
INTRODUCTION
Knee and/or hip osteoarthritis (OA) are 
among the most common diagnoses in 
general practice.1 Consequently, every 
year thousands of patients are at risk of 
progression of OA, and many of these patients 
become eligible for total joint replacement 
(TJR) because of severely progressed and 
disabling symptoms.2 Tens of thousands of 
TJRs are performed on a yearly basis in the 
Netherlands and the UK.3 However, not all 
patients with lower-joint OA undergo surgery, 
suggesting that OA progression is dependent 
on patient characteristics and/or variations 
between so-called phenotypes of OA,4 or is 
dependent on the physician’s choice to refer 
or operate. Predicting severe OA progression 
in the early stages of disease would aid the 
GP in initiation and implementation of early 
intervention strategies to prevent further 
structural damage to the joints.5 Patients 
with recent-onset OA who have a low risk 
of OA progression and subsequent TJR 
can be better reassured, and unnecessary 
interventions or referral can be avoided. Vice 
versa, patients with high risk of progression 
who are eligible for TJR can be referred 
sooner for specialist treatment. The aim of the 
present research was to determine patient 
and disease characteristics associated with 
undergoing TJR within 6 years of follow-up 
in a study population aged 45 to 65 years at 
baseline, with recent-onset knee and/or hip 
OA.

METHOD
Study design and population
The present data were obtained from 
participants enrolled in the Cohort Hip and 
Cohort Knee (CHECK) study. CHECK is 
a nationwide prospective, 10-year follow-
up cohort of 1002 participants with early 
symptomatic OA of the knee and/or hip, 
who were referred for study inclusion by 
their GPs 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; aged between 45 
and 65 years; and never having, or less 
than 6 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 (for 
example, other rheumatic disease, previous 
hip or knee joint replacement, congenital 
dysplasia, osteochondritis dissecans, intra-
articular fractures, septic arthritis, Perthes 
disease, ligament or meniscus damage, 
plica syndrome, or Baker’s cyst); comorbidity 
that did not allow physical evaluation and/or 
follow-up of at least 10 years; malignancy in 
the past 5 years; and inability to understand 
the Dutch language.6

All CHECK participants filled in 
questionnaires and underwent physical 
examination, X-rays, and laboratory 
examinations at five different time points 
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during the 10-year follow-up. These time 
points were at baseline, at T2 (2 years), T5 
(5 years), T8 (8 years), and T10 (10 years). 
Details of these examinations are specified 
in the following paragraphs and in Table 1.

For the analyses of the current study, 
data were used from baseline (T0), T2, and 
T5. Two study subgroups were created: 
a subgroup of participants who reported 
knee pain at baseline and a subgroup who 
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 through 
questionnaires with which participant-
specific self-reported data were assessed. 
The following diseases were considered to 
be comorbidities: asthma, chronic sinusitis, 
cardiovascular 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 of frequency with which 
strategies are applied when dealing with 
pain.7 Physical examination of the joints 

was based on the clinical criteria for 
knee and hip OA.8,9 Regarding the knee 
this encompassed range of motion (ROM) 
of knee flexion and extension measured 
in degrees with a 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
Radiographs were read paired and in 
sequence, but with the observers blinded 
to all other patient characteristics.10 
Standardised radiographs of the 
tibiofemoral joints were made by a weight-
bearing posteroanterior (PA) view, semi-
flexed (7–10°) according to Buckland-
Wright,6,11 and standardised weight-bearing 
anteroposterior (AP) radiographs of the 
pelvis were made along with a weight-
bearing single faux profile (FP) radiograph 
of the hip.6,12 Radiographs were scored for 
individual OA features according to criteria 
described by Altman.13 Radiographic 
OA severity was defined by the Kellgren 
and Lawrence (K/L) classification.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 are generally 
scored on a four-point scale (0 = normal; 
1 = mild; 2 = moderate; and 3 = severe). In 
the present study, however, these variables 
were dichotomised 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 to 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 angle >60° 
was defined as a cam-type deformity.16–18 In 
addition, the Wiberg angles on AP pelvic view 
radiographs were measured to determine 
the degree of dysplasia.19 The centre-edge 

How this fits in
Every year thousands of patients are 
at risk of incidence and progression of 
osteoarthritis (OA) and many become 
eligible for total joint replacement (TJR) 
because of severely progressed and 
disabling symptoms. Not all patients with 
lower joint OA undergo surgery, however. 
In many patients with recent-onset knee or 
hip pain, radiographic OA features already 
exist. Patients with more severe clinical or 
radiographic symptoms have an increased 
risk for undergoing TJR, within 6 years of 
onset of symptoms.
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Table 1. Baseline characteristics of the participants with a completed follow-up of 6 yearsa

	 Total cohort	 Knee pain subgroup	 Hip pain subgroup

		  TKA–	 TKA+		  THA–	 THA+ 
Baseline characteristics	 N = 908	 n = 732	 n = 19	 P -value	 n = 485	 n = 53	 P -value

Age, years; mean ± SD	 55.8 ± 0.2	 55.8 ± 0.2	 58.0 ± 1.1	 0.07	 55.4 ± 0.2	 58.0 ± 0.6	 <0.01b

Sex: female, %	 79	 79	 95	 0.10	 82%	 68%	 0.01b

Body mass index, kg/m2; mean ± SD	 26.2 ± 0.1	 26.3 ± 0.2	 29.1 ± 1.0	 <0.01b	 26.3 ± 0.2	 25.9 ± 0.5	 0.60

Ethnic group (white versus other), %	 98	 97	 100	 0.47	 98	 100%	 0.32

Education level 
  % ≤ high school graduate, %	 73	 73	 84		  73	 77 
  % college or university degree, %	 27	 27	 16	 0.29	 27	 23	 0.55

Participants (%) with >1 comorbidity, %	 45	 46	 47	 0.91	 52	 40	 0.13

NRS of the past week, mean (IQR)	 3.5 (2.0–5.0)	 3.5 (2.0–5.0)	 4.5 (3.0–6.0)	 0.04b	 3.6 (2.0–5.0)	 4.3 (2.0–6.0)	 0.03b

WOMAC pain, mean (IQR)	 25 (10–35)	 25 (10–35)	 35 (20–40)	 0.02b	 27 (15–40)	 31 (15–45)	 0.07

WOMAC physical function, mean (IQR)	 23 (10–34)	 24 (10–34)	 34 (20–44)	 <0.01b	 25 (10–35)	 31 (18–40)	 0.02b

WOMAC joint stiffness, mean (IQR)	 33 (25–50)	 33 (25–50)	 47 (38–63)	 <0.01b	 34 (25–50)	 38 (25–50)	 0.30

Pain coping strategies, mean (IQR)							     

Pain transformation	 2.1 (1.8–2.5)	 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 
Distracting	 2.2 (1.8–2.6)	 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 
Reducing demands	 2.0 (1.7–2.3)	 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 
Resting/avoidance	 1.8 (1.4–2.2)	 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 
Worrying	 1.6 (1.2–1.8)	 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 
Retreating	 1.5 (1.1–1.9)	 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

Smoker or previous smoker, %	 14	 15	 0	 0.07	 15	 6	 0.07

Alcohol consumption, %	 78	 77	 65	 0.23	 79	 71	 0.18

Use of pain medication, %	 38	 38	 21	 0.13	 39	 34	 0.45

Morning stiffness knees <30 minutes, %	 53	 62	 83	 0.06	 –	 –	 –

Morning stiffness hips <60 minutes, %	 36	 –	 –	 –	 55	 64	 0.20

Heberden nodes hands, %	 48	 48	 56	 0.53	 50	 59	 0.22

Bouchard swellings hands, %	 19	 19	 21	 0.81	 22	 17	 0.42

ESR, mm/hour ± SD	 9.8 ± 0.3	 10.1 ± 0.3	 10.7 ± 1.7	 0.77	 9.9 ± 0.4	 12.9 ± 1.4	 0.05b

		  TKA–	 TKA+		  THA–	 THA+ 
		  1480 knees	 22 knees	 P  1-value	 1014 hips	 62 hips	 P  1-value

Palpable warmth of the knee joint, %	 –	 3	 18	 <0.01b	 –	 –	 –

Joint space tenderness of the knee, %	 –	 12	 18	 0.59	 –	 –	 –

Bony enlargements of the knee, %	 –	 2	 0	 0.51	 –	 –	 –

Crepitus during knee flexion, %	 –	 10	 23	 <0.01b	 –	 –	 –

Positive knee refill test (effusion), %	 –	 4	 14	 0.02b	 –	 –	 –

Painful active knee flexion, %	 –	 13	 36	 <0.01b	 –	 –	 –

Painful active knee extension, %	 –	 8	 23%	 0.04b	 –	 –	 –

ROM knee flexion, mean ± SD	 –	 135° ± 0.2°	 127° ± 2.6°	 <0.01b	 –	 –	 –

ROM knee extension, mean ± SD	 –	 3° ± 0.1°	 3° ± 0.8°	 0.94	 –	 –	 –

JSN knee score >0, %	 –	 55	 86	 0.03b	 –	 –	 –

Femoral or tibial OP score >0 , %	 –	 45	 91	 <0.01b	 –	 –	 –

Tibial attrition, %	 –	 0	 10	 <0.01b	 –	 –	 –

Femoral or tibial sclerosis, %	 –	 1	 10	 <0.01b	 –	 –	 –

Tibial spiking, %	 –	 32	 63	 0.03b	 –	 –	 –

K/L score 1 (versus K/L score 0), %	 –	 39	 86	 <0.01b	 26	 72	 <0.01b

ROM hip flexion ≤115°, %	 –	 –	 –	 –	 41	 68	 <0.01b

ROM hip internal rotation ≤15°, %	 –	 –	 –	 –	 4	 26	 <0.01b

… continued
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angle of Wiberg is formed by a vertical line 
through the centre of the femoral head, 
perpendicular to the transverse axis of the 
pelvis (radiographic ‘teardrop’ landmark),20 
and a line joining the head centre with 
the lateral rim of the acetabulum.21 Hips 
with Wiberg angle <25° were considered 
to be dysplastic.22 On the FP radiographs, 
superior or posterior JSN was scored as 
absent (that is, normal) or present.

Statistical analysis
Total knee arthroplasty (TKA) was assigned 
as the primary outcome measure in the 
knee subgroup and total hip arthroplasty 
(THA) in the hip subgroup. Whether TKA 
or THA was performed was registered 
through questionnaires and confirmed 
on radiographs. Differences in participant 
baseline characteristics were calculated 
using Student’s t-test or Pearson’s χ2 
test when appropriate. In addition, joint-
dependent characteristics were compared 
using generalised estimating equation 
(GEE) analysis, which adjusts for the existing 
correlation between the left and right 
knees of the same individual. To determine 
possible associations with study outcomes, 
multivariable models were built for both 
subgroups, taking into account the number of 
events (TJRs) per subgroup to avoid overfitting 
the models. The selection for including 
variables into the models was dependent 
on: statistically large differences in baseline 
value; clinical relevance of the variables; 
and no large co-linearity between variables 
(cut-off R>0.7). Attempts were made to 
select various types of characteristics (that 

is anamnestic, clinical, and radiographic 
findings) as variables for the final models.

Lastly, to assess possible more rapid 
clinical OA progression in patients from the 
TJR groups, the mean change in WOMAC 
pain and physical functioning scores were 
calculated (using Student’s t-test or GEE 
when appropriate). Comparisons were 
made between baseline and 2-year follow-
up (T2) as WOMAC scores are not useful 
after TJR, and most TJR had not taken place 
by T2. The P-values indicate whether the 
change in mean WOMAC scores differed 
significantly between the TJR and non-
TJR groups. Assessments were made of 
whether or not 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 who progressed 
in or maintained the same K/L score, 
distinguishing participants with severe 
progression (that is, increase K/L score by 
>1 or >2, and so on, from those with slight 
progression (that is, increase K/L score by 
1). Participants who underwent TJR before 
T2 were excluded from this last analysis. 
All analyses were performed using SPSS 
Statistical Package PASW version 20.0.

RESULTS
Baseline characteristics
In total, 1002 participants were initially 
included in CHECK, of whom 94 (9%) were 
lost to follow-up after 6 years. Of those lost 
to follow-up, 44 had been allocated to the 
knee subgroup, 16 to the hip subgroup, and 
34 to both subgroups. One of those lost to 

Table 1 continued. Baseline characteristics of the participants with a completed follow-up of 6 yearsa

						      Hip pain subgroup

					     THA–	 THA+ 
Baseline characteristics	 –	 –	 –	 –	 1014 hips	 62 hips	 P  1-value

Painful active hip flexion, %	 –	 –	 –	 –	 17	 48	 <0.01b

Painful active hip internal rotation, %	 –	 –	 –	 –	 16	 46	 <0.01b

JSN hip score >0 (AP), %	 –	 –	 –	 –	 31	 79	 <0.01b

JSN hip score >0 (FP), %	 –	 –	 –	 –	 11	 60	 <0.01b

Acetabular or femoral OP score >0, %	 –	 –	 –	 –	 35	 78	 <0.01b

Femoral subchondral sclerosis, %	 –	 –	 –	 –	 1	 26	 <0.01b

Cam-type deformity (α angle >60°),c %	 –	 –	 –	 –	 11	 38	 <0.01b

Dysplasia (Wiberg angle <25°),b %	 –	 –	 –	 –	 5	 17	 <0.01b

aSubgroups are participants who did (+) or did not (–) undergo arthroplasty during the 6-year follow-up. P-values obtained with Student’s t-test or Pearson’s χ2 when appropriate. 

P1-values obtained with generalised estimating equations (GEE). b P-value <0.05. cLower-quality radiographs mean that these angles were determined in fewer hips (THA+: 781 

hips, THA–: 45 hips). AP = anteroposterior pelvic view radiograph. ESR = erythrocyte sedimentation rate. FP = faux profile radiograph. JSN = joint space narrowing. K/L = Kellgren 

and Lawrence. NRS = Numeric Rating Scale. OP = osteophyte. ROM = range of motion. THA = total hip arthroplasty. TKA = total knee arthroplasty. WOMAC = Western Ontario and 

McMaster osteoarthritis index.
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follow-up had undergone TJR (one TKA at 
T2). There were no significant differences 
in baseline age, sex, body mass index 
(BMI), symptom severity (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). All those lost 
to follow-up were excluded from 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 6 years of follow-up, 72 
participants underwent TJR: 19 participants 
underwent TKA in 22 knees; 53 participants 
underwent THA in 61 hips, and one 
participant underwent both TKA (one 
knee) and THA (one 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. Table 1 provides an overview 
of the baseline characteristics of the total 
cohort (n = 908), and the characteristics 
of the participants in the knee and hip 
subgroups. Most of the joint-dependent 
clinical findings and radiographic features 
for both the knees and hips differed 
significantly for participants who underwent 
TJR and those who did not.

Knee subgroup
The small number of events in the knee 
subgroup meant that only three variables 
were selected for the multivariable knee 
model. Multiple clinical findings differed 
significantly among the two knee groups; 
however, the difference in prevalence of 
painful active knee flexion was the largest. 
With regards to radiographic findings, JSN 
and osteophytes were strongly correlated 
with K/L score. Therefore, only K/L score was 
included in the multivariable model. BMI, 
painful active knee flexion, and K/L score all 
significantly contributed to the multivariable 
model. The obtained odds ratios (OR) 
presented in Table 2 indicate a higher risk for 
undergoing TKA.

Hip subgroup
JSN (AP pelvic view) and osteophytes 
were strongly correlated with K/L score, 
hence only K/L score was included. A cam-
type deformity proved not to contribute 
to the final model and was excluded. All 
other radiographic hip features were not 
strongly correlated and were included in 
the multivariable hip model. As for clinical 
findings of the hip, painful internal rotation 
and reduced hip flexion ≤115° had the 
largest differences in distribution and were 
not strongly correlated. This model was 
adjusted for age and sex. Table 3 provides 
the obtained OR, with a higher OR indicating 
a higher risk for undergoing THA.

WOMAC change between baseline and T2
Table 4 provides an overview of the mean 
change in WOMAC pain and physical function 
score between baseline (T0) and T2 values 
for the different groups. One participant (one 
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 
score differs significantly between the THA 
and non-THA groups. There is a noticeable 
trend in WOMAC score increase among 
participants from the TJR groups, and a 
decrease among participants from the 
non-TJR group (Figure 1). The change in 
distribution of K/L scores between baseline 
(T0) and T2 for both the knees and hips 
differed significantly among the TJR and 
non-TJR groups: more joints in the TJR 
groups showed radiographic progression 
(Table 4).

DISCUSSION
Summary
Relevant patient and disease characteristics 
associated with undergoing TJR were 
found in comparatively young participants 
with recent-onset knee and/or hip OA in 
a nationwide prospective cohort study. In 
participants with recent-onset knee OA, 
significant differences in baseline BMI, 
symptom severity (NRS and all three 
WOMAC subscales), clinical findings, 
and radiographic OA severity were seen 
between participants who underwent TKA 
during follow-up and those who did not. 
In a subgroup of participants with recent-
onset hip OA, significant differences in 
baseline age, sex distribution, symptom 
severity (NRS and WOMAC physical 
function), clinical findings, hip morphology, 
and radiographic OA severity were found 
between participants who underwent THA 
during follow-up and those who did not. 
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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. 

Table 2. Multivariable model of the knee pain subgroup for the 
association with total knee arthroplasty (TKA)a

	 β	 OR (95% CI)	 P-value

BMI, kg/m2	 0.10	 1.1 (1.0 to 1.2)	 <0.01

Painful active knee flexion	 1.35	 3.8 (1.6 to 9.5)	 <0.01

K/L score 1 (versus K/L score 0)	 1.86	 6.4 (1.7 to 23.4)	 <0.01

aModel obtained with generalised estimating equations (GEE). The obtained OR are unadjusted for age and sex; 

however, all three variables do remain significant after adjustment (data not presented). An OR >1 indicates an 

increased risk for undergoing TKA. β = regression coefficient (beta). BMI = body mass index. K/L = Kellgren and 

Lawrence. OR = odds ratio.
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The participants who underwent THA were 
slightly, but statistically significantly, older 
at baseline (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 
et al.23 There remains conflicting evidence 
with regards to the association between sex 
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 the NRS and 
WOMAC subscales assessments refer to. 
Consequently, an individual with both hip 
and knee, or bilateral symptoms, could 
experience more pain and as a result have 
higher symptom scores. On the other hand, 
it might be difficult for an individual to 
score his or her pain separately for affected 
joints. Nevertheless, the above-mentioned 
limitation could have led to some bias in 
the data.

Comparison with existing literature
In two systematic reviews on prognostic 
factors for knee OA progression the 
authors report conflicting evidence for the 
association between BMI and knee OA 
progression.26,27 In the knee subgroup in 
the present study, there was a significant, 
and perhaps more importantly, clinically 
relevant difference in baseline mean BMI 
between the TJR and non-TJR groups 
(mean difference 2.8 kg/m2). Moreover, 
BMI remained significantly associated with 
undergoing TKA in the multivariable model. 
In accordance with existing literature, no 
association was found between BMI and 
hip OA. This suggests that biomechanical 
factors such as hip dysplasia or cam-type 
deformity could play a greater role in the 
development of hip OA.

Baseline symptoms (NRS and WOMAC 
subscales) were significantly more severe in 
both TJR 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 the TJR groups 
(58 years). Unfortunately, symptom severity 
remains subjective and subsequently does 
not always form a clear indication for the GP 
to distinguish which patients are eligible for 
referral for TJR. 

The participants from both the TJR 
groups significantly more often had typical 
OA symptoms during physical examination 
of the knee or hip, consistent with the 
criteria for clinical knee and hip OA.8,9 
In longitudinal studies by Birrell et al31 
and Lievense et al,32 the authors found 
associations for hip ROM and painful hip 
movements with hip replacement surgery 
in similar study populations. This is in line 

Table 3. Multivariable model of the hip pain subgroup for the 
association with total hip arthroplasty (THA)a

	 β	 OR (95% CI)b	 P-value

Painful active hip internal rotation	 1.65	 5.2 (2.3 to 11.8)	 <0.01

ROM hip flexion ≤115° 	 0.99	 2.7 (1.2 to 6.2)	 0.02

K/L score 1 (vs. 0)	 1.22	 3.4 (1.2 to 9.4)	 0.02

JSN on faux profile radiograph	 2.53	 12.6 (4.8 to 33.2)	 <0.01

Dysplasia (Wiberg angle <25°)	 2.10	 8.2 (2.6 to 25.5)	 <0.01

Femoral subchondral sclerosis	 2.18	 8.8 (2.9 to 26.7)	 <0.01

aModel obtained with generalised estimating equations (GEE). An OR >1 indicates an increased risk for undergoing 

TKA (total knee arthroplasty). bOR adjusted for age and sex. β = regression coefficient (beta). JSN = joint space 

narrowing. K/L = Kellgren and Lawrence. OR = odds ratio. ROM = range of motion. 

Table 4. Mean change in WOMAC score and change in K/L distribution between baseline (T0) and 2-year follow 
up (T2)a

	 Knee pain at baseline	 Hip pain at baseline

		  TKA–	 TKA+		  THA–	 THA+

Variable		  T0–T2	 T0–T2	 P-value	 T0–T2	 T0–T2	 P-value 
		  (n = 732)	 (n = 18)	 mean Δ	 (n = 485)	 (n = 40)	 mean Δ

WOMAC pain 		  –1.7 (0.6)	 4.4 (3.5)	 0.12b	 –1.2 (0.8)	 4.7 (2.7)	 0.04b

WOMAC physical function		  –1.3 (0.5)	 4.9 (4.8)	 0.07b	 –1.1 (0.7)	 3.0 (2.1)	 0.10b

		  1479 knees	 21 knees		  1002 hips	 48 hips 
Distribution of K/L score 0/1/2/3/4 (%)	 T0	 61/39/0/0/0	 14/86/0/0/0	 <0.01c	 74/26/0/0/0	 28/72/0/0/0	 <0.01c 

	 T2	 50/36/13/1/0	 5/15/55/20/5	 	 68/30/2/0/0	 23/23/35/14/5

aValues are mean change between T0 and T2 (standard error), or percentages %. P-values obtained with bStudent’s t-test or cgeneralised estimating equations (GEE) and indicate 

whether the change in mean values (Δ) or in distribution of K/L score differ significantly. Progression of K/L score adjusted for baseline K/L score. K/L = Kellgren and Lawrence. 

T0 = baseline. T2 = 2-year follow-up. THA = total hip arthroplasty. TKA = total knee arthroplasty. WOMAC = Western Ontario and McMaster osteoarthritis index. 
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with the present findings, but again the 
mean age of the present THA group was 
comparatively low (58 years compared with 
63 and 66 years, respectively).

Participants who underwent TKA 
significantly more often showed radiographic 
knee OA features.9 The corresponding 
radiographs also had worse JSN, sclerosis, 
tibial attrition, and tibial spiking. Participants 
who underwent THA significantly showed 
more radiographic features of hip OA.8 They 
also more often showed JSN on the faux 
profile, dysplasia, and femoral subchondral 
sclerosis. Furthermore, the radiographs 
from the TJR groups more often showed 
cam-type deformity (α angle >60°) and hip 
dysplasia (Wiberg angle <25°), of which the 
associations with hip OA have previously 
been established.16,18,24,33,34 Additionally, the 
present study found that participants from 
both the TJR groups showed earlier, more 
rapid radiographic progression of OA. All 
these above-mentioned findings suggest 
that participants who underwent TJR were 
in a more advanced stage of the disease 
at baseline. Alternatively, these findings 
could also suggest that 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 comparatively large 
percentage of patients from the TJR groups 
still only had K/L score <2 (20% of the 
TKA group and 46% of the THA group). 
This is a rather remarkable observation 
from the data, considering that most 
clinical guidelines advise GPs not to 
request radiographic investigations at an 
early stage of OA,35–37 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 finding was not incorporated in the 
present data. Until this discrepancy is better 
understood, it seems justifiable that the 
existing recommendations not to request 
radiographs at an early stage should be 
enforced.

Implications for research and practice 
This study has established in a comparatively 
young OA study population that, in many 
patients with recent-onset knee or hip 
pain, radiographic OA features already 
exist. Moreover, patients with more severe 
clinical or radiographic symptoms have an 
increased risk for undergoing TJR within a 
6-year follow-up. These findings suggest 
that the cascade of joint destruction may 
commence at a 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 their decision for referral. Until these 
criteria are developed, GPs should refrain 
from unnecessary X-rays in accordance 
with the current OA guidelines.35–37 It 
somehow seems justifiable, however, for a 
GP to request X-rays if they are consulted by 
a comparatively young patient (<55 years) 
with severe-onset hip or knee pain caused 
by OA (NRS >5).
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