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Abstract

Talar osteochondral lesions (OLTs) are among the most challenging pathologic entities to cure.
A solid strategy is needed for them. In order to get a good outcome from a lesion, it's important
to consider its size, location, chronicity, and other features including displacement and
subchondral cysts. Patients whose OLTs have migrated or who have not shown improvement
after three to six months of nonoperative treatment are the ones who are typically considered
for surgical intervention. The three main categories of surgical procedures for treating cartilage
damage are regeneration, replacement, and repair. In order to reduce the morbidity caused by
OLTs, further study is required to determine which of the numerous viable treatment
approaches is better.
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Introduction

Talar osteochondral lesions (OLTs) affect both the talar articular cartilage and the subchondral bone
beneath it. Osteochondritis dissecans, osteochondral deformities, and osteochondral fractures are all
included in the term as a result. Ankle sprains and fractures are the most common causes of OLTs,
with trauma being the main culprit. Over half of all ankle sprains and fractures result in
OLTs.44,61Appropriate treatment is essential to decrease morbidity and enable patients to resume
sports or ADLs because of the high prevalence of ankle injuries that may cause cartilage damage,

making OLTs a significant issue.

OLTs continue to be a major obstacle for orthopedic surgeons in terms of treatment efficacy for a
variety of reasons. First, articular cartilage has a weak regenerative capacity and the talus has a poor
blood supply, so the lesions don't have much of a chance of healing. In order to circumvent this limited
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healing capacity, numerous surgical treatments have been devised. Unfortunately, there is a lack of
consensus on the best course of treatment due to the paucity of comparative outcome studies
evaluating these various options. When nonoperative treatment fails to alleviate symptoms after three
to six months or when displaced OLT's are chronic, surgical intervention may be necessary. The three
main types of surgical therapies for cartilage damage are regeneration, replacement, and repair.
Osteochondral lesions of the talus are a common type of bone injury, and this article will go over the
symptoms, signs, and treatment options for these lesions. It will also touch on some of the debates and

potential future research on the subject.
Causes and effects

There is no one pathophysiology for OLTs because they include so many different diseases. Focal,
idiopathic subchondral bone lesions can cause instability and even rupture of the neighboring articular
cartilage in cases of osteochondritis dissecans.20Subchondral bone osteonecrosis is believed to
contribute to damage to the underlying cartilage, and the dysfunction of the subchondral bone is
believed to be vascular in nature. The precise etiology of the vascular insult is unclear; however, it may
result from recurrent microtrauma or developmental disturbance of the anastomosing arteries between
subchondral bone and cartilage.47After the knee and the elbow, the ankle is the joint that
osteochondritis dissecans most commonly affects. About 0.09 percent of the population experiences
osteochondritis dissecans of the talus, a condition that primarily manifests in middle age and
older.4Pain and mechanical symptoms like locking or catching when cartilage detaches from the
underlying faulty subchondral bone are frequent in osteochondritis dissecans, while some patients may

not experience any symptoms at all.

As a result of previous trauma, the majority of OLTs, such as osteochondral defects and open
osteochondral fractures, develop. Ankle sprains alone account for more than 2 million cases annually,
and cartilage injury occurs in almost half of all cases and as many as three quarters of all ankle
fractures.44.61.70 minutesAccording to traditional wisdom, trauma is the most common cause of
lateral OLTs (94% of lateral lesions and 62% of medial lesions), but it is less common for medial
lesions.66Traumatic impaction of the medial talar dome occurs when axial stress is paired with
plantarflexion, inversion, and potentially external rotation, whereas axial load with inversion and
dorsiflexion causes impaction of the lateral talar dome.8The majority of lesions were localized in the
centromedial and centrolateral zones, according to several large investigations that evaluated the
anatomical characteristics of OLTs.22,27 totallt is plausible that factors other than trauma contribute
to the formation of certain medial talar lesions, as these investigations also discovered that medial

lesions were typically deeper and linked to subchondral alterations.8

Due to a number of anatomical factors, talar bone and cartilage are at a higher risk of developing
osteochondral lesions. Because of its lack of blood vessels, the cartilage that covers more than 60% of
the talus has a low intrinsic regenerating ability. Therefore, the subchondral bone and synovial fluid

are the primary sources of sustenance for cartilage. The already reduced capacity of talar cartilage to
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recover from damage is made much worse by the talus's inadequate blood supply. The talus is supplied
with blood via an intricate anastomotic network that branches off of the peroneal, posterior tibial, and
anterior tibial arteries. One cadaveric investigation indicated that the posteromedial, posterolateral,
and mid-medial regions of subchondral bone on the 9-section anatomical grid had comparatively low
perfusion, which is caused by the complicated network of numerous arteries leading to watershed
areas.45In addition, the talar dome and the cartilage above it get blood in a retrograde fashion, which
makes it more vulnerable to specific types of injuries. Finally, when compared to other subtalar joints
that bear weight, talar cartilage is noticeably thinner. According to research by Shepherd and
Seedhom65, cadaveric cartilage in the ankle was noticeably thinner than in the knee and hip. In
contrast to the 1.5 to 2.6 mm observed in the knee, they discovered a thickness of 0.7 to 1.2 mm in

the ankle. The talus is at increased risk for osteochondral lesions because to all of these reasons.
Evaluation and Diagnosis

Many factors, such as the aetiology and severity of the lesion, influence how patients with OLTss
present themselves. Pain, edema, and stiffness are the most typical OLT symptoms, but they don't tell
you much about the condition. Bearing weight can make these sensations worse. Mechanical
symptoms like locking and catching, which are commonly linked to cartilage defects in other joints,
also happen seldom with OLTs. Because first evaluations often produce broad differential diagnoses,
doctors should always be on the lookout for these abnormalities. Some examples of these conditions
include impingement, peroneal tendonopathy, lateral ankle instability, syndesmotic injury, concealed

fractures, and subtalar or ankle arthritis.19

In order to rule out OLT, it is important to inquire about any ankle injuries the patient may have had
in the past. Effusion, soreness with palpation of the lesion, reduced mobility, and discomfort upon
inversion or dorsiflexion are all symptoms that could be detected during a physical examination.491t
is important to compare the affected ankle to the other side while doing provocative tests like the
anterior drawer and talar tilt. A thorough radiographic evaluation of the ankle joint is necessary. This
should include weight-bearing anteroposterior, lateral, and mortise views. Lesions that aren't seen on
radiographs or that can't be well described by them may require more advanced imaging using a

computed tomography (CT) or magnetic resonance imaging (MRI) scan.

The initial line of imaging for evaluating OLTs should be weight-bearing anteroposterior, lateral, and
mortise radiography images of the afflicted ankle. In 1959, the first OLT categorization using
radiography was described by Berndt and Harty8 (Table 1). An area of subchondral compression is
classified as stage I, a partially detached osteochondral fragment as stage II, a fully detached fragment
that has not displaced from the fracture bed as stage III, and a detached and displaced fragment as

stage IV, according to their original classification.8
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Table I. Staging Systems of Osteochondral Lesions of the Talus.

Radiography: Berndt and Harty® CT: Ferkel et al*® MRI: Hepple et al*® Arthroscopy
l. Subchondral Compression l. Intact roof/cartilage with I. Articular Cartilage injury only A. Smooth and intact
II. Partially detached osteochondral underlying cystic lesion IIA. Acute cartilage injury with bony  but soft
fragment IIA. Cystic lesion with fracture B. Rough surface
lll. Completely detached fragment communication to surface lIB. Chronic cartilage injury with C. Fibrillation/fissures
without displacement IIB. Open surface lesion with bony fracture D. Flap present or
IV. Detached and displaced fragment overlying fragment lll. Detached, nondisplaced bony bone exposed
Il. Nondisplaced fragment with fragment E. Loose, nondisplaced
lucency beneath IV. Displaced fragment, uncovered fragment
IV. Displaced fragment subchondral bone F. Displaced fragment

V. Subchondral cyst present

It is necessary to conduct more advanced imaging, such as an MRI or CT scan, if the results of the
radiographs do not support the suspicion of an osteochondral lesion. There are benefits and drawbacks
to using any of these imaging techniques to assess osteochondral lesions. If radiographs come up
negative, the next best study for finding OLT's is magnetic resonance imaging (MRI) due to its greater
sensitivity. Researchers Verhagen et al.69 discovered that MRI had a sensitivity of 0.96 for detecting
OLTs, while CT scan had a sensitivity of 0.81.

The articular surface and soft tissues can be clearly seen with MRI, making it a valuable tool for
describing OLTs.17Nevertheless, due to its ability to show swelling in both bone and cartilage, it can
exaggerate the size of OLTs or make it hard to determine the actual bone condition and precise
osteochondral lesion dimensions.19Contrarily, computed tomography (CT) scans provide a clearer
picture of the subchondral bone's condition as well as the size and location of any cysts present.73In
light of the significance of these criteria in deciding on the best course of therapy, computed
tomography (CT) scans are useful for preoperative planning and are usually the go-to study when
radiographs show an osteochondral lesion that might need surgery. It is important to tailor advanced
imaging to each individual patient's needs; for example, some lesions may be best detected, evaluated,

and treated with a combination of magnetic resonance imaging (MRI) and computed tomography

(CT).

Modern imaging is the basis of various classification systems. Although they seldom direct treatment,
they are historically significant and provide a standard way to describe lesions. Because of its correlation
with clinical success, lesion size is a crucial component in selecting the most effective treatment;
however, this dimension is ignored by most staging schemes. In 1999, Hepple et al.38 created an
MRI-based categorization system. Articular cartilage injury is the only type in stage I of this
classification system. Stage II injuries include bone fractures, which are further classified as acute or
chronic depending on whether there is edema. Stage III injuries include a detached, nondisplaced bone
fragment. Stage IV injuries involve displaced bone fragments with exposed subchondral bone. Finally,

stage V lesions involve a subchondral cyst (Table 1).
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In 1990, a CT-based classification system was created by Ferkel et al. 26. According to this system,
there are four stages of lesions: stage I corresponds to an intact roof or cartilage with a cystic lesion
underneath, stage IIA to cystic lesions that communicate with the surface, stage IIB to an open surface
lesion with an overlying fragment, stage III to nondisplaced fragments with lucency underneath, and

stage IV to displaced fragments (Table 1).

Arthroscopy, with its ability to directly see and probe the lesions, offers the most comprehensive
evaluation to guide therapy, making it the most effective staging technique even with imaging
advancements. According to Table 1, the arthroscopy grading system involves the following categories:
A for a smooth and intact but soft surface; B for a rough articular surface; C for fibrillations/fissures;
D for a flap present or exposed bone; E for a loose, nondisplaced fragment; and F for a misplaced

fragment.55

The severity, duration, and symptoms of an OLT determine the course of treatment. Serial
radiographs are typically taken to track the course of asymptomatic lesions. Lesions that are
symptomatic upon presentation or develop symptoms are the ones that are treated. Nonoperative
treatment options are often explored for patients with nondisplaced acute symptomatic lesions. After
a brief immobilization phase of 6 weeks in a walking boot or short leg cast, patients gradually ease back
into their normal activities.4,8,54 totalAbout half of these instances respond well to nonoperative
therapy.11,48 percentWhen nonoperative treatment fails to alleviate a lesion's symptoms and the
lesion persists after 3 to 6 months, surgical intervention may be necessary. However, due to the
decreased likelihood of spontaneous symptom remission, surgical intervention should be considered
for acute lesions with displaced pieces prior to a trial of conservative treatment.11Various surgical
procedures have been detailed for the treatment of OLTs. Methods for repairing, regenerating, and

replacing cartilage can be classified according to Table 2.

Table 2. Classification of Operative Treatment Options for
Osteochondral Lesions of the Talus.

Cartilage Repair Cartilage Regeneration Cartilage Replacement

A. Microfracture A. Autologous A. Osteochondral
B. Retrograde chondrocyte allograft transfer
drilling implantation B. Osteochondral
B. Matrix-induced allograft
autologous C. Particulated juvenile
chondrocyte cartilage allograft
implantation transplantation
C. Autologous matrix-
induced

chondrogenesis
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Cartilage Repair Strategies

Retrograde drilling and stimulation of the bone marrow (microfracture) are two methods for repairing
cartilage. After nonoperative treatments have failed, bone marrow stimulation is typically said to be
the initial line of defense. Figure 1 shows the approach that involves perforating the subchondral bone
so that bone marrow progenitor cells can infiltrate the area. Fibrocartilage is produced within the
defect as a result of these cells' stimulation of repair. Natural cartilage has superior biomechanical and
structural properties than fibrocartilage because it is mainly made of type I collagen instead of the type
IT collagen found in most hyaline cartilage.52,58But in 65-90% of patients, this method reliably

improves clinically, meaning less pain and more function.29, 57, 60, 63

A B

Figure |. Microfracture technique. (A, B) Debridement of medial
talar dome osteochondral lesion of the talus (OLT) to stable
margins. (C) Microfracture performed. (D) Marrow elements seen
exiting microfracture perforations.

The presence of subchondral cysts or related joint degeneration, as well as the patient's age, lesion
chronicity, size, location, and containment, are among the variables that have been investigated as
potential predictors of the success of bone marrow stimulation. The association between OLT size and
result following microfracture is inverse. A total of 105 ankle osteochondral lesions (tibial and talar)
that underwent ankle arthroscopy, debridement, and microfracture were examined by Chuckpaiwong
etal.15. A favorable result was strongly associated with the extent of the lesion. Lesions with an average

longitudinal and transverse dimensions of less than 15 mm did not result in treatment failures, but
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just one patient (3% of the total) had a positive outcome when the lesion was 15 mm or bigger. In
support of this, Choi et al.14 found that a good clinical outcome was achieved with an MRI cutoff of

less than 150 mm2. Lesions smaller than 1.5 cm2 are best treated with microfracture.

Furthermore, compared to more acute, isolated lesions, older lesions and those associated with ankle
arthritis do not reliably ameliorate symptoms with microfracture.39,41There is conflicting evidence
about the association between lesions with underlying cysts and poorer outcomes following
microfracture. Microfracture for cystic lesions had a poor clinical outcome in 53% of investigations,
while no difference in outcome ratings was detected between patients with cystic and noncystic lesions
in 2 additional research.36.57.61 totalSimilarly, microfracture seems to have poorer clinical results for
individuals with talar shoulder lesions that are not confined.12In conclusion, there is no evidence that
lesion site (medial or lateral) or patient age correlate with clinical results, according to multiple

investigations.12, 13, 7, 12,

Retrograde drilling is preferable to microfracture as a reparative treatment for talar osteochondral
lesions when there are subchondral bone defects or cysts with intact overlying cartilage. This is because
it can treat the pathology without disturbing the overlying, healthy cartilage. Retrograde drilling has
shown better functional outcomes for patients with these lesions, and second-look arthroscopies have

not revealed lesion degradation.over 3,40,41
Cartilage Regeneration Strategies

Methods for regenerating cartilage include transplanting cells generated from bone marrow, matrix-
induced autologous chondrocyte implantation, and autologous chondrocyte implantation (ACI).
When microfracture fails or when dealing with larger lesions that aren't good candidates for

microfracture, these methods are usually used.

The initial stage of ACI, which consists of two stages, involves harvesting hyaline cartilage from either
the front of the talus or a part of the knee that does not bear weight.6,51 timesChondrocytes, cultivated
from this cartilage, have a potential shelf life of more than a year.50The second step of the process
involves delivering the chondrocytes to the osteochondral lesion and then sewing a periosteal patch
over the defect to keep them in place (Figure 2). The thinking behind this is that these chondrocytes

can repair the chondral lesion by producing new hyaline cartilage to fill it.
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Figure 2. Autologous chondrocyte implantation (ACl). (A)

Osteochondral lesion of the talus (OLT) (osteotomy performed).
(B) OLT being debrided and chondrocytes being placed. (C) Peri-
osteal patch being sutured over ACI. (D) Fibrin glue overlying ACI.

Some have had success with ACI. Functional results and patient-rated outcomes have been found to
improve in multiple groups.5 minus 31, 42 plus 51 plus 7It is worth mentioning that a number of
these studies documented these favorable results in treating lesions that had not responded to
microfracture in the past. The effectiveness of ACI is unaffected by lesion size, in contrast to
microfracture. Lesion sizes larger than 137 mm?2 and ages younger than 26 were linked to substantially
superior modified magnetic resonance scoring system (MOCART) scores in 1 study that evaluated
lesions with second-look arthroscopy and MRI.43Lesions with a stable cartilage rim and a focal
location are better candidates for ACI treatment. Therefore, ACI is frequently employed for lesions
larger than 1 to 1.5 cm?2 that do not reach the shoulder.

MACI is an improved version of ACI that uses a matrix instead of a periosteal patch to hold the
autologous chondrocytes that are implanted in situ. Using the matrix shortens the operation and
lessens the risk of complications, and it should potentially allow for more uniform dispersion of
chondrocytes inside the defect, even if the surgery is still two stages long. MACI has also shown
promising results, with several case series showing improvements in functional outcome scores
following MACI administration and a meta-analysis indicating an 89% mean success rate.33,62Also,
postoperative magnetic resonance imaging (MRI) has shown that individuals having MACI rather
than microfracture had more normal-appearing cartilage tissue, and second-look arthroscopy has

shown repaired articular surfaces.47, 53, 62
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Being two-stage procedures is one of the main downsides of ACI and MACI. Similar to ACI and
MACI, autologous matrix-induced chondrogenesis (AMIC) use cells taken from bone marrow or other
sources in an effort to accomplish the same aim in a single step. This method aims to create hyaline
cartilage in the defect instead of the fibrocartilage that microfracture alone produces by combining
microfracture with autologous iliac crest bone marrow aspirate concentrate (BMAC) or platelet-rich
plasma (PRP) administered on a collagen matrix scaffold. There is evidence that AMIC improves
functional outcomes and arthroscopically shows growth of more normal-appearing hyaline cartilage
compared to microfracture, although evaluating data on AMIC is challenging because it incorporates
so many different procedures.56 patients were given ACI, while 25 were given 1-step AMIC; Giannini
et al.29 compared the two groups' outcomes. Both the MRI and second-look arthroscopy results were
comparable, and their group did not notice any difference in the amount of improvement in the

outcome ratings.
Cartilage Replacement Strategies

Osteochondral autograft transfer (OAT), which is exclusive to Arthrex in Naples, FL, osteochondral
allograft, and particulated juvenile cartilage allograft transplantation (PJCAT) are all methods for
substitute cartilage. Shoulder lesions without a solid cartilaginous rim or larger than 1 to 1.5 cm2
typically require these therapies. Osteochondral lesions of the talus can be treated using hyaline
cartilage that is taken from the patient's own talus or the nonweightbearing area of the knee using
OAT procedures. One advantage of this surgery is that it restores a more typical cartilage surface to
the lesion while preserving the grafts' type II collagen.30Even when applied to flaws bigger than 3.5
cm2, this remains valid.34Using this method has improved pain and functional outcome scores in
multiple studies.23.34, 37.64, 67The biggest drawback of this method is the fact that donor site
morbidity can occur.49,59

Large, uncontained lesions of the talus shoulder are usually treated with osteochondral allograft
transplantation. Bulk allograft and allograft plugs, a substitute for autograft plugs, are the two main
components of osteochondral allograft transplantation. Licensed tissue banks use either fresh or frozen
grafts taken from human cadavers for this procedure. Research has demonstrated that compared to
fresh-frozen grafts, fresh grafts had better chondrocyte survival and less cartilage disintegration.
Consequently, fresh grafts are deemed superior.74, 25, 24, The recipient talus's CT scan is used to size-
match the donor allograft. One benefit of this method is that it can cure big cystic lesions without
causing donor site morbidity, and another is that it can restore many dimensions of cartilage loss
(Figure 3). Evidence suggests it may be useful; trials have demonstrated improvements in functional
outcome scores and patients have reported good outcomes with lesions as big as 6 cm2.1,21
timesNevertheless, problems such as graft instability, nonunion, resorption, and collapse are prevalent.
As a result of these issues, salvage arthrodesis has a failure rate ranging from 13% to 33% in various

case series.approximately 10,35,56
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Figure 3. Osteochondral allograft transplantation. (A) Excision of
talar shoulder lesion (osteotomy performed). (B) Talus with
shoulder lesion removed. (C) Donor allograft with prepared graft
removed. (D) Securing graft with 2 screws.

The process of PJCAT entails transferring new fragments of juvenile cartilage that contain living cells
in their native extracellular matrixes. The donors of the cartilage are people who have passed away at
any point in their lives, from infants up to adolescents. In other cases, an osteotomy is not necessary
since the allograft's particle structure allows for its distribution through a narrower approach compared
to osteochondral transplant. It can even be done completely by the use of arthroscopy.2There is no
donor site morbidity in this one-stage process that involves securing the graft to the osteochondral
lesion using fibrin glue (Figure 4). One group reported a case series of 23 patients treated with PJCAT
by open and arthroscopic methods; their lesion sizes averaged 125 mm2 and 7 mm in depth.16Similar
to previously published outcomes of patients treated with microfracture, ACI, and MACI, they
reported outcomes at 16 months of follow-up for visual analog scale (VAS) pain, American
Orthopaedic Foot & Ankle Society (AOFAS) ankle-hindfoot, and Foot and Ankle Ability Measure
(FAAM) scores. Lesions that have not responded to prior bone marrow stimulation or those with a
diameter larger than 15 mm are the ones that these authors utilize PJCAT on, despite the procedure's
official indications have not been established. In cases when substantial bone grafting is required, the
authors recommend structural allograft rather than the technically possible bone grafting under
particulated juvenile cartilage. At present, there is a scarcity of allograft, there is a potential possibility

of disease transmission, and there are no long-term data that support PJCAT.
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Figure 4. Particulated juvenile cartilage allograft transplantation.
(A) Unstable medial talar dome osteochondral lesion of the talus.
(B) Lesion debrided to stable margins. (C) Particulated juvenile
cartilage allograft pieces were placed into the lesion bed. (D) The
cartilage pieces were covered with fibrin glue.

The data supporting these therapies primarily come from smaller case series rather than comparative
outcome studies or randomized controlled trials, although the several surgical procedures listed above
do show promise in lowering the morbidity associated with osteochondral lesions of the talus.
Treatment must be customized to each individual lesion and patient because there are no specific
criteria to help orthopaedic surgeons determine the best course of action. The most objective metric
is the growth of the lesion, and larger lesions typically call for more sophisticated replacement or
regenerative methods than repairative ones. The extent to which the lesion penetrates the shoulder
and the existence of subchondral cysts are additional crucial factors to take into account. Figure 5 lays
out our methodology for selecting surgical treatments. To better understand which treatments work
best for certain lesions and patients, additional randomized controlled trials and comparative research

are required.
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Figure 5. Algorithm for treatment of osteochondral lesions of the talus (OLTs). ACI, autologous chondrocyte implantation; AMIC,
autologous matrix-induced chondrogenesis; MACI, matrix-induced autologous chondrocyte implantation; OAT, osteochondral allograft
transplantation; PJCAT, particulated juvenile cartilage allograft transplantation.

Conclusion

Many different diseases can manifest as osteochondral lesions of the talus, which can lead to serious
health complications for patients. Although trauma is the leading source of these lesions, OLT's can
also occur in non-traumatic ways. Typical nonspecific symptoms seen by patients include discomfort,
restricted range of motion, effusion, and inflammation. This means that clinicians need to be very
suspicious in order to diagnose these lesions, and that sophisticated imaging methods are frequently
necessary. Although protected weightbearing is the standard conservative treatment for nondisplaced
OLTs at first, many patients will continue to experience symptoms and ultimately need surgical
correction. The treatment of OLT's can be accomplished using a number of different surgical methods.
Cartilage regeneration, cartilage replacement, and cartilage healing are the three main categories into
which these approaches fall. Many of these methods have shown potential in lowering lesion-related
symptoms in research. Because there hasn't been enough data on comparative results, orthopedic
surgeons don't have any clear criteria to use when deciding whether treatment is best for their patients.
To better understand which treatments work best and on what kinds of lesions, additional studies are

required.
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