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Abstract

Joint surface incongruence resulting from osteochondritis dissecans (OCD) alters the articular physiologic congruence,
increasing the contact stress on adjacent joint surfaces and accelerating wear and the cascade of joint degeneration. Accord-
ingly, the restoration of articular surface integrity is of major importance, especially in young adults where, in lesions left
untreated or following simple fragment excision, early osteoarthritis can be anticipated. Therefore, the treatment algorithm
in unstable knee OCD of the young adult foresees surgical options to restore the articular surface. Several procedures have
been proposed, including refixation of the detached fragment bone marrow stimulation, osteochondral autograft implanta-
tion, fresh osteochondral allograft transplantation, and cell-based or cell-free regenerative techniques. The aim of this review
was to summarize the evidence for these surgical strategies, reporting their results and limitations. The overall evidence
documents positive results for each of the assorted surgical procedures applied to treat unstable OCD, thus indicating sup-
port for their selected use to treat osteochondral defects paying particular attention to their specific indications for the lesion
characteristics. The fixation of a good quality fragment should be pursued as a first option, while unfixable small lesions
may benefit from autografts. For large lesions, available cell-based or cell-free osteochondral scaffold are a feasible solution
but with limitation in terms of regenerated tissue quality. In this light, fresh allografts may offer articular surface restoration
with viable physiologic osteochondral tissue providing a predictably successful outcome, and therefore they may currently
represent the most suitable option to treat unstable irreparable OCD lesion in young adults.
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Introduction

Osteochondritis dissecans (OCD) is a pathology involv-
ing the osteochondral unit, resulting in sequestration
of subchondral bone with or without articular cartilage
involvement and instability [55]. OCD has been known
for centuries [98], even before Konig coined the term in
1888 [61], which is currently in use despite the lack of
clear correspondence of the “osteochondritis” inflamma-
tory influences with current etiopathology hypothesis [5,
49, 98].

OCD has a prevalence of 15-29/100.000 among the
general population and an incidence increasing over time
[67]. It mostly affects young patients, with a male-to-
female ratio of 5:3, mainly between 10 and 20 years old
[55]. The age at the time of clinical symptoms onset is
recognized to be crucial in determining both prognosis and
guiding treatment. In this light, OCD lesions are properly
classified, according to the status of the growth plate at
the time of diagnosis, as juvenile or adult OCD. Juvenile
OCD lesions are characterized by a considerably better
overall prognosis than adult OCD [51, 66], and can usu-
ally be treated conservatively [4, 91]. Conversely, adult
OCD, which mostly affects young adults after metaphyseal
closure, rarely heals without operative intervention [31].
In this patient population, the key factor guiding the ortho-
pedic surgeon toward treatment selection is the stability
of the OCD fragment, other than the size and location of
the lesion. The term “stability” has been referred to as the
mechanical integrity of the subchondral lesion: a stable
fragment is defined as one that is in situ and immobile;
conversely, an unstable fragment is defined as a lesion
that may be in situ but mobile, in situ but fragmented, or
ex situ [76].

Several classification systems have been published to
distinguish between stable and unstable OCD lesions.
This may be suggested by OCD features on radiographs
[52], MRI [12, 38], and ultimately, arthroscopic evalua-
tion [16, 24]. The most common, the ICRS classification,
describes four different grades: I—stable lesions with a
continuous area with “softening” covered by intact carti-
lage; II—lesions with partial discontinuity but still stable
when probed; III—lesions with a complete discontinuity
that are not yet dislocated (“dead in situ”); [V—dislocated
fragment, loose within the bed or empty defect [16]. Since
a loose fragment or the excision of an unstable fragment
result in articular surface incongruity, the risk of prema-
ture osteoarthritis becomes certain [92]. Thus, the treat-
ment algorithm foresees procedures aimed specifically
at restoring the articular surface when grade 3—4 lesions
are identified. Several options have been proposed to treat
such OCD lesions in young adults; including refixation of

the detached fragment (reduction and fixation) bone mar-
row stimulation (enhancing in situ healing), osteochon-
dral autograft implantation, fresh osteochondral allograft
transplantation, and cell-based or cell-free regenerative
techniques.

The purpose of this review is to summarize the evidence
for these surgical strategies, reporting results and limitations,
aiming at providing an updated insight on the best option for
the treatment of unstable OCD lesions in young adults.

Refixation of the osteochondral fragment

The refixation of the osteochondral fragment is the first
option to be considered by an orthopedic surgeon to restore
the integrity of the articular surface with the native hyaline
chondral layer. The key point of this procedure is to stabilize
the fragment, fixing it into original position to obtain an
optimal reconstruction of the intact osteochondral unit, for
best clinical result [32, 88].

Indication for fragment fixation, or reduction and fixa-
tion has evolved over time. Robert et al. [88], in 1998, after
a study on 43 patients, concluded that ... fixation can be
attempted if the fragment volume is bigger than 1 cm, is in
the weight-bearing zone and is partially or totally detached .
Later, Brittberg [14] further restrained the indication, lim-
iting it to when a good bone quality can be appreciated
and the overlying cartilage is fairly intact. The bone part
of the OCD fragment should be examined carefully. If it is
of good quality and fits the underlying bone cavity exactly,
it should be re-fixed directly after refreshment of the bony
bottom with debridement and drilling. If the bone element
is of good quality but no longer fits exactly into the cavity
(under sized), autogenous bone grafting can be applied. This
is done, following debridement of intervening fibrotic tissue
and preparation of the donor site and recipient bone bed,
before fragment fixation, with the goal to restore the native
articular congruence. If the bone of the OCD fragment is
atrophic and/or sclerotic, or the associated cartilage elements
are destroyed, there will be little chance of functional sur-
vival and different surgical options should be considered.

In terms of surgical technique, the fixation method
depends on the individual surgeon’s preferences based on
the fragment size. The first published technique foresaw
open surgical fragment fixation with thin Kirschner wires
[40], but the main problem was the lack of fragment stabil-
ity, other than the necessity to perform a second surgery to
remove the K-wires. Afterwards, the use of metallic can-
nulated compression screws was widely adopted to fix the
osteochondral fragment, reporting good clinical results [32,
88]. Compared with K-wires, the main advantage of can-
nulated compression screws was the better fragment com-
pression and fixation, but it still required a second surgery
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to remove the screws [99], with the breakage of the metal-
lic cannulated screws being the most frequent complication
[75]. Besides these screws, different metallic devices have
been used to fix the osteochondral fragment, such as staples
[54] and Herbert screws [62]. To avoid the second surgery
to remove the metallic devices, the fixation strategy evolved
to bio-absorbable devices, such as poly-L-lactic acid materi-
als, in a pin [36, 81, 107] or nail shape [105]. The published
studies have shown good to excellent clinical results, clini-
cally and at arthroscopic second look evaluation, but compli-
cations were also reported with inflammatory knee synovitis
[81] and implants failures [23].

Results of fixation techniques are generally good, with
case series mainly focused on juvenile cases and limited
for results specific to AOCD. At short/medium-term follow-
up, Trabaddor et al. [97] reported good results on a mixed
population of juvenile and adult unstable OCD lesions,
with complete healing in 54% and partial healing in 38%
radiographs at 19 months after fixation with a poly 96L/4D-
lactide copolymer nail. Nakagawa et al. [81] also reported,
in a mixed population of eight patients treated with similar
“bio-absorbable” pins or alternatively bone pegs, fragment
union at radiographic evaluation in seven out of eight cases,
with good/excellent Hughston scores and 100% patient
satisfaction at 5-years. At the same follow-up, the study of
Weckstrom et al. [105] confirmed overall good results in
a selected young adult population of 30 knees with closed
physes. Interestingly, comparing between “bio-absorbable”
pins and nails, they identified better results for the nails. A
nail was defined as designed with barb or head, so to give
compression capacity and was suggested as explaining why
less cases of incomplete bone formation and 73% vs 35%
of good or excellent functional results were associated with
nailing.

Compression-type titanium Herbert screws were evalu-
ated by Makino et al. [71], showing in a mixed juvenile/adult
OCD population with 15 knees; 12 normal, two nearly nor-
mal, and one abnormal ICRS scores by second-look arthros-
copy at mean 14 weeks. At 50 months, this cohort had a 93%
healing rate by MRI, as well as improvements in Lysholm
and IKDC scores. At longer follow-up of 9 years, Magnus-
sen et al. [70] reported significant improvements following
metallic screw fixation in Marx activity score, and four out
of five KOOS subscales with values comparable to age-
matched controls. More recently, Barret et al. [7] analyzed
22 skeletally mature patients treated with metal headless
compression-type screws, documenting radiographic healing
in 82% (four patients required re-operations), with an overall
satisfactory activity level and knee function at 8.7 years of
follow-up. Finally, Fokter et al. [45] studied retrospectively
eight patients at a long follow-up of mean 14.8 years after
treatment with metal compression screws. Since all lesions
were healed and stable to arthroscopic probing at 3 months,
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and the mean IKDC subjective score was 89.9 at final fol-
low-up, they concluded supporting fragment fixation by
compression technique to best preserve the articular surface.

Bone marrow stimulation techniques
and autografts

Various bone marrow stimulation techniques such as micro-
fractures and drilling are used in the clinical practice to treat
cartilage or superficial osteochondral defects. The rationale
of microfracture is to allow access of potential cartilage pre-
cursors from the underlying bone marrow to the articular
surface, thus stimulating a healing response in an attempt to
fill in the articular defect with an amalgam of bone and fibro-
cartilage [95]. By contrast, in the process of subchondral
or transchondral drilling, the intended effect is to stimulate
the region between the native bone and the pathologic OCD
lesion to anneal [31].

Drilling is an accepted procedure to treat stable OCD
lesions in immature patients after fail of conservative
management [13]. The literature describes two types of
procedures, antegrade and retrograde drilling, but this ter-
minology has resulted in confusion and misinterpretation
regarding the direction of drilling [37]. The use of the terms
“transarticular drilling” and “retroarticular drilling” would
be clearer and should be preferred. While no comparative
studies are available to prove the superiority of one approach
over the other, both techniques are well described and have
excellent outcomes [2, 3] for the proper indications. How-
ever, they are not recommended in the treatment algorithm
for unstable adult OCDs, as this level of disease is not capa-
ble of in situ healing without fixation [68].

Microfracture represents the most common bone mar-
row stimulation technique. This approach can be applied for
stimulating the remnant bone area from the lesion after oste-
ochondral fragment removal, although capacity for repair is
more suited for other articular lesions, without substantive
bone loss. Several studies showed that the clot formation
after microfracture produces fibrocartilage characterized by
a high concentration of type I collagen rather than type II
collagen, and the ability of this technique to reproducibly
create enough tissue to fill large lesions may be limited. As
well, the fibrocartilage typically produced lacks mechani-
cal integrity compared to hyaline cartilage and often dete-
riorates after a few years. While this is a general limitation
for superficial cartilage lesions, an exponential increase of
this limit occurs when treating larger osteochondral defect
as OCD lesions, where the subchondral bone needs to be
restored as well. This is reflected by a lack of evidence
about the use of microfractures for OCD, with only spo-
radic reports [63]. Gudas et al. [50] performed a prospective
randomized study comparing the outcome of microfractures
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with osteochondral autograft transplantation (OAT) for the
treatment of OCD [50]. At a mean follow-up of 4.2 years,
83% of the OAT group and 63% of the microfracture group
had good or excellent outcomes. Patients in the microfrac-
ture group showed substantial deterioration between exami-
nations at 1 and 4 years, and 41% of failures were reported
in the microfracture group compared with none in the OAT
group at final follow-up.

Osteochondral Autograft Transplant (OAT) is a surgical
technique that allows a more physiological restoration of the
osteochondral unit. This reconstructive surgical approach
involves the harvesting and subsequent implantation of
autologous osteochondral plugs in a single-stage surgical
procedure. The plugs are harvested through a small inci-
sion from a lesser weight-bearing region (often from the
same joint), and provides for transfer of viable osteochondral
tissue units aiming, to capitalize on bone-to-bone healing.
Multiple small diameter osteochondral plugs can be used to
reduce donor site morbidity, and invasiveness may be further
reduced by the possibility to implant the grafts through an
arthroscopic approach [72]. The influence of subchondral
bone pathomechanics on the overlying articular cartilage
plays a central role in the progression of OCD, and the OAT
technique presents the advantage to adapt the depth of the
donor plug to have a stable implant and fill the entire defect
with viable bone and articular cartilage [72].

Miniaci and Tytherleigh-Strong [78] suggested using
OAT technique for fixing unstable knee OCD lesions. Oste-
ochondral 4.5 mm grafts were harvested from the edges of
the trochlea and inserted through the osteochondral lesion
in a mixed population of 20 patients affected by juvenile
and adult OCD. 6 months after surgery, all knees were fully
healed at MRI, and 18 months after surgery all knees were
“normal” both clinically and radiologically. Beside fragment
fixation, OAT has been applied to restore the entire area of a
lesion, with data showing good survival rate of the autolo-
gous hyaline cartilage transplanted. Yoshizumi et al. [108]
treated successfully three skeletally mature 18-year-old
patients, showing both clinical and radiological healing of
the OCD lesions. Smolders et al. [94] described satisfactory
results in a group of seven adult patients with eight lesions
ranging from 0.5 cm? to 3.2 cm?. At 12-month follow-up,
the subjective IKDC score significantly improved, as well as
KOOS for pain, symptoms, ADL and QoL. However, larger
lesions could not be fully covered even with the multiple
cylinders transplanted, and MRI evaluation showed a non-
complete osseous integration. Wang et al. [104] reported
poor results when OAT was used to treat lesions larger than
6 cm®. As complete coverage of the defect, especially in case
of large lesions, is critical, the OAT technique has limita-
tions for addressing the entire defect, even when multiple
grafts plugs are used. This as donor tissue is limited and
fibrocartilage forms around the periphery of each individual

grafts creating a mixed healing response. Inherent to this
technically demanding procedure is limited graft availability
with the risks of morbidity at the donor site. This severely
reduces the possibility of using these procedures for the
treatment of large defects or patients with limited healthy
adjacent tissue.

Allografts

The use of fresh osteochondral allograft (FOCA) tissue for
the treatment of OCD is an established surgical therapy for
symptomatic lesions which have not healed prior to impend-
ing skeletal maturity and have left a substantive articular
defect, are not amenable to direct repair or have failed prior
surgery [31, 35, 46]. The rational for transplantation of allo-
genic tissue stems from the unique nature of this approach,
providing immediate congruent restoration of the articular
surface with structurally competent subchondral bone and
associated viable chondral surface, with no size limitations.
The fundamental indication for transplantation of allo-
genic osteochondral grafts includes substantive (>2 cm?)
joint surface compromise with bone loss and/or failed prior
cartilage repair. Technically, pathologic OCD tissue can
be removed by cylindrical drills and replaced by press fit
dowels, or resected to create a flush surface for applica-
tion of “shell grafts” [21, 33]. The later requires fixation to
maintain compression, although an amalgam of these two
methods, the “bio-uni” instrumentation set, provides a press
fit mechanism to replace avoid lesions of the femoral con-
dyle [87]. Selection of a specific surgical technique aims to
craft a transplant—host articular contour that restores native
anatomy after removal of the OCD pathology.

Results for FOCA are among the most favorable seen for
surgical treatment of advanced OCD, although direct com-
parison is confounded by patient age, lesion size, lesion loca-
tion and associated diagnosis (mal-alignment, knee instabil-
ity, meniscal pathology) [65]. The most experience with this
technique for treating OCD involves distal femur injury. Cot-
ter et al. [29] analyzed the results of FOCA in 37 skeletally
mature patients in whom prior surgical intervention failed,
and they reported clinically meaningful improvements in
patient-reported outcomes and high patient satisfaction and
return to sport rates at an average of 7 years’ follow-up, with
a low failure rate (5.1%). Lyon et al. [69] reported short-
term success with FOCA in a mixed population of 11 juve-
nile and adult OCDs, where all patients presented at 2 years
with full radiographic graft incorporation and return to full
sport activities. The largest series were documented by Sadr
et al. and Emmerson et al. (135 and 64 patients) [39, 90].
Although these reports included patients as young as 12 and
15 years old, mean age in the cohorts was 21 and 28 years,
respectively. A 93% survivorship was documented, with 95%
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patient satisfaction at 10 years, results confirmed by Murphy
et al. [80], who showed 90% survival of the grafts at 10 years
and an identical percentage of satisfied or extremely satis-
fied patients, reflecting IKDC and Knee Society Function
score improvements of 33 and 20 points, respectively. A
representative series of pre and post-operative images of a
large osteochondral lesion treated with FOCA are presented
in Fig. 1.

The successful use of FOCA transplant is also reported in
a series of OCD cases in the elbow in young baseball play-
ers, where all nine treated patients were capable of return to
throwing [79]. Good results were reported in similar case
series and reports describing FOCA for osteochondral condi-
tions analogous to OCD [11, 47], with successful treatments
in the patellae and the proximal humerus. Furthermore,
FOCA has also been used to address large osteochondral
lesions of the talus with up to 87% good and stable results
over time [102].

The principal limitation for this technology surrounds
the availability of tissue. This stems from access to healthy
donors and temporal limitations across the procurement and
distribution process necessary to maintain chondrocyte via-
bility and meet government regulations pertaining to aseptic
collection and distribution of human tissue. Clinical factors
potentially limiting applicability include size matching and
graft congruence with native joint surface, incorporation to
adjacent tissue, preservation of in vitro viability and poten-
tially graft-host immunologic considerations [18, 28, 56,
93, 106]. Although there is no specific concern for systemic
immunologic “rejection” phenomenon per se, and blood
type matching is not required for this process, limiting the
potential for antigenic exposure is strongly recommended
as an essential element of both graft processing and implant
procedures [22, 77, 93]. Practically, time from identifica-
tion of adequate disease free tissue to transplant and com-
mon post-operative rehabilitation restrictions place burden
on surgical scheduling and patient acceptance [53]. Finally,
regulatory restrictions, organization and distribution issues
concur to limit the possible application and benefits of this
successful procedure to a few countries [30].

Cell-based treatments

Autologous chondrocytes implantation (ACI) is a regen-
erative cell-based procedure aiming at recreating a hyaline-
like tissue to restore the chondral elements of the articular
surface as similar as possible to the physiological one. It
involves two surgical procedures: the first one to harvest
articular cartilage from a non—weight-bearing area and the
second, after cell expansion, for the implantation of cul-
tured chondrocytes [72]. ACI has been employed with high
rate of success in treating full thickness defects of articular
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cartilage of the knee since its very first description [15]. In
case of deep osteochondral lesions, such as those observable
in OCD, this original purely chondral approach was limited
by challenge of restoring articular congruity, potential insta-
bility of the ACI graft and delayed maturation of the cells of
the implant into “tissue”, especially in defects deeper than
8—10 mm [86]. The poor histologic quality of regenerated
tissue was highlighted by LaPrade et al. [64] who found
mainly fibro-cartilaginous tissue and type I collagen in a
series of OCDs treated with ACI. The first-generation tech-
nique was thus subsequently modified to directly address the
pathologic subchondral bone, with the introduction of the
so-called “sandwich” technique: cancellous bone was used
to fill the bony defect and chondrocytes were then injected
between two periosteal flaps over the grafted bone [86].
Afterwards, the procedure has been further modified using
a porcine collagen membrane as an alternative to perios-
teum to cover the lesion and the chondrocyte suspension
[103]. Peterson et al. [85] treated 58 patients and reported
93% improvement at 5.6 years’ follow-up, and similar results
were confirmed by Cole et al. [27], who obtained an 85%
success rate at 4 years. More recently, Bhattacharjee et al.
reported histology of 17 OCDs treated with bone graft+ ACI
showing good integration of repaired cartilage with the bone
graft. However, subchondral bone was found atypical in 90%
of the MRI analyses, with the most common abnormalities
being subchondral bone cysts and disorganized non-homo-
geneous bone graft [10].

First-generation ACI has been associated with several
limitations related to the complexity and morbidity of the
surgical procedure that requires a large joint exposure with a
high risk of arthrofibrosis [82]. Moreover, there is a frequent
occurrence of periosteal hypertrophy and delamination,
which often requires revision surgery. Technical problems
were also identified, such as maintenance of chondrocyte
phenotype, non-homogeneous cell distribution and cell loss
using liquid suspension. To address these problems, matrix-
assisted autologous chondrocyte transplantation (MACT)
techniques have been developed. Scaffolds provide a support
for cell adhesion, proliferation while maintaining the chon-
drocyte phenotype, and production of matrix. The ease of
scaffolds handling even permitted the development of arthro-
scopic implantation techniques. Several scaffold designs
have been developed recently and combined with autologous
bone grafting to treat deep ostechondral lesions with good
medium-term results [42]. Bartlett et al. [8] reported pre-
liminary results at 1-year follow-up: four of the five patients
had good or excellent results. Steinhagen et al. [96] showed
good or excellent results in 18 out of 21 patients at 3 years of
follow-up, and Filardo et al. confirmed the potential of this
procedure reporting a significant improvement of function
and symptoms maintained at 6 years in 34 knees [42]. More
recently, Zellner et al. [109] reported about a large series of
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Fig. 1 Images of a young male adult with osteochondritis dissecans.
Pre (a, b) and Post (¢, d) operatively. a Flexed knee AP radiograph
showing the classic lateral aspect of the medial femoral condyle
lesion and associated displaced large loose fragment, b Sagittal STIR
MRI of the medial femoral condyle shows a large displaced OCD

lesion with minimal fragmentation. Post-op CT scans 3 months after
surgery, indicating bone incorporation of the FOCA (“Bio-uni tech-
nique”) into the prior site of bone deficit in the area of the prior OCD
lesion, ¢ Coronal and d sagittal plane
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51 patients affected by of osteochondral lesions, with both
good clinical and imaging findings at 3 years. Despite the
generally good clinical results shown with MACT com-
bined with bone graft, also this scaffold-based technique has
limitations. Graft hypertrophy, well described as one of the
most common complications after first-generation ACI, was
documented also by Niethammer et al. [83], who observed
a significant incidence of graft hypertrophy using MACT
for OCD lesions as well. Moreover, it remains a two-step
technique with regulatory restrictions for cell manipulation
in many countries and considerably high costs if compared
to other surgical alternatives.

One-step cell-based techniques are therefore of increas-
ing interest, taking advantage of the use of bone marrow
concentrates obtained from the iliac crest. The rationale
for this approach is based on the theoretical capability of
the multipotent cells and microenvironment influences to
differentiate and regenerate both the cartilaginous and sub-
chondral bone layer [101]. Bone marrow concentrates have
been delivered with assorted scaffolds and blood derivatives,
and either implanted with overlapping layers or with bone
grafting, so to fill the osteochondral defects. A few reports,
using a minimally invasive arthroscopic approach suggest
early promising results [89, 101].

Overall, these cell-based approaches show good clinical
results for cartilage lesions. However, adaptation of tech-
niques, originally developed for cartilage lesions, to address
the more advanced lesions with underlying subchondral
pathology, also presented some limitations. Evidence of a
less successful outcome for larger lesions has been reported,
with abnormal MRI findings increasing over time, indicat-
ing that the optimization of these cell-based approaches, for
regenerating both bone and cartilage joint surface to treat
OCD lesions, has remaining challenges [44, 101].

Cell-free scaffolds

Cell-free scaffolds have been introduced recently to treat
OCD lesions with the advantages of avoiding the risks
related to cell manipulation (such as bacterial contamina-
tion and disease transmission, and phenotypic regression),
reducing costs and simplifying the surgical procedure. To
this aim, biomaterials have been developed not just as car-
rier systems for cell delivery but also for enhancing intrin-
sic ability to provide chondral or osteochondral healing or
regeneration. Results at short- and medium-term follow-
up have established the potential of this approach [60].
Although the possibility shown by isolated reports suggests
that acellular matrices can repair isolated chondral injury,
the development of osteochondral-specific scaffolds, capable
to guide regeneration of both bone and cartilage remains a
significant scientific and clinical hurdle.
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Biphasic scaffolds have been developed with the aim to
restore the osteochondral unit, but only few have been inves-
tigated in clinical trials. Only one has been specifically eval-
uated for the treatment of OCD: a nanostructured biomimetic
scaffold with a composite structure mimicking the architec-
ture of the native subchondral bone—cartilage unit [59]. The
construct is composed of a superficial layer consisting of
type I equine-derived collagen designed to provide a surface
mimicking native hyaline cartilage; the deep layer is made
of type I collagen (30%) and hydroxyapatite (70%), meant to
substitute subchondral bone; and between there is an inter-
mediate transition layer of 60% type 1 collagen and 40%
of hydroxyapatite [59]. The scaffold structure is designed
to allow migration and colonization by subchondral bone
stem cells to obtain osteochondral tissue regeneration [59].
This scaffold is implanted through either a lateral or medial
parapatellar mini-arthrotomy. Once the lesion parameters
are identified, the sclerotic subchondral bone is eliminated,
creating an area of optimally 6-8 mm in depth, with stable
shoulders to house the scaffold. After shaping the scaffold
to the proper dimensions, it can be implanted by press fit
technique or with addition of fibrin glue for further stabiliza-
tion [41]. This implant has been applied for the treatment of
late stage (ICRS 3—4) large irreparable cartilage lesions in
adults or sequelae of juvenile OCD disease, as well as other
complex osteochondral defects such as multifocal [57] or
patello-femoral lesions [58], in revision surgery of previ-
ously failed reparative surgery (i.e., fixation of a non-viable
unstable fragment) or even late stage osteonecrosis [9].

A representative series of pre-, intra- and post-operative
images of a large osteochondral lesion treated with the osteo-
chondral scaffold are presented in Fig. 2.

Kon et al. [58] reported good clinical results after 5 years
in a population of patients treated with this scaffold for oste-
ochondral lesions of different aetiologies, including OCD.
These results were similar to those of Berruto et al. who
reported a multicenter study involving 49 patients treated
for symptomatic osteochondral lesions. Subgroup analysis
found the best improvement when treating OCD etiology
[9]. Afterwards, Filardo et al. [43] specifically focused on
a cohort of 27 consecutive adult patients with symptomatic
late stage OCD of the femoral condyles. He reported a sig-
nificant improvement of clinical scores at 1 year with further
improved at 2 years. These results for treatment of OCD
lesions were also confirmed by Delcogliano et al. [34], with
good functional outcomes in 23 patients at 2 years’ follow-
up. Given these findings, the use of biphasic scaffolds in
treating OCD can be considered another option, which pro-
vides advantages in comparison to other methods. It requires
only one surgery avoiding the need for a cell harvesting
procedure, necessary when using ACI or MACT type tech-
niques. Moreover, this technique specifically addresses the
subchondral bone, a principal challenge of regenerative and
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Fig.2 Images of a young male adult with osteochondritis dissecans. to host the scaffold. ¢ The defect is filled with the osteochondral scaf-
Pre (a), Intra (b, ¢) and Post (d) operatively. a Coronal plane MRI fold, properly sized and implanted press fit, with further fixation by
of the medial femoral condyle documenting a large OCD lesion, b applying fibrin glue. d Coronal plane MRI documenting the imaging
Intra-articular view of defect site preparation with vertical shoulders results of the implant at 2 years of follow-up
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reparative procedures designed to treat OCD. Limitations
of this particular device include limited long-term follow-
up results confirming reports of early effectiveness, com-
parison to other techniques and concern regarding abnor-
mal MRI morphology reported to date [26, 43, 58]. Even
though regenerated tissue was histologically analyzed in
the study by Berruto et al. and was described as hyaline-
like tissue with normal mineralization of the subchondral
bone [9], MRI was of relatively low quality in comparison
to standards. Brix et al. [17] found significantly lower tis-
sue quality compared to healthy surrounding cartilage using
T2 mapping and T2 zonal index MRI, with subchondral
bone abnormality remaining a concerning finding although
improving with time. Nonetheless, MRI signal after scaf-
fold implantation has not been correlated with the clinical
results, an observation consistent with some other type of
cartilage surgery [44]. In this light, a recent cohort study on
27 patients showed MRI abnormalities at 5 years’ follow-up,
in particular at the subchondral bone level, with an overall
improvement of these features over time and a significant
improvement and stable clinical results [84]. Longer term
follow-up high quality studies are needed to further assess
the impact of these MRI findings on the clinical results and
to confirm cell-free scaffolds as a valid option in treating
large non-reparable OCD lesions.

Discussion

The overall evidence documents positive results for each
of the assorted surgical procedures applied to treat unsta-
ble OCD, thus indicating support for their selected use to
treat osteochondral defects paying particular attention to
their specific indications for the lesion characteristics. The
restoration of the articular surface integrity is of major
importance especially in young adults. In fact, in lesions
left untreated or following simple fragment excision, early
osteoarthritis can be anticipated [92]. Joint surface incongru-
ence from symptomatic OCD alters the articular physiologic
congruence, thus increasing the contact stress on adjacent
joint surfaces, further accelerating wear and the cascade of
joint degeneration [20].

Different solutions have been applied and variably stud-
ied to address OCD lesions. They include refixation of the
detached fragment, bone marrow stimulation of the lesions,
osteochondral autograft implantation or fresh osteochondral
allograft transplantation and cell-based or cell-free regen-
erative techniques. Refixation of the fragment may repre-
sent the most anatomical procedure, but its limits lay on the
quality of the detached fragment, which is often compro-
mised at presentation. The best results with this approach
are limited to immature patients with fragments remaining
in situ. Bone marrow stimulation techniques are primarily
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chondral procedures, unable to properly treat large osteo-
chondral lesions such as OCD, which is reflected by the lack
of evidence for application of this technique in the setting of
subchondral bone loss. ACI and MACT techniques, origi-
nally described as chondral procedures, have evolved with
technical modifications including addition of autologous
bone grafting and have shown excellent results for OCD in
particular settings. However, these regenerative procedures
do not restore an optimal osteochondral unit and present
with significant limitations. As a two-step technique, with
demanding technical surgical issues, significant regulatory
restrictions varying among countries and significantly higher
costs compared to other surgical alternatives, this approach
has unique hurdles to becoming a routine rather than sal-
vage approach around the world. Combining cell-based
techniques with autologous bone graft harvesting further
adds operative time and thus costs. For these reasons, some
investigators have focused on single step techniques such as
cell-free osteochondral scaffolds, other than osteochondral
autografts or allografts, as first choice treatment for the large
deep osteochondral lesions typical of late stage OCD.

In this light, it appears that procedures capable of restor-
ing the entire osteochondral unit represent the best strat-
egy for OCD. Osteochondral cell-free scaffolds have the
advantage of an off-the-shelf product, while OAT allows
to transplant a mosaic of living autologous osteochondral
tissue. FOCA has the further benefit of avoiding the donor
site morbidity, with more consistent long-term results and
the capacity of addressing larger lesions, or even lesions at
multiple sites. All these techniques provide good to excellent
clinical results, but the lack of randomized trials or compara-
tive studies across the spectrum of these approaches does not
allow a clearly defined best option. However, the quality of
the regenerated tissue obtained with these treatments and
the ability of one technique to meet the majority of demands
in patients with OCD, should be taken into account when
considering the potential of these techniques. Except from
sporadic studies analyzing histologic tissue repair, most of
the present knowledge about tissue quality is provided by the
segregate of indirect imaging studies. Unfortunately, such
imaging has generally been shown to poorly correlate with
clinical outcome, thus confusing correlation and interpreta-
tion. Imaging findings showed that the osteochondral scaf-
folds, which are growing in interest and application, still
need to be improved to regenerate the autologous osteochon-
dral unit, with good clinical results but abnormal findings
both at the cartilage and bone level.

Thus, currently the best options to treat unstable OCD
lesions in young adults, aiming to restore the osteochon-
dral unit, remain either osteochondral autograft for small
lesions or allograft transplantation for the more typical
large lesion. Importantly, larger defects cannot be filled
with OAT due to donor site morbidity and limited tissue
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availability, particularly important in young adults affected
by large defects. As well, articular cartilage incongruence
is technically challenging and problematic with the mosaic
required. These limits are overcome by FOCA, which on the
other hand suffers from other challenges in terms of univer-
sal applicability. The principal limitation for this technol-
ogy surrounds the availability of tissue, rather than some
limit to indications or outcome longevity. This stems from
access to healthy donors and temporal limitations across the
procurement and distribution process necessary to maintain
chondrocyte viability. Most notably, meeting government
regulations pertaining to aseptic collection and distribution
of human tissue remain the principal reason patients cannot
benefit from this well-established surgical therapy. Clinical
factors potentially limiting applicability include size match-
ing and graft congruence with native joint surface, incorpo-
ration to adjacent tissue, preservation of in vitro viability
and potentially graft-host immunologic considerations [18,
28, 56, 93, 106]. Although there is no specific concern for
systemic immunologic “rejection” phenomenon per se, and
blood type matching is not required for this process, limiting
the potential for antigenic exposure is strongly recommended
as an essential element of both graft processing and implant
procedures [22, 77, 93]. Practically, time from identification
of adequate disease-free tissue to transplant and common
post-operative rehabilitation restrictions place burden on
surgical scheduling and patient acceptance [53]. However,
advancements in FOCA technology and surgery and trans-
lational improvements are expected to elevate the access to,
indications for and success of this burgeoning biologic joint
reconstruction treatment.

Technological advances in handling, testing and storage
have improved the accessibility of and potential for FOCA
use [22, 28], especially in the USA, where standardization
of tissue bank practices in concert with the AATB (Ameri-
can Association of Tissue Banks) has improved procure-
ment and distribution of aseptic viable human tissue for
transplant. This has been facilitated by governmental and
regulatory agency policy guidelines that promote account-
ability within health systems by establishing uniform pro-
cess, to best assure the safety and compliance chain for
managing this valuable biologic therapeutic [74]. Further
to this, the translation of these scientific and logistical
advances has expanded the potential for clinical applica-
tion of FOCA which is uniquely able to restore articular
structure biologically [106], while maintaining cell viabil-
ity and chondrogenic activity in situ, at levels analogous to
adjacent host cartilage [19, 73]. These efforts have allowed
for remarkable patient satisfaction, associated with predict-
able improved functional outcomes for both primary and
salvage cartilage reconstruction procedures for OCD [6,
25, 39, 48, 100]. Thus, until technological improvements
optimize the regenerative potential of cell-based or cell-free

osteochondral treatments, FOCA currently represent the best
option to restore the articular surface with viable physiologic
osteochondral tissue. This, together with the long-term out-
comes documented, prompts the need to invest efforts aimed
at overcoming the regulatory restrictions and organization
issues that limit the access to this procedure, currently avail-
able in a few countries, to extend the possibility to success-
fully treat unstable OCD lesion in young adults.

Conclusion

Different surgical strategies have been proposed to address
unstable OCD lesions. The fixation of a good quality
fragment(s) should be pursued as a first option, while unfix-
able small lesions may benefit from OAT. For large lesions,
available cell-based or cell-free osteochondral scaffold are
a feasible solution but with limitation in term of regenerated
tissue quality. In this light, fresh allografts are well known
to allow to obtain articular surface restoration with viable
physiologic osteochondral tissue providing a predictably
successful outcome, and therefore they may currently rep-
resent the most suitable option to treat unstable irreparable
OCD lesion in young adults.
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