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Abstract

Treatment of articular cartilage injuries to the knee remains a considerable challenge today. Current procedures succeed in providing relief of symptoms, however damaged articular tissue is not replaced with new tissue of the same biomechanical properties and long-term durability as normal hyaline cartilage. Despite many arthroscopic procedures that often manage to achieve these goals, results are far from perfect and there is no agreement on which of these procedures are appropriate, particularly when full-thickness chondral defects are considered.Therefore, the search for biological solution in long-term functional healing and increasing the quality of wounded cartilage has been continuing. For achieving this goal and apply in wide defects, scaffolds are developed.The rationale of using a scaffold is to create an environment with biodegradable polymers for the in vitro growth of living cells and their subsequent implantation into the lesion area. Previously a few numbers of surgical treatment algorithm was described in reports, however none of them contained one-step or two –steps scaffolds. The ultimate aim of this article was to review various arthroscopic treatment options for different stage lesions and develop a new treatment algorithm which included the scaffolds.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This paper discusses the current arthroscopic treatment options of cartilage injuries. Over 1 cm2 full thickness chondral lesions are seen in 4%-5% of patients under 40 years undergone arthroscopy. Conventional arthroscopic treatment may not have successful results although chondral defects are observed with such a high incidence. Addition of novel scaffolds to conventional methods will provide beneficial effects on healing of articular cartilage lesions with hyaline. We now formulate a new treatment algorithm with scaffolds under the light of existing literature. In future, we expect the widespread use of arthroscopic surgery in chondral defects.
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INTRODUCTION

Articular injuries that are related to trauma or overuse have plagued those afflicted for more than 200 years and are still problematic to treat. In 1743, Hueter[1] stated, “From Hippocrates down to the present age, we shall find, that an ulcerated cartilage is universally allowed to be a very troublesome disease; that it admits of a cure with more difficulty than carious bone; and that, when destroyed, it is not recovered’’.
Articular cartilage is vulnerable to both irreversible traumatic injury and degenerative disease[2]. The ability of damaged articular cartilage to recover with normal hyaline cartilage is limited because of two main factors: the absence of a vascular response and the relative absence of an undifferentiated cell population to respond to injury[3]. If patients with previous cartilage deformation (chondral defects) have not been treated properly, the osteoarthritis symptoms can be seen radiographically after 10 years and primary gonarthrosis related with osteoarthritis develops 10 years early[4,5]. Therefore, it can be said that cartilage deformation leads to osteoarthritis and chondral defects in weight-bearing regions that are at risk of developing osteoarthritis[6].

It is questionable whether every chondral defect results in osteoarthritis. A defect size under 10 mm does not increase the pressure in peripheral healthy cartilage. However, 64% more pressure is exerted on cartilage with a defect size greater than 10 mm[5]. After a 14-year follow-up of 10 mm sized defects, it has been reported that the joint gap was observed to be 50% narrower[7]. In animal studies where the treatment of cartilage defects has been evaluated, some artificial defects regenerated spontaneously. The defect sizes which do not regenerate without treatment are called “critical sized defects”. The sizes determined for every animal model can not be estimated for humans. In a clinical study, critical defect size was suggested to be 2 cm2[8]. Therefore, defect size is not the only factor for defect resolution. Three major factors must be taken into consideration when making the treatment decision. The first factor to be considered involves defect-specific factors such as size, depth, location, and degree of containment. The second includes patient-specific factors such as patient age, current and desired level of activity and patient expectations. The third area is joint-related factors, including alignment, stability and the status of the meniscus.

Some form of cartilage healing has been proven given certain conditions, although the terms “healing and repair” are rather non-specific. Most often, the repaired articular cartilage is unsuccessful in replicating the structure, composition and function of healthy articular cartilage. Today, there are various surgical procedures to treat articular injuries.

GOALS, INDICATIONS AND CONTRAINDICATIONS FOR SURGICAL TREATMENT

Candidates for surgical treatment are patients who have documented articular damage and those with an associated ligamentous or meniscal injury that requires surgery. Today, the main purpose of surgical treatment of articular cartilage pathology is to lessen the pathology-related symptoms, stop the progression of articular damage, restore the articular surface anatomy and start a healing or repair process in order to transform damaged tissue into healthier new tissue. Currently, most surgical procedures lead to the formation of a fibrocartilage tissue replacement, which has an inferior biomechanical composition to normal hyaline cartilage. Surgical treatment of these articular lesions ultimately aims to replace the damaged tissue with normal hyaline cartilage that has an equivalent composition to that of the preexisting tissue. For this aim, indications are ranged according to chondral treatment options, however generally, distal femoral condyles lesions, symptomatic cartilage lesions, and asymptomatic lesion in patient who has an additional injury undergoing to surgical treatment . Contraindications of surgical treatment for articular cartilage lesions are wide-spread degenerative arthritis (including 3 compartment), systemic inflammatory or collagen vascular diseases, active infection in the related joint, body mass index > 30, opposed (kissing) full-thickness cartilage injury, untreated malignment and instability[9].

CLASSIFICATION OF CARTILAGE DEFECTS

It is important and necessary to throughly document and grade chondral lesions when treating patients with articular cartilage defects. In 1961, Outerbridge[10] described the simplest scale by directly observing damaged patellas during arthrotomy. The Outerbridge grading system is widely accepted, although it has size, depth and lesion locale descriptive limitations. Many other classification systems have been established to indicate the severity and type of articular cartilage. The international cartilage research society (ICRS) grading system observes the importance of subchondral osseous involvement and is used to describe the defect (area, depth, location)[11]. Table 1 shows the classification systems (Outerbridge, modified outerbridge grading system and ICRS) of articular lesions by severity[12,13].
SURGICAL TREATMENT OPTIONS AND RESULTS

During surgery, chondral defects in the knee joint are often observed. Those lesions do not always trigger symptoms. However, full thickness chondral lesions greater than 1 cm2 have been reported at 4%-5% in arthroscopy performed on patients aged under 40 years[14,15]. In chondral defects, while cartilage is treated, the problem causing the chondral defect should also be detected and resolved[16].The detection and treatment of the chondral problem influences the success of the treatment of the lesion[17]. During arthroscopic surgery, the defect is generally seen to be greater than as observed on magnetic resonance imaging (MRI)[18].

In a retrospective review of over 31000 knee arthroscopies, in all age groups, chondral lesions were found in 63% of patients, with an average of 2.7 lesions per knee. 19% of those were focal (not widespread) chondral or osteochondral lesion, 5.2% were grade Ⅲ or grade Ⅳ and only focal cartilage lesions required treatment[14]. Most chondral defects (58%-80%) are seen in the medial femoral condyle, followed by the patella and tibial plateau. Defects in the lateral condyle, trochlea and medial tibial plateau are observed at lower incidence rates[15].

The main goal of arthroscopic surgical management of symptomatic chondral defects is to lessen symptoms, improve joint congruence and prevent additional cartilage deterioration. Options can be characterized as palliative, reparative or restorative for those lesions. For lesions discovered incidentally or symptomatic lesions in low-demand patients with a preponderance of mechanical symptoms or signs of meniscal pathology, palliative procedures such as debridement and lavage are used. In the area of the defect, reparative procedures promote a fibrocartilage healing response. Restorative techniques replace the damaged cartilage with new articular cartilage; these include autologous chondrocyte implantation, osteochondral autografting and fresh osteochondral allografting (Table 2).

Debridement and lavage
Over 60 years ago, Magnusson[19] described the benefits of knee joint debridement to relieve arthritic symptoms. Jackson et al[20] became a proponent of arthroscopic pallative procedures such as debridement and lavage for the treatment of a symptomatic arthritic knee with the arrival of arthroscopy. The purpose of this technique is to debride the loose chondral tissues. Removal of loose intra-articular tissue debris and inflammatory mediators generated by the synovial lining leads to acceptable short-term results for both acute and degenerative chondral lesions. Lavage most often provides short-term symptomatic relief. This procedure is appropriate for older sedentary patients, but when an active population is considered, the results are generally insufficient[21].

Evidence based analyses indicate that lavage and debridement is accepted as an effective technique in the short-term (up to 12 mo) in terms of pain management in patients with early osteoarthritis and those with mechanical symptoms. However, in patients with moderate to advanced osteoarthritis the results are contradictory[22].

Marrow stimulating techniques

The concept of penetrating the subchondral bone to allow for the release of blood, growth factors and mesenchymal cells into the chondral defect was popularized by the Pirdiean[23] open technique in 1959 and was then modified for arthroscopic use by Johnson[24]. Marrow-stimulating techniques such as abrasion arthroplasty, subchondral drilling and microfracture are the three described techniques used to penetrate the subchondral bone. All these techniques are used to stimulate fibrocartilage in growth into the chondral defect.

Abrasion arthroplasty: This technique involves debridement of the articular defect circumferentially using a motorized burr to remove 1-3 mm of subchondral bone[23]. However, excessive trauma to the underlying bone and thermal necrosis can be potentially more destructive than helpful. Therefore this technique is not used in current practice[11].

Subchondral drilling: This procedure is an extension of the abrasion arthroplasty technique in which the subchondral bone is drilled with multiple drill holes penetrating into the bone marrow to stimulate a vascular response. Considering the efficacy of this procedure, questions still remain due to poor access, thermal necrosis and long-term results[25]. On the other hand, a recent study indicated that drilling does not cause thermal injury and the drill holes actually allow more consistent channels for cell migration compared to microfracture holes that may be partially blocked with bony debris. Therefore, although less commonly used than microfracture, drilling is another alternative technique within the scope of marrow stimulating techniques[26].

Microfracture: In 1994, Steadman et al[27] developed the microfracture technique, which is now the currently preferred marrow-stimulation method. It includes arthroscopic debridement of the cartilage defect down to the subchondral bone but not through it. Damage to the subchondral bone should be avoided in over-aggressive shaving of the soft articular cartilage. When the subchondral bone is identified, an arthroscopic tapered awl is carefully used to make multiple drill holes approximately 3 to 4 mm apart and 4 mm in depth across the exposed surface of the lesion. The use of arthroscopic awls as opposed to subchondral drilling is thought to produce less thermal necrosis in creating the holes.

In spite of progression in chondral defect treatment, the current most widely-used therapy option is the chondral repair technique[28]. This technique is performed extensively as the first treatment choice due to its minimally invasive properties, technique simplicity, lower surgical morbidity and cost- effectiveness in focal chondral defects (< 2.5 cm2 ) in patients under 45 years old with a low level of activity[27,29,30]. After less than 2 years follow-up of small, full thickness chondral defects treated with the microfracture technique, 75% of patients reported a decrease in pain, increased function and good-excellent clinical results[27,29]. Other arthroscopic treatment options of autologous osteochondral transplantation (AOT) and autologous chondrocyte implantation (ACI) have been compared with microfracture and after 5 years follow-up, there were no differences in functional scores and postoperative MRI grades between the groups. Microfracture is the first therapy choice because of the simplicity and cost-effectiveness compared to AOT and ACI[31].

However in a recent review of microfracture tecniques, Goyal et al[32] emphasised that in young patients and smaller lesions, better results were seen in the first five years, but after 5 years the results worsened and resulted in osteoarthritis regardless of the defect size. Thus, with the aim of improving the quality of repair tissue with the microfracture technique and the management of long-term functional healing, biological solutions are being investigated[33].

Recent meta analyses and systematic review studies have indicated that microfracture technique is effective in smaller lesions (up to 4 cm2) with short-term follow up. The major short comings have included poor hyaline repair, variable cartilage volume and long-term functional deterioration[34] (Figure 1).

Acellular matrix induced microfracture: Natural and artificial structure implants such as scaffolds have been developed for the improvement of the quality of repair tissue and treatment of wide defects with the microfracture technique[35]. Structure implants are implanted in 3 dimensional or liquid/gel-formed acellular materials to improve marrow inducement with the microfracture technique. The chondroconductive or osteoconductive properties of those implants do not contain vital cells.

In combination with microfracture this can stabilize the fibrin and provide an environment for mesenchymal root cells, keep them in place and support tissue differentiation. This type of microfracture has a scaffold to obtain hyaline chondral repair tissue.The advantages of the method are the placement of implants in single-stage surgery and no need for expensive cell production technology. Scaffolds are cost effective and non time-consuming devices. They are invaded by host tissue cells and resorb over time and are replaced with repair tissue. Chondrotissue®, Hyalofast®, AMIC®, CAIS®, Alginate Beads®, Trufit®, Maioregen® are examples of implanted one-step scaffold implants[36].

Siclari et al[37] reported that 52 patients, aged 25-65 years, treated with scaffold implants demonstrated an improvement in functional scores and the histological evaluation of 13 biopsy samples showed homogeneous hyaline-like chondral repair tissue. In a recent study, Gille et al[38] implanted scaffold membrane combined with microfracture in 27 patients with a mean defect size of 3.4 cm2 (range 1-12 cm2) and 87% of patients demonstrated significant clinical healing after a 37-mo follow-up period.

Current literature do not contain evidence-based researches or meta-analysis. Thus, to come to a decision with limited evidence, it could be speculated that one-step cell-free approaches have been developed to avoid the problems related to the ex vivo chondrocyte culture and expansion in a scaffold. Besides this, they reduce the costs and surgical time. Finally, osteochondral scaffolds have been proposed to treat lesions where the subchondral layer is also involved in the pathologic process and have shown promising preliminary results.

AOT
AOT is the cartilage restoration procedure which produces true hyaline articular cartilage. Osteochondral autografts can fill the articular defect with human articular cartilage tissue transplanted into damaged areas from areas of less weight-bearing on the femoral condyle as either a single large bone plug or multiple small plugs (mosaicplasty). The term mosaicplasty is reserved to describe the use of multiple, smaller diameter grafts. Autograft harvesting and transplantation techniques have the advantages of using the patient’s own tissue and immediate transplantation from the donor site to the recipient site without any additional cost to the patient.

The upper age limit for mosaicplasty is under 50 years and it can be performed on patients with high physical expectations and 1-5 cm2 focal chondral defects. Hangody et al[39] stated that 1-4 cm2 sized defects are ideal for mosaicplasty. According to Ollat et al[40], defects of 2 cm2 or less and to Solheim et al[41], 3 cm2 or less, showed better results. Good prognostic factors are male gender, young age and small defects. Therefore, in small defects in high-demand patients, AOT seems to be a reliable treatment alternative (Figure 1). 

Haklar et al[42] claimed that mosaicplasty is a reliable procedure in the treatment of full-thickness chondral lesions because it is minimally invasive, can be performed at a single session, and has a low complication rate and is cost effective.

Gudas et al[43] performed microfracture on 22 patients and AOT on 25 patients with a mean age of 24.3 years (range 15-40 years) and a follow-up period of 10 years. Patients treated with microfracture demonstrated good results immediately after surgery, which then worsened over time. The patients with AOT had better results compared with the microfracture group and a high rate of sportsmen in the AOT group were able to resume their previous sporting activities.

Osteochondral grafts in restorative techniques can be complicated by dislodgement of the graft from the transplant site, but this is rare with the press-fit technique. Additionally, graft collapse can occur through biomechanical overload or biological failure of the chondral or subchondral components.

Osteochondral allograft transplantation

The technique of osteochondral autograft plugs was first introduced by Yamashita[44] in 1985 and universalized by Hangody et al[45]. Fresh osteochondral allograft transplantation includes the implantation of a composite cadaveric graft that involves the subchondral bone and overlying hyaline cartilage in the site of the chondral defect with a single-stage procedure, and is not limited by its size. Osteochondral allograft transplants are used for medium to large articular lesions (up to 3 cm2) in relatively high-demand patients. These grafts are generally used on the femoral condyles but can also be used for the patella, trochlea, medial and lateral tibial plateau along with the donor meniscus. There is no donor site morbidity involved in the use of allografts. In addition, allografts may be taken from younger, healthier patients with better quality bone and cartilage. Allografts can also be used in large sized defects. In a study by Giorgini et al[46] 11 patients were treated and followed up for mean 26.5 mo between 2006-2011. The average defect size was 10.3 cm2 (range 3-20 cm2). The results of this study determined success in 10 patients who showed pain regression and functional recovery. It was emphasized that this technique had better results in lesions smaller than 8 cm2, although larger lesions also showed good results.

In another recent study, Chahal et al[47] conducted a systematic review of clinical outcomes after osteochondral allograft transplantation in the knee. There were 19 eligible studies with 644 knees in total. The mean age was 37 years and the mean follow-up period, 58 mo. The mean defect size across the studies was 6.3 cm2. The methods of procurement and storage time included fresh (61%), prolonged fresh (24%) and fresh frozen (15%). It was emphasized that osteochondral allograft transplantation for focal and diffuse (single compartment) chondral defects leads to predictably favorable outcomes and high satisfaction rates at intermediate follow-up. The major drawback of this technique is the use of fresh allogenic tissue, which has the potential for disease transmission. Cost and size mismatch are other issues, which should also be considered.

Autologous chondrocyte implantation

As an alternative for the treatment of articular cartilage injuries with a hyaline-like cartilage repair, Brittberg et al[48] were the first to report Autologous chondrocyte implantation (ACI) in 1994. Being a two-stage technique, the first stage in ACI involves an arthroscopic evaluation of the chondral lesion and biopsy by harvesting of chondrocytes. In this stage, cartilage is taken from lesser weight-bearing regions of the knee. The preferred locations are the lateral edge of the intercondylar notch or the superomedial trochlea. The total size of the biopsy should be between 200 and 300 mg. The cartilage specimens are sent to the laboratory for the chondroyctes to be isolated from the harvested cartilage. The cells are cultured for 2 wk to increase the number of cells as the implanted cartilage cells require a stable environment in which to heal. This procedure comes 6 wk after the biopsy. Following this, the second stage involves implantation through a mini-arthrotomy. Coverage is obtained by a periosteal patch sewn according to the defect size with 6-0 Vicryl sutures and sealed with fibrin glue. The aim is to achieve a more durable “hyaline-like” repair tissue that resembles hyaline articular cartilage.

ACI can be used as the primary treatment choice in over 4cm2, focal, ICRS grade Ⅲ and Ⅳ lesions of the knee joint and in patients with chondral defects who have a high activity demand, excellent compliance and are aged 15-55 years. It can be indicated as a second treatment in patients with 2.5 cm2 unhealed lesions where microplasty or microfracture has been previously performed.

In a systematic review, Bekkers et al[49] concluded that for defects over 2.5 cm2 in young patients, ACI can be performed successfully. In another study by Harris et al[50] microfracture (n = 271), mosaicplasty (n = 42) and ACI (n = 604) were compared in 917 patients. The clinical results of mosaicplasty were similar to those of ACI in the short term but worsened over a period of two years. In defects over 4 cm2 in size, ACI was found to be superior to all the other treatments. 

The ACI technique has better results in 70%-80% of patients not only in the short term but also in mid and long-term follow-up[51]. Moseley et al[52] showed that 69% of patients maintained the successful treatment results over 6-10 years. In a 5-year follow-up study, ACI was found to be better than microfracture in patients whose complaints had been ongoing for less than 3 years[53]. Mosaicplasty and ACI were compared in a 10-year follow-up study and the functional outcome of patients with a surviving graft was significantly better in patients who had undergone ACI compared with the mosaicplasty group[54].

Matrix induced chondrocyte implantation

In the ACI process, complications, such as graft hypertrophy seen while using periosteal patches, have led to increased interest in utilizing bioabsorbable covers as an alternative. One such technique is matrix-induced chondrocyte implantation (MACI). The MACI membrane involves a porcine-derived collagen bilayer, which is seeded with the patient’s harvested chondrocytes. MACI is a two-stage technique, which includes an arthroscopic evaluation of the chondral lesion and biopsied arthroscopically in the first stage and implanted generally through an arthrotomy in the second stage which is also applied by arthroscopic surgery[55]. During implantation, the graft is secured to the defect by fibrin glue alone, without sutures. Although there are several implants, Cares®, Hyalograft ®, NeoCart®, Novocart®, Bioseed C®, Chondron®, Cartipatch®, Atelocollagen® are examples of implants containing autologous chondrocytes, which have produced satisfactory clinical results[36]. 

Marlovits et al[56] reported 2 failures from 21 patients treated with ACI after 5 years and with MRI evaluation it was observed that in 80% of patients,defects had totally healed and integrated with peripheral chondral tissue. Eber et al[57] reported successful results in 20 patients treated with arthroscopic surgical technique and MACI after 2 years. The follow-up MRI showed 90% defect healing and 70% integration. Vijayan et al[58] observed good results in deep lesions > 8 mm with MACI, bone graft and double layer MACI. Several studies have compared MACI with current treatment options[59,60]. Basad et al[59] performed microfracture in 20 patients and MACI in 40 patients with a defect size over 4 cm2 and reported that MACI was superior to microfracture in the treatment of articular defects over 2 years. The MACI technique represents a significant advance in terms of reproducibility, safety, and reduced invasiveness. Zeifang et al[60] found no difference in clinical results between ACI and MACI in 21 patients after 2 years. Both treatments had similar results but MACI had significantly better scores in chondral healing when evaluated by MRI.

CONCLUSION

Appropriate patient selection for articular cartilage lesion treatment is paramount to reduce symptoms and successfully improve function. In smaller lesions of up to 2.5 cm2 in size, and in larger (up to 4 cm2) lesions in low-demand patients, debridement and microfracture are the most commonly used techniques. In lesions up to 4 cm2, and in high demand patients, AOT is a reliable method. Although indications of the use of microfracture plus scaffolds are not clear, this technique is commonly used in high demand patients with lesions of up to 4 cm2. However, in larger lesions more sophisticated cell based techniques such as ACI or MACI should be use. 

In this article a treatment algorithm were formulated to help guide the decision. 

Cartilage restoration techniques will most certainly evolve over the next several decades. With the addition of biological scaffolds and gene therapy techniques, the future holds much promise for patients for the natural healing of articular cartilage lesions. Alternative tissue techniques will be available to replace damaged articular cartilage or modifications of existing technology will lead to better results or fewer complications. Moreover, continued advances in arthroscopic techniques will allow procedures,which are commonly performed through an open arthrotomy, to be performed arthroscopically.
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Figure Legends
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Figure 1  In small defects in high-demand patients, autologous osteochondral transplantation seems to be a reliable treatment alternative. AOT: Autologous osteochondral transplantation; ACI: Autologous chondrocyte implantation; MACI: Matrix-induced chondrocyte implantation; OAT: Osteochondral allograft transplantation; AMIM: Acellular matrix-induced microfracture.
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Table 2  Treatment options for articular cartilage lesions


  Procedure


�
Indications


�
Outcome


�
�
  Arthroscopic debridement and lavage


�
Minimal symptoms


�
Palliative


�
�
  Marrow stimulation


�
Smaller lesions, low-demand patient


�
Reparative


�
�
  Osteochondral autograft


�
Smaller lesions, low-or high-demand patients


�
Restorative


�
�
  Osteochondral allograft


�
Larger lesions with bone loss, low-or high-demand patients


�
Restorative


�
�
  Autologous chondrocyte implantation


�
Small and large lesions with and without bone loss, high-demand patients


�
Restorative


�
�
  Genetic engineering


�
Investigational


�
Restorative


�
�
From Garrick JG, editor: Orthopaedic knowledge update: sports medicine, 3rd ed, Rosemont, IL, 2004, American Academy of Orthopaedic Surgeons.





Table 1  Classification of articular lesions by severity


  Grade


�
Outerbridge 


�
Modified outerbridge


�
ICRS


�
�
  0


�
Normal cartilage


�
Intact cartilage


�
Intact cartilage


�
�
 Ⅰ


�
Softening and swelling


�
Chondral softening or blistering with intact surface


�
Superficial (soft indentation or superficial fissures and cracks)


�
�
 Ⅱ


�
Fragmentation and fissures in area less than 0.5 inch in diameter


�
Superficial ulceration, fibrillation, or fissuring less than 50% of depth of cartilage


�
Lesion less than half the thickness of articular cartilage


�
�
 Ⅲ


�
Fragmentation and fissures in area larger than 0.5 inch in diameter 


�
Deep ulceration, fibrillation, fissuring or chondral flap more than 50% of cartilage without exposed bone


�
Lesion more than half the thickness of articular cartilage


�
�
 Ⅳ


�
Exposed subchondral bone 


�
Full-thickness wear with exposed subchondral bone


�
Lesion extending to subchondral bone 


�
�
ICRS: International Cartilage Repair Society.








