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Preface


During the last 25 years, articular cartilage repair has become routine at many hospitals around the world. The goal of this type of surgery is to use functional repair tissue to provide pain relief and restore the functionality of the injured cartilage to a level similar to that of surrounding cartilage.


Many books about clinical cartilage repair have been written. Most of them are comprehensive texts that include vast amounts of information for surgeons to study.


Instead of producing yet another reference volume about cartilage repair, we wanted to write a book that actually can be used to quickly review surgical techniques in the operating room—an operative manual for cartilage surgery for use before, during, and after surgery by surgeons, scrub nurses, and staff involved in patient care during cartilage lesion treatment.


Surgeons have developed a variety of techniques to treat cartilage injuries. Some of the most familiar are the following:



Bone marrow stimulation–based repairs



Cartilage tissue–based repairs



Cartilage cell–seeded repairs


We have not attempted to include all of the many available techniques in our manual. We have selected some standard procedures, as well as some new technologies, to provide the surgeon with a range of options. In addition, we have included some basic chapters about cartilage tissue, treatment algorithms, and rehabilitation suggestions. We also have supplied the following references that we recommend to readers who need or want further information about cartilage repair.



1. Cole B, Malek MM, editors. Articular cartilage lesions: a practical guide to assessment and treatment. New York, 2004, Springer.



2. Cole BJ. Surgical management of articular cartilage defects in the knee. American Academy of Orthopaedic Surgeons presentation. In J Bone Joint Surg Am. 2009; 91:1778-1790.



3. Cole BJ, Malek MM, editors. Chondral disease of the knee: a case-based approach. New York, 2006, Springer.



4. Erggelet C, Mandelbaum BR, Mrosek EH, Scopp JM. Principles of cartilage repair. New York, 2008, Springer.



5. Hendrich C, Nöth U, Eulert J, editors. Cartilage surgery and future perspectives. New York, 2003, Springer.



6. Meyer U, Wiesmann HP. Bone and Cartilage Engineering. Berlin, 2006, Springer-Verlag.



7. Zanasi S, Brittberg M, Marcacci M. Basic Science. Clinical repair and reconstruction of articular cartilage defects: current status and prospects. In Meyer U, Meyer T, Handschel J, Wiesman HP, editors. Fundamentals of tissue engineering and regenerative medicine. Berlin, 2009, Springer-Verlag.



8. Williams RJ, Peterson L, Cole BJ, editors. Cartilage repair strategies. Totowa, NJ, 2007, Humana Press.



Conclusion








¨tis the chirgeon's praise, and height of art, not to cut off, but cure the vicious part.¨








Robert Herrick, 1591-1674





We hope that this book will be useful to you and your staff. Cartilage repair is a difficult task. To treat cartilage defects and concomitant injuries effectively, we must help patients understand that their treatment program will involve strenuous training and lengthy follow-up care. We hope that this book will be part of such a treatment program and that it will serve as a simple reminder of how to do what is best for the benefit of our patients.







Mats Brittberg, MD







Wayne Gersoff, MD










Chapter 1 Cartilage Morphology




Mats Brittberg





Hyaline cartilage provides the diarthrodial joint with a low-friction surface, resilience, and compressive stiffness, and this unique tissue is, under normal conditions, wear resistant.


Loss of cartilage function may lead to a painful joint with a decreased mobility. Many factors (epidemiological, biochemical, and morphological) are associated with cartilage destruction. However, only trauma is known directly to cause osteoarthritis.1 It is well known that once the cartilaginous tissue has been destroyed, the intrinsic reparative ability is poor. Therefore, it is of uttermost importance to increase knowledge about the cartilage, the tissue reaction to trauma, and the intrinsic attempts to repair the defects as well as extrinsic methods.






Cartilage Biochemistry and Morphology


The hyaline cartilage could be regarded as a composite gel with relatively low percentage chondrocytes (5%) embedded in a rich extracellular matrix consisting in negatively charged hydrophilic proteoglycans constrained by a three-dimensional collagen network.


The negatively charged proteoglycans have the ability to form large aggregates, which can bind water molecules within the positively charged collagen fibrils, thus generating a high osmotic pressure within the gel.


The collagen fibers are responsible for the structure of cartilage and consist mainly of collagen type II. They are highly cross-linked via collagen type IX fibers.2


Chondrocytes are the producers of the surrounding ground substance: matrix.


The cells have different appearances depending on where in the cartilage they are situated. The cells in the top layer appear flattened, whereas the cells in the deeper layer are more rounded and aligned along vertically orientated type II collagen.3


Collagen is the most important scaffolding material in the body, existing in several types. The major type in hyaline cartilage is named type II. It is built by three identical polypeptide alpha-chains. These chains are coiled to form a triple-helix and are produced by the chondrocyte in the form of procollagen. Outside the cell, this procollagen is transformed to tropocollagen, and these molecules aggregate to form the much larger molecule: collagen.


In the hyaline cartilage there also exist minor collagens like types IX, XI, V, and VI. Type IX contributes with covalent cross-linking of the type II fibrils, whereas type XI is thought to control the diameter of type II fibrils. The collagen gives the cartilage its strength and tensile stiffness.


Proteoglycans are large protein-polysaccharide molecules making up 5% to 10% of the wet weight of the cartilage.4 They are composed by chains of the glycosaminoglycans keratan sulfate and chondroitin sulfate covalently bound to a central protein core molecule. Large aggregates are formed with several proteoglycan monomers via a link protein connecting the central protein cores to a chain of hyaluronic acid.


All the components of the proteoglycan aggregates are synthesized by the chondrocytes.


The proteoglycans are unevenly distributed throughout the cartilage layers with the highest concentration in the middle part and the lowest concentration in the superficial layers.5 The proteoglycans give the cartilage its elasticity and resilience.


There is a difference in cartilage composition between the cartilage surface and the subchondral bone plate. These structural differences give rise to four separate layers or zones (see Fig. 1-1).





[image: image]

FIGURE 1-1 Schematic drawing of the different layers in a full-thickness osteocartilaginous biopsy.




In the top zone, the superficial zone, there is first a cell-free fibril-layer, called the lamina splendens.6 Beneath this thin layer, chondrocytes are dispersed in an elongated manner parallel to the surface, reflecting as well the tangential orientation of the collagen fibers. This is the tangential layer.


In the second zone, often called the transitional layer, the cells are larger, rounded, and randomly distributed between the oblique-oriented collagen fiber. In the third zone, the chondrocytes are even larger and arranged in typical columns because of the radial collagen fiber courses, the radial zone.


The fourth layer, finally, which is mineralized, is called the calcified zone. There exists a visible border between the third and fourth zone, the tidemark with a special affinity for basic dyes (e.g., toluidine blue).


The calcified zone provides an important transition to the less resilient subchondral bone. For a long time this was regarded more or less as an inactive zone, until Hunziker (1992)7 noted that also the chondrocytes here could take up and incorporate (35S) sulfate into the pericellular and territorial matrix. Hunziker speculated that, following trauma, the metabolic activity here becomes temporarily impaired.7


Regarding experimental animals, it is important to know that it is only in adult animals that the division into zone I to zone III is possible.8 In the immature animal, the cells are more randomly distributed with a gradient in cell size from the top to the calcified zone, with the cells in the deeper parts being largest. Thus, the articular cartilage organization during prepubertal growth imitates the structure of the growth plate, and during that time the biomechanical properties of the cartilage change with an increase in stiffness and in shearing and compressive resistance.7,9









Metabolic Events in the Cartilage


Under normal conditions, the components of the matrix have a slow turnover. The collagen has the slowest turnover rate compared to the much faster turnover of the proteoglycans.


The majority of the proteoglycans have a life span of about 600 days, but a small proportion of the proteoglycans in adult cartilage act as a fast fraction with a half-life of about 8 days. The proteoglycans are thus also more vulnerable to enzymatic degradation.10,11


The chondrocytes secrete different enzymes called metalloproteinases (collagenases, gelatinases, and stromelysin), which all control the degree of degradation. The degradation of proteoglycans is followed by an increased synthesis of proteoglycans, which then become integrated into the matrix.


This is a sophisticated and well-balanced process regulated by the chondrocytes, and a disturbance of any of these events could lead to destruction of the cartilaginous matrix. This happens in osteoarthritis where an early sign is an imbalance in synthesis and degradation of the matrix.









Pathology Evaluation


With a biopsy from a cartilage area and with the help of a microscope, a lot of information about the composition and organization of the cartilage matrix can be made.


It is important to know that a biopsy with histology provides information about a very small part of the cartilage tissue and a small part of a repaired area. It is subsequently very important to know the following:


It is necessary to know the exact location from where the biopsy is taken and how it was taken. The International Cartilage Society (ICRS) has developed a mapping system, which is useful to utilize when describing the location.12 A biopsy should be taken in the following manner:



• Perpendicularly to the articular surface.



• From the central part of a repaired area; sometimes one also needs to take a biopsy from the border zone between repair and adjacent normal cartilage.


A 2-mm biopsy going through all layers and down through bone is recommended. There are several types of instruments on the market, but it is easiest to employ a biopsy instrument used for bone marrow biopsies such as a Jamshidi needle.


A pathologist with special interest in cartilage tissue evaluation is involved in the assessment of the biopsies.


Biopsies can be either wax embedded for sections or frozen for cryo sections.


As recommended by the ICRS Histology Endpoint Committee,13 cartilage morphology can be evaluated by hematoxylin and eosin staining. Normal and polarized light are used.


Additional stainings with toluidine blue, alcian blue, or safranin O are used for evaluation of glycosaminoglycan content.


Immunohistochemical staining is done for evaluation of degree of collagen types I and II (best done on frozen sections).


Mineralization is studied with von Kossa technology.









Molecular Biology


In situ hybridization studies the genes that the chondrocyte expresses and indicates what the cells are capable to synthesize.14









Histological Repair Scores


Various histological scoring systems exists for analysis of osteoarthritic or normal, in vivo repaired, or tissue-engineered cartilage, but only a few have been validated:15



• For assessment of osteoarthritic cartilage: HHGS/Mankin score,16 the OARSI system.17




• For assessment of cartilage repair in animal studies: O’Driscoll score,18 Pineda scale,19 Wakitani score.20




• For assessment of cartilage repair in humans: ICRS Visual Histological score II.21




• For assessment of tissue-engineered cartilage: The Bern score.22










Imaging Evaluation of Cartilage Repair


To get a better total idea of the repair area, imaging techniques need to be used.


The clinical doctors need to know more about the type of cartilage lesion before arthroscopy in order to select the best repair choice about the quality of the induced repair, when to evaluate the symptoms post surgery, and when to intervene and how.


Arthrography combined with computed tomography (CT) provides information about the contour and surface characteristics of the cartilage and cartilage repair.23 Combined with three-dimensional reconstruction of the bone structure, useful information is yielded.


Recent developments in MRI technology used in the field of musculoskeletal research have created new possibilities by providing precise and reliable quantitative information on the joint structure as well as changes over time.


The main advantages of MRI as a method for cartilage imaging are as follows:



• Noninvasiveness



• Reproducibility



• Accuracy


Quantitative measurement of morphology can be used to monitor loss of cartilage tissue, but there is extensive interest in using MRI to detect changes that precede gross tissue degradation that may occur in early disease.


Such mapping techniques to image compositional changes that may be sensitive to early cartilage damage include T2 mapping, delayed gadolinium enhanced MRI of cartilage (dGEMRIC), and T1rho.


Fat-suppressed three-dimensional gradient echo (3D-GRE)24 allows the exact description of the thickness and surface of cartilage.


T2-weighted (dual) fast spin echo (FSE) techniques with or without fat-suppression24 give the information about the normal and abnormal internal structure of hyaline cartilage.


dGEMRIC25 relies on intravenous injection of a negatively charged MR contrast agent and the acquisition of a T1 map after equilibration of the contrast agent in the cartilage to estimate the glycosaminoglycan distribution within cartilage.


Quantitative T2 MR26 mapping of articular cartilage is a noninvasive imaging technique that has the potential to characterize hyaline articular cartilage and repair tissue.24 Normal articular cartilage demonstrates an increase in T2 values from the subchondral bone to the articular surface that has been correlated with type II collagen fiber matrix organization (anisotropy) in these zones.


Qualitative and quantitative T2 mapping helped differentiate hyaline cartilage from reparative fibrocartilage after cartilage repair at 1.5-T MR imaging.24


Cartilage T2 mapping at 1.5-T MR imaging shows promise as a noninvasive tool to study and differentiate cartilage composition after surgical cartilage repair procedures.26


One MRI technique, magnetization transfer (MT) imaging,27 is known to generate a useful image contrast in cartilage in vitro, which is sensitive to the macromolecular content of the cartilage. Palmieri and coworkers27 have studied cartilage repair with microfracture, comparing the repair with autologous chondrocyte implantation (ACI) repair. The differences between damaged and repaired cartilage magnetization transfer ratio (MTR) were too small to enable MT imaging to be a useful tool for postoperative follow-up of cartilage repair procedures. However, there was an evolution toward normal MTR values in the cartilage repair tissue (especially after ACI repair), while the MTR of microfracture repaired cartilage still showed a significant difference from normal cartilage at a 24-month follow-up.27


Furthermore, another technique called T1rho can potentially be used to noninvasively to quantitatively assess the biochemical and biomechanical characteristics of articular cartilage in humans during the progression of osteoarthritis.28
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Introduction


The clinical consequences of articular cartilage defects of the knee are pain, swelling, mechanical symptoms, athletic and functional disability, and osteoarthritis. Full-thickness articular cartilage defects have a poor capacity to heal because of the cartilage’s isolation from systemic regulation and its lack of vessels and nerve supply. The challenge to restore the articular cartilage surface is a multidimensional task faced by both basic scientists in the laboratory and orthopedic surgeons in the operating room. A growing number of patients are presenting for consultation in order to maintain their active lifestyles and hobbies. These patients wish to continue activities that have, in the past, been achievable only for younger and healthier knees. Since the late 1970s, different techniques to address articular cartilage injuries and defects have emerged as valid therapeutic options. Although options to treat these lesions have expanded, the difficulty facing practitioners is choosing which technique to best address the defects of each individual patient.


Although the regeneration of true hyaline cartilage is not yet a reality, a variety of methods have the potential to stimulate the formation of a new articular surface, including microfracture of subchondral bone, use of auto- or allografts, cell transplantation, targeted growth factors, and artificial matrices. Reports of the clinical results of these procedures have documented clinical improvement for most of the patients.1,2,3,4 However, despite the availability of all of these techniques and the advances in imaging that have led to an increased understanding of the frequency and types of chondral lesions, patient evaluation and treatment selection still remain challenging. In evaluating a patient for cartilage repair, one must characterize not only the cartilage lesion itself but the various clinical factors and comorbidities embodied by each individual.


Several comorbidities such as ligamentous instability, deficient menisci, or malalignment of the mechanical limb axis or extensor mechanism often coexist with the articular surface pathology. Moreover age-related, nonprogressive, superficial fibrillation of cartilage and focal lesions of the articular surface must be distinguished from degeneration of cartilage occurring as a part of syndrome of osteoarthritis.5 As a consequence, the clinician must define, characterize, and classify local, regional, and systemic, medical, and family history factors that may influence the progression, degeneration, or regeneration of the defect. Careful patient evaluation is essential in selecting the proper treatment plan: lesions with different etiology and size require different treatments and the comorbidities may need to be treated in conjunction with symptomatic chondral injuries to provide a mutually beneficial effect. Thus, the evaluation and characterization of the patient as a whole is key to optimizing the results of surgery.


This chapter provides the guidelines for selecting the proper treatment algorithm.









Clinical Management


The initial step in the workup is the history. This should include mechanism of injury, time course, and quality of symptoms; review of previous treatment; and the effects of those treatments. Peterson et al. found that the average patient presenting for cartilage restoration had 2.1 previous treatments, usually with a different physician.6 In this setting, access to operative reports, pervious imaging, and even direct communication with previously treating surgeons can provide information.


During the physical examination, the surgeon should be careful not to assume that the articular cartilage lesion is responsible for all symptoms but should attempt to delineate concomitant pathologies that may be contributing symptoms. It is important to recognize that not all chondral lesions cause symptoms. Conversely, not all symptoms are related to the chondral or osteochondral defect. Often concomitant pathology exists and can play a role in the symptoms that the patient maybe experiencing. In addition to the sites of point tenderness, effusion, crepitus, and catching, the examination should carefully assess alignment, range of motion, and patellofemoral tracking. Evaluation for ligamentous integrity is also valuable in considering concomitant pathologies of the knee. Other mechanical issues of obesity and gait patterns may exclude a patient from certain treatments because of potential inability to comply with often extensive rehabilitation protocols.


Required radiographs include standing anteroposterior, lateral, patellar skyline, a 45-degree flexion posterior anterior weight-bearing view, and a full-length alignment film. No cartilage restoration procedure should be performed in the setting of malalignment; therefore, if the mechanical axis bisects the affected compartment, a corrective osteotomy should be strongly considered as a concomitant or staged procedure.7,8


Access to MRI is important in developing and executing an effective clinical approach to cartilage repair surgery.


With a high-resolution fast spin echo sequencing technique in the saggital, coronal, and axial planes, articular cartilage surfaces can be well imaged and measured. This allows accurate characterization of not only the lesions in question but the state of all opposing cartilage surfaces and menisci.


Quantitative MRI techniques, such as T2 mapping, T1rho, and delayed gadolinium-enhanced MRI of cartilage (dGEMRIC), provide noninvasive information about cartilage and repair tissue biochemistry.


Diffusion-weighted imaging (DWI) and diffusion tensor imaging (DTI) demonstrate information regarding the regional anisotropic variation of cartilage ultrastructure.9 These advantages provide preoperative information and may allow for a postoperative assessment of actual glycosaminoglycan content of repaired or replaced tissue.10


If the lesion involves the subchondral bone, then computer tomography scanning may also be necessary to assess defect geometry and depth, especially in the presence of osteochondral defects that may require bone grafting in addition to an articular cartilage restorative procedure.


An examination under anesthesia is required to better assess the knee instability. This is performed routinely before every knee arthroscopy. The first operation after the diagnosis of an articular cartilage defect is often not the definitive procedure. At times, arthroscopy is performed initially as a diagnostic tool to assess the lesion, in terms of its location, geography, surface area, and depth. The surrounding articular surfaces in the uninvolved compartments, the state of the menisci, and the presence or absence of additional pathology need also to be defined. If one is considering definitive treatment with autologous chondrocyte implantation (ACI), a biopsy should be performed at this time. Similarly, if a significant subchondral defect exists, primary bone grafting can be performed at the index operation.









Local and Regional Facts


To ensure uniform standards of evaluating articular cartilage repair, a universally accepted classification system is necessary. Many different grading systems for cartilage defects are cited in the literature, including those of Outerbridge,11 Insall,12 Bauer and Jackson,13 and Noyes.14 To avoid confusion, the International Cartilage Repair Society (ICRS) has developed a grading system to be used as a universal language when surgeons are communicating about cartilage lesions. The ICRS characterizes Grade 0 as normal, Grade 1 as superficial lesions and fissures, Grade 2 as lesions extending down to less than 50% of the cartilage depth, and Grade 3 as all lesions extending more than 50% of the cartilage depth and down to bone. Finally, Grade 4 lesions are all that extend down through the subchondral bone plate (Fig. 2-1). This grading system is also included in a comprehensive method of documentation and classification, which encompasses a global description of not only the lesion but all of the local factors and comorbidities previously discussed.15 The following variables are included in the standards:



• Etiology. Is the defect acute or chronic? This may be a difficult differentiation because there is a blend of acute and chronic combinations.



• Defect thickness. What is the thickness or depth of the defect as defined by the ICRS grade? (See Fig. 2-1). Penetration of the tidemark or the presence of subchondral cysts can affect the functional articular cartilage unit.




• Lesion size. A probe accurately measures size in centimeters squared during arthroscopy. Defects less than 2 cm2 have different treatment options than defects greater than 2 cm2.



• Degree of containment. Is the defect contained or uncontained? Is the surrounding articular cartilage healthy or degenerative? As the degree of containment decreases, consequent loss of joint space is seen on radiographs.



• Location. Is the defect in the weight-bearing region of the knee? Is it monopolar or bipolar?



• Ligamentous integrity. Are the cruciate ligaments intact, partially torn, or completely torn? Is there residual instability, or has the knee been reconstructed?



• Meniscal integrity. Are the menisci intact? If not, has there been a partial, subtotal, or complete meniscectomy? Has meniscal repair or transplantation been performed?



• Alignment. Is the alignment normal, varus, or valgus? Is there patellofemoral malalignment? Has an osteotomy or realignment procedure been performed?



• Dynamic alignment.




• Previous management. If a prior cartilage restorative procedure has been performed, was the subchondral plate violated?



• Radiological assessment. Weight-bearing anterior-posterior (AP) or flexed posterior-anterior (PA) views, lateral views, and patellofemoral views are necessary for the evaluation of joint space narrowing and subchondral cyst formation.



• MRI assessment. New MRI sequences allow for the preoperative and postoperative evaluation of defects and articular cartilage repairs. Bone bruising, osteochondritis dissecans, and avascular necrosis can also be evaluated.



• General medical, systemic, and family history issues. Is there a rheumatologic history? Are there endocrine-related factors? Is there a family history of osteoarthritis or cartilage disorders?





[image: image]

FIGURE 2-1 ICRS cartilage grading score.




A comprehensive analysis of the local and regional factors related to an articular cartilage lesion is utilized to develop a treatment plan. A flowchart has been created to summarize primary treatment options and secondary treatment options. There are separate charts for femoral and patellar defects. Primary treatment options should be considered first-line treatment choices. Secondary treatment options are considered if primary treatment fails or if other factors prevent the use of a primary treatment option (Figs. 2-2 and 2-3).
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FIGURE 2-2 Algorithm for femoral defects. ACI, Autologous chondrocyte implantation; OCG, osteochondral grafts.
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FIGURE 2-3 Algorithm for patellar and trochlear defects. ACI, Autologous chondrocyte implantation; ACI 2-3, autologous chondrocyte implantation generation 2 and 3; PF, patella femoral realignment.




Emphasis must again be placed on the importance of looking at the entire picture when characterizing a cartilage lesion. It is imperative to consider each lesion in the context of alignment, ligamentous, and meniscal integrity (macroenvironment), as well as molecular-level factors such as chondrocyte function, synovium, chondropenia, and cartilage integrity (microenvironment).









The Clinical Algorithm: the Chondropenic Pathway


After completion of the comprehensive assessment described earlier, patients can then be stratified a clinical algorithm. This chondropenic pathway has been developed for the management of articular cartilage defects. The algorithm defines 10 patient-directed situations based on lesion size, depth, and associated issues such as alignment, ligament, and meniscal integrity. Each situation considers the problem category, the therapeutic options, and the current unresolved issues.






Situation No. 1






Problem. Meniscus tears and partial-thickness articular cartilage defect(s). (This is the most common condition the orthopaedic surgeon sees in practice.)



Treatment options. Arthroscopic debridement and partial meniscectomy followed by rehabilitation and physical and conditioning therapy.




Unresolved issues. Role of radiofrequency probes. Do they cause chondrocyte death or decrease regenerative and more degenerative or avascular consequences (bipolar, monopolar)? Why and when to use glucosamine and chondroitin sulfate and viscosupplementation?









Situation No. 2






Problem. Femoral articular cartilage defects less than 1 cm2.



Treatment options. Debridement, microfracture, osteochondral grafting.



Unresolved issues. Do small defects heal sufficiently well with mesenchymal stem-cell stimulation techniques such as microfracture in the short and long term?









Situation No. 3






Problem. Femoral articular cartilage defects including osteochondritis dissecans size 1 to 2 cm2.



Therapeutic primary options. Debridement, microfracture, osteochondral grafting, autologous chondrocyte implantation.



Therapeutic secondary options. Osteochondral grafting, autologous chondrocyte implantation.



Unresolved issues. Is a mesenchymal stem-cell stimulation technique an acceptable primary option?











Situation No. 4






Problem. Femoral articular cartilage defects including osteochondritis dissecans greater than 2 cm2.



Therapeutic primary options. Autologous chondrocyte implantation, fresh allograft.



Therapeutic secondary options. Autologous chondrocyte implantation, fresh allograft.



Unresolved issues. What is the optimal and maximal size of lesion that osteochondral autografts can be applied?









Situation No. 5






Problem. Complex femoral articular defects with malalignment, ligament, or meniscal deficiency.



Therapeutic primary options. Osteotomy, meniscal repair or allograft, cruciate reconstruction(s), autologous chondrocyte implantation, fresh allograft, or osteochondral autograft depending on size.



Unresolved issues. How to optimally stage procedures so that index postoperative protocol does not compromise integrity of secondary or tertiary procedures. Which meniscus allograft, osteotomies, or ligament reconstruction procedure should be utilized?









Situation No. 6






Problem. Patellar or trochlear articular cartilage defects with no malalignment or instability.



Therapeutic primary options. Physical and conditioning therapy including tapping, bracing, and pelvic stabilization.



Therapeutic secondary options. Arthroscopy and lateral release, therapeutic tertiary options, autologous chondrocyte implantation plus anteromedialization or patellofemoral realignment osteotomy.



Unresolved issues: What are the definitive indications for arthroscopic lateral release? Does viscosupplementation have a role early in management of patellofemoral chondromalacia syndrome?









Situation No. 7






Problem. Patellar and trochlear articular cartilage defects, with significant malalignment, or instability.



Therapeutic primary options. Physical and conditioning therapy including tapping, bracing, and pelvic stabilization.



Therapeutic secondary options. Autologous chondrocyte implantation plus anteromedialization or patellofemoral realignment osteotomy.



Unresolved issues. Is the role of osteotomy beneficial early on to disease modifying such that it will prevent osteoarthritis (OA) of the patellofemoral joint?











Situation No. 8






Problem: Tibial articular cartilage defects—no significant malalignment or instability.



Therapeutic options. Osteotomy as required in relation to the degree of malalignment in combination with microfracture or autologous chondrocyte implantation depending on size of lesion.



Unresolved issues. Successful access may require release of collateral ligaments and detached meniscus insertions. Concomitant procedures protocols should not conflict with postoperative rehabilitative protocol.









Situation No. 9






Problem. Significant chondropenia and early OA (global Grade 3/4 articular cartilage defects in the 30- to 60-year-old patient with degenerative meniscal tears).



Therapeutic options. Nonsteroidal anti-inflammatory medications/COX-2 inhibitors, hyaluronic acid, glucosamine/chondroitin sulfate, bike for exercise, unloading braces, arthroscopy for mechanical symptoms, loose bodies and meniscal tears, osteotomy selectively as required in relation to the degree of malalignment or joint-space narrowing.



Unresolved issues. Is there a role for biological resurfacing procedures concomitant with realignment procedures?









Situation No. 10






Problem. Degenerative meniscal tears and global Grade 4 defects (late OA).



Therapeutic options. Nonsteroidal anti-inflammatory medications/COX-2 inhibitors, hyaluronic acid, glucosamine/chondroitin sulfate, bike for exercise, unloading braces, arthroscopy for mechanical symptoms, loose bodies and meniscal tears, osteotomy selectively as required in relation to the degree of malalignment or joint-space narrowing, total knee arthroplasty.



Unresolved issues. What is the role of arthroscopy in late OA other than alleviation of mechanical symptoms?












Conclusions and Future Challenges


The challenges of articular cartilage repair and restoration continue despite recent advances. Marrow stimulation techniques, substitution replacement options, and biological replacement options each have a role in the treatment algorithm of articular cartilage defects. This treatment algorithm must take into account not only the characterization of the specific cartilage lesion but also the myriad of local and regional factors as well as the comorbidities attached to each patient. As of yet no single treatment option can reestablish the hyaline cartilage seen in normal articular cartilage. The goal for future treatments is to develop new technologies and disease-modifying interventions that protect and preserve the joint over time by maintaining biochemical, biomechanical, and cellular integrity. Until these technologies exist, collaboration between the basic scientist and the clinician will continue to advance our current technologies in an effort to restore the violated articular cartilage surface.
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