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Abstract

Objective. To examine the diagnostic accuracy of hip internal rotation, hip flexion and knee 
flexion measurements for the presence of osteophytosis and joint space narrowing (JSN) in 
early symptomatic osteoarthritis (OA).

Methods. The baseline data of 598 participants of the Cohort Hip and Cohort Knee (CHECK) 
study were used. Participants underwent a standardized physical and radiographic exami-
nation. The active range of motion (ROM) was assessed using a goniometer. The ROM 
cut-off with the highest discriminative ability for radiographic features of OA was defined 
by maximizing the sum of the sensitivity and specificity. Several diagnostic measures were 
calculated to establish the diagnostic accuracy of  ROM measurements for the presence of 
radiographic features. 

Results. In patients with hip symptoms hip internal rotation < 24° and flexion < 114° were 
found to be the cut-offs with the highest discriminative ability to distinguish between 
patients with and without radiographic features. In patients with knee symptoms knee 
flexion < 132° was the cut-off with the highest discriminative ability. The American College 
of Rheumatology (ACR) criterion hip internal rotation < 15° increased the probability of 
the presence of osteophytosis or JSN from 25% to 58%. The diagnostic accuracy of hip and 
knee flexion measurements was low.

Conclusions. To reduce the number of patients that is not identified by the ACR criterion hip 
internal rotation < 15°, it is recommended to change the cut-off to internal rotation < 24° in 
patients with early symptomatic OA. Individual hip and knee flexion measurements seem to 
be of little diagnostic value in early symptomatic OA.
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Introduction

The American College of Rheumatology (ACR) criteria provide a set of clinical, laboratory, 
and/or radiographic features to identify patients with osteoarthritis (OA) and to separate 
them from patients with other diseases.1 Reduced range of motion (ROM) is one of the pos-
sible clinical signs and symptoms (e.g. pain, morning stiffness, crepitus, warmth) of hip 
and knee osteoarthritis. Reduced hip internal rotation (< 15°) and hip flexion (≤ 115°) are 
part of the ACR criteria for the classification and reporting of OA of the hip.1 These values 
were derived in patients referred to a rheumatology clinic.2 Measures of diagnostic accuracy 
vary across different populations.3,4 Therefore, the validity of these cut-off values for identi-
fying hip OA might be affected in early OA populations. 

Only 2 studies were found examining the diagnostic accuracy of ROM measurements for 
the presence of radiographic features of OA in primary care patients with hip pain. Birrell et 
al.5 showed that for reduced hip internal rotation and reduced hip flexion the most discrim-
inatory cut-offs for radiographic features of OA were < 23° and < 94°, respectively. Bierma-
Zeinstra et al.2 used normal values for ROM in adults to define cut-off values for reduced 
hip internal rotation (< 21°) and reduced hip flexion (< 100°). These findings suggest that 
the cut-off values used in the ACR criteria may not be optimal for early diagnosis of OA.

Reduced knee motion is not included in the ACR criteria for the classification and re-
porting of OA of the knee,6 whereas reduced knee movement is part of 2 of the 10 European 
League Against Rheumatism (EULAR) recommendations for the diagnosis of knee OA.7 
The EULAR does not provide a cut-off value for reduced knee ROM. Peat et al.8 found that 
reduced knee flexion was an independent predictor of radiographic features of OA, in pri-
mary care patients with knee pain. They defined reduced knee flexion as a ROM < 120°. No 
other studies on the diagnostic accuracy of knee flexion in early knee OA were found. 

In short, little is known about the diagnostic accuracy of ROM measurements in early 
OA patients. Therefore, the objective of the present study was to examine the diagnostic ac-
curacy of hip internal rotation, hip flexion and knee flexion measurements for the presence 
of osteophytosis or joint space narrowing (JSN) in patients with early symptomatic hip and/
or knee OA. First the ROM cut-offs with the highest discriminative ability for radiographic 
features of OA were examined. Second the diagnostic accuracy of the ACR definitions of re-
duced hip internal rotation (< 15°) and hip flexion (≤ 115°),1 and the cut-off for reduced knee 
flexion of  < 120°8 for the detection of radiographic features of OA was evaluated.
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Materials and methods

Study design and population
The present cross-sectional study presents a secondary analysis of baseline data of a sample 
of 598 participants of the Cohort Hip & Cohort Knee (CHECK) study.9 In a previous study,10 
we examined determinants of ROM in the same dataset. We found that several radiographic 
features, pain, morning stiffness, a higher body-mass index and male sex were associated 
with lower hip or knee ROM. The associations between radiographic features and ROM 
measurements encouraged us to examine what these associations mean for the diagnostic 
accuracy of ROM measurements in early symptomatic OA.

CHECK is a prospective cohort study of 1,002 individuals with early symptomatic OA of 
the hip or knee. On entry, all participants had pain or stiffness of the hip or knee, and were 
ages 45-65 years. They had not yet consulted their physician for these symptoms, or the first 
consultation was within 6 months before entry. Participants with any other pathological con-
dition that could explain the symptoms were excluded (e.g. other rheumatic disease, previous 
hip or knee joint replacement, congenital dysplasia, osteochondritis dissecans, intra-articular 
fractures, septic arthritis, Perthes’ disease, ligament or meniscus damage, plica syndrome, 
Baker’s cyst). Additional exclusion criteria were: comorbidity that did not allow physical 
evaluation and/or follow-up of at least 10 years, malignancy in the last 5 years, and inability to 
understand the Dutch language. 

The CHECK cohort was formed from October 2002 till September 2005. Nationwide, 10 
general and academic hospitals in the Netherlands are participating, located in urbanized 
and semi-urbanized regions. General practitioners (GPs) in the surroundings of the partici-
pating centres were invited to refer eligible persons. All patients that visited the GP on their 
own initiative, potentially fulfilling the inclusion criteria, were referred to one of the 10 
participating centres. In addition, participants were recruited through advertisements and 
articles in local newspapers and on the Dutch Arthritis Association website. The physicians 
in the participating centres checked whether referred patients as well as patients from their 
outpatient clinics fulfilled the inclusion criteria. 

Data for the present study were obtained from 598 participants assessed in 5 CHECK 
centres (Utrecht, Amsterdam, Nijmegen, Rotterdam and Maastricht). In these centres, the 
ROM of the lower extremity was assessed in all planes of motion. Two strata were defined 
based on symptoms: a hip (n = 344) stratum and a knee (n = 497) stratum. Patients with 
both hip and knee symptoms were included in both strata. The study was approved by the 
medical ethics committees of all participating centres, and all participants gave their writ-
ten informed consent before entering the study.

Index tests: ROM measurements 
At baseline, assisted active hip internal rotation, hip flexion and knee flexion were meas-
ured bilaterally, using a goniometer. Measurements were taken according to Norkin and 
White.11 For each joint action, the protocol provided starting positions for both participant 
and examiner, reference points for the pivot and distal points of the goniometer. Hip 
 internal rotation was measured in sitting position with the knees flexed to 90° over the 
edge of the treatment table. The hip was in 0° of abduction and adduction and in 90° of 
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flexion. The participant carried out maximal internal rotation. The examiner supported 
the ankle and stabilized the distal end of the femur to prevent adduction or further flexion 
of the hip. Hip flexion was measured in supine position, with the hip in 0° of abduction, 
adduction, and rotation. The participant flexed the knee and moved it to the abdomen. 
The maximal hip flexion was defined as the point at which rotation of the pelvis was 
 observed. Knee flexion was measured in supine position, with the knee in extension. 
Initially the hip was in 0° of extension, abduction, and adduction, but as the participant 
maximally flexed the knee, the hip also flexed. The examiner supported the lower leg, and 
stabilized the femur to prevent rotation, abduction, and adduction of the hip. Supply-
ing a protocol for starting positions and the positioning of the goniometer increases the 
 reliability of ROM measurements.12 In a previous study the inter-rater reliability of assisted 
active ROM measurements in hip and knee OA patients was established, and was satisfac-
tory for all joint actions (Pearson’s R exceeding 0.75 for all actions).12 Measurements were 
carried out by a trained physiatrist, rheumatologist or orthopaedic surgeon, dependent 

 Hip stratum (n = 344) Knee stratum (n = 497)
	 Value Missing (%) Value Missing (%)

Demographics
	 Women
	 Age,	years
	 Body	mass	index	(kg/m2)
Clinical signs and symptoms
	 Unilateral	hip	or	knee	pain
	 Bilateral	hip	or	knee	pain
	 Duration	of	pain	(months)
	 Clinical	hip	or	knee	OA†
Range of Motion, degrees
	 Hip	internal	rotation	
	 Hip	flexion	
	 Knee	flexion	
Radiographic features, moderate/severe‡
	 Osteophytosis	or	JSN
	 Osteophytosis	and	JSN	

	 269	 (78.2%)
	 55.9	 ±	5.4
	 25.9	 ±	3.9
	
	 222	 (64.5)
	 122	 (35.5)
	 18	 (10-36)
	 97	 (28.2)
	
	 28.2	 ±	9.5
	 115.3	 ±	12.2
	
	
	 76	 (22.1)
	 19	 (5.5)

0
0
0

0
0

	 47	 (13.7%)
0

	 4	 (1.2%)
	 3	 (0.9%)

	 38	 (11.0%)§
	 42	 (12.2%)#

	 390	 (78.5%)
	 55.8	 ±	5.2
	 26.2	 ±	4.0
	
	 215	 (43.3)
	 282	 (56.7)
	 18	 (9-36)
	 391	 (78.7)
	
	
	
	 132.2	 ±	10.0
	
	 159	 (32.0)
	 31	 (6.2)

0
0
0

0
0

	 84	 (16.9%)
0

	 5	 (1.0)

	 60	 (12.1%)¶
	 72	(14.5%)**

*	Values	are	the	number	(percentage),	the	mean	±	SD,	or	the	median	(interquartile	range).	OA	=	osteoarthritis;	JSN	
=	joint	space	narrowing.	†	Hip	or	knee	OA	according	to	the	American	College	of	Rheumatology	clinical	classification	
criteria.	‡	Reference	category	=	normal/mild.	§	Missing	because	there	was	no	radiograph	available	(n	=	11)	or	because	
the	radiograph	was	of	inadequate	quality	for	determination	according	to	Altman	and	Gold14	(n	=	27).	¶	Missing	because	
there	was	no	radiograph	available	(n	=19)	or	because	the	radiograph	was	of	inadequate	quality	for	determination	(n	=	
41).	#	Missing	because	there	was	no	radiograph	available	(n	=	12)	or	because	the	radiograph	was	of	inadequate	quality	
for	determination	(n	=	30).	**	Missing	because	there	was	no	radiograph	available	(n	=19)	or	because	the	radiograph	was	
of	inadequate	quality	for	determination	(n	=	53).

Table 1. Characteristics	of	the	study	population*
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on the CHECK centre in which the participant was assessed. The examiners were blind to 
the results of the reference standards. The ROM of the “index hip” (most affected hip) or 
“index knee” (most affected knee) was used as outcome measure.13

Reference standards: radiographic features 
Radiographs were obtained according to a standardized protocol.9 Radiographic features 
were scored in pairs by 4 medical students and 1 GP trainee (JD) independently. The read-
ers of the reference standards were blind to the results of the index tests. Before scoring 
the features, the examiners were extensively trained by a musculoskeletal radiologist and 
an experienced reader in 4 separate sessions with training radiographs. At the end of this 
course the readers’ performance was assessed by scoring a new set of radiographs of 12 
participants with differing OA severity. The trainers confirmed that all readers had scored 
the training set adequately. 

Diagnostic term  Definition

Sensitivity

Specificity

Positive predictive value 

Negative predictive value 

Likelihood ratio for a positive test 

Likelihood ratio for a negative test 

Pretest probability (prevalence)

Posttest probability of a positive test

Posttest probability of a negative test

Area under the receiver operating 
characteristic (ROC) curve (AUC)

The	proportion	of	participants	with	radiographic	features	of	osteoarthritis	
(OA)	who	are	correctly	identified	by	a	positive	test	result	(“true	positive	rate”)
The	proportion	of	participants	without	radiographic	features	of	OA	who	are	
correctly	identified	by	a	negative	test	result	(“true	negative	rate”)
The	proportion	of	participants	with	positive	test	results	with	radiographic	
features	of	OA
The	proportion	of	participants	with	negative	test	results	without	
radiographic	features	of	OA
The	ratio	of	the	true	positive	rate	to	the	false	positive	rate:		
sensitivity/(1	–	specificity)
The	ratio	of	the	false	negative	rate	to	the	true	negative	rate:		
(1	–	sensitivity)/specificity
The	probability	that	a	participant	has	radiographic	features	of	OA	before	
the	test	is	carried	out
The	probability	that	a	participant	with	a	positive	test	result	has	
radiographic	features	of	OA
The	probability	that	a	participant	with	a	negative	test	result	has	
radiographic	features	of	OA
An	ROC	plot	is	obtained	by	plotting	sensitivity	against	1-specificity.		
A	“curve”	that	coincided	with	the	left	and	top	sides	of	the	plot	indicates	
that	the	test	perfectly	discriminates	between	the	two	groups.19	A	test	that	
is	completely	useless	would	give	a	straight	line	from	the	bottom	left	corner	
to	the	top	right	corner.	The	AUC	is	defined	as	the	area	under	the	ROC	
curve.	This	area	is	equal	to	the	probability	that	a	random	participant	with	
radiographic	features	of	OA	has	a	lower	value	of	the	ROM	measurement	
than	a	random	participant	without	radiographic	features	of	OA.

Table 2. Definitions	of	diagnostic	terms
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The anterioposterior radiographs of the hip were scored according to Altman and 
Gold.14 Superior and medial JSN, superior and inferior acetabular osteophytes, and 
 superior and inferior femoral osteophytes were scored on a 0-3 scale (where 0 = normal,  
1 = mild or 1-33% abnormal, 2 = moderate or 34-66% abnormal, and 3 = severe or 67-
100% abnormal). The faux profil radiographs of the hip were taken according to Lequesne 
and Loredo.15 The faux profil view provides a lateral projection of the femoral head and 
neck, and an oblique view of the acetabulum tangential to its superoanteromedial edge.15 
On the faux profile radiographs, superior JSN was scored on a 0-3 scale according to 
 Altman and Gold.14 

The posterioanterior radiographs of the knee were scored according to Altman and 
Gold.14 Medial and lateral JSN, femoral medial and lateral osteophytes, and tibial medial 
and lateral osteophytes were scored on a 0-3 scale. Radiographs of the patellofemoral joints 
were made by a single standing mediolateral view in 30° flexion and a non-weight-bearing 
skyline (inferior superior) view in 30° flexion.16,17 The mediolateral and skyline radiographs 
of the knee were scored using the radiographic atlas of  Burnett et al.18 On these radio-
graphs patellofemoral JSN and osteophytes were scored on a 0-3 scale.14

For the analyses features were combined with each other (Table 1), and all features were 
dichotomized into normal/mild vs. moderate/severe. A feature was scored as present if a 2 
(moderate) or 3 (severe) was scored in ≥ 1 radiograph.

Statistical analysis
Assessment of diagnostic test accuracy for all tests was calculated using 2 x 2 tables. As 
index tests we used the ROM measurements which we dichotomized using hip internal 
rotation < 15°, hip flexion ≤ 115° and knee flexion < 120° as cut-offs for reduced hip and 
knee ROM. In addition we used the cut-offs for hip internal rotation, hip flexion and knee 
flexion with the highest discriminative ability for radiographic features of OA as index 
tests. The cut-off with the highest discriminative ability for radiographic features of OA 
(optimal cut-off ) was calculated by maximizing the sum of the sensitivity and specificity.19 
The presence of osteophytosis or JSN and the presence of osteophytosis and JSN were 
used as reference standards. Test sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), likelihood ratio for a positive test (LR+), likelihood ratio 
for a negative test (LR-), pretest probability, posttest probability of a positive test, posttest 
probability of a negative test, and area under the receiver operating characteristic curve 
(AUC) were calculated (Table 2).19,20 The AUC was nonparametrically estimated.21 For all 
effect measures, a 95% confidence interval was calculated.22,23

Results

Diagnostic accuracy of hip internal rotation and hip flexion 
The baseline characteristics of the cohort and information on missing values are shown  
in Table 1. Hip internal rotation < 24° was found to be the cut-off with the highest 
 discriminative ability for radiographic features based on maximizing the sum of the 
 sensitivity and specificity. Hip internal rotation < 24° increased the probability of osteo-
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phytosis or JSN from 25% (pretest probability = prevalence) to 46% (posttest probability 
= PPV), and hip internal rotation ≥ 24° decreased the probability of osteophytosis or JSN 
from 25%  to 16% (1 – NPV). Additional measures of diagnostic accuracy (sensitivity, 
 specificity, PPV, NPV, LR+, LR-, and AUC) are shown in Table 3. The ACR criterion hip 
 internal rotation < 15° increased the probability of the presence of osteophytosis or JSN 
from 25% to 58%, and hip internal rotation ≥ 15° decreased the probability of osteophyto-
sis or JSN from 25%  to 22%. 

 Hip flexion < 114° was found to be the cut-off with the highest discriminative ability for 
radiographic features. Hip flexion < 114° increased the probability of osteophytosis or JSN 
from 25% to 36% and hip flexion ≥ 114° decreased the probability of osteophytosis or JSN 
from 25%  to 18% (Table 3). The ACR criterion hip flexion ≤ 115° increased the probability 
of the presence of osteophytosis or JSN from 25% to 31%, and hip flexion > 115° decreased 
the probability of osteophytosis or JSN from 25% to 19%.

 Hip internal rotation vs. radiographic features Hip flexion vs. radiographic features
Reference standard	 Osteophytosis	or	JSN	 Osteophytosis	and	JSN	 Osteophytosis	or	JSN	 Osteophytosis	and	JSN

Prevalence
AUC
ACR	cut-off
Results,	no.	tp/fp/fn/tn
	 Sensitivity
	 Specificity
	 PPV
	 NPV
	 LR+
	 LR-
Optimal	cut-off †
Results,	no.	tp/fp/fn/tn
	 Sensitivity
	 Specificity
	 PPV
	 NPV
	 LR+
	 LR-

0.25
	 0.69	 (0.62	-	0.77)

<	15°
	 11/8/64/220
	 0.15	 (0.08	-	0.24)
	 0.97	 (0.93	-	0.98)
	 0.58	 (0.36	-	0.77)
	 0.78	 (0.72	-	0.82)
	 4.18	 (1.75	-	10.00)
	 0.88	 (0.80	-	0.97)

<	24°
	 42/50/33/178
	 0.56	 (0.45	-	0.67)
	 0.78	 (0.72	-	0.83)
	 0.46	 (0.36	-	0.56)
	 0.84	 (0.79	-	0.89)
	 2.55	 (1.86	-	3.51)
	 0.56	 (0.43	-	0.73)
	

0.06
	 0.84	(0.73	-	0.94)

<15°
	 7/11/11/270
	 0.39	(0.20	-	0.61)
	 0.96	(0.93	-	0.98)
	 0.39	(0.20	-	0.61)
	 0.96	(0.93	-	0.98)
	 9.93	(4.38	-	22.54)
	 0.64	(0.44	-	0.92)

<	26°
17/108/1/173

	 0.94	(0.74	-	0.99)
	 0.62	(0.56	-	0.67)
	 0.14	(0.09	-	0.21)
	 0.99	(0.97	-	1.00)
	 2.46	(2.04	-	2.96)
	 0.09	(0.01	-	0.61)
	

0.25
	 0.66	 (0.58	-	0.73)

≤	115°
	 45/100/31/128
	 0.59	 (0.48	-	0.70)
	 0.56	 (0.50	-	0.62)
	 0.31	 (0.24	-	0.39)
	 0.81	 (0.74	-	0.86)
	 1.35	 (1.07	-	1.71)
	 0.73	 (0.54	-	0.98)

<	114°
	 44/78/32/150
	 0.58	 (0.47	-	0.68)
	 0.66	 (0.59	-	0.72)
	 0.36	 (0.28	-	0.45)
	 0.82	 (0.76	-	0.87)
	 1.69	 (1.30	-	2.20)
	 0.64	 (0.48	-	0.85)
	

0.06
	 0.73	(0.59	-	0.86)

≤	115°
	 13/129/6/152
	 0.68	(0.46	-	0.85)
	 0.54	(0.48	-	0.60)
	 0.09	(0.05	-	0.15)
	 0.96	(0.92	-	0.98)
	 1.49	(1.07	-	2.08)
	 0.58	(0.30	-	1.14)

<	110°
	 11/47/8/234
	 0.58	(0.36	-	0.77)
	 0.83	(0.79	-	0.87)
	 0.19	(0.11	-	0.31)
	 0.97	(0.94	-	0.98)
	 3.46	(2.18	-	5.50)
	 0.51	(0.30	-	0.86)
	

*	Values	are	the	measure	(95%	confidence	interval)	unless	otherwise	indicated.	OA	=	osteoarthritis;	JSN	=	joint	space	
narrowing;	AUC	=	area	under	the	receiver	operating	characteristic	curve;	ACR	=	American	College	of	Rheumatology;	
tp	=	true	positives;	fp	=	false	positives;	fn	=	false	negatives;	tn	=	true	negatives;	PPV	=	positive	predictive	value;	NPV	=	
negative	predictive	value;	LR+	=	likelihood	ratio	for	a	positive	test;	LR-	=	likelihood	ratio	for	a	negative	test.	†	Cut-off	for	
which	the	sum	of	the	sensitivity	and	specificity	was	maximal.

Table 3.	Diagnostic	accuracy	of	hip	internal	rotation	and	hip	flexion	measurements	for	the	presence	of	radiographic	
features	of	hip	OA*
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Diagnostic accuracy of knee flexion
Knee flexion < 132° was found to be the cut-off with the highest discriminative ability 
for radiographic features. Knee flexion < 132° increased the probability of osteophytosis 
or JSN from 37% to 44% and knee flexion ≥ 132° decreased the probability of osteophy-
tosis or JSN from 37%  to 31%. Additional measures of diagnostic accuracy (sensitivity, 
 specificity, PPV, NPV, LR+, LR-, and AUC) are shown in Table 4. Knee flexion < 120°8 
increased the probability of the presence of osteophytosis or JSN from 37% to 42%. 
Knee flexion ≥ 120° did not decrease the probability of osteophytosis or JSN. The posttest 
 probability of a negative test was equal to the pretest probability of osteophytosis or JSN. 

Discussion

In the present study the diagnostic accuracy of hip internal rotation, hip flexion and knee 
flexion measurements for the presence of radiographic features was examined in patients 
with early symptomatic hip and/or knee OA. 

Hip internal rotation < 24° was found to be the cut-off with the highest sum of sensitiv-
ity and specificity. For this cut-off the probability of the presence of osteophytosis or JSN 
increased from 25% to 46% with a positive test result and decreased to 16% with a nega-
tive test result. Hip internal rotation < 24° lies close to the most discriminatory cut-off for 
radiographic features of OA of hip internal rotation < 23° as reported by Birrell et al.5 in 
a primary care population with hip pain. For the ACR cut-off hip internal rotation < 15° 
the probability of the presence of osteophytosis or JSN increased from 25% to 58% with a 
positive test result, and decreased to 22% with a negative test result. The ACR criterion hip 
internal rotation < 15° contributes substantially to the classification of OA, however at this 
cut-off many patients with radiographic features are not identified (the percentage false 
negatives was 21%). 

In general, OA is not diagnosed by 1 examination or by a limited number of tests per-
formed at the same time. The diagnostic process usually starts with some simple tests at a 
GP visit and ends with laboratory, radiographic and/or even magnetic resonance imaging 
examinations for final diagnosis. ROM measurements are performed relatively early in the 
diagnostic process. In this stage, it is not desirable to exclude potential patients from fur-
ther diagnostics. Therefore, in early stage OA highly sensitive tests (few false negatives) are 
preferred over highly specific tests (few false positives). Later on in the diagnostic process 
tests must be highly specific to confirm the results of  the first sensitive but less specific 
tests. For the cut-off hip internal rotation < 24° the percentage false negatives was 11%. 
Therefore, to reduce the percentage false negatives and because Birrell et al.5 found almost 
the same cut-off, we recommend to use hip internal rotation < 24° as classification criteria 
for radiographic features in early symptomatic OA patients.

The most discriminatory cut-off for hip flexion of hip flexion < 114°, and the ACR clas-
sification criterion hip flexion ≤ 115° were of little diagnostic value for the presence of 
radiographic features. The tests changed the probability of radiographic features with less 
than 12% and 7%, respectively.

In the EULAR recommendations for the diagnosis of knee OA, reduced knee move-
ment is not defined. Therefore, we examined knee flexion < 120° as reported by Peat et al.8 



168

10

PART III

as measure for reduced knee flexion. Results showed that the most discriminatory cut-off 
(knee flexion < 132°) and knee flexion < 120° were both of little diagnostic value. The tests 
increased  the probability of radiographic features with 7% and 5%, respectively. However, 
when we changed the reference standard to osteophytosis and JSN instead of osteophytosis 
or JSN knee flexion < 120° increased the probability of a positive test result with 15% (Table 
4). Therefore, knee flexion < 120° may be useful for detecting more severe radiographic 
damage. Knee flexion < 120° did not change the probability of a negative test result (no 
osteophytosis or JSN): the test seems not useful for ruling out radiographic OA in patients 
with a negative test result.

Some issues need to be addressed concerning the methodology of this study and its 
impact on the presented results. First, the study population consisted of new presenters 
with symptoms of pain and/or stiffness of the hip/and or knee. Therefore, the results of the 
present study can only be extrapolated to comparable populations with early symptomatic 
hip and/or knee OA.4,20 The ACR classification criteria for hip OA1 and EULAR recom-
mendations for the diagnosis of knee OA7 are intended to identify patients with OA and 

	 Knee flexion vs. radiographic features
Reference standard  Osteophytosis or JSN Osteophytosis and JSN

Prevalence
AUC
Cut-off	reported	by	Peat	et	al.8

Results,	no.	tp/fp/fn/tn
	Sensitivity
	Specificity
	 PPV
	 NPV
	 LR+
	 LR-
Optimal	cut-off †
Results,	no.	tp/fp/fn/tn
	Sensitivity
	Specificity
	 PPV
	 NPV
	 LR+
	 LR-

0.37
	 0.57	 (0.51	-	0.63)

<	120°
8/11/151/262

	 0.05	 (0.03	-	0.10)
	 0.96	 (0.93	-	0.98)
	 0.42	 (0.23	-	0.64)
	 0.63	 (0.59	-	0.68)
	 1.25	 (0.51	-	3.04)
	 0.99	 (0.95	-	1.03)

<	132°
90/117/69/156

	 0.57	 (0.49	-	0.64)
	 0.57	 (0.51	-	0.63)
	 0.44	 (0.37	-	0.50)
	 0.69	 (0.63	-	0.75)
	 1.32	 (1.09	-	1.60)
	 0.76	 (0.62	-	0.93)

0.07
	 0.63	 (0.53-	0.73)

<	120°
	 4/14/27/375
	 0.13	 (0.05-	0.29)
	 0.96	 (0.94	-	0.98)
	 0.22	 (0.09	-	0.45)
	 0.93	 (0.90	-	0.95)
	 3.60	 (1.26	-	10.24)
	 0.90	 (0.79	-	1.04)

<	127°
14/90/17/299

	 0.45	 (0.29	-	0.62)
	 0.77	 (0.72	-	0.81)
	 0.14	 (0.08	-	0.21)
	 0.95	 (0.92	-	0.97)
	 1.95	 (1.27	-	3.00)
	 0.71	 (0.52	-	0.99)

*	Values	are	the	measure	(95%	confidence	interval)	unless	otherwise	indicated.	OA	=	osteoarthritis;	JSN	=	joint	space	
narrowing;	AUC	=	area	under	the	receiver	operating	characteristic	curve;	ACR	=	American	College	of	Rheumatology;	tp	=	
true	positives;	fp	=	false	positives;	fn	=	false	negatives;	tn	=	true	negatives;	PPV	=	positive	predictive	value;	NPV	=	nega-
tive	predictive	value;	LR+	=	likelihood	ratio	for	a	positive	test;	LR-	=	likelihood	ratio	for	a	negative	test.	†	Cut-off	for	which	
the	sum	of	the	sensitivity	and	specificity	was	maximal.

Table 4.	Diagnostic	accuracy	of	knee	flexion	measurements	for	the	presence	of	radiographic	features	of	knee	OA*
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to separate them from patients with other diseases. Especially in early stage OA in which 
symptoms commence these criteria have to function well to facilitate early diagnosis. In 
populations with established OA there is less need for a first sensitive test to diagnose OA, 
because in this stage the suspicion of OA is already so high that further diagnostics are 
already indicated.

Second, the intra- and inter-rater reliability of the ROM measurements was not tested. 
Therefore we have no indication if and to what extent measurements were biased. However, 
all measurements were taken according to a strict protocol. A previous study has shown 
that ROM measurements according to a similar protocol yielded reliable measurements.12 

Third, the reliability of the x-ray readings was not tested. Although we have no exact 
figure on the reading reliability, readings with similar training show in general, intra-class 
correlation coefficients of 0.5-0.9, depending on the type of feature.24

Fourth, in clinical practice, besides reduced ROM, other criteria are tested to identify 
patients with OA (e.g. age > 50 years, pain, morning stiffness, crepitus on active motion of 
the knee, bony tenderness of the knee, no palpable warmth of the knee).1,6 In the present 
study the diagnostic accuracy of ROM measurements was analysed for each joint action 
separately. The study does not provide quantitative knowledge about the probability of 
radiographic OA for combinations of test results.4

In conclusion, to reduce the number of patients that is not identified by the ACR cut-off 
hip internal rotation < 15°, we recommend to change this cut-off to hip internal rotation < 
24° in patients with early symptomatic OA. Individual hip flexion and knee flexion measure-
ments seem to be of little diagnostic value for the presence of radiographic features. Ad-
ditional research is needed to study the diagnostic accuracy of combinations of test results 
(e.g. reduced hip internal rotation and reduced hip flexion) for the presence of radiographic 
OA in early symptomatic hip and/or knee OA. 
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