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Abstract

Osteochondral lesions (OCLs) of the talar dome consist of a multifactorial pathology of the articular cartilage and subchon-
dral bone and can result in persistent ankle pain and osteoarthritis (OA). Along with a physical examination and clinical
history, an imaging evaluation plays a pivotal role in the diagnosis of these lesions and is fundamental for making treatment
decisions and determining prognosis by providing information regarding the size, location, and cartilage and subchondral
bone statuses as well as associated lesions and degenerative changes. Multiple surgical techniques for OCLs of the talar dome
have been developed in recent decades, including cartilage repair, regeneration, and replacement strategies, and radiologists
should be acquainted with their specific expected and abnormal postoperative imaging findings to better monitor the results
and predict poor outcomes. The present article proposes a thorough review of the ankle joint anatomy and biomechanics,
physiopathology, diagnosis, and treatment of OCLs of the talar dome, highlighting the radiological approach and imaging
findings in both pre- and postoperative scenarios.
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acute trauma, repetitive microtrauma, vascularization defi-
cits, biomechanical disturbances, systemic conditions, and
genetic predisposition [1, 2]. Most talar OCLs are second-
ary to trauma, with a large number of ankle sprains result-
ing in some degree of osteochondral damage, especially if
an ankle fracture is present, in which talar dome OCLs are
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found in 61% of cases [3, 4]. The term osteochondritis dis-
secans (OCD) is usually reserved for a clinicopathological
scenario of abnormal subchondral bone formation. This arti-
cle reviews the particularities of the talus and the natural
history, diagnosis, and treatment of OCLs of the talar dome,
highlighting the role of imaging in this scenario.

Cartilage

The ankle cartilage presents characteristic anatomical,
mechanical, and biochemical properties that make it unique.
Highly congruent joints such as the tibiotalar joint present
a sufficiently large area of contact to adequately distribute
the load, which requires less cartilage deformation, unlike
other less congruent joints, such as the knee [5]. Cartilage
thickness is inversely related to joint congruence, with thin
cartilage correlating with high congruence and a high com-
pressive modulus [5]. The distal tibial plafond cartilage has a
thickness ranging from 1.06 to 1.63 mm, and the talar dome
has a thickness ranging from 0.94 to 1.62 mm, with a direct
correlation with higher body mass index and male sex [6,
71. The thickness of the talar dome also varies depending on
the area, being thicker at the medial shoulder and thinner at
the lateral gutter [6].

Ankle cartilage presents high dynamic stiffness, low
permeability, and increased extracellular matrix density,
providing resistance to load and mechanical damage. Com-
pared to the knee cartilage, the ankle has a greater regen-
erative ability since its chondrocytes are less responsive to

catabolic factors and more responsive to anabolic factors.
The ankle cartilage also presents increased metabolism,
translated into a lower half-life [8, 9].

Even though ankle osteoarthritis (OA) is rare, with a
prevalence of 1%, posttraumatic OA accounts for more
than 70% of cases, with advanced OA developing 20 years
after the initial traumatic injury, impacting a patient’s
quality of life and burdening the health system [9].

Vascularization

Vascularization of the talus is unique: (a) almost two-
thirds of the bone surface is covered in cartilage, (b) it
presents no muscle or tendon attachment, and (c) irrigation
of the talar dome is retrograde [10, 11]; all these features
result in a limited arterial blood supply of the talar dome.

The vascular supply of the talus relies on the anterior
tibial artery (36% of blood supply), posterior tibial artery
(47%), and peroneal artery (17%), and the main contribu-
tor to the vascularization of the talar body is the anasto-
motic network between the artery of the tarsal canal (from
the posterior tibial artery) and sinus tarsi artery within the
bone [10] (Fig. 1a).

Lomax [12] studied the distribution of blood supply at
the subchondral bone of the talar dome and showed that
some areas are particularly less vascularized, especially
the medial-equator, posterior medial, and posterior lateral
sections. Importantly, these three sections are among the
four most frequently affected in OCLs [12] (Fig. 1b).

a b .
Anterior
Anterior Tibial Artery Peroneal Artery
36% of blood supply 17% of blood supply
Sinus Tarsi Artery
Posterior Tibial
Artery
47% of blood supply
Medial Lateral
Artery of the
Tarsal Canal

Posterior

Fig. 1 Schematic representation of talar bone vascularization. a The vascular supply is unevenly distributed on the talar dome, and the least vas-
cularized segments are medial-equator, medial-posterior, and lateral-posterior (asterisks). b The sections most frequently affected in OCLs
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Biomechanics

The talar dome supports 4—5 times the body weight at heel
rise during the stance phase of walking, which increases
substantially during running. The force is mainly dis-
tributed by the tibiotalar joint, while only one-sixth is
transmitted by talofibular articulation. Since the tibia is
a longer bone, it can dissipate impact forces in a larger
volume than the talus, which is a compact bone; therefore,
OCLs are more common in the talar dome than in the tibial
plafond [1, 13, 14].

The high congruence between the tibiofibular mortise
and the talar trochlea promotes joint stability and improved
force distribution. Minimal tilts or displacements reduce the
contact area and therefore increase the zonal stress. Ramsey
and Hamilton [15] and Lloyd et al. [16] studied the modifi-
cation of the tibiotalar contact area with a lateral talar shift
and showed that a 1-mm displacement leads to a 40-42%
decrease in the contact area and shifts the stronger contact
from anterior and lateral to posterior and medial. Bruns et al.
[17] showed the modification of tibiotalar load distribution
after ligament dissection, demonstrating a solid correlation
between the degree of ligament rupture and pressure area
and pressure maxima in different ankle positions.

Natural history of OCLs

Ankle sprains have an incidence of 2.15 per 1000 person-
years in the USA [18]. The majority of OCLs of the talar
dome are posttraumatic, and up to 6.5% of ankle sprains
result in OCLs [19].

Traumatic stress consists mainly of axial load with
ankle inversion, with impaction of the lateral border under
dorsiflexion and of the medial border under plantar flexion
and external rotation [3].

Following trauma, the main initial mechanism is carti-
lage injury due to shear stress. Trauma can cause chondral
discontinuities that allow the insinuation of articular fluid
into the site of the lesion, promoting osteolysis and the for-
mation of subchondral cysts and resulting in progression of
the chondral lesion itself [1]. High-impact trauma can also
cause direct subchondral microfractures and bone impaction,
hampering the support of the overlying cartilage by the sub-
chondral bone and leading to instability of the cartilage/bone
interface and consequent chondral lesions. Therefore, a car-
tilage lesion favors subchondral damage, and vice versa [1].

The established pathologic cycle translates clinically as
deep ankle pain with or without swelling, which worsens
with weight bearing and activity, with possible associated
joint instability [1, 20].

If left untreated, OCLs can cause persistent pain in up
to 14% of patients and limited daily or sports activities
in approximately 23% and 58% of patients, respectively,
with a low rate of progression to OA [21]. Some OCLs
heal or remain inert and are asymptomatic, and complete
regression of the lesion has been reported, especially in
children [1, 21].

Diagnostic imaging
Conventional radiography (CR)

CR remains useful in the initial workup in acute ankle
sprains or deep ankle pain with suspected OCLs of the
talar dome, and the evaluation should include anteropos-
terior and lateral weight-bearing and mortise views [20].
Optional heel-rise views can improve the detection of
OCLs. A routine radiological examination is unable to
identify 30-50% of OCLs, especially if they are posteri-
orly located [22], but the combination of standard CR with
a clinical history, physical examination, and mortise view
with a 4.0-cm heel rise increases the sensitivity to 70%
and specificity to 94% [19]. CR, however, is unsatisfac-
tory for defining the location and extension of the lesions,
both of which are pivotal factors for defining treatment
and prognosis [19].

Computed tomography (CT)

The sensitivity and specificity of CT for the detection of
OCLs are 81% and 99%, respectively [19]. CT with axial
slices and a thickness of 0.6 mm and sagittal reformations
of 1 mm is suggested [20]. Plantar flexion CT (patient in
the supine position, with a slightly flexed knee and maxi-
mal plantar flexion, secured by a foot plate) can be per-
formed in a preoperative scenario, especially in cases of
posteriorly located OCLs and/or in ankles with a limited
range of motion, and is a reliable and accurate method to
evaluate whether a lesion can be assessed with an anterior
arthroscopic approach [20, 23].

CT is the most accurate method to measure lesions and
assess the subchondral bone plate, which plays an impor-
tant role in the pathogenesis of OCLs [22]. The evaluation
of the fragment and subchondral bone on CT has a good
correlation with arthroscopic staging and helps predict
cartilage damage [24]. The main limitations of this imag-
ing method are radiation exposure and poor evaluation
of the cartilage status, bone marrow edema (BME), and
associated soft tissue lesions [20].
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Magnetic resonance imaging (MRI)

MRI is the most appropriate method for the diagnosis of
OCLs, with a sensitivity and specificity of 96% [19]. Even
though the evaluation of ankle cartilage is challenging due
to its small thickness, curvature, and articular congruence,
MRI allows the identification of cartilage lesions and degen-
eration, especially with strong magnetic fields [25], sequence
optimization, and dedicated/small field-of-view coils[26]. It
also permits the visualization of BME, an important feature
to be actively searched, especially in symptomatic patients.
Even though MRI can overestimate the size of the lesion
due to surrounding BME [19, 27], it can be used in routine
practice.

Regarding ankle joint evaluations, 3.0-T MRI has been
shown to be superior to 1.5-T MRI, as it has a higher signal-
to-noise ratio and spatial resolution, resulting in a higher
sensitivity in detecting cartilage, ligaments, and tendon
pathology [28].

We propose an MR protocol that includes sagittal and
axial T1- and T2FS-weighted images as well as a 3D coronal
T2FS (Table 1). In our experience, the coronal volumetric
sequence allows better evaluation of chondral lesions as well
as of the bone plate. If 3D sequences are not feasible, we
suggest either a coronal or sagittal plane with focus FOV
and thin slices.

Advanced techniques can be performed with MRI, such
as T2 mapping, T2* mapping, T1rho, and dGEMRIC, the
last three of which are most relevant in scientific studies
and have limited application in daily routine practice. T2
mapping, on the other hand, is more applicable in routine
practice, as it does not require intravenous contrast injection
and has been increasingly used in clinical practice in both
pre- and postoperative scenarios. T2 mapping translates the
biochemical modifications of the cartilage, permitting the
identification of subtle changes that could be overlooked
with conventional imaging and better characterizing the
repair tissue after surgery, as shown in Fig. 2 [25].

Arthrography

Due to the low thickness of the articular cartilage and high
congruence of the tibiotalar joint, the evaluation of cartilage

defects can be challenging with conventional MR imaging.
The use of intra-articular contrast may help to better deline-
ate the cartilage surface and detect morphologic abnormali-
ties. The high contrast and spatial resolution provided by CT
arthrography (CTA) makes it a useful tool to detect chondral
irregularities and discontinuities, with higher sensitivity,
specificity, and interobserver agreement when compared to
MRI for both partial- and full-thickness lesions [29]. How-
ever, it does not entail modification of treatment planning
in most cases, lacks information on BME, and presents the
drawbacks of an invasive method [29].

Compared to CTA, MR arthrography presents a far poorer
delineation of the cartilage surface due to chemical shift arti-
facts, low spatial resolution, and lower contrast [30]. How-
ever, the sensitivities of MRA and CTA are fairly similar
since the presence of BME indirectly indicates overlying
chondral lesions and increases the reader’s diagnostic per-
formance [30].

Both methods are also useful to distinguish in situ sta-
ble and unstable OCLs, especially since conventional MRI
still lacks accuracy for assessing fragment stability. The
insinuation of contrast media underneath the osteochondral
fragment indicates communication of intra-articular fluid
with the interface between the lesion and its bed, showing
instability [31], as shown in Fig. 3. CTA is especially more
sensitive and specific than MRA for partially detached and
detached in situ lesions, with higher interobserver agree-
ment [32].

Table 2 summarizes the main information regarding diag-
nostic imaging for OCLs.

What to report?
Location

Medial lesions account for almost 62% of OCLs, lateral
lesions account for approximately 36% of OCLs, and only
1% of OCLs occur in the center-third of the talar dome [2,
33]. Lateral lesions are most likely posttraumatic (94%),
while only 64% of medial lesions present a history of pre-
vious trauma [34]. Lateral lesions are usually caused by
shear stress and tend to be shallow and oval. On the other

Table 1 Suggested MR imaging

protocol Sequence TR TE FOV  Thickness/gap ETL  Matrix NEX  Bandwidth
Sagittal T1 485 Min 15 4.0/0.4 mm 3 384x256 2 41.67
Sagittal T2 FS 2604 70 15 4.0/0.4 mm 20 256x224 4 41.67
Axial T1 595 Min 16 4.0/0.4 mm 3 352%x192 1 31.25
Axial T2 FS 3823 60 16 4.0/0.4 mm 18 256x224 4 41.67
Coronal 3D T2FS 1300 84 16 0.6 mm/0 64 256x256 2 50
Coronal T2 map 900 8.1 14 3.0/0.6 mm 272x272 2 35.71

@ Springer



Skeletal Radiology

Fig.2 Female, 19 years old,
with a history of ankle sprain
10 months earlier. Preopera-
tive MRI a and b demonstrates
a chondral discontinuity
(arrows), with an overall regular
bone plate, but accompanied

by subchondral bone cysts
(arrowheads) and bone marrow
edema (asterisk). The patient
underwent bone marrow stimu-
lation, and postoperative MRI
performed 3 months after the
surgery ¢ and d shows partial
resolution of the subchondral
bone marrow edema (asterisk),
sclerosis at the subchondral
region (thick arrow), and mildly
irregular reparative tissue
(dashed arrow). One year later,
anew MRI e and f shows good
evolution of the same findings.
On T2 mapping, note regular
tissue covering the site of the
OCL and the decrease in relaxa-
tion times over time, denoting
the maturation of the reparative
tissue d and f

hand, medial lesions usually occur due to torsional impac-
tion and axial loading, resulting in deeper cup-shaped
lesions [1, 2].

Raikin and Elias [2] proposed a 9-grid system to
describe the location of lesions on the talar dome, divid-
ing the talar dome surface into nine equally sized zones
disposed in three columns (medial, central, and lateral)
and three rows (anterior, equator, and posterior). They
studied the frequency of OCLs in each area and showed
that the medial-equator zone (53% of cases) and lateral-
equator zone (25.7%) were the most affected by OCLs.
Medial lesions were deeper and larger than lateral lesions
[2]. When reporting the location of an OCL, the radiolo-
gist should use the 9-grid system and specify if the lesion
extends to the shoulder of the talar dome when it is con-
sidered uncontained (Fig. 4).

Size

Since arthroscopic measurement of a lesion can be both
inexact and challenging, the radiological approach is piv-
otal to assess the size of an OCL [20]. When reporting the
size of an OCL, the radiologist should always measure the
lesion in 3 planes (anteroposterior, laterolateral, and depth).
MRI is frequently used in daily routine practice but may
overestimate lesion size; therefore, for surgical planning, we
suggest CT for precise measurements.

Cartilage status
As previously noted, the evaluation of ankle cartilage can

be challenging with conventional MRI studies, but it is fun-
damental to guide treatment decisions. The Outerbridge
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Fig.3 A 24-year-old female with a history of ankle sprain was treated
with matrix-augmented bone marrow stimulation with a collagen
scaffold in 2012. Initial postoperative MRI a shows flattening and
irregularity of the bone plane (white arrow) as well as bone marrow
edema (asterisk) related to the surgical procedure. Six months later,
the patient remained mildly symptomatic, and both arthro-MRI b and

classification [35] is an arthroscopic system first developed
to stage cartilage lesions of the knee, and a correlation
can be applied for imaging studies of the ankle as follows:
grade 0, normal cartilage; grade 1, focal signal abnormali-
ties; grade 2, surface irregularities or fraying; grade 3, par-
tial thickness cartilage loss; and grade 4, subchondral bone
exposed [36].

Subchondral bone changes

The subchondral bone is responsible for supporting the car-
tilage, influencing cartilage metabolism and distributing the
load at the joint, and subchondral pathology is a source of
pain in OCLs [24, 37].

Subchondral BME may translate a multifold of bone reac-
tions, possibly representing an acute lesion, the deteriora-
tion of a chronic lesion, a reactive change to an increasingly
unstable lesion, or a healing response [2, 26, 38]. Isolated
BME with no major macroscopic chondral changes may
represent occult cartilage injury, which can sometimes be
identified only with arthroscopy [39]. If asymptomatic,
BME associated with an OCL can be managed with con-
servative treatment [37]. However, if BME is progressive or
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arthro-CT ¢ were performed, showing the insinuation of contrast
media underneath the anterior margin of the reparative tissue (arrow-
heads), which was more conspicuous in arthro-CT. Three years later,
a new MRI was performed d, demonstrating the development of sub-
chondral cysts (thick arrow), irregularities in the reparative tissue and
osteophytes at the anterior tibiotalar margins, denoting poor evolution

associated with persistent pain, it may represent an unstable
or progressive lesion.

The presence of subchondral bone cysts is an important
feature that affects therapeutic decisions. They can result
from initial trauma arising from microfractures in the sub-
chondral plate that allow the penetration of joint fluid into
the subchondral bone [26]; consequently, fluid pressure
results in perfusion deficits, osteolysis, and cyst formation
[1, 24]. Subchondral cysts are also considered a transient
characteristic of OCL, representing a step of the pathologi-
cal process and possibly healing with time [38]. They should
be measured in their largest axis and indicated in the imag-
ing report since the larger the cyst is, the less bone stock is
available to support the bone plate and overlying cartilage.

After fluid pressure diminishes, bone remodeling starts
and may result in sclerotic changes, which prevent sponta-
neous reintegration of the fragment and subjacent bone and
should be reported [40]. When describing the subchondral
bone changes of an OCL, the radiologist should report the
presence of edema, subchondral cysts, and sclerosis. The
length and depth of the subchondral cysts should be meas-
ured, and the subchondral bone loss should be evaluated,
which are essential information for surgical planning.
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Fragment status and stability

The status of any detached or displaced fragment should be
assessed since fragment fixation can be a treatment option. The
radiologist should report the largest diameter and thickness of the
fragment, highlighting the bony thickness, since a minimal size
and amount of bone are crucial to determine whether fixation is
feasible [41]. To be considered for fixation, the fragment should

Plantar flexion CT is useful for preoperative
planning (especially in cases of posterior
OCLs and/or ankles with limited range of
arthro-CT is more useful due to high

Advanced quantitative techniques may be
Even though arthro-MRI is useful due to
additional information on soft tissues,

contrast and spatial resolution

AP + lateral + AP mortise; heel rise
increases sensitivity to 0.70

4 be intact and viable [41], so its signal on MRI and the presence
:g = of sclerosis or fragmentation on CT should be evaluated.
E % g Historically, the presence of a high signal line between an
E = 3 osteochondral fragment and the bed of the lesion is thought
i to represent the insinuation of synovial fluid behind the
é . 5 = lesion, translating instability, which means that the lesion
. zZ E g is not firmly attached to the subjacent bone and is unlikely
g ;Ebé 2 § to heal spontaneously [40, 42]. However, this line may
Q % _§ 5 g also represent granulation tissue and, therefore, a healing
§ 2 g § '-05) response, with some of the lesions improving without a sur-
"o; “i % . 2 E gical approach [43, 44]. Unless there is a clear breach on the
é: S8 é g 5 3 overlying cartilage, this sign should be interpreted carefully,
B 3 % g i E % g as it may not be associated with an unstable lesion [44].
5 3 & g .«}; & E = Moreover, a recent study by Nakasa et al. [40] aimed to cor-
g1 E o g g 2 g relate the intensity of the high signal line and the stability of
.E E E 38 § ;?: = the fragment by measuring the ratio between the T2 values
= of the joint fluid and the high signal line, and they concluded
g 0 % - that the higher the signal of the line is, the more likely it
2 g —§ _§ é 8 E represents fluid, denoting an unstable OCL.
E % 8 23 _‘? % In regular radiological reports, MRI has low accuracy
; g é % % '§ ; (53%) for defining OCL stability, and even after the stand-
g 273 é" ~‘§ E § ardization of reports and application of specific classification
2 E § % 2 %é systems, its accuracy increases to 76%, with low interreader
g g ) 2 i = g agreement [45]. The evaluation of the lesion/underlying
£ 2 § s _q§ é g bone interface is limited with standard MRI protocols,
2 BB z 5. oF devaluing the accurate assessment of stability [45].
5 2 d = % g § é % 8 Bohndorf [43] suggested the use of intravenous contrast
&E) $© 8 Z¢& k3 2 S8 to assess the high signal line at the lesion/bone interface

since enhancement of the granulation tissue would distin-
guish it from insinuated joint fluid. Arthrograms are also

Sensitivity/specificity Advantages

S o
0 i useful in this scenario since the presence of contrast under-
S S neath the fragment represents communication with the joint
— (@) O B a . . .
2 9 % s < space and is a sign of an unstable lesion.
< < = < | | Sty
3 = 2 & 2 = > . Therefore, when descr%bmg.the fragment status and sta-
S © = =s0S bility of an OCL, the radiologist should measure the frag-
~) ment and assess viability (assessment of bone marrow sig-
= = nal) and stability (evaluate the presence of fluid between the
= € e 2 fragment and its bed).
£ 2 < o
2 g = E
o 2 & 9 Associated lesions and degenerative changes
gls|E ¢ S z Considering that OCLs of the talar dome are often post-
A SD .% é 2 £ traumatic and associated with ankle instability, it is
o~ = Q . .
2 & "é’ g 5 £ important to report the status of the ligaments and the
= b . . . .
clEIS S b= < alignment of the hindfoot since the surgical approach may
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Anterior

Posterior

b Anterior

Medial Lateral

Posterior

Fig.4 Schematic representation of OCL distribution on the talar dome using the 9-grid system. Note that the medial equator zone is the most

frequent site of OCLs and is also a poorly vascularized zone

also correct the malalignment and restore ankle stability
[46]. The persistence of ankle instability is associated
with a poor prognosis [47]. CR with axial load is useful
to assess hindfoot alignment (varus/valgus, pes planus).

Ligamentous injuries, cartilage lesions of the tibial plafond,
and degenerative abnormalities should be actively searched and
reported, and these patients should undergo a prolonged follow-
up since these findings are associated with negative outcomes
and may contraindicate certain surgical approaches [41, 47].

The main information that should be reported when
evaluating an OCL is summarized in Table 3.

Management
Treatment options for OCLs have greatly developed in

recent decades, and new technologies and techniques have
been used in this scenario. A revision of the main treatment

Table 3 What to report in the diagnostic evaluation of OCLs

options is described below, and Fig. 5 represents a simplified
management algorithm.

Conservative treatment

In asymptomatic OCLs, surgical treatment is usually not
required, and clinical and/or imaging examinations can
be performed to follow its progression [3, 48]. Following
acute trauma, symptomatic, nondisplaced OCLs can be man-
aged with nonsurgical treatment, with a 4—6-week trial of
immobilization and gradual return to normal activities [3,
48]. However, conservative treatment is effective in only
approximately half of cases [33]. If osteoarthritic changes
in the ankle are present, nonoperative treatment should be
considered. Conservative treatment may also be considered
for older patients with a low functional status or for patients
with immature skeletal development [48]. In the absence of
clinical recovery after 3 months, a new MRI scan should be

Size Measure in 3 planes; MRI is used in daily routine practice but may overestimate lesion size; for surgical planning, use CT

for precise measurements

Location

Cartilage status
preferable to classification

Subchondral bone
loss

Fragment
fragment and its bed)

Associated lesions

Use the 9-grid system; specify if the lesion extends to the shoulder of the talar dome
Evaluate cartilage signal, surface regularity, fissures, and/or erosions. Depth and length of abnormalities. Description is

Report the presence of edema, subchondral cysts, and sclerosis. Measure subchondral cysts and evaluate subchondral bone
Measure and assess viability (assessment of bone marrow signal) and stability (evaluate the presence of fluid between the

Ligament status, additional chondral defects, and degenerative abnormalities
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Symptomatic OCL

A

[ \
El 3 I3

YES NO
Cartilage surface intact?
YES :
RETROGRADE ALLOGRAFT Large Cysts? MICROFRACTURES
DRILLING
NO

Shoulder lesion

AUTO or
ALLOGRAFT

ACl: autologous chondrocyte implantation
MACI: matrix-induced autologous chondrocyte implantation
AMIC: autologous matrix-induced chondrogenesis

Fig.5 Surgical management algorithm

performed, as the OCL is probably not healed and may have
progressed [48].

Fixation

To preserve native cartilage and optimal congruence in
the lesion, fixation of the osteochondral fragment may be
indicated, with success rates ranging from 78 to 100% [41].
This technique can be performed in both acute and chronic
scenarios for viable fragments larger than 1 cm and with a
bone thickness of at least 3 mm [41, 49], preferably using
two fixation devices.

Cartilage repair (bone marrow stimulation
and retrograde drilling)

Bone marrow stimulation (BMS) is based on perforation
of the subchondral bone, leading to local inflammatory
reactions, the formation of fibrin clots, and the ingress of
progenitor marrow cells [3, 50]. The defect is subsequently
filled with fibrocartilage, which is composed of type I col-
lagen, presents inferior mechanical properties to hyaline
cartilage, and is likely to deteriorate over time [3, 51].
A systematic review by Ramponi et al. [51] showed that
lesions larger than 107.4 mm? in area and 10.2 mm in diam-
eter correlate with poor outcomes after BMS, indicating

Other location

Subchondral cysts

ACl or MACI or AMIC ACl or AUTOGRAFT

Steele et al. FAO 2018

these sizes as thresholds up to which the fibrocartilage is
able to endure biomechanical distress after the procedure.
Overall, BMS has good results in pain and function in
65-90% of cases [3], as shown in Fig. 6, and almost 90%
of athletic patients return to the preinjury level [51]; there-
fore, BMS remains the gold standard technique for lesions
smaller than 10 m in diameter, 100 mm? in area, and 5 mm
in depth [50]. The outcomes are worse in patients with
underlying cysts, older lesions, or associated OA.

In cases with subchondral bone lesions or cysts with
undamaged overlying cartilage, retrograde drilling can be
performed (Fig. 7). It consists of a nonarticular procedure
guided by arthroscopy and fluoroscopy, with the purpose
of stimulating revascularization and bone formation at the
subchondral bone while preserving overlying healthy car-
tilage [52]. A Kirschner wire is inserted from the postero-
lateral talus near the sinus tarsi to the subchondral defect
to guide drilling and avoid damage to the cartilage. Over
the wire, a drill is inserted to remove the necrotic bone and
curette cystic material, followed by optional bone graft-
ing [53, 54]. Success rates range between 81 and 100%
and are especially advantageous for young patients due to
higher bone-forming capacity than adults and avoidance
of injury to the epiphyseal line [3, 33, 52, 55]. However,
retrograde drilling should not be performed if the cartilage
is damaged [3].
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Fig.6 Male, 8 years old, presented with deep ankle pain for 2 years
that worsened after physical activities. Initial CR a shows an irregu-
larity of the medial shoulder of the talar dome. MRI b, ¢ was then
performed, depicting an OCL at that location, with BME (asterisks)
and mild subchondral plate impaction dashed arrow in c¢. On CT,
there is a clear separation between the fragment and the lesion bed,

@ Springer

consisting of a detached nondisplaced fragment thick arrow in d.
Due to failed conservative treatment, the patient underwent fragment
removal and microfractures e and f. Postoperative MRI shows repair
tissue covering the site of the lesion (arrowheads) and postoperative
changes and mild BME at the bed (curved arrow)
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Fig.7 Male, 63 years old,
presented with a history of

left ankle sprain while play-

ing tennis 2 years prior and
complained of deep ankle pain
upon walking. MRI a, b and CT
¢ show an OCL at the medial
shoulder of the talar dome,

with large cystic areas measur-
ing 2.2 cm (white arrows)
surrounded by BME asterisk

in a. Note the irregularities

of the subchondral bone plate
(arrowhead in C) and minimal
abnormalities of the cartilage
surface, with no deep erosions
(dashed arrows in a and b). T2
mapping revealed no significant
modification in the relaxation
time of the cartilage at the

site of the lesion. Calcaneal
osteotomy and retrograde
drilling were performed. The
patient’s symptoms persisted,
and MRI e and CT f performed
1 year after surgery reveal new
subchondral cysts (thick arrows)
and BME (asterisk) at the tibial
plafond and medial malleolus,
indicating poor evolution

Cartilage regeneration (scaffold-based therapy)

Autologous chondrocyte implantation (ACI) is a first-generation
2-step procedure consisting of the harvest of healthy cartilage
(either from the anterior segment of the talus or from the knee)
and chondrocyte culture, followed by second arthroscopy for
the delivery of chondrocytes, which are then enclosed with an
autologous periosteal membrane and fixed with sutures [3, 56].
The aim is to fill the osteochondral defect with mostly hyaline
cartilage developed by implanted chondrocytes, with good
postoperative results [3]. This procedure is indicated in OCLs
larger than 1 cm?, with or without cysts [56], with a success
rate of 76% (70-92%) [33]. However, there are reservations
about this technique due to periosteal hypertrophy [56].

Aiming to overcome the drawback of periosteal hyper-
trophy and to promote better distribution of chondrocytes at
the site of the lesion, the matrix-induced autologous chon-
drocyte implantation (MACI) procedure was developed [3,
56]. This technique is a second-generation 2-step procedure
consisting of the implantation of cultured chondrocytes in
a scaffold, which is then inserted at the OCL site and fixed
with fibrin glue, with good outcomes in 89% of cases [3,
56].

Both ACI and MACI require two surgical interventions,
and to avoid this inconvenience, a single-stage scaffold-
based procedure (autologous matrix-induced chondro-
genesis, AMIC) was recently developed [3, 56]. Matrix-
augmented bone marrow stimulation is a 1-step procedure
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Fig.8 A 42-year-old male presented with a history of chronic ankle
instability, multiple previous sprains, and deep ankle pain for 5 years.
CR a shows impaction and cortical irregularity at the medial shoul-
der of the talar dome (thick arrow). CT b and MRI ¢ and d depict
a large cystic OCL (arrows), with surrounding BME (asterisk). Note
the important bone plate irregularity and impaction (dashed arrows).
Surgery was performed a, b, with visualization of a large bone defect
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e filled with bone graft followed by implantation of a collagen mem-
brane f. MRI g and h performed 2 months after surgery depicts sat-
isfactory integration of the bone graft, with no significant BME
(dashed arrows). The surface of the lesion is covered in high-signal
tissue (arrowhead), which is expected in the early postoperative sce-
nario
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in which a collagen-matrix scaffold is placed over the
lesion to support chondrogenic cells and blood clots that
infiltrate the OCL after microfractures[46, 56, 57]. This
procedure can be considered in lesions larger than 1 cm?,
if a single-step procedure is preferred or if bone grafting
is necessary (in patients with more than 3-mm bone loss)
[56], as shown in Fig. 8. Bone marrow aspirate concen-
trate (BMAc) or platelet-rich plasma (PRP) can be used to
maximize chondrogenesis [3, 58]. Arthroscopic, clinical,
and imaging outcomes are similar to those of ACI [3, 59],
with successful results in pain reduction, ankle function,
and return to sports [46].

Scaffold-based techniques should be considered in lesions
larger than 1 cm? [56]. OCL size and location do not corre-
late with functional outcomes, and these procedures can be
performed in both contained and uncontained lesions [56].
Scaffold-based therapy presents good long-term results since
the repair tissue presents all components of hyaline carti-
lage and is very similar to native cartilage, in contrast to the
shorter durability of the fibrocartilage formed after BMS [58]
(Fig. 9).

Cartilage replacement (osteochondral autograft;
osteochondral allograft; particulated juvenile
cartilage allograft transplantation).

Osteochondral autografts are a technique based on the har-
vest of an autologous osteochondral plug to replace the OCL,
with the advantage of restoring both the hyaline cartilage and
subchondral bone with native material from the patient [3,
60]. The preferable donor site is the lateral femoral condyle,
with less than 15% donor site morbidity [60]. Osteochondral
autografts are generally indicated for cystic lesions larger than
1 cm and as a revision procedure after failed surgical treat-
ment and can be considered in uncontained lesions, with sat-
isfactory results [60]. Graft congruence is fundamental since
a 1-mm proud graft increases pressure by 675% in lateral
lesions and 255% in medial lesions [61]. Osteochondral auto-
grafts have good/excellent outcomes in over 85% of patients,
with eventual poor outcomes [60, 62], as shown in Fig. 10.
Allograft implants can be considered to replace large
defects for which other techniques may present poor results
or if harvest of the plug from the patient’s knee is not advis-
able [63]. This technique consists of replacement of the OCL

by a graft removed from a fresh, nonfrozen talus of one from
a cadaver donor [63]. Bulk osteochondral allografts should
be considered in uncontained lesions or lesions larger than
the size of 2 cylindrical osteochondral plugs, with improve-
ment in ankle pain and function [63].

Postoperative imaging

It is important to standardize parameters to define post-
treatment success for OCLs to better monitor the results
and predict poor outcomes. The definition of success is
clinical and consists of the absence of pain, patient sat-
isfaction, return to work and sports, and an improvement
of symptoms compared to pretreatment levels [47]. These
data should be assessed at 3, 6, 12, and 24 months after
treatment and annually thereafter [47].

The indication for a routine imaging evaluation after
treatment consists of CR if the surgical approach includes
bone graft or osteotomy to evaluate bone healing and
integration, joint congruency, and assess hardware [47].
If the patient presents with symptoms or unsatisfactory
functional outcomes, cross-sectional imaging can be per-
formed, preferably with MRI, and Table 4 summarizes
the main information that should be evaluated. Routine
follow-up imaging in asymptomatic patients is not recom-
mended [47].

As an attempt to homogenize the description of OCLs
and standardize scientific studies, the MOCART system
(MR Observation of Cartilage Repair Tissue — 2006) [64],
initially described for the knee, has been used in ankle
evaluations. While postoperative MRI provides valuable
information regarding the structural integrity of the joint,
the role of the MOCART score as a follow-up tool in car-
tilage repair of the ankle remains controversial (52).

The main information that should be described when
evaluating posttreatment OCLs is defect filling, integra-
tion, status of repair tissue, subchondral bone, and asso-
ciated complications. Table 4 describes in detail the key
information that should be evaluated and reported.

Moreover, the radiologist should be acquainted with the
surgical technique and consider its expected and abnormal
specific findings when reading a postoperative study. Addi-
tionally, access to prior studies and close communications
with the referring physician are essential.
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Fig.9 Male, 28 years old, with
a history of ankle sprain 3 years
before, treated with microfrac-
tures 1 year later, with persistent
deep ankle pain on sports activi-
ties. CT and MRI performed

2 years after bone marrow
stimulation a, b, ¢ depict irregu-
larity and impaction of the
subchondral bone plate (arrow),
subchondral cysts (arrowheads)
and bone marrow edema (aster-
isks). Note the hypertrophied
fibrocartilage reparative tissue
(dashed arrows). The patient
underwent an open surgical
procedure, with curettage of the
lesion a, microfractures b and
¢, and placement of a collagen
scaffold (matrix-augmented
BMS)
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Fig. 10 A 29-year-old male pre-
sented with a history of an acute
ankle sprain with an OCL at
the medial shoulder of the talar
dome in 2007. The treatment of
choice was autograft implanta-
tion. A few years after surgery
a, b, the patient remained
mildly symptomatic, and MRI
shows subchondral plate irregu-
larities and mild depression at
the graft site (white arrows).
The cartilage surface shows sig-
nal abnormalities and profound
irregularities, with an uneven
chondral surface (arrowheads).
Three years later, the patient
presented with worse deep
ankle pain. MRI c-e depicts pro-
gression of the chondral lesion,
with deep chondral erosions
now also present in the adjacent
tibial plafond (arrowheads).
Note the progression of bone
plate collapse as well as bone
resorption surrounding the

plug (dashed arrow in e). Bone
marrow edema is pronounced
(asterisks), and articular effu-
sion is present. Considering the
poor outcome of the autograft,
the patient underwent hemiar-
throplasty with the resurfacing
technique 7 years after the first
surgery, as shown on postopera-
tive CT and CRf, g
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Table 4 What to report on

Defect filli
imaging follow-up clectime

Volume and thickness: complete/partial filling; hypertrophy
Surface regularity: regular/irregular

Integration

Bone integration: partial/complete integration with native bone

Cartilage integration: partial/complete integration of reparative tissue with

Status of repair tissue

surrounding native cartilage
Signal: homogeneous/heterogeneous; hyperintense/hypointense

Fissures, flaps, or delaminations

Subchondral bone

Edema: compare with previous exams to evaluate progression or regression

Cysts: compare with previous exams and measure

Associated complications

New chondral defects: both in talar dome or tibial plafond

Effusion: regression is expected with time
Osteoarthritis

Conclusion

Ankle sprains are a prevalent traumatic event, and a non-
negligible proportion of these traumas are associated
with OCLs of the talar dome. This pathology can result
in persistent deep ankle pain and limited daily or sports
activities and may progress to OA. CR, CT, and MRI each
contribute important information regarding the OCL itself,
associated lesions, and hindfoot alignment, highlighting
the cardinal role of MRI in this pathology. Radiologists
should be familiar with the imaging features of OCLs in
both pre- and posttreatment scenarios as well as compre-
hend what to report to aid in orthopedists’ management
decisions and prevent patient morbidity.
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