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Abstract

Ankle, hindfoot, and midfoot osteoarthritis (OA) is most commonly posttraumatic and tends to
become symptomatic in younger patients. It often results from instability due to insufficiency of
supportive soft tissue structures, such as ligaments and tendons. Diagnostic imaging can be helpful
to detect and characterize the distribution of OA, and to assess the integrity of these supportive
structures, which helps determine prognosis and guide treatment. However, the imaging findings
associated with OA and instability may be subtle and unrecognized until the process is advanced,
which may ultimately limit therapeutic options to salvage procedures. It is important to understand
the abilities and limitations of various imaging modalities used to assess ankle, hindfoot, and
midfoot OA, and to be familiar with the imaging findings of OA and instability patterns.
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Introduction

Ankle pain is reported in 9-15% of the general adult population and is often associated
with osteoarthritis (OA) [1, 2]. OA of the ankle has an estimated prevalence of 1%. Unlike
knee and possibly hip OA, which tend to be idiopathic, ankle, hindfoot, and midfoot OA are
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usually posttraumatic, and about 70% of patients with ankle OA report an antecedent trauma
with resultant instability [3]. Other etiologies, including OA superimposed on rheumatoid
arthritis (RA), idiopathic OA, and OA secondary to arthroplasty or arthrodesis of adjacent
joints due to biomechanical load transfer, comprise most of the remaining 30% of cases [4].
Patients with symptomatic ankle and foot OA also tend to be younger than those with knee
or hip OA. The reported prevalence of symptomatic, radiographically-visible OA in patients
younger than 50 years of age is up to 3.4%, and up to 9.2% in professional athletes [5, 6].

The goals of OA treatment are to reduce pain, restore maximum function, and optimize
biomechanical loads. Diagnostic imaging has become an increasingly important tool to
characterize the distribution and degree of OA [7]. Furthermore, imaging can help assess
osseous alignment as well as the integrity of supportive soft tissue structures, such as
tendons and ligaments, which can be associated with patterns of instability and OA [8].
Imaging findings may facilitate diagnosis and help guide optimal treatment strategies.
Therefore, it is important to understand the various imaging modalities used in diagnosing
ankle, hindfoot, and midfoot OA and findings that may suggest specific patterns of
instability and soft tissue insufficiency.

Diagnostic Imaging

Several imaging modalities, including conventional radiography (CR), computed
tomography (CT), magnetic resonance imaging (MRI), ultrasound (US), and bone
scintigraphy, have been used to diagnose and characterize OA, quantify chondral loss,

and detect osseous malalignment, which can be associated with instability. MRI and US

in particular are useful in examining soft tissue structures that preserve ankle, hindfoot,

and midfoot stability [9]. Initial assessment of ankle and foot pathology begins with CR,
generally with weight-bearing to assess osseous alignment during physiologic stresses.
Radigraphy is widely available and can be done quickly and reproducibly, which allows for
serial comparisons to detect progressive malalignment and joint space narrowing (JSN) (Fig.
1). Radiography is less prone to metal-related artifacts compared with MRI and CT and can
be helpful to assess for orthopedic hardware malalignment or other complications [10].

Stress radiography and fluoroscopy are frequently used to detect malalignment patterns

that are not visible on routine imaging. In addition to weight-bearing radiographs, common
stress views include anteroposterior (AP) ankle stress imaging with a laterally-directed force
on the hindfoot either with manual manipulation or by gravity, which may reveal medial
tibiotalar or distal tibiofibular diastasis in the setting of deltoid or syndesmotic ligament
injuries, medially directed force on the hindfoot which may indicate lateral ligamentous
complex insufficiency (Fig. 2), and sagittal stress imaging, in which anteriorly directed force
on the heel resulting in anterior talar dome subluxation with respect to the tibial plafond
indicates anterior talofibular ligament (ATFL) insufficiency (Fig. 3) [11].

While there are several benefits of CR in assessing ankle, hindfoot, and midfoot

pathology, this technique results in planar 2-dimensional (2D) representations of complex
3-dimensional (3D) anatomic structures, leading to an overlap of osseous structures that can
obscure pathology. Advanced imaging modalities use cross-sectional anatomical depictions
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to detect, characterize, and accurately localize more subtle abnormalities. In particular,

CT provides rapid, contiguous, and thin-section stacks of cross-sectional images that can

be reformatted in different planes to better delineate osseous anatomy and alignment. CT
has high contrast resolution between bone and soft tissue, and high spatial resolution,
making it an excellent modality to detect articular surface fractures, subchondral bone plate
irregularity and JSN, and other signs of osteochondral damage [12]. Although metal used

in many orthopedic constructs may result in a significant beam-hardening artifact, newer
techniques such as iterative metal artifact reduction (IMAR) and dual-energy CT can reduce
artifacts and improve visualization of bone and soft tissue surrounding the devices [13, 14].

Unlike radiography, traditional whole-body CT systems have not allowed weight-bearing.
One of the most significant advancements in foot and ankle imaging over the last 10 years
has been the routine clinical use of cone-beam CT (CBCT), which is a small footprint, self-
shielded device that generates thin-section axial imaging of the ankle/hindfoot or forefoot
that can be performed with weight-bearing, and the acquired images can be reformatted in
other planes or used to obtain 3D reformatted images to better characterize osteoarticular
relationships prior to therapeutic planning. Unlike CR, CBCT can also produce radiograph-
like planar images without parallax and may produce more accurate and reproducible
depictions of osseous alignment. CBCT also has high spatial resolution and high bone-to-
soft tissue contrast resolution that provides excellent trabecular detail (Fig. 4). Finally,
CBCT systems have metal artifact-suppressing techniques that help better characterize
anatomy around orthopedic devices [15].

CBCT systems have a few drawbacks. First, many alignment measurements reported on
weight-bearing radiographs have not been validated yet for CBCT, so a direct comparison
between these modalities may not be appropriate until these investigations have been
performed. Furthermore, the soft tissue contrast is relatively poor, making it difficult to
detect soft tissue swelling, effusions and fluid collections, and muscle atrophy. The imaged
field-of-view is smaller than whole-body CT systems. Since it is frequently not possible

to image the entire foot and ankle at one time, the technologist may need to determine
whether to completely image the hindfoot/midfoot or the forefoot/midfoot based on the
clinical indication [16].

MRI has high contrast resolution and is the modality of choice to evaluate injuries to

the static and dynamic soft tissue stabilizers at each joint. Routine MRI often uses a
combination of 2D spin echo techniques, including nonfat-saturated (NFS), high spatial
resolution techniques, such as T1-weighted (T1W) and proton density-weighted (PDW)
pulse sequences, which are better at characterizing surface contour, caliber, and alignment
of the bones and supportive soft tissues; and fluid-sensitive, fat-saturated (FS) techniques,
such as T2-weighted (T2W) and short tau inversion recovery (STIR) sequences, which are
sensitive to bone marrow edema (BME) and soft tissue edema that can indicate recent or
ongoing injuries [17]. It is important to interpret the MRI in conjunction with the clinical
history, since certain types of instability may produce particular patterns of soft tissue and
osteoarticular damage.
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In addition to assessing soft tissue pathology, MRI can diagnose and determine the degree
of ankle and hindfoot OA, including the presence of osteophytes, intra-articular bodies,

and synovitis, which can be associated with ankle impingement, and subchondral bone
marrow lesions deep to areas of hyaline cartilage loss, which can represent independent pain
generators. 3-Tesla (3 T) systems with dedicated coils tailored to the anatomy of interest

are preferred over lower field strength scanners for improved assessment of hyaline cartilage
due to their ability to produce higher signal-to-noise ratios that translate to higher spatial
resolution. This improves the ability to separate the articulating surfaces of hyaline cartilage
and to detect surface chondral loss and heterogeneity, which can indicate degeneration

or chondral injury [18]. As a result, MRI has become better at characterizing cartilage
defects and osteochondral lesions (OCLs), which serve as precursors to OA (Fig. 5). T2W
thin-section gradient echo (GRE) sequences have been used to give a detailed anatomic
assessment of the cartilage. However, GRE sequences may have limited utility compared
with spin-echo sequences since GRE sequences often suffer from limited soft tissue contrast,
and susceptibility artifact from mineralized cortex and bone trabeculae may obscure osseous
pathology [19].

Cartilage mapping techniques, such as T2 mapping, T1 rho mapping, and delayed
gadolinium-enhanced MRI (dGEMRIC), are largely investigational but can be used in
special clinical scenarios to detect areas of early cartilage damage. Chondral mapping
techniques require specialized software on higher field strength systems suchas 3 T
scanners. When used for clinical purposes, T2 mapping may be the most practical since
the software required to perform this technique may be more ubiquitous clinically than
T1 rho mapping, and dGEMRIC requires intravenous administration of gadolinium-based
contrast followed by a delay prior to imaging (Fig. 6) [20].

Direct MRI or CT arthrography has been used sparingly with the advent of high-
resolution MRI on 3 T and higher field-strength units and compositional cartilage imaging.
Arthrography techniques can be used to better characterize the stability of an in situ
osteochondral fragment, better visualize surface chondral lesions, confirm intra-articular
bodies that are outlined by contrast, and evaluate synovial proliferation in patients with
impingement syndromes. Arthrography can also assess the distensibility of the joint
capsule, which may be decreased in patients with arthrofibrosis or increased in patients
with capsular/ligamentous tears and insufficiency (Fig. 7). However, arthrography is semi-
invasive, requires joint puncture, and increases examination time [21].

US is most helpful prior to the onset of significant OA in assessing the integrity of

tendons and ligaments around the ankle, hindfoot, and midfoot and can help identify
insufficiency and tearing, soft tissue impingement, and subluxation of the bones and soft
tissues utilizing real-time dynamic stress maneuvers (Fig. 8) [22]. Additionally, US provides
real-time, direct visualization of needle placement for targeted percutaneous injections

and aspirations. In many American-based practices, musculoskeletal US is performed by
subspecialist sonographers and interpreted by musculoskeletal radiologists or clinicians,
such as rheumatologists. In other parts of the world, physicians commonly perform and
interpret these studies, which can impact patient workflow. However, US may be more
widely available than MRI and can be quickly obtained during the patient’s clinical visit.
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Although US is less helpful to directly characterize intra-articular abnormalities, such

as chondral loss and subchondral bone pathology, it can identify synovial proliferation

and active synovitis on Doppler imaging, which can be present in OA or inflammatory
arthropathies. In OA, areas of synovial hyperemia on Doppler imaging are often

more symptomatic. Additionally, US can be used to detect juxta-articular erosions and
communicating cyst-like changes. The degree and distribution of synovitis along with

the presence of juxta-articular erosions can help distinguish OA from inflammatory
arthropathies [23]. Some authors have reported that US is more sensitive in detecting early
signs of OA, including the development of marginal osteophytes in some of the small joints
in the hindfoot and midfoot than radiography (Fig. 9) [24]. While US is not as sensitive as
MRI in detecting erosions and subchondral cyst-like changes, it is probably similar to MRI
in its ability to detect and characterize the degree of synovitis. US shear wave elastography
is an emerging technique that enables the assessment of the intrinsic tissue properties with
potential added value in the evaluation of the ankle and foot tendons and ligaments [25, 26].

Bone scintigraphy is very sensitive in detecting areas of increased bone turnover. As

a result, it can be used to distinguish more symptomatic areas of OA from quiescent

areas, which can help target treatment. However, bone scintigraphy is not specific for

any pathology, and the diagnosis of symptomatic OA should occur in context with other
imaging. Additionally, scintigraphy has a poor spatial resolution, which may make it
difficult to localize areas of increased radiotracer uptake. Newer CT techniques, such as
single photon emission CT (SPECT) and SPECT/CT fusion techniques, have been used to
better assign areas of increased radiotracer uptake to specific anatomic structures (Fig. 10)
[27]. As high-resolution MRI scanners have become more available, bone scintigraphy is
used less often to detect and characterize ankle and foot OA. Areas of BME on fat-saturated,
fluid-sensitive MRI sequences often correspond to areas of increased radiotracer uptake
on scintigraphic studies, allowing MRI to more easily localize abnormalities and improve
diagnostic specificity.

Specific Joints

Ankle

The ankle joint articular surfaces are generally congruent, conferring great stability that
primarily allows motion from plantarflexion to dorsiflexion, with lesser degrees of inversion/
eversion, and internal/external rotation. The ankle and hindfoot are bounded by a number of
static and dynamic stabilizers [3].

Medially, the fan-shaped deltoid ligament is divided into superficial and deep layers and
resists lateral talar and calcaneal translation and valgus angulation. Components of the deep
deltoid ligament join with the plantar calcaneonavicular (spring) ligament and are static
stabilizers of the midfoot arch, preventing excessive talar head plantar flexion (Fig. 11a).
The posterior tibialis tendon (PTT) is an important dynamic stabilizer of the medial midfoot
(Fig. 11b) [28].

Laterally, the ankle and hindfoot are stabilized by the ATFL, posterior talofibular ligament
(PTFL), and calcaneofibular ligament (CFL) (Fig. 12a). The ATFL primarily resists anterior
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translation and varus angulation in plantarflexion, while the CFL bridges the ankle and
subtalar joints, preventing ankle adduction and talar varus angulation especially when
the ankle is dorsiflexed. The PTFL is very strong and rarely injured. These ligaments
are supported by the peroneal muscles and tendons, which are important lateral dynamic
stabilizers and antagonists of the PTT (Fig. 12b) [29].

Ankle OA can be related to a single injury or repeated injuries resulting in instability. Given
the high association with prior trauma, ankle OA becomes symptomatic 5-10 years earlier
than hip or knee OA on average [30, 31]. Two main patterns of ankle instability, varus and
valgus instability, are often associated with recognizable imaging findings [32].

Varus instability predominates. It results from inversion injury and affects the lateral
stabilizers. It can be associated with attenuation of the ATFL and CFL, and cervical ligament
of the subtalar joint, along with contracture of the deltoid ligament [7, 29]. Varus instability
places great stress on the peroneal tendons, leading to muscular weakness and tendon
insufficiency [33, 34]. These factors contribute to medial talar translation, internal rotation,
and varus talar tilting, which shifts the mechanical axis of the talar dome and causes
accelerated chondral loss, OCLs, often along the medial talar dome, and OA [7].

Initial radiographic assessment includes AP, mortise, and lateral weight-bearing radiographs
of the ankle centered on the tibiotalar joint or talar body [35]. On an AP weight-bearing
ankle radiograph, there are several reported measurements that can be useful to detect
instability prior to the development of symptomatic OA. Several of the most common
measurements and their normal values are reviewed in Fig. 13 [7, 36].

Once OA has developed, typical radiographic findings include cartilage loss leading to
JSN, subchondral cyst-like changes and sclerosis, and marginal osteophytes (Fig. 14)
[37]. Ultimately, anterior tibiotalar osteophytes can result in anterior synovitis and ankle
impingement, which limits dorsiflexion and leads to progressive dysfunction [29]. Holzer
et al. reported a modified Kellgren-Lawrence scoring system for general ankle OA that
correlates well with clinical symptoms [Table 1] [38]. However, varus instability shifts
the biomechanical load of the tibiotalar joint medially. Takakura et al. reported a medial-
predominant OA-specific staging system associated with this instability pattern [Table 2]
[39].

Advanced imaging techniques, such as weight-bearing CBCT are used to supplement
radiographs by improving visualization of articular surfaces, OCLs, and osseous
malalignment [16]. MRI can assess early findings of OA, including subchondral BME and
chondral loss, and is the modality of choice to identify and characterize radiographically-
occult OCLs (Fig. 15) [40]. Griffith et al. reported an MRI grading system for OCLs that
accounts for findings such as chondral fracture, osteochondral separation, and subchondral
collapse, which helps determine OCL stability and guide therapeutic decision-making [Table
3] [18]. Moreover, MRI can detect lateral ligamentous complex attrition and peroneal
tendinopathy in the setting of varus instability [9]. Surgical stabilization and treatment of
OCLs are indicated in patients with symptomatic ankle instability in the setting of medial
talar OCLs or tibiotalar subchondral BME to minimize the risk of end-stage OA.
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The second major type of instability is valgus instability with medial ligamentous complex
insufficiency. This is less common than varus instability, since eversion injuries producing
medial ligament sprains are less frequent, and isolated deltoid ligament injuries represent
only 3-4% of all ankle sprains. With spring ligament failure, there is an increased load

on the PTT, leading to progressive tendinopathy and subsequent failure. Insufficiency of
the ligaments and PTT can result in instability and articular cartilage wear [28, 32].
Radiographically, there is talar valgus angulation that can be seen on weight-bearing AP
radiographs of the ankle, with a talar tilt angle of greater than 2° [36]. This shifts the
tibiotalar contact area laterally to a narrower region, leading to accelerated cartilage loss,
talar dome OCLs, and subsequent tibiotalar OA (Fig. 16) [28].

With the progressive failure of the medial static and dynamic stabilizers, there may be
associated calcaneal valgus angulation, with a talocalcaneal angle of more than 40° on
dorsoplantar (DP) weight-bearing foot radiographs. Normally, this angle measures between
25 and 40°. Additional findings of hindfoot valgus and loss of the medial midfoot arch on
weight-bearing radiographs include the following: a decreased calcaneal inclination angle
(< 18°); excessive talar head plantar flexion, with an increasing talar-metatarsal (Meary)
angle on lateral weight-bearing radiographs (> 4°); and excessive forefoot abduction on AP
radiograph of the foot with at least 30% uncoverage of the medial talar articular surface at
the talonavicular joint (Fig. 17) [41, 42].

MRI can detect abnormalities of the medial soft tissue supporting structures suggesting
valgus instability, prior to the development of OA. Injury to the superficial deltoid ligament
usually occurs at the tibio-periosteal junction, and MRI may show surrounding soft tissue
or BME, partial ligamentous detachment or delamination, or complete ligament tearing. In
chronic injury, the ligament often appears thickened at its tibial attachment with associated
traction bone spurs. Injury of the deep deltoid ligament usually involves its mid-substance
and is associated with loss of the normal striated appearance [43]. There may be flexor
tenosynovitis, or an abnormal caliber of the PTT, with tendon thinning representing
attritional tendinosis or partial tearing (Fig. 17) [44]. Hindfoot correction with bony and soft
tissue correction would be considered aggressively in the setting of early deltoid ligament
tearing to prevent late ankle valgus deformity and rapid ankle OA.

Surgical treatments of ankle OA are divided into joint-preserving and joint-sacrificing
techniques. Joint preserving surgeries include osteochondral resurfacing, distraction
arthroplasty, arthroscopic debridement, and periarticular corrective osteotomies. Joint
sacrificing surgeries include total ankle arthroplasty and arthrodesis [8], the details of which
are beyond the scope of this manuscript.

Subtalar joint

The hindfoot consists of the subtalar and the midtarsal joints. The subtalar joint is primarily
composed of the talocalcaneal joint and can be divided into anterior and posterior segments.
The anterior component involves the talar head articulation with the anterior and middle
facets of the calcaneus, and the spring ligament. The posterior component involves the
articulation of the posterior calcaneal facet and the posterolateral inferior talar facet [45].
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The subtalar joint is primarily supported by the interosseous talocalcaneal ligament (ITCL),
the cervical ligament, and the roots of the extensor retinaculum (Fig. 18). The ITCL is the
primary static stabilizer of the subtalar joint and is located most medially within the sinus
tarsi and calcaneal sulcus. The fascicles of the inferior extensor retinaculum are often seen
extending into the lateral sinus tarsi. While their role in stabilizing the subtalar joint is less
well established, they may help resist ankle inversion and eversion [46].

Subtalar OA is most commonly posttraumatic and may be due to acute talar or calcaneal
fractures, often with subtalar dislocations or instability [47]. Other etiologies, such as OA
following RA, should be considered in the absence of prior trauma [48]. Subtalar OA due

to instability is commonly associated with tibiotalar OA [49]. Patients may have a history

of acute inversion injury or several repetitive injuries that lead to a sensation of instability,
pain, stiffness, and swelling, which are worse with athletic participation and when walking
on uneven ground. The cervical ligament may be injured along with the lateral ankle
ligamentous complex during inversion injuries. The ITCL may require greater force before it
becomes insufficient [50].

Initial imaging includes AP, lateral, and mortise weight-bearing radiographs of the ankle as
well as a hindfoot alignment view. Early/mild instability may be difficult to detect on these
projections, and the Brodén view in which the ankle is maximally dorsiflexed and supinated
to stress the subtalar joint may help detect subtle instability (Fig. 19) [51]. Instability on this
view can be diagnosed with excessive subtalar tilt or greater than 7 mm of posterior joint
diastasis [46]. Weight-bearing CBCT can also detect mild osseous malalignment, while MRI
can assess the integrity of the ITCL and cervical ligament and the status of the articular
cartilage (Fig. 20) [52, 53]. Impingement of the lateral talar process and the angle of Gissane
in severe flatfoot deformity presenting with BME at both bony surfaces should not be
confused with subtalar OA if the remaining posterior facet is normal.

Surgical treatment of isolated subtalar instability focuses on stabilizing the lateral
ligamentous complex, which may involve direct ligamentous repair along with tendon graft
augmentation or even reconstruction, when necessary, and correction of any contributing
osseous abnormalities. However, isolated subtalar OA failing conservative management
often requires subtalar arthrodesis [49].

Midtarsal (Chopart’s) joint

The midtarsal joint is composed of 2 separate articulations, the talonavicular and
calcaneocuboid joints. The talonavicular joint is stabilized by the dorsal talonavicular
ligament and the calcaneonavicular component of the bifurcate ligament arising from the
anterior process of the calcaneus. The calcaneocuboid articulation is supported by the dorsal
calcaneocuboid ligament, the short and long plantar foot ligaments, and the calcaneocuboid
component of the bifurcate ligament. The calcaneocuboid articulation is further supported
by the plantar components of the spring ligament [54].

Midtarsal joint OA is usually posttraumatic, often occurring with athletic participation. It
may occur following high-energy midtarsal fracture-dislocations or lower-energy sprains.
Injuries at this joint may be initially overlooked, particularly in the setting of additional
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ankle injuries, and failure to adequately treat these injuries can result in chronic instability
and pain. Midtarsal joint injuries are most commonly associated with ankle inversion and
plantar flexion resulting in dorsal and lateral distraction of the bifurcate, dorsal talonavicular,
and dorsal calcaneonavicular ligaments; and possibly osseous avulsions, especially involving
the anterior calcaneal process [55, 56].

Alternatively, ankle eversion can lead to plantar/medial ligament injuries, including the
inferoplantar lateral component of the spring ligament, which can be associated with a
navicular tuberosity fracture, and short and long plantar ligament injuries. This can be
associated with the traction of the PTT and compression of the calcaneocuboid joint [57].

Imaging starts with radiography to assess the degree and distribution of OA. This includes
DP, lateral, and internally-rotated oblique radiographs of the foot with weight-bearing

to look for avulsion fractures of the dorsal talonavicular and calcaneocuboid joints as

well as the anterior calcaneal process. The internally-rotated oblique view best depicts
osteochondral injuries, JSN, and osteophytes at the calcaneocuboid joint. AP varus stress
radiography may reveal an enlarged calcaneocuboid angle (< 10°), indicating instability
[54]. MRI can directly detect cartilage loss, subchondral BME, and subchondral cyst-like
changes; and the status of the bifurcate, dorsal talonavicular, and dorsal calcaneocuboid
ligaments (Fig. 21) [58].

Triple arthrodesis is much more commonly performed than isolated talonavicular or
calcaneocuboid arthrodesis to treat symptomatic midtarsal OA. Although arthrodesis is often
successful, it can lead to OA in neighboring joints [59].

The midfoot is composed of the tarsometatarsal (TMT), or Lisfranc, joints, the
intercuneiform, cubocuneiform, and naviculocuneiform joints [60]. The TMT joints are
often divided into 3 functional columns, the medial column, consisting of the first TMT
joint; the middle column, composed of the second and third TMT joints; and the lateral
column, which consists of the fourth and fifth TMT joints. The TMT joints, particularly
the medial and middle columns, are greatly stabilized by the osteoarticular morphology and
numerous ligaments. The most well-developed of these is the Lisfranc ligament complex,
which is a strong stabilizer between the first and second TMT joints [61, 62].

Midfoot OA can be idiopathic, posttraumatic following Lisfranc fracture/dislocation,
secondary to inflammatory or metabolic arthropathies such as RA or gout, or neuropathic
arthropathy, or follow hindfoot fusion with the transfer of stress to the midfoot joints [60].
Patients with midfoot OA present with chronic pain in the dorsal midfoot, and progressive
deformity leading to loss of balance and increased risk of falling. There is a greater
incidence with aging and in people with higher body mass index, which may be more often
associated with pes planus, resulting in generally greater loading along the dorsum of the
midfoot joints. Additionally, the middle column is the most rigid, which likely contributes
to the higher rate of OA at the second and third TMT joints, while the lateral column is
relatively flexible, particularly during the toe-off phase of gait, which may also protect the
fourth and fifth TMT joints from OA [63]. Finally, some patients may develop a midfoot
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break, which is a hypermobile midfoot segment that often arises with decreased hindfoot
mobility [64].

Imaging includes weight-bearing DP, lateral, and oblique radiographs, and possibly a
non-weight-bearing lateral radiograph to determine whether there is a midfoot break at

the TMT, naviculocuneiform, or talonavicular levels [60]. A midfoot-specific radiographic
grading system has been developed to assess the degree and distribution of OA [Table 4]
[65]. Weight-bearing CBCT in a small patient population has been shown to improve the
detection of OA findings, and CT can be helpful to characterize posttraumatic deformities
or fracture fragments (Fig. 22) [66]. MRI can also help to determine the degree and location
of OA but is more useful in assessing the status of supporting structures, like the Lisfranc
ligament complex [62]. The accurate denotation of subchondral BME and subchondral cysts
can help guide the surgeon to determine which joints require arthrodesis.

In the setting of polyarticular midfoot OA, there may be confusion clinically about whether
a particular joint is a pain generator. In these cases, bone scintigraphy utilizing SPECT

or SPECT/CT may be helpful to identify areas of active radiotracer uptake, which more
likely correspond to pain generators [67]. Some institutions use fluoroscopically-guided
TMT injections with a local anesthetic to determine whether a particular joint is a pain
generator (Fig. 23). However, the TMT joints may communicate with one another, limiting
the usefulness of this technique [68].

Surgical treatment commonly involves arthrodesis of the medial and middle columns when
the patient has failed conservative management. Symptomatic lateral column OA is difficult
to treat due to this joint’s mobility, and arthrodesis can lead to nonunion or stress injuries.
Some institutions have performed interposition arthroplasty rather than arthrodesis [60].

OA associated with pre-existing congenital or acquired conditions

Pes cavovarus, or elevation of the longitudinal arch of the foot, may be idiopathic, due

to hindfoot trauma or neuromuscular conditions, such as cerebral palsy or Charcot-Marie-
Tooth disease. If this condition is untreated, it may result in valgus ankle instability with
subsequent medial ankle OA, peroneal tendinopathy, and anteromedial ankle impingement.
There are several treatments to address this condition, including tendon lengthening and
transfers, and osteotomies. However, arthrodesis may be required for symptomatic OA [69].
Although rare, coalitions can be seen in the setting of a cavus deformity, and imaging should
assess for them since this condition would require a realignment arthrodesis rather than an
osteotomy.

Congenital vertical talus results from talonavicular dislocation with dorsal navicular
displacement. This is associated with dorsolateral ankle and Achilles tendon contractures,
along with joint capsular contractures, which causes calcaneal plantar flexion and forefoot
dorsiflexion and produces the classic “rocker-bottom deformity.” If left untreated, it can
lead to progressively fixed tarsal remodeling and deformity, worsening pain, and functional
limitation, such as “peg-leg” gait abnormality. At this stage, triple arthrodesis may be the
only treatment option as a salvage procedure [70, 71].
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Although clubfoot is often synonymously used with talipes equinovarus, it also includes
talipes calcaneovalgus and meta-tarsus varus abnormalities. It may be idiopathic or
associated with a number of neuromuscular conditions, primarily affecting the tibiotalar
and subtalar joints which may be associated with subtalar subluxation. Untreated cases may
result in gait dysfunction due to abnormal foot biomechanics, limb length shortening, and
increased joint stiffness, which can progress to tibiotalar and talonavicular joint OA [72].

Charcot or neuropathic arthropathy is the result of microvascular insults and peripheral
neuropathies, initially leading to a strong inflammatory response that can mimic infection.
In the foot, it most commonly affects the TMT and midtarsal joints. Later, as the
inflammatory response subsides, many of the classic imaging findings in hypertrophic
neuropathic arthropathy, such as disorganization, fragmentation, and joint destruction are
seen. In advanced cases, the collapse of the longitudinal arches may create a rocker-bottom
deformity with forefoot abduction and hindfoot valgus. Surgical treatment at this stage can
be difficult and consists of exostectomies of protuberant bone, osteotomies, or fusion [73].

Conclusion

The ankle, hindfoot, and midfoot have complex anatomy and biomechanical loads that allow
fine balance while walking on uneven terrain. Single or repetitive trauma and injury to

the osteoarticular units and stabilizing soft tissue structures can result in instability, OA,
deformity, loss of function, and decreased quality of life. Diagnostic imaging is an important
tool to detect findings of instability and osteoarthritis and assess its severity, and recognizing
patterns of OA and instability can guide therapy. Thus, it is important to understand the
imaging modalities used to characterize ankle, hindfoot, and midfoot OA along with the
imaging findings associated with various patterns of stability failure.
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Fig. 1.
A 65-year-old male patient with history of chronic pes planovalgus deformity, ankle pain,

and stiffness had an AP weightbearing radiograph a showing moderate osteoarthritis (OA) of
the ankle joint with valgus instability, including lateral predominant joint space narrowing,
subchondral sclerosis, and marginal osteophytes. Six years later, the patient presented with
worsening pain and decreased range of motion. b Subsequent AP weight-bearing radiograph
demonstrates progressive OA with worsening joint space narrowing and marked osseous
remodeling resembling a ball-and-socket joint morphology
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Fig. 2.
A 29-year-old female patient with right lateral ankle pain and instability after several ankle

sprains had an AP weight-bearing radiograph of the ankle (not shown) demonstrating normal
tibiotalar alignment and preserved ankle joint space. A subsequent AP radiograph with
varus stress on the hindfoot shows mild medial tibiotalar OA (white arrowhead) with varus
angulation of the talus, resulting in lateral tibiotalar joint space widening (black arrowhead).
There is medially directed force on the hindfoot (large white arrow) during the stress view.
These findings are consistent with lateral ligamentous complex insufficiency
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Fig. 3.

Ag?4-year-old male patient with history of repetitive left ankle sprains, pain, and sensation
of instability had a lateral ankle radiograph showing mild tibiotalar OA with posterior

tibial plafond marginal osteophytes (white arrowhead) and anterior talar dome subluxation.
Normally, the talar dome is centered on the tibial plafond and the arcs of curvature are
parallel, resulting in a uniform joint space with joint congruence. In this case, the anterior
subluxation of the talus causes posterior tibiotalar widening of 4 to 5 mm (black line), called
the anterior drawer sign, which indicates anterior talofibular ligament (ATFL) insufficiency.
Occasionally, stress imaging with an anteriorly directed force may be helpful to detect
anterior talar dome subluxation. On this radiograph, the large white arrow demonstrates the
direction of force during stress imaging
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Fig. 4.
A 44-year-old female patient with chronic dorsal left midfoot pain and remote history of

injury had radiographs and subsequent CBCT. Weight-bearing CBCT sagittal reformatted
image of the hindfoot and midfoot in bone windows shows moderate dorsal first
tarsometatarsal (TMT) OA (arrowhead) that was not visible radiographically (not shown).
There is excellent cortical and trabecular spatial resolution although the soft tissues appear
grainy and indistinct. The distal forefoot could not be included in the imaged field-of-view
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Fig. 5.
A 20-year-old female patient with remote severe ankle sprain and chronic medial right

ankle pain. a Sagittal T1W nonfat-saturated (NFS) MR image of the hindfoot shows low
signal along the equator of the medial talar dome in the area of an osteochondral lesion
(arrowhead), indicating sclerosis. There is subchondral bone plate irregularity and subtle
flattening, along with an anterior talar neck osteophyte. b Coronal T2W fat-saturated (FS)
MR image of the hindfoot demonstrates moderate grade chondral loss overlying the medial
talar dome osteochondral injury (arrowhead). ¢ A slightly more lateral sagittal STIR MR
image of the hindfoot shows a 4-mm posterior tibiotalar joint recess intra-articular body
(arrowhead) that was not apparent radiographically
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Fig. 6.
A 64-year-old female asymptomatic volunteer underwent T2 mapping of the ankle, hindfoot

and midfoot. a Coronal PDW FS image of the hindfoot demonstrates medial talar dome
chondral heterogeneity at its equator (arrowhead), with underlying subchondral bone
marrow edema (BME) (arrow). b The coronal T2 map overlay of the same region on

the T2W FS image shows chondral degeneration particularly of the medial talar dome

and tibial plafond (arrowheads) in the region of the medial talar dome subchondral BME,
with a predominantly dark blue color corresponding to elevated T2 values close to 100

ms as indicated on the side color bar. There is additional chondral degeneration along the
lateral talar dome (arrow), which is not well seen on the coronal PDW image. The normal
articular cartilage has a range of colors from orange to green corresponding to T2 values
of approximately 35 to 50 ms and is best illustrated over the central and lateral tibial
plafond. Please note there are lighter blue and green colors in the cartilage of the medial
talar dome and tibial plafond. While this could reflect lesser chondral degeneration, the
region overlying the talar dome directly overlies the subchondral marrow edema, and this
heterogeneity could partially be related to collagen fiber anisotropy within the cartilage. ¢
Sagittal T2 color map overlay on a T2W FS image of the ankle, hindfoot and midfoot shows
chondral degeneration of the posterior subtalar joint (arrowhead), with predominantly light
blue color corresponding to T2 values between 60 and 70 ms and associated posterior talar
facet subchondral marrow edema. Similar chondral degeneration is suggested at the visible
naviculocuneiform joint with dorsal navicular subchondral BME (arrow) and at the TMT
joint

Skeletal Radliol. Author manuscript; available in PMC 2024 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Omar et al.

Page 22

Fig. 7.

A?L4—year—o|d male patient sustained a right ankle twisting injury while playing soccer.
Coronal TIW FS MR arthrographic image of the ankle through the talar dome shows a
medial talar dome osteochondral injury. There is suggestion of partial thickness chondral
loss over the osteochondral fragment (arrow) without convincing full-thickness loss. There
is an intermediate signal curvilinear band in the subchondral bone of the osteochondral
injury (arrowhead) that is lower in signal than the bright signal of the dilute gadolinium
solution used for arthrography, likely reflecting granulation tissue. No convincing evidence
for instability of the osteochondral fragment is present. The detection of instability is
critical, since its presence would confirm the appropriateness of surgical intervention
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Fig. 8.

A%Z—year—old male patient presented with persistent right lateral ankle pain after an
inversion injury while playing basketball 6 months prior. Initial radiographs showed only
mild soft tissue swelling over the lateral malleolus (not shown). Microvascular ultrasound
(US) Doppler image of the ATFL shows fusiform thickening of the mid-substance of

the ligament with extensive intra-ligamentous and periligamentous vascularity, indicating
hyperemia and attempted healing
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Fig. 9.

A958—year—old female patient presents with focal right dorsal midfoot pain, stiffness, and
swelling over the second tarsometatarsal (TMT) joint. Radiographs of the foot did not show
an explanation for the patient’s symptoms. Long-axis greyscale US image of the second
TMT joint shows a very small dorsal middle cuneiform marginal osteophyte that could

not be visualized radiographically (arrowhead). Color Doppler imaging of the same joint
did not show synovial hyperemia (not shown), suggesting this represented bland synovial
proliferation
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Fig. 10.
A 64-year-old female with BMI of 39 kg/m2 had chronic bilateral dorsal midfoot pain, left

greater than right. The patient does not recall prior trauma. a DP radiograph of the left
foot demonstrates multifocal areas of midfoot osteoarthritis, most pronounced at the second
and third tarsometatarsal joints and the medial naviculocuneiform joint (arrowheads). b AP
delayed image from a 3-phase Tc-99 m-MDP bone scintigraphy of both feet show bilateral
midfoot radiotracer uptake primarily involving the middle column, left greater than right
(arrowheads). There is a much less radiotracer uptake on the left at the naviculocuneiform
joint (arrow), suggesting that it may be less active. ¢ Sagittal TIW NFS MR image of the
left hindfoot shows typical findings of midfoot osteoarthritis involving the dorsal second
tarsometatarsal joint, with marginal osteophytes and subchondral marrow replacement
(white arrowhead), consistent with radiographic sclerosis. The Lisfranc ligament complex
appeared intact (not shown). Note small foci of subchondral bone marrow signal alteration
at the talar dome and tibial plafond with a small posterior osteophyte (long black arrows)
consistent with early OA, superimposed on a remote healed posterior malleolus fracture
(short black arrow)
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Medial View: Ligaments
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Fig. 11.

Diagrams of the major medial static and dynamic ankle stabilizers. a A diagram of the
medial ligaments of the ankle and hindfoot shows the relationships of the major ligaments.
The superficial bundle of the deltoid ligament fans out from the medial malleolus and

has a number of components. For clarity, only the tibionavicular and the tibiocalcaneal
components are shown here. The deep deltoid ligament is primarily composed of the anterior
and posterior tibiotalar bundles, as shown. The calcaneonavicular, or spring ligament has
three components, the superomedial, medioplantar oblique and inferoplantar lateral bundles.
Only its most medial and strongest component, the superomedial bundle, is shown here.

b A diagram of the medial ankle tendons shows the relationship between the three flexor
tendons, which course posterior to the medial malleolus. The posterior tibialis tendon is a
major ankle stabilizer and primarily inserts on the navicular tuberosity. The flexor hallucis
longus and flexor digitorum longus tendons cross over one another in the plantar hindfoot,

often called the master knot of Henry
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a Lateral View: Ligaments b Lateral View: Tendons and Retinacula
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Fig. 12.
Diagrams of the major lateral static and dynamic ankle stabilizers. a A diagram of the

lateral ligaments of the ankle and hindfoot shows the relationships of the major ligaments.
The three most commonly injured ligaments are the anterior talofibular ligament, the
calcaneofibular ligament and the anterior tibiofibular, or syndesmotic ligament. The anterior
talofibular ligament may be composed of 1-3 separate bundles. b A diagram of the lateral
ankle tendons shows the relationship between the peroneal tendons, which course posterior
to the lateral malleolus and are stabilized by superior and inferior peroneal retinacula. The
peroneus brevis is a major antagonist to the posterior tibialis tendon and inserts on the

fifth metatarsal tuberosity, while the peroneus longus courses around the lateral and plantar
surface of the cuboid and has several insertions in the plantar medial midfoot with the
majority of fibers inserting on the medial cuneiform and first metatarsal base
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Fig. 13.
Normal radiographic measurements of the distal tibia and tibiotalar osteoarticular

relationships. a On an AP weightbearing radiograph of the right ankle, the tibial anterior
surface (TAS) angle (dashed curve), formed by the mechanical axis of the tibia (solid
vertical line) and the tangent of the tibial plafond (dashed line), normally measures 93° +/ -
3°. A varus tilt is diagnosed if the tibial anterior surface angle measures less than 90°. The
tibiotalar surface (TTS) angle (solid curve), formed by the mechanical axis of the tibia (solid
vertical line) and tangent to the talar dome (solid horizontal line), normally measures 87.2°
+/-2.8° and a TTS angle of less than 84.4° is considered abnormal. Finally, the talar tilt
(TT) or tibiotalar angle (dotted curve) is formed by taking tangents of the talar dome (solid
horizontal line) and tibial plafond (dashed horizontal line). Normally, these surfaces should
be parallel, and the tibiotalar angle should measure no greater than 2°. b On the lateral
weightbearing radiograph of the ankle, the tibial lateral surface angle, which is formed by
the mechanical axis of the tibia and a line connecting the anterior and posterior margins of
the talar dome should measure 83° +/ - 3.6°

Skeletal Radliol. Author manuscript; available in PMC 2024 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Omar et al.

Page 29

Fig. 14.
A 62-year-old male patient presented with history of repeated severe right ankle sprains

and medial greater than lateral ankle pain. Coronal reformatted image from a weight-
bearing CBCT shows advanced medial tibiotalar osteoarthritis (short arrow). There is
varus angulation of the talus with medial malleolar osseous remodeling. The contact point
has shifted to the medial talar body. Corticated ossifications distal to the medial and
lateral malleoli are consistent with prior fractures (long arrow). There is a developing
pseudarthrosis between the lateral talar process and calcaneal sulcus (arrowhead)
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Fig. 15.
A 26-year-old female patient with recurrent left ankle sprains and instability presenting with

medial ankle pain and sensation of lateral instability underwent an MRI. a Coronal T2W FS
MR image of the hindfoot shows a radiographically occult medial talar dome osteochondral
injury with an in situ fragment (arrowhead). The fragment is mildly edematous and there

is chondral fissuring at the osteochondral margin. Although there is suggestion of varus
angulation of the calcaneus, this study is not performed with weight-bearing and varus
angulation should be confirmed with weightbearing radiography or CBCT. b Axial T2W
FS MR image of the ankle shows moderate thinning of the ATFL, consistent with attrition
(arrowhead). ¢ A slightly more inferior axial T2W FS MR image shows mild peroneus
brevis tendon thickening and intermediate signal (arrowhead), consistent with severe
tendinopathy. The peroneus longus tendon is slightly irregular as well (arrow), suggesting
tendinopathy. Varus hindfoot alignment may place greater stress on the peroneal tendons,
resulting in tendinopathy and tenosynovitis. Hindfoot alignment views are very useful in this
setting and should be performed to guide the surgeon in performing the appropriate bony
correction in addition to the ligament/tendon/cartilage reconstruction
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Fig. 16.
A 67-year-old female patient with history of prior ankle fracture status post-surgical fixation.

The patient has had medial and lateral ankle pain and decreased range of motion and
underwent weight-bearing CBCT. Coronal reformatted CBCT image of the ankle seen in
bone window shows the lateral shifting of the tibiotalar contact (arrowhead), with focal
bone-on-bone apposition and subchondral cyst-like changes. The talar tilt angle measures 4°
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Fig. 17.
A 33-year-old male patient presents with left medial midfoot arch collapse, progressive

ankle and foot pain, and decreased range of motion. a CBCT weight-bearing coronal
reformatted image of the ankle seen in bone window shows findings of valgus instability
with valgus angulation of the talus and lateral predominant joint space narrowing and

OA (arrowhead). Additionally, on a lateral weight-bearing radiograph of the foot, b there
are findings of medial midfoot arch collapse, including excess talar head plantar flexion
with a talar-metatarsal angle measuring 35° (measured angle), pes planus, with a calcaneal
inclination angle measuring 0°. On a DP weight-bearing radiograph of the foot, there is
forefoot abduction with excessive medial talar head uncoverage (not shown). ¢ On an axial
PDW NFS MR image of the hindfoot, there is a thickened, ill-defined deep deltoid ligament
(arrow) and the posterior tibialis tendon (PTT) is thinned and frayed (arrowhead), related to
either partial tendon tear or attritional tendinosis. Valgus instability and medial midfoot arch
collapse often places greater stress on the PTT, which can result in tendon degeneration
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Fig. 18.

A coronal diagram of the subtalar joint shows the relationship of the major ligaments
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from medial to lateral. The interosseous talocalcaneal ligament is the strongest ligament
and located more medially, deep to the deltoid ligament, while the cervical ligament and
the extensor retinacular roots (not shown) are more lateral and deep to the calcaneofibular

ligament
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Fig. 19.
A 51-year-old female patient had ORIF for a depressed intra-articular calcaneal fracture

after falling from a roof. Brodén view performed following surgery shows fracture extension
to the posterior calcaneal facet with articular surface step-off (arrowhead) and diastasis
medially. The lateral radiograph of the ankle (not shown) could not adequately depict this
appearance due to overlapping osseous structures
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Fig. 20.
A 41-year-old male patient had a right ankle twisting injury with pain and swelling.

The patient was initially diagnosed with a lateral ligamentous complex injury but the
symptoms in the hindfoot persisted. Preliminary lateral radiograph of the foot (not shown)
demonstrated a small posterior subtalar joint intraarticular body, indicating chondral loss,
with the joint not well seen. a Sagittal CT reformatted image of the posterior subtalar

joint shows posterior calcaneal facet subchondral plate irregularity with two punctate intra-
articular ossific fragments (arrowhead) in addition to the larger posterior joint recess intra-
articular body (arrow). b Sagittal PDW FS MR image of the hindfoot reveals posterior
subtalar osteoarthritis, with reciprocal subchondral BME, hyaline cartilage loss (arrowhead),
and mild synovitis (shorter arrow). Additionally, the cervical ligament is ill-defined and
edematous, and partially torn (longer arrow)
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Fig. 21.
A 44-year-old female patient had a fracture of the left ankle anterior calcaneal process

radiographically and underwent subsequent MRI to assess for midtarsal joint injury. a

A sagittal STIR MR image of the hindfoot demonstrates a pronounced post-traumatic
arthropathy of the midtarsal joint, including intense BME of the talar head, navicular,

and anterior calcaneal process. There is partial tearing of the dorsal talonavicular

ligament (arrowhead), which appears edematous. b Axial T2W FS MR image of the
hindfoot demonstrates significant thickening and periligamentous edema around the lateral
calcaneocuboid joint capsule (arrowhead), which appears partially detached from the cuboid
base and could contribute to calcaneocuboid instability
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Fig. 22.
A 46-year-old male patient had a right midfoot injury with subsequent OA at the Lisfranc

joint. Radiography of the foot shows first and second TMT OA (not shown). a A sagittal
reformatted weightbearing CBCT image of the second ray shows moderate OA of the
second TMT joint (arrowhead). b Subsequent weightbearing CBCT of the midfoot was
performed after ORIF of the first and second TMT joints. An axial reformatted image
through the midfoot along the metatarsal axes revealed ankylosis of the second TMT
joint. However, there is additional moderate third TMT OA (arrowhead), corresponding
to patient’s pain that localized to this joint following surgery
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Fig. 23.
A 66-year-old female patient had chronic midfoot pain and OA primarily at the second

TMT and navicular-medial cuneiform joints (NCJ). The treating physician was not sure
whether either joint or both joints were pain generators and performed targeted injections

at each joint a week apart. a DP fluoroscopic image of the midfoot shows the tip of a
20-gauge needle (arrow) located over the second TMT joint using a dorsal approach. b A
subsequent DP fluoroscopic image of the midfoot demonstrates the tip of a 20-gauge needle
(arrowhead) located over the NCJ. The patient received substantial relief with injection over
the second TMT joint but only mild relief with injection into the NCJ, suggesting the TMT
was the main pain generator
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Table 2

Takakura staging system for medial ankle osteoarthritis

Stage Radiographic osteoarthritis signs

1 No joint space narrowing, but early sclerosis and osteophyte formation
2 Narrowing of the joint space medially

3 Obliteration of the joint space with subchondral bone contact medially
4 Obliteration of the whole joint space with complete bone contact
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Table 4

Menz radiographic classification of osteoarthritis in the foot

Osteophytes (0-3)  None (0)
Small (1)
Moderate (2)
Large (3)

JSN (0-3) None (0)
Definite (1)
Severe (2)

Joint fusion (3)

« JSN, joint space narrowing

« Assessment performed on DP and lateral radiographs of 1st MTP, 1st TMT, 2nd TMT, naviculocuneiform joint and TNJ, the 5 most common
joints for OA in the foot

« Score of 2 or more on either projection is considered significant OA for that joint
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