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General introduction 01

EPIDEMIOLOGY

Osteoarthritis (OA) is the most common form of arthritic disease, affecting approximately 9.6% 
1 The prevalence of hip and knee OA 

increases with age, with a female-to-male ratio of around 1 in the age category of 45-50 years 

for both hip and knee increasing to a ratio of 1.5 in the hip, and a ratio of 2 in the knee in the age 

category 70-75 years.2 A similar pattern can be seen in the Netherlands, based on registration 

in general practice of the diagnosis peripheral OA (i.e. hip, knee, hand or foot). For example, 

in 2016, 1,251,000 persons were registered with OA (432,300 men, 818,700 women) which 

corresponds to 51.2 patients with OA per 1,000 men, and 95.4 patients with OA per 1,000 

women (Figure 1). (  2018)

Figure 1. Data on yearly prevalence of osteoarthritis in the Netherlands (2016), 

displayed according to 5-year age bands. 

With the aging of the population, OA is an increasing challenge for health care worldwide. OA 

is already a major burden for medical practice and is also one of the most common diagnoses in 

general practice.3 The National Institute for Public Health and Environment (in the Netherlands) 

estimates that OA will become the most prevalent disease by the year 2040 (Table 1).

Etiology

4 
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disease; however, the etiology is far more complicated and is still not entirely understood. 

Whereas in population-based studies high levels of repetitive joint movements during physical 

activity are reported to increase the risk of developing knee and hip OA 5,6 there is no evidence 

(once sporting injuries are accounted for) to support an effect of normal physical activity on 

normal joints in developing OA.7,8 Nevertheless, knee trauma has the highest odds ratios for 

developing knee OA.9 This suggests that wear and tear is not the sole cause of OA. 

Table 1

2040 (https://www.vtv2018.nl/aandoeningen 2018).

Disease 2015 2040 Increase (%)

Osteoarthritis 1199100 2281900 190.3

Spine complaints 1982300 2256700 113.8

Diabetes 1111000 1491600 134.3

Vision impairment 749500 1139800 152.1

Coronary heart disease 732200 1093800 149.4

Anxiety disorder 1046300 1088800 104.1

961700 1084100 112.7

Hearing impairment 624600 927000 148.4

COPD 607300 828400 136.4

Respiratory infections 619300 788600 127.3

To help elucidate the complex etiology, risk factors involved in the development of OA can be 

investigated; the diversity of these risk factors may provide insight into the complex etiology 

of OA. The prevalence of OA is higher in women. and they are also more likely to develop more 

severe radiographic knee OA (particularly during menopause). These differences between 

men and women (besides hormonal causes) may also be due to differences in bone strength, 

alignment, ligament laxity, number of pregnancies, and neuromuscular strength.10 Obesity is 

another strong risk for OA, in particular for knee OA. Besides being a risk factor for developing 

OA,11 obesity also increases the risk of progression of ROA.13 This can be attributed to not 

13 In addition, it has been shown in various 

OA cohorts that a family history of OA is a risk factor, e.g. in 20-30% of the participants with 

knee OA, familial OA occurs.14 However, it is not known whether these suspected genetic traits 

involve metabolic changes, pain sensitivity, or a combination of these factors, as well as (perhaps) 

behavioral traits.15
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Signs and symptoms

The main symptoms of OA are pain, stiffness and loss of function. However, these symptoms 

are not continuously present, especially in an early stage of the disease when symptoms tend 

disabling condition. To monitor pain, stiffness and disability in OA, most researchers use 

Knee Osteoarthritis Outcome Score (KOOS), the Hip Osteoarthritis Outcome Score (HOOS), 

a longer period of time give a better indication of the course of pain than one single assessment 

and, therefore, it is necessary to determine pain trajectories. 

Despite efforts to study pain in OA, until now the pathophysiology of pain in OA remains 

unclear. Nociceptive pain is a part of OA and clear associations exist between pain and synovial 
16 However OA pain cannot be attributed only to 

causes, or bone marrow lesions. This conclusion is best demonstrated in the knee, where total 

knee replacement is considered the treatment option of choice in advanced OA. Post-surgery, 

a subgroup of 20% still suffers from pain, even when the surgical procedure is considered to be 

highly successful.17

nociceptive pain stimuli may lead to overactivation of the central nervous system causing pain 
18 

coping style of patients and their psychological health. For example, anxiety levels are known to 

be related to levels of knee pain.19

Diagnosis and radiography of OA in clinical care

The diagnosis of OA in general practice is hampered by a lack of uniform primary care guidelines 

and diagnostic criteria. However, most guidelines and experts agree that, in clinical practice, 

a diagnosis should be made on the basis of clinical history and a comprehensive physical 

examination.20 More uniform and early diagnosis of OA provides a better window of opportunity 

lifestyle changes related to their diagnosis. The role of radiography, if any, is to rule out other 

disorders like rheumatoid arthritis, fractures, and bone metastasis. 

Nevertheless, in major rheumatology textbooks, plain radiography is routinely discussed as a 

standard imaging modality for OA.21 Currently in clinical practice, imaging is still probably an 

overused modality to arrive at a diagnosis of OA, i.e. a diagnosis that can be made clinically.22,23
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Several groups have demonstrated that radiography is not

examination in the diagnosis of symptomatic hand OA.24 Another group found that, for all joints, 
25

The ACR criteria were developed in secondary care populations and three different sets 

emerged with clinical, radiological and combined criteria. However, there may be limitations 

to their application in general practice. For example, the ACR criteria were developed in a 

population from a rheumatology practice and are useful to distinguish between OA and more 

clinical practice.26 

MRI and laboratory testing have, if any, only a minor role in the diagnosis of OA.27 Although MRI 

studies are more sensitive to radiographic OA (ROA) than radiography, the association between 
28 

The current proliferation of MRI in clinical practice may well be premature in the diagnosis 

29 

Various studies have indicated the discordance between pain in hip and knee diagnosed as 

OA and the resemblance of pathology on the plain posterior anterior (PA) radiograph.30,31 One 

study found that in patients with ROA 47% reported knee pain, whereas in patients with knee 
32

32.

 

Over the years, proposals have been made to improve the diagnostic and/or prognostic value 

used.33

used.31,34 One possible reason for the discordance between pain and radiological features could 

be the wrong choice of radiological view(s). Although most ROA studies have focused on the 

tibiofemoral joint in the knee, radiographic evidence of early OA has also been found in the 

patellofemoral joint.26 

35 Furthermore, 

although some researchers suggest that MRI data are more sensitive, evaluation of such data 

remains debatable. 
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Course of OA

Pain and functional limitation are the hallmarks of OA; moreover, since OA is a chronic and 

deteriorating condition, a substantial proportion of the hip and knee OA population eventually 

receives surgical joint replacement therapy.36 Although most studies report slow deterioration 

37 These 

discrepancies might be explained by relatively large individual differences between persons 
38 

Study population

CHECK study

Knee and Cohort Hip (CHECK) was formed. The CHECK cohort is a prospective multicenter 

study among persons with knee and hip pain; it was initiated in 2002 and designed to investigate 

early OA. Persons with incident knee and or hip complaints were invited to participate in the 

CHECK study; in total, 1002 participants were included at baseline. Individuals were eligible to 

participate if they had pain and/or stiffness of the knee and/or hip, were aged between 45 and 

was within 6 months before entry. 

For our studies on i) the prevalence of OA, ii) radiographic reproducibility, iii) assessment of 

ROA features on multiple radiographs, and iv) the prognostic value of these ROA features, 

we used the baseline CHECK study data, as well as data from the 2 and 5-year follow-ups. All 

patients underwent radiographic assessment of hips and knees using various radiographic views, 

and at the 2 and 5-year follow-up39

The Rotterdam Study

Data from the Rotterdam Study were used were used for our investigations on i) hereditary traits 

in hip, knee and hand pain, and on ii) OA in the lumbar spine causing hip pain and degeneration. 

This is an ongoing prospective cohort study among persons living in Ommoord (a neighborhood 

in the northern part of Rotterdam). Starting in 1990, inhabitants of Ommoord aged 55 years 

and older were invited to participate in the Rotterdam Study to examine risk factors for chronic 

disabling diseases. A total of 10,275 individuals were invited to participate (response rate 

baseline examination (including radiography of the knees, hips and hand). 40 Our studies included 

individuals for whom both radiography and genotyping were available.
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Study aims and outline of thesis

The overall aim of the work in this thesis was to i) identify early OA criteria for epidemiological 

research in primary care, and ii) establish the usefulness of radiographic signs widely used in 

epidemiological research and clinical practice. An additional goal was to establish criteria for 

the prognosis of early OA.

Chapter 2

Chapter 3

multiple compartments of the joint in individuals with early symptomatic OA. This study 

explored which combination of radiographs is most useful to detect early radiographic OA 

in different components of the hip and knee. Chapter 4 aimed to elucidate the reliability of 

radiographic scoring in the CHECK cohort. Since assessment of large numbers of radiographs 

is time consuming and costly, we evaluated whether radiographic OA scoring performed by 

focused on the tibiofemoral joint. Chapter 5 deals with a different knee joint and presents data 

on patellofemoral OA in the CHECK cohort. In this population, we examined the proportion of 

isolated patellofemoral osteoarthritis (PFOA) compared to tibiofemoral osteoarthritis (TFOA) 

and described the natural course of PFOA compared with that of TFOA. Chapter 6 investigated 

whether these combinations of radiographic OA are related to pain trajectories, in order to 

advise whether or not these radiographs would be useful in daily practice to predict symptomatic 

progression. 

Hip pain is often reported in patients in whom no radiographic OA of the hip can be distinguished. 

In Chapter 7 we examined potential alternative causes of hip pain, e.g. the presence of OA in 

the lumbar spine which can cause pain to radiate to the hip. Chapter 8

variation in the GCH1 gene and its promoter is associated with self-reported pain in the hip, 

knee and hand. In Chapter 9 we aimed to demonstrate risk factors for rapid progression of OA 

symptoms ultimately leading to undergoing total joint replacement surgery in the hip or knee in 

Chapter 10 presents a summary of 

practice, and makes some recommendations for future research.
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ABSTRACT 

Background

We aimed to evaluate the prevalence of hip and knee osteoarthritis (HOA, KOA) according to 

American College of Rheumatology (ACR) criteria among participants with suspected early 

symptomatic osteoarthritis (OA) in the CHECK cohort. We also assessed whether participants 

and which baseline factors are associated with this development.

Methods

The CHECK cohort included 1,002 subjects with first presentation of knee and/or hip 

complaints. Primary outcome was onset of HOA and/or KOA according to the ACR criteria: 

criteria at 2 and/or 5-years follow-up.

Results

HOA according to the clinical or combined clinical/radiographic ACR criteria after 2 and/or 5 

to the clinical ACR criteria or the clinical/radiographic ACR criteria after 2 and/or 5 years. The 

following factors were associated with development of HOA: morning stiffness (OR 2.39; 95% 

associated with development of KOA at 2 and/or 5-years follow-up.

Conclusions

develop HOA after 2 and/or 5-years follow-up. Almost all persons with knee complaints already 

criteria at baseline will do so after 5 years of follow up. Several individual ACR criteria for HOA 

at baseline were associated with the development of HOA at follow-up. This association was not 

proven for KOA, probably because of the small number of subjects developing KOA in this study. 
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INTRODUCTION 

Osteoarthritis (OA) is associated with joint pain and functional limitation and is a leading cause 

of disability among elderly. OA is considered the most common form of arthritis from which 

15- 18% of the population suffers.1 Approximately 22% of the general population suffers from 

knee pain, and knee and hip pain are even more common in the elderly.2,3 This generally leads to 

consultation with a physician: e.g., in primary care in the United Kingdom 33% of the population 

with knee pain consults a general practitioner (GP).4 One reason for consultation is that patients 
5 However, no clear clinical diagnostic primary 

care tools are available. Diagnosis of OA is often based on radiological evidence and/or on 

recommendations formulated by OA experts active in secondary care. 6 

The diagnosis of OA in patients suffering from knee or hip pain in primary care would become 

uniformity in reporting OA in epidemiological and intervention studies. These criteria were 

developed using combinations of clinical, clinical/laboratory, and clinical, laboratory and 

radiographic criteria.7,8 Although these criteria were developed primarily for epidemiological 

purposes rather than for clinical use, the ACR criteria are commonly used as a diagnostic tool 

in secondary care. Because the criteria were developed in secondary care with patients with 

(mostly) rheumatoid arthritis in the control group, these criteria might primarily distinguish OA 

patients from RA patients. Furthermore, it has been suggested that the criteria are probably 

mainly diagnostic for late stage OA.9 More uniform and early diagnosis of OA would provide a 

better window of opportunity for interventions and a clear diagnosis could also help to motivate 

The present study aims to evaluate the prevalence of ACR criteria in subjects with knee and 

hip complaints and whether they will develop evident OA according to the ACR criteria for hip 

and knee OA. Besides, this study aims to determine predictive factors for the development of 

knee/hip OA according to the ACR criteria, during 5-year follow up. These predictive factors may 

help to diagnose OA at an earlier stage in primary care and thereby promote earlier treatment 

according to established guidelines.
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PATIENTS AND METHODS

Study design 

The CHECK (cohort hip and cohort knee) study is a prospective cohort study of 1,002 individuals 

without interventions in the Netherlands.

Study population 

visited their GP. In addition, participants were recruited through advertisements, articles in local 

newspapers, and via the website of the Dutch Arthritis Association. Individuals were eligible to 

participate if they had pain and/or stiffness of the knee and/or hip, were aged between 45 and 

was within the preceding 6 months. 

First presenters with pathological, previously diagnosed, conditions that obviously explained the 

existing symptoms (e.g. other rheumatic disease, isolated tendinitis/bursitis, previous hip or knee 

joint replacement, congenital dysplasia, osteochondritis dissecans, intra-articular fractures, 

(sign of more advanced OA)) were excluded. Other exclusion criteria where: a co-morbidity that 

precluded physical evaluation and/or follow-up for at least 10 years, malignancy in the last 5 

years, and inability to understand the Dutch language.10  Physicians at the participating centers 

inclusion criteria.  All patients underwent radiographic assessment, a physical examination, and 

Outcome measures

OA of the hip/knee was determined using the ACR criteria for hip and knee OA.7,8 We determined 

during physical examination instead of the erythrocyte sedimentation rate (ESR), as ESR was 

only available at baseline. Therefore, we followed the alternative proposed by the ACR when the 
8 
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be included as OA patient.

Predictors

The predictors assessed were factors available at consultation with the GP, and consisted of 

demographic factors (age, gender and BMI), anamnestic factors (site of pain, pain score in the 

last week and morning stiffness), co-morbidity (lower back pain, previous surgery in the knee or 

hip, use of analgetics, uni- or bilateral hip or knee pain), factors from physical examination (pain 

palpable warmth of the knee, patellofemoral grinding, joint line tenderness, bony enlargement 

of the knee) and simple diagnostic tests such as plain radiography Kellgren & Lawrence grade 

and 21 in the knee cohort) is presented in Supplementary Table 1.

Data analysis

R routine MICE. All analyses were done separately on the 10 imputation sets. A weighted 

mean outcome (as proposed by Rubin) was calculated.11 Separate logistic regression models 

were constructed for participants with hip or knee complaints at baseline, but who were not 

OA. Predictors used are described in Supplementary Table 1. Because of the large number of 

measured predictors a data reduction method was used. Predictors related to the outcome 

morbidities; physical examination; and diagnostic interventions). Per category of participants 

with knee or hip complaints a multiple logistic or linear regression (enter method) analysis was 

12

All analyses were performed with the SPSS software package (version 22.0.0.0).
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RESULTS 

The baseline characteristics of the study population are presented in Table 1. 

Of the 1,002 participants in the CHECK cohort, 79.0% was female and mean age was 55.9 years. 

Of the total study population, 58.7% (n=588) had hip complaints, either stiffness or pain, at 

to the ACR clinical criteria,50.0% (n=295) according to the combined clinical/radiographic 

criteria for hip OA, and 62.9% (n=370) met either one or the other of these criteria. 82.7% 

OA at baseline according to the ACR clinical criteria,73.1% (n=606) according to the combined 

clinical/radiographic criteria for knee OA, and 91.7% (n=760) met either one or the other of 

these criteria. 

Table 1 Baseline characteristics of the CHECK study population at baseline.

Characteristics Participants

(n=1002)

Knee complaints*

(n=829)

Hip complaints#

(n=588)

Women, % 79.0 79.6 80.8

Age in years (SD) 55.9 (5.2) 56.0 (5.1) 55.8 (5.3)

BMI (SD) 26.2 (4.1) 26.4 (4.1) 26.1 (4.1)

WOMAC Pain (SD) 25.4 (17.2) 25.6 (17.3) 27.2 (17.1)

WOMAC Function 23.5 (17.1) 24 (17.3) 25.3 (17.6)

WOMAC Stiffness 33.2 (21.1) 33.8 (21.1) 34.8 (21.2)

NRS (0-10) (SD) 3.6 (2.1) 3.6 (2.1) 3.7 (2.1)

Hip pain, % 58.7 50.1 100.0

Knee pain, % 83.0 100.0 71.1

ACR clinical knee OA, (%) 674 (81.3)

ACR combined knee OA (%) 606 (73.1)

Clinical / combined knee OA (%) 760 (91.7)

ACR clinical hip OA (%) 162 (27.6)

ACR combined hip OA (%) 322 (54.7)

Clinical or combined hip OA (%) 370 (62.9)

*Participant with either knee, or knee and hip pain; #Participant with either hip, or hip and knee pain; SD 

standard deviation. NRS numeric ratig scale 0-10 WOMAC scores 0-100 
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Predictive factors in participants with hip complaints and development of OA according to the ACR criteria

the ACR criteria at 2 and/or 5-year follow-up. Based on the 19 potential predictive factors 

(OR 2.39; 95% CI 1.14-4.98, LR+ 1.56), painful internal rotation (OR 2.53; 95% CI 1.23-5.19, 

(OR 2.94; 95% CI 1.13-7.61, LR+ 0.77) (Table 2). 

Combinations of these factors provided even higher likelihood ratios. Individuals with both 

morning stiffness and painful internal rotation had a positive likelihood ratio (LR +) of 4.03 (PPV 

0.73, NPV 0.64, LR- 0.83). When individuals presented with morning stiffness, painful internal 

(LR+ 12,66, LR- 0.89, PPV 0.9,NPV 0.61).

Predictive factors in participants with knee complaints

according to the ACR clinical and/or combined criteria and were not lost to follow-up. Of these, 

factors were measured at baseline (Supplemental Table 1). Age, morning stiffness, joint line 

30 minutes had a positive likelihood ratio (LR+) of 4.97 (PPV 0.86, NPV 0.49, LR- 0.08). (Table 3).
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Table 2 Multivariate regression analysis for hip OA at 2 and/or 5-year follow-up according to the ACR 

Baseline characteristics Analysis per category OR (95% CI)

Demographics

0.53(0.28-1.01)

Complaints and symptoms

Pain last week, NRS 1.15(0.99-1.33)

Morning stiffness hip (yes=1/no=0) 2.60 (1.14-3.71)

Comorbidities and interventions

Knee pain (yes=1/no=0) 0.63 (0.33-1.20)

Painkillers (yes=1/no=0) 2.01 (1.12-3.59)

Physical examination

Painful hip internal rotation (yes=1/no=0) 2.59 (1.43-4.67)

2.00 (1.12-3.67)

Diagnostic tests

3.54 (1.30-7.13)

OR=odds ratio; PPV=positive predictive value; NPV=negative predictive value; NRS=numeric rating 

likelihood ratio; LR- =negative likelihood ratio; na=not applicable (continuous variable).

Table 3 Multivariate regression analysis for knee OA at 2 and/or 5-year follow-up according to the ACR 

Analysis per category OR (95% CI)

Demographics 

0.37 (0.13-1.36)

Complaints and symptoms

Morning stiffness knee (yes=1/no=0) 6.79 (0.65-51.23)

Physical examination

Joint line tenderness 1.05 (0.21-5.14)

Diagnostic tests

0.94 (0.87-1.02)

OR=odds ratio; PPV=positive predictive value; NPV=negative predictive value; NRS=numeric rating 

applicable (continuous variable).
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Multivariate analysis OR(95% CI) PPV NPV LR+ LR-

0.90(0.41-1.99) 0.36 0.48 0.84 1.6

1.04(0.87-1.26) na na na na

2.39 (1.14-4.98) 0.51 0.66 1.56 0.75

0.71 (0.32-1.55) 0.37 0.51 0.89 1.42

1.60 (0.75-3.41) 0.5 0.67 1.47 0.73

2.53 (1.23-5.19) 0.53 0.69 1.71 0.66

2.33 (1.17-4.64) 0.5 0.67 1.47 0.73

2.94 (1.13-7.61) 0.46 0.77 1.22 0.4

Multivariate analysis OR (95% CI) PPV NPV LR+ LR-

0.42 (0.14-1.06) 0.39 0.37 0.53 1.44

6.08 (0.53-69.93) 0.86 0.49 4.97 0.08

1.92 (0.34-10.79) 0.73 0.5 2.2 0.8

0.94 (0.85-1.03) na na na na
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DISCUSSION

20 mm/h. Combinations of these signs and symptoms have an even higher predictive value. In 

ACR criteria, at baseline. For this reason, the number of participants with knee symptoms not 

OA in (Dutch) primary care. 

participants with hip complaints, and that this was even more pronounced in participants with 

knee complaints.

In a previous open population-based knee pain cohort that included persons with chronic 

knee pain, 47% were not diagnosed with OA at baseline.16 This proportion is larger than our 

proportion of participants without OA at baseline. This difference could be due to the lower age 

(mean age 45) and lower BMI in that cohort. In that same study, the majority 86% of persons 

developed OA during the 12-year follow-up.16 In our study, a smaller proportion of participants 

with pain in the hip (40%) and knee (55%) were diagnosed with either hip or knee OA according 

to the ACR criteria during follow-up. However, this result could be related to the shorter follow-

up period in our study.

consistent with the previous literature. Morning stiffness and limited internal rotation are 

known predictors for total hip replacement in primary care.19,20 Age and pain levels, however, 

found these to be predictive.19,20 This could be explained by our relatively young cohort with 

which were not evident at the time of inclusion. 
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In contrast to previous studies we were unable to identify predictors for development of 

knee pain into knee OA,17,18 even when we performed a separate analysis for the clinical and 

predictive values show that morning stiffness would probably a good prognostic value if we 

had more power. 

either the combined or separate analysis for the clinical and the combined ACR criteria, were 

all sub-items of the ACR criteria. This indicates that pain in combination with one or more of 

these sub-items of the ACR criteria might be indicative of future OA.

No clear diagnostic criteria for OA currently exist in primary care, e.g. the ACR criteria are widely 

used in epidemiologic research but not validated in primary care. Most discussions focus on the 

use of radiographic outcomes.21 For example, the Kellgren and Lawrence (K&L) grade of 2 or 

higher is accepted as a cut-off for OA in epidemiological studies and (possibly) in secondary care. 

The cut-off of K&L grade 1 and higher is useful in epidemiologic studies to predict progression, 

but its use is not advised in primary care since the knee radiography has no additional value in 

the assessment of individual patients with knee pain.22-25 However, in the present study we chose 

to examine not only clinical features but also radiographic features, because of the availability 

combined ACR criteria (data not shown.)

The prevalence, incidence and the predictors for the incidence of OA are clinically important 

GP with no other hip or knee disease could already be diagnosed with clinical OA or are prone 

to develop clinical OA within the following years. This could help to provide a clear diagnosis, 

which contributes to early treatment according to guidelines which are available for both hip 

and knee, whereas undiagnosed knee and/or hip pain is usually treated according to the best 

insight of the individual physician.13,14,15

effects in an early stage of the disease process.26

included patients are comparable with patients who would present to a primary care physician 

and therefore this study helps in addressing the diagnostic challenge of hip and knee pain in 
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primary care. A limitation of our study is that a substantial number of variables were tested 

in the analysis. Due to the limited number of OA cases found, we could justify testing only 2-5 

variables per analysis per category when building the explorative models. However, clinically 

in epidemiological/clinical research and no new predictors were introduced. Further, data 

predictors in their categories. Due to this lack of power other predictors of OA could remain 

unexposed.

Conclusion

combined ACR criteria for hip after 5 years. Predictive factors for the development of HOA are 

Recommendations

We would suggest that future studies validate whether patients with hip complaints aged above 
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Supplemental table 1

Hip p-value OR CI- CI+

Demographics

0.05 0.53 0.28 1.00

Gender (men vs. woman) 0.44 0.71 0.30 1.70

Complaints and symptoms

Knee (pain yes/no) 0.16 0.63 0.33 1.20

Pain last week, NRS 0.06 1.15 0.99 1.33

Morning stiffness hip (yes=1/no=0) 0.02 2.06 1.14 3.71

resting pain 0.22 2.24 0.61 8.26

Comorbidities and interventions

Complaints in lower spine 0.26 1.53 0.73 3.19

BMI (continuous) 0.96 1.00 0.93 1.08

Surgery knee or hip (yes vs.no) na

Analgesics (yes=1/no=0) 0.02 2.01 1.12 3.59

Bilateral complaints (yes=0 vs. no=1) 0.25 1.47 0.77 2.80

Physical examination

0.61 1.28 0.49 3.36

Painful hip internal rotation (yes vs. no) 0.00 2.59 1.43 4.67

Painful hip external rotation (yes vs. no) 0.33 1.99 0.47 8.37

0.80 1.36 0.12 15.28

0.02 2.00 1.12 3.57

0.45 0.80 0.46 1.42

Diagnostic investigation

0.71 1.19 0.47 3.00

0.01 3.05 1.30 7.13
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Supplemental table 1 (Continued)

Knee

Demographics

0.06 0.37 0.13 1.06

Gender (men vs. woman) 0.32 2.02 0.51 8.00

Complaints and symptoms

Hip (pain yes/no) 0.91 1.06 0.39 2.88

Pain last week, NRS 0.62 1.08 0.80 1.46

Morning stiffness knee 0.11 5.79 0.66 51.24

resting pain na

0.53 1.98 0.24 16.64

Comorbidities and interventions

Complaints in lower spine 0.54 1.74 0.30 10.27

BMI (continuous) 0.50 1.05 0.91 1.23

Surgery knee or hip (yes vs. no) na

Analgesics (yes=1/no=0) 0.30 2.17 0.51 9.27

Bilateral complaints (yes=0 vs. no=1) 0.27 0.54 0.18 1.61

Physical examination

na

painful knee extension yes vs. No na

palpable warmth knee na

Patellofemoral grinding 0.19 3.22 0.55 18.76

0.74 1.20 0.41 3.55

Joint line tenderness 0.12 2.75 0.77 9.86

Bony enlargement knee

Diagnostic investigation

Kellgren & Lawrence (0=0 / 1=1/2) 0.95 1.05 0.21 5.14

0.86 1.16 0.22 6.27
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CHAPTER 3 



ABSTRACT

Objective 

To investigate the prevalence and progression of early radiographic osteoarthritis (ROA) of the 

hip and knee on different radiographic views, to determine whether different radiographic views 

have additional value in detecting early hip and knee ROA cases, or progression.

Methods

view of the knees. Prevalence of ROA was estimated based on each view separately and in 

combinations. We determined whether different radiographic views have additional value in 

detecting and determining progression of ROA cases compared to standard projections. 

Results

In the hip we found 22.9% more cases when we combined both views. In the knee, we detected 

79.7% more ROA cases when we combined information from all three different radiographic 

views than when using only the PA view. Progression was demonstrated in 33.1% more cases 

when using 2 hip radiographs, and in 65.1% more cases when using three knee radiographs. 

Conclusion

Different radiographic views increase the number of participants with ROA in an early 

osteoarthritis cohort both at baseline and follow up. Progression of early ROA is demonstrated 
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INTRODUCTION

A large number of studies have indicated the discordance between pain in hips and knees 
1,2 In a study by Hannan et al., 

3 Despite this well-reported discordance, radiography of 

the hips and knees is still commonly used in clinical practice to diagnose OA and to assess OA 

progression, although most guidelines recommend advise no radiographic assessment.4,5

Several suggestions have been made to improve the diagnostic and prognostic value of 

systems.5

measurements of JSW, or using different radiographic views.2,6,7 Others have suggested that 

magnetic resonance imaging (MRI) may be more sensitive for the diagnosis and follow-up of 

widespread availability and low costs.9

Previous research has shown that symptomatic knee OA may be associated with patellofemoral 

OA that is not revealed by PA (posteroanterior) knee radiographs. When the radiography protocol 

also consisted of (lateral and/or skyline) views that enable assessment of the patellofemoral joint 

(PFJ), positive associations between knee pain and radiographic joint damage were found in 

several studies. 1,10,11,12,13 

aid for detecting posterior or anterosuperior joint space narrowing (JSN) when no JSN is visible 

on the AP view.13

stage compared to the AP view.13

The primary purpose of this study was, therefore, to investigate the prevalence and progression 

of radiographic hip and knee OA features when different radiographic views are used in an 

early OA cohort. We also aimed to determine whether different view radiographs, single or 

in combination, have additional value in detecting early hip and knee ROA cases compared to 

standard AP/PA projections. 
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METHODS 

We used data from the CHECK study; CHECK (Cohort Hip and Cohort Knee) is an 

of the hip or knee aimed to study progression of OA. Details of the protocol have been published 

earlier, and a summary is presented below.14 

Study population 

they visited their general practitioner (GP). In addition, participants were recruited through 

advertisements, articles in local newspapers, and via the website of the Dutch Arthritis 

Foundation. Individuals were eligible to participate if they had pain and/or stiffness of the hip 

and/or knee, were aged between 45 and 65 years, and had not yet consulted their physician for 

Exclusion criteria were: any pathological condition other than OA that could explain the present 

symptoms (e.g. other rheumatic disease, isolated tendinitis/bursitis, previous hip or knee joint 

replacement, congenital dysplasia of the hip, osteochondritis dissecans, intra-articular fractures, 

or a co-morbidity that precluded physical evaluation and/or follow-up for at least 10 years, 

malignancy in the last 5 years, and inability to understand the Dutch language. Physicians at 

which ranges from 0 (no pain) to 20 (severe pain). 14,15

Radiography

13

posteroanterior radiographs of the tibiofemoral joints were made, followed by standing 

of the tibiofemoral joint) were also performed. 
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Only subjects of which both baseline and 5 year follow up radiographs were available were used 

in this study resulting in a study population of 894 participants.

Radiographic scoring

Five trained observers independently scored all radiographs. The inter-reader observer 

reliability (prevalence-adjusted and bias-adjusted kappa; PABAK) across a range or radiographic 

More detailed inter-reader reliability scores have been published previously (16). 

The anteroposterior (AP) radiographs of the hip were scored for individual radiographic OA 

features according to Altman et al..17 For grading the severity of hip OA, the Kellgren & Lawrence 
18 Superior and medial hip JSN, superior 

acetabular osteophytes, and superior and inferior femoral osteophytes were scored on a 0-3 

scale. Inferior acetabular osteophytes, femoral subchondral sclerosis, acetabular subchondral 

scale. 13. 

The posteroanterior (PA) radiographs of the knee were scored for individual OA features 

according to Altman et al..17 For grading the severity of knee OA, the Kellgren & Lawrence 

JSN, medial and lateral femoral osteophytes, and medial and lateral tibial osteophytes were 

scored on a 0-3 scale, (0 = normal; 1 = mild; 2 = moderate; and 3 = severe). Tibial bone attrition, 

tibial sclerosis and femoral sclerosis were scored both medially and laterally on a 0–1 scale 

(0= absent; 1 = present). Spiking of the tibial spines was scored on a 0-1 scale according to the 

atlas of Burnett et al.19 The mediolateral and skyline radiographs of the knee were assessed for 

patellar osteophytes on a 0-3 scale according to Burnett et al., as was patellofemoral sclerosis 

(only on the skyline view).19

Outcomes 

To study the presence of ROA in our cohort, we used different radiographic views at baseline. Hip 

joint space (13). Femorotibial ROA of the knee on the PA view and ROA of the hip on the AP 



44

of the K&L score or in increase in any osteophyte or JSN score between baseline and 5 year 

follow up. 

Statistical analysis

We used descriptive statistics per hip and knee to calculate prevalence of K&L score, ROA 

progression. All analyses were performed with the SPSS software package (IBM corporation, 

version 22.0.0.0).
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RESULTS

At baseline, mean age of the participants was 55.9 years (SD 5.2), 79% was female, average 

body mass index (BMI) was 26.2 kg/m2 (SD 4.1), and mean WOMAC pain score was 5.07 (SD 

3.1). 411 (41%) Participants reported pain in the knee only, 170 (17%) only reported pain in the 

hip, and 421 (42%) reported pain in both knee and hip. Prevalence of radiographic OA features 

baseline to 5-years follow-up was 10.9% 

All results described are those of the right hip and the right knee at baseline. For the left hip and 

knee similar numbers were found.

Table 1 Prevalence of early radiographic OA features for the hip and the knee per radiographic view at 

baseline (N = 894)

Baseline Progression T0-T5

Left/Right No OA NI No Yes NI

Hip

Anteroposterior view  

K&L score L 649 212 33 697 139 58

 R 651 210 33 688 150 56

Superior joint space narrowing L 675 186 33 768 69 57

 R 673 188 33 766 72 56

Medial joint space narrowing L 747 114 33 753 84 57

 R 747 114 33 769 69 56

Superior acetabulum osteophytes L 744 114 36 697 137 60

 R 752 108 34 712 124 58

Superior femoral head osteophytes L 691 166 37 716 117 61

R 704 156 34 714 123 57

Inferior acetabulum osteophytes L 793 68 33 771 66 57

 R 796 66 32 773 66 55

Inferior femoral head osteophytes L 766 95 33 759 78 57

 R 765 96 33 751 87 56

 

Superior joint space narrowing L 810 62 22 793 55 51

 R 796 68 30 779 58 62

Inferior joint space narrowing L 825 46 23 783 64 47

 R 815 49 30 801 37 56
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Table 1. Continued

Baseline Progression T0-T5

Left/Right No OA NI No Yes NI

Knee  

Posteroanterior view  

K&L Score Knee L 535 343 16 549 297 48

 R 544 330 20 524 318 52

Medial joint space narrowing L 399 480 15 653 194 47

 R 446 429 19 656 188 50

Lateral joint space narrowing L 652 227 15 763 84 47

 R 643 232 19 754 90 50

Medial femoral osteophytes L 837 41 16 784 62 48

 R 830 44 20 769 74 51

Lateral femoral osteophytes L 816 62 16 748 98 48

 R 806 66 22 749 92 53

Medial tibial osteophytes L 640 237 17 633 212 49

 R 628 244 22 622 219 53

Lateral tibial osteophytes L 646 229 19 637 206 51

 R 628 242 24 619 219 56

Mediolateral view    

Patellofemoral osteophytes L 525 339 30 610 223 61

 R 504 363 27 600 229 65

Skyline view    

Patellofemoral osteophytes L 489 366 39 627 195 72

 R 464 396 34 716 117 61

Patellofemoral joint space narrowing L 785 73 36 727 100 67

 R 779 85 30 806 26 62

NI: Radiograph not available or interpretable; progression: progression of at least one grade

Hip

On the AP view we detected 210 (23.4%) 

(28.8%) (Table 2), an increase of 48 (22.9%) ROA cases in the cohort compared to the K&L score 

on the AP view alone.
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Table 2. Prevalence of ROA on different views, hips, baseline, 5 year follow up, and progression after 5 

years of follow up.

Radiographic view obtained
ROA visible on radiograph

(features assessed)

Left hip Baseline AP only FP only AP + FP Any

AP +FP (JSN) 158 46 53 257

Left hip 5 year follow up AP only FP only AP + FP Any

AP +FP (JSN) 198 52 84 334

Progression after 5 years, L AP only FP only AP + FP Any

AP + JSN (FP) 105 29 32 166

Right hip Baseline AP only FP only AP + FP Any

AP +FP (JSN) 146 53 59 258

Right hip 5 year follow up AP only FP only AP + FP Any

AP +FP (JSN) 201 57 94 352

Progression after 5 years, R AP only FP only AP + FP Any

AP + JSN (FP) 107 39 39 185

Progression

185 hips with progression, an increase 46 (33.1%) hip ROA cases compared to the K&L score 

on the AP view alone (Table 2).

Knee

We found 

respectively (Table 1). When we combined these views we found ROA in 585 knees (65.4%), 

an increase of 255 (77.3.5%) ROA cases compared to the K&L score on the AP view (Table 3).

the skyline and AP view we found ROA in 354 knees (65.4%), an increase of 24 (7.3%) ROA cases 

compared to the K&L score on the AP view alone. Moreover, when we combined all views: either 

ROA cases in the cohort compared to the K&L score on the AP view alone (Table 3 and Figure 1).
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Table 3. Prevalence of ROA on different views, right knee, baseline, 5years of follow up and progression 

after 5 years of follow up.

Radiographic view
ROA visible on radiograph

Baseline, N=894
PA 

only

Sky 

only

ML 

only

PA+ 

SKY

PA+ 

ML

SKY + 

ML

PA + SKY 

+ MLL

Any

PA & SKY (osteophytes) 108 174 na 218 na na na 500

PA & ML (osteophytes) 150 na 182 na 178 na na 510

PA & SKY & ML (osteophytes) 70 84 87 77 36 90 141 585

PA & SKY (JSN) 269 28 na 57 na na na 354

PA & SKY (osteophytes & JSN) 103 184 na 223 na na na 510

PA & SKY & ML (osteophytes/JSN) 68 92 86 79 33 91 144 593

5 years of follow up

PA & SKY (osteophytes) 112 152 na 376 na na na 640

PA & ML (osteophytes) 131 na 173 na 361 na na 665

PA & SKY & ML (osteophytes) 44 47 70 85 66 101 291 704

PA & SKY (JSN) 351 33 na 137 na na na 521

PA & SKY (osteophytes & JSN) 91 162 na 396 na na na 649

PA & SKY & ML (osteophytes/JSN) 36 51 64 92 53 107 304 707

Progression after 5 years

PA & SKY (osteophytes) 202 118 na 106 na na na 426

PA & ML (osteophytes) 183 na 125 na 131 na na 439

PA & SKY & ML (osteophytes) 123 76 83 53 78 39 52 504

PA & SKY (JSN) 246 51 na 63 na na na 360

PA & SKY (osteophytes & JSN) 169 154 na 139 na na na 462

PA & SKY & ML (osteophytes/JSN) 105 97 69 71 63 53 67 525

PA: posteroanterior knee (K&L), SKY: skyline view, ML: mediolateral view, JSN: joint space narrowing, 

na; not applicable

Progression

seen in 318 (35.6%) of the knees. When we combined all views, we demonstrated 525 (58.7%) 

knees with progression, an additional 207 (65.1%) knee ROA cases (Table 3 and Figure 2).
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Figure 1. Venn diagram of radiographic osteoarthritis features of the knee, showing overlap between 

views. (Right knee, N = 593) prevalence at 5 year follow up

Figure 2. Venn diagram of progression of radiographic osteoarthritis features of the knee, showing 

overlap between views, progression (Right knee, N = 318)
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DISCUSSION

In this study we determined the prevalence of radiographic OA features on different radiographic 

views of the knee and hip in an early OA cohort. We showed that the use of a combination of 

detection of more early knee and hip ROA cases compared to the currently commonly used 

imaging studies. Furthermore, we demonstrated that the same combination of different views 

additional cases could provide us with more cases in which research could be done, and also 

target different phenotypes of ROA.

Our study demonstrated that the number of knee ROA cases increases when using multiple 

radiographic views compared to single views. This could be explained by the fact that it is possible 

to assess both the tibiofemoral and patellofemoral joints when using multiple views. This is 

consistent with the study by Duncan et al. who previously demonstrated a three-fold increase 

of mild ROA when combining tibiofemoral and patellofemoral ROA in a population-based study. 

McAlindon et al. also found an increase of ROA prevalence when combining tibiofemoral and 

patellofemoral imaging. 12, 20

The mediolateral radiograph was used to assess osteophytes at the superior and inferior margins 

of the patellofemoral joint, but presence of these osteophytes did not result in many additional 

who found that skyline views are more useful than mediolateral views for assessment of the 

PFJ. 21 

and mediolateral view, although these osteophytes are anatomically in a different location. This 

radiographic views. It has been suggested previously that hip ROA is detected more sensitively 

traditional K&L score on the AP view.13
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Remarkably not much previous research has been performed to assess whether different 

radiographic views have additional value in determining progression of ROA. However, Felson 

et al. did show that different views help demonstrate 50% more progression of knee ROA in 30 

months.7 Likewise, we demonstrated 68% more progression in 5 years. To our knowledge we 

the pelvic view in a subgroup (n=50) of a hip OA intervention study.22 

of OA in an early stage of disease with participants who are comparable with those presenting 

in primary care. However, the same early OA population also proposes some challenges in 

determining OA. For example, we did not observe many participants with established ROA 

low. Still, there were only few radiographs that were missing or uninterpretable. 

No clear guidelines exist stating which radiograph should be obtained for the assessment of 

radiographic OA. The American College of Rheumatism only recommends the use of the PA 

view of the hip only when radiography is performed. For the knee, PA and lateral views are 

recommended and skyline views are optional. The European League Against Rheumatism 

(EULAR) has formulated similar guidelines only for the radiographic assessment of knee OA, 

recommending a PA view plus ML and skyline views.23,24,25 Our study supports these guidelines: 

when radiographic assessment for early OA is indicated different radiographs should be 

performed. 

ROA in early OA patients. The added prognostic value of performing different radiographic 

views should be assessed in future research.

In conclusion, the use of different radiographic views increases the number of ROA cases in a 

symptomatic early OA cohort, both on baseline, as well as at 5 years of follow up. Moreover, the 
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CHAPTER 4 



ABSTRACT

Objective

To calculate inter-observer reliability between four different trained readers and an experienced 

reader on early radiographic osteoarthritis (OA) features in our early OA CHECK cohort (cohort 

hip and cohort knee).

Methods

Four readers were trained by a radiologist and experienced reader to score radiographic OA 

features. After this training they scored the CHECK cohort. Of the 1002 participants, 38 were 

scored by all readers. Five different angle radiographs (three for the knee, two for the hip) at 

three different time points were scored and compared. Inter-observer reliability was evaluated 

between each of the four trained readers and the experienced reader. Separate radiographic OA 

features and of overall Kellgren and Lawrence (K&L) scores. In addition, reliability of progression 

of radiographic was determined in K&L scores and joint space narrowing (JSN).

Results

For hip and knee there was substantial inter-observer reliability on overall K&L scores. In the 

knee, JSN was scored with fair to moderate reliability, osteophytes with moderate to nearly 

perfect reliability, and other features with fair to substantial reliability. In the hip, reliability 

ranged from substantial to nearly perfect. Moderate inter-observer reliability was found for 

progression of OA in both knee and hip, with slightly better reliability for progression based on 

K&L scores than on separate features.

Conclusion

Good inter-observer reliability can be achieved between trained readers and an experienced 

reader. Although JSN in the knee is scored with lower inter-observer reliability than osteophytes, 



59

Inter-observer reliability in scoring radiographs 04

INTRODUCTION 

used for both diagnosis and staging of OA and as a tool for measuring progression of disease. 

Despite limitations of radiography and the emergent role of magnetic resonance imaging (MRI) 

for OA, radiography is still the most widely applied imaging tool for OA in clinical and research 

easy interpretation of the images.1

pertaining to OA.2,3 Several approaches have been suggested to improve the diagnostic and 

damage. 4,5,6

easily be combined.

Assessment and improvement of inter-observer reliability might contribute to solving this 

problem as it leads to more uniformity in radiographic scoring both between and within studies. 

However, compared to the large number of studies performed using radiological outcomes, 

not all studies have reported on their inter reliability of OA grading. We found only one review 

article on inter-observer reliability for radiographic grading of hip and knee OA, which indicated 

that only few data exist on this issue, especially for separate radiological OA features; therefore, 

the authors advised that in larger cohort studies inter-observer reliability should be reported.7

The purpose of the present study was to assess various aspects of inter-observer reliability for 

radiographic hip and knee OA assessment within the longitudinal Cohort Hip and Cohort Knee 

(CHECK) study. First, we aimed at evaluating inter-observer reliability between four trained 

readers and one experienced reader for grading of radiographic OA, including analyses per 

separate OA feature. Second, we aimed to determine the inter-observer reliability for assessing 

progression of OA, which is relevant for longitudinal studies on OA. 
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METHODS

symptomatic OA of the knee or hip. Details of the protocol have been published earlier, and a 

summary is presented below.8 

Study population 

they visited their general practitioner (GP). In addition, participants were recruited through 

advertisements, articles in local newspapers, and via the website of the Dutch Arthritis 

Association. Individuals were eligible to participate if they had pain and/or stiffness of the knee 

and/or hip, were aged between 45 and 65 years, and had not yet consulted their physician for 

Exclusion criteria were: any other pathological condition that could explain the existing 

symptoms (e.g. other rheumatic disease, isolated tendinitis/bursitis, previous hip or knee joint 

replacement, congenital dysplasia of the hip, osteochondritis dissecans, intra-articular fractures, 

or a co-morbidity that precluded physical evaluation and/or follow-up for at least 10 years, 

malignancy in the last 5 years, and inability to understand the Dutch language. 

Physicians at the participating centres checked whether referred participants and participants 

inclusion criteria. 

All patients underwent radiographic assessment of both hips and knees, standardised physical 

8,9

Radiography

of the tibiofemoral and patellofemoral joints. Skyline (infero-superior) non-weight bearing views 

joints). For the hip, weight-bearing anteroposterior (AP) radiographs of the pelvis were made, 

Loredo.10

10
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Radiographic OA scoring and training

When readers scored approximately 75 participants each, a subset of 38 participants from 

observers (four research assistants and one experienced GP reader). For these random 

selected participants no selection criteria were used other than having no missing data. Of each 

participant, we scored right and left radiographs at three different points in time. Radiographs at 

baseline, and at 2 and 5-years follow-up were all scored at the same time and the readers were 

Before scoring, the four research assistants were extensively trained by an experienced 

musculoskeletal radiologist and the experienced GP reader in four separate training sessions 

of 2.5 hours each, using training radiographs from the CHECK cohort. At the end of this 

12 participants with differing OA severity in the presence of the GP reader. When the assistants 

reached good reliability compared to the GP reader they were allowed to score radiographs in 

the CHECK cohort. 

The PA radiographs of the knee were scored for individual OA features according to Altman et 

al.11

joint, as determined on the PA radiograph.12 Medial and lateral joint space narrowing (JSN), 

femoral medial and lateral osteophytes, and tibial medial and lateral osteophytes were scored on 

a 0-3 scale (0=normal; 1=mild; 2=moderate; and 3=severe). Tibial bone attrition, tibial sclerosis 

and femoral sclerosis were scored both medial and lateral on a 0-1 scale (0=absent; 1=present). 

Spiking of the tibial spines was scored according to the atlas of Burnett et al. on a 0-1scale. 13 

The mediolateral and skyline radiographs of the knee were also scored for patellofemoral JSN 

and osteophytes on a 0-3 scale, as well as patello-femoral sclerosis (only on the skyline view ) 

according to Burnett et al..13 For these random selected participants no selection criteria were 

used other than having no missing data

The AP radiographs of the hip were scored for individual radiographic OA features according 

to Altman et al.11

radiograph.12 Superior and medial hip JSN, superior acetabular osteophytes, and superior 

and inferior femoral osteophytes were scored on a 0-3 scale. Inferior acetabular osteophytes, 

buttressing were scored on a 0-1 scale.13

JSN were scored on a 0-3 scale.
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scale in one of the sites. When calculating inter-observer reliability for JSN and osteophytes 

we used the maximum JSN and largest osteophyte scored at one of the subsites where JSN or 

osteophytes were scored. Progression was determined during the time intervals: baseline to 

2-years follow-up, baseline to 5-years follow-up, as well as 2-5 years follow-up. 

Statistical analysis

The inter-observer reliability was calculated for all the above-mentioned separate OA features, 

for OA grade, and for OA progression between each of the four research assistants individually 

and the experienced GP reader. 

the beyond chance agreement and ranges from 0 (indicating no agreement beyond chance) 

to 1 (when agreement is perfect). A kappa of 0-0.2 is considered poor, 0.21-0.4 fair, 0.41-0.6 

moderate, 0.61-0.8 substantial, and 0.81-1 almost perfect.14 A major disadvantage of the kappa 

statistic is the fact that it not only measures agreement but is also affected in complex ways 

Because the prevalence of the radiographic features is low in our early OA cohort, we used 

the prevalence adjusted bias adjusted kappa (PABAK). The PABAK is calculated as 2po – 1, 

where po is the observed proportion of agreement and takes into account the effects of bias 

and prevalence. 15 In addition we calculated percentage agreement of all features studied. All 

analyses were performed with the SPSS software package (version 20.0.0.1, 2011)
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RESULTS

Mean age of this subgroup of CHECK participants was 56.05 (SD 4.26) years, 74% was female, 

average body mass index was 25.35 (SD 3.31), and their mean WOMAC pain score (0 indicating 

OA features at baseline, and at 2 and 5-years follow-up.

Table 1

experienced GP reader).

Baseline

(n=76)

2-year follow-up 

(n=76)

5-year follow-up 

(n=76)

% % %

Knee

K&L Knee grade 

0 43 56.6% 34 45% 28 37%

1 33 43.4% 36 47% 38 50%

2 0 0% 6 8% 6 8%

3 0 0% 0 0% 4 5%

4 0 0% 0 0% 0 0%

JSN lateral 31 40.7% 38 36.8% 50 51.3%

JSN medial 14 18.4% 18 23.7% 28 36.8%

JSN (SKY) 6 7.9% 10 13.2% 11 14.5%

Ost femoral med 5 6.6% 6 7.9% 6 7.9%

Ost femoral lateral 5 6.6% 10 13.2% 21 27.6%

Ost tibial medial 23 30.3% 28 36.8% 33 43.4%

Ost tibial lateral 19 25.0% 24 31.6% 30 39.5%

Ost patella (ML) 22* 29.3% 37 48.7% 43** 58.1%

Ost (SKY) 29 38.2% 40 52.6% 40 52.6%

Attrition 0 0.0% 0 0.0% 0 0.0%

Sclerosis 0 0.0% 0 0.0% 1* 1.3%

Sclerosis (SKY) 0 0.0% 0 0.0% 1 1.3%

Tibial spiking 7 9.2% 12 15.8% 13 17.1%
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Table 1. Continued.

Baseline

(n=76)

2-year follow-up 

(n=76)

5-year follow-up 

(n=76)

% % %

Hip

K&L Hip grade

0 64 84% 63 83% 62 82%

1 12 16% 12 16% 12 16%

2 0 0% 1 1% 2 3%

3 0 0% 0 0% 0 0%

4 0 0% 0 0% 0 0%

JSN superior 5 6.6% 7 9.2% 8 10.5%

JSN medial 3 3.9% 4 5.3% 5 6.6%

JSN superior (FP) 2 2.6% 2 2.6% 3 3.9%

JSN posterior (FP) 0 0.0% 0 0.0% 0 0.0%

Ost superior acetabelum 3 3.9% 6 7.9% 7 9.2%

Ost superior femoral 12 15.8% 14 18.4% 14 18.4%

Ost inferior acetebelum 1 1.3% 3 3.9% 3 3.9%

Ost inferior femoral 5 6.6% 5 6.6% 6 7.9%

AP sclerosis 0 0.0% 0 0.0% 0 0.0%

Cysts 0 0.0% 0 0.0% 0 0.0%

Flattening femoral head 0 0.0% 0 0.0% 0 0.0%

Buttressing 2 2.6% 3 3.9% 4 5.3%

K&L: Kellgren and Lawrence criteria; JSN: joint space narrowing; Ost: osteophyte; ML: medio-lateral 
**2 radiographs 

missing
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Inter-observer reliability for knee OA 

The average PABAK between the research assistants and the experienced GP reader regarding 

K&L scores of the knee joint ranged from 0.28-0.79, indicating fair to near perfect inter-observer 

reliability (Table 2). PABAK values on JSN on the AP view ranged from fair to moderate. On the 

skyline view, patellofemoral JSN was scored with fair to substantial inter-observer reliability. 

Osteophytes were scored with moderate to near perfect reliability on the AP view and with 

substantial reliability on the mediolateral radiograph. On the skyline radiograph osteophytes 

were scored with moderate to near perfect reliability.

Inter-observer reliability for spiking was fair to moderate. We were not able to calculate inter-

observer reliability statistics on all radiographic features. In the tibiofemoral joint we did not 

was not seen in any of the participants (Table 1).

Inter-observer reliability for hip OA

The average PABAK between the research assistants and the experienced GP reader regarding 

K&L scores of the hip joint ranged from 0.71-0.91, indicating substantial to almost perfect inter-

observer reliability (Table 3).  On the PA view, JSN was scored with substantial to almost perfect 

PA view, osteophytes were scored with substantial to almost perfect reliability, and buttressing 

with almost perfect reliability (Table 3). Features indicating more advanced hip OA, such as 

Progression

Reliability on progression of OA (K&L score) in the knee ranged from substantial to almost 

perfect and was almost perfect in the hip (Table 4). For progression of JSN, reliability ranged 

from substantial to almost perfect in both the knee and the hip (Table 4).
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Table 2. Inter-observer reliability for individual ROA features of the features of the knee 38 participants.

Feature PABAK research assistant vs GP reader

1 2 3 4 Average

0.79 0.23 0.75 0.53 0.58

95% CI
0.70-

0.87

0.10-

0.35

0.66-

0.83

0.42-

0.64

JSN lateral 0.65 0.31 0.29 0.26 0.38

95% CI
0.55-

0.75

0.18-

0.43

0.16-

0.41

0.14-

0.39

JSN medial 0.59 0.52 0.60 0.36 0.52

95% CI
0.48-

0.69

0.41-

0.63

0.50-

0.70

0.23-

0.48

Ost femoral medial 0.89 0.91 0.90 0.82 0.88

95% CI
0.83-

0.95

0.85-

0.96

0.84-

0.95

0.74-

0.89

Ost femoral lateral 0.81 0.77 0.91 0.90 0.85

95% CI
0.73-

0.88

0.69-

0.85

0.86-

0.97

0.85-

0.96

Ost tibial medial 0.72 0.74 0.79 0.54 0.70

95% CI
0.63-

0.92

0.66-

0.83

0.71-

0.87

0.43-

0.65

Ost tibial lateral 0.82 0.82 0.78 0.63 0.77

95% CI
0.75-

0.90

0.74-

0.89

0.70-

0.86

0.53-

0.73

Tibial spiking 0.87 0.77 0.73 0.35 0.68

95% CI
0.80-

0.93

0.69-

0.85

0.64-

0.82

0.23-

0.47

ML ost 0.86 0.65 0.61 0.59 0.68

95% CI
0.79-

0.92

0.55-

0.75

0.50-

0.71

0.48-

0.70

SKY ost 0.80 0.63 0.62 0.71 0.69

95% CI
0.72-

0.88

0.53-

0.73

0.52-

0.72

0.62-

0.80

SKY JSN 0.78 0.78 0.78 0.50 0.71

95% CI
0.70-

0.86

0.70-

0.86

0.70-

0.86

0.38-

0.49

PABAK: prevalence adjusted bias adjusted kappa; K&L: Kellgren and Lawrence criteria; JSN: joint space 

narrowing; Ost: osteophyte; ML: medio-lateral radiograph; SKY: skyline radiograph. Left and right hip, 

three points in time
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% agreement research assistant vs GP reader Cohen’s kappa research assistant vs GP reader

1 2 3 4 Average 1 2 3 4 Average

0.90 0.55 0.87 0.82 0.79 0,79 0,27 0,74 0,52 0,58

0.71-

0.87

0.15-

0.39

0.65-

0.83

0.41-

0.63

0.80 0.66 0.65 0.63 0.68 0,65 0,32 0,30 0,25 0,38

0.55-

0.75

0.19-

0.44

0.17-

0.42

0.13-

0.38

0.79 0.72 0.80 0.64 0.74 0,39 0,12 0,43 0,39 0,33

0.23-

0.54

0-00-

0.32

0.28-

0.58

0.28-

0.51

0.95 0.93 0.95 0.91 0.93 0,45 0,59 0,60 0,56 0,55

0.17-

0.74

0.36-

0.83

0.37-

0.82

0.38-

0.74

0.83 0.93 0.95 0.95 0.91 0,59 0,47 0,74 0,76 0,64

0.43-

0.75

0.28-

0.66

0.58-

0.90

0.63-

0.90

0.86 0.87 0.86 0.77 0.84 0,69 0,71 0,76 0,55 0,68

0.60-

0.80

0.62-

0.81

0.68-

0.85

0.44-

0.66

0.91 0.91 0.88 0.77 0.87 0,80 0,78 0,75 0,61 0,73

0.71-

0.88

0.69-

0.87

0.66-

0.85

0.50-

0.71

0.93 0.88 0.87 0.68 0.84 0,74 0,43 0,22 0,29 0,42

0.61-

0.87

0.21-

0.63

0.00-

0.48

0.15-

0.42

0.92 0.83 0.83 0.79 0.84 0,85 0,65 0,60 0,59 0,66

0.79-

0.92

0.55-

0.75

0.49-

071

0.59-

0.49

0.90 0.82 0.81 0.85 0.84 0,79 0,62 0,62 0,71 0,69

0.72-

0.88

0.52-

0.73

0.51-

0.72

0.62-

080

0.89 0.66 0.89 0.75 0.80 0,34 0,17 0,41 0,34 0,32

0.09-

0.58

0.00-

0.48

0.19-

0.63

0.19-

0.49
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Table 3. Inter-observer reliability for individual ROA features of the hip 38 participants.

Feature PABAK research assistant vs GP reader

1 2 3 4 Average

0.91 0.77 0.71 0.82 0.80

95% CI 0.86-0.96 0.69-0.85 0.62-0.80 0.74-0.89

JSN superior 0.82 0.90 0.84 0.61 0.79

95% CI 0.74-0.89 0.85-0.95 0.77-0.91 0.51-0.72

JSN medial 0.87 0.95 0.78 0.89 0.87

95% CI 0.83-0.95 0.91-0.99 0.69-0.86 0.84-0.95

Ost superior acetabelum 0.89 0.85 0.85 0.82 0.87

95% CI 0.84-0.95 0.78-0.92 0.78-0.92 0.75-0.90

Ost superior femoral 0.87 0.73 0.84 0.82 0.81

95% CI 0.84-093 0.64-0.82 0.77-0.91 0.75-0.90

Ost inferior acetabelum 0.95 0.86 0.92 0.86 0.91

95% CI 0.91-0.99 0.79-0.93 0.87-0.97 0.79-0.93

Ost inferior femoral 0.89 0.85 0.92 0.82 0.87

95% CI 0.82-0.95 0.78-0.92 0.87-0.97 0.75-0.90

Buttressing 0.98 0.92 0.97 0.92 0.95

95% CI 0.96-1.00 0.87-0.97 0.94-1.00 0.87-0.97

FP JSN superior 0.97 0.93 0.93 0.96 0.95

95% CI 0.94-1.00 0.88-0.98 0.88-0.98 0.93-1.00

PABAK: prevalence adjusted bias adjusted kappa; K&L: Kellgren and Lawrence criteria; JSN: joint space 
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% agreement research assistant vs GP reader Cohen’s kappa research assistant vs GP reader

1 2 3 4 Average 1 2 3 4 Average

0.95 0.89 0.84 0.91 0.90 0,84 0,53 0,62 0,73 0,68

0.75-0.94 0.36-0.70 0.13-0.66 0.62-0.84

0.92 0.95 0.92 0.78 0.89 0,44 0,66 0,40 0,38 0,47

0.21-.67 0.46-0.86 0.13-0.66 0.22-0.55

0.93 0.97 0.89 0.94 0.93 0,35 0,65 0,40 0,51 0,48

0.01-0.69 0.38-0.93 0.17-0.62 0.24-0.78

0.95 0.93 0.92 0.91 0.93 0,60 0,62 0,28 0,52 0,51

0.37-0.82 0.44-0.79 0.00-0.61 0.32-0.72

0.94 0.85 0.92 0.91 0.90 0,77 0,49 0,75 0,69 0,67

0.66-0.88 0.33-0.66 0.64-0.86 0.56-0.82

0.97 0.94 0.96 0.94 0.95 0,65 0,47 0,55 0,30 0,49

0.38-0.93 0.22-0.72 0.26-0.84 0.00-0.63

0.94 0.92 0.96 0.89 0.93 0,52 0,37 0,62 0,48 0,50

0.27-0.77 0.09-0.66 0.38-0.86 0.26-0.70

0.99 0.96 0.98 0.96 0.97 0,88 0,65 0,79 0,65 0,74

0.72-1.04 0.42-0.87 0.56-1.03 0.42-0.87

0.99 0.96 0.96 0.99 0.97 0,82 0,18 0,62 0,59 0,55

0.61-1.02 0.00-0.74 0.36-0.88 0.19-0.99
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Table 4. Inter-observer reliability for the progression of knee OA and hip OA.

Feature PABAK research assistant vs GP reader

1 2 3 4 average

Knee

K&L 0 to 2 years 0.82 0.81 0.82 0.79 0.81

K&L 2 to 5 years 0.82 0.68 0.74 0.68 0.73

K&L 0 to 5 years 0.90 0.80 0.74 0.87 0.82

JSN 0 to 2 years 0.79 0.88 0.89 0.74 0.82

JSN 2 to 5 years 0.74 0.83 0.87 0.71 0.79

JSN 0 to 5 years 0.89 0.92 0.74 0.87 0.85

HIP

K&L 0 to 2 years 0.95 0.91 0.95 0.92 0.93

K&L 2 to 5 years 0.90 0.86 0.92 0.95 0.90

K&L 0 to 5 years 0.92 0.95 0.95 0.92 0.93

JSN 0 to 2 years 0.74 0.87 0.90 0.89 0.85

JSN 2 to 5 years 0.74 0.88 0.79 0.87 0.82

K&L: Kellgren and Lawrence criteria; JSN: joint space narrowing; 0-2 years: the progression score between baseline and 2-yea

score between baseline and 5-year measurements.
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% agreement research assistant vs GP reader Cohen’s kappa research assistant vs GP reader

1 2 3 4 Average 1 2 3 4 Average

0.91 0.85 0.87 0.88 0.88 0,55 -0,02 0,48 0,31 0,33

0.91 0.70 0.87 0.84 0.83 0,66 0,06 0,38 0,54 0,41

0.95 0.83 0.87 0.94 0.90 0,70 0,06 0,47 0,47 0,43

0.90 0.95 0.95 0.87 0.92 0,05 -0,03 -0,02 0,49 0,12

0.87 0.91 0.93 0.86 0.89 -0,04 0,13 -0,05 0,48 0,13

0.95 0.95 0.87 0.94 0.93 0,01 -0,06 -0,06 0,13 0,01

     

0.97 0.96 0.98 0.96 0.97 0,65 0,00 0,19 0,15 0,25

0.95 0.95 0.96 0.98 0.96 0,66 0,00 0,49 -0,02 0,28

0.96 0.97 0.98 0.96 0.97 0,00 0,48 0,19 0,27 0,23

0.87 0.94 0.95 0.95 0.92 0,37 0,00 0,00 -0,07 0,08

0.87 0.88 0.89 0.94 0.89 0,39 0,22 0,00 0,22 0,21

ar measurements; 2-5 years: the progression score between the 2-year and 5-year measurements; 0-5 years: the progression 
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DISCUSSION

This study was performed to assess inter-observer reliability for early radiographic hip and 

knee OA across 4 trained readers and 1 experienced GP reader for grading of radiographic OA. 

Furthermore, we determined the inter-observer reliability for assessing progression of OA.

Overall reliability

For the knee K&L grading we found substantial reliability, which is in line with recent studies 
6 reporting a 

kappa of 0.62, in the Rotterdam study) as well as the original paper by Kellgren and Lawrence 
11,12

In the hip, the inter-observer reliability of the K&L grade as determined in the present study, was 

similar to that of a previous report from our group.17 The original study of Kellgren and Lawrence 
12 

Inter-observer reliability for individual knee OA features and their implications for K&L grading

In the knee we noticed a trend towards higher reliability for osteophytes than for JSN between 

readers for all three different radiographic views studied; this is in agreement with previous 
7 This is an interesting result considering that progression of the K&L score from grade 

1 to grade 2 (the threshold for the diagnosis of OA in many studies) is primarily based on the 

cohort that there is a high correlation between the K&L grade and osteophytes.17 Others did 
18 

The low reliability for JSN is surprising as joint space width (JSW) is regarded as a better 

predictor for outcomes in knee OA than the K&L grade. It is important to note, however, 

determined visually on a 0-3 scale and is, therefore, subjective. 19,20

Inter-observer reliability for individual hip OA features and their implications for K&L grading

In the hip we found high inter-observer reliability for all OA features, while we observed no 

review reported slightly better ICCs for JSN (0.58-0.79) than for osteophytes (0.45-0.78). 7 
7
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Inter-observer reliability for ROA progression

Using the overall K&L score, the inter-observer reliability for progression was high. The K&L 

score is considered to be insensitive to progression of OA because a combination of different 

OA features has to deteriorate to progress on the K&L scale, while it has been estimated that 

progression on an ordinal scale for one feature takes about 2 years. 4 Therefore, it has been 
21 

Although these changes are probably of low clinical interest. However, in the hip we found that 

reliability was slightly lower when we looked at progression based on JSN alone. This could be 

due to the low prevalence of progression in the hip, and due to low reliability based on JSN in 

the knee. 

observer reliability could lead to more uniformity in radiographic scoring both between and 

evaluate how they agreed on radiological outcomes. Because we used bilateral radiographs 

of three different time points with three different radiographic projections of the knee, and 

two different views of the hip, we were able to assess inter-observer reliability based on a 

considerable number of radiographs. 

Limitations

The present study has several limitations, the most important being that we did not have large 

radiographic diversity in OA severity. This is because the CHECK cohort consists of participants 

with early symptomatic OA who have not yet developed many radiographic OA features.8 

OA and progression of OA, and probably more so for hip than knee OA because far fewer 

participants in our cohort have hip symptoms than knee symptoms. More disease variability 

could hypothetically lead to lower inter observer agreement, however we think we adjourned 

beginning, they underwent a simple yet thorough structured training program and received 

supervision from an experienced GP and musculoskeletal radiologist. We believe that this 

situation is common in OA research settings, especially in large studies, in which trained research 

assistants score the radiographs because of the lack of enough experienced readers (such as 

possible after a simple yet thorough training program, such as the one we implemented. 
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assessed by radiologists, orthopaedic surgeons, or rheumatologists.

Conclusion

The results of our study show that with a simple yet thorough training we could achieve good 

inter-observer reliability between trained readers and an experienced reader for the assessment 

of early OA features, OA grading and OA progression. Although JSN in the knee is scored with 

scoring. Reliability for radiographic OA progression is higher for K&L scores than for JSN.
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CHAPTER 5 



ABSTRACT

Objective 

To examine the proportion of isolated patellofemoral osteoarthritis (PFOA) compared to 

tibiofemoral OA (TFOA) in middle-aged participants with early OA symptoms of the knee; to 

describe the natural course of PFOA compared with that of TFOA and to identify whether 

patients with PFOA have a different phenotype compared to patients with TFOA, or with 

combined PFOA and TFOA (COA). 

Design 

underwent physical examination, and had knee radiographs at baseline, and at 2 and 5 years 

PFOA, COA, or no radiographic OA. Multivariate logistic regression was used to identify 

Results 

The cohort comprised 845 participants (mean age 55.9 years). At baseline, 116 had PFOA, none 

had TFOA or COA. Of these 116 participants, 66.3% had developed COA at 5 years follow-up. 

At 2 years follow-up, PFOA, TFOA and COA were present in 77 (10.8%), 39 (5.5%) and 83 

(11.6%) participants, respectively. Multivariate regression analyses at 2 years follow-up showed 

other with respect to signs and symptoms. 

Conclusions 

These results suggest that OA is more likely to start in the patellofemoral joint and then progress 

to COA in individuals with symptoms of early knee OA. No differences in TFOA and PFOA 

phenotypes were determined with respect to signs and symptoms. 

Keywords 

Osteoarthritis, patellofemoral joint, tibiofemoral joint, cohort, knee
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INTRODUCTION

The most common condition to affect the knee joint is osteoarthritis (OA)1, 2. The knee joint 

consists of two compartments the tibiofemoral (TF) and the patellofemoral (PF) compartment. 

OA in the knee can occur solely in the TF joint [isolated tibiofemoral osteoarthritis (TFOA)] 

or in the PF joint [isolated patellofemoral osteoarthritis (PFOA)] or can be present in both 

joints [combined TFOA and PFOA (COA)]. Most research on OA has focused on the TF joint, 

although the prevalence of isolated PFOA might be higher than isolated TFOA3-6. Furthermore, 

radiographic signs of PFOA are associated with symptoms such as pain and disability7-10.

well to treatment11, 12. One possible reason for this difference is that the heterogeneous OA 

population consists of persons with different phenotypes of OA12-14

phenotypes in OA may help classify which preventive measures are suitable for an individual14. 

Therefore, it is suggested to target interventions to different OA phenotypes15-18. However, 

Mills and Hunter stated: ‘due to the inclusion of homogenous study groups based on TFOA in clinical 
19. Therefore, large cohort studies that 

include participants with COA and isolated TFOA and PFOA are needed to determine whether 

participants with PFOA have a different phenotype compared to those with TFOA or COA.

joint20. This was recently strengthened by Stefanik et al. (2016) who found that knees with 

structural damage in one compartment of the knee do not develop structural damage in 

another compartment. Moreover, knees that developed mixed structural damage were more 

likely to start with isolated to the PF joint21

course of PFOA and how its natural course differs from TFOA. The few studies describing the 

prevalence and natural course of TFOA and PFOA included participants with severe signs of OA 

on radiographs 22 or studied a general population including individuals without knee complaints9, 

23. Other studies focusing on TFOA and PFOA included participants with a relatively high age 

(mean age 68.4, 65.2 and 62.5 years, respectively)20, 21, 24, 25. Although two studies evaluated the 

prevalence of PFOA in a younger population (aged 34-55 years), these participants had chronic 

knee complaints 26 or no baseline X-ray data of the PF joint were available so that progression 

could not be evaluated27. Thus, most research has focused on older participants with a longer 

symptom duration of knee pain, or on the general population and therefore little is known on the 

incidence and prevalence rates, as well as the natural course of PFOA and TFOA, in relatively 

young subjects with a recent onset of knee complaints.
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Therefore, the aim of this study is to 1) determine the proportion PFOA compared to TFOA 

in individuals with early knee OA symptoms; 2) describe the natural course of PFOA at 2 and 

5 years follow-up compared with that of TFOA; and 3) identify whether participants with 

PFOA have a different phenotype of signs and symptoms compared to those with TFOA, and 

those with COA.
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METHODS 

Study population

The present study used baseline data, and data from 2 and 5 years follow-up of the Cohort 

Hip and Cohort Knee study (CHECK). A detailed description of this cohort is published 

elsewhere.28, 29 In brief, the cohort included 1002 participants recruited between October 2002 

and September 2005. Inclusion criteria were: participants aged 45-65 years with hip and/or 

knee complaints (pain or stiffness) who had never visited a general practitioner (GP) for their 

complaints, or had visited a GP no longer than 6 months previously. 

Participants were excluded if they had a pathologic disorder (based on medical history and 

physical examination) that also could explain the symptoms (e.g. for the knee; other rheumatic 

a serious comorbidity that did not allow physical evaluation/follow-up for up to 10 years; and 
28. 

For the current study only those participants that reported knee pain or knee stiffness at 

baseline were included (n=845). Ethical approval was obtained and participants provided 

informed consent prior to commencement of the study28. 

Questionnaires

age (in years), sex (male/female), body height (m) and weight (kg), 2) Knee symptoms: duration 

of complaints (only assessed at baseline), side of knee pain, number of subjects with hip and knee 

symptoms, and the Western Ontario and McMaster Universities Index (WOMAC) 30 for knee 

function (higher scores indicating worse function). Moreover, information on pain when going 

30. 

All participants underwent a standardised physical examination at baseline, and at 2 and 5 years 

follow-up. For the present study, we used data of the physical examination at baseline and data 

of the 2-year follow-up of the index knee (i.e. the most affected knee) 31. Of the 845 participants 

with knee pain, 384 (44.5%) had unilateral symptoms. For participants with bilateral symptoms 

the index knee was based on the following decision tree as described by Holla et al.31 1) highest 

knee based on these signs, we randomly assigned an index joint.
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Range of joint motion was measured with a goniometer (in degrees). To assess knee effusion 

both knees with each other (present or absent), and bony enlargement, joint line tenderness, 

absence by palpation. 

Radiographs

features of OA were scored according to the atlas of Altman et al. 32 The following features of 

OA were scored: joint space narrowing (none, doubtful, mild or moderate), femoral medial and 

lateral osteophytes, and tibial medial and lateral osteophytes (none to moderate). The original 

Kellgren & Lawrence (K&L) criteria were used to score the severity of TFOA of the involved 

knee on the PA radiographs33. On the lateral views osteophytes (none to moderate) were scored 

and on the skyline view osteophytes (none to moderate) and joint space narrowing (none to 

moderate) were scored according to Burnett et al.34. All the above-mentioned features were 

reliability: 0.62)35.

follow-up who did not have signs of OA at baseline or at 2 years follow-up23 4.
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Statistical analyses

To determine the proportion PFOA compared to TFOA in individuals with early knee OA 

symptoms, descriptive statistics (mean, standard deviations [SD] and proportions) were applied. 

Descriptive statistics were also applied to determine the natural course of PFOA and TFOA at 

2 and 5 years follow-up. Differences in characteristics at baseline and at 2 years follow-up were 

analysed with independent t-tests and with ANOVA tests. 

To identify whether participants with PFOA had a different phenotype of signs and symptoms 

compared to those with TFOA, and those with COA multivariate binary logistic regression 

up were used because none of the participants had TFOA or COA at baseline so that we were 

unable to test for differences in phenotypes at baseline. The following variables were included 

in the regression analyses: gender, age, body mass index (BMI), pain when walking up/down 

on the literature and their practicability in general practice 20, 25, 36

on complete case analyses (i.e. no missing radiograph and physical examination). Analyses were 

performed using the Statistical Package for the Social Sciences version 21.0 (SPSS Inc., Chicago 

IL, USA).
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RESULTS

Study population

At baseline, the total cohort comprised 845 participants (80% females) who reported knee pain 

or stiffness. The mean age was 55.9 (5.18) years and mean BMI was 26.3 (4.15) kg/m2. Due to 

missing data, the type of OA could not be determined for 139 (16.4%), 129 (15.3%) and 150 

(17.8%) participants at baseline and at 2 and 5 years follow-up, respectively. 

Incidence and prevalence of different types of OA 

- Baseline

Of the 706 participants available at baseline, 116 (16.4%) had isolated PFOA and none had 

isolated PFOA in those with knee pain at baseline was associated with higher age, higher BMI, 

hip pain at baseline, crepitus, positive patellofemoral grinding test, palpable bony enlargement, 

Table 1. Radiographic criteria for PFOA, TFOA and COA

Isolated PFOA Isolated TFOA Combined OA

skyline on both skyline and lateral 

radiographs 

and skyline or lateral 

OR OR OR

lateral radiographs 

radiographs radiographs

OR

radiographs

- Two-year follow-up

Table 1 presents the characteristics of the participants at the 2-year follow-up. Isolated PFOA 

was found in 77 (10.8%) participants. Of those 77, 48 already had PFOA at baseline, 27 were 

new incident cases and 2 PFOA patients had missing data at baseline. Isolated TFOA was 

present in 39 (5.5%) participants, none of them had signs of OA at baseline. COA was present 

in 83 (11.6%) participants at two years follow-up; 63 (75.9%) had PFOA at baseline, 18 patients 

did not have signs of OA at baseline and 2 patients had missing data at baseline. (Figure 1.)
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Figure 1. Natural course of different subgroups of OA

1 patient.

- Five-year follow-up

At the 5-year follow-up, 100 participants were diagnosed with isolated PFOA:.39 already had 

PFOA at baseline and 2-years follow-up, 23 had PFOA at 2-years and 30 did not have signs of 

OA neither at baseline and 2-years follow-up. Of the 129 participants with missing data at two 

years follow-up, 8 had PFOA at 5-year follow-up. A total of 54 patients had TFOA at 5-year 

follow-up: 29 already had TFOA at 2-years follow-up, 17 did not have signs of OA at baseline 

and 2-years follow-up and 7 patients had missing data at two-years follow-up. A total of 102 

patients had COA: 56 54.9%) already had COA at two-years follow-up and PFOA at baseline, 

while 6 (5.9%) had PFOA at baseline and 2-year follow-up and progressed to COA. Five out of 

the 102 patients developed COA while they were diagnosed with PFOA at 2-years follow-up, 

and 8 progressed from TFOA at 2-year follow-up to COA. Seventeen patients had no signs of 

OA at baseline and already had COA at two years follow-up. Seven patients with COA at 5-year 

follow-up did not have signs of OA at baseline and 2-year follow-up and three patients with COA 

at 5 years follow-up had missing data at two-years follow-up. (Figure 1.)

Natural course of PFOA and TFOA 

Of the 116 participants with isolated PFOA at baseline, 63 (54.3%) had developed COA at 

the 2-year follow-up and 62 (53.4%) had developed COA at the 5-year follow-up. The status 

of 5 participants with PFOA at baseline was unknown due to missing data at both 2 and 5 year 

follow-up. Seven of the 116 participants had already progressed to COA at 2-years follow-up, 

but had missing data at 5-years follow-up and three participants were diagnosed with PFOA at 

baseline and 2-years follow-up, but had missing data at 5-years follow-up (Figure 1). Of the 39 

participants with isolated TFOA at the 2-year follow-up, 8 (20.5%) had developed COA at the 

5-year follow-up (Figure 1).
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Table 2. Patient characteristics and symptoms at baseline and at 2-year follow-up per group: variables 

are n [%] unless stated otherwise 

Characteristics at baseline isolated TFOA isolated PFOA 

n=116

Age (years), mean [SD] 57.8 [4.82]

Sex (female) 89 [76.7%]

BMI (kg/m2), mean [SD} 28.1 [4.55]

Bilateral complaints (yes) 61 [52.6%]

Hip and knee pain at baseline (yes) 42 [36.2%]

21 [18.1%]

Pain when going up or down stairs (yes) 61 [52.6%]

Baseline WOMAC function (0-68), mean [SD] 25.9 [17.2]

Crepitus (yes) 72 [62.1%]

Bony enlargement (yes) 12 [10.3%]

Patellofemoral grinding test (pos) 46 [39.7%]** 

130.8 [10.6]*

Knee extension ROM (degrees), mean [SD] 2.63 [2.68]*

Knee effusion (yes) 15 [12.9]

85 [73.3%]

Joint line tenderness (yes) 49 [42.2%]

K&L score 1 (yes) 89 [76.7%]

Characteristics at 2-year follow-up n=39 n=77

Age (years), mean [SD] 58.5 [5.54] 59.3 [5.39]

Sex (female) 33 [84.6] 58 [75.3]

BMI (kg/m2), mean [SD] 26.7 [3.81] 26.4 [4.27]

Bilateral complaints (yes) 17 [43.6] 38 [49.4]

18 [46.2] 12 [15.6]

Pain when going up or down stairs (yes) 6 [15.4] 37 [48.1]

WOMAC function (0-68), mean [SD] 19.5 [16.2] 24.9 [20.1]

Crepitus (yes) 18 [46.2] 40 [51.9]

Bony enlargement (yes) 1 [2.6] 8 [10.4]

Patellofemoral grinding test (pos) 4 [10.3] *** 17 [22.1]**

134.6 [8.02] * 136.9 [9.07]*

Knee extension ROM (degrees), mean [SD] 2.19 [2.23]* 2.52 [3.27]*

Knee effusion (yes) 4 [10.3] 2 [2.6]

22 [56.4] 49 [63.3]

Joint line tenderness (yes) 6 [15.4] 15 [19.5]

SD: standard deviation, n: number, BMI: body mass index, m: meter, kg: kilogram, WOMAC: Western 

Ontario and McMaster Universities Arthritis Index, pos: positive, ROM: range of motion, OR: odds ratio, 

PFOA: patellofemoral osteoarthritis, TFOA: Tibiofemoral osteoarthritis, COA: combined osteoarthritis, 

OA: osteoarthritis
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combined TFOA 

and PFOA

no radiographic OA 

n=590

OA status unknown

n=139

total 

n=845

p-value between 

groups*

55.5 [5.16] 56.4 [5.18] 55.9 [5.18] <0.01

473 [80.2%] 110 [79.1%] 672 [79.5%] 0.70

26.1 [4.00] 26.0 [4.21] 26.3 [4.15] <0.01

324 [54.9%] 76 [54.7%] 461 [54.6%] 0.33

324 [54.9%] 65 [46.8%] 431 [51.0%] 0.06

96 [16.3%] 26 [18.7] 143 [16.9%] 0.72

258 [43.7%] 68 [48.9]* 387 [45.8%] 0.13

22.7 [16.9] 27.4 [18.4] 23.9 [17.3] <0.01

271 [45.9%]^ 55 [39.6%]^ 398 [47.1%] <0.01

21 [3.6%]^ 4 [2.9%]^ 37 [4.4%] <0.01

159 [26.9%]**^ 32 [23.0%]***^ 237 [28.0%]** <0.01

135.1 [8.88]* 133.4 [12.5]* 134.2 [9.92] <0.01

2.73 [2.77]* 2.28[2.46]* 2.64 [2.74] 0.24

43 [7.3] 5 [3.6%]^ 63 [7.5] 0.02

356 [60.3%]^ 92 [66.2%] 533 [63.1%] 0.02

273 [46.3%] 53 [38.1%] 375 [44.4%] 0.22

243 [41.2%]^ 5 [3.6%]***^ 343 [46.7%]*** <0.01

n=83 n=517 n=129 n=845

59.7 [4.16] 57.5 [5.21]^ 56.3 [5.15] 58.1 [5.17] <0.01

68 [81.9] 407 [78.7] 106 [82.2%] 672 [79.5] 0.65

28.4 [4.67]^ 25.7 [3.75] 26.3 [3.95] 26.2 [4.06] <0.01

51 [61.4] 217 [42.0] 70 [54.3%] 367 [43.4] 0.03

21 [25.3] 75 [14.5] 29[22.5%]* 143 [16.9] 0.07

56 [67.5] 214 [21.4] 62 [48.1%]* 387 [45.8] 0.02

27.8 [17.7] 21.2 [17.1] 26.9 [18.8] 22.9 [17.8] <0.01

49 [59.0] 201 [38.9] 54 [41.9%] 339 [40.1] 0.03

6 [7.2] 24 [4.6] 5 [3.9%] 43 [5.1] 0.23

20 [24.1]** 88 [17.0]** 30 [23.3%]*** 142 [16.8]*** 0.28

130.0 [10.4]^ 136.1 [8.50] 133.4 [13.2]* 135.3 [9.09]* <0.01

2.84 [2.99] 2.69 [2.63] 2.55 [2.78]* 2.64 [2.74]* <0.01

11 [13.3]^ 27 [5.2] 5 [3.9%] 50 [5.9] 0.03

56 [67.5] 288 [55.7] 83[64.3%] 464 [54.9] 0.23

28 [33.7] 164 [31.7] 53 [41.1%] 242 [28.6] 0.04

Bold

data missing in >20% cases
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Multivariate regression analysis for different types of OA at 2-year follow-up 

with radiographic PFOA or TFOA. Compared with participants with PFOA, those with COA 

Participants without radiographic knee OA had better knee function (lower WOMAC scores) 

compared with those with isolated PFOA (OR 0.97, 95% CI 0.95-0.99) and reported more 

joint line tenderness compared with those with isolated PFOA (OR 3.13, 95% CI 1.47-6.69). 

Participants without radiographic OA tended to be younger, were less likely to have palpable 

with isolated PFOA (Table 2).
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DISCUSSION

The results of this study suggest that combined OA may start in the PF joint and then progresses 

to COA. At baseline, 16.4% of our participants with symptoms of early knee OA were diagnosed 

with radiographic isolated PFOA and none with isolated TFOA and at the 2-year follow-up, half 

of the participants with PFOA at baseline had developed COA, and at 5-year follow-up two 

thirds of the participants with isolated PFOA at baseline had developed COA. The incidence of 

COA and TFOA in patients that presented with symptoms of knee OA was low, i.e. 3.1-6.6%, 

respectively at the 2-year follow-up and 1.4-4.5%, respectively, at the 5-year follow-up. 

Compared to the CAS(K) studies 20, 25, 37, 38, in the present study the prevalence of PFOA at 

baseline was lower (23.9% versus 16.4%, respectively) and this difference remained at follow-up 

(28.8% at 3 years follow-up in the CAS(K) study versus 4.6% at 2 years follow-up in the present 

study)20. These differences in prevalence and incidence are probably explained by the different 

populations in the studies. The CAS(K) studies 20, 25 comprised older patients with a higher BMI 

compared to our CHECK population. However, it was notable that, compared to Thorstensson 

et al. 27 who also included middle-aged participants (age range 35-54 years) with chronic knee 

complaints (>3 months), we found a lower prevalence of TFOA at baseline (47% versus 0%, 

respectively). Therefore, the differences in prevalence and incidence might not only be due to 

OA39

40. This emphasises the need for 
39. 

It is noteworthy that in the present study, none of the participants had TFOA at baseline. This 

can probably be explained by our study population as most participants had not visit a GP or 

physician for their knee symptoms yet. However, the absence of TFOA in the present study 

might also be explained by detectability of the abnormalities of the different radiographs. It could 

be possible that on skyline radiographs osteophytes are earlier detectable than osteophytes on 

the PA radiograph, so that PFOA is earlier detectable with radiographs compared to TFOA. This 

seen at baseline, though in a relatively older population21. Though similar to our study, knees 

that developed OA in both the PFJ and TFJ started with damage isolated to the PFJ. It therefore 

seems important to get more insight in the patient population who develop combined knee OA 

and develop preventative and therapeutic strategies targeting the PFJ. 

In the literature, three main signs of OA that were determined on physical examination (i.e. 

crepitus, restricted movement, and bony enlargement) were found to be associated with the 

development of radiographic OA2
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risk of radiographic OA2

between the different types of OA using the measures from clinical history and physical 

examination. However, the results do indicate that participants with COA had a lower knee 

Consistent results were reported in another cross-sectional study on clinical features of 

and not for radiographic PFOA25. Furthermore, this latter study also reported that lower knee 
25

41. In the present 

cohort, the majority of the participants with knee symptoms had PFOA at baseline and this 

distinguish between those with isolated PFOA, and those with TFOA and COA, in middle aged 

persons with knee symptoms. 

It is noteworthy that participants without radiographic signs of OA were more likely to have 

joint line tenderness compared to those with PFOA. It could be hypothesised that joint line 

tenderness might be associated with other intra-articular pathologies (e.g. meniscus) that are 

not seen on radiographs. This hypothesis is strengthened by the fact that, when the K&L grade 

association between joint line tenderness remained (data not shown).

The strength of the present study is that we were able to analyse a large cohort of relatively 

young subjects with early knee symptoms so that the natural course of OA could be evaluated. 

However, the study also has some limitations. In this relatively young cohort of participants with 

changes that are detectable on MRI42. On the other hand, these participants were followed over 
43. 

Due to the small number of participants with TFOA we were unable to test for differences in 

phenotype based on baseline characteristics; therefore, we performed a cross-sectional analysis 

with the 2-year follow-up data. Furthermore, a limited number of variables were included in the 

regression analysis. Additional variables measured in the CHECK study (including clinical hand 

OA, profession, and physical activity) and reported to be risk factors for knee OA, might also 

differ between patients with PFOA and TFOA43. 
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The explained variance in the regression model was low, indicating that other factors not included 

between the different types of OA19, 25, 43. These biomechanical variables could be potential 
44.

Implications for future research

None of the participants in the present study had TFOA at baseline and 116 had PFOA. 

This suggests but does not prove that combined OA is more likely to start in the PF-joint. 

Furthermore, two-thirds of the participants that had PFOA at baseline progressed to COA at 

the 5-year follow-up (assuming that the status of the 7 participants with COA at 2-year follow-

up but missing data at 5-year follow-up did not change), whereas only 20% of the participants 

that had TFOA at the 2-year follow-up progressed to COA at the 5-year follow-up. This indicates 

progress to COA compared to those with isolated radiographic signs of OA in the TF joint. This 

is in agreement with earlier studies20, 38. Additionally, this was recently strengthened by Stefanik 

et al (2016) showing that patients with isolated PFOA on MRI at baseline were 2.1 times more 

likely to develop combined OA compared to patients with isolated TFOA at baseline21. However, 

a longer follow-up period is needed to determine whether all participants with PFOA at baseline 

will develop COA, or whether there are more subgroups within the PFOA population (e.g. stable 

PFOA, progression to COA, and progressive PFOA). 

Conclusion

The results of this study suggest that combined OA seems to start in the PF joint and then 

progress to COA. Differences in TFOA and PFOA phenotypes could not be determined with 

respect to signs and symptoms. A longer follow-up is necessary to determine whether all 

participants with PFOA will eventually develop COA.

Acknowledgements

of osteoarthritis chaired by J.W.J. Bijlsma, coordinated by J. Wesseling and performed within 

Erasmus Medical Centre Rotterdam; Kennemer Gasthuis Haarlem; Leiden University Medical 

Centre; Maastricht University Medical Centre; Martini Hospital Groningen / Allied Health Care 

Centre for Rheumatology and Rehabilitation Groningen; Medical Spectrum Twente Enschede / 

Ziekenhuisgroep Twente Almelo; Reade/VU Medical Centre Amsterdam; St Maartens-kliniek 

Nijmegen; University Medical Centre Utrecht; and Wilhelmina Hospital Assen.



94

REFERENCES

1 Oliveria SA, Felson DT, Reed JI, Cirillo PA, 

Walker AM. Incidence of symptomatic hand, 

hip, and knee osteoarthritis among patients 

Arthritis Rheum 1995; 38: 1134-1141.

2 Zhang W, Doherty M, Peat G, Bierma-

Zeinstra MA, Arden NK, Bresnihan B, et al. 

EULAR evidence-based recommendations 

for the diagnosis of knee osteoarthritis. Ann 

Rheum Dis 2010; 69: 483-489.

B, Duddy J, Clarke S, et al. Associations 

between pain, function, and radiographic 

features in osteoarthritis of the knee. 

Arthritis Rheum 2006; 54: 230-235.

4 Duncan RC, Hay EM, Saklatvala J, Croft PR. 

Prevalence of radiographic osteoarthritis-

-it all depends on your point of view. 

Rheumatology (Oxford) 2006; 45: 757-760.

5 McAlindon TE, Snow S, Cooper C, Dieppe 

PA. Radiographic patterns of osteoarthritis 

of the knee joint in the community: the 

importance of the patellofemoral joint. Ann 

Rheum Dis 1992; 51: 844-849.

KM. Patellofemoral osteoarthritis is 

common in middle-aged people with chronic 

patellofemoral pain. Arthritis Care Res 

(Hoboken) 2013.

7 Kornaat PR, Bloem JL, Ceulemans RY, 

al. Osteoarthritis of the knee: association 

between clinical features and MR imaging 

DT, Kwoh K, Newman A, et al. Patella 

malalignment, pain and patellofemoral 

progression: the Health ABC Study. 

Osteoarthritis Cartilage 2007; 15: 1120-

1127.

9 Cicuttini FM, Baker J, Hart DJ, Spector TD. 

Association of pain with radiological changes 

in different compartments and views of the 

knee joint. Osteoarthritis Cartilage 1996; 4: 

143-147.

10 Hunter DJ, March L, Sambrook PN. The 

association of cartilage volume with knee 

pain. Osteoarthritis Cartilage 2003; 11: 725-

729.

S, Altman RD, Arden NK, et al. OARSI 

recommendations for the management of 

hip and knee osteoarthritis: part III: Changes 

in evidence following systematic cumulative 

update of research published through 

January 2009. Osteoarthritis Cartilage 2010; 

18: 476-499.

12 Driban JB SM, Barbe MF. Is osteoarthritis a 

131.

13 Felson D. Identifying different osteoarthritis 

phenotypes through epidemiology. 

Osteoarthritis and Cartilage 2010; 18: 601-

604.

14 Knoop J, van der Leeden M, Thorstensson 

CA, Roorda LD, Lems WF, Knol DL, et al. 

clinical outcomes in knee osteoarthritis: data 

from the Osteoarthritis Initiative. Arthritis 

Care Res (Hoboken) 2011; 63: 1535-1542.

15 Kerkhof HJ, Meulenbelt I, Akune T, Arden 

NK, Aromaa A, Bierma-Zeinstra SM, et al. 

osteoarthritis: the TREAT-OA consortium. 

Osteoarthritis Cartilage 2011; 19: 254-264.

M, Zhang W, Bijlsma JW, McAlindon TE, et 

al. Individual patient data meta-analysis of 

trials investigating the effectiveness of intra-

articular glucocorticoid injections in patients 

with knee or hip osteoarthritis: an OA Trial 

Bank protocol for a systematic review. Syst 

Rev 2013; 2: 54.



95

Patellofemoral osteoarthritis in CHECK 05

17 Eyles J, Lucas BR, Hunter DJ. Targeting care: 

tailoring nonsurgical management according 

to clinical presentation. Rheum Dis Clin North 

Am 2013; 39: 213-233.

18 Hinman RS, Crossley KM. Patellofemoral joint 

osteoarthritis: an important subgroup of knee 

osteoarthritis. Rheumatology (Oxford) 2007; 

46: 1057-1062.

19 Mills K, Hunter DJ. Patellofemoral 

joint osteoarthritis: an individualised 

pathomechanical approach to management. 

Best Pract Res Clin Rheumatol 2014; 28: 73-

91.

20 Duncan R, Peat G, Thomas E, Hay EM, Croft 

of development of radiographic knee 

osteoarthritis in a symptomatic population. 

Ann Rheum Dis 2011; 70: 1944-1948.

Peat G, Niu J, Segal NA, et al. Changes in 

patellofemoral and tibiofemoral joint cartilage 

damage and bone marrow lesions over 7 

years: the Multicenter Osteoarthritis Study. 

Osteoarthritis Cartilage 2016.

22 Elahi S, Cahue S, Felson DT, Engelman 

L, Sharma L. The association between 

varus-valgus alignment and patellofemoral 

osteoarthritis. Arthritis Rheum 2000; 43: 

1874-1880.

23 Baker KR, Xu L, Zhang Y, Nevitt M, Niu 

and its relationship to tibiofemoral and 

patellofemoral knee osteoarthritis in Chinese: 

the Beijing osteoarthritis study. Arthritis 

Rheum 2004; 50: 1815-1821.

24 Cahue S, Dunlop D, Hayes K, Song J, Torres 

L, Sharma L. Varus-valgus alignment in the 

progression of patellofemoral osteoarthritis. 

Arthritis Rheum 2004; 50: 2184-2190.

25 Peat G, Duncan RC, Wood LR, Thomas E, 

Muller S. Clinical features of symptomatic 

patellofemoral joint osteoarthritis. Arthritis 

Res Ther 2012; 14: R63.

26 Kumm J, Tamm A, Lintrop M, Tamm A. The 

prevalence and progression of radiographic 

knee osteoarthritis over 6 years in a 

population-based cohort of middle-aged 

subjects. Rheumatol Int 2012; 32: 3545-

3550.

27 Thorstensson CA, Andersson ML, Jonsson H, 

Saxne T, Petersson IF. Natural course of knee 

osteoarthritis in middle-aged subjects with 

knee pain: 12-year follow-up using clinical and 

radiographic criteria. Ann Rheum Dis 2009; 

68: 1890-1893.

28 Wesseling J, Dekker J, van den Berg WB, 

Bierma-Zeinstra SM, Boers M, Cats HA, 

et al. CHECK (Cohort Hip and Cohort 

Knee): similarities and differences with the 

Osteoarthritis Initiative. Ann Rheum Dis 

2009; 68: 1413-1419.

29 Wesseling J, Boers M, Viergever MA, 

Hilberdink WK, Lafeber FP, Dekker J, et al. 

(CHECK) study. Int J Epidemiol 2014.

30 Bellamy N, Buchanan WW, Goldsmith 

CH, Campbell J, Stitt LW. Validation study 

of WOMAC: a health status instrument 

for measuring clinically important patient 

relevant outcomes to antirheumatic drug 

therapy in patients with osteoarthritis of the 

hip or knee. J Rheumatol 1988; 15: 1833-

1840.

31 Holla JF, Steultjens MP, Roorda LD, Heymans 

MW, Ten Wolde S, Dekker J. Prognostic 

factors for the two-year course of activity 

limitations in early osteoarthritis of the hip 

and/or knee. Arthritis Care Res (Hoboken) 

2010; 62: 1415-1425.

32 Altman RD, Gold GE. Atlas of individual 

radiographic features in osteoarthritis, 

revised. Osteoarthritis Cartilage 2007; 15 

Suppl A: A1-56.

33 Kellgren JH, Lawrence JS. Radiological 

assessment of osteo-arthrosis. Ann Rheum 

Dis 1957; 16: 494-502.

34 Burnett S HD, Cooper C, Spector TD. A 

Radiographic Atlas of Osteoarthritis. London, 

Springer Verslag 1994.

35 Damen J, Schiphof D, Wolde ST, Cats HA, 

Bierma-Zeinstra SM, Oei EH. Inter-observer 

reliability for radiographic assessment of early 



96

osteoarthritis features: the CHECK (cohort 

hip and cohort knee) study. Osteoarthritis 

Cartilage 2014; 22: 969-974.

36 Belo JN, Bierma-Zeinstra SMA, Raaijmakers 

AJ, Van der Wissel F, Opstelten W. NHG-

Standaard Niet-traumatische knieproblemen 

& Wetenschap 2008; 51: 229-240.

37 Peat G, Thomas E, Handy J, Wood L, 

Assessment Study--CAS(K). A prospective 

study of knee pain and knee osteoarthritis in 

the general population. BMC Musculoskelet 

Disord 2004; 5: 4.

38 Seedhom BB, Takeda M, Tsuabuku M, Wright 

V. Mechanical factors and patellofemoral 

osteoarthrosis. Annals of Rheumatic Diseases 

1979; 38: 307-316.

39 Schiphof D, Boers M, Bierma-Zeinstra SM. 

Differences in descriptions of Kellgren and 

Lawrence grades of knee osteoarthritis. Ann 

Rheum Dis 2008; 67: 1034-1036.

40 Schiphof D, de Klerk BM, Koes BW, Bierma-

of knee osteoarthritis: a systematic appraisal. 

J Clin Epidemiol 2008; 61: 1205-1215.

41 Holla JF, van der Leeden M, Roorda LD, 

Bierma-Zeinstra SM, Damen J, Dekker J, et 

al. Diagnostic accuracy of range of motion 

measurements in early symptomatic hip and/

or knee osteoarthritis. Arthritis Care Res 

(Hoboken) 2012; 64: 59-65.

DT. Osteoarthritis: a review of strengths and 

weaknesses of different imaging options. 

Rheum Dis Clin North Am 2013; 39: 567-

591.

43 Bijlsma JW, Berenbaum F, Lafeber FP. 

Osteoarthritis: an update with relevance for 

clinical practice. Lancet 2011; 377: 2115-

2126.

44 Callaghan MJ, Parkes MJ, Hutchinson CE, 

Gait AD, Forsythe LM, Marjanovic EJ, et al. A 

randomised trial of a brace for patellofemoral 

osteoarthritis targeting knee pain and bone 

marrow lesions. Ann Rheum Dis 2015.







CHAPTER 6 

Jurgen Damen

Margreet Kloppenburg

Sita Bierma-Zeinstra

Edwin Oei



ABSTRACT

Objective

To investigate whether radiologic osteoarthritis (ROA) phenotypes assessed with multiple view 

Methods

In the CHECK early OA cohort (n=1002) five radiographic views were obtained: an 

view of the knees. For different ROA phenotypes and based on multiple views (5 for knee, 2 for 

hip) it was investigated whether they were predictive with respect to pain trajectories retrieved 

by latent class growth analysis. In a previously built multivariate model the seven combinations 

of ROA were assessed on their prognostic value with respect to longitudinal pain patterns, using 

a stable low pain trajectory as reference. 

Results

In the hip, participants with an ROA phenotype assessed on both the anteroposterior and 

decreasing pain [OR 0.53 (95% CI 0.30-0.94)].

Conclusions

Although this study used sensitive methods to determine ROA features, no pattern emerged 

in these features that predicted pain trajectories. Therefore, at this moment, we cannot 

recommend the use of combinations of ROA views to predict future pain. 
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INTRODUCTION

The use of radiographic assessment in osteoarthritis (OA) is widely debated. In medical practice 

its main usefulness is the assessment of end-stage disease, and to rule out other conditions. 

In epidemiological research there is contradictory evidence for the diagnostic and prognostic 

value of radiographic features of OA. Despite this controversy, radiography remains the most 
1

Previous research has shown that symptomatic knee OA may be associated with patellofemoral 

OA that is not revealed by posteroanterior (PA) knee radiographs. When the radiographic 

protocol also consisted of views that enable assessment of the patellofemoral joint (i.e., 

lateral and/or skyline views), more positive associations were found between knee pain and 

radiographic joint damage.2 ,3,4,5, 6

for detecting posterior or anterosuperior joint space narrowing (JSN) when no JSN is visible on 

stage compared to the AP view.6 Our group contributed to this debate by showing in the CHECK 

cohort that different radiographic views indeed help to reveal radiologic OA (ROA) at an earlier 

stage compared with the use of one view alone.7

for the development and progression of symptomatic OA or pain, based on only one point in 

multiple assessments of pain over a longer period of time give a better indication of the course 

of pain than one single assessment at baseline and at follow-up. Multiple assessments are useful 
8 These pain trajectories are related 

presenters of hip/knee pain; however, it is unknown whether ROA found on multiple-angle 

radiographs is related to distinct pain trajectories.9,10

Therefore, the aim of this investigation was to assess within the Cohort Hip and Cohort Knee 

predictive value with respect to longitudinal pain trajectories established with multiple pain 
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METHODS

Design 

The CHECK is a 10-year prospective cohort study of 1,002 individuals with early symptomatic 

OA of the knee and/or hip. The present study used data from baseline up to the 5-year follow-up. 

Details of the protocol are already published and a summary is presented below.11

Study population 

when they visited their general practitioner. In addition, participants were recruited through 

advertisements, articles in local newspapers, and via the website of the Dutch Arthritis 

Foundation. Individuals were eligible to participate if they had pain and/or stiffness of the knee 

and/or hip, were aged between 45 and 65 years, and had not yet consulted their physician for 

Exclusion criteria were: i) any other pathological condition that could explain the existing 

symptoms (e.g. other rheumatic disease, isolated tendinitis/bursitis, previous hip or knee joint 

replacement, congenital dysplasia of the hip, osteochondritis dissecans, intra-articular fractures, 

ii) or a co-morbidity that precluded physical evaluation and/or follow-up for at least 10 years, iii) 

malignancy in the last 5 years, and iv) inability to understand the Dutch language. 

Physicians at the participating centers checked whether referred patients, as well as patients 

11

Radiography

protocol.11

of the tibiofemoral and patellofemoral joints. Skyline (inferior superior) views in 30 degrees 

of the pelvis were made, as well as weight-bearing FP radiographs of both hips taken according 

6
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Radiographic scoring

The inter-reader observer reliability (prevalence-adjusted and bias-adjusted kappa; PABAK) 

are already published.12

In the present cohort, different radiographic views at baseline were used to examine the 

or posterior joint space.6 On the PA view, femorotibial ROA of the knee, and on the AP view, 
14 On 

and Gold. 15

according to the atlas of Burnett et al.16 

of the disease in this cohort.

Outcome variable

scores ranged from 0-10 with higher scores indicating more pain. Participants were asked to 

score the average pain they experienced during the previous week; if a participant missed more 

than two pain assessments they were excluded from the analysis. 

that reveals heterogeneity in a population and enables to distinguish groups of people who are 

et al. and was applied in our study population.8 LCGA was used to test whether the course 

visually distinguishable from each other for the clinical physician, i.e., is it possible to identify 

groups with progressing/decreasing trajectories or trajectories with variable paths, i.e. are the 

trajectories truly distinct. 

trajectories; these were considered to be highly informative and clinically relevant, i.e. constant 

mild pain (n=231), moderate pain regression during follow-up (n=94), moderate pain progression 
9 
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In the knee, the following groups were distinguished: stable low pain (n=137), slight pain 

regression (n=157), severe pain regression (n=15), severe pain progression (n=31), slight pain 

progression (n=128), and stable high pain (n=52).10

Statistical analysis

Logistic regression models were used to determine the strength of the association between 

knee ROA and hip ROA, and the different pain trajectories. Furthermore, these ROA features 

were added to models previously built by our group to test whether they have added value in 

models where only commonly used K&L scores were applied. 8,9 

model included the following variables: i) BMI, ii) highest achieved education, iii) presence of 

The earlier LCGA was performed using Mplus 6.1 ed. 1998-2010. All other analyses were 

performed with the SPSS version 22.0.0.0 (IBM Corp., USA).
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RESULTS

At baseline, mean age of the participants was 55.9 (SD 5.2) years, 79% was female, average BMI 

was 26.2 (SD 4.1) kg/m2, and the mean WOMAC pain score was 5.07 (SD 3.1). Of all participants, 

411 (41%) reported pain in the knee only, 170 (17%) reported pain in the hip only, and 421 (42%) 

reported pain in both knee and hip. 

Hip

Table 1a presents associations between either only ROA at the AP radiograph, or ROA at either 

the AP or FP view, and the different pain trajectories. Table 1b shows the associations when 

these ROA features had less chance of a decreasing pain trajectory [OR 0.51 (95% CI 0.30-

0.88)]. However, this association was attenuated in the full model. When the FP radiograph was 

added to the AP radiograph, the AUC did not differ and was 0.23 in both models.

Knee

Table 2a presents associations between either only ROA at the PA radiograph, or ROA at 

either the PA, SKY or ML view, and the different pain trajectories. Table 2b shows the ORs 

these patients have less chance of a decreasing pain trajectory: OR 0.53 (95% CI 0.30-0.94). In 

the slightly decreasing trajectory, the AUC actually decreased from 0.83 to 0.59 when the SKY 

and the ML radiographs were added to the PA radiograph.



106

Table 1a

(ROA) phenotype and hip pain trajectory in 588 patients with hip pain.

ROA phenotype Mild pain 

(N=231)

Moderate progression 

(N=132)

OR 95% CI

Ref. 1.18 (0.75-1.88)

Ref. 0.93 (0.59-1.46)

 Bold 2

 

Table 1b.

trajectory in 588 patients with hip pain.

ROA phenotype Mild pain 

(N=231)

Moderate progression 

(N=132)

OR  95% CI

Ref. 1.16 (0.65-2.05)

Ref. 1.04 (0.60-1.82)

Reference, R2

*Full model included the variables: highest achieved education, PCI subscale pain transformation, 

WOMAC physical function subscale, and painful internal rotation hip.



107

Radiographs and prediction of futue complaints 06

Decreasing pain 

(N=94)

Always pain 

(N=88)

R2

OR 95% CI OR 95% CI

0.62 (0.35-1.09) 1.02 (0.59-1.77) 0.1

0.51 (0.30-0.88) 0.85 (0.50-1.45) 0.14

Decreasing pain 

(N=94)

Always pain 

(N=88)

R2

OR  95% CI OR 95% CI

0.65 (0.34-1.25) 0.88 (0.41-1.89) 0.41

0.58 (0.31-1.10) 0.89 (0.42-1.88) 0.41
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Table 2a. Unadjusted odds ratios (OR) and their 95% confidence intervals (CI) for radiographic 

osteoarthritis (ROA) phenotype and knee pain trajectory in 520 patients with knee pain.

ROA assessment Stable low 

(N=137)

Severe regression 

(N=15)

Slight regression

(N=157)

OR 95%CI OR 95%CI

Ref. 0.45 0.16 1.31 0.80 0.53 1.23

(N=423)
Ref.

0.66 0.26 1.67 0.80 0.52 1.22

Ref. 0.50 0.18 1.35 0.77 0.50 1.17

JSN) (N=428)
Ref.

0.81 0.32 2.05 0.85 0.56 1.31

JSN) & ML (osteophytes) (N=492)
Ref.

2.52 0.78 8 1.14 0.74 0.44 1.25

PA=posterior-anterior; Sky=skyline. ML=mediolateral, JSN=joint space narrowing, K&L= Kellgren & 

Lawrence score 

Table 2b

osteoarthritis (ROA) phenotype and knee pain trajectory in 520 patients with knee pain.

ROA assessment Stable low 

(N=137)

Severe regression 

(N=15)

Slight regression

(N=157)

OR lower upper OR lower upper

Ref. 0.41 0.12 1.48 0.64 0.38 1.06

(N=423)

Ref. 1.05 0.94 2.66 0.66 0.39 1.10

Ref. 0.49 0.14 1.65 0.62 0.37 1.04

JSN) (N=428)

Ref. 1.09 0.32 3.74 0.71 0.42 1.18

JSN) & ML (osteophytes) (N=492)

Ref. 1.89 0.36 9.89 0.53 0.30 0.94

PA=posterioranterior; Sky: skyline. ML=mediolateral. JSN=joint space narrowing. 

Bold
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Stable high

(N=52)

Slight progression

(N=128)

Severe progression

(N=31)

Total

OR 95%CI OR 95%CI OR 95%CI R2

1.40 0.80 2.47 1.13 0.74 1.75 1.21 0.58 2.53 0.01

1.94 1.02 3.70 1.20 0.77 1.89 1.21 0.56 2.61 0.01

1.49 0.83 2.66 1.13 0.73 1.74 1.03 0.49 2.15 0.02

1.94 1.02 3.70 1.26 0.80 1.98 1.21 0.56 2.61 0.01

0.92 0.42 2.05 0.99 0.57 1.70 0.72 0.28 1.87 0.01

Bold 2

Stable high

(N=52)

Slight progression

(N=128)

Severe progression

(N=31)

Total

OR lower upper OR lower upper OR lower upper R2

1.14 0.50 2.59 1.19 0.67 2.14 1.19 0.52 2.71 0.42

2.50 0.98 6.36 1.45 0.79 2.68 1.31 0.55 3.12 0.43

1.12 0.49 2.77 1.15 0.64 2.06 0.98 0.43 2.24 0.42

2.39 0.94 6.09 1.51 0.82 2.79 1.32 0.56 3.15 0.42

1.16 0.43 3.12 0.99 0.51 1.94 0.85 0.34 1.17 0.42

*The full model included the variables: highest achieved education, WOMAC physical function 

Ref.=Reference group
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DISCUSSION

Using data from the longitudinal CHECK study, the aim of this investigation was to assess 

whether an association exists between ROA phenotypes assessed with multiple views and 

different pain trajectories. 

The use of a combination of different radiographic views (e.g. skyline, ML and FP radiographs) 

is reported to lead to earlier detection of cases of ROA of knee and hip compared with the 

based on a single radiographic projection.7 Our group also reported the usefulness of LCGA and 

predictors of different pain trajectories. 8,9 However, in the present study, combining these data 

did not demonstrate a clear association between ROA found on different radiographic views and 

different pain trajectories. Therefore, our main conclusion is that the different ROA phenotypes 

distinguished at baseline do not provide additional value with regard to the prediction of pain 

trajectories over a 5-year period.

study to combine longitudinal pain trajectories and multiple view radiography. McAlindon et al.17 

showed that ROA on different views was related to pain and disability, but did not test whether 

using both hip views, but did not assess whether pain was related to ROA. In a cross-sectional 

study, Duncan et al. showed better associations with knee pain when multiple radiographs were 
4

ROA features are useful in predicting pain trajectories. At this point there seems to be only a 

trend that patients presenting with pain, but with no ROA on multiple views, tend to recover 

from their pain.

Strengths and limitations

is a clinical challenge and the cohort investigated should be large enough to allow to draw 

conclusions.
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Limitations of the present study are mainly related to the cohort itself. Since imaging in early 

Also, although LCGA seems a sensitive method to address different pain trajectories, the NRS 

better assess pain trajectories. Moreover, although we used data from a large cohort, LCGA 

might identify small subgroups with different pain trajectories and, in very small subgroups, 

statistical power might represent an issue for association studies.

Conclusion

At this point we cannot recommend the use of radiography, including multiple angle radiography, 

to predict pain trajectories. 

Acknowledgments

The authors thank all participants of the CHECK cohort and all collaborators of the different 

sites for their efforts. CHECK is funded by the Dutch Arthritis Association on the lead of a 

chaired by Prof. J.W.J. Bijlsma and coordinated by J. Wesseling. Involved are: Erasmus MC 

University Medical Center Rotterdam; Academic HospitaMaastricht; Jan van Breemen 

Institute/VU Medical Center Amsterdam; Kennemer Gasthuis Haarlem; Martini Hospital 

Groningen/Allied Health Care Center for Rheumatology and Rehabilitation Groningen; Medical 

Spectrum Twente Enschede/Twenteborg Hospital Almelo; St Maartenskliniek Nijmegen; Leiden 

University Medical Center; University Medical Center Utrecht and Wilhelmina Hospital Assen.



112

REFERENCES 

1 Duryea J, Neumann G, Niu J, Totterman S, 

of radiographic joint space width with 

magnetic resonance imaging cartilage 

morphometry:analysis of longitudinal data from 

the Osteoarthritis Initiative. Arthritis Care Res 

(Hoboken)2010;62:932–7.

2 Bedson J, Croft PR. The discordance between 

clinical and radiographic knee osteoarthritis: A 

systematic search and summary of the literature. 

BMC Musculoskelet Disord 2008;9:116.

3 Duncan R, Peat G, Thomas E, Wood L, Hay 

E, Croft P. Does isolated patellofemoral 

2009;17:1151–5.

4 Duncan R, Peat G, Thomas E, Wood L, 

Hay E, Croft P. How do pain and function 

vary with compartmental distribution and 

Rheumatology (Oxford) 2008;47:1704–7.

5 Duncan RC, Hay EM, Saklatvala J, Croft PR. 

Prevalence of radiographic osteoarthritis: it all 

depends on your point of view. Rheumatology 

(Oxford) 2006;45:757–60.

contribution to the evaluation of osteoarthritis 

of the adult hip. Ann Rheum Dis1998;57:676–

81.

7 Damen J, Runhaar J, Kloppenburg M, Meijer 

R, Bierma-Zeinstra SMA, Oei EHG. Additional 

Value of Different Radiographic Views on the 

Knee Osteoarthritis and Its Progression: A 

Cohort Study.. Arthritis Care Res (Hoboken). 

2017 Nov;69(11):1644-1650

JH, Koes BW, Luijsterburg PA, Bierma-Zeinstra 

hip osteoarthritis over a 2-year time period. Ann 

Rheum Dis. 2012 

9 Bastick AN, Verkleij SP, Damen J, Wesseling 

J, Hilberdink WK, Bindels PJ, Bierma-Zeinstra 

SM. Defining hip pain trajectories in early 

symptomatic hip osteoarthritis--5 year results 

from a nationwide prospective cohort study 

(CHECK). Osteoarthritis Cartilage. 2016 

May;24(5):768-75 

10 Bastick AN, Wesseling J, Damen J, Verkleij 

SP, Emans PJ, Bindels PJ, Bierma-Zeinstra 

SM.Defining knee pain trajectories in early 

symptomatic knee osteoarthritis in primary 

care: 5-year results from a nationwide 

prospective cohort study (CHECK). Br J Gen 

Pract. 2016 Jan;66(642):e32-9.

11 Wesseling J, Dekker J, van den Berg WB, Bierma-

Zeinstra SMA, Boers M, Cats HA, et al. CHECK 

(Cohort Hip and Cohort Knee): similarities 

and differences with the Osteoarthritis 

Initiative. Annals of the Rheumatic Diseases 

2009;68:1413–9. 

12 Protocols for precise radio-anatomical 

positioning of the tibiofemoral and 

patellofemoral compartments of the knee 

Buckland-Wright C. Osteoarthritis Cartilage 

1995;3(Suppl A):71-80 

13 Damen J, Schiphof D, Wolde ST, Cats HA, 

Bierma-Zeinstra SM, Oei EH. Inter-observer 

reliability for radiographic assessment of early 

osteoarthritis features: the CHECK (cohort hip 

and cohort knee) study. Osteoarthritis Cartilage 

2014;22:969–74

14 Kellgren JH, Lawrence JS. Radiological 

assessment of osteo-arthrosis. Annals of the 

Rheumatic Diseases 1957;16:494–502.

15 Altman R, Gold G. Atlas of individual 

radiographic features in osteoarthritis, revised1. 

Osteoarthritis and Cartilage 2007;15:A1–A56.

16 A Radiographic Atlas of Osteoarthritis. S 

burnett, DJ hart, C Cooper TD Spector. London: 

Springer Verlag; 1994. 

17 McAlindon TE, Snow S, Cooper C, Dieppe PA. 

Radiographic patterns of osteoarthritis of the 

knee joint in the community: the importance 

of the patellofemoral joint. Ann Rheum Dis 

1992;51:844–9. 21.







CHAPTER 7 

Evelien de Schepper

Jurgen Damen

Pieter Bos

Albert Hofman

Bart Koes

Sita Bierma-Zeinstra

Eur Spine J. 2013 Apr;22(4):721-6



ABSTRACT

Purpose 

A possible cause of hip pain is the presence of radiating pain from the higher lumbar spine. 

pain and osteoarthritis of the lumbar spine.

Methods 

In an open population based study of people 55 years and older (Rotterdam study), 2819 lumbar 

radiographs were scored for the presence and severity of individual radiographic features of 

disc degeneration. Hip osteoarthritis was scored on anteroposterior pelvic radiographs, and 

possible confounders was used to determine the association between self-reported hip pain 

and the individual radiographic features of lumbar disc degeneration.

Results 

hip pain in the last month (men OR = 2.0; 95% CI: 1.1 to 3.8 and women OR = 1.7; 95% CI: 1.1 

associated with hip pain in women. The strength of the associations increased for self-reported 

chronic hip pain, especially in men (L1/L2 OR = 2.5; 95% CI: 1.3 to 5.0). The presence of disc 

Conclusion

Our data provide evidence for an association between hip pain and disc space narrowing at 

disc level L1/L2 and L2/L3. In case of uncertainty of the cause of hip pain, evaluation of lumbar 

radiographs may help to identify those hip pain patients who might have pain arising from the 

lumbar spine.
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INTRODUCTION

Hip pain is a common symptom among older adults, with a point prevalence of 14.3% reported 

in the United States.1 The differential diagnosis of hip pain is broad and includes intra-articular 

pathology, extra-articular pathology and other causes like radiating pain from the lumbar spine. 

Differentiating back pain from hip pain in patients who present with classic signs and symptoms 

lumbar spine, buttock, lateral hip, or thigh.2 The differentiation of signs and symptoms suggestive 

treatment, especially if the treatment includes a major reconstructive surgery, such as hip 

replacement.

Differentiating whether hip-pain originates from the hip, the spine or both may be challenging. 

Brown et al.3 attempted to determine which physical signs and symptoms best predict the 

with imaging studies, they found that although limited internal rotation, groin pain and a limp 

are more commonly associated with a hip disorder, these symptoms are also seen in patients 

with spine alone or both hip- and spine-disorders. 

To make a differentiation between hip and spine originated hip pain there have been a few 

differentiate intra-articular causes of hip pain from spinal causes.4,5,6,7 To our knowledge, there 

coexistent lumbar spine osteoarthritis would be counterproductive and costly. Preoperative 

physician by identifying the subgroup of patients who might not experience full relief of pain 

with a hip arthroplasty.

and osteoarthritis of the lumbar spine. The purpose of this study was to explore the association 

of self-reported hip pain with the different individual radiographic features (IRF) of spinal 

osteoarthritis by vertebral level, including osteophytes and disc space narrowing.
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METHODS

Study population

The data for this study originate from data of the Rotterdam Study, an open population 

prospective cohort of people aged 55 years and older. The objective of the Rotterdam Study is 

to investigate the incidence of, and risk factors for, chronic disabling diseases. The study design 

has been described previously.8 All 10,275 inhabitants of Ommoord (a district in Rotterdam, 

the Netherlands) were invited to participate. The baseline measurements were conducted 

between 1990 and 1993. In total, 7983 participants were examined. For this study, 2819 lumbar 

radiographs were scored. The selection was based on the availability of radiographs of the hip 

and spine at a follow-up measurement 6.6 years later.9,12

Radiographic scoring

Lumbar lateral radiographs were scored by a single observer trained by a radiologist for the 

presence of the individual radiographic features of disc degeneration. The observer was 

blinded to clinical characteristics of the participants. Each vertebral level from L1/2 to L5/S1 

was reviewed for the presence and severity of osteophytes (anterior) and vertebral narrowing, 

using the Lane atlas.10,11 In this atlas grade 0 = none; grade 1 = mild; grade 2 = moderate; and 

less than that of the disc space between the third and fourth lumbar vertebrae. This is due to a 

normal progression of increasing disc-space height from the third and fourth to the fourth and 

Sclerosis was not scored because of the earlier reported low ICC for this feature.11

Inter-observer reproducibility was assessed by a second independent observer who evaluated 

a random selection of 140 (5%) X-rays. The ICC was 0.83 for osteophytes and 0.77 for vertebral 

narrowing, indicating good reproducibility.

Weight bearing anteroposterior radiographs of the pelvis were obtained. One trained reader 

evaluated the radiographs obtained at baseline, unaware of the clinical status of the participants.9 

considered to have osteoarthritis of the hip, if the Kellgren & Lawrence score of one or both 
9



119

Lumbar disk degeneration and hip pain 07

Hip pain

Hip pain and low back pain were determined from interviewing the participants during the home 

hip joint pain was more than one year. 

Participants also visited the research center, where X-rays were obtained. Height and weight 

were measured with participants wearing indoor clothing and without shoes. Body mass index 

Statistical Analyses

12

(L1/2 to L5/S1) and gender.

In order to explore the association between the IRF by vertebral level and hip pain, hip pain was 

used as the dependent variable with adjustments made for age and gender. The assessments of 

the associations were also adjusted for radiological hip osteoarthritis, as this variable was shown 

to be associated with disc space narrowing and of course with hip pain. The same was true for 

low back pain.12 In addition, the assessments of the association were also adjusted for BMI, as 

this variable has been reported to be associated with both hip pain and some of the individual 

radiographic features.13,14,15 

In a separate analysis we explored the association between the IRF by vertebral level and hip 

pain in subjects with no sign of radiological hip osteoarthritis. The results of the analyses are 

methods were used to explore the association between the IRF and chronic hip pain. Statistical 

analysis was performed using SPSS version 15 (SPSS Inc, Chicago, USA).
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RESULTS

Subject characteristics

Baseline characteristics are shown in Table 1. There were 1204 men (mean age 65.3 years, 

standard deviation (SD) 6.4) and 1615 women (mean age 65.9 years, SD 6.8). Hip pain during the 

(Table 1). Chronic hip pain was reported in the majority (82%) of the current hip pain cases and 

The prevalence of the IRF in men and women is shown in Table 1. Osteophytes were the most 

the lower lumbar disc levels.

Association with LDD

Table 2 shows the association between hip pain and the IRF, adjusted for age, gender, BMI, hip 

95% CI: 1.1 to 3.8 and women OR = 1.7; 95% CI: 1.1 to 2.5) (Table 2). The presence of disc space 

only in women (OR = 1.6; 95% CI: 1.1 to 2.2). The strength of the associations increased for the 

participants with chronic hip pain, especially for men (L1/L2 OR = 2.5; 95% CI: 1.3 to 5.0). The 

strength of the associations also increased for the group of subjects with no radiological hip 

osteoarthritis (men chronic pain L1/L2 OR = 2.7; 95% CI; 1.3 to 5.5 and women chronic pain 

L1/L2 OR = 2.0; 95% CI; 1.3 to 3.2).

level (data not shown).
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Table 1, Baseline characteristics 

Men,

N = 1204

Women, 

N = 1615

All, 

N = 2819

Hip pain, 

N = 328

Age (years) Mean ± SD 65.3 ± 6.4 65.9 ± 6.8 65.7 ± 6.6 66.2 ± 6.8

Body mass index (BMI) Mean ± SD 25.9 ± 2.9 26.6 ± 3.8 26.3 ± 3.5 27.0 ± 3.9

Hip pain (%)†

Chronic hip pain (%)‡

Hip osteoarthritis (%)

 84 (7.0)

 62 (5.1)

 94 (7.8)

244 (15.1)

208 (12.9)

115 (7.1)

328 (11.6)

270 (9.6)

209 (7.4)

328 (100)

270 (82.3)

51 (15.5)

Osteophytes low back (%) 

Grade 3

1148 (95.3)

832 (69.1)

536 (44.5)

1467 (90.8)

929 (57.5)

505 (31.3)

2615 (92.8)

1761 (62.5)

1041 (36.9)

306 (93.3)

217 (66.2)

134 (40.9)

Narrowing low back (%)

Grade 3

637 (52.9)

286 (23.8)

40 (3.3)

1048 (64.9)

525 (32.5)

107 (6.6)

1685 (59.8)

811 (28.8)

147 (5.2)

210 (64.0)

115 (35.1)

 20 (6.1)

L1-2

L2-3

L3-4

L4-5

L5-S1

282 (23.4)

347 (28.8)

428 (35.5)

403 (33.5)

312 (25.9)

297 (18.4)

404 (25.0)

364 (22.6)

354 (21.9)

303 (18.8)

579 (20.5)

751 (26.6)

792 (28.1)

757 (26.9)

615 (21.8)

84 (25.6)

105 (32.0)

100 (30.5)

94 (28.7)

68 (20.7)

L1-2

L2-3

L3-4

L4-5

L5-S1

107 (8.9)

135 (11.3)

153 (12.7)

268 (22.2)

408 (34.0)

201 (12.5)

307 (19.0)

342 (21.1)

526 (32.6)

662 (41.0)

308 (10.9)

442 (15.7)

495 (17.6)

794 (28.2)

1070 (38.0)

63 (19.2)

81 (24.7)

78 (23.8)

111 (33.8)

127 (38.7)

† Hip pain: complaints of the hip joint during last month

‡ Chronic hip pain: duration present hip joint complaints > 1 year
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Table 2. Association between disc space narrowing and hip pain

Men = 1204

Narrowing level N (%) Hip pain

OR (95% CI)

Chronic hip pain

OR (95% CI)

L1-L2

L2-L3

L3-L4

L4-L5

L5-S1

107 (8.9)

135 (11.3)

153 (12.7)

268 (22.2)

408 (33.9)

2.0 (1.1 – 3.8)*

0.9 (0.4 – 1.8)

1.1 (0.6 – 2.1)

1.2 (0.7 – 2.0)

0.7 (0.4 – 1.1)

2.5 (1.3 – 5.0)**

1.1 (0.5 – 2.4)

1.1 (0.5 – 2.2)

1.4 (0.8 – 2.5)

0.6 (0.4 – 1.1)

Women N= 1615

Narrowing level N (%) Hip pain

OR (95% CI)

Chronic hip pain

OR (95% CI)

L1-L2

L2-L3

L3-L4

L4-L5

L5-S1

201 (12.5)

307 (19.0)

342 (21.1)

526 (32.6)

662 (41.0)

1.7 (1.1 – 2.5)*

1.6 (1.1 – 2.2)*

1.0 (0.7 – 1.4)

0.9 (0.7 – 1.3)

1.0 (0.7 – 1.3)

1.8 (1.1 – 2.7)**

1.6 (1.1 – 2.3)*

1.1 (0.7 – 1.5)

1.0 (0.7 – 1.4)

0.9 (0.7 – 1.2)

All N= 2819

Narrowing level N (%) Hip pain

OR (95% CI)

Chronic hip pain

OR (95% CI)

L1-L2

L2-L3

L3-L4

L4-L5

L5-S1

308 (10.9)

442 (15.7)

495 (17.6)

794 (28.2)

1070 (38.0)

1.8 (1.3 – 2.5)**

1.4 (1.0 – 1.9)*

1.1 (0.8 – 1.4)

1.0 (0.8 – 1.3)

0.9 (0.7 – 1.1)

2.0 (1.4 – 2.8)**

1.5 (1.1 – 2.1)*

1.1 (0.8 – 1.5)

1.1 (0.8 – 1.5)

0.8 (0.6 – 1.1)

Adjusted for age, gender, BMI, hip arthrosis and low back pain

OR odds ratio
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DISCUSSION

The differentiation of signs and symptoms suggestive of hip disorders versus spine disorders 

to explore the association of self-reported hip pain with the different individual radiographic 

features (IRF) of spinal osteoarthritis. In this study, disc space narrowing at level L1/L2 appeared 

to be associated with pain in the hip region, especially in men. The strength of the associations 

increased for participants with chronic hip pain and in those without radiological signs of 

hip osteoarthritis. These results suggest that in case of uncertainty of the cause of hip pain, 

most from further diagnostic evaluation. 

Our data provides evidence for radiating pain from the higher lumbar spine as a possible cause 

of hip pain in a cross-sectional open population based study. One of the explanations that can 

be found for the association between hip pain and disc space narrowing at level L1/L2 and L2/

but in areas that may be adjacent or at a distance from such a site. Several theories have been 

the most widespread.16,17 Input from different tissue types converge on the same dorsal horn 

neurons.18 And after activation, increased nociceptive input is transmitted supraspinally and 

misinterpreted at the cortical level as pain from other tissues. It is possible that the reduction 

pressure on spinal ligaments and other supporting tissues. This can be misinterpreted at the 

that noxious stimulation of interspinous ligament, facet joint, and paravertebral muscles causes 

referred pain that can radiate into the extremity.19,20,21

Another explanation for the radiating pain from the higher lumbar spine can be found in the 

dermatomal innervations of the hip region. It is suggested that impingement of the higher 

lumbar spinal nerve roots (L1-L3) can cause pain in the dermatomal distribution surrounding 

the hip. The dermatomal distribution of the L1 spinal nerve is located in the groin and the upper 

part of the buttock. The distribution of the L2 spinal nerve is located in the outside thigh. It is 

disc is more likely to lead to impingement of the L1 and L2 nerve roots, and therefore causes 

pain in the dermatomal distribution. Spinal nerve roots pass through the intervertebral foramen 

as they travel from the spinal cord toward the periphery. It has been reported that narrowing of 

the disc space can reduce the vertical diameter of this intervertebral foramen.22
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The explanation for the stronger association between hip pain and disc space narrowing 

compared with the presence of osteophytes is unknown. This study evaluates the severity 

of anterior osteophytes, unfortunately we could not evaluate any bony aspects of the 

intervertebral foramen. The explanation for the stronger association between hip pain and disc 

space narrowing at L1/L2 in men compared with the association in women is also unknown. It 

is possible that even though women reported hip pain more often, only a small proportion of 

the complaints are due to disc space narrowing, whereas other factors determine the feeling 

of pain. Men and women could also report pain differently therefore effecting the association 

between hip pain, disc space narrowing and gender. Cecchi et al., showed that women presented 
23 Finally, the explanation for the absence of an 

association between hip pain and disc space narrowing at L2/L3 in men compared to women is 

also unknown. It is maybe due to an evidently lower prevalence of disc space narrowing at L2/

L3 in men compared to women.

Our study had several advantages. It was population based with a relatively high number of subjects. 

severity of hip and spine osteoarthritis. Assessment of the radiographs was carried out without 

the hip joint pain was more than one year. In literature, others have chosen three months or even six 

months as the dividing line between acute and chronic pain.24

pain included long lasting chronic complaints with long lasting impact on ones life.

However, there are several limitations in our explorative study that need to be considered 

when interpreting the results. Our data did not include the precise location of the hip pain. 

This limitation is partly undermined by the fact that the dermatomal distribution of L1 and L2 

includes the upper part of the buttock, the groin and the lateral thigh, which covers a wide area of 

the hip region. Further, our data did not include a clinical evaluation of the hip pain. In this way we 

could not account for the potential of soft-tissue pathology contributing to the reported hip pain. 

Moreover, hip osteoarthritis was only considered when the Kellgren & Lawrence score of one 

25 In this way there is still a possibility of the presence of hip 

osteoarthritis which is not clearly visible yet on radiographs at that time point. To exclude 

participants with hip osteoarthritis at baseline and/or hip osteoarthritis 6.6 years later (n = 

413). The strength of the associations was unchanged (for chronic pain the L1/L2 OR was 1.9; 

95% CI; 1.3 to 2.7; again higher in men (OR = 2.7; 95% CI; 1.4 to 5.3) than in women (OR = 1.7; 

95% CI; 1.1 to 2.6).
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Furthermore, there could be some selection bias in favor of relatively healthy participants. The 

participants in the present study had to be mobile enough to visit the research center for X-ray 

examination, both for the baseline and follow up appointments (mean 6.6 years).9 In other words, 

patients with the most severe symptoms were most likely not included, but this may be inevitable 

in long-term prospective cohort studies.

Accurate diagnosis of pain originating from the hip joint can be clinically challenging. There have 

been several studies about the usefulness of hip injections to differentiate intra-articular causes 

of hip pain from spinal causes.4,5,6,7 To our knowledge, there have been no studies about the 

explanation for this is the availability of a successful treatment for degenerated hip disease (hip 

arthroplasty), but less predictable treatment options for degenerative spine disorders.

The differentiation of signs and symptoms suggestive of a hip disorder is important in giving 

treatment. Our data provides evidence for an association between hip pain and disc space 

narrowing at disc level L1/L2 and L2/L3. In case of uncertainty of the cause of hip pain, 

evaluation of lumbar radiographs may help to identify those hip pain patients who might have 

disc degeneration is even unnecessary. However, well designed studies are needed to verify 

this hypothesis.

Conclusion 

In conclusion, this study explores the association of self-reported hip pain with lumbar spine 

osteoarthritis. Our data provides evidence for an association between hip pain and disc space 

narrowing at disc level L1/L2 and L2/L3. In case of uncertainty of the cause of hip pain, evaluation 

of lumbar radiographs may help to identify those hip pain patients who might have pain arising 

from the lumbar spine. Well designed studies are needed to verify this hypothesis. 
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ABSTRACT

Objectives 

To examine whether common genetic variation in the GTP-cyclohydrolase1 gene (GCH1) and 

its promoter is associated with self-reported pain in the hip, knee and hand and to chronic 

widespread pain. 

Methods 

The study population consisted of 5747 participants from the Rotterdam Study, a large 

prospective population-based cohort study of Caucasian subjects aged 55 and over, for whom 

genotype and self-reported pain data were available. We studied 15 tagging SNPs stretching 

month prior to the interview. Chronic widespread pain (existing for more then 6 months) was 

regression models were used to model the risk of pain by polymorphism.

Results 

(p=0.04) and 49% (p=0.01) decreased risk for hip and hand pain, respectively, in comparison to 

C-carriers. Knee pain showed a trend in the same direction (OR 0.74(95%CI:0.5-1.1)). For the 

widespread pain phenotype, arguable the most disabling phenotype of all four, the Odds were 

Conclusions

In this study we showed that a promoter variant of the GCH1 gene is associated with the 
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INTRODUCTION

Joint pain in hip and knees is common in the elderly and a major cause of disability and 

morbidity. Osteoarthritis (OA) is an important cause of chronic joint pain, and its prevalence 

increases with ageing of the population.1

cartilage, subchondral bone alterations, meniscal degeneration and extrusion, synovial 
2 Despite efforts to study pain in OA, until now 

the pathophysiology of pain in OA is not completely clear. Nociceptive pain is a part of OA and 
3 Joint 

pain is a complex trait in which both genetic and environmental factors play an important role.2 

Estimated heritability for joint pain ranges between 35% and 65% depending on the site.4,5,6

This means that a substantial proportion of the variation in OA-related pain is attributed to 

genetic variation in genes involved in the etiology of OA-related pain.7 Scientists now increasingly 

that develop chronic pain might possess a combination of genetic variations that increase their 

sensitivity to pain.

Not many genetic studies have been conducted examining pain sensitivity and perception, and 

certainly not for OA-related pain. One of the genes that has recently been studied in relation 

to pain severity and perception is the GTP-cyclohydrolase (GCH1) gene. GCH1 is the rate-

synthesis of several pain neuromodulators including catecholamine, serotonin and nitric oxide 

synthesis and is also important in phenylaline metabolism. Loss of function mutations in GCH1 

or malignant hyperphenylalaninemia. 8,9,10 Tegeder et al. showed that BH4-concentrations are 
8 Therefore, changes in GCH1 activity would 

alter BH4 levels and could thereby modulate pain signaling.

Tegeder et al. found in a small cohort of patients (n=168) that common genetic variation in 

GCH1 gene is associated with reduced pain after radicular low back pain surgery.8 This study 

with changes of GCH1 upregulation after stimulation. In addition, in a small study of healthy 

individuals (n =32), this same haplotype exhibited reduced sensitivity to experimentally-induced 

pain.9 However, two other studies (n=956 and n=632, respectively) failed to replicate such 

association with pain 11,12

pain, and neuropathic pain although these results are not always replicated. 13,14,15,16 Also in 

degenerative spine disease a relation with pain and GCH1 has been found. 17 All the studies on 
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the relation between pain and GCH1 variation were conducted on small populations, leaving 

results. 

The objective of the present study was to examine whether common genetic variation in the 

GCH1 gene and its promoter is associated with self-reported pain in the hip, knee and hand, and 

also in relation to the presence of chronic widespread pain within the Rotterdam-Study, a large 

population-based cohort of elderly individuals. Furthermore, we examined if such associations 

of the GHC1 gene with pain are different in people with or without OA. 
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METHODS

Study population

The study population comprises men and women aged 55 years and older of the Rotterdam 

Study, which is a longitudinal population-based cohort study on the incidence of and risk factors 

for chronic disabling diseases. A detailed description of the study design has been published 

previously.18 The medical ethics committee of Erasmus University Medical Center approved 

the study and written informed consent was obtained from each participant. In short 10,275 

individuals aged 55 years and older were invited to participate; the response rate was 78%. Of 

the baseline examination (including radiography of the knees, hips and hand). Genotype data was 

available for 5974 persons, data on joint pain was available for 5747 persons while radiographic 

evaluations were available in 3033, 3237, and 3325 for the knee, hip and hand).

Anthropometric measurements

Height and weight were measured in standing position with indoor clothing without shoes. BMI 
2).

Pain 

had pain in any joint during the last month. They were asked to indicate were they had pain in 

the ACR-criteria for widespread pain with two minor adaptations. 19 The used criteria are: pain 

above and below the waist, and in addition, axial skeletal pain (cervical spine or low back pain) 

must be present. Low back pain is considered lower segment pain. These complaints should be 

present for at least six months. This differs from the original criteria where thoracic spine and 

anterior chest are also used as possible painful sites above the waist. We could not use these 

sites as we had no data on these sites. 

Radiological OA assessment

The radiographic scoring was described in detail previously 20,21 Radiographs were scored for 

the presence of radiographic OA (ROA) of the hip, knee and hand according to the Kellgren/

Lawrence (K/L) score.22

(Distal inter phalangeal joint (DIPs), proximal interphalangeal joints (PIPs), Carpometacarpal 
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Genotyping

(n=6,449) were considered for genotyping. The genetic variants were genotyped using genomic 

DNA extracted from peripheral venous blood samples according to standard procedures.23 

array in the framework of a Genome-Wide Association Study (GWAS) database. Genotyping 

Details on GWAS genotyping data in our cohort can be found elsewhere. 24 We used all SNPs 

exon. In total 15 SNPs were analysed.

Statistical analyses

Haploview4.1. Differences between genotype groups in means of baseline measurements were 

previous studies, and we found a consistent effect with this SNP on pain, we focused on the 

results of this SNP.9,25 Therefore, we assessed with logistic regression, corrected for age, BMI 

Inc,, Chicago,USA) was used for all analyses. Corrections for multiple testing were not applied, 

because our detailed analysis was hypothesis-based. In addition, many of the studied variables 
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RESULTS

Figure 1 and 2 show the GCH1 gene and the studied SNPs together with the pair wise linkage 
2 ) in the Rotterdam Study. In total, four common haplotypes 

proportions. For this reason, rs10488472 was not studied further for association with pain. In 

addition, rs7146775 was left out of the analysis as the prevalence of the minor allele was below 

correlated to rs8022453 (r2=0.94) and to a somewhat lesser extent to rs2057368 (r2=0.64), 

rs7146285 (r2=0.43), rs8009997 (r2=0.5) and rs8012152 (r2=0.43). 

Guanosine cyclohydrogenase isoform 114q22.1-q22.2;6.8

Promotor region 5’UTR 3’UTR

rs17738966
rs8012152

0 110kbp
Rs3783637rs2878172

rs8009997
rs8022453

rs17253619
rs17739146

rs8007267

rs1013123

rs2057368
rs7146775

rs10140164

rs1746285

Figure 1. Schematic overview of polymorphisms in the GCH1 gene with the position of all the 

polymorphisms examined in this study  

Genetic variation of GHC1 in relation to pain

In Table 2, the risk for pain in the knee, hip and hand by the different genotypes of the 13 individual 

SNPs is presented. For the rs8007267 a consistent association was found with self-reported hip 

were highly correlated to rs8007267, rs2057368 and rs8022453, also showed an association 

change when corrected for potential confounders as age and BMI. Since possible functionality of 
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population.
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Table 1

Number HWE p-value

SNP Major-Minor 

allele

0/0 0/1 1/1

rs17738966 G-A 4779 1102 82 0,04

rs2057368 G-A 3826 1825 224 0,73

rs17739146 A-G 4737 1152 84 0,14

rs10131232 G-A 2869 2564 536 0,28

rs3783637 C-T 4669 1240 63 0,15

rs10498472 T-G 4994 792 65

rs2878172 A-G 2005 2910 1058 0,42

rs8007267 C-T 4012 1779 182 0,37

rs8022453 G-A 3933 1834 207 0,70

rs10140164 A-G 1950 2887 1118 0,39

rs7146775 G-A 5605 363 5 0,72

rs17253619 T-C 4600 1281 77 0,25

rs7146285 T-C 2666 2655 651 0,79

rs8009997 T-G 2869 2410 548 0,20

rs8012152 T-C 2665 2656 650 0,76

Rs8007267 and pain

The genotype distribution and baseline characteristics for the rs8007267 are shown in Table 

compared to the other genotypes, we tested a recessive model, which is shown in Figure 4, 

Knee pain showed a trend in the same direction (OR:0.74(95%CI:0.5-1.1)). For the widespread 

pain phenotype, arguable the most disabling phenotype of all four, the odds ratio was even more 

lower power. 
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Table 2. Risk of pain in the knee, hip, hand by the 13 individual SNPs

SNP Kneepain OR (95% CI)

0/1 1/1

rs17738966 0,95 (0,8-1,1) 1,01 (0,6-1,8)

rs2057368 1,04 (0,9-1,2) 0,69 (0,5-1)

rs17739146 0,95 (0,8-1,1) 0,99 (0,5-1,8)

rs10131232 0,96 (0,8-1,1) 0,93 (0,7-1,2)

rs3783637 1,04 (0,9-1,2) 0,62 (0,3-1,4)

rs2878172 0,97 (0,8-1,1) 1,05 (0,9-1,3)

rs8007267 1,07 (0,9-1,2) 0,74 (0,5-1,1)

rs8022453 1,05 (0,9-1,2) 0,89 (0,6-1,3)

rs10140164 1,01 (0,9-1,2) 1,06 (0,9-1,3)

rs17253619 1,09 (0,9-1,3) 0,76 (0,4-1,5)

rs7146285 1,09 (0,9-1,3) 0,88 (0,7-1,1)

rs8009997 1,13 (1,0-1,3) 0,90 (0,7-1,2)

rs8012152 1,10 (0,9-1,3) 0,88 (0,7-1,1)
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Hippain OR (95% CI) Handpain OR (95% CI)

0/1 1/1 0/1 1/1

0,98 (0,8-1,2) 1,48 (0,8-2,7) 1,03 (0,9-1,2) 0,92 (0,5-1,7)

1,00 (0,8-1,2) 0,62 (0,4-1) 1,11 (0,9-1,3) 0,53 (0,3-0,8)

0,94 (0,8-1,1) 1,44 (0,8-2,7) 1,04 (0,9-1,2) 0,90 (0,5-1,7)

0,98 (0,8-1,2) 0,91 (0,7-1,2) 1,07 (0,9-1,2) 0,86 (0,7-1,1)

1,00 (0,6-2,7) 1,28 (0,8-1,2) 0,94 (0,8-1,1) 0,43 (0,2-1,1)

1,08 (0,9-1,3) 1,08 (0,7-1,1) 0,98 (0,8-1,1) 0,90 (0,7-1,1)

1,03 (0,9-1,2) 0,56 (0,3-0.99) 1,08 (0,9-1,3) 0,54 (0,3-0,9)

1,02 (0,9-1,2) 0,49 (0,3-0,9) 1,07 (0,9-1,3) 0,69 (0,5-1,1)

1,10 (0,9-1,3) 0,89 (0,7-1,1) 0,93 (0,8-1,1) 0,89 (0,7-1,1)

1,01 (0,8-1,2) 1,61 (0,9-3,0) 0,89 (0,7-1,1) 0,50 (0,2-1,1)

1,11 (0,9-1,3) 0,84 (0,6-1,1) 0,96 (0,8-1,1) 0,75 (0,6-1,0)

1,08 (0,9-1,3) 0,90 (0,7-1,2) 0,98 (0,8-1,1) 0,75 (0,6-1,0)

1,11 (0,9-1,3) 0,84 (0,6-1,1) 0,96 (0,8-1,1) 0,76 (0,6-1,0)
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P=0.09

P=0.04 

P=0.01 

P=0.006 

Figure 4

Table 3. Baseline characteristics by rs8007267

C/C C/T T/T

Number (%) 4012(67) 1779(30) 182(3)

Females, % 59 59 61

Age (sd) 69.5 (9.3) 69.4 (8.8) 69.4 (8.7)

BMI (sd) 26.3 (3.7) 26.3 (3.8) 26.5 (3.6)

Kneepain, % 18 18 14

Hippain, % 12 13 8

Handpain, % 16 17 9

Widespread pain, % 10 10 4

RS 8007267 and osteoarthritis pain 

We next studied whether the risk for pain was depended on the presence of radiographic OA 

OA (KL>=2) or not (Table 4). Here we demonstrated that the rs8007267 polymorphism was 

associated with a decline in pain perception in hip, hand and knee in both patients with and 
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Table 4

Osteoarthritis

 No Yes

Knee pain OR (95%CI)

0/0 ref ref

0/1 1,19 (0,9-1,6) 0,84 (0,6-1,2)

1/1 0,98 (0,5-2,1) 0,76 (0,3-2,0)

Hip pain OR (95%CI)

0/0 ref ref

0/1 1,01 (0,8-1,3) 0,87 (0,4-1,7)

1/1 0,67 (0,3-1,6) 0,74 (0,1-6,8)

Hand pain OR (95%CI)

0/0 ref ref

0/1 0,79 (0,6-1,1) 1,07 (0,8-1,5)

1/1 0,77(0,3-1,7) 0,42 (0,1-1,4)
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DISCUSSION

In the present study we examined the relationship between genetic variations in the GCH1 gene 

and self-reported joint pain in the Rotterdam Study, a large population-based cohort of elderly 

less hip pain, 50% less hand pain, and 70% less widespread pain. 

 

8 Another 

study by the same group suggested that the protective effect of this polymorphism was mainly 

tested.9 A small study observed an association of the same polymorphisms with ratings of pain 

was reported to be associated with decreased nitric-oxide excretion, increased blood pressure and 
10,26 This polymorphism was found to be highly 

9

susceptibility.16

be associated with reduced GCH1 mRNA and protein upregulation after stimulation, which would 

result in less pain.8

26 Several 

opioids in cancer pain and one even demonstrates potentially therapeutic options. 27,28,29,30 Despite 

the seemingly consistent results, two other studies failed to observe an association with pain. Kim 

et al. failed to replicate the protective effect of polymorphisms of GCH1 gene on pain sensitivity 

in a mixed population including European Americans, African Americans, Hispanic Americans and 

Asian Americans.11 Their result could be caused by the ethnically mixed population which results 

in small subgroups. In addition, a recent report did not observe an effect of the rs8007267 on pain 

patterns or severity in pancreatitis.12 Holliday et al. have studied a pain protective haplotype which 

includes the rs8007267 and the association with widespread pain using the ACR criteria and 

found no association. 31

would be expected for a common polymorphism involved in a complex trait like pain. It is generally 

accepted that susceptibility to chronic pain is very similar in its genetic architecture as compared 

to other complex traits, like cardiovascular disease, diabetes and osteoporosis. This means that 

multiple genes are involved and each single gene only contributes little to the overall variability in 

pain. For other complex traits, e.g., osteoporosis, large-scale association studies have been able to 
24 The typical risks that are found in these large-scale 

studies are around OR=1.2/1.3, which illustrates the need for large numbers when investigating 

genetics of complex traits. 
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gene and pain is different in people with or without OA. Unfortunately, our power to study this 

was limited given the low number of OA cases per site in combination with the recessive effect 

of the polymorphism. Therefore, we were unable to study the effect in ROA patients separately. 

to report a DNA variant to be related to chronic widespread pain in a large population based 

syndrome 32, but these studies have been carried out in small numbers of patients, and therefore 

power of our study. 

very unlikely. In addition, The Rotterdam Study data was examined for potential population 

clustering by IBS distances.33

widespread pain is not completely in concordance with the ACR criteria of chronic widespread 

pain. We did not have pain data on anterior chest or thoracic spine, which are included in the 

ACR criteria. This might lead to an underestimation of the number of participants with chronic 

widespread pain, which may have led to an underestimation of the effect of the polymorphism. 

be originated in the joint itself, but it could also be referred pain or neuropathic pain (e.g. sciatica 

in the hip and knee and carpal tunnel syndrome in the hand). This way, the reported association 

possible bias introduces in our study is selection bias, due to loss to follow up which is probable 

inevitable in al long term cohort in elderly our result may be more applicable to more healthier 

elderly.

Conclusion

SNP have less self-reported joint pain in the hip and hand and chronic widespread pain. These 

results are in line with the previously found association between GCH1 polymorphisms and 

pain perception and highlight that GCH1 activity could be a useful target for development for 

novel analgesics in e.g. musculoskeletal pain 29,34
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ABSTRACT

Background 

Many patients with osteoarthritis (OA) of the knee and/or hip undergo total joint replacement 

(TJR) due to severely progressed symptoms. 

Aim

To determine patient- and disease characteristics associated with undergoing TJR in subjects 

with recent onset knee and/or hip OA. 

Design and Setting

Participants with hip or knee pain from a nationwide prospective Cohort Hip and Cohort Knee 

(CHECK) study were included. 

Method

Outcome measure was total hip arthroplasty (THA) or total knee arthroplasty (TKA) during 

in symptomatic and radiographic progression were determined between baseline and two years 

follow-up (T2). 

Results

751 participants (1,502 knees) were included in the knee subgroup; 538 participants in the hip 

subgroup (1,076 hips). 19 participants (22 knees) underwent TKA and 53 participants (62 hips) 

K/L scores. Participants who underwent THA had painful internal hip rotation and showed more 

severe radiographic OA features. Participants who underwent TKA or THA showed more rapid 

symptomatic and radiographic OA progression at T2. 

Conclusion

In subjects with recent onset knee or hip pain, radiographic OA features already exist and a 

progression of radiographic and symptomatic OA severity amongst TKA and THA subjects. Early 

detection of OA by the GP is important in the management of knee and hip OA.
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INTRODUCTION

Knee and/or hip osteoarthritis (OA) belong to the most common diagnoses in general 

practice.1

many of these patients will become eligible for total joint replacement (TJR) due to severely 

progressed and disabling symptoms.2 Tens of thousands of TJRs are being performed on a 

yearly basis in The Netherlands and the UK alone.3 However, not all patients with lower joint 

OA undergo surgery, suggesting that OA progression is dependent on patient characteristics 

and/or varies between so called phenotypes of OA,4

to refer or operate. Predicting severe OA progression in the early stages of disease would 

aid the general practitioner (GP) in the initiation and implementation of early intervention 

strategies to prevent further structural damage to the joints.5 Patients with recent onset OA 

unnecessary interventions or referral can be avoided. Vice versa, patients with high risk of 

progression whom are eligible for TJR can sooner be referred for specialist treatment. The 

aim of our research was to determine patient- and disease characteristics associated with 

undergoing TJR within six years follow-up in a study population aged 45 to 65 years at baseline 

with recent onset knee and/or hip OA.
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METHODS

Study design and population

Our data were obtained from participants enrolled in the Cohort Hip & Cohort Knee (CHECK) 

study. CHECK is a nationwide prospective, ten-year follow-up cohort of 1,002 participants with 

early symptomatic OA of the knee and/or hip, who were referred for study inclusion by their general 

practitioners if they were eligible for inclusion.6 The inclusion period ran from October 2002 until 

September 2005. Inclusion criteria for the CHECK study were: pain and/or stiffness of the knee 

and/or hip; age between 45 and 65 years; and never, or less than six months prior to entry of the 

study, consulted a physician for these symptoms. Participants were excluded if they had any other 

known pathological condition that could explain the existing complaints (e.g. other rheumatic disease, 

previous hip or knee joint replacement, congenital dysplasia, osteochondritis dissecans, intra-

6 

time points were at baseline, at 2 years (T2), T5, T8 and T10. Details of these examinations are 

For the analyses of the current study we used data available from baseline, T2 and T5. We 

created two study subgroups: a subgroup of participants that reported knee pain at baseline 

and a subgroup that reported hip pain at baseline. An individual could be included in both the 

knee and hip subgroups.

Baseline characteristics

The CHECK study included a baseline medical history, physical examination and radiographs 

of the knees and hips, which formed the different variables.6 The medical history was taken 

following diseases were considered as co morbidities: asthma, chronic sinusitis, cardio-vascular 

disease, high blood pressure, gastric ulcer, gallstones, liver disease, renal disease, diabetes, 

thyroid gland disease, epilepsy, cancer, severe skin disease, and other chronic musculoskeletal 

diseases. Symptom severity was assessed by the Numeric Rating Scale (NRS, range 0-10) and the 

Western Ontario and McMaster osteoarthritis index (WOMAC) for pain, stiffness and physical 

functioning (range 0-100, with a higher score indicating worse health).6 To assess pain-coping 

behaviour, a six scale Pain-Coping Inventory (PCI) was used: pain transformation; distraction; 

reducing demands; retreating; worrying; and resting. All six scales (33 items) were scored 

according to a four-point Likert scale ranging from 1 (hardly ever) to 4 (very often) in terms 
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7 Physical examination 

of the joints was based on the clinical criteria for knee and hip OA.8, 9 Regarding the knee this 

goniometer, palpable warmth, crepitus, joint space tenderness, bony enlargements, effusion and 

painful ROM. The hip examination included ROM of hip internal and external rotation, measured 

in degrees with a goniometer and painful ROM.

Radiographs

patient characteristics.10

6, 

11

6, 12 Radiographs were 

scored for individual OA features according to criteria described by Altman.13 Radiographic OA 
14 With regards to the knee, 

baseline medial or lateral joint space narrowing (JSN), femoral medial or lateral osteophytes (OP), 

and tibial medial or lateral OP were initially scored on a 4 point scale (0 = normal; 1 = mild; 2 = 

into absent (score 0) and present (score 1-3). In addition, medial or lateral tibial bone attrition, 

and medial or lateral tibial or femoral sclerosis were scored as absent or present. Presence of 

spiking of the tibial spines was scored according to the atlas by Burnett.15 The hip radiographs 

were scored in a similar manner as the knees: superior or medial hip JSN, superior or inferior 

acetabular OP, superior or inferior femoral OP, inferior acetabular OP and femoral subchondral 

sclerosis were scored as absent or present.15 The α angles on AP pelvic view hip radiographs 

were measured to determine whether a cam-type deformity was present at baseline.16 The α 

angle measures the deviation of the femoral head from a normal spherical-shaped femoral head. 

Cam-type deformity is one of two types of femoroacetabular impingement, which is associated 

with the development of hip OA. For this analysis, an α
deformity.16-18 In addition, the Wiberg angles on AP pelvic view radiographs were measured to 

determine the degree of dysplasia.19 The center-edge angle of Wiberg is formed by a vertical 

line through the center of the femoral head, perpendicular to the transverse axis of the pelvis 
20 and a line joining the head center with the lateral rim 

of the acetabulum.21 22 On the FP 

radiographs, superior or posterior JSN was scored as absent (i.e. normal) or present.

Statistical analysis

Total knee arthroplasty (TKA) was assigned as primary outcome measure in the knee subgroup 

and total hip arthroplasty (THA) in the hip subgroup. Whether TKA or THA was performed was 
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t χ2 test when 

and right knee of the same individual. To determine possible associations with our outcomes, 

we built multivariable models for both subgroups, taking into account the number of events 

the models would depend on: statistically large differences in baseline value; clinical relevance 

of the variables and no large co-linearity between variables (cut-off R>0.7). We attempted to 

Lastly, to assess possible more rapid clinical OA progression in patients from the TJR groups, we 

t-test or GEE when appropriate). We compared between baseline and two years follow-up 

(T2) since WOMAC scores are not useful after TJR, and most TJR had not taken place yet at 

T2. The p

between the TJR and non-TJR groups. We also determined whether the change in distribution 

of K/L scores for the knees and hips between baseline and T2 differed between the groups by 

calculating the difference in number of participants that progressed in or maintained the same 

K/L score, distinguishing participants with severe progression (i.e. increase K/L score by >1 or 

>2 and so on) from those with slight progression (i.e. increase K/L score by 1). Participants whom 

underwent TJR before T2 were excluded from this last analysis. All analyses were performed 

using SPSS Statistical Package PASW version 20.0.
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RESULTS

Baseline characteristics

In total, 1,002 participants were initially included in CHECK of whom 94 (9 %) were lost to 

follow-up after 6 years. Of the lost to follow-up, 44 had been allocated to the knee subgroup, 16 

to the hip subgroup and 34 to both subgroups. One of the lost to follow-up had undergone TJR 

(NRS, WOMAC pain, WOMAC-PF) and K/L score between those lost to follow-up (n=94) and 

the rest of the cohort (n=908). We excluded all lost to follow-up from our analyses. In total, 

829 participants reported knee pain (knee subgroup) and 588 reported hip pain (hip subgroup) 

at baseline (415 participants reported pain in both knee and hip). After six years follow-up, 

72 participants underwent TJR: 19 participants underwent TKA in 22 knees; 53 participants 

underwent THA in 61 hips and 1 participant underwent both TKA (1 knee) and THA (1 hip). 

Hence, in total 23 knees underwent TKA and 62 hips THA. All participants who underwent TJR 

reported pain at baseline in the corresponding hip or knee joint. s provides an overview of the 

baseline characteristics of the total cohort (n=908), and the characteristics of the participants 

and those who did not.

Knee subgroup 

Due to the small number of events in the knee subgroup, we restricted to selecting 3 variables 

with K/L score. We therefore only included K/L score in the multivariable model. Body mass 

multivariable model. The obtained odds ratios (OR) presented in the table indicate a higher risk 

for undergoing TKA.

Hip subgroup 

JSN (AP pelvic view) and osteophytes were strongly correlated with K/L score, hence we only 

excluded. All other radiographic hip features were not strongly correlated and were included 

correlated. We adjusted this model for age and gender. Table 3 provides the obtained OR, with 

a higher OR indicating a higher risk for undergoing THA.
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Table 1. Baseline characteristics of the participants with a completed follow-up of 6 years

Total cohort

Baseline characteristics N=908

Age in years ± sd 55.8 ± 0.2

Gender (% female) 79 %

Body mass index (kg/m2) ± sd 26.2 ± 0.1

Ethnicity (% Caucasian vs other) 98 %

Education level

% college or university degree

73 %

27 %

Subjects (%) with > 1 co morbidity 45 %

3.5 (2.0-5.0)

25 (10-35)

23 (10-34)

33 (25-50)

Pain transformation 2.1 (1.8-2.5)

Distracting 2.2 (1.8-2.6)

Reducing demands 2.0 (1.7-2.3)

Resting / avoidance 1.8 (1.4-2.2)

Worrying 1.6 (1.2-1.8)

Retreating 1.5 (1.1-1.9)

Smoker or previous smoker 14 %

Alcohol consumption 78 %

Use of pain medication 38 %

53 %

36 %

Heberden nodes hands 48 %

Bouchard swellings hands 19 %

ESR (mm/hr) ± sd 9.8 ± 0.3

Palpable warmth of the knee joint

Joint space tenderness of the knee

Bony enlargements of the knee

Painful active knee extension
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Knee pain subgroup Hip pain subgroup

TKA-n=732 TKA+n=19 p value THA-n=485 THA+n=53 p value

55.8 ± 0.2 58.0 ± 1.1 0.07 55.4 ± 0.2 58.0 ± 0.6

79 % 95 % 0.10 82 % 68 % 0.01

26.3 ± 0.2 29.1 ± 1.0 26.3 ± 0.2 25.9 ± 0.5 0.60

97 % 100 % 0.47 98 % 100 % 0.32

73 %

27 %

84 %

16 %

0.29 73 %

27 %

77 %

23 %

0.55

46 % 47 % 0.91 52 % 40 % 0.13

3.5 (2.0-5.0) 4.5 (3.0-6.0) 0.04 3.6 (2.0-5.0) 4.3 (2.0-6.0) 0.03

25 (10-35) 35 (20-40) 0.02 27 (15-40) 31 (15-45) 0.07

24 (10-34) 34 (20-44) 25 (10-35) 31 (18-40) 0.02

33 (25-50) 47 (38-63) 34 (25-50) 38 (25-50) 0.30

2.2 (1.8-2.8) 2.2 (1.8-2.5) 0.67 2.2 (1.8-2.8) 2.2 (1.8-2.7) 0.67

2.2 (1.8-2.6) 2.3 (1.8-2.8) 0.69 2.2 (1.8-2.6) 2.2 (1.8-2.8) 0.55

2.0 (1.7-2.3) 2.0 (1.3-2.7) 0.83 2.0 (1.7-2.3) 1.9 (1.7-2.3) 0.16

1.8 (1.4-2.2) 2.0 (1.6-2.4) 0.09 1.8 (1.4-2.2) 1.8 (1.5-2.0) 0.93

1.6 (1.2-1.8) 1.6 (1.2-2.0) 0.87 1.6 (1.2-1.8) 1.6 (1.2-1.9) 0.79

1.6 (1.1-1.9) 1.5 (1.1-1.7) 0.56 1.5 (1.1-1.9) 1.5 (1.0-1.7 0.34

15 % 0 % 0.07 15 % 6 % 0.07

77 % 65 % 0.23 79 % 71 % 0.18

38 % 21 % 0.13 39 % 34 % 0.45

62 % 83 % 0.06 - - -

- - - 55 % 64 % 0.20

48 % 56 % 0.53 50 % 59 % 0.22

19 % 21 % 0.81 22 % 17 % 0.42

10.1 ± 0.3 10.7 ± 1.7 0.77 9.9 ± 0.4 12.9 ± 1.4 0.05

TKA-1,480 knees TKA+22 knees p1 value THA-1,014 hips THA+62 hips p1 value

3 % 18 % - - -

12 % 18 % 0.59 - - -

2 % 0 % 0.51 - - -

10 % 23 % - - -

4 % 14 % 0.02 - - -

13 % 36 % - - -

8 % 23 % 0.04 - - -
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Table 1. Continued.

Total cohort

Baseline characteristics N=908

ROM knee extension ± sd

JSN knee score >0

Femoral or tibial OP score >0 

Tibial attrition 

Femoral or tibial sclerosis

Tibial spiking

K/L score 1 (versus K/L score 0)

Painful active hip internal rotation

JSN hip score >0 (AP)

JSN hip score >0 (FP)

Acetabular or femoral OP score >0

Femoral subchondral sclerosis

Cam-type deformity(α

Subgroups are participants who did (+) or did not (-) undergo arthroplasty during the 6 years follow-up.

TKA: total knee arthroplasty, THA: total hip arthroplasty.

p t χ2 when appropriate. 

p1
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Knee pain subgroup Hip pain subgroup

TKA-n=732 TKA+n=19 p value THA-n=485 THA+n=53 p value

- - -

0.94 - - -

55 % 86 % 0.03 - - -

45 % 91 % - - -

0 % 10 % - - -

1 % 10 % - - -

32 % 63 % 0.03 - - -

39 % 86 % 26 % 72 %

- - - 41 % 68 %

- - - 4 % 26 %

- - - 17 % 48 %

- - - 16 % 46 %

- - - 31 % 79 %

- - - 11 % 60 %

- - - 35 % 78 %

- - - 1 % 26 %

- - - 11 % 38 %

- - - 5 % 17 %

NRS: Numeric Rating Scale, WOMAC: Western Ontario and McMaster osteoarthritis index, ESR: 

erythrocyte sedimentation rate, ROM: range of motion, JSN: joint space narrowing, OP: osteophyte, 

: 45 hips). Bold indicates p-value 
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Table 2. Multivariable model of the knee pain subgroup for the association with TKA.

β OR (95% CI) p-value

Body mass index (kg/m2) 0.10 1.1 (1.0-1.2)

1.35 3.8 (1.6-9.5)

K/L score 1 (versus K/L score 0) 1.86 6.4 (1.7-23.4)

β

OR>1 indicates an increased risk for undergoing TKA.

Table 3. Multivariable model of the hip pain subgroup for the association with THA.

β OR (95% CI)  § p-value

Painful active hip internal rotation 1.65 5.2 (2.3-11.8)

0.99 2.7 (1.2-6.2) 0.02

K/L score 1 (vs 0) 1.22 3.4 (1.2-9.4) 0.02

2.53 12.6 (4.8-33.2)

2.10 8.2 (2.6-25.5)

Femoral subchondral sclerosis 2.18 8.8 (2.9-26.7)

β

§ OR adjusted for age and gender.

WOMAC change between baseline and T2

Table 4 provides an overview of the mean change in WOMAC pain and physical function score 

between baseline and T2 values for the different groups. One participant (1 knee) from the 

knee subgroup underwent TKA and 13 participants (14 hips) from the hip subgroup underwent 

THA before T2. They were excluded from this analysis. Only the mean change in WOMAC pain 

WOMAC score increase amongst participants from the TJR groups, and a decrease amongst 

participants from the non-TJR group (Figure 1). The change in distribution of K/L scores between 

groups: more joints in the TJR groups showed radiographic progression (Table 4). 
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Figure 1. Depiction of the mean change in WOMAC scores from baseline to 2-year follow-up (T2).

PF = physical functioning. THA= total hip arthroplasty. TKA= total knee arthroplasty. WOMAC =

Western Ontario and McMaster osteoarthritis index.
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Table 4. Mean change in WOMAC score and change in K/L distribution between baseline and T2.

Knee pain at baseline Hip pain at baseline

TKA- TKA+ THA- THA+

Variable T0-T2

(n=732)

T0-T2

 (n=18)

p-value T0-T2

 (n=485)

T0-T2

 (n=40)

p-value 

WOMAC pain -1.7 (0.6) 4.4 (3.5) 0.12§ -1.2 (0.8) 4.7 (2.7) 0.04§

WOMAC physical 

function

-1.3 (0.5) 4.9 (4.8) 0.07§ -1.1 (0.7) 3.0 (2.1) 0.10§

1,479 knees 21 knees 1,002 hips 48 hips

Distribution 

of K/L score 

0/1/2/3/4 (%)

T0 61/39/0/0/0 14/86/0/0/0 74/26/0/0/0 28/72/0/0/0

T2 50/36/13/1/0 5/15/55/20/5 <0.01‡ 68/30/2/0/0 23/23/35/14/5 <0.01‡

Values are: mean change between T0 and T2 (standard error), or percentages %.

WOMAC: Western Ontario and McMaster osteoarthritis index, K/L: Kellgren & Lawrence, T0: baseline, 

T2: two year follow-up.

p t-test or ‡

score adjusted for baseline K/L score.
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DISCUSSION

Summary

We found relevant patient- and disease characteristics associated with undergoing TJR in 

relatively young participants with recent onset knee and/or hip OA in a nationwide prospective 

cohort study. 

were seen between participants who underwent TKA during follow-up and those who did not. 

hip morphology and radiographic OA severity were found between participants who underwent 

THA during follow-up and those who did not. 

(mean difference 2.6 years). The association between a higher age and hip OA progression 

has previously been established in a systematic review by Wright.23

evidence with regards to the association between gender and hip OA progression.23-25 

Strengths and limitations

A limitation to the data under study is that, although participants were asked where the pain 

was located (knee and/or hip; left and/or right), the participants were not asked to which joint 

hip and knee, or bilateral symptoms could experience more pain and as a result have higher 

separately for affected joints. Nevertheless, the abovementioned limitation could have led to 

some bias in our data.

In two systematic reviews on prognostic factors for knee OA progression the authors report 
26, 27 In our knee 

baseline mean BMI between the TJR and non-TJR group (mean difference 2.8 kg/m2). Moreover, 

This suggests that biomechanical factors such as hip dysplasia or cam-type deformity could play 

a greater role in the development of hip OA.
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groups. This is in line with previous longitudinal studies showing that patients with higher pain 

or disability scores at baseline are more likely to undergo TJR.28-30 The mean age of these study 

populations (72, 65 and 67 years respectively) however were higher than in our TJR groups (58 

form a clear indication for the GP to distinguish which patients are eligible for referral for TJR. 

during physical examination of the knee or hip, which are consistent with the criteria for 

clinical knee and hip OA.8, 9 In longitudinal studies by Birrell31 and Lievense,32 the authors found 

associations for hip ROM and painful hip movements with hip replacement surgery in similar 

relatively low (58 years compared to 63 and 66 years respectively).

features.9 The corresponding radiographs also had worse JSN, sclerosis, tibial attrition and tibial 

OA.8

deformity (α
hip OA have previously been established.16, 18, 24, 33, 34 Additionally, we found that participants 

from both the TJR groups showed earlier, more rapid radiographic progression of OA. All these 

participants from the TJR groups had a different underlying pathophysiology or phenotype of 

OA and therefore were prone to more rapid deterioration of the joint.4, 5 

Lastly, at T2 a relatively large percentage of patients from the TJR groups still only had K/L 

radiographic investigations at an early stage of OA35-37 and that structural damage to the joint 

has proven to be a strong indicator for orthopaedic surgeons to consider TJR.38 This causes 

a discrepancy between evidence based guidelines and clinical practice and should be further 

evaluated in future studies. Unfortunately, necessary additional information to clarify this 

should be enforced.
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Implications for research and/or practice

We have established in a relatively young OA study population that in many subjects with recent 

onset knee or hip pain, radiographic OA features already exist. Moreover, subjects with more 

severe clinical or radiographic symptoms have an increased risk for undergoing TJR within a six-

far earlier stage than the onset of symptomatic disease,39 given that many participants showed 

radiographic OA features at baseline. Future research should be aimed at establishing clear 

criteria, both symptomatic and radiographic, for undergoing TJR which will better guide the GP 

in his or her decision for referral. Until these criteria are developed, GPs should refrain from 

unnecessary X-rays in accordance with the current OA guidelines.35-37 However, it somehow 
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GENERAL DISCUSSION

Although hip and knee pain are among the most common reasons to consult a general practitioner 

(GP), the diagnosis of hip and knee osteoarthritis (OA), especially in the early phase of OA, 

of the disease. In general practice, research on the diagnosis of OA and progression remains 

scarce, especially in the earliest stages of the disease.1 In addition, the role of radiography in 

the diagnosis of OA is still debated.2 Although most guidelines seem reluctant to recommend 

used to help diagnose OA.3, 4, 5

The overall aim of this thesis was to investigate the diagnosis and progression of early OA in 

evaluated the criteria used for OA in epidemiological research. In addition, we aimed to ascertain 

whether radiography would be useful in diagnosing and/or evaluating the progression of OA 

when using different radiographic views. OA is a disease with many phenotypes; this applies even 

more for OA of the knee, which consists of two different joints.6 Therefore, we also examined 

joint.7 Therefore, we investigated whether pain in the hip could be referred pain from the back. 

Since joint pain, and its individual perception, is very complicated and often due to multifactorial 
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Early osteoarthritic disease and the CHECK study

Generally, the conclusions and implications drawn from research are applicable only to that 

attributable to early OA of the hip and knee. For this, eligible participants were invited through 

their GPs and through advertisements in newspapers. Because one inclusion criterion was that 

participants had to have visited their GP for these hip/knee complaints for the  not 

longer than 6 months previously (or not yet at all), the study population was very similar to the 

to exclude other clear diagnoses that could explain the complaints of the hip and/or the knee. 8

This process resulted in a population with hip and knee complaints that is prone to be diagnosed 

Chapter 2 showed 

that, of the participants with knee complaints, as much as 81.3% or 73.1% were diagnosed 

with knee OA at baseline when applying the ACR clinical criteria or the combined clinical/

radiographic criteria, respectively. Also, 27.6% or 54.7% of the participants with hip complaints 

were diagnosed with OA depending on which set of ACR criteria was used, i.e. clinical criteria 

or the combined clinical/radiographic criteria, respectively. Furthermore, depending on the set 

the ACR criteria at baseline were diagnosed with knee OA. Similarly, for the hip, 13.6% or 7.4% 

of the participants had developed hip OA at follow-up. This indicates that OA was prevalent in 

this cohort (aged 45 years and older) and that the prevalence of OA is even higher after only 

OA at baseline. 

Furthermore, at baseline, radiographic OA (ROA) was uncommon, i.e. at baseline, for the knees 

54% of all participants had a Kellgren and Lawrence (K&L) score of 0, whereas for the hips this 

percentage was even higher (65%). In this early OA cohort, due to the very low prevalence of a 

Chapter 5 

where we demonstrated that ROA at baseline (if present) was mostly only in one part of the 

joint (the patellofemoral joint) whereas after 5 years ROA was also seen in the tibiofemoral joint.
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pain in the hip and/or knee visiting the general practice, in whom other clear diagnoses have 
9

Pain perception

Between individual patients, the level of perceived pain is very heterogeneous. Also, the 

perceived level of complaints can be due to the heterogeneity between OA phenotypes; this 

can be caused by the complexity of both nociceptive, neuropathic and central pain mechanisms 

and their interaction, and even by genetic variation in pain perception.10 Nociceptive pain 

joint. Neuropathic pain arises from lesions or disease of the somatosensory system; this can 

occur in the peripheral sensory nerves, as well as in the spinal root ganglions or dorsal horn 

microglia.11 Central pain mechanisms include: spinal mechanisms and enhanced activity of 

descending facilitation pathways, loss of descending anti-nociceptive mechanisms, over-activity 

of the pain matrix, and long-term potentiation of neuronal synapsis in the anterior cingulate 

synapsis.12

 At the onset of OA, the genetic variation (or component) is estimated at 40-80%. Whereas very 

rare mutations resulting in monogenetic disorders have a large effect resulting in early-onset 

the known risk factors is generally small.13 Also, in pain perception there is genetic variation in 

individual predisposition to the development of pain in OA.10 The study in Chapter 8 shows that 

a precursor for a gene involved in pain sensation is related to pain perception and that persons 

with this genetic variation are more likely to report hip/knee pain, even though they have the 

same degree of ROA.

Implications for general practice

In patients with OA, conventional radiography is the least costly method for imaging joint 

structures. In research, the presence and radiographic severity of disease is generally determined 

using the K&L grading system.14,15

Although imaging has been unhelpful in diagnosing OA, it is suggested that imaging is helpful by 

refuting other diagnoses when history taking and physical examination result in an uncertain 

diagnosis.16 In primary care, the use of radiographic assessment for OA is not recommended in 

the guideline of the Dutch College of General Practitioners.17 
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Currently, the actual use of radiography for OA in general practice is probably not in line with 

investigated. For example, in the Netherlands, no published data are available on the use of 

radiography in suspected OA, either in primary or secondary care. The reason why many GPs 

continue to order radiographs remains unclear. Perhaps the diagnostic uncertainty and the 

perceived pressure from patients play a role in this under-investigated area. On the other hand, 

in their primary care physician, helps them be more compliant with effective therapy (e.g. 

exercise), and helps to delay referral to secondary care, this might translate into some measure 

of cost-effectiveness. However, this idea needs further investigation.

So far, the data emerging from the present studies should tend to discourage clinicians from 

routinely using radiographs for OA at this early stage, for three reasons. Firstly, radiography is 

not a meaningful prognostic tool at this stage of disease. Not one single feature, or combination 

Chapter 6). The argument that radiography is useful to exclude other 

alternative diagnosis, neither at baseline nor at the 10-year follow-up. Moreover, many patients 

had no signs of ROA at all (KL 0) whereas, based on other symptoms and signs, they could be 

physician to erroneously conclude that OA is not present. Finally, since no cases of advanced 

presenters.

One of the main reasons why radiography is not a useful prognostic tool is probably because the 

structures visible on radiographs only play a minor role in pain perception and progression of 

Chapter 6 we explain that no combinations of multiple radiographs serve as a useful prognostic 

tool. Furthermore, joint effusion or synovitis, as well as bone marrow lesions and soft tissue 

structures (such as the menisci) that are known to play a crucial role in the pathogenesis and 

symptom perception in OA, are simply not visible on conventional radiography. Other factors 

which greatly affect pain and function (e.g. psychological or socio-economic status, fatigue and 

sleep) are often left out of the assessment. It seems that radiographs focus too much on too few 

tissues, which are most likely not the most relevant for pain disability and progression of OA. 

However, in Chapter 9

knee pain we demonstrated ROA as a risk factor for total joint replacement surgery within 6 

years of follow up. One could hypothesise that a GP confronted with a severe onset HOA or 

KOA patient could use radiography to distinguish patients who are more likely to need a total 



175

General discussion 10

although we recognise that the decision to perform a total joint replacement is not solely based 

on ROA features. The number of joints replaced in CHECK however, is very low

other imaging modalities used for OA in general practice. Magnetic resonance imaging (MRI) 

has recently been introduced to GPs and, especially MRI of the knee, is now widely available. 

However, the high costs of MRI might be problematic in view of the ever-increasing OA 

population. Moreover, although MRI of the knee has proven more sensitive to detect structural 

18 However, on MRI, the presence and severity of pain 

are associated with bone marrow lesions and synovitis (features not visible on X-ray) 19 and 

20 Such knowledge is important, 

because the development of treatments that impact on these features might also affect the 

imaging is also increasingly available in general practice21 and could be used to monitor disease 

and (side) effects of treatment. In diagnosing and monitoring OA, ultrasound is much more 

sensitive for synovitis than radiography which captures synovitis only poorly.22 Other methods 

might also be used to determine increased synovitis in the knee; for example, in patients with 

rheumatoid arthritis, anamnestic morning stiffness correlated well with the degree of morning 

stiffness.23 In traumatic knee patients, perceived swelling in the knee and physical examination 

also correlated with effusion on MRI.24 These correlations in OA patients and their implication 

7

Diagnostic criteria in primary care

of these criteria used at baseline could be used to predict OA at 2 and 5-year follow-up. We 

suggest that future studies validate whether patients with hip complaints (in whom other 

diagnoses have been excluded by the GP through anamnesis and physical examination) with 

a combination of relevant characteristics (e.g. aged over 45 years, morning stiffness, painful 

early OA patients; this recommendation also applies to patients with knee complaints aged over 

45 years. A diagnosis of OA should then be followed by appropriate treatment.

Since we found no added value for the use of radiography, we encourage physicians to perform 

more extensive history taking and physical examination in their patients; this may be the hallmark 

for the diagnosis of OA. Although this may appear to be time consuming, it might prove essential 
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examination may help both the physician and patient to understand that additional imaging tests 

(such as radiographs) may not be helpful.

diagnosed with OA, this might enable intervention at an earlier stage of the disease when, for 

example, active management, exercise and lifestyle interventions might be more successful than 

when applied in a more advanced stage of the disease.

Implications for future research

included in research. This group with an early diagnosis may provide a window of opportunity 

for treatment, e.g. early intervention may help to prevent or postpone the serious disability 

associated with OA. However, these concepts need to be validated and proven in well-designed 

prognostic studies. 

In our studies, at 5-year follow-up the average pain scores were lower than at baseline. On further 

analysis, groups with different patterns of symptom emerged and there was a subgroup with pain 

at baseline that no longer had pain at the 2 or 5-year follow-up. It is possible that this ‘decreasing 
25 

future research in early OA should make use of shorter intervals of regular pain registration.

Another aim for future studies should be to understand why both patients and physicians 

value of radiography is known to be poor. It is too easy to blame the patient for demanding 

a radiograph, since there is a large factor of diagnostic uncertainty among clinicians. Further 

also worthwhile to investigate whether complaints of the hip/knee and the physical examination 

patients as to whether (or not) imaging may be useful.

part of these referral criteria.

Our proposed criteria for OA in primary care need to be validated in other OA cohorts to 

determine whether they really do help to identify early OA. Arriving at a clear OA diagnosis may 

pain and disability and (perhaps) even postpone the need for surgical intervention. 
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SUMMARY

clear diagnostic set of criteria are available for primary care. Radiography is often used to help 

diagnose this disorder, but in most guidelines this is deemed unnecessary. 

This thesis focuses on early diagnosis of OA in patients who consult their primary care physician 

Diagnosing osteoarthritis

The study in Chapter 2 evaluated the prevalence of hip and knee OA according to the criteria of 

the American College of Rheumatology (ACR) in participants with early symptomatic OA in the 

factors are associated with this progression. 

2 out of 5 developed HOA according to the clinical or the combined clinical/radiographic ACR 

criteria at 2 and/or 5-year follow-up. The following factors were associated with progression 

erythrocyte 

sedimentation rate 

according to the clinical ACR criteria or the clinical/radiographic ACR criteria at 2 and/or 5- year 

follow-up. However, no variables seemed to be associated with the progression to KOA at the 

2 and/or 5-year follow-up. 

criteria at baseline progress to OA after 2 and/or 5 years. Almost all persons with knee 

and an erythrocyte sedimentation rate 

aged 45-65 years with knee complaints in whom other diagnoses have been excluded are prone 

to have KOA. However, these conclusions and recommendations need to be further validated 

in other cohorts before they can be implemented in routine clinical practice.
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Chapter 3 investigated the prevalence and progression of early radiographic OA (ROA) of the 

hip and knee on different radiographic views, to determine whether different radiographic 

views have additional value in detecting patients with early hip and knee ROA. Furthermore, 

we explored whether progression was more easily detected when using different radiographic 

views. This study was also conducted using data from the CHECK cohort. 

hips, and a posteroanterior (PA), mediolateral (ML) and skyline view of the knees. Prevalence 

of ROA was estimated based on each view separately and in combinations. We determined 

whether different radiographic views had additional value in detecting and determining the 

progression of patients with ROA compared to standard projections. In the hip, when both views 

the PA view only, over 75% more cases of ROA were detected when combining information from 

all three radiographic views. Progression was demonstrated in 33% more cases when using two 

hip radiographs and in 65% more cases when using three knee radiographs. Therefore, it was 

with ROA in an early OA cohort, both at baseline and at follow-up. Also, progression of early 

In large studies (e.g. the CHECK study) the scoring of radiographs is performed by multiple 

readers. Therefore, in Chapter 4 we calculated the inter-observer reliability between four 

trained student readers and one experienced general practitioner reader, for early ROA features 

in our early OA CHECK study (cohort hip and cohort knee). The four student readers were 

trained to score ROA features by a musculoskeletal radiologist and an experienced reader. After 

this training, the student readers scored the CHECK cohort. Of the 1002 participants, 38 were 

scored by all readers. Five different radiographic views (three for the knee, two for the hip) at 

three different time points were scored and compared. Inter-observer reliability was evaluated 

between each of the four trained readers and the experienced reader. We evaluated both the 

separate ROA features and the overall Kellgren and Lawrence (K&L) scores. In addition, the 

reliability of the progression of ROA was determined using the K&L scores and joint space 

narrowing (JSN). 

For the hip and knee, the inter-observer reliability was substantial for the overall K&L scores. 

For the knee, JSN was scored with fair to moderate reliability, osteophytes with moderate to 

nearly perfect reliability, and the other features were scored with fair to substantial reliability. 

For the hip, reliability ranged from substantial to nearly perfect. Moderate inter-observer 

reliability was found for progression of OA in both knee and hip, with slightly better reliability for 

progression based on the K&L scores than on the separate features. It was concluded that good 

inter-observer reliability can be achieved between trained readers and an experienced reader. 
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Prognosis of osteoarthritis

The natural course of different types of ROA is described in Chapter 5. For this, 845 middle-

aged participants with early OA symptoms of the knee from the CHECK study were followed 

for 5 years. Participants with isolated patellofemoral osteoarthritis (PFOA) were compared with 

participants with tibiofemoral osteoarthritis (TFOA). At baseline, 116 had PFOA and none had 

TFOA or combined patellofemoral or tibiofemoral OA (COA). Of these 116 participants, 66.3% 

had developed COA at the 5-year follow-up. At the 2-year follow-up, PFOA, TFOA and COA 

were present in almost 11%, 6% and 12% of the participants, respectively. When comparing 

participants with radiographic PFOA or TFOA, multivariate regression analyses showed no 

more likely to start in the patellofemoral joint and then progress to COA in individuals with 

symptoms of early knee OA. Similarly, when comparing participants with PFOA or TFOA 

The study in Chapter 6 assessed whether the multiple view radiographs (which helped to 

diagnose ROA) had predictive value with respect to the longitudinal pain trajectories. Therefore, 

we used combinations of 

posteroanterior (PA), mediolateral (ML) and skyline view of the knees. For these combination 

views, we determined whether they were predictive for pain trajectories retrieved by latent class 

growth analysis also in the CHECK study. In the hip, combinations of views did not distinguish 

on the skyline view) these patients had chance of a decreasing pain trajectory combined with 

a steady pain trajectory, OR 0.53 (95% CI 0.30-0.94. However, because the effect was small, 

we cannot yet recommend the use of combinations of ROA to predict future pain. Chapter 9 

addresses the subgroup of participants with rapid progressing symptoms of OA in the CHECK 

after presenting with their symptoms. A TJR is often considered as the end stage of OA. In 

performed. Participants who underwent a THR had pain with internal rotation of the hip and 

had more radiographic OA features, indicating more severe ROA. Participants who underwent a 

indicating more severe ROA. Both in the hip and knee group we showed more progression of 

Other causes of pain in osteoarthritis 

Not all pain experienced in the hip originates in the hip joint itself. For example, lower back pain 

can result in referred pain in the hip. Chapter 7 explored factors known to be associated with 

hip pain arising from the lumbar spine. Therefore, we examined the association between hip pain 
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and OA of the lumbar spine. In the Rotterdam Study (an open population-based study including 

persons aged 55 years and older), 2,819 lumbar radiographs were scored for the presence and 

severity of individual radiographic features of disk degeneration. Hip OA was scored on AP 

with hip pain (in men OR = 2.0 and in women OR = 1.7). The presence of disk space narrowing 

pain. The strength of the associations increased for self-reported chronic hip pain, especially in 

men (L1/L2 OR = 2.5). The presence of disk space narrowing at the lower levels (L3/L4/L5/S1) 

for an association between hip pain and disk space narrowing at disk level L1/L2 and L2/L3. In 

case of uncertainty of the cause of hip pain, lumbar OA should be considered. 

The study in Chapter 8 aimed to establish whether common genetic variation in the GTP-

cyclohydrolase1 gene (GCH1) and its promoter is associated with self-reported pain in the 

hip, knee and hand, and with chronic widespread pain, since pain perception differs greatly 

between individuals. This was also explored in the Rotterdam Study in those participants for 

whom genotype and self-reported pain data were available. We studied 15 tagging SNPs 

stretching +/-50Kb upstream of the GCH1 gene and encompassing all common (>5% allele 

pain during the month prior to the interview. Chronic (i.e. persisting for more than 6 months) 

adaptations. Logistic regression models were used to model the risk of pain by polymorphism. A 

T individuals had a 45% and 49% decreased risk for hip pain and hand pain, respectively. Knee 

pain showed a trend in the same direction (OR = 0.74). For the widespread pain phenotype 

(arguable the most disabling phenotype of all four), the odds were even more protective for the T 

Chapter 10

practice and future research.
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gebruikgemaakt van röntgenopnames om de aandoening vast te stellen, maar volgens de meeste 

genoemd.

Diagnose van artrose

hoofdstuk 2 evalueert de prevalentie van heup- en knieartrose volgens 

de criteria van het American College of Rheumatology (ACR) bij deelnemers met vroege 

na 2 en/of 5 jaar follow-up. De volgende factoren waren geassocieerd met de progressie van 

De overgrote meerderheid van de deelnemers met knieklachten kon al bij aanvang van het 

durende follow-up.

groot deel niet voldeed aan de ACR-criteria, maar na 2 of 5 jaar wel heupartrose ontwikkelde. 

criteria voor artrose. Daarom kan worden gesuggereerd dat  van 45-65 jaar 
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met heupartrose. First presenters in de leeftijd van 45-65 jaar met knieklachten bij wie andere 

kunnen worden geïmplementeerd in de reguliere klinische praktijk.

Hoofdstuk 3

artrosekenmerken van de heup en de knie op radiologische opnamen (hierna ‘radiologische 

werd eveneens uitgevoerd met behulp van gegevens uit het CHECK-cohort.

Vijf verschillende röntgenopnamen werden verkregen: een anteroposterior (AP) en faux-

röntgenopnamen extra waarde hadden bij het detecteren en bepalen van de radiologische 

progressie van artrose in vergelijking met de standaardprojecties. Bij een combinatie van beide 

opnamen constateerden we in de heup bijna 25% meer gevallen van radiologische artrose. Het 

combineren van de drie verschillende röntgenopnamen van de knie resulteerde, vergeleken 

Radiologische progressie van artrose werd 33% vaker aangetoond bij gebruik van twee 

heupröntgenopnamen en 65% vaker bij gebruik van de drie knie-röntgenopnamen. Daarom 

van deelnemers met radiologische artrose in een cohort van ‘  met heup- en/

Ook wordt de radiologische progressie van artrose vaker aangetoond wanneer verschillende 

röntgenopnamen worden gebruikt.

Daarom berekenden we in hoofdstuk 4 de interbeoordelaarsbetrouwbaarheid tussen vier 

getrainde student-beoordelaars en een ervaren huisarts-beoordelaar voor vroege kenmerken 
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de heup) werden op drie verschillende tijdstippen gescoord en vergeleken. De onderlinge 

radiologische artrose als de samengestelde scores voor de mate van artrose volgens Kellgren 

en Lawrence (K&L). Daarnaast werd de betrouwbaarheid van de radiologische progressie van 

artrose bepaald met behulp van de K&L-scores en de vernauwing van de gewrichtsspleetruimte 

of joint space narrowing (JSN).

matige betrouwbaarheid, osteofyten met matige tot bijna perfecte betrouwbaarheid en de 

betrouwbaarheid van substantieel tot bijna perfect. Matige interbeoordelaarsbetrouwbaarheid 

kenmerken. Er werd geconcludeerd dat een goede interbeoordelaarsbetrouwbaarheid kan 

worden bereikt tussen getrainde student-beoordelaars en een ervaren huisarts-beoordelaar.

Prognose van artrose

Het natuurlijk beloop van verschillende soorten radiologische artrose in de knie is beschreven in 

hoofdstuk 5. Hiervoor werden 845 deelnemers van middelbare leeftijd met knieklachten uit het 

(PFA) werden vergeleken met deelnemers met tibiofemorale artrose (TFA). Op baseline hadden 

116 deelnemers PFA en niemand had geïsoleerde TFA of gecombineerde patellofemorale/

respectievelijk bijna 11%, in 6% en 12% van de deelnemers. Bij het vergelijken van deelnemers 

verschillen gevonden met betrekking tot symptomen.

hoofdstuk 6 werd beoordeeld of de aanvullende radiologische 

röntgenopnamen in verschillende richtingen (die aanvullende gevallen van radiologische artrose 

hebben we verschillende combinaties van röntgenopnamen van de heupen (anteroposterior 
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ook voorspellend waren voor de verschillende pijntrajecten die werden gevonden met behulp 

van latent class growth analysis

met knieklachten hadden bij het combineren van de radiologische artrose op basis van alle 

niet aanbevelen om toekomstige pijn te voorspellen.

Hoofdstuk 9 gaat in op de subgroep van deelnemers met snel voortschrijdende 

als een gewrichtsvervanging in de eerste 6 jaar na presentatie van de symptomen. Een 

jaar werden 62 heupvervangingen en 22 knievervangingen uitgevoerd. Deelnemers die een 

gewrichtsvervanging van de heup ondergingen hadden op baseline vaker pijn bij endorotatie 

van de heup en hadden meer radiologische artrosekenmerken. Deelnemers die een 

gewrichtsvervanging van de knie ondergingen hadden op baseline een hogere BMI en vaker 

eerste twee jaar van de follow-up. 

Andere oorzaken van pijn bij artrose

leiden tot pijn in de heup. In hoofdstuk 7

In de Rotterdam Study

individuele radiologische kenmerken van artrose. Radiologische artrose werd gescoord op 
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lumbale artrose worden overwogen.

hoofdstuk 8 was gericht op de vraag of genetische variatie in het GTP-

verschilt tussen individuen. In de Rotterdam Study

15 puntmutaties van het DNA in de buurt van het GCH1-gen en alle gangbare (> 5% 

twee kleine aanpassingen. Logistische regressiemodellen werden gebruikt om het risico op pijn 

buurt van het GCH1-gen, was geassocieerd met pijn in heup, hand en knie. In vergelijking met 

het diffuse pijnfenotype (betwistbaar het meest invaliderende fenotype van alle vier), was de 

diffuse pijn.

Hoofdstuk 10, tot slot, bespreekt de belangrijkste bevindingen en bestudeert mogelijke 
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With the aging of  the population, osteoarthritis is an increasing challenge for health 
care worldwide. Although osteoarthritis is the most frequently diagnosed joint disor-
der in primary care, no clear diagnostic set of  criteria are available for primary care.
The overall aim of  the work in this thesis was to identify early OA criteria for epide-
miological research in primary care, and to establish the usefulness of  radiographic 
signs widely used in epidemiological research and clinical practice. 


