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ARTICLETINTFO ABSTRACT

Keywords: Introduction: Cell-free chondral and osteochondral scaffolds have been introduced to address
Cartilage lesion lesions of the articular surface. A proper implantation technique is key to favor scaffold in-
Knee

tegration, regenerative processes, and positive clinical outcomes.

Objectives: The purpose of this article is to describe indications and surgical steps for both the
custom traditional free-hand implantation approach and an innovative minimally invasive
technique for the standardized implantation of this biomimetic cell-free scaffold (MaioRegen;
Fin-Ceramica Faenza Spa).

Methods: Indications and contraindications for this scaffold implantation have been provided.
The required steps for surgical preparation, implantation technique, and postoperative man-
agement have been described as well to address articular surface lesions of the knee.

Results: A dedicated instrumentation for circular implants of different sizes has been developed
to allow more precise preparation of the depth and width of the defect, reducing the invasiveness
and increasing implant stability. The custom free-hand technique with chisels and osteotomes
remains useful when the lesion does not allow the use of the standardized instrumented tech-
nique. In case further stability of the implant is needed, fibrin glue addition should be considered.
Conclusions: By guiding the readers with the key perioperative and intraoperative steps, chondral
and osteochondral defects can be addressed with the use of a cell-free scaffold, maximizing
implant stability.

Osteochondral
Scaffold
Surgical technique

Introduction

Cartilage lesions of the knee are a frequent condition that affects all ages.' > Along with cartilage, the subchondral bone is
frequently involved in the pathological process, either primarily, as in osteochondritis dissecans, osteonecrosis, and trauma, or
secondarily, the altered articular surface may progress toward early osteoarthritis (OA)."° If not appropriately treated, an altered
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articular surface may increase the risk of early OA, and the involvement of the subchondral bone further increases the challenge of
addressing these lesions.” Thus, several strategies have been developed to manage these defects, with disadvantages that include
donor-site morbidity, limited availability, 2-step procedures, or significant costs coupled with unsatisfactory clinical outcomes.® '’

Cell-free chondral and osteochondral scaffolds have been introduced to overcome these limitations, aiming to restore the articular
surface through a single surgical procedure. The function of scaffolds extends beyond simply serving as carriers for cell delivery, but
they also present an ability to promote chondral or osteochondral regeneration by exploiting the self-regenerative potential of the
body.'"'* The appropriateness of these scaffolds also gained consensus among experts, as promoted by a recent International Car-
tilage Regeneration and Joint Preservation Society (ICRS) Consensus detailing the appropriateness for specific scenarios.'® Different
devices have been developed and applied in the clinical setting, with overall promising results.’*"'® Among these, a type I equine
collagen and hydroxyapatite (HA) osteochondral scaffold have been used clinically and extensively investigated with positive long-
term results.'” To further improve the advantages of this 1-step cell-free approach, a new dedicated instrumentation with preshaped
cylindrical scaffolds has been developed aiming at reducing the invasiveness of the surgical technique, increasing the reproducibility
and improving the integration, regeneration, and potentially clinical outcomes. ®'°

The purpose of this article is to describe indications and surgical techniques for both the custom traditional free-hand im-
plantation approach and an innovative minimally invasive technique for the standardized implantation of this biomimetic cell-free
scaffold.

Indications and contraindications

Currently, the indications for this scaffold are patients who have symptomatic full-thickness chondral and osteochondral defects
(ICRS grades III and IV) of the knee joint; traumatic lesions, degenerative lesions, and osteochondritis dissecans; patients aged
between 15 and 60 years old (although there is no precise age cut-off and the joint status prevails in the surgical indication®’) and
preferably nonobese defined as body mass index < 30 kg/m?. Regarding defect size, the traditional custom free-hand technique is
indicated for defects ranging from 2.0 cm? to 10 cm??' while the new instrumentation allows targeting lesions ranging from 1.2 to
2.5 cm? for a single defect, increasing up to 10 cm? for multiple defects.

Absolute contraindications to scaffold implantation are active or recent infection; rheumatic and autoimmune diseases; diffuse
and severe OA; and obesity. Axial malalignment and ligament instability, if left untreated, are risk factors for failure following
isolated chondral and osteochondral repair, and therefore, they are contraindications to scaffold implantation unless they are ad-
dressed before or at the time of the articular surface treatment.

Surgical technique

The original osteochondral biomimetic scaffold (MaioRegen; Fin-Ceramica Faenza Spa) is a 3-dimensional 3-layer porous com-
posite structure, which mimics the osteochondral anatomy. The cartilaginous layer, made up of equine type I collagen, has a smooth
surface to promote articular surface gliding. The middle layer is similar to the cartilage tide mark, and it is made of a combination of
type I collagen (60%) and HA (40%), while the bottom layer is made of a mineralized mixture of type I collagen (30%) and HA (70%),
reproducing the subchondral bone layer.

After the original 3-layer scaffold, now called “Prime” for a depth of 6 mm, 2 new formulations have been introduced: the
“Slim,” a bilayer 4 mm deep scaffold for chondral and osteochondral lesions, and the “Chondro +,” a monolayer 2 mm deep scaffold
for chondral lesions with slight or no involvement of the subchondral bone. Moreover, along with the customizable squared-shaped
scaffold to be shaped free-hand, these formulations are available also in 3 preshaped cylindrical sizes (1.2 cm, 1.5 cm, and 1.8 cm of
diameter), which can be implanted with the new dedicated instrumentation.

Custom free-hand technique

The original surgical custom free-hand technique” involves the use of chisels and osteotomes for lesion preparation and removal
of subchondral sclerotic bone, and the hand cutting of the scaffold in accordance with the size and shape of the lesion. This approach
remains useful when the lesion does not allow the use of the standardized instrumented technique, because of its size or its shape, or
if dedicated instrumentation is not available. After applying a tourniquet to the proximal part of the thigh, the incision of the skin,
subcutaneous layers, and capsule can be made medially or laterally to the patella, depending on the location of the lesion. Once the
chondral or osteochondral lesion is identified, the lesion is prepared by removing the injured cartilage and sclerotic subchondral bone
with a scalpel and osteotome without using high-speed burs, to create an area of the specific depth to accommodate the scaffold of the
desired size. The bottom of the prepared bed should be flat, and the sides of the defect should be stable and perpendicular. According
to the accurate measure of the prepared bed, the smooth cartilaginous layer of the scaffold is cut with a scalpel and the subchondral
bone layer with surgical scissors. The bottom layer of the scaffold is identified by its rough surface for proper orientation, and then
the scaffold can be inserted with a gentle press-fit technique, making sure that the bottom layer is in contact with the bone floor.
Fibrin glue on the perimeter interface between the scaffold and the host bone and on the surface layer can be applied to achieve
greater stability, if needed. Finally, before and after removal of the tourniquet, knee flexion and extension cycles are performed to
assess implant stability.
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Fig. 1. Instrumentation of the standardized implantation technique. In detail: A, circular scalpel; B, Sizer; C, guide tube; D, handle; and E, spacers.
Blue (Chondro+), Green (Slim), Orange (Prime). Images courtesy of Fin-ceramica Faenza Spa, Faenza, Italy.

Standardized implantation technique

The new dedicated instrumentation (Fig. 1) has been introduced to allow more precise preparation of the depth and width of the

defect, reducing the invasiveness and increasing the implant stability. The detailed surgical procedure is described by steps in the
following paragraphs.

1.

Surgical preparation and access:

Apply a tourniquet to the proximal region of the patient’s thigh and prepare the surgical field. Expose the lesion area through an
arthrotomy or mini-arthrotomy incision depending on the lesion site (Fig. 2).

The minimally invasive approach through a mini-arthrotomy incision (minimum 4.5 cm) is possible for chondral or osteochondral
lesions located in the condyles or trochlea.

. Lesion identification:

Once the chondral or osteochondral lesion to be treated has been identified (Fig. 3), use Sizers of different diameters to select the
correct diameter of the bed to be prepared (Fig. 4). The diameter must be large enough to include the entire chondral or os-
teochondral lesion. If Hoffa’s tissue is hypertrophic at the defect level, it is preferable to remove it to avoid the formation of
adherence.

Place the Sizer centered on the lesion, insert the guide wire through its distal hole, and hammer the guide wire to its final position.
Remove the Sizer leaving the guide wire in place.

Insert the circular scalpel of the same diameter as the Sizer previously used, through the guide wire (Fig. 5). Cut the cartilage by
rotating the circular scalpel. Then remove the circular scalpel, leaving the guide wire in place.

Check that the cartilage incision includes the entire chondral layer of the lesion.

Fig. 2. Surgical position and access.
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Fig. 3. Identification of the lesion.

Fig. 4. Sizer positioning. Image courtesy of Fin-ceramica Faenza Spa, Faenza, Italy.
3. Reamer assembly:

@ Assemble the reamer (of the same diameter as the Sizer and circular scalpel previously used) with the appropriate handle, guide
tube, and spacer. Insert the reamer into the guide tube. Apply the selected spacer and secure the handle through the lock/unlock
mechanism, ensuring that the handle is well-connected and stable.

@ The spacer must be selected according to the depth of the lodge to prepare (2.5 mm, 4.5 mm, or 7 mm, respectively for the scaffold
versions Chondro+, Slim, or Prime).

4. Reaming procedure:

@ Insert the reamer, assembled as described above, through the wire guide. Prepare the bed of the lesion paying particular attention
to the depth, referring to the laser markings on the reamer blades. Proceed with reaming by visually checking the depth until the
desired level.

@ Hold the reamer perpendicular to the housing surface, taking care not to bend or tilt the wire guide. Hold the guide tube firmly
and rotate the reamer to erode the tissue. Proceed to the final stop (Fig. 6). Reaming slowly and taking care of axiality with the
guide wire during this step is important in order to avoid oval holes or not perpendicular walls of the prepared bed.
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Fig. 5. Circular scalpel positioning. Image courtesy of Fin-ceramica Faenza Spa, Faenza, Italy.

Fig. 6. Reaming procedures. Image courtesy of Fin-ceramica Faenza Spa, Faenza, Italy.

@ If there is insufficient surgical space to securely and stably insert the reamer assembled with the guide tube, assemble the reamer
with the handle alone. Prepare the bed of the lesion paying particular attention to the milling depth, referring to the laser
markings on the reamer blades. Take care to keep the reamer perpendicular to the housing surface. The laser markings indicate
the 3 possible depths for the scaffold versions.

5. Lesion prepared bed check and scaffold implantation

@ Check the depth of the prepared bed (Fig. 7) created using the Sizer and referring to the notches and laser markings indicating the
depth measurement. If the depth is not as expected and is not compatible with the device to be implanted, repeat the previous step
until the correct depth is reached. The instrumentation is designed to place the scaffold at the level of the surrounding cartilage. In
case the implanted scaffold is more prominent, it is preferable to go deeper with the preparation of the lesion, as a protruding
scaffold could compromise the stability of the implant. Finally, remove all instruments, including the wire guide.
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Fig. 7. Check the lesion depth with the Sizer. Illustration courtesy of Fin-ceramica Faenza Spa, Faenza, Italy.

Fig. 8. Scaffold implantation.

6. Scaffold implantation

@ Once the bed of the lesion is prepared, apply the appropriate device according to the lesion depth (Fig. 8). If the prepared bed
depth is greater than expected, implant the Slim device in place of Chondro+, implant the Prime device in place of Slim or
retrieve the bone debris and compact it to the bottom of the housing with the Sizer if the Prime version was implanted. The
implant can be positioned press-fit. If additional stability is needed, it can be sealed with fibrin glue.

7. Stability check and tourniquet release

@ Release the tourniquet. Stabilization of the device is facilitated by subchondral bone bleeding and subsequent coagulation. Wait
approximately 2 minutes for the device to be filled with subchondral blood. Check the mechanical stability of the device with a
few flexion-extension cycles of the joint. If the scaffold is mobilized or delaminated check both the size and depth of the prepared
lesion bed and implant a new scaffold accordingly. Close the surgical site according to standard procedures.

Postoperative care

The postoperative care depends on the location of the treated lesion. In general, the rehabilitation includes active and passive
flexion-extension and isometric and isotonic muscle-strengthening exercises. For condylar lesions, flexion-extension and muscle-
strengthening exercises are permitted from the first postoperative days, while loading is not permitted for the first 3 to 4 weeks. In the
following weeks, the patient can progressively load until reaching full weight bearing between 6 and 8 postoperative weeks. For
patellofemoral lesions, active and passive flexion-extension exercises are allowed after a week, while isometric and isotonic muscle-
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strengthening exercises, as well as loading, are allowed partially for the first 2 weeks. In the following weeks, patients can pro-
gressively load until reaching full weight bearing between 4 and 5 postoperative weeks.

Discussion

This study described the surgical technique for the application of a cell-free biomimetic scaffold for the treatment of chondral and
osteochondral lesions.

Cartilage lesions require precise surgical procedures to ensure consistent results in different clinical scenarios. To this aim, the
dedicated instrumentation allows to deliver a preformed scaffold that can offer significant advantages compared to the previous free-
hand technique. This can increase the standardization of the surgical procedure, reducing the variability associated with the surgeon’s
manual skills. The reproducibility of cartilage reconstruction procedures in orthopedics is of considerable importance to increase the
treatment success, given the unique challenges and limited self-healing capabilities of cartilage tissue.”*** In addition, the increased
precision of the dedicated instruments and the standardized circular shape of the scaffold can facilitate contact with surrounding
structures, promoting a tighter adhesion and a better migration of cartilage cells at the scaffold level, resulting in greater integration
with the host tissue. This can positively influence implant stability and tissue regeneration, providing a more favorable environment
for the regenerative processes to occur.

Besides the new instrumentation, the change from a square or rectangular shape of the implanted scaffold to a round shape
presents the benefits itself. The choice of a round scaffold introduces the advantage of a better adaption to curved joint surfaces. The
importance of scaffold shape was demonstrated by a study by Drobnic et al comparing the same scaffold implanted in the same model
either as a circular or rectangular implant. The results showed how the corners of a scaffold constitute weak points of the implant.**
The presence of localized stresses present in the rectangular shape of the implant can be more prone to deformation and dislocation of
the scaffold. This could alter the surface layer of the scaffold leading to delamination, rupture of the cartilaginous surface, particle
release-induced synovitis, and failure of the implant, especially if combined with aggressive rehabilitation.>> A study by Kon et al on
the early stability of implanted scaffolds evaluated through magnetic resonance imaging documented partial detachment in 13%, a
complete filling in only 67%, and a complete integration of the grafted cartilage in only 53% of the implants after 6 months.”® These
problems could be related to the free-hand square or rectangular implantation technique and are overcome by the circular shape of
the scaffold, which does not suffer from the corner point weakness, is more precise and can offer better stability of the scaffold thus
favoring a better integration. Biomechanical studies that have evaluated the effects of graft and defect geometry have shown that the
primary stability of osteochondral autografts or allografts in the initial postimplantation period is greater when the graft and defect
match.””*® Compared to lesion preparation with osteotomes and chisels and scaffold sizing by hand, the standardized in-
strumentation ensures matching equal length of defects and scaffolds.

A further possibility to improve the stability of the scaffold is the use of fibrin glue. Fibrin glue is able to improve the intrinsic
cohesion of the contact layers and the fixation force on the joint surface.”**> The use of a press-fit implant without other stabilization
methods could in fact result in a lack of stability resulting in slow integration of the scaffold and adverse postoperative events,”®
especially when the free-hand technique is used. In this case, fixation with fibrin glue could allow for a safer early mobilization (thus
reducing the risk of joint adhesion and arthrofibrosis) and progressive loading.”**> Moreover, in addition to mechanical action, fibrin
glue can also play a biological role, which served as the rationale for its use in cartilage treatments for decades and recently even as a
suitable scaffold for chondrocyte transplantation.”*~>' In this perspective, fibrin glue could promote implant integration not only
mechanically, but also biologically, representing itself as a scaffold for host cells and promoting tissue formation at the host-scaffold
interface.”

The depth of a scaffold is another important parameter, as it should allow to replace the damaged osteochondral structure while
preserving the adjacent healthy tissue.>” In this regard, the dedicated instrumentation allows precise preparation of the defect depth
and the implantation of an appropriate scaffold, avoiding protrusion in cartilage implants which may lead to fibrillation at the graft
edges and degenerative changes in the opposing articular surfaces, which would result in softening and fibrillation of the cartilage
layer.>® Studies evaluating the effects of altered joint biomechanics due to protruding osteochondral grafts indicate a clear re-
lationship between altered contact mechanics and subsequent damage to articular cartilage surfaces.”” The introduction of the
dedicated instruments improved the surgical technique by making the scaffold implantation more precise, standardized, and re-
producible, overall improving the scaffold-to-lodging ratio and consequently the stability of the construct.

Future studies are needed to evaluate whether the introduction of the new technique with dedicated instruments and circular
implants of different sizes and depths will translate into better results in terms of scaffold integration and, more importantly, patient
outcomes.
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