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Abstract

OA is a multifaceted and heterogeneous syndrome that may be amenable to tailored treatment. There has

been an increasing focus within the OA research community on the identification of meaningful OA

phenotypes with potential implications for prognosis and treatment. Experimental and clinical data com-

bined with sophisticated statistical approaches have been used to characterize and define phenotypes

from the symptomatic and structural perspectives. An improved understanding of the existing phenotypes

based on underlying disease mechanisms may shed light on the distinct entities that make up the disease.

This narrative review provides an updated summary of the most recent advances in this field as well as

limitations from previous approaches that can be addressed in future studies.
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Rheumatology key messages

. OA is a complex syndrome rather than a single disease.

. OA subgroups can be characterized based on differences in prognosis, therapeutic response or disease
mechanisms.

. OA phenotyping includes the identification of key phenotypic characteristics, appropriate statistical approaches
and extensive validation.

Introduction

OA is characterized by an active and complex process

involving inflammatory, mechanical and metabolic factors,

which ultimately lead to the structural destruction and fail-

ure of the synovial joint [1]. Virtually all joint tissues may be

affected in OA, particularly in late stages of the disease,

including the hyaline articular cartilage, subchondral bone,

synovium and soft-tissue structures, such as ligaments,

muscle and menisci [2]. Pain is the overriding symptom

in persons with knee OA and a major driver of clinical

decision-making, but other issues, such as difficulty in

performing activities, joint stiffness and mood and sleep

disturbances, are also commonly reported by patients

during medical encounters [3].

It has long been noticed that there is great variability in

the clinical presentation and long-term disease prognosis

across patients with OA [4, 5]. It has been >30 years since

the label mixed bag of disorders was used to describe the

heterogeneity of OA [4] and, although several advances

have occurred since that time, OA heterogeneity still re-

mains a contemporaneous challenge in clinical practice

and research [6]. The wide range of risk factors that

have been associated with OA, such as older age, obesity,

joint injury (including meniscal and ligament tears), bio-

mechanical factors such as joint shape and alignment,

hormonal changes, metabolic disturbances and genetic

predisposition, indicates that there may be multiple under-

lying pathways leading to similar outcomes of joint de-

struction [7�9]. In this context, OA can be seen as a

syndrome rather than a single disease [10, 11]. Although

a disease is usually defined as an entity associated with a

specific cause and specific anatomical or functional

abnormalities, a syndrome is characterized by similar

signs and symptoms with different causes and manifest-

ations [12]. Nevertheless, a clear definition of the existing

OA subtypes has still not emerged, although it is likely to

be forthcoming in the near future.

In the past, the heterogeneity of OA was described by a

disease classification system into idiopathic and second-

ary types and according to the joint site [9]. However, as

the knowledge of the disease pathogenesis has evolved

substantially in the past two decades, specific aetiologies

have been identified for most of the formerly called

idiopathic (or primary) OA, making this classification
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problematical and obsolete [13]. There is currently an

identifiable predisposing factor for most forms of OA,

whether this is oestrogen deficiency [14], ageing [15] or

other potential causes mentioned above (Fig. 1). The con-

temporary OA definition that relies solely on cardinal clin-

ical features and identification of tibiofemoral osteophytes

and/or joint space narrowing on the plain radiograph [16]

may conceal the range of potential pathways leading to

the ultimate syndrome of OA and does not allow for risk

stratification and targeted treatment.

For many years, patients’ particular characteristics

were not taken into consideration in the management of

OA. There were few possible options in the therapeutic

armamentarium and limited evidence that the therapeutic

impact could vary significantly in different types of pa-

tients. It was not until more recently that the development

of a number of novel potential pharmacological and non-

pharmacological treatments with diverse mechanisms of

actions has led to the need to define homogeneous

groups to tailor the treatment according to specific OA

subtypes and achieve better treatment outcomes [17, 18].

Towards precision medicine for OA: how
would phenotyping help?

Over the past two decades, a better understanding of the

pathobiology of OA as well as mechanisms potentially

associated with the perception of pain, including altered

pain processing at the joint and brain levels, has emerged

[19, 20]. This has provided new targets for potential OA

management, in terms of both symptomatic relief

and long-term disease modification. However, despite

increasing efforts to develop new therapies and expand

the therapeutic armamentarium, current interventions for

OA are often only marginally effective at decreasing pain,

and a significant proportion of patients remain vulnerable

to the consequences of the disease, such as progressive

pain and loss of functionality [17].

There are many reasons for the slow progress in OA

research, including difficulties in detecting disease in

pre-symptomatic stages, the slowly progressive nature

of OA and insensitive measures of disease activity [21].

However, a major limitation, particularly in clinical trials, is

that people with OA resulting from different aetiologies

and with differences in the pattern of joint involvement

are often lumped together despite the significant hetero-

geneity across them [6, 10, 21]. Research into the patho-

genesis of OA is revealing that each of the common OA

risk factors may take a different mechanistic pathway to

OA, such that the mediators that promote the develop-

ment of OA in older adults may be different from those

that promote OA after a joint injury in a younger adult or in

someone who is obese.

From a symptomatic perspective, there is a need to

stratify patients for treatment according to the key factors

influencing the perception of pain in each patient, whether

this is structural joint pathology, psychosocial issues or

sensitization of pain pathways [22, 23]. It has been

demonstrated that several articular and periarticular struc-

tures are able to generate pain in knee OA patients, such

as synovitis, subchondral bone marrow lesions, periarticu-

lar muscle dysfunction and bursitis [23, 24]. In contrast,

higher levels of anxiety and depression have been asso-

ciated with increased OA pain [25]. However, the pres-

ence and severity of these features vary considerably

across the whole knee OA population [26, 27], and their

contribution to symptoms is likely to differ among individ-

uals or subgroups of individuals with OA.

It is widely recognized that there is a great dissociation

between the intensity of symptoms and the severity of the

structural damage on imaging. Most of the studies to date

have investigated pain phenotypes and phenotypes of

structural damage as discrete entities [28]. It is likely

that there are different key features associated with

phenotypes from each perspective (symptoms vs struc-

ture) and that clinically relevant phenotypes of OA pain

may not be as relevant for structural outcomes or trials

investigating disease-modifying OA drugs and vice versa.

A number of previous reviews have discussed the feasi-

bility and advantages of drug and non-drug therapies for

OA targeted to particular patient subgroups or pheno-

types and are highly recommended reading complemen-

tary to this narrative review [6, 10, 17, 18, 21, 22, 29].

Evidence supporting the existence
of phenotypes

A phenotype refers to a composite of observable charac-

teristics or traits of an individual that results from genetic

and environmental factors, whereas an endotype refers to

a subtype of disease defined functionally and pathologic-

ally by a molecular mechanism or by a treatment response

[30]. McInnes et al. [31] have recently proposed the con-

cept of using endotypes to select patients with RA who

are most likely to benefit from a specific anti-cytokine

therapy. Likewise, identification of OA endotypes will be

FIG. 1 Distinct OA risk factors and possible mechanistic

phenotypes
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useful in advancing therapies targeted to specific mech-

anisms underlying the pathogenesis of OA.

Three main possible approaches have been described

for stratifying patients into relevant subgroups in the field

of back pain [32], which are also applicable in the context

of OA: phenotypes based on underlying disease mechan-

isms (mechanistic phenotypes or endotypes); based on

disease prognosis; and based on response to therapies

(Table 1). Although it is possible that distinct subgroups

will exist depending on which approach is pursued, it is

likely that there is significant overlap between them. It is

intuitive that distinct phenotypes based on similar patho-

genic processes will also respond in a similar manner to

therapies and experience similar patterns of structural

damage progression. However, there is a lack of robust

data in the literature so far to support this assumption.

For the purpose of this review, we give examples of stu-

dies that provided evidence of the existence of discrete

subgroups using each one of the approaches outlined

above and describe particular aspects of each approach.

Mechanistic subgroups

Several studies have stratified OA patients based on spe-

cific pathological processes from different perspectives

and using different approaches [28, 33]; however, the rele-

vance of these specific subgroups in the context of ran-

domized clinical trials (RCTs) is still not well established in

the OA literature. Moreover, most of these stratifications

examined a single feature involved in the OA pathogenesis

(e.g. phenotyping patients by subchondral bone charac-

teristics [34]), and very few integrated multiple dimensions

to develop, and subsequently test, a comprehensive clas-

sification system. Therefore, results from current studies

investigating phenotypes should be interpreted as ex-

ploratory, as no OA phenotype at present has been prop-

erly validated across populations and against important

outcomes.

The existence of a phenotype with an increased inflam-

matory component has been investigated in several stu-

dies. Attur et al. [35] identified two distinct subgroups of

symptomatic knee OA patients with different profiles of

inflammatory gene expression in peripheral blood leuco-

cytes using cluster analysis (see section below on

Methodological aspects of previous approaches:

strengths and limitations). Pro-inflammatory cytokines,

such as IL-1b, were significantly elevated in the

inflammatory phenotype. Individuals in this group had

higher pain levels, decreased physical function and

greater rates of joint space narrowing on radiographs

over 2 years compared with the non-inflammatory pheno-

type and controls. In another recent study, a subgroup

with greater knee synovitis severity was identified by

histopathological analysis including individuals at post-

mortem and patients undergoing knee arthroplasty [36].

The synovitis severity score was the main feature that

distinguished the two subgroups of patients with estab-

lished OA who had similar clinical and demographic

characteristics.

Several other potential mechanistic phenotypes have

been proposed, such as a metabolic phenotype, previ-

ously investigated using both clinical [37, 38] and meta-

bolic marker data [39], and a phenotype related to cell

senescence. Senescent cells have been shown to pro-

duce high levels of pro-inflammatory cytokines and

matrix-degrading enzymes that promote tissue destruc-

tion. Interventions that specifically target and destroy sen-

escent cells (senolytics) are being developed, and

identification of a senescent endotype would greatly en-

hance the chance of success for a senolytic in a clinical

trial. As proof of concept, in a recent preclinical study,

mice with post-traumatic OA and age-related OA were

found to develop less severe disease when senescent

cells were deleted [40], suggesting that cell senescence

contributes to more than one OA phenotype. Although

there seems to be sufficient information suggesting the

existence of mechanistic phenotypes, their relevance for

important OA outcomes, such as prognosis and response

to therapies, is yet to be clarified.

Pain subgroups

In addition to mechanistic phenotypes of structural

damage, multiple studies have investigated pain pheno-

types in knee OA [41�47]. Kittelson et al. [42] integrated a

broad range of clinical characteristics related to the knee

pain experience and identified four pain phenotypes with

possibly different mechanisms contributing to pain. They

were characterized by: higher number of co-morbidities (a

phenotype of older adults); greater knee pain sensitivity;

higher psychological distress; and a phenotype including

62% of the population, characterized by less severe

radiographic OA and lower involvement of all other pain

features. Radiography was the only parameter included

TABLE 1 Phenotype categorization in OA and examples in each phenotype category

Mechanistic subgroups Prognosis Response to therapy

Inflammatory OA Disease stage Disease stage

Cell senescence Pain intensity Type of pain (e.g. neuropathic vs non-neuropathic)
Mechanical overload Mechanical factors (obesity, malalignment) Synovitis/effusion

Metabolic Contra-lateral knee OA Subchondral bone lesions

Genetic Family history Gender

Oestrogen deficiency Knee injury Presence of co-morbid conditions
Single vs multi-joint OA Single vs multi-joint OA
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representing structural joint pathology, and it is unknown

whether there were further differences in other pain-

relevant structural features not revealed by radiography

(e.g. bone marrow lesions, synovitis, denuded bone

areas and soft tissue involvement), particularly in this

last, less characterized phenotype. This is relevant in

terms of personalized symptomatic treatment, as individ-

uals with mild radiographic OA might possibly benefit from

symptomatic treatments targeting the specific knee struc-

tural pathology, whereas individuals with more severe joint

OA might also need interventions addressing chronic pain

sensitization and psychological distress.

Prognostic subgroups

A great proportion of knee OA patients do not experience

significant progression of joint space narrowing over sev-

eral years [48, 49], which is the current gold-standard

method for assessing clinical efficacy in OA trials investi-

gating disease-modifying OA drugs. Therefore, a great

interest exists in identifying biomarkers of disease pro-

gression or phenotypes of patients who are more likely

to experience a progressive course in order to optimize

the inclusion of patients in trials. However, to date no

single marker has been found to be sufficient for diagnosis

or prognosis in OA, underscoring the view that pheno-

types might be more related to prognostic outcomes

than single biomarkers.

Phenotypes associated with structural progression

were investigated using combined individual patient data

from two RCTs investigating the effect of calcitonin in

symptomatic knee OA patients [48]. The combination of

Kellgren�Lawrence grade (KLG) with pain severity had a

stronger association with progression compared with KLG

alone, suggesting that structural progression is mainly

driven by patient-specific phenotype rather than disease

stage. In another recent study [50], a prognostic

prediction rule for rapidly progressive radiographic tibio-

femoral OA in individuals with KLG 0 or 1 was developed

using radiographs and clinical variables. The study used

data from the Multicentre Osteoarthritis Study and

Osteoarthritis Initiative (OAI) datasets, two large commu-

nity-based studies. The best set of predictors for develop-

ing KLG 3 or 4 OA within 5 years included contralateral

knee OA, a baseline index knee OA grade of 1, higher BMI

and higher baseline WOMAC total scores. It is important

to note that patients sharing similar rates of progression

do not necessarily share other characteristics that would

group them within the same phenotype from a mechanis-

tic or a therapeutic perspective [51].

Subgroups based on response to therapy

Results from RCTs generally reflect the average treatment

effect in the study population as a whole, which does not

take into account heterogeneous responses to treatment

across the patients. If a particular subgroup of patients

experience benefits from a given treatment but another

subgroup do not, the result of the trial may be largely

negative if the subgroup with positive response is not

identified properly. In this context, RCTs are necessary

for the assessment of treatment efficacy in specific sub-

groups of patients. Other study designs, such as cohorts,

may identify predictors of outcome in general (regardless

of the treatment received), instead of truly identifying

treatment effect modifiers or predictors of treatment re-

sponse [32]. Nevertheless, shortcomings exist concerning

subgroup analyses, such as the possibility of false posi-

tives when multiple comparisons are tested without a pre-

specified hypothesis and inadequate power to detect an

effect in a particular subgroup [52, 53]. This was illustrated

in a landmark trial in cardiology investigating the effect of

aspirin in acute myocardial infarction by patients’ astrolo-

gical birth sign [54]. Although aspirin had a highly signifi-

cant benefit over placebo on vascular mortality, Gemini

and Libra patients did not experience the same reduction

in mortality as the other zodiac sign groups [55]. The sub-

group effect, although statistically significant, was not

endorsed by the authors, but the results were published

to warn about the risk of misleading results from subgroup

analysis and need for careful interpretation of subgroup

claims in clinical trials. More recently, easy-to-apply cri-

teria have been proposed to aid in the assessment of

credibility of subgroup effects [53, 56].

Efforts are underway in the OA field to perform meth-

odologically sound subgroup analyses in order to assess

the efficacy of a number of interventions in specific and

pre-determined subgroups of patients who might have

better response to a given treatment. In 2010, the OA

Trial Bank was initiated to accomplish this purpose by

gathering individual patient data from existing RCTs in

OA. This initiative provides a unique opportunity to com-

bine data from a large number of patients recruited from

multiple centres in various countries, which is more likely

to be representative of the broader OA population than

single-centre studies.

A recent meta-analysis embedded in the OA Trial Bank

investigated the effects of IA glucocorticoid injection in

patients with knee or hip OA. The meta-analysis included

seven trials (a total of 620 patients) and revealed that pa-

tients with severe pain (570 on 0�100 scale) had signifi-

cantly greater improvement in pain in the short term (up to

4 weeks) compared with patients with less pain, although

no difference was found on mid- and long-term follow-

ups. The study also showed that there was no influence

of inflammatory signs, detected either by clinical examin-

ation or by ultrasound, in the magnitude of response [57].

Other therapies are being investigated using the same

methodology, including oral glucosamine, exercise and

topical therapies (NSAID and capsaicin) [58].

Methodological aspects of previous
approaches: strengths and limitations

There is a rapidly growing number of studies aimed to

identify and characterize distinct subgroups of knee OA

[33]. In this section, we highlight some of the methodo-

logical differences as well as important limitations in these

studies and provide an abridged framework for future
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studies aimed to identify a comprehensive classification of

phenotypes.

Most studies to date have focused on particular disease

attributes separately (e.g. causal factors, imaging findings,

sensitivity to pain) and have found subgroups according

to these different predefined perspectives. In addition,

whereas some studies hypothesized subgroups based

on the observation of a restricted number of variables

(e.g. atrophic vs hypertrophic OA on imaging [59]),

others used specific data-driven methods (e.g. cluster

analysis) to identify subgroups. Data-driven approaches

are considered a more reliable and appropriate method

of deriving subgroups, particularly when complex sub-

groups may be present [51], as they do not require an a

priori hypothesis of what the subgroups are. However,

they are highly dependent on the choice of variables

included in the analysis and require extensive validation.

The key steps involved in the study of phenotypes are

outlined in Fig. 2. These involve the identification of the

most promising phenotypic characteristics, selection of

an appropriate statistical approach and extensive valid-

ation of the findings.

Key OA features potentially associated with
phenotypes

Identifying the key features that should be considered in

defining OA phenotypes is a paramount step to define an

accurate classification of phenotypes, link phenotypes to

underlying mechanisms (i.e. define OA endotypes) and

use this information to inform clinical studies. In this con-

text, several factors may be common to more than one

phenotype, whereas others may not be important enough

to distinguish patients into subgroups that have implications

for outcomes. Therefore, there is a crucial need to identify

the OA characteristics that are more associated with the

interpatient variability in clinical presentation and important

outcomes, such as treatment response and prognosis.

The Initiative on Methods, Measurement and Pain

Assessment in Clinical Trials group recently published evi-

dence-based recommendations on the core phenotypic

domains as well as characteristics in each domain for use

in future studies aimed to identify patient subgroups with

different response to analgesic treatments [60]. As yet,

there is a lack of such recommendations in the OA field.

The specific roles of key OA domains, including clinical,

biomechanical, genetic, imaging and laboratory, in the de-

lineation of phenotypes from the symptomatic and struc-

tural perspectives are yet to be determined, as well as the

most promising characteristics within each domain. More

solid evidence-based recommendations to elucidate this

issue would greatly benefit this field of research and pro-

vide guidance for future studies. In 2011, the Osteoarthritis

Research Society International highlighted the need to im-

prove the understanding of the subgroups of OA and that a

comprehensive definition was needed [61].

To shed light on this question, we recently conducted a

systematic review focused on knee OA subgroup/pheno-

type studies assessing the association of the subgroups

with clinical and/or structural outcomes [28]. The review

included 34 studies and indicated that clinical phenotypes

were more often investigated, whereas there were fewer

studies investigating structural phenotypes, especially

using imaging data. Based on the included studies, it

was found in more than one study that phenotypes

based on differences in sensory and psychological profile,

presence of co-morbid symptoms such as fatigue and

pain in other body sites, muscle strength and radiographic

severity were associated with distinct pain and/or function

outcomes. Stratification of patients based on the bio-

chemical biomarker profile (of inflammation, bone and

cartilage metabolism) was predominantly associated

with different structural outcomes, such as radiographic

severity (KLG) and rate of cartilage volume loss, except for

a subgroup with a higher inflammatory component, which

also presented poorer clinical outcomes [35, 49, 62]. BMI,

metabolic profile and inflammation were, in general, asso-

ciated with both clinical and structural outcomes.

Furthermore, additional baseline factors were found to

be associated with subgroups defined based on different

trajectories of progression. Demographic characteristics,

such as age, gender, race, BMI, education and social

class, were related to unfavourable trajectories of clinical

progression, whereas alcohol use, smoking status and

presence of hand OA had no association with clinical tra-

jectories. Age, BMI and gender were also linked to distinct

trajectories of radiographic progression, with male pa-

tients significantly outnumbering females in the small sub-

group comprising 2% of the population who experienced

the greatest decline in joint space width over 2 years [49].

Analytical approaches for subgrouping

Cluster analysis is one of the most commonly used sub-

grouping analytical approaches in the OA field [28].

FIG. 2 Workflow for OA phenotyping
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Individuals are grouped according to similarities in the

variables included in the model in a way that individuals

within a subgroup share more similarities with each other

than with individuals in another subgroup [63]. There are

different clustering algorithms within the broader concept

of cluster analysis, such as k-means and hierarchical

methods, each using particular methods to determine

the optimal number of clusters and to handle the variables

in order to define the clusters [64]. In contrast, in latent

class analysis, another subgrouping approach increas-

ingly used in OA research [36, 42, 65, 66], the distribution

of the variables is first described and subsequently used

to assess the probability of being unique to each latent

class. There are a variety of other possible data-driven

approaches for the identification of subgroups, such as

factor analysis and self-organizing maps. These are

called unsupervised techniques, where subgroups are

derived based on the relationships between variables

using cross-sectional data. A crucial step in these ana-

lyses is to test whether the subgroups are associated

with clinically meaningful outcomes in order to determine

their clinical relevance. A second methodological ap-

proach is the supervised techniques, where subgroups

are modelled by aligning with a prespecified outcome

using longitudinal data. The advantage of the supervised

techniques is that the subgroups have instant face validity

as they are defined based on their differences in a given

outcome. However, a drawback of this approach is that

the subgroups identified are typically dependent on a

single outcome, and several distinct classifications of sub-

groups may exist depending on the outcome of interest.

A more detailed discussion on the differences between

these approaches can be found elsewhere [67].

In our view, a sensible approach would be to integrate

the key OA factors involved in the OA heterogeneity (pos-

sibly including risk factors, clinical features, imaging and

biomarkers), using an appropriate statistical model, in

order to identify homogeneous subgroups which should

then be tested against clinically important outcomes and

validated in external cohorts and clinical trials (see next

subsection; Fig. 2). It is likely that several factors driving

the structural and symptomatic disease will be common

to more than one phenotype, whereas others may be

more prominent in specific phenotypes. In our limited ex-

perience, latent class analysis seems to have several ad-

vantages over cluster analysis, because it uses

probabilities to identify the most similar patterns within

the dataset and is able to handle missing data and to

accommodate different types of variables (e.g. categor-

ical, continuous) [68]. However, more evidence-based

guidance on the optimal methods as well as the under-

lying assumptions for the most common research ques-

tions in the context of OA would be helpful. A similar

research methods framework has been published for sub-

grouping of low back pain [67].

Testing the stability and validity of the phenotypes

Testing the robustness of the findings and validity of the

phenotypes (both internally and externally) are other

important steps in defining a reliable phenotypic classifi-

cation. Firstly, there are a number of indices to assess

model fit and aid in the decision of the optimal number

of subgroups. These should be reported by the studies

using data-driven techniques, along with measures that

assess the certainty of a patient’s subgroup membership,

such as entropy and posterior probabilities [68].

Secondly, evaluating the stability of the phenotypes is

an important step in order to test the robustness of the

findings when changes are made to the dataset [69]. This

can be tested easily; for example, by dividing the dataset

into halves and repeating the same analysis in each new

dataset in order to confirm whether equivalent pheno-

types will be identified. Moreover, it is recommended

that similar phenotypes should be present when distinct

time points are used, which would support that the

phenotype’s classification is also stable over time.

Moreover, phenotypes will be important for use in clin-

ical research and practice only if they are clearly relevant

for important OA outcomes, such as prognosis and re-

sponse to treatment. Thus, mechanistic phenotypes

should be tested for their association with clinical and/or

structural outcomes, ideally using longitudinal outcomes

and, ultimately, the investigation of whether treatment re-

sponse differs in the proposed phenotypes. An important

finding from our recent systematic review on studies

investigating knee OA phenotypes was that most of the

studies had a cross-sectional design, and very few used

longitudinal outcomes to determine the clinical relevance

of the phenotypes [28].

Finally, as noted above, it is recommended that studies

investigating phenotypes should include individuals repre-

sentative of the entire knee OA population, particularly

involving patients recruited from multiple centres and loca-

tions [51]. In OA, this could possibly be accomplished by

merging data from large community-based cohorts, such

as the OAI and the Multicentre Osteoarthritis Study.

Several studies to date have included specific populations,

such as patients scheduled for knee arthroplasty, which

limits the generalizability of the findings [28]. In addition, it

is crucial to assess whether the phenotypes are also valid in

different populations (external validity). As an example of

this, Knoop et al. [41] identified five phenotypes using lim-

ited clinical data from the OAI, which were minimal joint

disease, strong muscle, non-obese and weak muscle,

obese and weak muscle, and depressive phenotype.

These phenotypes were further investigated in a subse-

quent study using data from an Amsterdam OA cohort

[70], which found very similar phenotypes using the same

clinical data and clustering approach.

Challenges and opportunities for
future research

Several challenges exist in defining phenotypes for use in

clinical practice and research. OA is a highly heterogeneous

condition, and the understanding of which features are

common to multiple phenotypes and the ones that distin-

guish patients into relevant subgroups is still a great research
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challenge. Moreover, the utility of subgroups identified using

methods that are costly or not readily available in clinical

practice, such as MRI or quantitative sensory testing (used

to assess pain sensitization), is questionable. The best sur-

rogates or alternative methods to characterize these sub-

groups will need to be determined. For example, there has

been much interest in defining an inflammatory phenotype in

OA studies. Physical examination findings of joint inflamma-

tion are not sufficiently sensitive in OA [71]. Imaging (ultra-

sound and MRI) has been used to detect synovitis as a

measure of inflammation and blood concentrations of high-

sensitivity CRP and IL-6 and novel indicators, including sol-

uble macrophage markers (CD14 and CD163 in the SF and

CD163 in serum), have also been investigated as systemic

markers of inflammation [72]. In addition, to be accurate and

representative of the heterogeneity present in OA, pheno-

types should be simple enough to be useful for widespread

use in clinical research and practice.

Few studies in the literature have attempted to define a

multidimensional classification of phenotypes, and there

is a lack of studies testing the prospective validity of the

phenotypes using longitudinal outcomes. In addition,

there are surprisingly few studies investigating structural

or clinical phenotypes using MRI features, such as bone

marrow lesions, meniscal damage and synovitis, in symp-

tomatic knee OA patients. In this context, defining a com-

prehensive classification and testing its external validity is

limited by the availability of variables of interest in the

same dataset. For example, coping strategies and pain

catastrophizing have been shown to be important factors

in the perception of pain [25] and characterization of pain

phenotypes [42, 44]. However, these features are not

widely available in large community-based studies.

The same holds true for potentially useful biochemical

markers, such as IL-6, IL-1b and high-sensitivity CRP.

Despite these limitations, efforts are underway to im-

prove the characterization of OA phenotypes using a

wide array of factors from multiple domains associated

with OA, while making sure that the phenotypes are

stable and robust, have statistically and clinically signifi-

cance, and are also valid across populations. The frame-

work provided in this review may be overly simplistic and

does not cover in detail all steps involved in the process of

characterizing meaningful OA phenotypes. However, it

might serve as a starting point for future undertakings

aimed to provide solid evidence-based recommendations

for future research in OA phenotyping.
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