
Original article

Distinct subtypes of knee osteoarthritis: data from
the Osteoarthritis Initiative

Jan H. Waarsing1, Sita M. A. Bierma-Zeinstra1,2 and Harrie Weinans3,4

Abstract

Objective. OA is suspected to be a collection of distinct subtypes, each with different aetiology and

clinical characteristics. We aimed to explore the existence of different subtypes of knee OA, using cluster

analysis of the data of the OA Initiative.

Methods. We used latent class cluster analysis (LCA) to cluster baseline data of 518 subjects of the OA

Initiative progression cohort. Data included radiographic scores of OA features per compartment, regional

quantitative MRI measures of cartilage quantity and denuded bone, and self-reported clinical scores on

knee symptoms. To ensure that the clusters were found independently of OA severity, the LCA model was

corrected with a measure of OA severity. The resulting clusters were compared with respect to the

presence of risk factors and progression.

Results. LCA resulted in four clusters containing 47%, 27%, 15% and 12% of the subjects. Clusters 1, 2

and 4 showed OA features at the medial compartment, while cluster 3 only showed lateral OA features.

Clusters 3 and 4 showed severe increases in areas of denuded bone, whereas no denuded bone was

present in cluster 1. Prevalence of OA progression over 24 months was highest in clusters 3 and 4 and

lowest in cluster 1. The clusters also differed significantly in BMI, knee alignment and prevalence of

reported trauma.

Conclusion. LCA confirmed the existence of distinct subtypes of knee OA with clear differences in

structural degradation and symptoms. The fact that subtypes also differed in risk factors suggests that

different causes lead to different types of knee OA.
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Rheumatology key messages

. Four subtypes of knee OA were identified with distinct patterns of structural degradation.

. The identified subtypes of knee OA differed in risk factors and progression rates, indicating clinical relevance.

Introduction

One possible explanation of the apparent complex nature

and heterogeneity of OA is that the disease is a collection

of different subtypes or OA phenotypes [1�3]. A pheno-

type is defined as a collection of observable traits that

arise out of an interaction between environmental and

genetic factors. Distinct subtypes exist when patients

can be grouped such that the variation of these pheno-

typic traits within a subtype is smaller than the variation

between subtypes. Distinct phenotypes would suggest

distinct underlying causes, whether genotypical or envir-

onmental, which could be highly relevant for understand-

ing and treating the disease.

A few studies have been published that have attempted

to identify distinct OA phenotypes, all approaching the

problem from different angles. At times a distinction has

been made between atrophic and hypertrophic OA, dis-

tinguishing OA that is mainly characterized by degradation

of cartilage from OA that shows predominantly a bony

response, leading to osteophytes [4]; however, in the

knee, pure atrophic and hypertrophic phenotypes

appear to be rather rare [5]. Another approach has been
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to subdivide OA based on causal factors. One study div-

ides primary OA into OA related to oestrogen deficiency,

OA induced genetically and OA due to ageing [6]. Each

type appears to have its own aetiological and clinical

characteristics.

Most of the above-mentioned studies present hypothe-

sized phenotypes. A more methodological approach to

finding OA subtypes would be to use cluster analysis.

Knoop et al. [7] used k-means clustering on clinically rele-

vant patient characteristics and found five distinct pheno-

types of knee OA. Another interesting approach is using

latent class growth analysis to identify distinct trajectories

of OA progression. Bartlett et al. [8] identified subtypes

with differing rates of progression in joint space narrowing

(JSN). Similarly, Verkleı̀j et al. [9] identified distinct trajec-

tories in hip pain progression over 2 years. Both studies

found that subjects in distinct trajectories also differed in

other OA and demographic characteristics.

The approach in this study was to identify distinct

phenotypes of knee OA, based on differences in observ-

able OA traits that could be considered to be caused by

the progressing disease. Typically, these are measures of

structural joint degradation and clinical symptoms. The

rationale behind this approach is the idea that if aetio-

logically distinct subtypes exist, the differences in OA pro-

cesses connected to these subtypes might lead to

distinct observable traits. Thus, these subtypes can then

naturally—and perhaps only—be found by cluster analysis

of a wide range of these observable traits. We extracted

data from the OA Initiative (OAI) and defined subtypes

using latent class cluster analysis (LCA), which is a power-

ful and model-based clustering approach [10] that previ-

ously has been used successfully to identify subtypes in

other diseases [11, 12].

Methods

Study population

The data used in this study are part of the OAI, which is a

large multi-centre USA-based prospective observational

cohort study of knee OA, for which the data are freely

available (https://oai.epi-ucsf.org). Since we needed sub-

jects with established knee OA, we used the baseline data

of the progression cohort and not the incidence cohort.

While the incidence cohort consists of subjects at high

risk for knee OA, the progression cohort consists of sub-

jects who, upon inclusion, presented with frequent knee

symptoms for at least 1 month in the past year and, in a

knee with these symptoms, showed radiographic knee OA

(definite osteophytes). More specifically, we used the data

for 600 knees in the central reading dataset project 09. If

for a subject more than one knee was available, we ran-

domly chose between left or right knee.

Study measures

We used baseline data, first of semi-quantitative radio-

graphic readings (Kellgren�Lawrence (KL), osteophytes,

JSN, cysts, sclerosis, chondrocalcinosis and attrition,

per compartment for the tibia and femur). Radiographs

were obtained according to a fixed-flexion protocol.

Scores were read according to the OA Research Society

International atlas [13]. The second set of data included

region-specific quantitative MRI measures of cartilage

thickness, and relative volume and relative areas of

denuded bone. The scans were analysed by Chondro-

metrics Gmbh (Ainring, Germany) and Paracelcus Univer-

sity (Salzburg, Austria), following the same protocol [14].

The third set of data included scores of OA symptoms for

the knee obtained through questionnaires (WOMAC pain,

function and disability, Visual Analogue Scale (VAS) pain

during the past month, VAS pain during the past week,

knee baseline symptom status).

After cluster analysis, the resulting clusters were com-

pared using baseline demographic data and data on

specific knee OA risk factors: age, gender, BMI, knee

alignment (measured by goniometer while standing),iso-

metric muscle strength (maximum force during isometric

contraction and mean of flexion and extension, measured

by the Good Strength Chair), self-reported knee trauma

(knee ever injured badly enough to limit walking for at least

1 week) and presence of Heberden’s nodes (visual in-

spection, defined as more than one bony enlargement).

Also, we tested cluster differences with respect to OA

progression in JSN and KL scores separately. Using

JSN scores and KL scores at the 24-month follow-up, a

case was defined as being progressive for each score

when it increased by at least one grade during the

24 months.

Pre-processing of the data

The OAI data offer quantitative MRI measures for many

distinct areas in the tibiofemoral knee compartment [15],

resulting in a large set of strongly correlated measures.

We used principal component analysis (PCA) to reduce

the number of measures, and this was performed separ-

ately on the 54 measures of cartilage volume and thick-

ness and on the 20 measures of area of denuded bone.

PCA was performed using IBM SPSS v20.0 (SPSS Inc.,

Chicago, IL, USA).

Severity score

A population of OA patients will include patients at various

stages of disease severity. Using cluster analysis would

likely result in clusters of patients with similar OA severity,

which would not represent true OA subtypes. To prevent

this, cluster analysis should be performed independently

of OA severity. This can be accomplished by correcting

for OA severity in the clustering approach.

We considered the KL score not suitable for this pur-

pose in this cohort because 99% of the subjects had a KL

score of 2 or 3, making the score not very discriminative.

Furthermore, the KL score only reflects features on radio-

graphs and might not reflect our other measures well.

Therefore, we constructed an alternative measure for OA

severity using all the measures that we used to perform

the cluster analysis. The severity measure was obtained

using latent class factor analysis (LFA), which is similar to

PCA, but suitable for a combination of continuous and
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categorical data [16]. The result was an ordinal variable, of

which the levels represent increasing OA severity. The op-

timal number of levels was decided upon using an opti-

mum in the Bayesian Information Criterion (BIC) that

informs on the goodness of fit of the LFA model.

LCA

LCA is a state of the art model-based clustering approach

that is assumed to be more powerful than traditional clus-

tering approaches [10, 17]. The total multivariate distribu-

tion of the data is modelled as a combination of

multivariate distributions that are distinct for each cluster.

LCA was performed using Latent Gold v4.5 (Statistical

Innovations Inc., Belmont, MA, USA).

All radiographic scores, MRI quantitative measures

(after PCA) and the various clinical scores were incorpo-

rated into the model. We corrected for OA severity by

including a direct effect of the OA severity score on

each variable.

The optimal number of clusters was determined based

on (1) the BIC which informs on the goodness of fit of the

model by balancing the log-likelihood of the model fit with

the increasing complexity when adding clusters [17] and

(2) the approximate weight of evidence, which also in-

forms on the ability to classify subjects into the different

clusters [18]. To investigate the stability of the solution,

we randomly divided the data into two and repeated the

cluster analysis on each half. We then compared the two

resulting cluster definitions (and the classification of sub-

jects into the clusters) with the results of the previous

analysis on the complete set.

Statistical analysis

Differences between the clusters for a specific measure

were tested using regression models corrected for OA

severity. In cases of continuous or ordinal measures we

used a general linear model, while logistic regression was

used for dichotomous measures. Post hoc analysis with a

Bonferroni adjustment was used to test for which clusters

the measures were different. All analyses were performed

using IBM SPSS v20.0 (SPSS Inc., Chicago, IL, USA).

Results

Study population

We included 518 subjects of the progression cohort, for

whom both the detailed radiographic scores and the

quantitative MRI measures were available at the time of

this study. From the original 600 subjects, 26 were

excluded due to missing pain scores, 35 due to missing

radiographic data and 11 due to single missing values. Of

the remaining 518 subjects, 9 subjects had both knees in

the cohort and we randomly excluded one of their knees.

Subjects were on average 61 years old (S.D. 9), range

45�79; 58% were female. KL scores of the included

knees ranged from 1 to 4, although the majority had a

KL-score of 2 or 3 (KL = 1: 4; KL = 2: 236; KL = 3: 276;

KL = 4: 2).

PCA of the MRI data

PCA resulted in five principle components that explained

80% of the variation in cartilage thickness/volume and

four components that explained 70% of the variation in

measures of denuded bone (Table 1). The descriptions

of the different principal components (PCs) were based

on the factor loadings (supplementary Tables S1 and

S2, available at Rheumatology Online). For instance,

PC1 showed strong factor loadings for all included MRI

measures of cartilage volume and thickness, thus indicat-

ing overall cartilage quantity. PC2 gave strong negative

factor loadings for all medial measures, while giving

strong positive loadings for the lateral measures, mean-

ing that this PC contrasts medial vs lateral cartilage quan-

tity, etc.

Severity score

LFA resulted in an OA severity score with four levels.

Nearly all measures associated significantly with our se-

verity score, showing that the various levels in our score

represented increasing severity of these measures.

Typically, measures of self-reported clinical symptoms

showed the lowest association with our severity score.

Measured scores of cysts, attrition and chondrocalcinosis

did not associate, mainly due to a lack of variation in these

measures within the included subjects. Also VAS pain

scores and the fourth PCA component of cartilage quan-

tity, which represented differences in cartilage quantity

between the femur and the tibia in the lateral compart-

ment, did not associate significantly with the OA severity

score.

Clusters

We performed the LCA for one to seven clusters. The

approximate weight of evidence showed an optimum at

four clusters, but the BIC did not show an optimum. Since

the BIC showed only a small improvement after LCA with

TABLE 1 Description of principle components of quanti-

tative MRI measures

Variance, % Description

Cartilage quantity

PC1 41 General cartilage thickness

PC2 22 Medial vs lateral
PC3 9 Local variation in thickness

PC4 6 Femur vs tibia at lateral
compartment

PC5 4 Femur vs tibia at medial
compartment

Denuded bone

PC1 29 General denuded bone
PC2 25 Lateral vs medial

PC3 8 Lateral femur and medial
tibia vs medial femur

PC4 7 Femur vs tibia
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four clusters, we chose to continue with the simpler model

containing four clusters.

The first cluster consisted of 47% of the subjects, the

second of 27%, the third of 15% and the fourth of 12% of

the subjects. All clusters contained subjects of the entire

range of the OA severity score, though the third and fourth

clusters contained notably more subjects with higher se-

verity (Table 2). Repeating the cluster analysis on each

half of the dataset after randomly splitting it in two, re-

sulted in the same cluster definitions, with only 3%

(n = 17) of the subjects classified into a different cluster.

OA characteristics of the various clusters

After correction for severity, most radiographic scores

showed significant differences between the clusters.

Exceptions were scores on cysts, attrition and chondro-

calcinosis, because these measures showed hardly any

variation within the cohort. Post hoc analysis showed

that it was mainly cluster 3 that differed from the other

clusters. Whereas clusters 1, 2 and 4 showed structural

OA changes in the medial compartment, cluster 3 showed

OA characteristics in the lateral compartment only.

Further, cluster 4 showed slightly more osteophytes and

medial sclerosis, but less JSN, than cluster 1, after cor-

rection for severity. These differences were significant for

lateral femoral osteophytes, medial JSN and medial

sclerosis.

The quantitative MRI measures, after PCA, also differed

significantly between the clusters, with the exception of

the first and fifth components of the cartilage quantity

measures. Quantitative MRI measures showed the same

compartment-specific patterns between the clusters as

the radiographic scores (Fig. 1A�C). Cluster 1 did not

show any denuded bone, independent of OA severity.

The amount of denuded bone in cluster 2 was only mild,

whereas clusters 3 and 4 exhibited the most dramatic in-

crease in area of denuded bone with increasing OA se-

verity (Fig. 1C). Interestingly, for cluster 3, denuded bone

was mainly limited to the tibia, while for clusters 2 and 4,

denuded bone was present equally on the articular sur-

face of both tibia and femur, as indicated by the third

and fourth components of the denuded bone measures

(Table 3).

The measures of clinical OA symptoms were not signifi-

cantly different between the clusters after correction for

severity. Details on the differences between clusters for

the various OA characteristics can be found in Table 3.

Demographic and risk factor differences between the
clusters

Cluster 3 had the highest proportion of women (65%),

while the proportion of women in clusters 2 and 4 was

lowest (52%). However, these differences were not signifi-

cant. There were no differences in age between the

clusters.

BMI differed significantly between the clusters,

although the differences were small. In cluster 3 the BMI

was lowest (28.5), while BMI in clusters 1 and 2 was high-

est (30.5) (Fig. 2A). Knee alignment was significantly the

lowest in cluster 3 (�2.9�), representing a valgus align-

ment. In cluster 1 the alignment was highest (0.1�), repre-

senting neutral alignment. With increasing OA severity,

alignment increased towards more varus-like alignment

in all clusters (Fig. 2B). The subjects in cluster 3 had the

TABLE 2 Cluster differences for knee OA risk factors and prevalence of progression

Severity Cluster
Clustersa

P-value P-value 1 2 3 4

Number of subjects (%) 238 (46) 140 (27) 80 (15) 60 (12)

OA severity

1 85 (36) 32 (23) 3 (4) 2 (3)

2 68 (29) 29 (21) 12 (15) 7 (12)
3 70 (30) 47 (33) 37 (46) 10 (17)

4 15 (6) 32 (23) 28 (35) 41 (68)

Risk factors

Gender: female, % 0.44 0.21 60 53 65 52

Age, years 0.01 0.43 60 62 63 62

BMI 0.049 0.02 30.63 30.4 28.61 29.4
Alignment,b angle 0.11 <0.001 0.13

�0.73
�2.91,2,4

�0.43

Muscle strength, n 0.49 0.14 242 234 214 241

Trauma, % 0.58 0.035 334 44 48 551

Heberden’s nodes, % 0.38 0.27 65 63 76 65
Progression, %

KL 0.81 <0.001 73,4 154 251 351,2

JSN <0.001 <0.001 213 343 541,2 37

aIndices (indicated in superscript next to value) indicate that the specific cluster is significantly different from the clusters

indicated by the index numbers (P<0.05). bNegative values represent valgus alignment. Bold values indicate P< 0.05.

JSN: joint space narrowing; KL: Kellgren-Lawrence.
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FIG. 1 Differences between the clusters for a selection of measures of OA characteristics that have been used to define

the clusters

Data are shown for radiological markers of OA (A�C) and symptomatic markers of OA (D). For each cluster, the data are

shown as a function of increasing OA severity. The data are given as mean ± half the S.D. The radiological markers are

shown for medial and lateral knee compartments separately, while clinical markers represent per patient scores.
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weakest muscles (212 N), while the subjects in cluster 1

had the strongest muscles (243 N), although these differ-

ences were not significant.

Subjects in cluster 4 most often reported to have suf-

fered from knee trauma for which they had visited a phys-

ician (55%), which was significantly more often than in

cluster 1 (33%) (Fig. 2C). The prevalence of reported

trauma was independent of OA severity. The presence

of Heberden’s nodes did not differ between the clusters.

Progression

Progression was significantly different between the clus-

ters, when defined using either the KL score or the score

TABLE 3 Differences between the clusters for all measures used for cluster definitions

OA severity Cluster
Clustera

P-value P-value 1 2 3 4

Osteophytes

Medial tibia <0.001 <0.001 1.33 1.33 0.61,2,4 1.43

Medial femur <0.001 <0.001 1.33 1.33 0.81,2,4 1.63

Lateral tibia 0.07 <0.001 0.73 0.83 1.81,2,4 13

Lateral femur 0.003 <0.001 0.83,4 13 1.91,2,4 1.31,3

JSN

Medial <0.001 <0.001 1.43,4 1.43,4
�0.31,2,4 1.21,2

Lateral 0.04 <0.001 0.13 0.13 1.81,2,4 0.13

Sclerosis

Medial tibia <0.001 <0.001 0.92,3,4 1.11,3
�0.21,2,4 1.11,3

Medial femur <0.001 <0.001 0.93 13
�0.31,2,4 13

Lateral tibia <0.001 <0.001 0.043 0.023 1.21,2,4 03

Lateral femur <0.001 <0.001 0.063 0.023 1.31,2,4 0.033

Cysts
Medial tibia 0.2 0.2 0.02 0.03 0 0.05

Medial femur 0.6 4 0 0.01 0 0

Lateral tibia 0.1 0.4 0.01 0.04 0.03 0.02

Lateral femur 0.1 0.02 0 0 0 0.02
Attrition

Medial 0.1 0.1 0 0.01 0 0.03

Lateral 0.4 0.2 0 0 0.01 0

Chondrocalcinosis
Medial 0.5 0.5 0.03 0.01 0.02 0.05

Lateral 0.6 0.2 0.03 0.01 0.02 0.07

KL <0.001 0.04 2.554 2.53 2.574 2.451,3

WOMAC

Pain 0.001 0.24 5 5.2 4.1 4.9

Stiffness 0.01 0.76 2.6 2.7 2.8 2.9

Disability 0.05 0.55 15.8 17.5 15.4 16.5
Total 0.02 0.6 23.4 25.5 22.3 24.3

VAS

7 days 0.1 0.2 4.4 4.7 4.1 5

30 days 0.5 0.06 4.9 5.2 4.54 5.53

SymptOA 0.4 0.7 0.95 0.95 0.99 0.98

SymptOAstat 0.02 0.05 2.2 2.1 1.9 2.1

Cartilage quantity (MRI)

PC1 <0.001 0.19 0.01 0.12 �0.09 �0.18
PC2 <0.001 <0.001 0.23,4 0.33,4

�1.61,2,4 0.81,2,3

PC3 <0.001 <0.001 �0.52,3,4 0.021,3,4 0.41,2,4 1.61,2,3

PC4 0.56 0.001 �0.013 0.093
�0.371,2,4 0.293

PC5 0.01 0.22 �0.04 �0.02 �0.11 0.23

Denuded bone (MRI)

PC1 <0.001 <0.001 �0.52,3,4
�0.21,3,4 0.81,2 1.21,2

PC2 0.004 <0.001 �0.112,3,4 0.081,3,4
�11,2,4 1.61,2,3

PC3 <0.001 <0.001 �0.062.3 0.11,3
�0.41,2,4 0.53

PC4 0.008 <0.001 0.062,3
�0.21,3 0.51,2,4

�0.53

aIndices (indicated in superscript next to value) indicate that the specific cluster is significantly different from the clusters
indicated by the index numbers (P< 0.05). Bold values indicate P<0.05. JSN: joint space narrowing; KL: Kellgren-Lawrence;

VAS: visual analogue scale.
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for JSN, after correction for OA severity. Progression was

lowest in cluster 1 (7% for KL score, 21% for JSN).

Subjects in cluster 4 progressed most often with respect

to the KL score (35%) and most often in cluster 3 with

respect to JSN (54%) (Fig. 2D�F). In cluster 3, progression

of JSN was purely lateral, while in clusters 1, 2 and 4,

progression only occurred medially.

Discussion

Using LCA, we were able to distinguish four distinct

phenotypes of knee OA, based on differences in OA char-

acteristics such as structural degradation and clinical

symptoms. The first cluster, the most common, could be

described as a mild type of OA, with no areas of denuded

bone and limited progression. Cluster 2 was very similar to

cluster 1, but with small areas of denuded bone. The third

and fourth clusters were more aggressive types of OA,

showing larger areas of denuded bone with increasing

OA severity and a higher prevalence of progression.

Cluster 3 was purely a lateral type of OA, while the other

clusters were medial, in all aspects (Table 4).

The presence of areas of denuded bone was a strong

deterministic factor in separating the four clusters. This

specific measure can either indicate areas where cartilage

has been eroded completely so the underlying bone be-

comes visible, or it can indicate the presence of central

osteophytes [19]. It has been shown that the amount of

denuded bone is associated with progression [20]. We

also observed that the amount of denuded bone is signifi-

cantly associated with progression, defined either by KL

score or by JSN (P< 0.001 for both definitions), which

underscores the fact that progression was strongest in

clusters with more severe presence of denuded bone.

However, adding cluster membership to the models

reduced the association of denuded bone with progres-

sion to non-significant levels (KL: P = 0.06; JSN: P = 0.50).

This suggests that the amount of denuded bone is only

associated with progression indirectly and that a factor

that leads to a specific cluster influences both progression

and the increase in denuded bone.

Although differences between the clusters were clear

with respect to measures of structural degradation, clus-

ter differences were only marginal and not significant in

measures that represent clinical symptoms. However,

some patterns were observed. Generally, subjects in clus-

ter 3 with purely lateral OA experienced the fewest symp-

toms, and this was nearly significant for VAS pain during

FIG. 2 Differences between the clusters for measures of OA risk factors (A�C) and measures of 2-year progression of OA

(D�F)

These data were not used in performing the cluster analysis. Continuous measures (A and B) are presented as mean and

half S.D. as a function of OA severity for each cluster. Prevalences (C�F) are presented as bars for each cluster, the

number inside the bars indicating the actual number of cases.
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the past month. Most symptomatic measures showed a

significant association between the intensity of the symp-

toms and OA severity. Interestingly, this relationship was

dependent on cluster type. The relationship was strongest

in the subjects in cluster 1 and weakest in subjects in

cluster 3 (Fig. 1D). This difference was significant for

WOMAC stiffness and disability scores (P< 0.05).

Apparently, the relationship between structural degrad-

ation and clinical symptoms depends on OA subtype,

which might partly explain the weak associations in a gen-

eral OA population.

It is interesting to consider what the causes might be

that created these different clusters. Are the causes intrin-

sic (i.e. physiological or genetic) or do the different clus-

ters arise as a result of environmental factors? Since

the data used are cross sectional, the answers remain

speculative. The subjects in cluster 3—the lateral OA

cluster—have more valgus-aligned knees than the sub-

jects in the medial clusters, which would suggest a bio-

mechanical explanation. Possibly, the loads experienced

in the knee determine in which compartment OA develops

[21, 22]. More curious is that OA in clusters 3 and 4 is

more aggressive, with large areas of denuded bone,

while denuded bone in clusters 1 and 2 is absent or

near absent. Since subjects in clusters 3 and 4 have a

lower BMI and a higher prevalence of reported trauma,

these subjects could represent a more active population

in which OA has developed due to mechanical overload or

trauma-related cartilage lesions. On the other hand, the

subjects in cluster 1, which appears to represent a mild

form of OA, are generally more obese and more often

female (compared with the other medial clusters) and

have the lowest prevalence of reported trauma, which

might suggest that metabolic syndrome plays a role. We

checked this suggestion by comparing measures that are

indicators of metabolic syndrome between the clusters.

Indeed, abdominal circumference was larger and hyper-

tension (5140/90 mmHg) was more common in clusters 1

and 2. This was significant only for hypertension, after

correction for BMI and OA severity. The idea that different

causes lead to clear differences in OA characteristics and

progression is intriguing and worth further investigation.

The result of cluster analysis should be stable and

meaningful [23]. We tested the stability of our results by

randomly dividing our dataset into two, and repeating the

cluster analysis on both sets separately. Not only did this

result in similar clusters, but 97% of the subjects were

classified into the same cluster as before. Differences be-

tween clusters in measures that were not part of the

cluster definition are considered an indication that the

clusters are meaningful. The four clusters we found dif-

fered in several OA risk factors and in the rate of progres-

sion, which thus indicates that the clusters represent true

OA subtypes and are not just a creation of the clustering

method.

We intended to perform cluster analysis independent of

OA severity, which is crucial for a progressive disease.

Indeed, each of the clusters contained knees from all

levels of our severity measure. Clusters 3 and 4, however,

contained significantly more knees with a high severity

score than clusters 1 and 2. On first thought this might

lead one to think that the correction for severity was only

partial. However, randomly sampling OA knees from a

population that consists of subpopulations that vary in

speed of progression, which our data suggest is the

case, would naturally lead to more severe knees from

the rapidly progressing subpopulations, clusters 3 and 4

in our case. Further, to confirm our assumptions, we per-

formed the cluster analysis without correcting for OA se-

verity. As expected, this led to one lateral cluster and

three medial clusters that only differed in general OA

severity.

The result of any clustering approach depends on the

choice of measures on which the clustering is performed.

While we used a broad set of measures representing vari-

ous aspects of structural degradation and clinical symp-

toms, it would have been interesting to include e.g. MRI

scores of bone marrow lesions, synovial effusion and

meniscal damage. However, these data were not present

in the OAI database at the time of this study. Also, our

analysis was limited to the femorotibial compartment and

did not include measures of femoropatellar OA.

Finding distinct OA subtypes might have a fundamental

impact on the way we look at the disease and could even-

tually influence how the disease is treated [1]. Though our

work only presents a first step, our results are interesting,

both from a fundamental and a clinical perspective. The

fact that subtypes differ with respect to the presence of

denuded bone suggests that certain pathological pro-

cesses are present in some subtypes, but not in others,

which could affect how the disease should be treated.

Also, differences in progression between subtypes are

highly relevant when conducting clinical trials.

Our results confirmed the suspected existence of dis-

tinct subtypes of knee OA. The various clusters showed

different patterns of structural degradation and clinical

symptoms. Moreover, the clusters were different with re-

spect to rates of progression and risk factors, which

TABLE 4 Short description of the four clusters

Type Population, % Affected side Description

Cluster 1 Mild OA 47 Medial No denuded bone and slow progression

Cluster 2 Classical OA 27 Medial Minor areas of denuded bone and moderate progression

Cluster 3 Aggressive OA 15 Lateral Strong cartilage destruction and progression

Cluster 4 Aggressive OA 12 Medial Strong cartilage destruction and progression
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suggests that classification of knee OA into different sub-

types is clinically relevant.
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