder V, Jorgensen JP, Andersen A, et al. Ruptures of the lateral

IOOS.CII any adhesions that may be present. ligaments of the ankle. Clinical diagnosis. Acta Orthop Scand.
Equipment needed: 1982:53(6):997-1000.

» High-frequency linear array transducer 20. Checa A, Chun W, Pappu R. Ultrasound-guided diagnostic and

e 25G 1.5" needle therapeutic approach to Retrocalcaneal Bursitis. J Rheumatol.

2011;38(2):391-2.

. 21. Peetrons P, Creteur V, Bacq C. Sonography of ankle ligaments.

* -3 'mL local anesthetic 1 Clin Ultrasound. 2004;32(9):491-9.

22. Mahlfeld K, Kayser R, Mahlfeld A, Grasshoff H, Franke J. Value of
ultrasound in diagnosis of bursopathies in the area of the Achilles
tendon. Ultraschall Med. 2001;22(2):87-90.

* 0.5 mL of steroid preparation

References 23. Chu NK, Lew HL, Chen CP. Ultrasound-guided injection treatment
of retrocalcaneal bursitis. Am J Phys Med Rehabil. 2012;91(7):
1. Wang S, Chhem RK, Cardinal E, Cho KH. Joint sonography. Radiol 635-7.

Clin North Am. 1999;37:653-68. 24. Wijesekera NT, et al. Ultrasound-guided treatments for chronic
2. Reach J, Easle M, Bavornrit C, Nunley J. Accuracy of ultrasound Achilles tendinopathy: an update and current status. Skeletal

guided injections in the foot and ankle. Foot Ankle Int. 2009;30(3): Radiol. 2010;39:425-34.
239-42. 25. Mitchell AWM, Lee JC, Healy JC. The use of ultrasound in the
3. Fessell DP, Jacobson JA, Craig J, et al. Using sonography to reveal assessment and treatment of Achilles tendinosis. J Bone Joint Surg

and aspirate joint effusions. Am J Roentgenol. 2000;174:1353-62. Br. 2009;91(11):1405-9.



88

K.Vadada et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Acevedo JI, Beskin JL. Complications of plantar fascia rupture
associated with corticosteroid injection. Foot Ankle Int. 1998;19:
91-7.

Gaweda K, et al. Treatment of Achilles tendinopathy with platelet
rich plasma. Int J Sports Med. 2010;31:577-83.
Jacobsen JA. Fundamentals of musculoskeletal
Philadelphia: Elsevier; 2007.

Daftary A, Ronald S. Sonographic evaluation and ultrasound-
guided therapy of the Achilles tendon. Ultrasound Q. 2009;25(3):
103-10.

Park TA, Del Toro DR. The medial calcaneal nerve: anatomy and
nerve conduction technique. Muscle Nerve. 1995;18:32-8.
Wiegerinck JI, et al. Injection techniques of platelet-rich plasma
into and around the Achilles tendon: a cadaveric study. Am J Sports
Med. 2011;39(8):1681-6.

Ohberg L, Alfredson H. Ultrasound guided sclerosis of neovessels
in painful chronic Achilles tendinosis: pilot study of a new treat-
ment. BrJ Sports Med. 2002;36:173-5.

Chen CK, Lew HL, Chu NC. Ultrasound-guided diagnosis and
treatment of plantar fasciitis. Am J Phys Med Rehabil. 2012;91(2):
182-4.

De Maeseneer M, Marcelis S, Jager T, et al. Sonography of the
normal ankle: a target approach using skeletal reference points.
AJR Am J Roentgenol. 2009;192:487-95.

Tsai WC, Hsu CC, Chen CP, Chen MJ, Yu TY, Chen YJ. Plantar fas-
ciitis treated with local steroid injection: comparison between sono-
graphic and palpation guidance. J Clin Ultrasound. 2006;34(1):12-6.
Richter M, Thermann H, Huefner T, et al. Chopart joint fracture-
dislocation: initial open reduction provides better outcome than
closed reduction. Foot Ankle Int. 2004;25:340-8.

van Dorp KB, de Vries MR, van der Elst M, Schepers T. Chopart
joint injury: a study of outcome and morbidity. J Foot Ankle Surg.
2010;49(6):541-5.

Melao L, Canella C, Weber M, et al. Ligaments of the transverse
tarsal joint complex: MRI-anatomic correlation in cadavers. AJR
Am J Roentgenol. 2009;193:662-7.

Shapiro PP, Shapiro SL. Sonographic evaluation of interdigital neu-
romas. Foot Ankle Int. 1995;16:604—6.

ultrasound.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Hughes RJ, Ali K, Jones H, Kendall S, Connell DA. Treatment of
Morton’s neuroma with alcohol injection under sonographic guid-
ance: follow-up of 101 cases. AJR Am J Roentgenol. 2007;186:
1535-9.

Quinn TJ, Jacobson JA, Craig JG, van Holsbeeck MT. Sonography
of Morton’s neuromas. AJR Am J Roentgenol. 2000;174:
1723-8.

Wempe MK, Sellon JL, Sayeed YA, Smith J. Feasibility of first
metatarsophalangeal joint injections for sesamoid disorders:
a cadaveric investigation. PM R. 2012;6:1-5.

Havel PE, Ebraheim NA, Clark SE. Tibial branching in the tarsal
tunnel. Foot Ankle. 1988;9:117-9.

Grant TH, Kelikian AS, Jereb SE, McCarthy RJ. Ultrasound diag-
nosis of peroneal tendon tears. A surgical correlation. J Bone Joint
Surg Am. 2005;87(8):1788-94.

Karageanes SJ, Sharp K. Peroneal tendon sheath injuries and
treatment and management. Wed Md. 2011. Available at:
http://emedicine.medscape.com/article/91344-overview.
Accessed on April, 2012.

Muir JJ, Curtiss HM, Hollman J, Smith J, Finnoff JT. The accuracy
of ultrasound-guided and palpation-guided peroneal tendon sheath
injections. Am J Phys Med Rehabil. 2011;90(7):564—71.

Sofka CM, et al. Sonographic evaluation and sonographic-guided
therapeutic options of lateral ankle pain: peroneal tendon pathology
associated with the presence of an os peroneum. HSS J. 2010;6:
177-81.

Crawford F, Thomson C. Interventions for treating plantar heel pain.
Cochrane Database Syst Rev [Internet]. 2003 [cited 2013 Jan].
Available from: http://onlinelibrary.wiley.com/doi/10.1002/14651858.
CD000416/abstract;jsessionid=F30B77D4AC98A79B9A0OBD0ODD4
97B0OAA0.d03t04.

Tsai WC, Wang CL, Tang FT, Tsu T-C, Hsu K-H, Wong M-K.
Treatment of proximal plantar fasciitis with ultrasound-guided ste-
roid injection. Arch Phys Med Rehabil. 2000;81:1416-21.
Sellman JR. Plantar fascia rupture associated with corticosteroid
injection. Foot Ankle Int. 1994;15:376-81.

Nagaoka M, Matsuzaki H. Ultrasonography in tarsal tunnel
syndrome. J Ultrasound Med. 2005;24:1035-40.


http://emedicine.medscape.com/article/91344-overview
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD000416/abstract;jsessionid=F30B77D4AC98A79B9A0BD0DD497B0AA0.d03t04
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD000416/abstract;jsessionid=F30B77D4AC98A79B9A0BD0DD497B0AA0.d03t04
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD000416/abstract;jsessionid=F30B77D4AC98A79B9A0BD0DD497B0AA0.d03t04

	7: Foot and Ankle
	Tibiotalar (“Ankle”) Joint
	Scanning Techniques and Anatomy to Identify
	Injection Technique: In-Plane Sagittal Anterior Approach [ 2, 8 ]

	Subtalar Joint (Talocalcaneal Articulation)
	Scanning Techniques and Anatomy to Identify
	Injection Technique: Out-of-Plane Coronal Posteromedial Approach

	Medial (Deltoid) Ligament
	Scanning Techniques and Anatomy to Identify
	Injection Technique: In-Plane Coronal Approach

	Lateral Ligament Complex
	Scanning Techniques and Anatomy to Identify
	Injection Techniques: In-Plane Axial Approach

	Retrocalcaneal Bursa
	Scanning Techniques and Anatomy to Identify
	Injection Technique: In-Plane Axial Approach

	Achilles Tendon/Paratenon
	Scanning Techniques and Anatomy to Identify
	Injection Technique: In-Plane Sagittal Approach

	Midtarsal Joint (Transverse Tarsal Joint)
	Scanning Techniques and Anatomy to Identify
	Injection Technique: In-Plane Axial Approach

	Morton’s Neuroma
	Scanning Techniques and Anatomy to Identify
	Injection Technique: Out-of-Plane Coronal Approach

	First Metatarsophalangeal Joint (MTP)
	Scanning Technique and Anatomy to Identify
	Injection Technique: In-Plane Sagittal Approach

	Peroneal (Fibular) Tendon Sheath
	Scanning Techniques and Anatomy to Identify
	Injection Technique: Out-of-Plane Short-Axis Approach
	Injection Technique: In-Plane Longitudinal Approach

	Plantar Fascia (Aponeurosis)
	Scanning Techniques and Anatomy to Identify
	Injection Technique: In-Plane Axial Approach

	Tarsal Tunnel Syndrome
	Scanning Techniques and Anatomy to Identify
	Injection Technique: Out-of-Plane Axial Approach
	Injection Technique: In-Plane Axial Approach

	References


