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Abstract

:

Osteoarthritis (OA) of joints such as the knee and hip are very prevalent, and the number of individuals affected is expected to continue to rise. Currently, conservative treatments after OA diagnosis consist of a series of increasingly invasive interventions as the degeneration and pain increase, leading very often to joint replacement surgery. Most interventions are focused on alleviating pain, and there are no interventions currently available that stop and reverse OA-associated joint damage. For many decades OA was considered a disease of cartilage, but it is now considered a disease of the whole multi-tissue joint. As pain is the usual presenting symptom, for most patients, it is not known when the disease process was initiated and what the basis was for the initiation. The exception is post-traumatic OA which results from an overt injury to the joint that elevates the risk for OA development. This scenario leads to very long wait lists for joint replacement surgery in many jurisdictions. One aspect of why progress has been so slow in addressing the needs of patients is that OA has been used as an umbrella term that does not recognize that joint degeneration may arise from a variety of mechanistic causes that likely need separate analysis to identify interventions unique to each subtype (post-traumatic, metabolic, post-menopausal, growth and maturation associated). A second aspect of the slow pace of progress is that the bulk of research in the area is focused on post-traumatic OA (PTOA) in preclinical models that likely are not clearly relevant to human OA. That is, only ~12% of human OA is due to PTOA, but the bulk of studies investigate PTOA in rodents. Thus, much of the research community is failing the patient population affected by OA. A third aspect is that conservative treatment platforms are not specific to each OA subset, nor are they integrated into a coherent fashion for most patients. This review will discuss the literature relevant to the issues mentioned above and propose some of the directions that will be required going forward to enhance the impact of the research enterprise to affect patient outcomes.
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1. Introduction


1.1. Background


Osteoarthritis (OA) is a degenerative disease of joints (knee, hip, spine, ankle, fingers, etc.) that affects mobility, leads to disability, and affects the quality of life for >250 million individuals worldwide (discussed in [1,2]) and an estimated >50 million patients in the USA (~20% of the adult population) [3]. Given that individuals in many countries are living longer, the number of people affected worldwide is expected to double by 2040. Until the last few decades, OA was commonly thought of as a disease of cartilage as that is the tissue that is most affected by the disease processes. Cartilage is aneural and avascular, so it is compromised when self-healing is considered (discussed in [4]). However, OA is now considered a disease of the whole joint [5,6], and thus, the multitude of components that make up a joint such as the knee, are involved [cartilage, ligaments, tendons, menisci, synovium, capsule and muscle].



While the term osteoarthritis implies that the degenerative process involves inflammation, for many years it was considered solely a degenerative process ascribed to aging-related “wear and tear” or due to injury that disturbed the relationship between the components of a joint leading to the demise of the “weakest link”-cartilage [7]. However, it is now fairly clear that inflammatory processes are involved in OA progression [4,8,9,10,11,12], but it is not clear whether inflammation is part of the initiation process leading to overt OA in different subsets of the condition.




1.2. Purpose of the Review


The purpose of this review is to discuss emerging aspects regarding the different subtypes of OA, focusing on the knee, and how the investigation of subtypes of OA may provide clues to the mechanistic basis for the conditions. Such investigations will potentially have three important outcomes: (1) the possibility to identify subtype unique mechanisms that will guide the development of effective interventions to stop disease progression early after diagnosis; (2) the identification of risk factors leading to the development of OA and thus, preventive measures; and (3) development of subtype-specific platforms for integrative conservative care of patients to eventually complement effort # 1. This review will attempt to address and synthesize the way forward using this information and the results of a research effort that is more translation-focused rather than discovery using models not clearly related to human OA.



The material that was reviewed for this article came from PubMed using search terms that included osteoarthritis (>100,000 items), osteoarthritis and human, knee osteoarthritis, knee osteoarthritis and human, knee osteoarthritis and arthroplasty, knee osteoarthritis and conservative care, post-traumatic osteoarthritis, osteoarthritis and epigenetics, osteoarthritis and menopause, osteoarthritis and treatments, osteoarthritis and pain, as well as those search terms and reviews. While attempts were made to focus on recent articles (past 5 years), some citations are of original studies that remain relevant to the discussion.





2. Subsets of Knee Osteoarthritis


2.1. Background


While OA can affect many joints (i.e., knee, hip, shoulder, elbow, ankle), a large percentage of patients have OA of the knee and hip [3]. As such, patients often experience variable levels of pain and disability, and much research and clinical trial effort have focused on hip and knee OA. However, after spending billions of research dollars and much effort over the past decades, there are currently no effective treatments to stop disease progression in the broad base of patients, and certainly, no treatments that can reverse the joint damage incurred as a consequence of the OA are available [10,11]. Such lack of progress has been discouraging for both the millions of patients with the disease, as well as companies that have invested heavily in research programs. Such frustration by patients can lead to them searching the internet for potential treatments [13], even if not scientifically proven and validated. Why progress has been so slow is likely due to a multitude of factors, such as under-appreciation of the complexity of the problem, the use of preclinical models that do not accurately reflect human disease, a failure to address the mechanistic variation in different subsets of patients, a lack of appreciation of the contribution of inflammatory processes in disease progression, disconnects between biologists and biomechanical experts, and an inability to determine when the condition actually is initiated for most patients other than those with post-traumatic OA (PTOA) [11]. Some of the potential subtypes of knee OA are summarized in Table 1. Table 1 also includes a subtype labeled “Idiopathic,” which contains those patients that cannot be categorized currently. However, with the concept of distinct potential subtypes, the number of patients in the idiopathic category will be small, and research on the care and treatment of those that can be categorized should lead to more precision-oriented outcomes. Of note, nearly all subtypes of OA have inflammatory components that develop during disease progression, but it remains to be determined whether inflammation is intimately involved with disease initiation.



This concept that OA is heterogeneous [14,15] and that sub-typing or phenotyping of OA is needed has also been raised by others [16,17,18,19,20] using a variety of criteria. Thus, some are related to metabolic phenotype [16,18,20], while others rely on patient characteristics at other levels [17,19]. In addition, biomarkers may be of use to identify subsets of patients with unilateral knee OA who may progress to bilateral knee OA [21].



It should also be noted that patients with OA usually present with pain. However, there is only a modest correlation between structural alterations as detected by X-rays or MRI and pain [22,23]. Pain severity can increase during disease progression, possibly due to epigenetic alterations [24]. In fact, approximately 20% of patients receiving joint arthroplasty for their OA have persistent pain after the surgery for mainly unknown reasons [25,26,27]. Due to the complexity of the interface between pain, chronic pain and persistent pain and the structural alterations associated with OA progression and treatment, this review will focus on subtypes of knee OA but not on the correlations with pain or pain mechanisms.




2.2. A Focus on Knee Osteoarthritis Associated with Knee Injury (Post-Traumatic Osteoarthritis; PTOA)


Knee OA can arise in some patients after an injury to the knee (such as a meniscal tear or an anterior cruciate ligament (ACL) rupture). While post-traumatic osteoarthritis constitutes ~12% of human knee OA patients [11,28], the vast majority of preclinical research is performed with PTOA models and most is performed with small animal models such as mice [29,30] which yield scientifically interesting results (mainly biological) but based on the low rate of progress, little clinical relevance. Some research has been performed with larger preclinical models such as sheep [31] or pigs or others [32,33], which has provided some more interesting mechanical outputs but again has primarily used post-traumatic OA approaches. In spite of this limitation, the use of large animal models has reinforced the fact that patient heterogeneity is a critical issue that needs to be faced, particularly in the design of clinical trials. That is, the response of each sheep to an ACL transection or some other knee injury is unique [34,35,36], and thus making group comparisons (as is done in randomized, double-blind clinical trials) does not capture the need to address individual variation. The suggestion has been that the n = 1 design may be a better option [34,35,36].



In PTOA, the critical element that has been lost is the biomechanical integrity of the joint following injury or rupture to a specific component of the joint. As the joint is considered a multicomponent organ system [5,6], loss of function for one component would disrupt the integrity of the whole organ system. This could not be corrected solely by biological interventions, and a return to mechanical stability is also required. Interestingly, after rupture of the anterior cruciate ligament (ACL), a key contributor regarding knee function, even if the ACL is reconstructed to provide some mechanical stability, ~50% of such individuals will still develop OA by 10 years post-surgery [37,38,39,40]. Why 50% are at risk and 50% at lower risk to develop OA is not known, but it may involve the functioning of muscles around the knee as it is known that there can be a significant loss of quadricep muscle function after tearing the ACL in a subset of such patients [41,42], and this can persist after ACL reconstruction [43,44]. Another variable that appears to influence post-ACL rupture is the placement of the ACL graft during reconstruction [45].



Alternatively, the risk of developing knee OA (or in other joints) following an injury could be due to the persistence of an inflammatory response. Injury to a joint tissue, such as an ACL rupture, will initiate an injury response led by inflammation which can influence a variety of joint tissues [46]. Subsequent surgery to reconstruct the ACL would be another insult to the joint, leading to further inflammation. Persistence of such inflammation could lead to the loss of additional joint tissue integrity and the development of OA-like disease. Interestingly, in preclinical models, administration of anti-inflammatory drugs such as corticosteroids immediately after PTOA-inducing surgery can diminish the inflammation and progression to OA-like disease in sheep and rabbits [47,48,49,50], as well as pigs [51]. Some uptake of this concept has occurred in the clinical literature as well (discussed in [4]). Certainly, such a catabolic and inflammatory environment should be controlled if other interventions such as stem cell injections, tissue-engineered construct implantation, or the use of anabolic interventions are contemplated [4,28]. However, controlling inflammation alone will not address the mechanical dysfunction in PTOA, so a multimodal approach is needed.



If only 12% of human knee OA is due to PTOA, that means other initiating mechanisms must be entertained to address the remaining ~88% of cases. Some other options for potential initiators of knee OA include metabolic dysregulation such as that accompanying obesity, a post-menopausal phenotype to account for the increase of non-PTOA incidence in the post-menopausal female population, variation in lower extremity set points that arise during growth and maturation that are impacted by the aging process (discussed in [4,28]), and of course, genetic and epigenetic factors that could be independent contributors to risk for OA development or contribute to one of the previously mentioned options.




2.3. Metabolic OA


Metabolic OA is the term used to describe the development of knee OA in conjunction with obesity [52,53,54]. Individuals with obesity are at increased risk of developing knee OA [55,56]. While some have suggested the development of knee OA in patients with obesity is due to the increased mechanical load on the joint, others have suggested it is due primarily to the metabolic dysfunctions that arise as a consequence of obesity [55]. Thus, many patients that are overweight or have overt obesity develop a cadre of metabolic changes labeled “metabolic syndrome” [57]. Included are conditions such as low-grade systemic inflammation, the risk for type II diabetes, and others [57]. Thus, this interpretation of the risk for knee OA development is a consequence of obesity and not strictly a direct biomechanical effect on the joint. As such, it should be possible to develop interventions that inhibit or prevent the development of the consequences of obesity, even if weight loss is not achievable. Often patients with obesity and knee OA are told to lose weight, but that directive is not readily fulfilled by many patients.



Recent studies in a rat model of diet-induced obesity development with the concurrent development of knee and shoulder joint damage with less evident hip damage have been reported [58]. Interestingly, aerobic exercise or concurrent administration of a prebiotic (commercially available inulin preparation) both prevented the development of diet-induced joint damage [59] as well as some of the metabolic sequelae of the obesity-inducing diet [59]. In this rat model, the results led to the conclusion that the prebiotic was impacting the microbiome of animals that had been altered by the high-fat, high-sucrose diet. As a result of those encouraging results, a clinical trial of the prebiotic in knee OA patients with obesity has been undertaken [60]. This trial was also formulated based on previous results with non-OA patients with obesity. The positive results of this trial (manuscript in preparation) lend support to using prebiotics along with other interventions for the conservative treatment of OA patients.



A key potential aspect of the metabolic syndrome that could be inhibited by prebiotic treatment is the inflammatory component which is emerging as a common element of OA (i.e., OA is an inflammatory disease) [52,53,61]. Secondly, prebiotic treatment of those with knee OA and obesity may be one “tool” in the toolbox for clinical interventions, but one that should be considered in the context of a multimodality treatment regimen.




2.4. Post-Menopausal Onset Knee OA in Females


As discussed previously [11,62], the incidence of knee OA in the years prior to menopause in females and males is ~1/1, but after menopause, the ratio increases to >2/1 (F/M). Thus, after menopause, a subset of females now develop OA, which has been categorized as “idiopathic” but may represent a unique subset of patients.



Clearly, hormones can influence the integrity of the connective tissues of the knee [63]. For instance, knee laxity in a significant subset of young females varies across the menstrual cycle [64]. However, ~20% of females in the studies did not vary for unknown reasons, but this finding does indicate females are heterogeneous with regard to responsiveness to hormone variation. Joint laxity can also vary during pregnancy in many females [65], again indicating a potential hormonal influence on joint integrity. As all connective tissues of knee joint tissues express estrogen and progesterone receptors and respond to hormones [63,66,67], this means that all such tissues could be affected by a loss of hormones associated with menopause. However, only a subset of post-menopausal females progress to develop OA, and therefore, there must be some unique features in such females that pose the OA risk.



There are a number of factors that could contribute to OA risk in such females. There may be a genetic risk that is only evident following the loss of hormones after decades of menstrual cycles following the onset of puberty. This may relate to the biology of the extracellular matrix components or even to genetic variation in hormone receptors such as those for estrogen (i.e., ER-alpha and ER-beta). There could also have been the induction of epigenetic changes occurring during the lifespan that could enhance risk after menopause for a subset of females [62]. In addition, it has been reported that both ER-alpha and ER-beta can exert biological activities in the absence of hormones, and in fact, hormones such as estrogen can dampen the ability of ER-alpha and -beta to activate the promoter region of proteinases (i.e., matrix metalloproteinases, MMPs) that can degrade the extracellular matrix (ECM) of connective tissues [68,69,70,71]. ER-beta was found to be more active than ER-alpha on the promoter for some genetic variants of MMP-1 than others [68]. Thus, in the absence of hormones after menopause, there may be a risk for some females to modify the ECM of connective tissues. However, connective tissue throughout the body would be at risk if this mechanism was solely responsible, and that is clearly not the case for the majority of females who do not develop OA. Therefore, there must be additional factors that are also contributing to knee OA risk in susceptible females after menopause.



Such additional factors could relate to maintaining the mechanical integrity of the knee in the subset of at-risk females after menopause. Firstly, the joint could be affected by the development of sarcopenia in muscles affecting knee joint function. In some females, menopause is accompanied by the development of sarcopenia [72,73], and this could also contribute to the loss of integration for the optimal functioning of the knee. Secondly, the “set point” for the knee that evolved during growth and maturation (both pre- and post-puberty) could have been dependent on hormonal factors to maintain knee integrity, and after menopause, such regulation could be altered. As was mentioned earlier, ~20% of young skeletally mature females do not experience changes to joint laxity at different stages of the menstrual cycle [64], so heterogeneity in the regulation of joint biomechanics is established at skeletal maturity. Whether this response/nonresponse phenotype variation is a surrogate biomarker for the development of knee OA later in life is currently unknown.



In spite of the unknowns regarding mechanisms, it is likely that based on the current evidence development of non-PTOA in post-menopausal females should be considered a separate subset of OA patients when considering interventions and treatment options.




2.5. OA Risks Associated with Growth and Maturation Variations


For most of evolutionary history, humanoids, including Homo sapiens, had an average lifespan of 30–40 years of age. In addition, several of the early variants were shorter than many individuals that exist today. Based on the size of the bunks on the Mayflower, most passengers, even in the 1600s, were shorter than many people today. Male Neanderthals were ~160–175 cm tall, and females 152–156 cm tall, a height that was similar to most Europeans 200 years ago but 12–14 cm shorter than post-WWII Europeans [74]. Thus, a longer lifespan was also accompanied by improved nutrition and altered growth rates during the post-natal period through puberty until skeletal maturity in more recent times. Accelerated growth rates may enhance the risk for compromised integration of the components of the lower extremities, which could pose an increased risk for OA development later in life.



During the early growth phase, the lower extremity motion segments appear to grow in a patterned manner, but considerable individual variation in rate can occur as well as parameters such as varus-valgus features, alignment, and integration of the various components that may grow at different rates. At the onset of puberty, additional growth rate variation can occur as well as the appearance of sex-dependent features. For instance, both males and females land after a jump similarly prior to the onset of puberty but land quite differently post-puberty [75,76,77,78], and this can pose risks for knee injury [79]. At skeletal maturity, the set points for the joints of a lower extremity motion segment are fairly well established. While such set points may provide functioning during adult life, some of the variations may pose a risk during the aging process when the integrative nature becomes less functional, such as accompanying less activity by 60 years of age or the onset of sarcopenia [72,73,80]. Such loss of integration and loss of set point integrity could pose a risk for the development of OA for a subset of individuals of either sex. Some of the variations, such as malalignment [81,82], could exert more potential risk than some other configurations. Thus, gait analysis could also be used to subtype OA patients even further [83].



As the OA-associated with the above-described joint configurations may not be attributed to an event, it could just be described as “idiopathic.” However, OA dependent on such configurations may constitute a separate subtype of OA. To confirm this conclusion will require additional research, perhaps aided by artificial intelligence or machine learning algorithm enhancement of gait patterns at different life stages with a cohort followed longitudinally.





3. Implications from Subtyping for Conservative Treatment for Knee OA


3.1. Background


Conservative treatment of knee OA, those interventions initiated between the time of diagnosis and perhaps joint replacement surgery, is quite variable and can vary depending on where you live (country, in Canada-the Province, urban vs. rural, etc.), who your main health care provider is (i.e., family physician, physiotherapist, chiropractor, orthopedic surgeon, rheumatologist, etc.), how involved the patient is in their treatment (i.e., shared decision-making), and how informed the patient has become regarding their options (often via the internet). Another variable that can impact patient outcomes is the availability of joint replacement surgery, which, when restricted or in limited supply, can lead to excessive wait times and a prolonged interval of trying to cope with increasing pain and disability (Figure 1) [11]. Thus, there is a real need to develop effective conservative care platforms that consist of integrated and validated interventions to both slow or modify disease progression, improve quality of life via minimizing the impact of the pain and disability, and prepare the patient for optimal outcomes after joint replacement surgery. Unfortunately, in many locations, the availability of some options for conservative treatments are limited; they are not integrated where available, and patients with knee OA are treated as a group without consideration for the subtype phenotype, and individual OA patients may have. Thus, while the phenotyping of OA patients into subgroups depending on the initiating variables or factors that can impact the disease progression is a step forward, it is only the beginning of developing effective conservative care platforms. It is clear that some patients can be considered “responders” to a given treatment while others can be classified as “non-responders” (discussed in [84]). This is likely true for any number of treatment options and can likely be attributed to human heterogeneity [85], as well as disease heterogeneity and structural variation in the disease [86]. Therefore, conservative care should take into account human and disease heterogeneity in an integrated manner and should not remain as a series of “non-effective/effective” interventions that are implemented individually or sequentially until the time for a joint replacement! Unless such a plan is implemented, the backlog of OA patients will continue to overwhelm the health system as the number of patients is expanding (Figure 1).




3.2. OA Phenotyping and Conservative Care


The emerging concept that OA, in particular knee OA, is comprised of multiple subsets (Table 1) should not only impact conservative care for knee OA patients with currently available interventions but also spur the development of new subset-specific modalities to treat early OA for patients with those different subtypes of the disease. While addressing subsets of patients is a good step forward, given human heterogeneity, this ultimately could lead to very personalized treatment protocols with precision medicine and perhaps a shift to engaging the patient more effectively in decision-making [87].



The current intervention paradigm for many OA patients after the diagnosis of knee OA is one of increasing “invasiveness” as the condition progresses, following the medical paradigm of “do no harm,” so use the most-mild approaches initially and then increase the invasiveness as the symptoms and degree of disability progresses. As nearly all interventions prior to pre-joint replacement surgical options actually address symptoms and not the associated structural damage to joint components [88], there is a certain fatalism in the treatment paths. Some of this situation is due to a lack of effective clinically approved disease-modifying drugs. However, most of the efforts to develop such candidate drugs often failed to translate from preclinical models or did not consider the variation in potential effectiveness when OA subsets were not taken into account.



Current conservative approaches to assist patients with knee OA include mild analgesics such as oral aspirin and later stronger non-steroidal anti-inflammatories (NSAIDs), bracing (simple sleeves, compartment-lift, mechanical assist), intra-articular injections with glucocorticoids or hyaluronic acid, exercise programs (neuromuscular training programs), and injections with autologous platelet-rich plasma [4,28,84,89]. Some patients also take over-the-counter supplements such as glucosamine and other “joint protective” mixtures [88]. Not all patients respond to the same interventions, with some getting no relief, some short-term relief, and others long-term relief from symptoms [11,84], irrespective of the type of intervention or individual patient characteristics. The basis for such heterogeneity is mainly unknown, but it is known that OA pain relief is unusually susceptible to the placebo effect [90,91], a situation that often makes it difficult to evaluate non-operative treatment [92,93].



For most patients, conservative management is often piecemeal, and various interventions are tried as individual “one-offs” until something is found to offer relief. When such an intervention subsequently fails, the search continues until more invasive options are entertained; such options include pre-joint replacement surgical interventions such as osteotomies [81], drilling/microfracture of the bone [94,95], or debridement alone or in combination with other treatments [96,97,98]. While many of these invasive surgeries offer transient relief for a number of patients, they have not been evaluated for effectiveness regarding knee OA subsets as defined in this review.



In addition to approved interventions, there are also some more “conservative” interventions that remain primarily experimental by regulatory bodies such as the FDA in the USA or Health Canada in Canada. Many of these involve the use of mesenchymal stem or stromal cells derived from a variety of autologous tissues (bone marrow, adipose tissue, synovial tissue, etc.). Such cells may be injected as single-cell preparations or as tissue-engineered constructs (reviewed in [4,28]). Single-cell injections have not proven to be very effective in repairing damaged cartilage, but they have been effective in clinical trials to affect pain and disability [99,100]. However, effectiveness may be negatively influenced by the intra-articular environment, particularly the presence of inflammation [4,101], in spite of their possible immunomodulatory role [102,103]. Some pilot studies with tissue-engineered constructs with autologous synovium-derived mesenchymal stem/stromal cells have indicated the good potential to restore cartilage in cartilage defects prior to the development of overt knee OA [104,105]. Whether such approaches will lead to effective tissue regeneration after the onset of overt knee OA or will require very early intervention before the loss of joint integrity becomes too extreme are currently being considered. However, it may be necessary to factor OA subtypes into the studies as effectiveness likely may require an intra-articular environment that is not too mechanically dysfunctional.



Instead of using stem/stromal cell transfers, it is now emerging that extracellular vesicles (EV) or exosomes released from mesenchymal stem/stromal cells may be as effective in the treatment of conditions such as OA [106,107,108,109]. The EV may stimulate endogenous cells to initiate a reparative process [110]. Thus, if the considerable ongoing research effort shows efficacy in initiating structural repair of tissues damaged by the OA disease process, this may have significant potential in the future. However, if the EV are stimulating endogenous cells to affect repair, then such interventions should be used early, perhaps soon after diagnosis, rather than later in the disease process when many of the potential responder cells have been lost to the disease. Further research on the use of cellular therapies should also consider the intra-articular environment they are being introduced into [4] and when in the disease process they are being applied.



Interestingly, some conservative interventions such as neuromuscular training programs (NMTP) have also been implemented as a precursor or “prehab” in relation to a planned total joint replacement (TJR or TKA-total knee arthroplasty) [11]. The rationale for such a sequence is that improved muscle tone may/should enhance recovery from the surgery and thus facilitate recovery of joint function with rehabilitation post-surgery. Some neuromuscular training programs, such as the GLA:D (Good Living with Arthritis: Denmark), have been well branded and shown to enhance leg function, lower pain management drug use, and decrease disability [111]. Some patients respond so well that they cancel their scheduled TKA surgery. Such success late in the disease process raises the question of why not implement the program at the time of diagnosis. However, not all patients achieve benefits from such exercise programs, mainly resistance exercise protocols, so response patterns are not uniform. Whether responsiveness/non-responsiveness can be impacted by the OA subtype has not been elucidated by clinical trials as yet.





4. The Way Forward


Based on the above discussion, there are at least five important factors to consider going forward regarding the conservative treatment of OA, using knee OA as the model system. The first is that a shift from a passive, somewhat fatalistic approach to care be shifted to a more active approach to not only stop progression but initiate repair. This may involve the abandonment of the current medical paradigm and a switch to a paradigm that implements more aggressive non-surgical interventions early in the disease rather than later. Secondly, there should be a focus on OA subtypes regarding existing and future interventions to optimize outcomes (i.e., one size does not fit all). Thirdly, a research effort should be mounted to develop subtype-specific interventions. Fourthly, the conservative interventions most appropriate for specific subtypes should be integrated into an effective platform for individual patients, often using multiple interventions at the same time (i.e., prebiotics and exercise and nutrition for the OA with an obesity phenotype). Lastly, knee OA subsets should be considered when performing genetic analyses of patients with OA. It has been challenging to identify specific genetic contributions through genome-wide scans [112,113,114,115], but perhaps new technologies and assessing subsets of patients (OA subtypes, sex, ethnicity) will yield more precision-based findings.



For instance, it would also be very informative if the pattern of epigenetic changes occurring in tissues and cells from the various subtypes of OA patients were found to be different, thus supporting the subtype designations and potentially providing clues to molecular pathways that contribute to disease. In addition, the use of quantitative mass spectrometry approaches to assess the proteomics of synovial fluid taken early in the disease course could potentially identify subtype-specific biomarkers or identify molecular pathways that could inform intervention development [116,117,118]. While this is an ambiguous plan, failure to implement such a plan will likely fail a large number of existing patients, as well as the expected expansion of the patient population [11].



Of course, the best plan would be to devise programs to minimize the risk of developing knee OA in the first place. Prevention should likely be more effective than treatment. Thus, strategies to prevent OA initiation or minimize risk should be considered a lifespan strategy [119,120]. However, there will likely always be a population that encounter accidents to knee integrity that enhance the risk for OA and others that have genetic and epigenetic risk that may be difficult to prevent. However, having an effective and integrated conservative treatment program that is tailored to the individual patient very early in the disease course could also impact disease progression and disability associated with the condition [121], with particular attention to patients with intersectional disadvantages [122].




5. Conclusions


The knee OA patient population is heterogeneous, with different subsets having different characteristics or phenotypes. This heterogeneity can be defined using several different approaches [16,17,18,19], including the categories discussed in this review. The more successful the research community becomes in delineating subtypes of OA, the more understanding will emerge to rationalize the development of effective interventions.



While not as detailed for OA of other joints currently, it is also likely that OA in the hip, shoulder and ankle are also heterogeneous and should be considered such until proven otherwise. Different subsets of OA, based on phenotype, have different initiating features and progression potential and should likely be addressed using more individualized conservative treatment protocols. Such protocols should be integrated throughout the course of the disease.



One common feature of OA of a joint such as the knee is inflammation, but different subsets of patients may vary with regard to inflammation as an initiator of the condition or a consequence of disease progression. However, controlling inflammation should be a critical step in the treatment of knee OA, as the effectiveness of emerging conservative interventions may be compromised if the articular environment is catabolic due to the inflammatory state. Thus, improved approaches to control inflammation and inflammatory processes in joints affected by OA are needed, approaches that avoid some of the side effects of current anti-inflammatory interventions.



Finally, more effort should be expended in developing effective prevention strategies regarding the risk of developing OA across the lifespan. These may be related to education, exercise programs, assessment during growth and maturation, and a more detailed analysis of genetic and epigenetic variables that contribute to risk. As genomic analyses become more sophisticated and identify risk factors for different subtypes of knee OA (or other joints), these contributions can also be incorporated into integrated prevention programs. Until that time, it is also clear that as these tissues of the MSK system subscribe to the “use it or lose it” paradigm, consistent physical activity, good nutrition and avoiding injury risk activities are general principles to follow.
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Figure 1. The OA patient “funnel” depicting the ever-increasing bottleneck for joint arthroplasty as the number of patients needing effective conservative care expands. From Hart et al. [11]. 
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Table 1. Subtypes of Knee Osteoarthritis.
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Subtype

	
Initiation

	
Mechanical Instability a

	
Inflammation Detected b






	
PTOA

	
Joint Injury

	
YES

	
YES (due to injury/repair)




	
Metabolic

	
Obesity

	
Not Initially

	
YES (metabolic syndrome)




	
Post-Menopausal

	
Menopause

	
Not Initially

	
YES (with tissue degeneration)




	
Growth/Maturation c

	
Age Transitions

	
Not Initially

	
YES (with tissue degeneration)




	
(malalignment, muscle)




	
Idiopathic d (cause?)

	
Aging?/Genetics?

	
Not Initially

	
YES (with tissue degeneration)




	
All likely have some genetic risk associated with subtype and all present with pain and some disability








a PTOA (Post-Traumatic Osteoarthritis) results from overt damage to joint tissues leading to altered biomechanics and biology. For remaining subtypes, mechanical alterations likely occur as disease progresses. b For PTOA, inflammation can arise from the initial injury or surgical attempts to repair. For remaining subtypes, the inflammation can be associated with synovitis associated with intra-articular tissue damage. c Variation in joint tissue integration and/or motion segment (i.e., the leg) characteristics predispose to risk that becomes apparent during aging transitions accompanied by loss of integrated functioning. d Additional subtypes of OA, not currently identifiable, may exist and are labeled “Idiopathic” or cause unknown.
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