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Introduction
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photo’s from the internet

Disease process and illness
of OA are not the same

1. Introduction

Patients complaints associated with oa are pain,
stiffness, limitations in function, influencing daily
life activities (walking, getting up, sitting down)
and restrictions in work and household activities.3
Particularly in early stages of the disease, there is a
weak correlation between complaints and structural
damage.4 This limited overlap between the disease
process oa (structural changes) and the illness oa
(patients’ complaints) in early disease was one of
the reasons to start an early oa cohort and ensuing
research. Other reasons included poorly understood
course of complaints and mechanisms in the early
stage of disease, ultimately leading to structural
damage. From the perspective of prevention and early
intervention, it is important to diagnose the disease
at an early stage and to recognise its prognostic
signs. This early stage of presentation of oa without
recognizable structural damage is often referred to as
‘early or symptomatic oa’. To address the many gaps
in these areas, the Dutch Arthritis Foundation (daf)
initiated and funded an inception cohort of patients
with early symptomatic osteoarthritis (oa) of the
hip and/or knee: check (Cohort Hip & Cohort Knee).
check set out to study clinical, biochemical and radiographic signs and symptoms of early oa with 10-year
follow-up, to identify prognostic factors for diagnosis
and progression, and to study the underlying
mechanisms that may cause these symptoms.

is frequently diagnosed by the general practitioner,
there are no criteria which are developed and
validated in primary care. The clinical criteria that are
commonly used are those produced some years ago
by the American College of Rheumatology (acr), but
they were derived from data that compared hospital
patients with a diagnosis of oa with those who had
inflammatory joint disease. One has to consider that
criteria which are developed in a clinical setting are of
limited use for primary care. It should be emphasized
that there are no criteria available for early oa, which
is of relevance for early diagnosis and possible
targeted treatment to prevent or limit progression.
In 2000, when the Cohort Hip & Cohort Knee (check)
study was designed, this was one of the reasons
to evaluate in the check study whether it would
be feasible to establish criteria for early oa, that
are broader than the acr (American College of
Rheumatology) criteria for the classification of oa of
hip and knee.5,6
The prevalence of oa varies and depends on the joints
of interest and the definition used: from purely radiographic oa based on structural changes versus only
symptomatic oa.7 Data derived from general practice
registrations in the Netherlands estimate the number
of patients that are actually being treated for hip and
knee oa as 359,000 men and 594,000 women.8

Defining an early OA cohort

Osteoarthritis is not a simple consequence of
ageing. At the end of the twentieth century it became clear that osteoarthritis
(oa) can no longer be regarded as a simple consequence of ageing and cartilage
degeneration. The label of degenerative joint disease is now recognized to be
incomplete, or even a misnomer. In understanding osteoarthritis it helps to make a
distinction between the disease process as such, leading to structural changes in
the different joint tissues, and patients complaints associated with osteoarthritis:
the illness oa. The disease process usually involves progressive changes in synovial
joints, ultimately leading to damage of the whole joint. This implies that any tissue
of the joint can be involved: articular cartilage, bone tissue, such as underneath
the cartilage and marginal outgrowths –osteophytes–, soft tissue structures in and
around the joint (muscles, ligaments and menisci) and in most patients synovial
tissue.1 It is now well recognised that oa is not one disease entity: characteristics of
late stage disease may reflect final common pathways of different phenotypes, that
may differ in (early) symptoms and pathogenic mechanisms.2

Apart from focussing on the course (evolution) of
the complaints and structural damages of the total
patient population, it is also important to study individual development of complaints and/or structural
changes over time to subsequently identify groups
of subjects with comparable trajectories. Better
understanding of more homogeneous trajectories in
oa patients could offer important insights into clinical
prognosis and could even form a starting point for
specific treatment.

No single definition for OA,
nor for early OA
There is no single accepted definition or classification system for (early) oa. Despite the fact that oa

Pain is the first and predominant symptom of oa that
causes patients to visit their general practitioner.
They also experience stiffness, which generally
resolves in minutes when the affected joints are
used.2,9 These complaints are part of the clinical
acr criteria and are also of relevance for early oa.
However, also bony tenderness and crepitus are part
of the clinical acr criteria of knee oa, but they are
seldom present early in the disease. Limitation of hip
movements (acr criteria: internal rotation ‹ 15°) is
not seen as a characteristic of early oa either, based
on the results of diagnosing hip oa in primary care
research.10 Being older than 50 years is also part of
the acr criteria for oa of hip or knee. Since oa often
starts before this age, the age criteria for early oa
should perhaps be reduced. The period between
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table 1 | Criteria of early osteoarthritis cohort check

Inclusion criteria of early osteoarthritis cohort: CHECK
pain of knee and/ or hip
age of 45-65 years
at or within 6 months of their first visit to the general practitioner for these symptoms

Exclusion criteria
any other pathological condition that could explain the symptoms

oa.14,15,17 Other cohorts had another design, such as
the Chingford study, Clinical Assessment Study Knee
(cas[k]), Multicenter Osteoarthritis Study (most) and
the Osteoarthritis Initiative (oai) studies that focus on
knee oa; included only women (Chingford) or radiographic oa or subjects at high risk for developing the
disease (most), or had a follow-up of 3 years.16,18-20
There was no cohort of hip and knee oa with a long
(ten years) follow-up and collecting the clinical,
biochemical and radiographic outcomes of oa.

(e.g. other rheumatic disease, previous hip or knee joint replacement, congenital dysplasia, osteochondritis dissecans,
intra-articular fractures, septic arthritis, Perthes’ Disease, ligament or meniscus damage, plica syndrome, Bakers cyste)
co-morbidity precluding physical evaluation and/or follow-up of at least 10 years
malignancy in the last 5 years
inability to understand the Dutch language

45-65 years is interesting to evaluate, since many
persons in this category still participate in paid work.
There is a lack of knowledge about work status in
relation to early oa.
The knee and hip are most affected by oa and are
the most important cause of pain.2,11 Disease in these
weight-bearing joints has great functional impact and
is frequently associated with disability in activities of
daily living (adl) involving lower extremity functions such as walking, transferring, and using the
bathroom. The hip and knee are therefore the relevant
joints for an early oa study. These and other thoughts
ultimately led to the following inclusion criteria of the
early osteoarthritis Cohort Hip & Cohort Knee study
(see table 1).

International Classification
of Functioning, Disability and
Health as framework
To categorise a wide range of information concerning
disease process, complaints and health status, the
World Health Organisation (who) designed the icf
(International Classification of Functioning, Disability
and Health). The icf model provides an integrative
framework, combining biological, psychological and
social aspects of health and disease.12 The icf model
identifies three main distinct outcomes: Impairment
(i), Activity limitations (a) and Participation restrictions (p) and their respective opposites: Body

Function and Structure, Activity and Participation.
The icf framework emphasizes that an individual’s
health experience is the interaction between the
health condition (biological dysfunction) and social,
personal and environmental factors.
In check data are collected on these different
outcomes, by assessing clinical, biochemical and
radiographic variables. Clinical variables include
parameters of body function and structure, performed
activities and participation as well as factors of
environment and personal factors. Measurements of
biochemical and radiographic variables are mainly
focused on changes in biological function, to study
the underlying mechanisms that may cause the symptoms and complaints, as well as to identify prognostic
factors for diagnosis and progression of early oa.

The uniqueness of CHECK
As stated above, to address the many gaps in the
area of early symptomatic oa, the Dutch Arthritis
Foundation initiated an inception cohort of early
symptomatic oa of the hip or knee: check. A
systematic review on the course of functional status
and pain in oa of the hip and knee reported that the
number of longitudinal studies on functional outcome
in oa is limited.13 Most cohorts, such as the Johnston
County oa project, the Framingham study, or Bristol
oa 500 study, recruited on radiological criteria,
thus creating cohorts with radiological evidence of

An important additional objective of the check
study is to create an infrastructure for osteoarthritis
research. Basis of the study is 10-year follow-up of a
cohort of 1,000 participants with early symptomatic
oa of hip or knee, thereby offering the possibility
to add spin-off studies to this infrastructure. During
follow-up of the check-cohort, check became also
unique in the sense that there was only a very limited
drop-out (88% was still in the study at 8 years
follow-up).

Outline and scope of this thesis
The research described in this thesis is a small part of
the check study. The overall aim is to analyze disease
characteristics (pain, physical functioning) of early
symptomatic oa and to examine evolution of structural damage in relation with disease characteristics.
As an introduction we provide up-to-date details
of check, also to enable researchers worldwide to
start collaborations and to maximize use of existing
resources (chapter 2).
In part i of the thesis differences between two cohorts
of persons with early osteoarthritis are described. As
already mentioned above, parallel to check, an observational study on oa was initiated by the National
Institutes of Health: the Osteoarthritis Initiative. This
4-year follow-up study had also the objective to study
the natural history of, and risk factors for, the onset
and progression of knee oa. In fact both initiatives,
check and the oai, search answers to similar
questions in different populations. We wondered
whether check and on comparable inclusion criteria
selected study populations of the oai are similar and
if detailed information from both cohorts can be used
as a basis for further research (chapter 3). To answer

this question first only baseline data were analyzed,
and more differences then expected were observed.
Therefore, we compared longitudinal data of both
cohorts to question how the observed differences in
the relation of joint damage and evolution of pain and
physical functioning developed in these two cohorts
(chapter 4).
In part ii we focus on differences in evolution of
disease characteristics within the check-participants.
oa has a very high number of comorbidities,
significantly more than non-oa patients.21-23 First the
question is discussed what the relationship might
be between comorbidity (absolute number as well
as the presence of specific comorbidities) and pain,
physical functioning and mental health status of
participants with early symptomatic oa (chapter
5). We know that the level and course of the main
clinical symptom pain can be very different between
patients over time.24 We wondered whether we could
identify homogeneous subgroups of pain trajectories
in patients with symptomatic knee oa, and whether
we could explain these different pain trajectories
by disease characteristics (chapter 6). An obvious
next question was whether homogenous subgroups
also exist with regard to structural damage. Could
we identify subgroups of check-participants with
homogeneous patterns of osteophyte formation over
time (trajectories), and could we identify prognostic
factors for these different trajectories (chapter 7)?
It is evident that these questions are only part of the
large amount of research within check. In the general
discussion (chapter 8) our findings will be placed into
perspective and suggestions for future research will
be given. —
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2. Cohort profile

Abstract
The Cohort Hip & Cohort Knee (check) study
included participants with early symptomatic
osteoarthritis (oa) of the hip or knee and
evaluated clinical, radiographic and biochemical
variables in order to establish the course,
prognosis and underlying mechanisms of early
symptomatic osteoarthritis. A total of 1,002
participants aged 45-65 years, with symptomatic
oa characterized by pain of knee and/ or hip,
entered the cohort in the period October 2002
– September 2005. They were included at or
within 6 months of their first visit to the general
practitioner for these symptoms. An overview
of measures that are included in the study can
be found on the website www.check-research.
com. On the basis of their presenting symptoms,
participants were divided into two groups.
Participants with mild symptoms visited the
research center at year 0, 2, 5, 8 and 10 (variable
visiting group) and participants with more serious
symptoms visited the research center each
year (annual visiting group). After 7 years only
105 participants (10%) had dropped out; their
baseline characteristics did not differ significantly
from other participants. check is a valuable
source of information on early symptomatic
oa that allows the examination of high-quality
data on clinical, radiographic and biochemical
variables. The check steering group welcomes
collaboration with national and international
colleagues. Request for collaboration or access to
data can be sent to checkreu@umcutrecht.nl.
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check set out to study clinical, biochemical and radiographic signs and symptoms of early oa, to identify
prognostic factors for diagnosis and progression, and
to study the underlying mechanisms that may cause
these symptoms.
An obvious side product of the study is the creation
of a Dutch infrastructure for studying osteoarthritis.
check offers the possibility to add spin-off studies
that require access to check participants (whether
from a single clinical center or from the entire cohort)
to collect measurements or data that are not part
of the core protocol. At present 15 spin-off studies
have been added to check. We give a few examples
of these spin-off studies. One study investigated the
association between baseline hip shape assessed on
radiographs, and both clinical hip oa and total hip
replacement at 5 year follow-up.3 Another spin-off
study evaluated whether pentosidine can predict
radiographic progression and burden of oa over
5 years follow-up. One of the major age-related
changes in cartilage is the accumulation of advanced
glycation endproducts (age). Since cartilage tissue
is not readily available from subjects for studying
these age- levels, skin pentosidine may be used
as a surrogate marker for cartilage pentosidine. In
this study all 300 participants of three participating
centers were asked for a skin biopsy from the lower
back.4,5 In another spin-off study, the aim was to
assess the validity of the avoidance model. All check
participants recruited through Reade, Centre for
Rehabilitation and Rheumatology in Amsterdam, were
invited for additional measurements (muscle strength
and a performance –based measure of activity
limitation).6

website. Most check participants were recruited
by advertisements or articles in newspaper (69%),
6% by their physicians, 12% by flyer/ family/ friend
(12% not recorded). Medical ethics committees of
all participating centers approved the study, and all
participants gave written informed consent.

How often have they been followed up?
23
After inclusion participants were divided into two
groups on the basis of their presenting symptoms
(table 2). Participants in the annual visiting group
(with more serious symptoms) visited the research
center each year; participants in the variable visiting
group (with mild symptoms) visited the research
center at years 0, 2, 5, 8 and 10. Participants in the
variable visiting group were shifted to the annual
visiting group when they met the criteria of that
group. At baseline, 861 participants were classified
into the annual visiting group and 141 into the
variable group; after 2 years 50 participants, and after
5 years another 29 participants were shifted to the
annual visiting group (figure 1).
After 7 years 105 participants had been lost to
follow-up. Reasons comprised loss of motivation
(21%), serious comorbidity (18%), death (12%), loss
of contact (11%), costs incurred (5%) and other (33%,
including death of partner, move out of the area,
unduly burdensome). Apart from one year difference
in mean age, there were no statistically significant
differences in baseline characteristics between
dropouts and participants who were still participating
at year 7 (table 3).

Why was the cohort set up? The course of clinical symptoms and
radiographic changes, prognosis and underlying mechanism of osteoarthritis (oa) is
poorly understood, despite it is being the most common diagnosis in older patients
with knee and hip pain. For instance, a systematic review summarized the available
evidence on predictive factors for the course of hip oa, and concluded that prospective cohort studies with an adequate follow-up time were missing to strengthen the
conclusions.1 In a study on radiological progression of knee oa it became clear that
further work is also needed in the selection and detection of subjects with poor
prognosis.2 From the perspective of prevention and early intervention, it is important
to diagnose the disease at an early stage and recognise its prognostic signs. To
address the many gaps in this area, the Dutch Arthritis Foundation (daf) initiated and
funded an inception cohort of early symptomatic osteoarthritis (oa) of the hip or knee
with 10-year follow-up: check (Cohort Hip & Cohort Knee).

Who is in the cohort?

What has been measured?

From October 2002 until September 2005 a cohort
was formed of 1,002 participants. Ten general
and university hospitals in the Netherlands are
participating, located in (semi-)urbanised regions.
Table 1 lists the inclusion and exclusion criteria.
General practitioners near the participating centers
were invited to refer eligible persons to these
centers. Additionally, participants were recruited
through advertisements and articles in local
newspapers and on the Dutch Arthritis Foundation

Data collection includes clinical, radiological and
biochemical data (table 4). A coordinator visits the
centers every three months to check and support
complete and accurate data gathering.

Clinical variables
Clinical assessment comprises self-reported questionnaires, medical history questions and physical
examination (clinical features of hip, knee and hands)
by a trained health professional. Self-reported

2. Cohort profile

table 1 | The eligibility criteria of check
Inclusion criteria
pain of knee and/or hip
age of 45-65 years
at or within 6 months of their first visit to the general practitioner for these symptoms

Exclusion criteria
any other pathological condition that could explain the symptoms

25

(e.g. other rheumatic disease, previous hip or knee joint replacement, congenital dysplasia, osteochondritis dissecans,
intra-articular fractures, septic arthritis, Perthes’ Disease, ligament or meniscus damage, plica syndrome, Bakers cyste)
co-morbidity precluding physical evaluation and/or follow-up of at least 10 years
malignancy in the last 5 years
inability to understand the Dutch language

table 2 | Subgroup criteria of knee and
hip, used to divide participant into the
variable or annual visiting group
Criteria of knee
Knee pain
Morning stiffness < 30 minutes
Crepitus
Bony tenderness

Criteria of hip
Hip pain
Morning stiffness < 60 minutes
Pain on hip internal rotation or internal rotation < 15°

Annual visiting group: participant fulfill two or more of criteria of the hip or knee
Variable visiting group: participant fulfill only one of criteria of the hip and only one of the criteria of the knee

questionnaires evaluate hip and knee symptoms,7,8
hand symptoms,9 pain severity,10 coping,11 healthrelated quality of life,12-14 leisure activities and
employment,15 economic consequences,16 social
support,17 and comorbidities18 (table 4).

Radiographic variables
Severity of knee and hip osteoarthritis is scored
according to Kellgren and Lawrence (0-4 scale)19
on the posterior-anterior radiograph of the knee
and the anterior-posterior radiograph of the pelvis.
Separate features of the knee and hip are scored on
other radiographs according to Altman et al.20 and

the radiographic atlas of Burnett et al.,21 both on
a 0-3 scale. These radiographs are independently
scored by five trained observers. Readers score
all consecutive radiographs at the same time with
known sequence, but blinded to the clinical status.
Interobserver variability was tested in a subset of
38 participants scored by all five observers yielding
moderate to substantial interobserver agreement
(kappa 0.60 for presence of k&l 0 versus k&l 1- 2 - 3
in the knees, and kappa 0.67 for presence of k&l 0
versus k&l 1-2-3 in the hips, mean kappa’s over three
measurements: T0- T2- T5).22 Knee Images Digital
Analysis (kida) assesses more detailed quantitative

figure 1 | Flowchart of the check study
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table 3 | Comparison of baseline characteristics
between people still participating after 7 years
of follow-up and those who had dropped out

table 4 | Summary of collected data during 10
years in all participants (all) and in the subgroup
of the annual visiting group (a) of check
Subjects

Dropouts

p-value

participating

95% Confidence

Year

0

1

2

3

4

5

6

7

8

9

10

Demographics

all

A

all

A

A

all

A

A

all

A

all

SF-36: Short Form 36-item health status survey

all

A

all

A

A

all

A

A

all

A

all

EQ5D: EuroQol

all

A

all

A

A

all

A

A

all

A

all

WOMAC: Western Ontario and McMaster Universities

all

A

all

A

A

all

A

A

all

A

all

NRS for pain intensity (numeric rating scale)

all

A

all

A

A

all

A

A

all

A

all

Comorbidity list

all

A

all

A

A

all

A

A

all

A

all

A

all

A

A

all

A

A

all

A

all

interval
Questionnaires

n

897

105

Age

56 (5)

57 (6)

0.05

Sexe, female, %

79

81

0.70

BMI

26 (4)

26 (4)

0.23

-2.1 – 0.004
-0.3 – 1.4

Osteoarthritis Index
Education level

0.58

Primary school, %

2

4

Secondary school, %

60

61

Health care use

all

High profession education/ university, %

35

31

Pain Coping Inventory list

all

all

all

all

all

Missings, %

3

4

Social Support scale

all

all

all

all

all

Lifestyle: tobacco and alcohol use

all

all

all

all

all

WOMAC subscales

AUSCAN: Australian Canadian Osteoarthritis Hand Index

all

ICOAP: Measure of Intermittent and Constant Osteoarthritis pain

all

A

all

Pain (0-20)

5 (3)

5 (4)

0.19

-1.2 – 0.2

Stiffness (0-8)

3 (2)

3 (2)

0.86

-0.4 – 0.3

Function (0-68)

16 (11)

17 (14)

0.19

-4.0 – 0.8

Clinical assessment

Pain intensity (0-10)

4 (2)

4 (2)

0.96

-0.4 – 0.4

Knee examination

Hip pain, %

59

57

0.79

Knee pain, %

83

82

0.75

Highest K&L score knee

0.89

Grade 0, %

68

66

Grade 1, %

25

26

Grade 2, %

6

8

Grade 3, %

1

1

Missings

1

0

Palpable warmth

all

A

all

A

A

all

A

A

all

A

all

Refill test

all

A

all

A

A

all

A

A

all

A

all

Bony tenderness

all

A

all

A

A

all

A

A

all

A

all

Patella grinding test

all

A

all

A

A

all

A

A

all

A

all

Range of Motion- flexion/ extension

all

A

all

A

A

all

A

A

all

A

all

Crepitus

all

A

all

A

A

all

A

A

all

A

all

Range of motion- flexion/internal/ external rotation/

all

A

all

A

A

all

A

A

all

A

all

adduction/abduction

all

A

all

A

A

all

A

A

all

A

all

all

A

all

A

A

all

Hip examination

Hand examination
DIP/ PIP bony enlargements

Highest K&L score hip
Continuous variables are
given as mean values,
standard deviation
between brackets and
categorical variables as
percentages.
BMI | body mass
index, K&L | Kellgren
and Lawrence grade,
WOMAC | Western
Ontario and McMaster
Universities OA index
with higher scores indicating worst health.
p- values are given.

0.74

A

A

all

A

all

CMC I bony enlargements

A

A

all

A

all

Grade 0, %

79

78

Soft tissue swelling MCP I-V

A

A

all

A

all

Grade 1, %

14

17

Deformity CMC I, DIP, PIP

A

A

all

A

all

Grade 2, %

5

4

Grade 3, %

1

1

Missings, %

1

Comorbidities

Radiographic assessment

0.23

Knee: unilateral posterioranterior fixed flexion view (both knees)

all

all

all

all

all

Knee: unilateral lateral view (both knees)

all

all

all

all

all

Knee: bilateral skyline view (supine)

all

all

all

all
all

0, %

31

37

Hip: anteriorposterior pelvis view

all

all

all

1, %

30

27

Hip: unilateral faux profile view (both hips)

all

all

all

2, %

20

12

Hand: bilateral posterioranterior view

all

≥ 3, %

17

20

Lumbar spine: lateral view (supine)

all

Missings, %

2

4
Biochemical assessment

parameters on radiographs.23 These kida parameters
are measured without knowing the sequence of the
radiographs.

Biochemical variables
Blood and urine samples have been collected from

each participant following a standardised protocol
at all sites. Multiple aliquots of serum, plasma, and
urine are centrally stored at -80°C. dna was collected
at baseline and was stored at -20°C. A systematic
review of the currently available biochemical markers
in knee and hip oa was the basis for composing the

DNA

all

Plasma

all

all

all

all

Serum

all

all

all

all

Urine

all

all

all

all

all
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spectrum of biochemical markers to be assessed at
baseline in the check study: uCTX-II, uCTX-I, uNTX-I,
sCOMP, sPIIANP, sCS846, sC1,2C, sOC, sPINP, sHA,
sPIIINP, pLeptin, pAdiponectin, pResistin (table 5).24

What has it found? Key findings
and publications
An actual list of publications can be found on
our website (www.check-research.com). Here we
summarize the key findings.

Clinical variables
The course of pain and physical function in patients
with early symptomatic oa remains, on average, fairly
stable over five years, especially in participants with a
slow progression (radiographic change of 0 or 1 grade
in k&l grading). In participants with a rapid progression (radiographic change of ≥ 2 in k&l grading) pain
increased and function declined. Already in an early
stage of the disease large inter-individual differences
appear in course of activity limitations and pain,25
which is in concordance with the literature.26 Based
on 5 years data of activity limitations homogeneous
subgroups of subjects were identified with comparable trajectories of activity limitations: ‘good’,
‘moderate’ and ‘poor outcome’.27 The following
baseline characteristics distinguished poor and
moderate outcome from good outcome: younger age,
higher bmi, greater pain, bony tenderness, reduced
knee flexion, hip pain, osteophytes on X-rays, ≥ 3
comorbidities, and lower or avoidance of activity.
Distinguishing these baseline characteristics might
have implications for treatment.
A combined psychological and neuromuscular model
was developed to explain clinical characteristics of
oa. According to this model, a person experiences
pain during activities, expects renewed activities
to result in more pain and consequently avoids
activities. In the long term, inactivity results in muscle
weakness, that leads to an increase in activity limitations.28,29 In patients with early stage oa this model
appears to offer a valid explanation for the associations between pain, negative affect (i.e., feeling of
fatigue, low vitality, depression, and nervousness),
avoidance of activities, muscle weakness, and activity
limitations.6

At baseline 67% of participants reported one or
more comorbidities. Additional problems in the
musculoskeletal system (apart from knee and hip
problems) and obesity have a negative effect on pain
and physical health status. Also mental health status
is affected in early symptomatic oa by the presence of
specific comorbidities.
Besides the course of pain and activity limitations,
also the course of work participation was analysed.
The 2-year course of work participation was similar to
that of the general Dutch population. Sustained work
participation was predicted by lower age, not by oa
related factors.30

table 5 | Description of biomarkers
Category biochemical marker

Biomarker

Description biomarker

Cartilage degradation

CTX-II

C-terminal telopeptide of type II collagen

sC1,2C

collagen of type I and II

sCOMP

cartilage oligomeric matrix protein

sPIIANP

collagen N-propeptide of type IIA

sCS846

chondroitin sulphate 846

uCTX-I

C-terminal telopeptide of collagen I

uNTX-I

N-terminal telopeptide of collagen I

sOC

osteocalcin

sPINP

aminoterminal propeptide of type I procollagen

Synovium degradation

sHA

Hyaluronic acid

Synovium synthesis

sPIIINP

N-terminal propeptide of type III procollagen

Adipokines

pLeptin

Cartilage synthesis

Bone degradation

Bone synthesis

Radiographic variables
The gold standards to evaluate radiographic oa are
k&l grading and grading according to the Altman
atlas. The newer method, kida, appeared sensitive
to detect early progression of radiographic knee
damage, especially through the measurement
of separate quantitative features of radiographic
knee oa.31 Based on kida features, 5 phenotypes of
radiographic progression can be identified. These
represent the level of disease progression (Severe
or No progression), the phase of progression (Early
or Late) and the prominent involvement of Bone
density.32
Statistical Shape Modelling (ssm) assessed the
radiographic shape of the hip, to test whether the
morphology of the hip joint could be a risk factor
for oa. Evaluation of the hip radiographs of check
participants showed that the ssm-modelled shape
of the hip can predict total hip replacement, but
variation in shape cannot predict clinical oa.3 In
addition, individuals with severe cam-type deformity
(hip incongruity by non-spherical head) and reduced
internal rotation were at high risk of fast progression to end stage oa.33 Finally, pincer deformity
(acetabulum over-coverage) did not lead to oa of the
hip, but acetabulum under-coverage did.34

Biochemical variables
In check 14 markers of cartilage, bone and synovial
metabolism (table 5) were assessed to improve
understanding of pathophysiology and as potential
prognostic predictors. None proved sufficiently
discriminating to predict diagnosis or prognosis of

pAdiponectin
pResistin

oa. Two reflected a broader spectrum than expected.
The cartilage degradation marker, ctx-ii, showed
striking similarities with markers of bone metabolism,
suggesting that ctx-ii also originates from bone.
The cartilage degradation marker comp (Cartilage
Oligomeric Matrix Protein) may also originate
from (inflamed) synovial tissue in early-stage oa.35
Biomarkers, confirmed cartilage degradation and
synovitis as processes underlying the development
of radiographic signs in early-stage knee and hip oa.
Markers of bone turnover and bone mineral density
suggest these are relevant factors in the development of radiographic oa, but their effect may differ
between knee and hip.

What are the main strengths
and weaknesses?
check’s main strength is the combination of
high-quality data in the clinical, radiographic and
biochemical domain. Second, check is an inception
cohort: observations started at the same point in
the course of oa in all participants. Third, check has
a follow-up of 10 years and thereby provides a huge
data set to answer longitudinal research questions on

oa of the hip or knee. Fourth, check has a remarkably low loss to follow-up due to a special retention
program.
This program is aimed at optimizing the compliance of check participants and motivating health
professionals involved in the participating hospitals
(physicians, researchers, X-ray technicians, research
nurses). Activities include: twice-yearly newsletters
for participants and health professionals, separate
websites for participants and health professionals,
organizing symposia for both groups to present
preliminary results and progress of check, and
sending birthday cards to all participants.
The main weakness of the study is related to the
fact that no diagnostic criteria of early oa exist; this
may hamper generalizing results. check participants
are subjects with early oa, defined as having pain
in hip or knee at or within 6 months of their first
visit to the general practitioner for these symptoms,
and complaints were not attributable to another
rheumatic disease. There are however criteria for oa;
76% of the check participants with knee pain fulfilled
the clinical American College of Rheumatology classification criteria for knee oa, 24% fulfilled the clinical
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classification criteria of hip oa. These criteria for
oa were developed in cases of established disease.
None of the check participants had radiographic
oa (i.e. k&l grade ≥ 2). The transition from early to
established oa is gradual. That is why we decided to
call the situation at presentation ‘symptomatic oa’.

Can I get hold of the data?
Where can I find out more?
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3. Similarities & differences

Abstract
Objective

To describe the osteoarthritis study population of
check (Cohort Hip & Cohort Knee) in comparison
with relevant selections of the study population of
the Osteoarthritis Initiative (oai) based on clinical
status and radiographic parameters.

Methods

In The Netherlands a prospective 10-year
follow-up study was initiated by the Dutch
Arthritis Association on participants with early
osteoarthritis related complaints of hip and/or
knee: check. In parallel in the us an observational
4-year follow-up study, the oai, was started by
the National Institutes of Health, on patients with
or at risk for symptomatic knee osteoarthritis.
For comparison with check, the entire cohort and
a subgroup of individuals excluding those with
exclusively hip pain were compared with relevant
subpopulations of the oai.

Results

At baseline, check included 1,002 participants
with in general similar characteristics as
described for the oai. However, significantly
fewer individuals in check had radiographic knee
osteoarthritis at baseline when compared to the
oai (p‹0.0001). In contrast, at baseline, the check
cohort reported higher scores on pain, stiffness,
and functional disability (Western Ontario and
McMaster osteoarthritis Index) when compared
with the oai (all p‹0.0001). These differences were
supported by physical health status in contrast to
mental health (Short Form 36/12) was at baseline
significantly worse for the check participants
(p‹0.0001).

Conclusions

Although both cohorts focus on the early phase
of osteoarthritis, they differ significantly with
respect to structural (radiographic) and clinical
(health status) characteristics, check expectedly
representing participants in an even earlier phase
of disease.
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Methods

Body function and structures:
articular and kinesiologic factors

check cohort

To assess cartilage and bone at baseline, imaging
techniques were employed and samples of blood and
urine collected. During follow-up this is also done at
2, 5, and 10 years. At baseline both knees and hips
were analysed in all participants, independent of
symptoms and signs.

Design
From October 2002 to September 2005 a cohort
was formed of 1,002 participants with pain and/ or
stiffness of knee and/ or hip, which is to be followed
prospectively for a period of at least 10 years.
Nationwide, 10 general and academic hospitals in The
Netherlands are participating, located in urbanised
and semi-urbanised regions. The study was approved
by the medical ethics committees of all participating
centres, and all participants gave their written
informed consent before entering the study.

Study population

The diagnosis osteoarthritis (OA) can be based on
symptoms, signs, and radiographic findings and as
such be defined by various sets and combinations of
criteria.1,2 It is the most common diagnosis made in older patients with knee
or hip pain. The prognosis of osteoarthritis for the individual patient is uncertain; the
course of symptoms, clinical signs, disability and radiographic changes is difficult to
predict.3 Besides, it has been demonstrated that there is inconsistency between the
radiographic change and severity of joint pain with accompanying disability.4 Clearly,
to understand more about the disease and its course, large independent detailed
observational studies starting (very) early in the stage of the disease are necessary.

General practitioners (gp) in the surroundings of the
participating centres were invited to refer eligible
persons to these centres. All patients that visited
the gp on their own initiative, potential fulfilling
the inclusion criteria, were referred to one of the
10 participating centres. In addition, participants
were recruited through advertisements and articles
in the local newspapers and on the Dutch Arthritis
Association website. The physicians in the participating centres checked whether referred patients as
well as patients from their outpatient clinic fulfilled
the inclusion criteria.

Inclusion criteria
Therefore, in The Netherlands, a prospective 10-year follow-up study was recently
initiated by the Dutch Arthritis Association in order to establish the onset and
progression of osteoarthritis in participants with early complaints of hip and/or
knee pain: check (Cohort Hip & Cohort Knee), using the International Classification
of Functioning, Disability and Health (icf) as a conceptual framework. The icf model
provides an integrative framework, combining biological, psychological, and social
aspects of health and disease.5 The objective of check is to study the course of
complaints, the mechanisms that cause joint damage, and to identify markers for
diagnosis and course of joint damage, as well as to identify prognostic factors that
predict and explain the course of osteoarthritis. In parallel, an observational study
on osteoarthritis was initiated by the National Institutes of Health: the Osteoarthritis
Initiative (oai). This 4-year follow-up study will create a public archive of data,
biological samples, and joint images to study the natural history of, and risk factors
for, the onset and progression of knee osteoarthritis. In fact, both initiatives, check
and the oai, seek answers to the same questions in comparable populations. In the
present report the check population is described at baseline and compared with
relevant subpopulations of the oai to provide a basis for further research and a
comparison of both cohorts in the future.

Individuals were eligible if they had pain and/or
stiffness of the knee and/or hip, were aged 45-65
years, and had never or not longer than 6 months ago
visited the gp for these symptoms for the first time.
Exclusion criteria were: any other pathological condition that could explain the existing complaints (e.g.
other rheumatic disease, previous hip or knee joint
replacement, congenital dysplasia, osteochondritis
dissecans, intra-articular fractures, septic arthritis,
Perthes’ Disease, ligament or meniscus damage,
plicasyndrome, Baker’s cyst) or co-morbidity that did
not allow physical evaluation and/or follow-up of at
least 10 years, malignancy in the last 5 years, and
inability to understand the Dutch language.

Baseline Measurements
Variables categorised according to the icf model
(table 1).

Radiographs of tibio-femoral joints (tf) joints were
made by a weight-bearing (wb) posterioranterior
(pa) view, semi-flexed (7-10°) according to BucklandWright and colleagues.6-8 Radiographs of the
patellofemoral joints were made by a single standing
mediolateral view in 30° flexion and a skyline (inferior
superior) view in 30° flexion.9,10 For the hip, weightbearing anterioposterior (ap) radiographs of the
pelvis were made.11,12 In addition, a weight-bearing
single faux profile radiograph of both hips was
obtained.13
All radiographs were made without fluoroscopy, and
were digitalised and centrally stored. Radiographs of
pa, tfj and ap pelvic views at baseline were scored
according to Kellgren & Lawrence (k&l).14 Blood and
urine samples were collected, using a standardised
protocol at all sites. Multiple aliquots of serum,
plasma, and urine were centrally stored at -80°C. dna
was collected at baseline and was stored at -20°C.
Kinesiologic factors (table 1) were assessed each year
by a protocol that was established to measure clinical
features of knee, hip, and hands.

Body function and structures:
pain, stiffness, and fatigue
Questionnaires were selected based on the following
criteria: validated in participants with osteoarthritis;
demonstrated reliability, validity and, if applicable,
responsiveness; the questionnaire is internationally
accepted, is available in the Dutch language, and has
a high feasibility. Questionnaires are administered
annually.
The Western Ontario and McMaster osteoarthritis
Index (womac),15,16,17 a questionnaire with well-known
and good clinimetric properties and recommended
by omeract is utilised to measure pain (five items),
stiffness (two items), and physical functioning (see
below).18,19 The five point Likert version of the womac
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table 1 | The assessment of the variables,
categorized according to the dimensions of
the icf, comparison of check and oai

table 2 | Demographic and disease characteristics
in check and selections of the oai
CHECK

CHECK
Body function and structures

Physiological functions of body systems and anatomical part of the body

Articular factors

Single PA view TFJ, mediolateral view TFJ,

Bilateral PA view TFJ

bilateral skyline view PFJ

AP view pelvis

AP pelvis view, faux profil view of hip

PA view dominant hand

Pain during joint motion of the hip and knee. Assisted active

Knee flexion pain/ tenderness

Kinesiologic factors

Knee

p-value

CHECK-knee

OAI incidence

subgroup

subgroup

p-value

N

1002

3285

NA

829

1578

NA

Age in years

56 (52-60)

61 (53-69)

< 0.001

56 (52-60)

56 (51-61)

0.8

Gender, female

79%

59%

< 0.001

80%

64%

< 0.001

BMI, kg/m2

26 (23-28)

28 (25-31)

< 0.001

26 (24-28)

28 (25-32)

< 0.001

Educational level

0.1

Primary school

3%

3%

3%

2%

goniometer

Secondary school

70%

65%

71%

65%

High prof. education/ univ.

27%

32%

26%

33%

Knee only

41%

37%

50%

43%

Palpable warmth, refill-test, bony tenderness, crepitus,

Effusion, bony tenderness, crepitus patellar

patellofemoral grinding test

tenderness, alignment, medial-lateral laxity

Hip

Sign of Thomas

NA

Hand

DIP and PIP bony enlargements

DIP bony enlargements

Pain

Pain scale WOMAC

Pain scale WOMAC

Hip only

17%

7%

NA

NA

Knee/ hip pain intensity 0-10 rating scale

Knee pain 0-10 rating scale

Knee and hip

42%

48%

50%

57%

KOOS knee pain and symptoms

No hip or knee pain

NA

37%

NA

NA

NA

NA

Pain intensity (range 0-10)

3 (3-5)

2 (0-3)

< 0.001

3 (2-5)

2 (0-4)

< 0.001

Stiffness

Stiffness scale WOMAC

Stiffness scale WOMAC

Other joint symptoms

Hip pain, stiffness, Foot/toe symptoms

Symptoms of hip, shoulder, elbow, wrist,

Fatigue

Vitality scale of the Short Form 36-item health status survey

Activities

K&L rating score for knee
Grade 0

68%

14%

65%

19%

Grade 1

25%

46%

27%

50%

Grade 2

6%

16%

7%

16%

Grade 3

1%

19%

1%

13%

Grade 4

NA

5%

NA

2%

Grade 0

79%

NA

NA

83%

NA

NA

Grade 1

15%

NA

NA

13%

NA

NA

Grade 2

5%

NA

NA

4%

NA

NA

Grade 3

1%

NA

NA

0%

NA

NA

Pain (range 0-20)

5 (2-7)

1 (0-3)

< 0.001

5 (2-7)

1 (0-3)

< 0.001

Stiffness (range 0-8)

3 (2-4)

1 (0-2)

< 0.001

3 (2-4)

1 (0-2)

< 0.001

Physical function (range 0-68)

14 (7-24)

2 (0-8)

< 0.001

14 (7-24)

3 (0-9)

< 0.001

Paid job/volunteer

53%

70%

52%

79%

47%

30%

48%

21%

Execution of a task or action by an individual

Participation

Involvement in life situation

Working status

Employment, current and past

Employment, current and past

Participants with paid employment were asked whether they

Work disability due to health problems

Functioning scale WOMAC

Complete background of an individual’s life and living situation

personal factors
Age, sex, ethnicity, marital status, residency,
income
Height, weight, education

< 0.001

< 0.001

K&L rating score for hip

would like to change their working environment

Age, sex, ethnicity, marital status, household composition

0.002

NA

Functioning scale WOMAC

Socio-demographic characteristics

< 0.001

hand/finger, ankle, foot/toe

Limitations in activity

Environmental and

Site of pain

45

0.006

range of joint motion of the hip and knee (in degrees) with a

questionnaire (SF-36)

AP | anteriorposterior,
CHECK | Cohort Hip
& Cohort Knee, KOOS
| Knee Outcomes in
Osteoarthritis Survey,
NA | not available, OAI |
Osteoarthritis Initiative,
PA | posterioranterior,
PASE | Physical Activity
Scale for the Elderly,
PFJ | patellofemoral
joint, SF-12 | Short
Form 12-item medical
outcome study, SF-36
| Short Form 36-item
health status questionnaire, TFJ | tibiofemoral
joint, WOMAC | Western
Ontario and McMaster
Osteoarthritis Index.

OAI incidence
cohort

OAI

WOMAC subscales

Height, weight, education

Utility

EuroQol

Quality of life

SF-36

SF-12, KOOS Quality of life

Co-morbidity

List of complaints and diseases

Comorbidity Index

no paid job

Pain coping

Pain Coping Inventory (PCI)

NA

SF-36 subscales (range 0-100)

Fear and depression

Scale form the SF-36: emotional role- functioning

CES-D (depressive symptoms)

Physical function

80 (65-90)

NA

NA

75 (65-85)

NA

NA

Social support

Social Support Scale (SOS)

NA

Physical role

100 (50-100)

NA

NA

100 (38-100)

NA

NA

Physical workload

Based on the Dutch Musculoskeletal Questionnaire

Frequent knee bending activities

Bodily pain

67 (57-80)

NA

NA

67 (57-80)

NA

NA

Physical activity during leisure

Physical activity, qualitative and quantitative

KOOS sport, recreation

Fatigue

65 (55-75)

NA

NA

65 (55-75)

NA

NA

Social function

88 (63-100)

NA

NA

88 (63-100)

NA

NA

Fear and depression

100 (100-100)

NA

NA

100 (100-100)

NA

NA

Mental health

80 (68-88)

NA

NA

80 (68-88)

NA

NA

PCS

47 (40-51)

53 (46-56)

< 0.001

47 (40-51)

53 (46-56)

< 0.001

Present employment

< 0.001

< 0.001

Psychological factors

Physical activity (PASE)
Limitation of activity due to knee symptoms
Health care use

Medical consumption, to have and use aids

Medication consumption

Lifestyle

Tobacco, alcohol use

Tobacco, alcohol use

MCS

55 (50-59)

55 (50-58)

0.4

55 (50-59)

55 (49-58)

0.3

Changes in feeding habits

Dietary nutrient intake

EuroQol Utility

0.7 (0.7-0.8)

NA

NA

0.7 (0.7-0.8)

NA

NA

Median values with 25th75th percentiles between
brackets and categorical
variables as percentages (%) are given.
BMI | body mass
index, K&L | Kellgren
and Lawrence grade,
WOMAC | Western
Ontario and McMaster
Universities OA index
with higher scores indicating worst health,
SF36 | Short Form 36item health status survey
questionnaire with higher
score indicating a better
health related quality
of life, PCS | Physical
Component Scale, MCS
| Mental Component
Scale (in CHECK both
scales calculated without
general health scale), NA
| not available /applicable

3. Similarities & differences

was used; item responses range from ‘none’ to
‘extreme’ and are summed to produce subscales (pain
0-20, stiffness 0-8, functioning 0-68) with higher
scores indicating worse health.

Activities

load and economic consequences were assessed
with the Dutch musculoskeletal questionnaire and
the questionnaire ‘economic aspects in rheumatoid
arthritis, respectively.26,22

The womac was used to assess physical functioning
(17 items).18,19

Participation
Fatigue was assessed with the vitality subscale
of the Short Form 36-item health status survey
questionnaire (sf-36). This questionnaire is a generic
instrument yielding scores on eight scales, with two
summary scores, the physical component summary
(pcs) and the mental component summary (mcs). The
physical functioning, role limitations due to physical
health and bodily pain, scale contributes most to the
scoring of the pcs. The mental health, role limitations
due to emotional problems and social functioning
scales contributes most to the mcs. These summary
scores of the sf-36 are equivalent to the summary
scores of the sf-12,20 as used in the oai. Scores on
the scales range from 0 to 100, with a higher score
indicating a better health-related quality of life.21

To assess the involvement in life situation, the
employment and the leisure activities were measured
with the questionnaire from the Patient Panel Chronic
Diseases (The Netherlands Institute for Health
Services Research; nivel) and the questionnaire
‘economic aspects in rheumatoid arthritis.22

Each 3 months, the 10 institutes were visited by a
single central coordinator to support complete and
accurate data gathering.

Osteoarthritis Initiative
All details of the oai are available on the internet
(http://www.oai.ucs.edu). In short: Individuals were
eligible if they had or were at risk for symptomatic
tf knee osteoarthritis and aged between 45 and 79
years. Individuals with inflammatory arthritis, bilateral end-stage knee osteoarthritis, inability to walk
and contraindication for magnetic resonance imaging
were excluded. Recruitment of 4,796 individuals was
realised from March 2004 to May 2006. At baseline
the cohort was divided into two subcohorts, one
with symptomatic knee osteoarthritis (defined as
in at least one knee frequent knee symptoms and

Environmental factors and personal factors
Table 1 provides an overview of the environmental
and personal factors collected at baseline.
Co-morbidity was assessed with a standard
consensus-based list.23 Pain-coping behaviour was
measured with the pain coping inventory, assessing
both behavioural and cognitive coping strategies.24
To assess a person’s distress and fear, a subscale of
the sf-36 was used. Social support was measured
with the Dutch ‘Social support scale’.25 Physical

p<0.0001

radiographic tf knee osteoarthritis, defined as k&l
≥2; progression cohort) and a second cohort of 3,285
individuals without symptomatic knee osteoarthritis,
selected on the basis of having specific characteristics that give them an increased risk of developing
symptomatic knee osteoarthritis (incidence cohort).
For the incidence cohort age-specific eligibility
criteria were defined. Individuals aged 45-49 were
eligible when they had frequent knee symptoms, or
made frequent use of medication for the treatment of
knee symptoms or had infrequent knee symptoms,
and in addition had one or more other eligible risk
factor such as knee injury, knee surgery, overweight,
positive family history, etc. Individuals aged 50-69
were eligible if they had frequent knee symptoms, or
made frequent use of medication for the treatment
of knee symptoms, or were overweight, or had two or
more of the eligible risk factors.
At baseline materials for identification of joint
imaging, biomarkers, and genetic markers were
collected. Also data on the clinical and joint status of

p<0.0001

45
40
35

80

80
p<0.0001
p<0.0001
p<0.0001
p<0.0001

60

60

CHECK
CHECK
OAI-incidence
OAI-incidence
CHECK-knee
CHECK-knee
OAI-subgroup
OAI-subgroup

70

25

60

20
15

p<0.0001 p<0.0001

CHECK
OAI-incidence
CHECK-knee
OAI-subgroup

20

20
0
K&L 0-1
K&L 0-1

K&L ≥ 2
K&L ≥ 2

50
40
ns

30

ns

p<0.0001 p<0.0001

10

40

40

0

30

SF-36/12 scores

WOMAC sub-scores

percentages of participants
percentages of participants

100
100

p<0.0001
p<0.0001
p<0.0001
p<0.0001

20
CHECK
OAI-incidence
CHECK-knee
OAI-subgroup

5
0
pain

stiffness

functioning

p<0.0001

p<0.0001

10
0
PCS

MCS

figure 1 | Comparison of radiographic joint damage between

figure 2 | Comparison of the three Western Ontario and McMaster

figure 3 | Comparison of the physical component summary scale

figure 4 | Schematic presentation of the hypothesis as put

Cohort Hip & Cohort Knee (check) and Osteoarthritis Initiative

osteoarthritis Index (womac) subscales for pain, stiffness and

(pcs) and mental component summary scale (mcs) of the Short

forward in the discussion explaining the (apparent) discrepancy

(oai) and their subpopulations at baseline. The bars depict the

functional disability between Cohort Hip & Cohort Knee (check)

Form 36-item health status survey questionnaire (sf-36/12)

between both cohorts with respect to pain and joint damage.

percentage of knees with a Kellgren and Lawrence (k&l) score of

and Osteoarthritis Initiative (oai) and their subpopulations

between Cohort Hip & Cohort Knee (check) and Osteoarthritis

0-1 and a k&l ≥ 2. P values for statistical comparison are given.

at baseline. Box- whisker plot (median and 25th-75th

Initiative (oai) and their subpopulations at baseline. Box whisker

percentiles) and p values are given. A higher score indicates

plot (median and 25th- 75th percentiles) and p values are given.

more pain, stiffness, and problems in physical functioning.

A higher score indicates a better health-related quality of life.
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In the present report baseline check data of the
entire cohort were compared with data of the
oai incidence cohort. To make the cohorts more
comparable, in addition, check participants with
knee problems (excluding those with exclusively hip
problems; n=829) were compared with participants
of the oai incidence cohort within the same age range
(45-65 years) who had at least frequent or infrequent
knee symptoms excluding those who e.g. just had
overweight without symptoms and excluding those
who had previous knee surgery (n=1,578).

Despite the limited number of participants with
radiographic knee osteoarthritis in check, 76% of the
patients with knee symptoms could be diagnosed
as osteoarthritis according to the clinical American
College of Rheumatology criteria for the classification of osteoarthritis.1,2 Only a minority of check
participants with hip symptoms (24%) fulfilled the
clinical classification criteria of hip osteoarthritis.

Statistical analyses
Baseline characteristics of both cohorts are presented
using descriptive statistics: median and 25th-75th
percentiles or percentages. Differences between
groups are analysed using Mann Whitney U-tests or
the χ2 test, when appropriate.

The evident difference in radiographic joint damage
between both cohorts was not accompanied by a
similar difference in pain and physical function. On
the contrary, as shown in figure 2, on each of the
womac subscales participants of check presented
with more pain, stiffness, and problems in function
than patients in the oai. This was observed for the
whole cohorts as well as the subgroups of both
cohorts (all p‹0.0001). Women reported more pain
and functional disability than men, which was almost
identical with the oai (all p‹0.05; data not shown).

Results
More than 75% of participants were selected based
on advertisement including website. The baseline
characteristics of the participants from check and the
relevant populations of the oai are presented in table
2. With respect to radiological osteoarthritis (k&l
score) and health status there were some striking
differences between the cohorts.
Radiographic joint damage was clearly more notable
in the oai compared with check (table 2). In figure 1
the percentage of participants with a knee k&l grade
0-1 and ≥ 2 is depicted. Based on the definition of k&l
grade ≥ 2, at baseline only 7% of check participants
had radiographic knee osteoarthritis compared with
40% in the oai incidence cohort (p‹0.0001). Evidence
for radiographic hip osteoarthritis was only present
in 7% of the participants of check. The significant
difference in knee k&l grade was also clear when
the subgroups of both cohorts were compared (8%
and 32%; p‹0.0001). Even when the participants with
k&l grade 4 were omitted from the calculations, the

The specific difference in physical function,
contrasting the radiographic difference between both
cohorts, was underscored by the difference in pcs
in contrast to mcs of the sf-36/12 scale (figure 3);
check participants scoring less than patients from
the oai (p‹0.0001) for the pcs but not for the mcs (not
significant). Also for these scales, in both cohorts
women scored worse compared to men (all p‹0.05;
data not shown).

Discussion
The check study is the first prospective 10 year
follow-up study of osteoarthritis in an early phase of
the disease that combines biological, psychological,
and social aspects of osteoarthritis. Radiographic
knee osteoarthritis was present only in a small
number of the check participants when compared
with the oai. In contrast, the participants in check
had more pain, more stiffness, more limitations in
activities, and a worse health status. The worse

clinical health status is supported by the use of pain
medication: At baseline, only 9% of the participants
in oai had taken any pain medication, whereas this
was 46% for check (data not shown). Other characteristics such as body mass index or gender appeared
not explanatory for this observed characteristic
difference between both cohorts (data not shown).
It could be that the difference in radiographic joint
damage between both cohorts is due to differences
in implementation of the k&l grading method.
However, grading of a random sample of the oai
knee radiographs by those who performed the
grading for check, excluded this possibility (data not
shown). Although not expected to be explanatory, it
should be kept in mind that radiographs were taken,
although according to standard protocols, in 10
different centres, whereas in the oai only 4 centres
are involved. It can not be ruled out that the social,
cultural, and healthcare system differences between
the us and Europe, in particular The Netherlands,
account for (part of ) the difference in reported health
status. Also differences in inclusion between both
cohorts can not be ruled out.
The oai incidence cohort is recognized as an early
osteoarthritis cohort. Taking the radiological findings
into account, we conclude that check was started in
an even earlier phase of the disease compared with
the oai. Although this is apparently in discordance
with the more severe clinical symptoms, the relation
between radiographic damage and clinical symptoms
has never been clear27 and is subject of study in
both cohorts. Therefore, it is hypothesised that in
the early phase of osteoarthritis pain, stiffness, and
disability (of still unknown origin) are prominent,
and, not yet accompanied by radiographic findings
of osteoarthritis (check). In the subsequent phase
(oai) patients are coping with the pain and physical
disability, leading to a decrease in report of these
characteristics, while independently (or maybe as a
consequence) structural changes, visible on radiographs, develop. In other words earlier recruitment
of patients may carry more perceived symptoms of
osteoarthritis (as also seen in rheumatoid arthritis),
while in a later stage coping with a new disease may
ameliorate symptoms (figure 4). In the final course
of the disease the structural (radiographic) changes
progress and lead to further pain and disability. It
should be taken into account that in addition, several

other factors, as described in the icf model, may
add to the apparent discrepancy observed between
pain and structural joint damage over time.28 Our
hypothesis can be tested in future follow-up of
patients in both cohorts, in particular those with the
more severe complaints (still) without radiographic
joint damage. If it appears that the check population
with respect to pain and joint damage, independent
of factors like, social background, healthcare
system differences, cultural difference, variance in
methodology etc, follows the oai population, then our
hypothesis may hold true. Of course other factors,
independent of symptoms and joint damage, need to
be evaluated regarding observed differences between
both cohorts, as such giving both cohorts their
surplus value. —

The participants in CHECK had more
pain, more stiffness, more limitations in
activities and a worse health status.

difference in severity of radiographic joint damage
between both cohorts remains evidently significant.
This difference in severity of joint damage between
both cohorts was not based on differences in gender
(data not shown).

Fewer participants in CHECK
had radiographic knee OA
compared with the OAI.

3. Similarities & differences

subjects and on risk factors for the progression and
development of knee osteoarthritis were collected
by questionnaires and examination (categorised
according to the dimensions of the icf depicted in
table 1).
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4. Worsening of pain

Abstract
Objective

To analyse the relation of joint damage on
evolution of pain and physical functioning in two
different cohorts of early phase of osteoarthritis
(oa): Osteoarthritis Initiative (oai) and Cohort Hip
& Cohort Knee study (check).

Methods

Longitudinal data of 4 to 5 years follow-up
(= medium term) of check study and oa Initiative
were used. Western Ontario and McMaster
Universities Osteoarthritis Index (womac) was
utilized to measure pain and physical functioning.
For comparison with check a subgroup of the oai
Incidence cohort was selected Generalized
estimating equations (gee) were used and all
models were adjusted for gender, bmi, age,
amount of working hours, racial background and
hip pain at baseline. Finally, an interaction term
was added to assess a possible differential effect
of radiological progression on evolution of pain
and function in the two cohorts.

Results

Conclusions

At baseline check had less radiographic oa
(k&l ≥ 2) compared to oai Incidence subgroup,
but at follow-up check had more radiographic
change (51% us 15% ≥1 k&l point increase;
p‹ 0.001). Over 4 years of follow-up, evolution
of pain and physical functioning remained fairly
stable in both cohorts, however at different
levels: oai participants had less pain and less
problems with physical functioning compared
to check participants. Both cohorts showed the
same negative effect of rapid radiological change
(k&l change of 2 points) on pain and physical
function.
In participants with ‘early symptomatic oa’ rapid
radiological change (change of ≥2 grades of k&l
in 4 or 5 years) is related to worsening of pain and
function.
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Methods
Design and study population of check
From October 2002 till September 2005 a cohort
was formed of 1,002 participants with pain and/
or stiffness of knee and/ or hip. The study was
approved by the medical ethics committees of the 12
participating centres, and all participants gave their
written informed consent before entering the study.
A complete description of the check study has been
reported elsewhere.3 Individuals were eligible if they
had pain or stiffness of knee or hip, were aged 45-65
years, and had not yet consulted their physician for
these symptoms, or the first consultation was within
6 months before entry.3 For the analyses in this study,
only longitudinal data on medium term of check
participants with knee pain at baseline were included,
irrespective of their annual or variable schedule to
visit the study centre.

Design and study population of oai
From March 2004 to May 2006 the oai cohort was
formed and divided into two sub cohorts: progression
cohort and an incidence cohort. For the incidence
cohort age-specific eligibility criteria were defined. All
details of the oai are available on the internet (http://
www.oai.ucs.edu). For the present study longitudinal
data on medium term was used of participants within
age range 45-65 years, which had at least frequent or
infrequent knee symptoms, excluding those that had
overweight without symptoms and excluding those
that had previous knee surgery.

Knee pain is often the first sign of knee
osteoarthritis (oa)1 and it is known that its
evolution can be very different between patients.
Besides pain, oa causes on the long term decline in physical function.2 Studies to
analyse the natural evolution of pain and physical function in the early stage of oa are
sparse. Osteoarthritis Initiative Incidence cohort (oai) and Cohort Hip & Cohort Knee
study (check) focus both on the early phase of oa; we compared baseline characteristics of both cohorts and described that at baseline radiographic knee oa was
more present in oai-Incidence subgroup compared to check knee pain group. This
radiological observation is in discordance with the more severe clinical symptoms
reported by the check participants. Discrepancies between radiological findings and
clinical symptoms in oa are well described, but the actual relation between radiographic damage and clinical symptoms over time has never been clear and is subject
of this study in both cohorts.3 The present study aims to identify the evolution of pain
and physical functioning on medium term in these different oa cohorts and to analyze
the relation of structural damage with this evolution.

Outcome variables
Evolution of pain and physical functioning over
medium term was assessed with the womac (Western
Ontario and McMaster Universities Osteoarthritis
Index) questionnaire. The womac4-6 is a disease
specific questionnaire with well-known and good
clinimetric properties and recommended by
omeract.7,8 The five point Likert version of the womac
was used; item responses range from ‘none’ to
‘extreme’ and are summed to produce subscales (pain
0-20, functioning 0-68) with higher scores indicating
worse health. In both cohorts the womac pain and
physical function were assessed at baseline and at
follow-up after 1, 2, 3 and 4 years. check assessed
per participant a womac score for pain and physical
problems; they were asked to answer the womac for

their knee as well as hip complaints together. oai
assessed per knee per participant a womac score
for pain, and physical function. In the analyses the
highest womac score of the oai participant is used.

Independent variables
In both cohorts, at baseline and at follow-up,
posterior-anterior weight-bearing radiographs of
both tibio-femoral joint were obtained to assess
radiographic oa features of the knee. Follow-up time
for the radiographs was in check 5 years and in oai
4 years. All views were scored according to Kellgren
& Lawrence (k&l) and original description of k&l
criteria was used.9 For each knee the radiographic
change from baseline to follow-up was measured and
the greatest radiographic change in one of the knees
was used in the analyses. Severity of radiographic oa
at baseline was defined as the worst knee, defined by
the knee with higher k&l grade.1
The radiographs of check were scored by trained
observers independently. check readers scored all
consecutive radiographs at the same time knowing
the sequence (baseline, 2 year and 5 year). oai
readers know the true baseline visit X-ray, but were
blinded to the chronological order of follow-up visits
(12 month, 24 month, 36 month and 48 month), with
grouped images from all available time points viewed
simultaneously. All readers were blinded to the
clinical data of the participant.

Statistical analyses
In the present report check participants with knee
problems (excluding those with exclusively hip
problems) were compared with participants of the oai
incidence cohort within the same age range (45-65
years). All analyses were performed in the participants of check and oai who had data of at least 2
visits (check n= 805; oai n= 1,483). The post-surgery
womac data of participants who underwent total knee
replacement during 4 or 5 year follow-up were coded
as missing. Baseline characteristics of both cohorts
are presented separately using descriptive statistics:
mean or percentages. Differences between cohorts
are analysed using T-tests or Chi-Square test, where
appropriate.
To analyse the evolution of pain and function in the
two oa cohorts, we selected participants in both
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To investigate the longitudinal relationship between
change in pain and function and the independent
variables of two oa cohorts, generalized estimating
equations (gee) were carried out. The correction
for dependency of the individual observations is
performed by assuming a working correlation structure; an exchangeable structure was used. To assess
differential effects between the two cohorts’ data
of check and oai were merged into one dataset. To
analyse the evolution of pain and function over time,
time variable is added to the gee model. The linearity
of the relationship between these outcomes and time
is analysed by adding time2 to the gee model. In a
quadratic relationship, or another non- linear relationship between outcome and independent variable, the
independent variable is included in the model as a
categorical variable.
All gee models were adjusted for gender, bmi, age,

3). In both cohorts increase of 2 and 3 grades of k&l,
were combined as k&l≥2, as a result of low numbers
of 3 grades increase of k&l.
In check knee subgroup there were after five years of
follow-up 33 joint replacements (17 hip- and 16 knee
replacements) performed and in the oai Incidence
subgroup after 4 years 30 replacements (18 hip- and
12 knee replacements). In the subgroup with k&l 0
or 1, the number of replacements in check was the
same; in oai there were only 12 hip replacements
performed.

amount of working hours, racial background and
hip pain at baseline. Finally, possible differential
effects of radiological joint damage on the evolution
of pain and physical functioning in both cohorts was
investigated by introducing the interaction term ‘max
k&l change x cohort’.

Results
Patient population
At baseline 805 check participants had knee pain
and data of at least two visits. The subgroup of oai
Incidence cohort consisted of 1,483 participants
(figure 1). The characteristics of both cohorts are
given in table 1. At baseline check knee subgroup
had less radiographic oa (k&l ≥ 2) and more pain
and function problems compared to oai Incidence
subgroup. During follow-up check participants
developed more radiographic changes (51% us 15%
k&l grade change ≥1; p‹0,001), with constant mean
scores of pain and function over time (figure 2 and

Effect of change in joint damage in
evolution of pain and function
In table 2 univariate beta coefficients of variables
which are included in the multivariate longitudinal
model are presented. There was an univariate
association of radiological change from baseline
to follow-up with pain and physical functioning.
Compared to no radiological change, the pain and
function score increase with more radiological change
from baseline to follow-up.

In table 3 the results of the longitudinal regression
model with evolution of pain as outcome variable are
presented. There was a slight decrease of pain over
time for the total group (oai and check together),
but at a lower level of 2.6 points in oai participants
(less pain). In the model with evolution of function
as outcome variable, there was over time a slight
decrease of physical function in the total group,
but at a lower score for function of 9.7 points in oai
participants (better function). The results presented
in table 3 indicate that in all participants for example
first year of follow-up is associated with a 0.3 lower
pain score compared to baseline pain score; besides
that, an oai participant has a 2.6 lower pain score
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compared to a check participant.
In the total group a significant association of the
radiological change with evolution of pain and
function was noted. The pain or function score of
participants with a radiological k&l change of 1
point compared to those without changes was not
influenced by this change in radiological damage. In
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figure 1 | Flow diagram from the baseline study

figure 2 | Number of participants with radiological changes

figure 3 | Mean scores (with standard deviations) at baseline,

population selected for the present study

(∆0 – ∆3 points) from baseline to follow-up by baseline k&l score

after 1,2,3 and 4 years follow-up on womac pain and physical

in check and oai participants with k&l 0 or 1 at baseline

function scale of participants with k&l 0 or 1 at baseline. Higher
scores indicates more pain and physical function problems
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cohorts with k&l grade 0 or 1, because only these 2
grades were present at baseline in both cohorts.
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table 1| Baseline demographic and disease
characteristics in check knee subgroup with ≥ 2 visits,
oai-incidence subgroup with ≥ 2 visits, check knee
subgroup with k&l grade 0 or 1 at baseline and oaiincidence subgroup with k&l grade 0 or 1 at baseline

table 2| Univariate regressions in check and oai
participants adjusted for age, bmi, gender, working
hours, racial background and hip pain at baseline
in participants with k&l score 0 or 1 at baseline
WOMAC pain evolution

CHECK-knee

OAI Incidence

p-value

K&L 0/1 at

K&L 0/1 at

subgroup

subgroup

n

805

1483

Age in years

56 (5)

56 (6)

0.9

Gender, female (%)

80

64

BMI, kg/m2

25 (7)

28 (5)

p-value

baseline CHECK

baseline OAI

714

930

56 (5)

55 (6)

0.003

< 0.001

80

62

< 0.001

< 0.001

26 (7)

28 (5)

< 0.001

WOMAC function evolution

Beta

CI

p-value

Beta

CI

p-value

Time (per year)

-0.1

-0.1 – -0.02

< 0.001

-0.3

-0.4 – -0.2

< 0.001

Time2

-0.01

-0.02 – -0.008

< 0.001

-0.04

-0.06 – -0.02

< 0.001

Cohort (CHECK=0; OAI=1)

-2.6

-2.8 – -2.3

< 0.001

-9.5

-10.5 – -8.5

< 0.001

Max K&L change T4-T0
Educational level (%)

0.006

0.001

∆ score = 0

Reference

Primary school

3

2

3

2

∆ score = 1

0.7

0.4 – 1.1

< 0.001

3.1

1.8 – 4.4

< 0.001

Secondary school

71

65

71

64

∆ score = 2 and 3

1.2

0.7 – 1.7

< 0.001

4.6

2.7 – 6.5

< 0.001

High prof. education/ univ.

26

33

26

34

Overall

White or Caucasian

97

77

97

79

Black or African American

1

19

1

18

Asian

2

1

2

1

Racial background (%)

Reference

< 0.001

< 0.001
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WOMAC | Western
Ontario and McMaster
Universities OA Index,
CI | confidence interval
Negative beta values =
decrease in WOMAC
pain evolution or
WOMAC function
evolution (better health).

< 0.001

Other, non-white

2

< 0.001

2

Hip pain (%)
No pain

50

43

Yes pain

50

57

49

42

51

58

Grade 0

48

43

Grade 1

52

49

68

21

52

32

K&L rating score for knee (%)

0.002

0.003

< 0.001

Grade 2

28

Grade 3

6

Grade 4

1

table 3| Regression model adjusted for age,
bmi, gender, working hours, racial background
and hip pain at baseline in participants
with k&l score 0 or 1 at baseline

< 0.001
WOMAC pain evolution

Intercept

Pain (range 0-20)

5 (3)

3 (3)

< 0.001

5 (3)

3 (3)

< 0.001

Stiffness (range 0-8)

3 (2)

2 (2)

< 0.001

3 (2)

2 (2)

< 0.001

Physical function (range 0-68)

Beta

CI

p-value

Beta

CI

p-value

5.8

4.0; 7.6

< 0.001

14.3

8.0; 20.5

< 0.001

Time

WOMAC subscales

Mean values, standard
deviation between
brackets and categorical
variables as percentages
(%) are given.
BMI | body mass
index; K&L | Kellgren
and Lawrence grade,
WOMAC | Western
Ontario and McMaster
Universities OA index
with higher scores indicating worst health;
p values are given.

WOMAC function evolution

16 (12)

9 (10)

Present employment (%)

< 0.001

16 (12)

8 (10)

< 0.001

< 0.001

Baseline

Reference

1 year

-0.3

-0.5 – -0.2

< 0.001

Reference
-0.8

-1.2 – -0.4

< 0.001

2 year

-0.4

-0.6 – -0.3

< 0.001

-1.2

-1.7 – -0.8

< 0.001

3 year

-0.4

-0.6 – -0.3

< 0.001

-1.0

-1.5 – -0.5

< 0.001

4 year

-0.4

-0.5 – -0.2

< 0.001

-1.0

-1.5 – -0.5

< 0.001

overall

No paid job/volunteer?

46

22

46

20

> 36 hour work/week

11

23

11

60

8-36 hour/week

43

55

43

20

< 0.001

< 0.001

< 0.001
Cohort (CHECK=0; OAI=1)

-2.6

-3.0 – -2.3

< 0.001

-9.7

-10.7 – -8.6

< 0.001

Max K&L change T4-T0
Healthcare provider consultation < 3 months ago for knee complaints (CHECK)

∆ score = 0

Reference

or seeing a healthcare provider for knee arthritis (OAI) (%)

∆ score = 1

-0.2

-0.5 – 0.2

0.3

-0.1

-1.3 – 1.1

0.9

∆ score = 2 and 3

0.8

0.3 – 1.3

0.002

3.0

4.8 – 11.1

0.001

Yes

46

3

No

54

97

< 0.001

46

2

54

98

< 0.001

Overall

Reference

0.002

0.003

WOMAC | Western
Ontario and McMaster
Universities OA Index,
CI | confidence interval
Negative beta values =
decrease in WOMAC
pain evolution or
WOMAC function
evolution (better health).
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participants with a k&l change of at least 2 points
compared to those with zero k&l change, a reinforcing association with evolution of pain (increase of
pain) and function (decline of function) was observed.
The interaction term: ‘max k&l change x cohort’ for
the outcome pain and function was not statistically
significant (overall effect with p-value 0.2). This
indicates that no differential effect of change in joint
damage from baseline to follow-up on the evolution of pain and function between check and oai
participants was observed.

Discussion
The objective of our study was to identify the
evolution of pain and physical functioning on medium
term in two different oa cohorts (check and oai)
and especially to analyze the relation of structural
damage with this evolution. Participants of check and
oai included for the analysis were aged 45-65 years,
had knee pain at baseline and had at baseline k&l 0
or 1. It can be concluded that in the total groups the
evolution of pain and physical function remains fairly
stable over medium term in participants with early
symptoms of symptomatic oa in the Netherlands as
well as in the us. It was noted that the level of these
outcome variables are different: oai participants had
less pain and less problems with physical functioning
compared to check participants. In literature others
also described a stable course of limitations in
activity over a period of 5 years. At individual level a
considerable variation (indicated by large standard
deviations of the change scores) was found.10,11 Also in
check and oai considerable individual variation was
found.
From baseline to follow-up, half of the check
participants showed radiological change of at least
one k&l grade and in the oai only one sixth of the
participants showed radiological change of at least
one point. In literature change of k&l grade is divided
into incidence and progression, both with different
definitions. Incidence is defined as a change from k&l
grade 0 to grade ≥ 1 or more from baseline to followup. Progress is defined as a change from k&l 1 to any
higher grade.1 This definition differs from a definition
by Felson, who defined incidence as new-onset k&l

grade 2 and progression when k&l grade increases
(≥2) or joint replacement occurs.12 Additionally, it is
described that knees that are progressing are far
more likely to continue to progress than knees which
have been stable in terms of structural deterioration:
state of inertia.13 In this study, when we used the
first definition of incidence and progression, there
were 16% in check and 4% in oai who changed from
k&l grade 0 to grade ≥1, so have incidence knee
oa. In check 34% of participants with k&l grade ≥1
progressed, compared to 6% of oai participants.
According to Felson’s definition much lower percentages were found in incidence.
Importantly, in this study we found an association
between radiological change and the evolution of
pain and function, which was comparable between
both cohorts. These findings suggest it was not
so much the presence of joint damage at the knee
that was important for the evolution of pain and
function, but rather the worsening of joint damage
on medium term. A limited radiographic change of
1 point in k&l grade did not have an association
with the evolution of pain and function. This limited
change could be characterized as slow progression.
However, an increase of 2 points or more in k&l grade
is associated with more pain and function problems.
Apparently there must be a larger change in structural
deterioration to have effect on the evolution of
pain and function. This radiological change could
be characterized as rapid progression. In literature
it has been suggested that individuals with slow
progression could have more opportunity to adapt to
the changes in physiology and decreases in pain.14
The reported differences in pain and function levels
could not be explained by difference in bmi, age,
gender, working hours, racial background or hip pain
at baseline. The approaches to recruit participants
differed slightly: only 6% of the check participants
were recruited by a healthcare provider, compared
to 1% in oai. Further, it cannot be ruled out that
the social, cultural, and health care system differences between the us and Europe, specifically the
Netherlands, account for (part of ) the difference in
reported womac levels. There are factors which could
limit the relevance of the findings of this study. First
the follow-up time for radiological change is slightly
different between the cohorts. Radiological change
in check is measured after 5 years and in oai after

4 years. It is unlikely that the observed radiological
change between the cohorts can be caused by a
difference of 1 year follow-up. The difference in
radiological change is probably caused by a higher
frequency of participants with k&l 1 at baseline in the
check group. Knees with grade k&l 1 have a higher
chance to progress in comparison to k&l 0.15,16
Second, the reading of the X-rays in the us is
performed by other readers than the readers who
performed the reading in the Netherlands. Both
groups used the same original description of k&l,
however it is known that cohort studies disagree
between each other on the interpretation of grading
according to k&l.17 Importantly, in both cohorts it
was known if the X-rays represented baseline or
follow-up, and in both cohorts they were read in a
paired fashion. It has been suggested that progression might be overestimated when reading paired
radiographs with sequence known, but that effect
was similar in both cohorts.18
Third, there were missing data in the longitudinal
data of the womac. The advantage of gee is, that
subjects with missing womac data are not excluded
from the analyses and imputation methods are
not necessary to analyse longitudinal dataset with
missing data.19 The baseline characteristics of the
included check participants were compared with
check participants who were excluded from this
study, because they had only one visit or a missing
radiograph. There was no statistical significant
difference between these variables (data not shown).
Also baseline characteristics of the included oai
participants were compared with the oai participants
who were excluded for the same reason in this study.
At baseline there was a difference, the excluded
participants had more pain (mean 3.5 with sd 3.4)
and more functional problems (mean 10.7 with sd
10.9). Besides, this group consisted of a different
racial background (28% black) and a differential
education level (4% primary school). The other
baseline variables were not different. So, it could be
that the level of pain and function evolution of the
excluded oai participants is higher than the level
of the included oai participants. However baseline
values of pain and function of the excluded oai
participants is still lower than the level of the check
participants.

Besides these possible methodological limitations,
there are other variables that are related to evolution of pain and functional problems. People vary
in their reporting of pain and their pain related
behavior; however in this study only severity of pain
and physical function are analyzed. It should be
interesting to evaluate different aspects of pain itself,
and for example to evaluate intermittent and constant
pain.20,21 However, this is not possible in this report,
because the icoap (measure of intermittent and
constant oa pain) is not measured in check and oai
at baseline. It would also be interesting to analyze
the use of different coping strategies between
oai and check, because lower levels of pain and
function could be caused by better coping strategies.
Unfortunately coping was not measured in oai. Also
of interest are the comorbidities, since they may
have a negative effect on pain and physical health
status.22 Unfortunately, comorbidities were measured
in both cohorts using different questionnaires. This
underscores the importance of international, common
databases which consist of the same items measured
at the same time points. Hopefully, in future answers
can be given which factors contribute to the observed
difference in evolution in pain and function between
check and oai.
We conclude that on average in patients with early
symptomatic oa pain and physical function remain
fairly stable over 4 to 5 years, and especially in
participants with a slow progression (radiological
change of k&l grade 1). In participants with a rapid
progression (radiological change of k&l grade ≥2)
pain will increase and function will decline. For
the physician, these findings, which are based on
analyses on groups’ level, may provide a legitimation
for symptomatic treatment. —
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5. Impact of comorbidities

Abstract
Objective

To describe the relationship between comorbidity
(absolute number as well as the presence
of specific comorbidities) and pain, physical
functioning and mental health status of
participants with early symptomatic oa of hip or
knee.

Methods

In the Netherlands a prospective 10-year
follow-up study was initiated by the Dutch
Arthritis Association in participants with early
symptomatic oa of hip or knee: check (Cohort
Hip & Cohort Knee), which consists of 1,002
individuals. At baseline, linear regression
analysis was used to determine the influence of
comorbidity on the outcome variables: Western
Ontario and McMaster Universities Osteoarthritis
Index (womac) pain, womac physical functioning,
Medical Outcomes Study Short Form 36 (sf-36)
Physical Component Summary and Mental
Component Summary.

Results

Of 979 subjects, 67% reported one or more
comorbidities. After controlling for age, gender,
social status and severity of radiographic oa
(Kellgren and Lawrence score), back disorders
have the largest effect on womac pain, physical
functioning, and one of the largest effects on
physical status of sf-36, besides obesity. Mental
status was negatively influenced by the additional
presence of duodenal ulcer, thyroid disease, and
migraine or chronic headache.

Conclusions

In early stage of oa, the presence of additional
problems in the musculoskeletal system and
of obesity have a negative effect on pain and
physical health status. Also mental status is
affected in early symptomatic oa by the presence
of specific comorbidities. Comorbidity should be
assessed and treated to improve the burden of
illness of patients with early symptomatic oa.
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Methods
Study design

OA is the most common diagnosis made in elderly
patients with knee or hip pain. The prevalence of many other
disabling conditions increases with age and (with increasing age) many chronic
conditions occur together with oa.1,2 oa has a very high rate of comorbidities1,3 and
patients with oa are significantly more likely to have comorbidity than non-oa patients.4
In a large representative network of general practices, the Netherlands Information
Network of General Practice (linh), 75% of the oa patients aged ≥ 55 years had one or
more comorbid diseases. Twenty-seven per cent of these patients had chronic disorders
of the neck or back.5 Combinations of back disorders with oa and hypertension with
oa are most reported in absolute values.6,7 The consequences of combinations of
specific diseases and oa are diverse and not very well known. Previous research in
oa patients,1,8-10 has shown that the number of (co)morbidities (‘comorbidity count’) is
associated with limitations in activities and perceived health. Although the majority
of studies on comorbidity have focused on ‘comorbidity count’ only, it was found that
specific (combinations of ) chronic diseases have a different influence on physical
functioning.8,9,11-13 With regard to mental functioning, it is reported that mental health
deteriorates less than physical health with increasing comorbidity and remains
relatively high and stable.12,13 Other disease characteristics, such as illness duration
and disease stage or activity, may be more important for mental health than the type
or number of comorbidities.11 None of the former studies assessed the impact of the
presence of specific diseases and complaints of patients in the early stage of oa.
Studying comorbidity in this early phase of oa is important, because it influences the
burden of illness of oa for a large part. Health gain can be achieved by prevention or
early recognition and adequate treatment of comorbid diseases, especially in the early
stage of oa. Therefore it is necessary to further increase our knowledge of comorbidity
in patients with early symptomatic oa. This might enable us to define strategies to
prevent a further negative effect on the symptoms of oa. The objective of the present
report is to describe the relationship of comorbidity (absolute number as well as the
presence of specific comorbidities) with pain, physical and mental health status of
participants with early symptomatic oa of knee or hip.

For the current cross-sectional evaluation, baseline
data of the check (Cohort Hip & Cohort Knee) study
were used. The check study is a Dutch prospective
10-year follow-up study, initiated by the Dutch
Arthritis Association, to study progression of oa in
participants with early symptomatic oa of knee or
hip. This multicentre study (10 centres across the
Netherlands) was approved by the medical ethical
committees of all participating centres, and all
participants gave their written informed consent
before entering the study. Participants were recruited
by general practitioners and through advertisements,
articles in the local newspapers and on the website.
A complete description of the check study has been
reported elsewhere.14

Study population
Individuals were eligible if they had pain or stiffness
of knee or hip, were aged 45-65 years, and had not
yet consulted their physician for these symptoms, or
the first consultation was within 6 months of entry.14
Exclusion criteria were any non-oa condition that
could explain the existing complaints (e.g. other rheumatic disease, previous hip or knee joint replacement,
congenital dysplasia, osteochondritis dissecans, ia
fractures, septic arthritis, Perthes’ disease, ligament
or meniscus damage, plica syndrome, Bakers cyst).
The physicians assessed by protocol a physical
examination to exclude any non-oa condition.

Outcome variables
Pain and physical functioning were measured using
two subscales of the Western Ontario and McMaster
Universities Osteoarthritis Index, (womac), which
is a disease-specific self-report questionnaire with
subscales ranging from 0 to 100 and higher scores
indicating worse health.15,16 The 5-point Likert version
of the womac was used. Besides mental health
status, physical status (physical functioning) is also
measured with the Medical Outcomes Study Short
Form 36 (sf-36). This is a generic instrument with
eight scales and two summary scores (scales range
from 0 to 100 with higher scores indicating a better
health status), the Physical Component Summary
(pcs) and the Mental Component Summary (mcs).17
Country-specific scores have been established to

interpret scale scores. Normative data come from
a sample from the general Dutch population, aged
18-74 years, mean pcs is 49.7 (sd 9.3) and mean mcs
is 52.1 (sd 9.6).18 Generic and disease-specific instruments measure different dimensions of health status,
and the use of both in quality of life studies has
been recommended. However, the sf-36 has a higher
correlation with comorbidities than the womac.19 To
gain general insight into a patient’s health, and in
particular when comorbidity is common, the sf-36
should also be used.19

Independent variables
Comorbidity has been defined as the existence or
occurrence of any distinct additional entity during
the clinical course of a patient who has the index
disease under study.20,21 In the present study,
comorbidity is assessed with a self-reported health
module of the Central Bureau of Statistics (cbs) in the
Netherlands with encompasses 24 chronic diseases.22
The participants are asked: do you have any other
chronic disease or disorder besides your knee or
hip complaints? If the participants answer yes, they
are asked: would you please mark, if you have or
have had in the last 12 months the next disease or
disorder? Along with this, height and weight were
determined to calculate bmi. Obesity, defined as a
bmi ≥ 30 kg/m2 was added as a separate comorbidity.
Individual comorbidities were scored and the
total number of comorbidities was calculated per
participant (comorbidity count).
To assess radiographic oa features, weight-bearing
radiographs of tibio-femoral joint were made in
posterioanterior view with semi-flexed (7-10°)
knee, according to Buckland-Wright.23-25 For the hip,
weight-bearing anterioposterior radiographs of the
pelvis were made.26,27 Radiographs of posterioanterior
tibio-femoral joint and anterioposterior pelvic views
were scored according to Kellgren and Lawrence.28
The severity of radiographic oa was defined as
the maximum Kellgren and Lawrence (k&l) score
assessed in one of the four joints (hips and knees).

Statistical analyses
Baseline characteristics of the total check population
and separately for participants with and without
comorbidity are presented using descriptive
statistics: mean and sd or frequency and proportions.
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table 1 | Baseline characteristics

table 2 | Frequency of self- reported
comorbidities (prevalence › 1%)
CHECK all

Early OA without

Early OA with

comorbidity

comorbidity

p-value
Prevalence, n

(%)

n

979

321

658

Disorders of neck, shoulder, elbow, wrist or hand*

222

(22.2)

Age, mean (SD), years

56 (5)

56 (5)

56 (5)

0.961

Hypertension*

198

(19.8)

Female gender, %

79

73

82

< 0.001

Back disorders (including slipped disc)*

172

(17.2)

BMI, mean (SD) kg/m2

26 (4)

25 (2)

27 (5)

< 0.001

Obesity*

161

(16.1)

Migraine or chronic headache*

124

(12.4)

Asthma, chronic bronchitis, pulmonary emphysema or chronic non-specific lung disease*

90

(9.1)

Pharyngitis, sinusitis

91

(9.0)

Thyroid disease*

53

(5.3)

Prolaps uteri

42

(4.2)

Chronic inflammation of joints (such as RA)

37

(3.7)

Education level, %
Primary school

3

2

3

Secondary school

70

67

72

High professional education/ university

27

31

25

K&L grade, %

0.073

0.190

Grade 0

55

56

54

Diabetes Mellitus*

35

(3.5)

Grade 1

33

29

35

Other chronic rheumatic diseases, longer than three month

29

(2.9)

Grade 2

11

13

10

Cholelithiasis

18

(1.8)

Grade 3

1

2

1

Dizziness with falls

17

(1.7)

Chronic urolithiasis

16

(1.6)

Peptic ulcer or duodenal ulcer*

14

(1.4)

Severe heart disease or myocardial infarction/ stroke*

14

(1.4)

Skin disease

13

(1.3)

Other, e.g. ear problems, eye problems, bowel disorders, psycho disorders

276

(27.5)

WOMAC subscales (range 0-100)
Pain, mean (SD)
Value are mean (SD),
except for categorical
variables which are
presented as n (%);
p-value: χ2 tests for
dichotomous variables
and t-tests for continuous variables.
K&L score is maximum
K&L score of the
four joints assessed;
WOMAC, with higher
score indicating worse
health; SF-36 |
health status survey
questionnaire, with
higher score indicating
a better health status.
NA | not applicable.

n= 979

Physical function, mean (SD)

25.3 (17.1)
23.5 (17.1)

20.8 (15.2)
18.5 (15.0)

27.5 (17.6)
26.0 (7.6)

< 0.001
< 0.001
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Comorbidities were
used to build the final
regression model
(table 4).

*

SF-36 subscales (range 0-100), mean (SD)
PCS

45.6 (7.9)

48.2 (6.6)

44.4 (8.2)

< 0.001

MCS

53.0 (8.6)

54.4 (7.1)

52.4 (9.2)

< 0.001

Comorbidity counts (n=979), n (%)
0

321 (32.8)

1

295 (30.1)

2

188 (19.2)

3

105 (10.7)

4

42 (4.3)

5

18 (1.8)

6

7 (0.7)

7

3 (0.3)

NA

NA

NA

table 3 | Results of univariate regression with pain,
physical and mental health status as outcome
n=979

WOMAC

WOMAC

SF-36

SF-36

pain Beta

function Beta

PSC Beta

MSC Beta

Disorders of neck, shoulder, elbow, wrist or hand

5.4*

6.1*

-4.4*

-0.2

Hypertension

2.9*

3.7*

-0.98

-1.4*

Back disorders (including slipped disc)

8.1*

8.6*

-4.6*

0.006

Obesity

6.0*

7.2*

-3.4*

-0.2

Migraine or chronic headache

3.6*

5.1*

-1.0

-2.9*

or chronic non-specific lung disease

4.4*

3.0

-2.6*

-1.4

Pharyngitis, sinusitis

4.1*

5.3*

-2.6*

-1.4

Thyroid disease

3.7

4.8*

-2.6*

-3.5*

Diabetes Mellitus

4.9

9.5*

-4.3*

-1.0

Peptic ulcer or duodenal ulcer

3.2*

8.7

-2.0

-6.0*

Severe heart disease or myocardial infarction/ stroke

1.9

3.2

-4.8*

0.6

Asthma, chronic bronchitis, pulmonary emphysema

Differences in baseline characteristics between
participants with and without comorbidity were
compared by χ2 tests for dichotomous variables and
t-tests for continuous variables.
Linear regression analysis was used to determine the
relationship between comorbidity count and outcome
variables: womac pain score, womac physical functioning score, sf-36 pcs and sf-36 mcs. All regression
models were adjusted for age, gender, social status
and severity of radiographic oa.
To analyse the relationship between specific comorbidities and outcome variables, first a univariate

regression analysis was performed. For this analysis
only those diseases or disorders with a frequency in
the check population of ›5% or diseases or disorders
that were thought to have a large influence on
outcome were used. Next, the diseases that had a
statistically significant association (p‹0.05) with the
outcome in the univariate analyses were all simultaneously added in a linear regression model, after
it was checked if two or more diseases were highly
correlated (collinearity). If specific diseases were no
longer statistically significantly associated with the
outcome and/or did not add to the explained variance
(r2), they were removed from the model one by one
to arrive at a final model. The sample size justifies

Regression coefficients
Beta are presented.
For WOMAC, a higher
scores implies a worse
health status. For SF-36,
a higher score implies
better health status.
* p-value ≤0.05.
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Impact of comorbidity count

having a p-value cut-off point of 5%.29 spss version 15
was used for all analyses and p‹0.05 was considered
statistically significant.

Figure 1 shows that with an increasing number of
comorbidities pain as well as physical functioning
deteriorates. Health status (figure 2) also deteriorates with an increasing number of comorbidities.
Table 4 reports the results of the linear regression
analyses with womac pain, womac physical
functioning, sf-36 pcs and sf-36 mcs as outcome
variables. After controlling for age, gender, social
status and k&l score, there was a significant association of the number of comorbidities with the pain and
physical function subscales of womac, and pcs and
mcs of sf-36. The pain score and physical function
score on the womac deteriorate by about 3 and 4
points, respectively, with every (extra) comorbidity;
the physical and mental components of the sf-36
deteriorate by about 2 and 1 point, respectively, with
every (extra) comorbidity.

Results
Study population
At baseline 1,002 participants were included. For
979 participants data on comorbidity were present,
and these participants were used in the present
analysis. Participants with and without complete
data on comorbidity did not differ on demographic
and clinical variables. The characteristics of the
participants of check are presented in table 1. More
than 67% of the total study population reported one
or more comorbidity. Disorders of the neck, shoulder,
elbow, wrist or hand (23%), hypertension (20%) and
back disorders (18%) were most prevalent (table 2).
Remarkably, physical examination of the musculoskeletal system did not show any clear abnormalities underlying self-reported rheumatic diseases. As
shown in table 1, there was a significant difference in
womac pain, womac physical functioning, sf-36 pcs
and sf-36 mcs between participants with and without
comorbidities (all p‹ 0.001).

Impact of specific comorbidities

table 4 | Results of linear regression model with
pain, physical and mental health status as outcome
Beta

p-value

95% CI

R2

2.8

< 0.001

2.0 – 3.8

0.10

Back disorders (including slipped disc)

7.4

< 0.001

4.7 – 10.2

Disorders of neck, shoulder, elbow, wrist or hand

4.0

0.002

1.5 – 6.6

Obesity

4.4

< 0.001

1.5 – 7.2

Variable
WOMAC pain
Comorbidity count
Model-specific comorbidities

WOMAC function
Comorbidity count

3.5

< 0.001

2.7 – 4.2

Back disorders (including slipped disc)

7.9

< 0.001

5.2 – 10.7

Disorders of neck, shoulder, elbow, wrist or hand

4.4

0.001

1.9 – 6.9

Obesity

5.3

< 0.001

2.5 – 8.1

Diabetes Mellitus

6.9

0.018

1.2 – 12.5

0.13

Model-specific comorbidities
0.13

0.06

SF-36 PCS
Comorbidity count

-1.7

< 0.001

-2.1 – -1.3

Disorders of neck, shoulder, elbow, wrist or hand

-3.9

< 0.001

-5.0 – -2.7

Back disorders (incl. slipped disc)

-3.7

< 0.001

-5.0 – -2.5

Obesity

-2.9

< 0.001

-4.2 – -1.6

Diabetes Mellitus

-2.8

0.039

-5.4 – -0.1

0.12

Model-specific comorbidities
0.15

0.04

Adjusted variables

SF-36 MCS
Comorbidity count

-0.8

< 0.001

-1.2 – -0.39

Duodenal ulcer

-5.8

0.011

-10.3 – -1.3

Thyroid disease

-3.4

0.007

-5.8 – -0.9

Migraine or chronic headache

-2.2

0.009

-3.8 – -0.5

0.04

60 60
50 50
40 40
30 30
20 20
10 10
0 0

0
1
2
3
≥ 4 comorbidities

painpain

physical
functioning
physical
functioning

mean subscale scores

0
0
1
1
2
2
3
3
≥ 4 comorbidities
≥ 4 comorbidities

mean subscale scores
mean subscale scores

Model-specific comorbidities
100
80
60
40
20
0
PF

RP

BP

VT

SF

RE

MH

PF | physical function
RP | physical role
BP | bodily pain
VT| vitality
SF | social function
RE | emotional role
MH | mental health

figure 1 | Mean (sd) womac subscale scores (0-100)

figure 2 | Mean sf-36 subscales scores (0-100) in participants

in participants with 0, 1, 2, 3 and ≥ 4 comorbidities.

with 0, 1, 2, 3 and ≥ 4 comorbidities. sf-36 health status survey

Higher womac scores indicating worse health.

questionnaire, with higher score indicating a better health status.

81

0.05

Adjusted variables

Adjusted variables

Based on results of univariate analyses (table 3),
we selected these items for further analyses in the
regression model. The regression model of specific
comorbidities (table 4, controlling for age, gender,
social status, k&l score) indicates that back disorders
have the greatest effect on womac pain, and physical

0.10

Adjusted variables

functioning scores and one of the largest effects
on physical status of sf-36, besides obesity, neck
and upper extremities disorders. The presence of
back disorders increases womac pain score on
average by about 7 points, the womac function
score by 8 points, and SF-36 pcs score by 4 points.
Obesity and the presence of disorders of the neck,
shoulder, elbow, wrist and hand also independently

0.04
0.02

negatively associate with scores on pain and physical
functioning. Diabetes only negatively associates with
physical functioning, not with pain. These diseases
do not associate with the mental health status of
participants. The mental health status was, however,
negatively associated with less frequently occurring
duodenal ulcer, thyroid disease, and migraine or
chronic headache.

Regression coefficients
Beta are presented. All
models are adjusted
for age, gender, social
status and K&L score.
Adjusted variables |
model with adjusted
variables only.
R2 | explained variance.
For WOMAC, a higher
score implies a worse
health status. For SF-36,
a higher score implies
better health status.
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Discussion
The objective of the present study was to describe
the relationship between comorbidity, pain and the
physical and mental health status of participants with
early symptomatic oa.
More than 67% of participants suffered from at
least one comorbid disease, with disorders of neck,
shoulder, elbow, wrist or hand, hypertension and
back disorders being most prevalent. Comparing
different studies on self-reported comorbidity
different prevalence can be found. These differences
can be explained by defining the inclusion and exclusion of diseases in the assessment of comorbidity
lists used in individual studies and by differences
in population of interest. Generally the higher the
number of possible diseases included in a study,
the higher the frequency of comorbidities found.20
This is apparent for instance in an oa study in which
almost all patients (98.6%) suffered from one or more
coexistent diseases. In this study, the Cumulative
Illness Rating Scale was used, which consists of 13
domains (organ systems) related to different body
systems, also including the presence of diseases
of ear, eye, nose and larynx.8 In another study, the
prevalence of comorbidity in subjects with arthritis
(ra or oa) was 44.8%. This study used a list of seven
specific chronic diseases: chronic non-specific lung
disease, cardiac disease, peripheral atherosclerosis,
stroke, diabetes mellitus, malignancies and arthritis
(ra or oa).9 When comparing the frequency of
self-reported comorbidities of the present study with
the prevalence of chronic diseases in an age-matched
sample of the Dutch population, almost the same
frequencies are found.7
Before studying the impact of specific disease conditions, we first assessed the impact of the number
of coexisting diseases (i.e unspecified comorbidity,
comorbidity count) in early oa on pain, physical and
mental functioning. Participants with more comorbidities reported worse pain, more problems in physical
functioning and a worse mental health status as
compared with participants without comorbidity.
These results confirm earlier research in patients
with more advanced oa, in which comorbidity was
associated with pain, and limitations in activities and
a poorer physical health status.1,8

The influence of specific chronic diseases was
assessed by means of linear regression analyses.
After adjusting for age, gender and radiographic
severity of oa, the presence of disorders of back,
neck, shoulder, wrist or hand or obesity negatively
associate with pain and physical functioning. The
results were identical when using summed k&l
grades instead of maximum k&l grade. There are
possible mechanisms that can explain the influence
of the presence of specific comorbidity. Probably,
in participants with early oa, coexistent disorders
in the musculoskeletal system will aggravate pain
and physical functioning, whereas diseases present
in the cardiovascular system or pulmonary system
will probably not (yet) influence these outcomes.
In this concept, obesity is seen as a mechanical
loading factor and an inflammatory environment
response that also will have a negative influence on
the musculoskeletal system. Adipose tissue is now
recognised as an organ with the capacity to secrete
adipocytokines. These adipocytokines may play an
important role in cartilage homeostasis and in the
modulation of inflammatory processes. However,
there is little to support a role of these cytokines in
relation to pain.30,31
An explanation for the higher pains scores and
physical functions scores of painful comorbidities
in the musculoskeletal system could be the role
of central sensitization, suggesting that more
than just the receptor area for the painful joint is
involved in nociception.31,32 Croft et al. also give this
explanation for their findings that knee-specific
pain and disability, measured with womac, are
worse in the presence of pains elsewhere than
the knee. 33 Probably the avoidance model, which
explains the association between pain, avoidance of
activities, muscle strength and activity limitations in
participants with early oa, will be reinforced by these
painful comorbidities.34 Other oa studies also showed
that low-back pain influences a worsening in womac
physical functioning.35,36 Back pain can in part be
explained by a change in mechanical loading caused
by the painful hip or knee joint.
Another explanation for the influence of comorbidity
that is described in literature, but not confirmed
in this study, could be that specific combinations
of chronic diseases that both influence physical

functioning, but through different mechanism (such
as musculoskeletal system and decreased endurance capacity), are perhaps more detrimental than
other types of combinations. An example of such a
combination includes arthritis (ra or oa) and cardiac
disease; suggested mechanisms are chronic inflammation, but also the use of medication.8,9,11 Initially,
in the first analysis the influence of cardiac diseases
was not assessed because of the low prevalence in
this population as a consequence of the low mean
age (57 years), but when we added this disorder to
the final multivariate model, cardiac diseases was
not associated with any of the outcomes (data not
shown). This corresponds with another study, which
concluded that there was no significant relationship
between cardiac diseases and pain, and limitation in
activity37 in patients with oa. The conflicting results
on coexisting disorders in other body systems than
musculoskeletal system in established oa makes it
important to test the influence of these disorders in
the prospective follow-up of these check participants
with very early disease.
We also analysed the influence of comorbidity
count and specific diseases on mental functioning;
duodenal ulcer, thyroid disease and migraine or
chronic headache negatively influenced mental functioning. Contrary to previous research, which shows
that mental functioning in patients with arthritis is
not influenced by the presence of comorbidity,11 this
study suggests that mental health is vulnerable to
comorbidities outside the musculoskeletal system
during the early stages of the disease.
In the present study mental health also deteriorates
less than the physical health with an additional
disease. These findings led to the conclusion that
among patients with early oa with comorbidity, the
focus of the physician should be not only on oa, but
also on worsening pain and physical and mental
health status due to a second disease. Significant
health gain can be achieved by prevention or early
recognition and adequate treatment of comorbid
diseases.38
Some limitations of our study should be mentioned
before drawing final conclusions. Data on comorbidity
and health status were based on subject self-reports,
which might be influenced by personal or mood

characteristics. Nevertheless, positive correlations
have been found between self –reported comorbidity
measures and comorbidity from medical record
reviews.39
Second, our study focussed on the impact of specific
prevalent chronic diseases without taking disease
stage and severity of these diseases into account.
Thirdly, the health module of the Central Bureau of
Statistics (cbs) which is used in this study did not
include psychiatric disorders. Among older adults
with oa, the prevalence of depressive symptoms is
high and these symptoms may result in limitation in
activity and increased pain.40 The mental health scale
of sf-36 has been shown to be useful in detecting
major depression, affective disorders generally, and
anxiety disorders.41 However, after adjusting the
final model with pain and functioning as outcome
for mental health, the same results were found. The
beta coefficient of the mental health scale was not
statistically significant and the explained variance of
the outcome variables pain, function and pcs did not
change.
Fourth, although significant associations were found,
comorbidity count and specific disorders accounted
for a small part of the variation in the outcome
variables pain, physical functioning and mental
health status. The explained variance ranged from
0.03 to 0.013 for comorbidity count, and from 0.03 to
0.14 for the coexistence of specific comorbidities in
the models with different outcomes. The statistically
significant increases in womac pain and physical
function by comorbidity count or the presence of
specific comorbidity are small; for pain, 3 points for
comorbidity and 4 to 7 points for specific comorbidity;
and for function, 4 points for comorbidity and 4 to 8
points for specific comorbidity. These are meaningful
differences in this stage of the disease. In the early
stage of the disease, small differences are expected
that might develop into greater differences in the
course of the disease. Fifth, although significant
association between mental health and comorbidity
was found, the mean score on mcs in the present
study is ›52,1, indicating that mental functioning was
almost comparable to the general Dutch population
(with a mean age of 47.6 years). Mental summary
scores generally increased slightly with age.42
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In conclusion, in the early stage of symptomatic oa
especially (other) disorders in the musculoskeletal
system have a negative effect on pain, physical
functioning and mental health status. The clinical
implications are that to improve pain and physical
health status of participants with early symptomatic
oa, not only these complaints have to be treated, but
also the additional conditions, especially back, neck,
shoulder, elbow, wrist or hand disorders and obesity.
Also the mental status can be affected in the early
stage of oa by additional comorbidities, especially
by the presence of duodenal ulcer, thyroid disease
and migraine or chronic headache. This is a further
argument to take comorbidity into account in the
management of early oa. —
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6. Trajectories of pain

Abstract
Objective

This study sets out to identify subgroups of pain
trajectories in patients with symptomatic knee
osteoarthritis (oa), and to explain these different
trajectories by patient characteristics, lifestyle
and coping factors as well as radiographic
features.

Methods

Longitudinal data of pain severity (0-10) of five
years follow-up of check (Cohort Hip & Cohort
Knee) study was used. Latent Class Growth
Analysis identified homogenous subgroups
with distinct trajectories of pain. Multinomial
regression analysis was used to examine different
lifestyle and coping characteristics between the
trajectories.

Results

In longitudinal pain data of 5 years follow-up
of 705 participants three pain trajectories were
identified: good, moderate and poor outcome
trajectory. Compared to the good outcome group,
the moderate and poor outcome groups can be
characterized by the following baseline variables:
bmi›25, additional hip pain, low education level,
using coping strategy ‘worrying’ and having ≥3
comorbidities, supplemented with radiological
change of Kellgren & Lawrence grade ≥2.

Conclusions

Three trajectories of pain exist, which can
be explained by different clinical features,
coping strategies and lifestyle factors. In the
management of knee pain in people with early
symptomatic oa attention should also be
given to additional factors, like hip pain, other
comorbidities, passive coping strategy and
obesity.
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Methods
Study population

Knee pain is often the first sign of knee
osteoarthritis (OA) and it is known that its level
and course can be very different between patients
over time.1 It is helpful to study individual development of pain severity over
time to subsequently identify groups of subjects with comparable pain trajectories.
Next step after identifying different trajectories, is to study determinants which could
explain these different trajectories. In the end this could lead to different treatment
modalities targeted to the identified trajectories. The individual development of
knee pain severity over time might depend on the radiographic oa severity, but may
also be dependent on patient characteristics such as gender and age,2 additional
comorbidities3 and pain coping strategies.4 Pain coping can be defined as people’s
behavioral and cognitive attempts to manage or tolerate pain and its effects5 and
can be classified into active and passive coping strategies. Passive strategies are
generally negative (maladaptive), but some are probably more negative than others,
whereas some active strategies could be more worthwhile than others.6 Analyses of
pain coping strategies in patients with oa may be important to minimize the impact of
symptoms and to establish appropriate disease management.7 Besides, stimulating
or discouraging specific coping strategies as treatment modalities, influencing
lifestyle factors might be important in strategies aimed at prevention, since they
are modifiable in nature. As yet the role of lifestyle and coping factors in modifying
different pain trajectories in early oa is unclear.
Radiographic joint damage has emerged as one of the risk factors for reported joint
pain.8 oa structural progression over time has been reported to occur in diverse
patterns: knees that are progressing in structural deterioration versus knees which
are stable.9 Rapid radiological deterioration (change of ≥2 grades of k&l in 4 or 5
years) is related to worsening of pain and function.10 Therefore, to explain differences
in pain trajectories, it is important to take not just the presence, but rather the change
in radiographic damage) into account.11
This study sets out to identify subgroups of pain trajectories in patients with early
symptomatic knee oa, and to explain these different trajectories by baseline lifestyle,
coping factors and radiographic features as well as changes over time in radiographic
features.

From October 2002 till September 2005 a cohort
was formed of 1,002 participants with pain and/ or
stiffness of knee and/ or hip. Individuals were eligible
if they had pain or stiffness of knee or hip, were aged
45-65 years, and had not yet consulted their physician for these symptoms, or the first consultation
was within 6 months before entry. No other obvious
reason to explain participants complaints should
be present. The study was approved by the medical
ethics committees of all participating centres, and
all participants gave their written informed consent
before entering the study. A complete description of
the check study has been reported elsewhere.12 For
the analyses in this study, longitudinal data of five
years follow-up of check participants with knee pain
at baseline were included.

Outcome variables
Pain severity (during last week) was measured annually with the Numeric Rating Scale (nrs) rating from
0-10, with a higher score indicating more pain. The
nrs for pain is an one dimensional single-item scale
that provides an estimate of patients’ pain intensity.13
The post-surgery pain severity data of participants
who underwent total knee replacement during 5 year
follow-up were coded as missing.

Independent variables
At baseline and after 5 years follow-up lifestyle
factors, coping and radiographic characteristics were
measured. Lifestyle factors: bmi, smoking, physical
activity and alcohol use were obtained by self-report.
Smoking was categorized as smoker or non-smoker,
the latter included ex-smokers. Presence of physical
activity was defined as a minimum of 3 times a week
at least half-an-hour of moderately intense physical
activity. Pain coping characteristics were measured
with the Pain Coping Inventory, which analyses 3
active pain coping strategies (transformation, distraction, reducing demands) and 3 passive pain coping
strategies (retreating, worrying, resting).6 Items in the
strategies are rated according to a 4-point Likert scale
ranging from 1 (hardly ever) to 4 (very often) in terms
of frequency with which strategies are applied when
dealing with pain.

Comorbidity was assessed with a self-reported health
module of the Central Bureau of Statistics (cbs)
in the Netherlands with encompasses 24 chronic
diseases.14 Individual comorbidities were scored and
the total number of comorbidities was calculated per
participant (‘comorbidity count’).
To assess radiographic oa features of the knee
posterior-anterior weight bearing radiographs of both
tibio-femoral joints were obtained. All radiographs
were scored blinded for pain status, at the same
time knowing the sequence, according to Kellgren &
Lawrence (k&l).15 These radiographs were scored by
four readers who were trained by a radiologist and
an experienced reader for grading of radiographic
oa. Inter-observer variability was tested during
the scoring of the entire cohort in a subset of 38
participants scored by all five observers yielding
moderate to substantial inter-observer agreement
(average kappa 0.58 for presence of k&l 0 versus k&l
1- 2 - 3 in the knees).16 For each knee the radiographic
k&l change from baseline to 5 years of follow-up was
measured and the greatest radiographic k&l change
in one of the knees was used in the analyses. Severity
of radiographic oa at baseline was defined by the
knee with the highest k&l grade.17
Radiographs were also analysed for more detailed
quantitative parameters by use of kida (Knee Images
Digital Analysis), which is a reliable method to
quantify the individual radiographic parameters of
knee oa with small inter-observer variations in kida
measurements.18 The kida parameters: minimum joint
space width (jsw in mm) and osteophyte area (in
mm2) were measured without knowing the sequence
of the radiographs. Also for each knee the change
from baseline to follow-up in jsw and osteophyte area
was calculated and the greatest change in one of the
knees was used in the analyses. All radiographs were
scored blinded to pain status.

Statistical analyses
To define homogenous subgroups of trajectories
based on the individual development over time
(=growth curves), Latent Class Growth Analysis
(lcga) was used. The assumption in this method is
that the data encompass one or more subgroups
of individuals with similar trajectories. The goal is
therefore to capture this population heterogeneity
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trajectory with the best outcome is chosen as a
reference group. First, univariate multinomial logistic
analyses of single independent baseline variables
were performed. When the p-value of the univariate
regression was ≤ 0.1, and after a check for collinearity,
the independent baseline variable was included into
the multivariate multinomial logistic analysis.22 In the

The decision which of the models with k number of
subgroups is the best, is determined by a combination of factors: fit indices, the research question,
parsimony, -size of classes and interpretability. The
model fit indices with corresponding criteria used
in the analyses: -the smallest Bayesian information
criteria (bic) value, high entropy value (near 1.0) , a
significant Vuong- Lo- Mendell-Rubin lrt (vlmr lrt)
and bootstrap likelihood ratio test (blrt). Both lrt
tests provide a p-value, which indicates whether the
minus 1 k model is rejected in favor of the k class
model.21

following multivariate analyses we used a backward
selection method (p-removal 0.05). Furthermore,
Hosmer- Lemeshow goodness-off-fit test and
Nagelkerke Pseudo r2 statistics were calculated.23
Apart from variables that might already be present at
baseline, changes in radiographic oa features from
baseline to 5 year follow-up were also evaluated.
To evaluate whether the changes of radiographic
features can explain differences between the trajectories a multinomial logistic regression was performed.
Again, first the changes in radiographic features were
analyzed in an univariate multinomial regression
model and secondly added in the multivariate model
as described above. This multivariate model was
adjusted for baseline variables which were found to
be significant in model A.

To explain the differences between the identified
trajectories, baseline characteristics were described
and analyzed with multinomial logistic regression.
The multinomial logistic regression is the logistic
regression, which could be used when the categorical
dependent outcome (in our study, the trajectories)
has more than 2 levels. For our study, the identified

Mplus version 6.1 was used for lcga ; all other
analyses were performed using spss version 20.

Results
Identified outcome trajectories
Longitudinal data of 5 years follow-up of participants
with knee pain at baseline and with available data
of at least 3 follow-up visits was analyzed. Of 705
participants 81% were female, mean age of 56 years,
at baseline the mean pain severity (nrs) was almost
4 on a scale of maximum 10 points, and 52% of
participants had apart from knee pain also hip pain
(table 1). The model with three classes is determined
as the best compared to a model with 4 classes,
based on the combinations of fit indices, size of
classes (smallest classes n= 189 compared to n= 71
in model with 4 classes) and interpretability. Three
pain trajectories were designated as good, moderate
and poor based on their outcome over time (figure 1).
Participants with good outcome trajectory (n=222)
had a slight decrease in pain severity over time
and ended up with lower pain severity. Participants
with moderate outcome trajectory (n=294) had a
variable course over time with moderate pain. The
poor outcome trajectory participants (n=189) had an
increase of pain severity over time. Baseline characteristics of participants in the three pain trajectories
are given in table 1.

Differences between outcome trajectories
based on baseline characteristics.

moderate outcome

good outcome

pain severity (during last week)
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with a (latent) categorical variable denoting the
number of subgroups. In lcga the classification is
performed based on the intercept and slope for the
individual growth curve parameters.19 lcga estimates
a mean growth curve for each class, but no individual
variation around the mean growth is permitted.20

poor outcome
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figure 1 | The three pain trajectories. Per trajectory a 10%
random selection of the observed pain scores during followup of participants is shown. The bold line is the mean of
the trajectory of the pain scores during follow-up.
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In table 2 univariate odds ratios (or) of the
independent baseline variables in the multinomial
logistic regression model as well as the included
variables in the final multinomial logistic regression
are presented. Presence of hip pain increased the
odds for the moderate outcome with 1.8 compared
to good outcome and increased the odds for the
poor outcome with 3.0 compared to good outcome.
bmi above 25 increased the odds for the moderate
outcome with 1.7 compared to good outcome and
increased the odds for the poor outcome with 2.4
compared to a good outcome. Being a smoker
had univariate a significant or which disappeared
when highest education level was included in the
multivariate model. Primary or secondary school
as highest education level increased the odds for
a moderate outcome with 2 and for poor outcome
with 2.7 compared to good outcome. An increase in
passive coping strategy ‘worrying’ increased the odds
for a moderate outcome 1.9 times compared to a good

outcome. With regards to a poor outcome this was 2.9
compared to good outcome. An increase in ‘resting’
strategy increased the odds for a poor outcome with
2.0 compared to good outcome. The presence of at
least 3 comorbidities at baseline increased the odds
for the moderate outcome with 2, and the odds for
the poor outcome with 2.4 compared to the good
outcome. There were found no association between
the radiographic features at baseline and the
moderate and poor outcome.

Difference between outcome trajectories
based on changes of radiographic features
Table 3 suggests that most radiological k&l score
changes occur in participants in the poor outcome
trajectory, as also is the case in most increase in
osteophytes area. After 5 year of follow-up, there
were more joint replacements in the poor outcome
(12 total knee and 5 total hip replacements) and
in moderate outcome (4 total knee and 9 total hip
replacements) compared to good outcome (1 total
knee and 1 total hip replacements), respectively χ2
p-values 0.02 and 0.03.
In table 4 the univariate odds ratios of the changes of
radiographic features from baseline to 5 year followup are presented. In the multivariate k&l model B,
k&l changes were included as well as the baseline
k&l grades as well as all the baseline variables of
multivariate model A (table 2). In model B, a k&l
change of at least 2 grades after 5 years, increased
the odds of the moderate outcome with 2.9 compared
the good outcome and odds of the poor outcome with
3.7 compared to the good outcome. In model C, the
k&l change and osteophyte change are included in
the multivariate model, which also is corrected for the
baseline variables of multivariate regression model
A (table 2). The univariate association of k&l change
disappeared if model B also was corrected for change
in osteophyte area (= model C).

Discussion
The present study is one of the first to use lcga
to identify different trajectories of pain severity in
participants with early symptomatic oa. We identified: good, moderate and poor outcome trajectories
with different baseline characteristics. Participants
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table 1 | Baseline characteristics of all subjects and
baseline characteristics of the identified trajectories
All subjects

Good outcome

Moderate outcome

Poor outcome

n

705

222

294

189

Age

56 (5.1)

56 (5.1)

56 (5.4)

56 (4.7)

Female

571 (81%)

179 (81%)

235 (80%)

157 (83%)

BMI

26.5 (4.3)

25.4 (3.8)

26.5 (3.9)

27.7 (5.0)

table 2 | Multinomial logistic regression for univariate
and multivariate association of baseline variables
with moderate and poor outcome trajectory of pain
(good outcome trajectory is used as reference group)

Moderate outcome

Poor outcome

versus good outcome

versus good outcome

OR univariate

OR univariate

OR multivariate
Model A

Education level
Primary school and secondary school

515 (73%)

136 (64%)

226 (78%)

153 (84%)

Pain severity (0-10)

3.7 (2.1)

2.3 (1.6)

3.7 (1.8)

5.2 (0.1)

Hip pain presence

365 (52%)

87 (39%)

154 (52%)

124 (67%)

Primary, secondary school versus

Unhealthy lifestyle ≥ 2 of 4

253 (36%)

65 (32%)

112 (43%)

76 (44%)

OR multivariate
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Model A

Female versus male (referent)

1.0 (0.6 – 1.5)

1.2 (0.7 – 2.0)

Age

1.0 (0.9 – 1.0)

Hip pain presence versus no hip pain (referent)

1.7 (1.2 – 1.4)**

1.8 (1.2 – 2.7)**

3.0 (2.0 – 4.4)**

3.0 (1.8 – 4.9)**

high prof. education, university (referent)

2.0 (1.3 – 3.0)**

2.0 (1.3 – 3.1)**

2.9 (1.8 – 4.7)**

2.7 (1.6 – 4.7)**

BMI > 25 versus BMI ≤ 25 (referent)

1.7 (1.2 – 2.4)**

1.7 (1.1 – 2.5)**

2.5 (1.6 – 3.7)**

2.4 (1.5 – 3.9)**

1.0 (0.9 – 1.0)*

No or little physical activity versus

Unhealthy lifestyle factors
BMI > 25

398 (57%)

100 (46%)

172 (59%)

126 (68%)

physical active (referent)

1.0 (0.7 – 1.4)

1.0 (0.7 – 1.5)

No / little physical activity (0-2 days)

323 (46%)

100 (47%)

134 (47%)

89 (48%)

Smoker versus non-smoker (referent)

1.7 (1.0 – 3.0)**

2.0 (1.1 – 3.6)**

Smoker

94 (13%)

20 (9%)

43 (15%)

31 (17%)

Weekday alcohol ≥ 3 units versus < 3 units (referent)

1.0 (0.6 – 1.7)

0.7 (0.4 – 1.4)

Weekday alcohol consumption ≥ 3 units

73 (10%)

25 (12%)

32 (12%)

16 (9%)

Transformation

1.3 (1.0 – 1.7)**

1.9 (1.4 – 2.6)**

Distraction

1.2 (0.9 – 1.6)

1.8 (1.3 – 2.5)**

Reducing demands

1.1 (0.8 – 1.5)

1.8 (1.3 – 2.5)**

Coping
Active pain coping

Coping
Active pain Coping
Transformation

2.2 (0.7)

2.0 (0.7)

2.2 (0.7)

2.3 (0.6)

Distraction

2.2 (0.6)

2.1 (0.6)

2.2 (0.6)

2.4 (0.6)

Reducing demands

2.0 (0.6)

1.9 (0.6)

2.0 (0.6)

2.2 (0.6)

1.6 (0.5)

1.6 (0.5)

1.5 (0.5)

1.6 (0.5)

Passive pain Coping
Retreating
Continuous variables are
given as mean values,
standard deviation
between brackets and
categorical variables
as number, percentages between brackets.
Unhealthy lifestyle ≥ 2 of
4: at least 2 of 4 lifestyle
factors were unhealthy.
BMI | body mass index,
K&L | Kellgren and
Lawrence grade,
JSW | joint space width.

Worrying

1.6 (0.4)

1.4 (0.3)

1.6 (0.4)

1.7 (0.5)

Resting

1.8 (0.5)

1.7 (0.5)

1.8 (0.5)

2.0 (0.5)

Retreating

0.9 (0.6 – 1.3)

Worrying

2.5 (1.5 – 4.1)**

1.9 (1.1 – 3.4)**

1.3 (0.8 – 1.9)
6.1 (3.5 – 10.5)**

3.0 (1.6 – 5.7)**

Resting

1.4 (1.0 – 2.1)**

1.2 (0.8 – 1.8)

3.2 (2.1 – 4.8)**

2.0 (1.2 – 3.2)**

Presence of comorbidity ≥ 3

2.8 (1.6 – 5.2)**

2.0 (1.0 – 3.9)**

4.3 (2.3 – 8.0)**

2.4 (1.2 – 4.9)**

versus comorbidity < 3 (referent)

Comorbidity count
≥ 3 comorbidities

Passive pain coping

111 (16%)

15 (7%)

51 (18%)

45 (24%)
Radiographic features

Radiographic characteristics of knee
Kellgren & Lawrence Grade

K&L grade 0 or 1

0.9 (0.6 – 1.3)

Osteophyte area (mm2)

1.0 (1.0 – 1.1)*

Minimal JSW (mm)

0.9 (0.8 – 1.0)*

1.1 (0.8 – 1.7)
1.0 (1.0 – 1.1)

1.0 (1.0 – 1.1)**

1.0 (1.0 – 1.1)**

0.9 (0.7 – 1.0)*

K&L Grade 0

53%

48%

51%

44%

K&L Grade 1

47%

52%

49%

56%

Ostophyte area (mm2 )

8.4 (7.5)

7.5 (5.6)

8.6 (7.7)

9.3 (8.9)

Hosmer-Lemeshow Goodness-of-Fit Test

0.315

0.315

Minimal JSW (mm)

2.6 (1.2)

2.7 (1.1)

2.6 (1.2)

2.6 (1.3)

Pseudo R2 Nagelkerke

0.199

0.199

at baseline with a bmi above 25, who were lower
educated, have at least 3 comorbidities, having
additional hip pain, and apply the coping strategies
‘worrying’ and ‘resting’ were more likely to have a
poor outcome compared to a good outcome. Besides
these baseline variables, the poor outcome trajectory
can be explained by a radiographic k&l change of at
least 2 points in 5 year follow-up.

The results in this report are consistent with the
heterogeneity of the evolution of pain over time,
however most work in this area has focused on
pain at the cohort level. In a previous study pain,
on average, worsened over 7 years, but 35% and
27 % of those initially reporting hip and knee pain
respectively had improved.24 There are a few studies
that have used a group-based modeling approach
to identify trajectories in oa and identified different

pattern of trajectories. Two studies showed that
some subjects remained stable over time and others
fluctuate or progressed.25,26 A study with data of the
Osteoarthritis Initiative (oai) showed trajectories
without these fluctuations over time.27 The difference
in pattern of trajectories can be explained by differences of included subjects; in the study of subjects
with more severe baseline symptoms it was able to
identify trajectories by increasing or decreasing pain

over time. The pattern of trajectories in our study
most closely resemble the identified trajectories of
the oai. However they identified 5 trajectories: two
trajectories with mild pain, two trajectories with
moderate pain, and a trajectory with severe pain.27
This severe trajectory showed in contrast to our poor
trajectory no small increase, which can be clarified by
the less severe pain symptoms of the oai participants
in comparison to check participants.10

Odds ratios (OR) are
given for univariate and
mulitvariate association, between brackets
confidence interval.
BMI | body mass
index, K&L | Kellgren &
Lawrence grade, JSW
| joint space width,
* p-value ≤0.1 (cut-off
point in univariate regression) ** p-value ≤ 0.05.

6. Trajectories of pain

table 3 | Radiographic changes from
baseline to 5 years of follow-up in the good,
moderate and poor outcome trajectories
Changes in categorical
variables are given in
percentages, between
brackets numbers.
Changes in continues
variables are given as
mean values, standard
deviation between
brackets. K&L change
| greatest radiographic
change from baseline
to follow-up in one of
the knees. Osteophyte
area change: greatest
osteophyte change
from baseline to 5 years
follow-up in one of the
knees. MinJSW change |
greatest change in minimal Joint Space Width
from baseline to followup in one of the knees.

n

All Subjects

Good outcome

Moderate outcome

Poor outcome

705

222

294

189

table 4 | Multinomial logistic regression for
univariate and multivariate association of changes
of radiographic features from baseline to follow-up
with moderate and poor outcome trajectory of pain
(good outcome trajectory is used as reference group)
Moderate outcome versus good outcome

K&L change

Poor outcome versus good outcome

OR

OR

OR

OR

OR

OR

univariate

multivariate

multivariate

univariate

multivariate

multivariate

K&L model B

OP model C

K&L model B

OP model C

∆0 (n)

50% (306)

56% (111)

48% (118)

49% (77)

∆1 (n)

40% (239)

37% (74)

42% (105)

38% (60)

∆2 + ∆3 (n)

10% (60)

7% (14)

10% (25)

13% (21)

Osteophyte area change (mm2), mean

3.9 (7.8)

3.0 (6.0)

3.7 (7.5)

5.2 (9.9)

∆0

Referent

Referent

Referent

Referent

minJSW change (mm), mean

0.6 (1.1)

0.7 (1.1)

0.5 (1.1)

0.7 (1.1)

∆1

1.3 (0.9 – 2.0)

1.4 (0.9 – 2.2)

1.2 (0.7 – 1.8)

1.1 (0.6 – 1.9)

∆2 + ∆3

1.7 (0.8 – 3.4)*

2.9 (1.2 – 7.2)**

2.2 (1.0 – 4.5)**

3.7 (1.2 – 9.9)**

K&L change

Osteophyte

The effect of high bmi is consistent with the literature.28 With regard to smoking the results vary in the
literature from a moderate protective effect in casecontrol studies to no effect oa when restricting the
analysis to cohort studies.28 One other study examined the effect of smoking on pain trajectories and
concluded that current smokers had overall greater
knee pain.29 A recent meta- analysis of progression
of oa showed no association between smoking and
progression of oa. Smoking may be seen as a wider
proxy marker of a person’s social demographics,
lifestyle, weight, which may be involved in the
different pathways of progression of oa.30 Besides,
several oa studies reported that a low education level
was associated with more self- reported pain,31,32
which is in accordance with our results. In our study it
seemed that smoking is a confounder in the relation
between the trajectories and highest education level.
Education is one measure of socioeconomic status
(ses), which is often used in studies investigating the
effectors of ses.30,33
The results on coping strategies used in our study
differ from others that found no relation of active
and passive coping strategies with pain intensity,34 or
demonstrated that active coping strategy predicted
a high level of pain intensity.35 Our findings support
other findings on trajectories: obesity, comorbidities
and lower education were associated with trajectories
characterized by greater pain.27
Conflicting results have been reported on the
association of pain and radiological damage.8,36,37

Worsening of disease, or oa progression, can occur at
different rates. It has been suggested that individuals
with slow progression may have more opportunity
to adapt to the changes in physiology and therefore
experience less pain.11 This is confirmed in the
check and oai cohort, where worsening of pain and
function after 5 years of follow-up is related to rapid
radiological progression (radiological change of k&l
grade ≥2).10 Besides progression of k&l in our study,
a greater osteophyte area at baseline is also one
of the variables which explains the poor outcome
trajectory. The absence of a significant association
of k&l change with the trajectories, when adjusted
for ‘osteophyte area change‘ could be explained by
the fact that k&l scale is an osteophyte driven scale.
A radiological change of k&l ≥2 is achieved mainly
by change in osteophyte: from normal (grade 0) to
definite of (grade 2); or from possible of (grade 1) to
moderate of (grade 3).
Our study has several strengths but also some limitations. The check study is a prospective, observational
cohort study with 10 year follow-up. The study is
centrally coordinated to guarantee high-quality data
(e.g. dropout after 8 years follow-up is less than
10%). check subjects are characterized in three
main oa domains through-out follow-up: clinical,
radiographic, and biochemical.
There are also notable limitations. Since hip pain
was more present in the poor outcome trajectory,
it could be that this pain trajectory represents
individuals with more generalized oa. Besides it

area change

1.0 (1.0 – 1.0)

minJSW change

0.9 (0.8 – 1.1)

1.0 (1.0 – 1.1)

1.0 (1.0 – 1.1)**

1.0 (1.0 – 1.1)**

1.0 (0.8 – 1.2)

Hosmer- Lemeshow Goodness-of-Fit Test

0.331

0.230

0.331

0.230

Pseudo R2 Nagelkerke

0.238

0.246

0.238

0.246

would be interesting to know whether individuals
of the poor outcome trajectory have characteristics
of neuropathic pain. Unfortunately, this information
on generalized oa and neuropathic pain was not
measured. Although lcga seems to be preferable
above the more simple methods for identifying
homogeneous subgroups, there is still an on-going
discussion about model fit parameters for choosing
the optimal number of classes.20 The bic is the most
used model fit parameter and was used in this
analysis.19 We made an association model based on
baseline variables and progression variables which
could explain the difference between the trajectories.
Very likely other variables, which we did not include,
like generalized oa and neuropathic pain, could also
play a role. Next step is to develop a prediction model
in which also other clinical variables (e.g. range of
motion, palpable warmth, crepitus) are included
which can be measured by the general practitioner.
We conclude that different trajectories of pain exist,
which can be explained by different clinical features,
coping strategies and lifestyle factors. The pain evolution of participants in the poor outcome trajectory
can be explained by increase in radiological damage
(change of k&l grade ≥2) and greater osteophyte size

at baseline. Participants with a bmi ›25, secondary
school as highest education level, having at least
3 comorbidities, additional hip pain, who worrying
and avoid activity to cope their pain are more likely
to develop a poor outcome trajectory. Distinguishing
these baseline characteristics and different pain
trajectories in the follow up could have implications
for the treatment. Treating symptomatic oa should
also be based on modifiable factors, comorbidities
and behavior. —

Odds ratios (OR) are
given for univariate and
mulitvariate association, between brackets
confidence interval.
*p-value ≤0.1 (cut-off
point in univariate
regression), **p-value
≤ 0.05, K&L change |
greatest radiographic
change from baseline to
follow-up in one of the
knees. Osteophyte area
change |
greatest osteophyte
change from baseline
to 5 years follow-up
in one of the knees.
MinJSW change | greatest change in minimal
Joint Space Width from
baseline to follow-up
in one of the knees.
Multivariate K&L model
B | model corrected
for baseline variables
(BMI, education, hip
pain, worrying, resting,
comorbidity, osteophyte
size, K&L grade) and
K&L change. Multivariate
OP (osteophyte) model
C | model corrected for
baseline variables (BMI,
education, hip pain, worrying, resting, comorbidity, osteophyte size) and
K&L change, change
of osteophyte size.
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7. Trajectories of osteophytes

Abstract
Objective

oa can be characterised by structural changes
and by clinical symptoms and signs. This
study focuses on the heterogenic expression
of osteophyte formation and aims to identify
subgroups of participants with homogeneous
patterns of osteophyte formation over time
(trajectories), and to describe the prognostic
factors of the different subgroups.

Methods

Longitudinal data of quantitative osteophyte
formation, calculated as total area of mm2 , over
a period of five years follow-up of the early oa
cohort check (Cohort Hip & Cohort Knee) was
used. Latent Class Growth Analysis identified
homogenous subgroups with distinct trajectories
of osteophyte formation. Multinomial regression
analysis was used to examine the prognostic
factors of the different subgroups.

Results

In data of 5 years follow-up of 929 participants,
three subgroups were identified: an ‘osteophyte
increase’ subgroup (n=32) with an increase
in osteophyte formation, ‘mild osteophyte’
subgroup (n=181) with minimal increase, and ‘no
osteophyte’ subgroup (n=716) without increase
in osteophyte formation. Being older, a bmi above
25, the existence of local clinical signs at baseline
(crepitus, warmth, bony tenderness, enlargement
and effusion), and radiographic characteristics
(initial osteophyte formation, narrowing of
jsw) suggested a higher probability of a (mild)
increase in osteophyte formation.

Conclusions

In participants with early symptomatic oa the
common course of osteophyte formation over
a period of 5 years is relatively flat. However, in
a small subpopulation there was a remarkable
increase in osteophyte formation. Identifying
which patients will develop structural changes
may in the future lead to specific treatment of
these patients.
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Methods
Study population

Osteoarthritis (OA) can be manifested in structural
changes occurring at the joint level, like joint
space narrowing and osteophyte formation, and
can be defined as ‘disease OA’. Besides or together with structural
changes, oa can be manifested by patients’ reported symptoms, defined as 'illness
oa'. As is well known, there is limited overlap between the disease oa and the
illness oa.1 Preliminary findings of the Osteoarthritis Initiative after 10 years suggest
possibly different mechanisms in structural changes for joint space narrowing (jsn)
and osteophyte formation.2 These different mechanisms may result in different
expression of disease between patients over time. It has been proposed that ideally
these two different features of radiographic oa should not be integrated as a single
Kellgren & Lawrence (k&l) grade, but looked at individually.3 jsn is thought to be a
feature of already advanced oa, therefore, revealing little about the early disease.4,5
It is suggested that formation of osteophytes should be considered as an early
feature of oa.6 Furthermore, a previous study showed that osteophytes performed
better as a primary diagnostic feature than jsn.7 Osteophytes appear to be a central
radiographic feature of the disease and are often shared across compartments of the
joint.8 It has been suggested that laxity and malalignment of the knee joint are causal
biomechanical factors in the formation of osteophytes, but these biomechanical
factors are also supposed to be results of the disease and therefore are involved in a
vicious circle.9,10 Besides, it has been suggested that activation of the synovial layer
(synovitis) can finally results in formation of osteophytes. A suggested mechanism
is that the inflammatory milieu stimulates the production of Transforming Growth
factor-beta. Observations confirm that Transforming Growth factor-beta playes a role
in osteophyte development.11 check (Cohort Hip & Cohort Knee) is an inception cohort
of patients with early symptomatic oa of the hip and/or knee and therefore suitable to
study the osteophyte formation over time.
In longitudinal studies on the evolution of pain in individual subjects, the patterns (or
trajectories) of pain evolution were heterogeneous with some subjects experiencing
worsening and others improvement.12 Studies of structural changes also suggest
that persons with knee oa may have diverse disease trajectories over time. It has
been suggested that once structural changes of knees occur, they are far more likely
to progress.13 Identifying distinct trajectories of osteophyte formation would offer
important insight into prognosis and would help selecting treatment modalities.
Therefore, the present study focuses on the expression of osteophyte formation and
aims to identify trajectories in persons with homogeneous patterns of osteophyte
formation over time and to describe the different trajectories by prognostic factors. By
describing clinical and radiographic characteristics of participants within distinctive
trajectories, additional information can be obtained about the association of these
prognostic variables with the course of the disease.14 Therefore, the osteophyte
trajectories are compared to the recently identified pain trajectories.15

From October 2002 till September 2005 a multicentre
cohort was formed of 1,002 participants with pain
and/ or stiffness of knee and/ or hip. Individuals
were eligible if they had pain or stiffness of knee
or hip, were aged 45-65 years, and had not yet
consulted their physician for these symptoms, or the
first consultation was within 6 months before entry.
Individuals with clearly defined other reasons for
knee or hip symptoms than oa were excluded. The
study was approved by the medical ethics committees
of all participating centres, and all participants gave
their written informed consent before entering the
study. A complete description of the check study
has been reported.16,17 For the analyses in this study,
check participants with a follow-up period of at least
5 years with available radiographic data of at least 2
follow-up visits were included.

Identifying trajectories of osteophyte formation
At baseline and after 2 and 5 years, posterior-anterior
weight- bearing radiographs of both knees were
obtained to assess radiographic oa features of the
tibiofemoral joints.18 Knee Images Digital Analysis
(kida) was used to analyse osteophyte area (in mm2)
as a continuous variable in lateral and medial femur,
and lateral and medial tibia, to identify distinct
trajectories of osteophyte formation. It has been
reported that kida is more sensitive to measure
differences over time than the qualitative grading
system.19 The kida parameters were measured by one
experienced observer without knowing the sequence
of the radiographs and blinded to patient characteristics. The osteophyte area was measured as the
total osteophyte area (in mm2) of both the osteophyte
areas of left knee (sum of 4 locations) and the
osteophyte areas of right knee (sum of 4 locations).
Participants with available osteophyte area data of at
least 2 follow-up visits were included in the analyses;
in case left or right subtotal osteophyte area of a
visit was missing, due to drop-out of the participant,
total knee arthroplasty, or quality problems of the
radiograph the total osteophyte area of that visit was
coded as missing.

Radiographic characteristics
kida was also used to measure minimum joint

space width (mJSW, in mm) in order to describe the
identified trajectories of osteophyte formation. For
each knee the mJSW was measured as the smallest
distance between femur and tibia, and the smallest
jsw of the left or right knee was used in analyses.
Also for each knee change from baseline to 5 year
follow-up in mJSW was measured and the greatest
change in one of the knees was used in analyses.
To measure overall radiographic severity of oa,
radiographs were also scored according to Kellgren &
Lawrence (k&l),20 on a 0-4 scale. Readers scored all
consecutive radiographs at the same time knowing
the sequence (baseline, 2 year and 5 year) but
blinded to clinical data. Inter-observer variability
was tested in a subset of 38 participants scored
by all observers yielding moderate to substantial
inter-observer agreement (kappa 0.60 for presence of
k&l 0 versus k&l1- 2 - 3 in the knees, mean kappa’s
over three measurements: t0- t2- t5). Severity of
radiographic oa at baseline was defined as the worst
knee, based on the highest k&l grade.21

Clinical characteristics
Baseline demographic and clinical variables collected
in the check study were used in the analysis. Pain,
stiffness and physical functioning were assessed
with the womac (Western Ontario and McMaster
Universities Osteoarthritis Index) questionnaire,
which is a disease specific self- reported questionnaire.22,23 The five point Likert version of the womac
was used; item responses range from ‘none’ to
‘extreme’ and are summed to produce subscales (pain
0-20, stiffness 0- 8, functioning 0-68) with higher
scores indicating worse health. check participants
were asked to complete womac for knee and hip
complaints together. Pain severity (during last week)
was measured with the Numeric Rating Scale (nrs)
rating from 0-10, with a higher score indicating more
pain, also measuring the severity of knee and hip
pain together. The nrs for pain is a one dimensional
single-item scale that provides an estimate of
patients’ pain intensity.24 Comorbidity was assessed
with a self-reported health module of the Central
Bureau of Statistics (cbs) in the Netherlands which
encompasses 24 chronic diseases.25 Individual
comorbidities were scored and the total number
of comorbidities was calculated per participant
(‘comorbidity count’). Clinical features of the knees
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Biochemical markers
C-terminal telopeptide of type ii collagen (ctx ii) and
cartilage oligomeric matrix protein (comp), markers
of cartilage and bone metabolism, were assessed at
baseline.

Previous identified pain trajectories
Recently, three pain trajectories were identified
in the check population based on pain intensity
during 5 years follow-up: ‘poor outcome’, ‘moderate
outcome’ and ‘good outcome’.15 Participants with
knee pain at baseline and with recorded pain data
of at least 3 follow-up visits were included in the
analyses of pain trajectories. Participants with ‘good
outcome’ trajectory (n=222) had a slight decrease
in pain severity over time and ended up with lower
pain severity. Participants with ‘moderate outcome’
trajectory (n=294) had a variable course over time
with moderate pain. The ‘poor outcome’ trajectory
participants (n=189) had an increase of pain severity
over time. These three trajectories could be explained
by different clinical features, coping strategies and
lifestyle factors.15

Statistical analyses
To define homogenous subgroups of participants
with distinct trajectories of osteophyte formation
as measured by kida, Latent Class Growth Analysis
(lcga) was used. The assumption in this method
is that data encompass one or more trajectories of
individuals with similar patterns. The goal is therefore
to capture this population heterogeneity with a
(latent) categorical variable denoting the number of
trajectories. In lcga the classification is performed
based on the intercept and slope for the individual
growth curve parameters.26 lcga estimates a mean
growth curve for each class, but no individual variation around the mean growth is permitted.27
The decision which of the models with k number of
trajectories is the best, is determined by a combination of factors: fit indices, the research question,
parsimony, size of classes and interpretability. The
model fit indices with corresponding criteria used
in our analyses: the smallest Bayesian Information
Criteria value, high entropy value (near 1.0), a
significant Vuong- Lo- Mendell-Rubin Likelihood
Ratio Test and Bootstrap Likelihood Ratio Test. Both
Likelihood Ratio Tests provide a p-value, which

indicates whether the minus 1 k model is rejected in
favor of the k class model.28

Subgroups based on osteophyte trajectories

Finally, multinomial logistic regression analyses were
used to examine differences in baseline clinical and
radiographic characteristics between the identified
osteophyte trajectories. This regression was also
used to evaluate the association between the identified osteophyte subgroups and the pain trajectories.
As one of the identified trajectories is small, we only
performed univariate multinomial logistic regression.
Mplus version 6.1 was used for lcga; all other
analyses were performed using spss version 20.

The optimal number of trajectories identified through
lcga was three (table 1). Identifying three trajectories
in this population resulted in a trajectory with initial
osteophyte formation and an increase in osteophyte
formation (‘osteophyte increase’ subgroup; n= 32),
a trajectory with initial osteophyte formation and
minimal increase (‘mild osteophyte’ subgroup; n=181)
and a trajectory without initial osteophyte formation
and without increase (‘no’ osteophyte’ subgroup;
n=716) (figure 1). In 77% of the participants no
change in osteophyte formation was observed,
representing the most common osteophyte pattern.

Results

Differences between subgroups based
on baseline characteristics

Study population
Longitudinal data of 5 years follow-up of participants
with at least 2 follow-up visits was analyzed (n=929).
A total of 73(/1,002) subjects had only one total
osteophyte measurement and were excluded from
the analysis. Baseline characteristics of the included
participants were analyzed: 79% were female, mean
age 56 years (with sd of 5), 55% had a bmi greater
than 25 kg/m2, 83% had knee pain of which 42% had
also hip pain, 17% had hip pain only and the mean
pain severity (nrs) was 3 on a scale of maximum 10
points.
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Baseline demographics of participants, grouped
according to identified trajectories are given in
table 2. The local clinical signs, knee pain, morning
stiffness, crepitus, warmth, bony tenderness, bony
enlargement and effusion were most frequently
present in the osteophyte increase subgroup, and
lowest frequency was observed in the ‘no osteophyte’
subgroup. As compared to participants of subgroup
‘no osteophyte’, participants of the subgroup
‘increase of osteophyte’ and subgroup ‘mild osteophyte’, were more likely to be older, and to have a bmi
above 25, higher pain intensity, positive clinical sign
of a warm knee, bony tenderness, and effusion of the

table 1 | Fit indices, entropy and posterior
probabilities across models.
100
total osteophyte area (mm2 )
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were assessed by a standardized protocol including
palpable warmth, refill test to assess effusion, bony
tenderness, bony enlargements and crepitus.

75

N o of

Bayesion

Vuong-

Bootstrap LRT

Trajectories

trajectories

Information

LMR-LRT

p-value

sub-

criteria (BIC)

p-value

Entropy

group

n

posterior probability

1

850

0.99

2

79

0.95

1

32

0.98

2

716

0.97

3

181

0.89

1

194

0.89

2

684

0.96

3

41

0.94

4

10

0.97

1

200

0.87

2

660

0.95

3

27

0.82

4

10

0.96

5

32

0.95

‘osteophyte increase’ subgroup

2

50

3

‘mild osteophyte’ subgroup

19597,064
19162,425

0.959
0.902

0.0972
0.0316

< 0.0001
< 0.0001

25
‘no osteophyte’ subgroup

4

18999,979

0.906

0.2197

< 0.0001

0
baseline

2 years follow-up

5 years follow-up

5
figure 1 | Trajectories of osteophyte formation during 5 years follow-up

18914,140

0.898

0.3347

< 0.0001

Lowest BIC indicates
best fitting model
Significant p- value
(p< 0.05: model with k
number of trajectories
has a better fit compared
to model with k-1
trajectories). Entropy
and posterior probability close to 1 indicate
good classification.
Vuong- LMR-LRT |
Vuong-Lo-MendellRubin likelyhood
ratio test, Bootstrap
LRT | Bootstrap
likelihood ratio test
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table 2 | Baseline demographic
and disease characteristics
Subgroup

'Osteophyte increase'

'Mild osteophyte'

'No osteophyte'

n

32

181

716

Age in years

58 (3.9)

57 (4.9)

55 (5.3)

Gender, female

84%

66%

82%

BMI > 25 kg/m2

69%

66%

51%

table 3 | Multinomial regression analysis
for univariate variables at baseline for
each trajectory (‘no osteophyte’ subgroup
is used as the reference group)
Subgroup

'Osteophyte increase' versus

'Mild osteophyte' versus

'no osteophyte'

'no osteophyte'

OR Univariate

OR Univariate

Beta (p-value)

Beta (p-value)
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Clinical signs
Knee pain

97%

89%

81%

Female versus male (referent)

0.9 (0.80)

2.4 (< 0.001)

Pain intensity (0-10)

4 (2.1)

3 (2.2)

3 (2.0)

Age

1.1 (0.02)

1.1 (< 0.001)

Morning stiffness knee

81%

53%

51%

BMI > 25 versus BMI ≤ 25 (referent)

2.3 (0.04)

1.9 (< 0.001)

Crepitus knee

63%

48%

44%

Warmth

16%

9%

4%

Clinical signs

Bony tenderness

69%

49%

41%

Pain intensity

1.2 (0.05)

1.1 (0.01)

Bony enlargement

13%

5%

4%

Crepitus knee

2.1 (0.04)

1.2 (0.33)

Effusion knee

19%

15%

6%

Warmth

4.5 (0.004)

2.4 (0.007)

Bony tenderness

3.1 (0.003)

1.4 (0.05)

Bone enlargement

3.6 (0.02)

1.2 (0.66)

Effusion knee

3.4 (0.01)

2.7 (< 0.001)

Radiographic feature of knee
K&L Grade 0

10%

35%

55%

K&L Grade 1

90%

65%

45%

Ostophyte area (mm2 )

40 (18.1)

25 (9.9)

8 (5.8)

Radiographic feature of knee

Minimal JSW (mm)

1.7 (1.7)

2.6 (1.3)

2.7 (1.2)

K&L Grade 0 versus grade 1

10.9 (< 0.001)

2.3 (< 0.001)

Total Ostophyte area (mm2 )

1.5 (< 0.001)

1.4 (0.001)

Minimal JSW (mm)

0.5 (< 0.001)

0.9 (< 0.001)

0.9 (0.49)

1.1 (0.37)

CTX II (ng/mmol)

1.0 (< 0.001)

1.0 (< 0.001)

COMP (µg/ml)

1.2 (< 0.001)

1.2 (< 0.001)

WOMAC subscales
Mean values, standard
deviation between
brackets and categorical
variables as percentages (%) are given.
BMI | body mass index,
K&L | Kellgren and
Lawrence grade,
WOMAC | Western
Ontario and McMaster
Universities OA index
with higher scores indicating worst health

Pain (range 0-20)

7 (3.1)

6 (3.6)

5 (3.3)

Stiffness (range 0-8)

3 (1.3)

3 (1.6)

3 (1.7)

Presence of comorbidity ≥ 3

Physical function (range 0-68)

23 (9.5)

18 (12.1)

15 (11.3)

versus comorbidity < 3 (referent)

16%

19%

22%

Comorbidity count
≥ 3 comorbidities

Biomarkers

Biomarkers
CTX II (ng/mmol)

374.2 (206.4)

251.2 (139.4)

207.0 (110.7)

COMP (µg/ml)

9.7 (2.4)

8.5 (2.4)

8.5 (2.3)

knee, a greater initial osteophyte area, a smaller jsw
and higher ctx ii and comp levels (table 3). A positive
clinical sign of knee crepitus and bony enlargement
was more likely to be present in the ‘osteophyte
increase’ subgroup compared to the ‘no osteophyte’
subgroup, than to be present in the ‘mild osteophyte’
subgroup. Participants in the ‘mild osteophyte’
subgroup were more likely to be male compared to
participants in the ‘no osteophyte’ subgroup.

Overlap between osteophyte
subgroups and pain trajectories
Table 4 compares the identified osteophyte

subgroups with the previously identified pain
trajectories. In the ‘osteophyte increase’ subgroup 15
(of 31) participants were part of the ‘poor outcome’
trajectory, which was 48% of the participants
of ‘ increase osteophyte’ subgroup. In the ‘mild
osteophyte’ subgroup 63 (of 140) participants were
part of the ‘moderate outcome’ trajectories, which
was 45% of the ‘mild osteophyte’ subgroup. One
hundred seventy two participants (of 511) of the
‘no osteophyte’ subgroup were part of the ‘good
outcome’ trajectory, which was 34% of the participants ‘no osteophyte’ subgroup. There were 247
participants (‘osteophyte increase’ subgroup n=1;

‘mild osteophyte’ subgroup n=41; ‘no osteophyte’
subgroup n=205) excluded in the analysis of pain
trajectories who entered the present study. Sixteen
participants who were included in analysis of
pain trajectories were excluded in the analysis of
osteophyte subgroups. In table 5 the univariate associations of the pain trajectories with the osteophyte
subgroups are presented. The ‘poor outcome’ pain
trajectory increased the odds of the ‘ osteophyte
increase’ subgroup with 6.6 compared to the ‘good
outcome’ pain trajectory. The moderate outcome’
pain trajectory increased the odds of the ‘osteophyte
increase’ subgroup with 3.6 compared to the ‘good
outcome’ pain trajectory. There were no associations
found between the different pain trajectories and the

‘mild osteophyte’ subgroup.

Discussion
The present study evaluated changes in osteophyte formation over 5 years in individuals with
symptomatic oa and classified 929 participants in
3 trajectories using lcga. In most participants the
osteophyte formation did not change over 5 years. In
one trajectory with only 32 participants (3%) there
was a remarkable increase in osteophyte formation:
an average slope of the osteophyte area increase of
17.4 mm2 over 5 years. The minimal increase subgroup
included 20% of the sample, with an average slope
of 1.3 mm2 over 5 years. Since the average probability score of the trajectory classification for each

BMI | body mass index,
K&L | Kellgren &
Lawrence, JSW | joint
space width, CTX II |
C-terminal telopeptide of
type II collagen, COMP |
cartilage oligomeric
matrix protein

'Osteophyte

'Mild osteophyte'

'No osteophyte'

increase'

Not included in
osteophyte analyses (n)

‘Poor outcome’ trajectory

48% (15)

26% (37)

25% (130)

7

‘Moderate outcome’ trajectory

42% (13)

45% (63)

41% (209)

9

‘Good outcome’ trajectory

10% (3)

29% (40)

34% (172)

7

Not included in pain analyses (n)

1

41

205

table 5 | Multinomial regression analysis
for univariate variables at baseline for
each trajectory (‘no osteophyte’ subgroup
is used as the reference group)
Subgroup

'Osteophyte increase' versus

'Mild osteophyte' versus

'no osteophyte'

'no osteophyte'

OR Univariate

OR Univariate

Beta (p-value)

Beta (p-value)

Good outcome

Referent

Referent

Moderate outcome

3.6 (0.05)

1.3 (0.3)

Poor outcome

6.6 (0.003)

1.2 (0.4)

Pain trajectories

estimated trajectory was at least 89% participants
are considered to be correctly classified into the estimated trajectories. Overall, participants with minimal
and remarkable increase compared to ‘no osteophyte’
formation, were more likely to be older, obese, to
have positive clinical signs of an osteoarthritic knee
joint and to have higher baseline levels of cartilage
degradation marker (comp) and higher levels of bone
metabolism marker (ctx-ii). Characteristics of the
baseline radiograph itself were prognostic factors for
the formation of subsequent osteophytes.

oa, the same patterns were seen; jsw of 70% of
subjects remained unchanged over 2 years and jsw
decreased in only a small sample.29

Results of this study add to the growing body of
evidence that only in a small percentage of patients
with early oa radiographic disease progression
occurs over the first five years. Changes in formation
of osteophytes can be classified in three different
trajectories. In another study identifying trajectories
of joint space narrowing in subjects with symptomatic

In this study we could only assess univariate
associations between baseline clinical factors and the
identified trajectories due to the small number (3%)
of participants in the ‘increase osteophyte subgroup’.
Higher probability of an increase in osteophyte formation is expected if the participant is older, obese, has
an initial osteophyte and narrowing of the jsw. This

Studies on the formation of osteophytes over time
are scarce. Studies on radiologic development of
oa mainly focus on the global k&l score and report
that knees that are progressing are far more likely
to continue to progress than knees which have been
stable in terms of structural deterioration.13 Our
results confirm this state of inertia.

Comparing the identified subgroups of osteophyte
formation and trajectories of pain evolution, there
seems to be some overlap in participants belonging
to worst trajectory in osteophyte formation and worst
pain trajectory. Of course there was also disagreement between trajectories regarding pain and
osteophytes, which is in line with the concept that
there is limited overlap between the disease oa and
the illness oa.1 The ‘poor’ and ‘moderate’ outcome
pain trajectories suggested a higher probability
of an ‘osteophyte increase’ subgroup, however a
‘moderate’ outcome pain trajectory did not suggested
a probability of a ‘mild osteophyte’ subgroup. Less
than half of the participants of a osteophyte subgroup
corresponded with a relevant pain trajectory. A limitation in this evaluation is the reported missing data.
The strength of this study is the longitudinal design
with 3 measurements over a period of 5 year
follow-up. Additional strengths are the use of lcga to
capture the consistence of one or more trajectories of
individuals with similar developmental trajectories;
the use of more sensitive quantitative measurements
of osteophyte formation and a relatively complete
data set.
There are also limitations to this study. Although
lcga seems to be preferable above the more simple
methods for identifying homogeneous trajectories,
there is still an on-going discussion about model
fit parameters for choosing the optimal number of
classes.26,27 Focusing on only one radiographic feature
leads to an oversimplification of the osteoarthritic
process. We are aware that knee oa is a complex
disease affecting multiple features in multiple
compartments.8 Another limitation is a technical one:
the quantitative measurement of osteophyte formation, since an osteophyte can appear to change in an

image with only small changes in rotation.13
In conclusion, in persons with symptomatic oa
the common course of osteophyte formation over
a period of 5 years is relatively flat, showing no
increase in most patients. However, in a small
subpopulation there was a remarkable increase in
osteophyte formation. Based on the formation of
osteophytes and the identified pain trajectories
in largely the same population, we can better
understand that in every person with oa the evolution
of illness and disease of oa develops according to
specific phenotypes or trajectories. There is limited
overlap between these trajectories and phenotypes:
the trajectory of more pain increases the odds of
the trajectory with an increase in structural damage.
Better insights in these different trajectories of illness
and disease may ultimately lead to more targeted
treatment of the patient. —
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In a small subpopulation there
was a remarkable increase
in osteophyte formation.

Subgroup

corresponds with elsewhere reported predictors of
progression in the identified trajectories of jsn; those
progressors tended to be older, heavier and had an
initial existence of the radiographic feature (less
jsw). The presence of local clinical signs (crepitus,
warmth, bony tenderness, enlargement and effusion)
in our study suggested a higher probability of an
(mild) increase in osteophyte formation. These local
signs correspond with the typical oa findings on
examination.

In most participants the
osteophyte formation did
not change over 5 years.

7. Trajectories of osteophytes

table 4 | Participants according to the identified
pain trajectories and osteophyte subgroups
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8. Summary & discussion

Outline and scope of this thesis
The research described in this thesis is part of the
check study. The overall aim is to analyze disease
characteristics (pain, physical functioning) of early
symptomatic oa and to examine the evolution of
structural damage in relation with disease characteristics. As an introduction we provide up-to-date
details of check, also to enable researchers
worldwide to start collaborations and to maximize
use of the available data and resources (chapter 2).
In part I of the thesis similarities within and differences between the two most well-known cohorts
of persons with early osteoarthritis are described.
Parallel to check, an observational study on oa was
initiated by the nih (National Institute of Health,
United States of America): the Osteoarthritis Initiative
(oai). This 4-year follow-up study also has the objective to study the natural history of, and risk factors
for, the onset and progression of early oa. In fact
both initiatives, check and the oai, search answers to
similar questions in somewhat different populations.
We evaluated whether check and -on comparable
inclusion criteria selected- study populations of
the oai are similar and what we might learn from
combining information from both cohorts (chapter
3). Baseline data from both cohorts were analyzed,
and more differences than expected were observed.
This led us to formulate a hypothesis on the relation
between complaints of early disease and pain on
one side and damage on the other side. To test this
hypothesis we compared longitudinal data of both
cohorts by observing differences in the development
of joint damage and evolution of pain and physical
functioning (chapter 4). Signs and symptoms in both
cohorts remained rather stable over 4-5 years, and
also the differences between both cohorts persisted.

The overall aim of the check study is to gain more
knowledge on the course, prognosis and underlying
mechanisms of early symptomatic oa in hip or
knee, with a focus on clinical, radiographic and
biochemical variables. These variables assess consequences of
osteoarthritis regarding body functions and structures, activities and participation
as well as environmental and personal factors of a person with oa. For this purpose
a longitudinal (10 years follow-up) cohort study was started with 1,000 persons with
signs and symptoms of early osteoarthritis of hip and/or knee.

In part II we focus on differences in evolution of
disease characteristics within the check-participants.
It is known that patients with symptomatic oa have a
high number of comorbidities, significantly more than
non-oa patients. First we evaluated the relationship
between comorbidity (absolute number as well as the
presence of specific comorbidities) and pain, physical
functioning and mental health status of participants
with early symptomatic oa (chapter 5). We confirmed
that, also in early symptomatic oa, comorbidity plays

an important role in the expression of signs and
symptoms of oa. The level and course of the main
clinical symptom pain can differ a lot between individual patients over time. With Latent Class Growth
Analysis we identified homogeneous subgroups
of pain trajectories in patients with symptomatic
knee oa, and tried to predict these different pain
trajectories by disease characteristics at baseline
(chapter 6). An obvious next question is whether
such homogenous subgroups also exist with regard
to structural damage. With Latent Class Growth
Analysis we also identified homogeneous subgroups
of osteophyte formation over time (trajectories) in
check-participants and identified prognostic factors
for these trajectories (chapter 7).
The specific questions discussed in this thesis are
only a small part of the large amount of research
within the check cohort that has already been done
or can be done in the future. Therefore we will place
these specific findings into perspective and will give
some suggestions for future research.

First findings of check (highlights)
check, initiated by the Dutch Arthritis Association,
was devised in 1999/2000 by a multi-disciplinary
group of researchers from different fields and
specialties. From the start the following disciplines
have been involved: rheumatology, general practice,
orthopedics, rehabilitation, medical imaging, epidemiology and physiotherapy. check is a multicenter
10-year follow-up study of 1,002 persons with early
osteoarthritis of hip and/or knee. The first participant
was included in November 2002, the last participant
will be out in December 2015. Data on the first five
years have been consolidated in 2011 and will soon
become freely available for researchers worldwide.
The study provides a valuable data set to answer
many longitudinal research questions regarding a
broad range of aspects of oa of the hip or knee. Some
already published findings include:

Clinical variables
oa is not one disease and worldwide researchers
are trying to dissect oa based on e.g. the patterns
of clinical signs and its course, on development of
separate radiographic features and on patterns of
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biochemical markers.1,2 Based on 5 years follow-up
data of activity limitations in the knee oa population
three homogeneous subgroups were identified: a
‘good outcome’ subgroup that develops or displays
slight activity limitations over time; a ‘moderate
outcome’ that develops or displays moderate
activity limitations over time; and a ’poor outcome’
subgroup that develops or displays severe activity
limitations over time.1 Prognostic factors for activity
limitations include clinical (e.g. ≥ 3 comorbidities,
muscle weakness, bony tenderness), radiographic
(osteophytes), metabolic (higher bmi) and psychological factors (low vitality, avoidance of activities).3
A combined psychological and neuromuscular model
was proposed that partially explains the development
of activity limitations.4,5 According to this model,
pain and low vitality lead to subsequent avoidance
of activities and thereby to muscle weakness and
activity limitations.6-8 Besides the course of activity
limitations, also the course of work participation
was analysed. Remarkably, two-year course of work
participation was similar to that of the general Dutch
population; after two years sustained work participation was predicted by lower age, but not by oa related
factors.9

Radiographic variables
A newly developed method to analyse knees radiographically, Knee Images Digital Analysis (kida), is
sensitive to detect early progression of radiographic
knee damage, especially through measurement of
separate quantitative features of knee oa.10 Based
on kida features (joint space width (minimum,
medial, lateral), varus angle, osteophyte area,
eminence height, and bone density) 5 phenotypes of
radiographic progression could be identified. These
represent the level of disease progression (Severe
or No progression), the phase of progression (Early
or Late) and the prominent involvement of Bone
density.2
Statistical Shape Modelling (ssm) can assess the
radiographic shape of the hip, and is used to test
whether the morphology of the hip joint can be a risk
factor for oa. Evaluation of hip radiographs of check
participants showed that the ssm-modelled shape
of the hip can predict total hip replacement, but
variation in shape cannot predict clinical symptoms
of oa.11 In addition, individuals with severe cam-type

deformity (hip incongruity by non-spherical head)
and reduced internal rotation were at high risk of
fast progression to end stage oa.12 Finally, pincer
deformity (acetabulum over-coverage) did not lead to
oa of the hip, but acetabulum under-coverage did.13

Biochemical markers
In check 14 markers of cartilage, bone and synovial
metabolism were assessed at baseline to improve
understanding of pathophysiology and as potential
prognostic factors. None of these markers proved
sufficiently discriminating to predict diagnosis or
prognosis of oa. Two reflected a broader spectrum
than originally expected. The cartilage degradation
marker, ctx-ii, showed striking similarities with
markers of bone metabolism, suggesting that ctx-ii
also originates from bone. The cartilage degradation
marker comp (Cartilage Oligomeric Matrix Protein)
may also originate from (inflamed) synovial tissue in
early-stage oa.14,15

Main findings from this thesis
Are participants of check and -on comparable
inclusion criteria selected- study populations of the
oai similar and what might we learn from combining
information from both cohorts?
Both cohorts study early osteoarthritis, but report
differences in complaints and structural damage at
inclusion. Radiographic knee oa was present in a
significant smaller number of the check participants
compared with the oai-participants. In contrast,
participants in check had more pain, more stiffness,
more limitations in activities, and a worse health
status (chapter 3). These observed differences
between both cohorts could not be explained by
baseline characteristics such as drug use, body mass
index or gender. Based on the milder radiological
findings we hypothesized that check was started
in an earlier phase of the disease than oai.16 This
hypothesis served as a basis for evaluation of the
longitudinal data in chapter 4. How is the relation
of joint damage with evolution of pain and physical
functioning in these two cohorts? In both cohorts
(check n= 714; oai n=930) we concluded that rapid
joint damage (change of ≥2 grades of k&l in 4 - 5
years) is related to worsening of pain and function.

In participants with slow progression (radiological
change of 1 grade or less of k&l), pain and physical
function remained fairly stable over 4 to 5 year.17
Remarkably, in both cohorts the level of pain and
physical function remained basically the same, and
also the differences between the oai and check
participants remained the same in the pursuing
4-5 years. These data do not support our original
hypothesis that check had started at an early stage
of the disease compared to oai. Interestingly, it was
recently reported that participants of the oai cohort
have a higher self-reported health status compared
to a nationally representative survey of usw persons
with oa.18 As possible explanation for the observed
differences the rather strict exclusion criteria for oai
have been suggested. These oai exclusion criteria,
such as inability to undergo mri, severe joint space
narrowing in both knees and comorbid conditions
that could interfere with participation, may have
created a relatively healthy oa cohort.19 This could
also partially explain the observed differences in
complaints between the check and oai cohorts. It
cannot be ruled out that existing social, cultural, and
health care system differences between the us and
the Netherlands influence these observed differences
as well. Besides, as a methodological explanation,
many variables that are related to evolution of pain
and functional problems are not or not identically
measured in check and oai, such as measurement of
comorbidities, reporting of constant or intermittent
pain and pain related behavior.
Apart from analyzing observed differences
between the two oa cohorts, it is also relevant to
study possible differences in evolution of disease
characteristics within check. First we evaluated the
relationship between comorbidity (absolute number
as well as the presence of specific comorbidities) and
pain, physical functioning and mental health status
of participants with early symptomatic oa of hip or
knee (chapter 5). We noted that especially additional
problems in musculoskeletal system and obesity
have a negative effect on pain and physical health
status. But also mental status is affected in early
symptomatic oa by the presence of specific comorbidities.20 An explanation could be the avoidance
model, the association between pain, avoidance of
activities, muscle strength and activity limitations
in participants with early oa; this mechanism could

be reinforced by painful comorbidities.6 Another
explanation could be central pain sensitization,
suggesting that more than just the receptor area for
the painful joint is involved in nociception.21 Pain may
arise from nociceptive fibers and/ or mechanoreceptors in the different tissues of the joint, by effusion
and intra-articular tension. In addition to peripheral
sensitization central sensitization also has its effect
on pain in patients with oa.22 Others have also
reported that knee-specific pain and disability, as
measured with the womac, can be worse in presence
of pain elsewhere in the musculoskeletal system.23
Since comorbidity in check and oai was evaluated
with different questionnaires, we could not adjust
for comorbidity in analyzing differences in pain and
physical functioning between both cohorts. The
association of comorbidity reported in check with
pain and physical function might further explain
reported differences between check and oai, since
in oai comorbidities were an exclusion, but not in
check. This underscores the importance of international consensus on measuring the same items, in the
same way and at the same time points in prospective
cohorts of patients with chronic diseases.
Possible differences in evolution of disease characteristics within check were studied in two relevant
areas: the clinical hallmark pain and the radiological
hallmark osteophytes. In chapter 4 it was concluded
that on group level the evolution of pain remains
fairly stable, but a considerable individual variation was found. In order to identify homogeneous
subgroups of pain trajectories in patients with early
symptomatic oa the Latent Class Growth Analysis
(lcga) was applied (chapter 6). The latent class
growth analysis is a method to identify homogeneous
subgroups within a large heterogeneous population
and to identify meaningful groups or classes of individuals. It seems to be the most appropriate method
for fully capturing information about inter-individual
differences in intra-individual change taking into
account unobserved heterogeneity (different groups
or trajectories) within a larger population.24 The
same method was used to identify homogeneous
subgroups regarding the formation of osteophytes
(chapter 7).
Three homogeneous subgroups of pain trajectories in
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patients with symptomatic knee oa were identified:
participants with good outcome trajectory (n=222)
had a slight decrease in pain severity over time
and ended up with lower pain severity. Participants
with moderate outcome trajectory (n=294) had a
variable course over time with moderate pain. The
poor outcome trajectory participants (n=189) had an
increase of pain severity over time. These trajectories
of pain could be characterized by different clinical
features, coping strategies and lifestyle factors.
Participants that had at baseline a bmi above 25,
and/or who had a lower education, had 3 or more
comorbidities, had additional hip pain, and/or used
the coping strategies ‘worrying’ and ‘resting’ were
more likely to have a poor outcome. Apart from these
baseline characteristics the poor outcome trajectory was also associated with rapid joint damage
(radiographic k&l change of at least 2 points in 4-5
year follow-up). These findings are in line with the
findings of chapter 4, where it was suggested that
individuals with slow radiographic progression may
have more opportunity to adapt to the changes in
physiology and therefore experience less pain.25 Of
course, these findings need to be validated in another
early oa population.
In the introduction of this thesis, we emphasized that
one should make a distinction between the disease
process, structural joint changes (‘the disease’),
and complaints associated with osteoarthritis (‘the
illness’). In previous chapters the complaints or
consequences of oa were the variables of interest. In
chapter 7 structural joint damage, the formation of
osteophytes, is the subject of more detailed evaluation. Could we identify subgroups of participants
with homogeneous patterns of osteophyte formation
over time (trajectories), and examine the prognostic
factors for these different trajectories? Three homogeneous subgroups of osteophyte formation could
be identified, but the mean course of osteophyte
formation over a period of 5 years is relatively flat,
showing no increase of osteophytes in most patients.
We suggest that an increase in osteophyte formation
is more probable if the participant is older, obese, has
already an initial osteophyte and narrowing of the
jsw, and has local clinical osteoarthritic signs, such
as crepitus, warmth, bony tenderness, enlargement
and effusion. To better identify prognostic factors for
the formation of osteophytes, we will need to analyse

data of a more prolonged period of time in persons
with early oa.
Of course it is interesting to compare the identified
trajectories of evolution of pain (chapter 6) with the
subgroups of evolution of osteophyte formation
(chapter 7). There is limited overlap between these
trajectories: the trajectory of increase of pain does
not correspond with a subgroup of increase in structural damage. Here too, further research, especially
with a longer follow-up, for example 10 years, could
give better insights in the different trajectories of
illness and disease and may potentially lead to more
specific treatment of the individual patient. Since
in most persons with symptomatic oa there is a flat
trajectory of osteophyte formation over a period of
5 years, oa can be characterised rather as a chronic
disease than a progressive disease.26

Consequences for a person with OA,
implications for clinical practice
Research in this thesis is primarily aimed at obtaining
a better understanding of disease characteristics
(pain, physical functioning) of early symptomatic oa
and to examine evolution of clinical symptoms and
structural damage in relation to disease characteristics. In addition, we aimed to get more insight in the
overlap between the disease process (structural joint
changes) and the illness (patients’ complaints) in
early symptomatic oa.
For a physician it is important to recognize, and
inform the patient with knee oa about, the existence
of subgroups (trajectories) in the evolution of pain,
activity limitation and development of structural
damage, all with different prognosis.1,26,27 Overall,
oa is generally been thought of as a progressive
condition. However, this study suggest that this is not
necessary the case of the disease process (structural
joint damage) and the illness within 5 years. Only
a small proportion of the people with oa will have
serious increase in osteophyte formation and two
points increase in k&l grade in 5 year time.26 For a
physician this finding is important, in order to reassure most patients with early oa that it is unlikely that
they have a progressive joint disease. At the same
time the physician has to inform the patient about the

limited overlap between this chronic disease process
(of structural joint damage) and the complaints of the
patients (illness). More recently, the concept of oa as
a disease as well as an illness has progressed, recognizing that oa interventions may have discordant
effects on illness and disease.28 In future evaluation
of treatments for oa one should consider the effect of
treatment on structural changes as separate from the
effect on patient-reported symptoms.
In the management of early symptomatic oa attention
should also be given to the limited but possible
worsening of radiographic joint damage over time.
The physician should not only take joint damage at
that moment into account, but also changes over
a period of time. This will give more insight in the
disease process of the individual patient (trajectory);
e.g. knees that have progressed are far more likely
to continue to progress than knees which have been
stable in structural damage. Worsening of pain and
function and initial osteophytes are associated
with a higher probability to progress in osteophyte
formation.17,26,29

worsening of pain and disability.32 Another model
suggests that pain and low vitality lead to subsequent avoidance of activities and thereby to muscle
weakness and activity limitations.6 These models
support the need for improved oa pain management
by including contextual factors (environmental and
personal factors), to prevent or reduce the negative
downstream effects of pain. In particular, when oa is
characterized as a chronic disease, the cure should
help the patient towards a good quality of life and to
health and well-being, in spite of suffering from knee
oa or hip oa.33 Therefore, management in the early
stage of oa should also target a careful assessment
of the severity of the patient reported outcomes and
of contextual factors.30,34 Probably the best treatment
should be established through tailored treatment
which takes into account patients reported outcomes,
personal and environmental factors (symptom
modifying) and the most involved joint tissue
(structure modifying to prevent the development of
joint failure).

Recommendations for future research
In the management of pain in early symptomatic
oa attention should also be given to personal and
environmental factors, that may worsen pain and
also physical function. Participants with baseline
bmi above 25, with lower education, with 3 or more
comorbidities, with additional hip pain and/or using
the coping strategies ‘worrying’ and ‘resting’ are more
likely to have a poor outcome of pain.27 The focus
of the physician should not only be on oa itself, but
also on a possible second disease, since comorbidity
worsens pain and physical and mental health.20
Our results confirm the relevance of the framework
of icf, which emphasizes that an individual’s health
experience is the interaction between the health
condition (biological dysfunction) and social,
personal and environmental factors.30 Pain itself has
distressing features (its intensity, its quality and
predictability), and the pain has impact on mobility,
mood and sleep.31 To clarify the relationship among
pain, fatigue, mood, disability, and contextual factors
(like coping and social support) several models
have been developed.6,32 One model describes that
oa pain causes depressed mood through its effect
on fatigue and disability; these effects may lead to

Based on the findings of our study, several recommendations for future research can be made. To
understand the relevance of the identified subgroups
(trajectories) in illness and disease process of
early symptomatic oa, further research is needed
on different trajectories and the factors that can
predict it. Different trajectories identified need to be
validated in another early oa cohort. The formation of osteophytes has to be studied over a more
prolonged period of time in persons with early oa.
Since structural damage in oa deteriorates slowly,
more changes in the formation of osteophytes can
be expected with a longer follow-up. In this thesis we
only studied the trajectories of osteophyte formation,
since this should be considered as an early feature of
oa.35 However, to characterize different phenotypes
of structural changes in either cartilage, bone, or
synovial tissue, more research has to be done.36,37
The concept has to be proven, that there are different
phenotypes depending on the most involved tissue
at a given time. Besides, it is thought that clinical
phenotypes may be change during the disease
course.38
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A next step in the check study would be, to identify
trajectories in persons with homogeneous patterns
of joint space width on radiographs and to describe
these different trajectories by baseline characteristics. Subsequently, to combine the results of the
different trajectories of the structural changes with
the different trajectories based on pain and activity
limitation. This will give information whether indeed
different tissue are dominating in the early stage of
oa and if the clinical expression of a certain phenotype is associated with predominant involved joint
tissue. Improved insights in the different trajectories
of illness and disease may give the opportunity to
more specific targeted treatment of the patient.37,38
Also, more research is required to elucidate pain
mechanism in oa and to facilitate better characterization of the nature of pain.28,34 There is evidence to
suggest that people with chronic, painful oa may
experience sensitization of the peripheral and/ or
central pain pathway, which may lead to neuropathic
pain.34,39 Thus, oa patients may have pain that is
predominantly nociceptive (resulting from joint tissue
damage, predominantly neuropathic, or of mixed
nociceptive/ neuropathic etiology.28,34 To measure the
quality or characteristics of pain and its impact on
mobility, mood and sleep, a new hip/ knee oa pain
measure was developed, the oarsi-omeract Measure
of Intermittent and Constant Osteoarthritis Pain
(icoap).40 In check, there will be icoap data available
from 5 year follow-up until 10 year that characterize
the nature of pain. By using this data, perhaps we
could stratify oa patients on the basis of the type of
pain present.
Another point of attention in future research is to
evaluate which aspects of the illness (e.g. pain, sleep
quality, depressed mood) are most important to the
patient and should be targeted in treatment.28

cohort study a special retention program has to be
developed to optimize the compliance of the patients
and to motivate health professionals involved in
participating hospitals (physicians, researchers, X-ray
technicians, research nurses). Activities can include:
a personalized study scheme for patients to clarify all
examinations over time, newsletters for patient and
health professionals, websites for patients and health
professionals, organizing symposia for both groups to
present results and progress of the cohort.
In conclusion, better (or more specific) characterization of the patients’ symptoms, contextual factors
and of the damaged tissue is needed, to improve
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Tegenwoordig kan artrose niet langer gezien
worden als een simpele consequentie van het ouder
worden en degeneratie van het kraakbeen.
Hoofdstuk 1 beschrijft dat het belangrijk is voor het beter begrijpen van artrose om
een onderscheid te maken tussen het ziekteproces als zodanig, dat leidt tot veranderingen in de verschillende weefsels in het gewricht, en de klachten van de patiënten
door de artrose. Kenmerkende veranderingen in het gewrichtsweefsel, die ook op een
röntgenfoto te zien zijn, zijn: schade aan en verlies van gewrichtskraakbeen, uitgroei
aan de randen van het bot (osteofyten) en kwaliteitsverandering van het bot onder het
kraakbeen (sclerose). Daarnaast kan er ook een gewrichtsontsteking ontstaan, kan
de spierkracht verminderen en kunnen de gewrichtsbanden verzwakken. Kortom alle
structuren van het gewricht kunnen meedoen. De voornaamste klachten van mensen
met artrose zijn pijn, stijfheid en het minder kunnen uitvoeren van de activiteiten in
het dagelijks leven (zoals lopen, opstaan en gaan zitten).

Het Reumafonds heeft de aanzet gegeven tot een
10-jarig onderzoek naar het beloop van beginnende
heup- en knieartrose om het natuurlijk beloop van de
aandoening in kaart te brengen bij deelnemers met
beginnende artrose klachten: check (Cohort Heup
En Cohort Knie). De algemene doelstelling van check
is het bestuderen van het beloop van de klachten en
het analyseren van het mechanisme dat de klachten
en gewrichtsschade veroorzaakt. Tevens beoogt
check markers voor de diagnose en het beloop van
de gewrichtsschade te identificeren en prognostische
factoren aan te tonen voor het voorspellen en
verklaren van artrose.

of geen afname van beperkingen in activiteiten
gedurende 5 jaar follow-up. Deelnemers in subgroep
2 rapporteerden matige beperkingen in activiteiten.
Deelnemers in subgroep 3 rapporteerden veel of een
toename in beperkingen in activiteiten gedurende
5 jaar follow-up. Deze subgroepen verschilden in
socio-demografische, klinische en psychologische
kenmerken.

De verwachting is dat we door de resultaten van het
onderzoek, artrose eerder kunnen ontdekken bij patiënten en dat we daardoor beter kunnen behandelen.
Ook hopen we dat we in de toekomst artrose beter
kunnen voorkomen. Daarnaast heeft de check studie
als nevendoelstelling om een infrastructuur voor
artrose onderzoek te creëren. De basis van de studie
biedt namelijk de mogelijkheid om spin-off studies
toe te voegen aan deze infrastructuur.

van de activiteit.

In hoofdstuk 2 van dit proefschrift wordt gestart
met het beschrijven van de opzet, de metingen en
de eerste wetenschappelijk resultaten die in check
zijn gevonden. Het bijzondere van de check studie is
dat er gegevens verzameld worden over beginnende
artrose op drie verschillende terreinen; we verzamelen informatie over de klinische, biochemische en
radiologische variabelen. Met de beschrijving van
hoofdstuk 2 willen wij ook onderzoekers over de hele
wereld in staat stellen samenwerkingen te starten,
zodat er maximaal gebruik gemaakt kan worden van
de beschikbare gegevens en de middelen.
De belangrijkste bevindingen, die door verschillende
onderzoekers geconstateerd zijn binnen de check
studie, zijn:

Op klinisch gebied
Het is nog niet duidelijk hoe de beginfase van artrose eruit ziet. We weten te weinig
waarom bij de ene patiënt de klachten langzaam erger worden, terwijl bij de andere
patiënt de klachten veel sneller verergeren. Ook weten we te weinig van de samenhang tussen de radiologische verandering in het gewricht en de klachten die gepaard
gaan met artrose; er kunnen klachten zijn zonder zichtbare radiologische schade.
Om meer te begrijpen van de aandoening en haar beloop, is een groot observationeel
onderzoek nodig dat start in de beginfase van artrose.

Het beloop van beperkingen in activiteiten bij mensen
met knie artrose varieert sterk tussen personen.
Daarom is binnen de heterogene artrosepopulatie
onderzocht of er subgroepen bestaan met een
vergelijkbaar beloop van beperkingen in activiteiten.
Drie verschillende subgroepen zijn geïdentificeerd.
Deelnemers in subgroep 1 rapporteerden weinig

Een gecombineerd psychologisch en neuromusculair
model verklaart gedeeltelijk de ontwikkeling van de
beperkingen in activiteit. Volgens dit model, leiden
pijn en lage vitaliteit tot (verder) vermijden van activiteiten en daardoor tot spierzwakte en beperkingen

Op radiologisch gebied
Er is een nieuwe methode ontwikkeld om knieën
radiologisch te analyseren: Knee Images Digital
Analyse (kida). Uit onderzoek is gebleken dat deze
methode gevoelig is voor het meten van vroege
progressie van radiologische schade. Op basis van
kida zijn vijf fenotypes van radiologische progressie
geïdentificeerd. Deze vertegenwoordigen de mate
van progressie van de ziekte (ernstige of geen
progressie), de fase van de progressie (vroeg of laat)
en de prominente rol van de botdichtheid.
Statistische Shape Modelling (ssm) is een computer
methode om de radiologische vorm van de heup
te beoordelen. Deze methode wordt gebruikt om
te testen of de vorm van het heupgewricht een
risicofactor voor artrose kan zijn. Uit evaluatie van
de heup röntgenfoto van check deelnemers blijkt dat
met behulp van deze ssm methode, de vorm van de
heup een mogelijke heupprothese kan voorspellen.

Op biochemisch gebied
Er zijn 14 markers van kraakbeen, bot en synoviale
metabolisme op baseline gemeten. Er is onderzocht
of deze markers als een prognostische factor
zouden kunnen dienen. Geen van deze markers zijn
echter voldoende discriminerend voor diagnose van
artrose of om de prognose van artrose over 5 jaar te
voorspellen.
Het onderzoek dat beschreven is in dit proefschrift,
is onderdeel van de check studie. Het doel van dit
proefschrift is om kennis te verkrijgen over het beloop
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van de ziektekenmerken (pijn, fysiek functioneren)
en de ontwikkeling van structurele schade bij
beginnende symptomatische artrose. Met beginnende symptomatische artrose wordt het stadium
van artrose bedoeld zonder herkenbare structurele
gewrichtsschade maar wel met klachten die horen bij
artrose.
Tegelijk met check is er een studie over artrose
opgestart in de us, het OsteoArthritis Initiative
(oai). Deze 4-jarige follow-up studie bestudeert het
natuurlijk beloop van artrose, de risicofactoren voor
het ontstaan en de progressie ervan. In feite zoeken
beide studies, check en oai, antwoorden op dezelfde
vragen in vergelijkbare populaties in totaal andere
culturen. In deel I van dit proefschrift zijn deze twee
cohorten met elkaar vergeleken, waarbij eerst de
baseline gegevens van beide cohorten zijn vergeleken
(hoofdstuk 3) en vervolgens is bekeken hoe deze
gegevens zich ontwikkelden over 4 jaar (hoofdstuk
4). Er zijn opvallende verschillen tussen de twee
cohorten ten aanzien van de radiologische schade en
ervaren gezondheid. Er was bij start van de studies
meer radiologische gewrichtsschade aanwezig in
het oai cohort in vergelijking met het check cohort.
Echter, bij de check deelnemers was sprake van
meer pijn, meer stijfheid en meer beperkingen in
activiteiten en een slechtere gezondheid. Door het
samenvoegen van gegevens uit beide cohorten
hebben we geconstateerd dat een snelle verandering
in gewrichtsschade gepaard gaat met een verergering
van de pijn en fysiek functioneren. Opvallend is dat in
beide cohorten zowel het niveau van deze klachten,
als de verschillen tussen de oai en check deelnemers
gedurende 4-5 jaar hetzelfde bleef. Onlangs is
gemeld dat de deelnemers van het oai cohort een
betere zelf-gerapporteerde gezondheidstoestand
hebben, in vergelijking met een landelijk representatieve populatie van artrose patiënten in de us. Dit
zou een mogelijke verklaring kunnen zijn voor de
waargenomen verschillen tussen beide cohorten.
Een aantal variabelen die nauw samenhangen met
de ontwikkeling van pijn en functionele problemen,
zijn niet of niet identiek gemeten in beide cohorten.
Dit geldt bijvoorbeeld voor het meten van comorbiditeiten, de soort pijn (constante of intermitterende
pijn) en de copingstrategie. Daarom wordt ook
benadrukt dat het belangrijk is om internationale
consensus te hebben over het meten van dezelfde

items, op dezelfde manier en op dezelfde tijdsmomenten in prospectieve cohorten van patiënten met
chronische aandoeningen.
In deel II van dit proefschrift zijn we ons gaan
focussen op de verschillen in ontwikkeling van de
ziektekenmerken tussen de check deelnemers. Eerst
is de relatie tussen comorbiditeit (absoluut aantal
andere aandoeningen dan artrose en de aanwezigheid van specifieke andere aandoeningen) en pijn,
fysiek functioneren en mentale gezondheid van de
deelnemers geëvalueerd (hoofdstuk 5). We constateerden dat vooral aanvullende aandoeningen in het
houdings- en bewegingsapparaat en obesitas een
negatief effect hebben op de pijn en de lichamelijke
gezondheid. Maar ook de mentale gezondheidstoestand wordt in de beginfase van artrose beïnvloed
door de aanwezigheid van andere aandoeningen.
Een mogelijk mechanisme hierachter is het ‘vermijdingsmodel’; de relatie tussen pijn, het vermijden van
activiteiten en daardoor afname in spierkracht met als
gevolg beperkingen in activiteiten. Dit mechanisme
zou kunnen worden versterkt door pijnlijke andere
aandoeningen.
Deze bevinding heeft een belangrijke implicatie voor
de klinische praktijk van de arts in het behandelen
van mensen met beginnende artrose. De focus van
de arts moet niet alleen op artrose zelf zijn, maar ook
op een mogelijke tweede aandoening bij de patiënt,
omdat deze de pijn en de lichamelijke en geestelijke
gezondheid ook verslechtert.
In hoofdstuk 4 is geconcludeerd dat op groepsniveau
de ontwikkeling van pijn gedurende 5 jaar redelijk
stabiel blijft, maar dat er een aanzienlijke individuele
variatie is. In hoofdstuk 6 onderzochten we of er
binnen deze heterogeniteit in beloop van pijn,
subgroepen te identificeren zijn met een vergelijkbaar
pijnbeloop. In dit hoofdstuk worden de drie gevonden
subgroepen in het beloop van pijn beschreven. Bij de
deelnemers in de ‘ goede prognose’ subgroep trad
na verloop van tijd een lichte daling op in de pijn en
eindigde de deelnemers met weinig pijn. Deelnemers
in de ‘gematigde prognose’ subgroep rapporteerden
een wisselend beloop van pijn en in deze subgroep
eindigde de pijn na verloop van tijd met milde pijn.
Bij de deelnemers in de ‘slechte prognose’ nam de
ernst van de pijn geleidelijk toe. Deze 3 verschillende

subgroepen van pijn kunnen worden gekenmerkt
door verschil in klinische kenmerken, coping strategieën, leefstijlfactoren en radiologische progressie
van deelnemers. Deelnemers met een bmi (body mass
index) boven de 25, of met een lagere opleiding, of
met meerdere comorbiditeiten, of met ook pijn in de
heup, of die de coping-strategieën 'zorgen maken'
en 'rust nemen' vaak hanteren, hebben meer kans
op een toename van pijn over de tijd. Afgezien van
deze baselinekenmerken is het ‘slechte pijn uitkomst’
traject ook gerelateerd aan snelle verandering in
gewrichtsschade. Deze bevinding komt overeen met
de bevindingen van hoofdstuk 4, waarin is gesuggereerd dat mensen met een langzame radiologische
verergering meer kans hebben zich aan te passen
aan deze veranderingen in de fysiologie en daardoor
minder pijn zouden kunnen krijgen. Uiteraard moeten
deze bevindingen nog worden gevalideerd in een
andere populatie met beginnende artrose.
In de inleiding van dit proefschrift is benadrukt dat
het belangrijk is om een onderscheid te maken tussen
het ziekteproces met structurele veranderingen in
het gewricht, en klachten van de patiënt door artrose.
In voorgaande hoofdstukken waren de klachten of
de gevolgen van artrose het onderwerp van studie.
In hoofdstuk 7 is een specifiek onderdeel van de
gewrichtsbeschadiging, namelijk de vorming van
osteofyten, het onderwerp van nader onderzoek. Drie
homogene subgroepen met verschillende trajecten
van osteofyt vorming konden worden geïdentificeerd.
Slechts bij een klein deel van de deelnemers was de
osteofyt al bij aanvang aanwezig en nam hij in grootte
toe. Bij het merendeel van de deelnemers was er
nauwelijks verandering in deze röntgenschade waar
te nemen. De analyses suggereerden verder dat een
toename van de osteofyt vorming waarschijnlijker
is als de deelnemer ouder is, zwaarlijvig is, reeds
een eerste osteofyt heeft of een vernauwing van de
gewrichtsspleet, of lokale klinische artrotische tekens
heeft, zoals crepitus, warme gewrichten, pijngevoeligheid van het bot, of een gezwollen gewricht.
Om deze suggesties van prognostische factoren
te bewijzen, zullen we de gegevens van osteofyt
vorming over een langere tijdsperiode moeten
analyseren.
In hoofdstuk 8 worden de belangrijkste resultaten
van het onderzoek besproken en geven we de

mogelijke implicaties weer van deze bevindingen voor
de arts, patiënt en wetenschap. Voor arts en patiënt is
het belangrijk om kennis te hebben van het bestaan
van subgroepen (trajecten) in de ontwikkeling van
pijn, beperking van de activiteit en in de ontwikkeling van structurele schade. En te weten dat deze
subgroepen verschillende prognostische en andere
factoren hebben die het beloop van deze trajecten
negatief kunnen beïnvloeden. Ook toont dit onderzoek aan dat slechts in een klein deel van de mensen
met beginnende artrose ernstige toename in osteofyt
vorming en radiologische ernst van de artrose zal
optreden gedurende 5 jaar. Daarom zou de arts veel
patiënten kunnen geruststellen dat het onwaarschijnlijk is dat hij/zij een progressieve beloop van
de aandoening heeft in de eerste 5 jaar. Tegelijkertijd
zou de arts de patiënt moeten informeren over het
feit dat dit proces niet helemaal synchroon verloopt
met het beloop van pijn. Het blijkt dat het beloop van
pijn negatief beïnvloed kan worden door leefstijl,
persoonlijke en psychische factoren. Ook hebben we
aangetoond dat de arts voor het behandelen van de
pijnlijke artrose oog moet hebben voor een tweede
aandoening. Comorbiditeit en met name overige
houdings- en bewegings- aandoeningen verslechteren de pijn en kwaliteit van leven. Bij de behandeling van beginnende symptomatische artrose dient
ook aandacht te worden besteed aan verandering
van de radiologische schade. Snelle radiologische
verergering heeft een negatieve invloed op pijn,
evenals persoonlijke, fysieke en sociale factoren
(externe factoren). Kortom, de arts zou bij een patiënt
met beginnende artrose het radiologisch proces, de
klachten, de persoonlijke en externe factoren van de
patiënt inzichtelijk moeten maken en zo nodig een
gerichte behandeling voorstellen.
Het proefschrift bevestigt de gedachte dat we
in artrose op zoek moeten gaan naar specifieke
homogene fenotypes (subgroepen) van het artrose
proces (radiologische schade) in het begin en in het
beloop van klachten en symptomen van de patiënt.
Een betere karakterisering van symptomen, schade
aan het gewrichtsweefsel en externe factoren, kan
uiteindelijk resulteren in het vinden van de juiste
behandeling voor de juiste patiënt. —
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Door jullie is check geslaagd en dit proefschrift het resultaat.
Dan zijn er de collega’s met wie ik lief en leed heb kunnen delen, met wie ik mijn
epidemiologische en statistische vragen heb kunnen oplossen, die mij elke keer weer
hielpen met mijn zeer beperkte kennis over ‘samples’, met wie ik congressen heb
bezocht en praatjes heb geoefend.
Dank jullie allemaal.
Lieve paranimfen, ik ken jullie al heel lang en we hebben veel van het leven samen
gedeeld en nu staan jullie hier achter mij. Dank voor jullie vriendschap.
‘Het leven is lang, de wereld is groot, het is een kwestie van lef… en geluk.’
Het is een prachtig vormgegeven boek geworden! Voor de vormgeving, lay-out en
foto’s komt alle eer aan de grafisch ontwerper Astrid.
Dank je wel voor jouw creativiteit.
En tot slot mijn ‘kleine’ inspiratie en energiebronnen; zoek je naam!
Mart, jouw naam hoort ook hier te staan.
Dankzij jou!
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