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Reliability and Validity of Clinical Outcome 
Measurements of Osteoarthritis of the Hip and 

Knee - A Review of the Literature 
Y. S U N ,  T. S T U R M E R ,  K.P .  G U N T H E R * ,  H .  B R E N N E R  

Summary High reliability and validity of clinical rat ing schemes is crucial for 
their  use as outcome measurements  of t rea tment  of hip and knee osteoarthrit is .  In 
this paper, we review the empirical evidence on the reliability and validity of com- 
monly used clinical scores. Clinical scores and related reliability and validity stud- 
ies were identified by systematic l i terature search. Scores were classified accord- 
ing to the type and joint.  Reliability and validity studies were character ized ac- 
cording to design, population, number  and qualification of observers, number  of 
measurements ,  time interval between repeat  measurements  and results. Reliabil- 
ity and validity studies were reported for only 6 and 15 of the 45 identified clinical 
scores, respectively. Although comparisons are difficult due to differences in study 
design, relatively high reliability was reported for most measurements  of pain, stiff- 
ness, and physical function, while results are less conclusive for clinical signs. Most 
validity studies focused on the correlat ion between various scores. Correlat ion was 
generally found to be high for overall numerical  ratings, but  scores often differed 
with respect to the interpreta t ion of these ratings. Validity has been more compre- 
hensively studied for Lequesne's scores, WOMAC, and ILAS, and these scores have 
shown satisfactory responsiveness to different t rea tment  effects. Overall, knowl- 
edge on reliability and validity of clinical scores of hip and knee osteoarthri t is  is 
limited, underl ining the need for fur ther  properly designed and conducted studies. 

Key words Osteoarthri t is ,  Clinical Assessment, Outcome Measurement ,  
Reliability and Validity 

I N T R O D U C T I O N  

Osteoarthritis (OA) is the most common joint disease 
and a major public health problem throughout the world 
(1). OA of the hip and knee joints (cox- and gonarthro- 
sis) is recognized as a major cause of pain, disability, and 
high social expenditure (1, 2). Treatment is usually aimed 
at reducing symptoms and preventing impairment and 
disability. Increasing importance is being placed on the 
monitoring of outcomes of t reatment  in clinical studies 
to investigate the possible therapeutic  use of different 
therapies (such as surgical treatment,  physical therapy, 
or drug therapy). Clinical assessment plays a central role 
for this purpose. 

In the past few decades, a large number  of clinical in- 
struments for outcome measurements  as well as sever- 
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ity ratings of hip and knee OA have been introduced. 
Knowledge is limited, however, on the appropriateness 
of various instruments  for clinical and epidemiologic 
studies, which require a high level of reliability and va- 
lidity of measurements.  

In this paper, which was developed during the prepa- 
ration of a multi-center study on the epidemiology of hip 
and knee OA in South Germany,  we review the empiri- 
cal evidence on the reliability and validity of commonly 
used clinical rating systems of hip and knee OA. 

SCOPE OF THIS R E V I E W  

This review will focus on the following aspects of stud- 
ies on the inter-rater,  intra-rater and test-retest-reliabil- 
ity and of the content  and construct validity of common- 
ly used clinical rating systems: 
1. General  characteristics and the special use of the 

scores.  
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2. Clinical items and their weighting included in the dif- 
ferent clinical rating systems. 

3. Setting and design of reliability studies, such as num- 
ber and qualification of raters and number and spec- 
trum of patients. 

4. Intra-rater, inter-rater and test-retest-reliability for 
both single clinical items and overall scores. 

5. Setting and design of validity studies, such as the qual- 
ification of observers and the spectrum of patients. 

6. Content and construct validity. 

Literature search 

In order to comprehensively identify instruments of clin- 
ical outcome measurements of osteoarthritis of the hip 
and knee and studies on their reliability and validity, 
MEDLINE searches were performed for the time inter- 
val from 1984 to 1995, using the following controlled vo- 
cabulary: "osteoarthritis", "index of severity", "severi- 
ty', "clinical rating", "clinical assessment", "outcome 
measurement", "reliability", "validity". Bibliographies 
and cross-referencing were used for identification of pre- 
1984 studies and complementation of the literature search. 

Conceptual and statistical background for assessing 
reliability 

Three types of reliability are commonly distinguished: 1) 
inter-rater-reliability indicates to which degree differ- 
ent observers, using a method to assess the same indi- 
vidual, obtain the same result (3). 2) intra-rater-reliabil- 
ity indicates to which degree the same result is obtained, 
if the measurement is applied more than once on the 
same individual, by the same observer (3). 3) test-retest- 
reliability indicates to which degree the same result is ob- 
tained in repeat applications of self-assessment instru- 
ments (3). 
Statistical measures of reliability depend on the mea- 
surement scale: Pearson's correlation coefficient (r) (4) 
is commonly used to quantify correlation between re- 
peat measurements of continuous variables. These vari- 
ables should be normally distributed. Spearman's rank 
correlation coefficient (rs) (4) is often used to assess the 
reliability of variables that do not follow the normal dis- 
tribution. An alternative to Spearman's rank correla- 
tion coefficient is Kendall's tau (za, Xb, Xc), (5) which is 
somewhat less frequently used. All of these correlation 
coefficients can take values from -1 (maximum possible 
negative correlation) to + 1 (perfect positive correla- 
tion). A limitation of these correlation coefficients for 
quantifying reliability is that they do not reflect system- 
ic variation between observers or between measure- 

ments. Some authors proposed the use of t-tests for paired 
comparisons along with the correlation coefficient to re- 
flect systematic variations. It should be noted, however, 
that the test statistic reflects the size of the sample in ad- 
dition to the difference between ratings. Furthermore, 
none of the aforementioned approaches can be used to 
quantify reliability of naore than two measurements per 
study participant. 

An alternative measure of reliability that reflects both 
systematic and random variation between tests is the in- 
traclass correlation coefficient (ICC) (6). This coeffi- 
cient is based on the estimation of variance components 
in analysis of variance. ICC quantifies the proportion of 
overall variance of ratings that is due to between-sub- 
jects variability, and it can therefore take values from 0 
(variance entirely due to imperfect reliability) to 1 (vari- 
ance entirely due to between-subjects variability). ICC 
can be used for two or more measurements per study 
participant (6). 

Reliability of categorical data is commonly quantified 
by kappa coefficients (~c) (7) which quantify the agree- 
ment of classification beyond chance agreement. Al- 
though primarily developed for dichotomous variables, 
kappa coefficients can also be applied to variables with 
more than two categories. For ordinal variables, weight- 
ed kappa coefficients are often used in which disagree- 
ments are weighted by the magnitude of the discrepan- 
cy between ratings. Weighted kappa coefficients are equiv- 
alent to Pearson's correlation coefficient and the intra- 
class correlation coefficient applied to the categorical 
data under certain conditions (7). Kappa coefficients 
have a maximum value of 1 when agreement is perfect. 
A value of 0 indicates no agreement beyond agreement 
by chanche, and a value below 0 is observed with less 
than chance agreement. Although the magnitude of kap- 
pa depends on a variety of factors other than reliability, 
such as the marginal distributions of ratings, values great- 
er than 0.75 are generally considered to represent excel- 
lent agreement beyond chance, while values below 0.40 
are considered to reflect poor agreement (7). 

An alternative to the kappa coefficient is the Good- 
man-Kruskal's gamma coefficient (7) (8), which is less 
frequently used. The gamma coefficient is defined as the 
difference between agreement and disagreement of paired 
observations divided by the sum of agreement and dis- 
agreement. It can take values from -1 (maximum possi- 
ble disagreement) to + 1 (perfect agreement). A limita- 
tion of the gamma coefficient for quantifying reliability 
is that it can only be used for two measurements per 
study participant. Furthermore, it does not take chance 
agreement into account. 
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Conceptual and statistical background for assessing 
validity 

Validity is often defined as the extent to which an instru- 
ment measures what it purports to measure (3). There 
are different types of validity, neither of which is typi- 
cally directly measurable. A distinction is commonly made 
between content  validity and construct validity. Con- 
tent validity raises the question how adequately the sam- 
pling of items reflects the aims of an instrument as spec- 
ified in the conceptual definition of its scope (3). Con- 
struct validity indicates how properly an instrument re- 
flects the theoretical construct behind the measurement 
(3). 

The following approaches are commonly taken to as- 
sess validity of clinical scores in practice: 

1. Relationship between the scores and a "goldstan- 
dard" or a measurement with known validity (3). This so- 
called "criterion" or "concurrent" validity is often quan- 
tified by Pearson's correlation coefficient or Spearman's 
rank correlation coefficient, depending on the measure- 
ment scale. Sometimes, two scores with unknown valid- 
ity are compared in the same way to assess whether they 
measure the same construct ("correlational evidence" 
(3)). 

2. Ability to discriminate between groups of patients, 
such as patients with or without effective treatment ("pre- 
dictive validation"). Closely related to predictive valida- 
tion is assessment of responsiveness to treatment, such 
as drug treatment or surgery. Student's t-test and Wil- 
coxon's test for paired observations are commonly used 
for that  purpose. An alternative measure, called "re- 
sponsiveness index" has been newly introduced by Guyatt 
et al. in 1987 (9). The responsiveness index is calculated 
by taking the ratio of a clinically important difference di- 
vided by the square root of twice the mean square error 
of repeated measurements in stable patients. 

3. Application of factor analysis to identify whether 
an instrument measures only one major aspect or sev- 
eral independent aspects of the condition under inves- 
tigation ("factorial validation"). Principal component  
analysis (PCA) is commonly used for that purpose (3). 

In general, "criterion" and "predictive" validation are 
used to asses content validity, while "correlational evi- 
dence" and "factorial" validation are used to assess con- 
struct validity (3). 

RESULTS 

We identified 45 clinical rating systems that may be 
used for the outcome measurement of hip and knee OA 

(see Table I). They were developed between 1947 and 
1994. In total, there are 18 scores for the hip, 24 scores 
for the knee, and 3 scores for both of them. Only 5 scores 
(Danielsson, Lequesne's L-ISH and L-ISK, Jones, WOM- 
AC) were established especially for the assessment of 
OA of hip and/or knee joints. All other scores were in- 
troduced as comprehensive instruments not only for the 
assessment of patients with OA but also for patients with 
other disorders of the hip or knee (such as rheumatoid 
arthritis or post-traumatic sequelae). Most of the scores 
are primarily used for quantifying the clinical outcome 
after hip or knee arthroplasty. In general, two types of 
items contained in the scores can be distinguished: "sub- 
jective items" which essentially are self-reported by pa- 
tients, such as pain, stiffness and items concerning the 
physical or social disability, and "objective items" which 
are based on medical examinations, such as clinical signs 
(including range of motion) and radiographic signs. As 
can be seen from Table I, most of the scores are predom- 
inantly based on subjective items. 

More specifically, five major components are consid- 
ered in the various rating scores; symptoms, clinical signs, 
physical and/or social function, radiographic signs, and 
the emotional  status of patients. Within each compo- 
nent, items are often measured on an ordinal scale. Scores 
for each component  are obtained by summing up rat- 
ings of single items. In most instruments, component  
scores are added to an overall rating index of severity of 
hip and knee OA. Such instruments are denoted "over- 
all scores" in this paper. But in some of the rating scores 
(denoted "separated scores"), component scores are only 
used separately to characterize various aspects of OA. 
An overview on the contained components and their 
weightings in calculation of the overall scores is shown 
in Table II. Symptoms, clinical signs and physical func- 
tion of lower extremities are included in most of the scores. 
The components of the clinical scores are weighted very 
differently, however, in various overall scores. For ex- 
ample, the score by Shepherd and Lequesne's scores em- 
phasize functional status of patients, whereas some of the 
knee scores (Wilson, Hungerford and Hofmann) do not 
consider functional status at all. Radiographic signs are 
included in only three scores (HSS-2, Mayo, Lotke), and 
only the knee score by Baumgaertner et al. includes emo- 
tional status. 

Overviews on the setting, design, statistical methods, 
and overall results of reliability and validity studies are 
given in Tables III, IV and V. 

Reliability and validity studies have been reported for 
6 and 15 of the 45 clinical scores, respectively. All of the 
studies were carried out after 1980. In general, patients 
included were either OA patients or patients who un- 
derwent arthroplasty (for various reasons including OA). 
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Table I: Clinical scores for outcome measurement o f  hip and knee OA 

Joint Name or Author(s) Year Primary use Propor t ion based on Ref. 
Abbreviation "subjective" items 

Hip Gade Gade 1 9 4 7  Hip-Arthorplasty 11 67% 10 
Judet Judet et al. 1952 Hip-Arthroplasty 11 67% 11 
MdA Merle d'Aubigne et al. 1 9 5 4  Hip-Arthroplasty 1I 67% 12 

Shepherd Shepherd 1 9 5 4  Hip-Arthroplasty 11 89% 13 

Stinchfield Stinchfield et al. 1 9 5 7  Hip-Arthroplasty 11 66% 14 
Larson Larson 1 9 6 3  Hip-Arthroplasty 1~ 85% 15 

Danielsson Danielsson 1964 OA lz 67% 16 

Lazansky Lazansky 1 9 6 7  Hip-Arthroplasty ~1 50% 17 
Harris Harris 1 9 6 9  Hip-Arthroplasty 11 91% 18 

HSS-11 Wilson et al. 1 9 7 2  Hip-Arthroplasty 11 75% 19 

Andersson Andersson 1 9 7 2  Hip-Arthroplasty ~1 67% 20 
Charnley Charnley 1 9 7 2  Hip-Arthroplasty ~ 67% 21 

McKee McKee et al. 1 9 7 3  Hip-Arthroplasty 11 100% 22 
L-ISH z Lequesne 1980 OA 12 100% 23 

UCLA 3 Dutton et al. 1 9 8 2  Hip-Arthroplasty 1I 100% 24 

HSS-24 Pellicci et al. 1 9 8 5  Hip-Arthroplasty 11 50% 25 
Mayo 5 Kavanagh et al. 1 9 8 5  Hip-Axthroplasty H 80% 26 

JOA 6 Wano et al. 1 9 9 0  Hip-Arthroptasty ~ 80% 27 

Knee Potter Potter et al. 1 9 7 2  Knee-Arthroplasty 13 30% 28 
Ranawat Ranawat et al. 1 9 7 3  Knee-Arthroplasty 13 52% 29 

Larson Larson et al. 1974 Knee-Arthroplasty t3 80% 30 

Kettelkamp Kettelkamp et al. 1 9 7 5  Knee-Arthroplasty 13 52% 31 
Wilson Wilson et al. 1 9 7 6  Knee-Arthroplasty 13 40% 32 

Freeman Freeman et al. 1 9 7 7  Knee-Arthroplasty 13 80% 33 

Lotke Lotke et al. 1 9 7 7  Knee-Arthroplasty 13 70% 34 
Aichroth Aichroth et al. 1978 Knee-Arthroplasty 13 62% 35 

Ewald Ewald 1 9 7 9  Knee-Axthroplasty 13 80% 36 

Goldberg Goldberg et al. 1 9 8 1  Knee-Arthroplasty 13 81% 37 
Hungerford Hungerford et al. 1 9 8 2  Knee-Arthroptasty 13 40% 38 

L-ISK 7 Lequesne 1982 OA lz 100% 39 
Wang Wang 1 9 8 4  Knee-Arthroplasty 13 72% 40 

Weber Weber et al. 1 9 8 5  Knee-Arthroplasty 13 40% 41 

Matthews Matthews et al. 1 9 8 6  Knee-Arthroplasty ~3 100% 42 
Merkel Merkel et at. 1986 Knee-Arthroplasty 1~ 68% 43 
Mackinnon Mackinnon et al. 1 9 8 8  Knee-Arthroplasty 13 70% 44 

Hernigou Hernigou et al. 1 9 8 8  Knee-Arthroplasty ~3 40% 45 
KS 8 Insall et al. 1989 Knee-Arthroplasty 13 67% 46 

Baumgaertner Baumgaertner et al. 1990 Knee-Arthroplasty 13 100% 47 

Raunest Raunest et al. 1 9 9 0  Knee-Arthroplasty 13 65% 48 
Larson 2 Larson et al. 1 9 9 1  Knee-Arthroplasty 13 50% 49 

Hofmann Hofmann et al. 199I Knee-Arthroplasty L~ 40% 50 

Jones Jones et aL 1991 OA lz 50% 51 

Hip/ WOMAC 9 Bellamy et al. 1982 OA 12 100% 52 

Knee Oberg ()berg et al. 1994 H/K disorder TM 60% 53 
ILAS TM Shields et al. 1994 H/K disorder TM 0% 54 

1 Hipscore of the Hospital of Special Surgery, Nr. 1; 2 Lequesne's index of severity of hip osteoarthritis; 3 Hipscore of the University College of 
Los Angeles; 4 Hipscore of the Hospital of Special Surgery, Nr. 2; 5 Hipscore of the Mayo Clinic; 6 Hipscore of the Japanese Orthopedic Associ- 
ation; 7 Lequesne's index of severity of knee osteoarthritis; 8 Kneescore of the Knee Society; 9 The Western Ontario and McMaster Universities 
Osteoarthritis Index;l°Lower Extremity Assistance Scale of the University of Iowa; 1~,13 Outcome measurement of arthroplastic of hip and/or 
knee disorders; lz Outcome measurement of treatment of hip and/or knee OA; 14 Outcome measurement of treatment of hip and/or knee disorders. 
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Table II: Components contained and their we~ghtings in diffOrent scores 

Type of score Joint N a m e  or Symptoms Clinical signs Funct ion R a d i o g r a p h i c  Emot ional  
Abbreviat ion signs status 

Separate Hip Gade  x x x 

Danie lsson x x x 

Charnley x x x 

U C L A  x x 

Knee  Mat thews x x 

KS x x x 

Jones  x x 

Overall Hip Judet  33% 33% 33% 

M d A  33% 33% 33% 

Shcpherd  11% 89% 

Stinchfield 33% 33% 33% 

Larson 40% 15% 45% 

Lazansky 27% 50% 23% 

Harris  44% 9% 47% 

HSS-1 25% 25% 50% 

Ander s son  33% 33% 33% 

McKee 33% 67% 

L-ISH 33% 67% 

HSS-2 17% 17% 33% 33% 

Mayo 40% 40% 20% 

J O A  40% 20% 40% 

Knee  Potter  19% 70% 11% 

Ranawat  30% 48% 22% 

Larson 30% 20% 50% 

Ket te lkamp 25% 48% 27% 

Wilson 40% 60% 

Freeman  50% 20% 30% 

Lotke 36% 30% 34% 

Aichroth  12% 38% 50% 

Ewald 50% 20% 30% 

Goldbcrg 44% 19% 37% 

Hunger ford  40% 60% 

L-ISK 33% 67% 

Wang 36% 28% 36% 

Weber  20% 60% 20% 

Merkel  33% 33% 34% 

Mackinnon 30% 30% 40% 

Hern igou  20% 60% 20% 

Baumgaer tne r  33% 33% 

Raunes t  40% 35% 25% 

Larson  2 30% 50% 20% 

H o f m a n n  40% 60% 

X 1 

33% 

Hip/Knee  W O M A C  29% 71% 

Oberg 5% 40% 55% 

ILAS 100% 

1 only the component -scores  of  symptoms,  signs and functions are added to an overall rating index. 



Ta
bl

e 
II

I:
 C

ha
ra

ct
er

is
tic

s 
an

d 
re

su
lts

 o
f r

el
ia

bi
lit

y 
st

ud
ie

s 

Jo
int

 
N

am
e 

Au
th

or
's 

Ye
ar 

St
ud

y p
op

ula
tio

n 
or

 
ab

br
ev

, 
typ

e a
 

siz
e 

ag
e 

Hi
p 

L-
IS

H 
Le

qu
es

ne
 

19
87

 
OA

 
38

 
no

t 
pa

t. 
giv

en
 

Kn
ee

 
L-

IS
K

 
Le

qu
es

ne
 

19
87

 
OA

 
24

 
no

t 
pa

t. 
giv

en
 

Jo
ne

s 
Jo

ne
s e

t 
19

91
 

OA
 

49
 

50
-92

 
al.

 
pa

t. 

Hi
p/K

ne
e 

W
O

M
A

C 
Be

lla
my

 
19

88
 

OA
pa

t. 
57

 
55

-82
 

et 
al.

 

Qu
ali

fic
ati

on
 of

 
ob

se
rv

ers
 

"tr
ain

ed
" 

"tr
ain

ed
" 

Ob
erg

 
Ob

erg
 

19
94

 
OA

 
42

 
46

-91
 

ph
ys

ica
l 

eta
l. 

pa
t. 

the
rap

ist
 

IL
AS

 
Sh

iel
ds

 
19

95
 

AP
 

86
 

34
-88

 
ph

ys
ica

l 
eta

l. 
pa

t. 
the

rap
ist

 

co
ns

ult
an

t 
rh

eu
ma

tol
og

ist
, 

co
ns

ult
an

t 
ge

ria
tri

cia
n, 

rh
eu

ma
tol

og
y 

se
nio

r re
gis

tra
r, 

rh
eu

ma
tol

og
y 

reg
ist

rar
, 

ge
ne

ral
 

me
dic

al r
eg

isr
ar 

no
t a

pp
lic

ab
le 

(se
lf-

rat
ing

) 

Nu
mb

er 
of

 
ob

se
rv

ers
 pe

r 
pa

tie
nt 

2 
2 Nu

mb
er 

of
 

rat
ing

s 2 

Ti
me

int
erv

~ 
be

tw
ee

n 
rep

ea
t 

me
as

ur
es

 
no

tg~
en

 

no
t g

ive
n 

1-3
 ho

ur
s f

or
 

int
ra-

rat
er 

rel
iab

ili
ty,

 
< 

5 d
ay

s fo
r 

int
er-

rat
er 

rel
iab

ili
ty 

on
ew

ee
k 

no
t g

ive
n 

< 2
 da

ys
 fo

r 
int

er-
rat

er 
rel

iab
ili

ty 
Vi

de
ota

pe
d 

ass
ess

me
nt 

3-
6 m

on
ths

 ap
art

 fo
r 

int
ra-

rat
er 

rel
iab

ili
ty 

In
ter

-ra
ter

 re
lia

bil
ity

 

"n
o s

ys
tem

ati
c d

iff
ere

nc
e 

be
tw

ee
n r

ate
rs"

 
(t-

tes
t) 

"n
o s

ys
tem

ati
c d

iff
ere

nc
e 

be
tw

ee
n r

ate
rs"

 
(t-

tes
t) 

ov
era

ll a
gr

ee
me

nt f
or

 
va

rio
us

 ty
pe

s o
f p

ain
 

~=
0.5

3-0
.72

 
va

rio
us

 ty
pe

s o
f s

tif
fn

es
s, 

~=
0.4

6-0
.62

 
va

rio
us

 cli
nic

al s
ign

s 
~=

0.0
9-0

.35
 

fo
r p

ain
 

~'=
L0

0 
fo

r f
un

cti
on

al i
tem

s 
y=

0.9
9-1

.00
 

fo
r c

lin
ica

l si
gn

s 
~'=

1.0
0 

fo
r 5

 fu
nc

tio
na

l it
em

s: 
su

pin
e t

o s
it 

~w
=0

.66
 

sit
 to

 st
an

d 
~=

0.
53

 
am

bu
lat

ion
 

~=
0.

48
 

sta
ir c

lim
bin

g 
K,

,,=
03

6 
am

bu
lat

ion
 ve

loc
ity

 
~w

=0
.78

 
fo

r o
ve

ral
l sc

or
e 

IC
C=

0.8
2 

In
tra

-ra
ter

 re
lia

bil
ity

 

ov
era

ll a
gr

ee
me

nt f
or

 
va

rio
us

 ty
pe

s o
f p

ain
 

K=
0.7

6-0
.86

 
va

rio
us

 ty
pe

s o
f 

sti
ffn

es
s, 

~:=
0,7

4-0
.90

 
va

rio
us

 cli
nic

al s
ign

s 
t~=

0.5
4-0

.78
 

ag
ree

me
nt 

of
 

co
mb

ine
d it

em
s fo

r 
va

rio
us

 ob
se

rv
ers

 
r~

=0
.79

-0
.90

 

Te
st-

ret
es

t re
lia

bil
ity

 

fo
r p

ain
 

zc
=0

.68
0/0

.64
3 

fo
r s

tif
fn

es
s 

~c
=0

.48
/0.

61
3 

fo
r fu

nc
tio

n 
zc

0.6
8/0

.72
3 

Re
f. 

58
 

7~
 

? 

10
A

 
pa

t. 
= 

os
te

oa
rt

hr
it

is
 

pa
ti

en
ts

, 
A

P 
pa

t. 
= 

pa
ti

en
ts

 
w

ho
 u

nd
er

w
en

t 
ar

th
ro

pl
as

ty
; 

2 
N

um
be

r 
of

 r
at

in
gs

 
pe

r 
ob

se
rv

er
 

pe
r 

pa
ti

en
t 

(J
on

es
, 

Io
w

a)
 

or
 n

um
be

r 
of

 s
el

f-
as

se
ss

m
en

ts
 

pe
r 

pa
ti

en
t 

(W
O

M
A

C
);

 
3 

V
al

ue
s 

of
 t

es
t-

re
te

st
 

re
lia

bi
lit

y 
gi

ve
n 

fo
r 

"L
ik

er
t 

sc
al

e"
/"

vi
su

al
 

an
al

og
ue

 
sc

al
e 

(V
A

S)
" 



T
ab

le
 I

V
: 

C
ha

ra
ct

er
is

tic
s 

an
d 

re
su

lts
 o

f v
al

id
ity

 s
tu

di
es

 

Jo
in

t 
N

am
e 

or
 

A
ut

ho
r'

s 
Y

ea
r 

S
tu

dy
 p

op
ul

at
io

n 
In

ve
st

ig
at

or
 

C
on

te
nt

 a
nd

/o
r 

co
ns

tr
uc

t 
va

li
di

ty
 

R
ef

. 

ab
br

ev
, 

ty
pe

 I 
si

ze
 

ag
e 

H
ip

 
L

-I
S

H
 

L
eq

ue
sn

e 
19

87
 

O
A

 p
at

. 
55

 
no

t 
gi

ve
n 

"t
ra

in
ed

 
R

es
po

ns
iv

en
es

s 
to

 N
S

A
ID

 t
re

at
m

en
t 

(v
er

su
s 

56
 

pl
ac

eb
o,

 t
-t

es
t)

: 
p 

< 
0.

00
1 

fo
r 

L
-I

S
H

 o
ve

ra
ll

 s
co

re
 

p 
< 

0.
00

1 
fo

r 
in

ve
st

ig
at

or
's

 o
ve

ra
ll

 o
pi

ni
on

 
p 

< 
0.

01
 f

or
 p

at
ie

nt
's

 o
ve

ra
ll

 o
pi

ni
on

 
p 

< 
0.

01
 f

or
 p

ai
n 

le
ve

l 
(v

is
ua

l 
an

al
og

ue
 s

ca
le

) 
p 

< 
0.

05
 f

or
 w

al
ki

ng
 t

im
e 

no
t 

si
gn

if
ic

an
t 

fo
r 

ab
du

ct
io

n,
 f

le
xi

on
 

M
ay

o 
K

av
an

ag
h 

19
85

 
A

P
 p

at
. 

16
1 

no
t 

gi
ve

n 
no

t 
gi

ve
n 

"c
or

re
la

ti
on

al
 e

vi
de

nc
e"

 
26

 
et

 a
l. 

co
m

pa
re

d 
w

it
h 

H
ar

ri
s:

 r
 >

 0
.9

9 

H
ar

ri
s 

B
ry

an
t 

19
93

 
A

P
 p

at
. 

22
6 

no
t 

gi
ve

n 
no

t 
gi

ve
n 

fa
ct

or
 a

na
ly

si
s 

60
 

et
 a

l. 
3 

in
de

pe
nd

en
t 

sc
or

e 
fa

ct
or

s 
w

er
e 

id
en

ti
fi

ed
 

de
sc

ri
bi

ng
 f

un
ct

io
na

l 
ac

ti
vi

ty
, 

hi
p 

m
ov

em
en

t 
an

d 
de

fo
rm

it
y,

 a
nd

 p
ai

n 

Jn
de

t 
B

ry
an

t 
19

93
 

A
P

 p
at

. 
47

 
no

t 
gi

ve
n 

no
t 

gi
ve

n 
"c

or
re

la
ti

on
al

 e
vi

de
nc

e"
 

60
 

M
d

A
 

et
 a

l. 
10

 h
ip

sc
or

es
 c

om
pa

re
d 

w
it

h 
ea

ch
 o

th
er

 (
re

su
lt

s 
S

he
ph

er
d 

sh
ow

n 
in

 T
ab

le
 V

) 
S

ti
nc

hf
ie

ld
 

L
ar

so
n 

H
ar

ri
s 

A
nd

er
ss

on
 

M
cK

ee
 

H
S

S
-2

 
M

ay
o 

K
ne

e 
L

-I
S

K
 

L
eq

ue
sn

e 
19

87
 

O
A

 p
at

. 
27

 
no

t 
gi

ve
n 

"t
ra

in
ed

" 
R

es
po

ns
iv

en
es

s 
to

 N
S

A
ID

 t
re

at
m

en
t 

(v
er

su
s 

56
 

pl
ac

eb
o,

 t
-t

es
t)

: 
p 

< 
0.

02
5 

fo
r 

L
-I

S
K

 o
ve

ra
ll

 s
co

re
 

p 
< 

0.
00

6 
fo

r 
in

ve
st

ig
at

or
's

 o
ve

ra
ll

 o
pi

ni
on

 
p 

< 
0.

01
4 

fo
r 

pa
ti

en
t'

s 
ov

er
al

l 
op

in
io

n 
p 

< 
0.

00
4 

fo
r 

pa
in

 l
ev

el
 (

vi
su

al
 a

na
lo

gu
e 

sc
al

e)
 

p 
< 

0.
05

 f
or

 t
im

e 
fo

r 
go

in
g 

up
 a

nd
 d

ow
n 

a 
st

an
da

rd
 

fl
ig

ht
 o

f 
st

ai
rs

 
no

t 
si

gn
if

ic
an

t f
or

 d
ur

at
io

n 
of

 m
or

ni
ng

 s
ti

ff
ne

ss
, 

li
m

it
at

io
n 

of
 f

le
xi

on
, 

an
d 

pa
in

 o
n 

fl
ex

io
n 

an
d 

ex
te

ns
io

n 



T
ab

le
 I

V
 (

co
nt

in
ue

d)
: 

C
ha

ra
ct

er
is

ti
cs

 a
nd

 r
es

ul
ts

 o
f 

va
li

di
ty

 s
tu

di
es

 

to
 

Jo
in

t 
N

am
e 

or
 

A
ut

ho
r'

s 
Y

ea
r 

ab
br

ev
. 

St
ud

y 
po

pu
la

ti
on

 

ty
pe

 a 
si

ze
 

ag
e 

H
ip

/ 
W

O
M

A
C

 
B

el
la

m
y 

19
88

 
O

A
 p

at
. 

K
ne

e 
et

 a
l. 

B
el

la
m

y 
19

88
 

O
A

 p
at

. 
et

 a
l. 

In
ve

st
ig

at
or

 
C

on
te

nt
 a

nd
/o

r 
co

ns
tr

uc
t 

va
li

di
ty

 

57
 

55
-8

2 
no

t 
ap

pl
ic

ab
le

 
(s

el
f-

ra
ti

ng
) 

R
es

po
ns

iv
en

es
s 

to
 N

S
A

ID
 t

re
at

m
en

t 
af

te
r 

w
as

ho
ut

 
pe

ri
od

 (
in

 W
il

co
xo

n'
s 

te
st

):
 p

 <
 0

.0
01

/0
.0

03
2,

 
0.

00
1/

0.
01

32
 a

nd
 0

.0
03

/0
.0

02
2 

fo
r 

pa
in

, 
st

if
fn

es
s 

an
d 

fu
nc

ti
on

, 
re

sp
ec

ti
ve

ly
 

"c
or

re
la

ti
on

al
 e

vi
de

nc
e"

 (
r)

: 
W

O
M

A
C

 i
te

m
s 

of
 p

ai
n,

 s
ti

ff
ne

ss
 a

nd
 f

un
ct

io
n 

(V
A

S)
 c

om
pa

re
d 

w
it

h 
co

rr
es

po
nd

in
g 

L
es

qu
es

ne
 

it
em

s 
an

d 
te

nd
er

ne
ss

 a
cc

or
di

ng
 t

o 
D

oy
le

 3 

W
O

M
A

C 
Le

qu
es

ne
 

D
oy

le
 

pa
in

 
st

if
fn

es
s 

fu
nc

ti
on

 
te

nd
er

ne
ss

 
pa

in
 

0.
39

-0
.6

2 
0.

04
-0

.2
4 

0.
36

-0
.5

9 
0.

36
-0

.5
7 

sti
ffn

es
s 

0.
32

 
0.

27
 

0.3
5 

0.
47

 
fu

nc
tio

n 
0.

32
-0

.5
0 

0.
01

-0
.3

1 
0.

36
-0

.5
9 

0.
28

-0
.5

4 

B
el

la
m

y 
19

91
 

O
A

 p
at

. 
et

 a
l. 

30
 

54
-8

3 
no

t 
ap

pl
ic

ab
le

 
(s

el
f-

ra
ti

ng
) 

R
es

po
ns

iv
en

es
s 

to
 a

rt
hr

op
la

st
y 

(i
n 

W
il

co
xo

n'
s 

te
st

):
 p

 <
 0

.0
01

 f
or

 a
ll

 o
f 

th
e 

su
bs

ca
le

s 
of

 p
ai

n,
 

st
if

fn
es

ss
 a

nd
 f

un
ct

io
n 

"c
or

re
la

ti
on

al
 e

vi
de

nc
e"

 (
r)

: 
W

O
M

A
C

 i
te

m
s 

of
 p

ai
n,

 s
ti

ff
ne

ss
 a

nd
 f

un
ct

io
n 

(V
A

S)
 c

om
pa

re
d 

w
it

h 
co

rr
es

po
nd

in
g 

L
eq

ue
sn

e 
it

em
s 

an
d 

te
nd

er
ne

ss
 a

cc
or

di
ng

 t
o 

D
oy

le
 3 

W
0M

A
C

 
Le

qu
es

ne
 

D
oy

le
 

pa
in

 
st

if
fn

es
s 

fu
nc

ti
on

 
te

nd
er

ne
ss

 

pa
in

 
0.

47
-0

.6
5 

0.
21

-0
.3

8 
0.

49
-0

.7
8 

0.
29

-0
.4

3 
st

if
fn

es
s 

0.
22

-0
.4

3 
0.

32
-0

.3
5 

0.
13

-0
.2

5 
0.

07
-0

.I2
 

fu
nc

tio
n 

0.
32

-0
.4

8 
0.

17
-0

.5
1 

0.
30

-0
.5

6 
0.

07
-0

.4
9 

C
Ib

er
g 

O
be

rg
 e

t 
19

94
 

O
A

 p
at

. 
al

. 

17
 

52
-6

5 

10
5 

46
-9

1 

no
t 

ap
pl

ic
ab

le
 

(s
el

f-
ra

ti
ng

- 

ph
ys

ic
al

 
th

er
ap

is
t 

R
ef

. 

58
 

61
 

fa
ct

or
 a

na
ly

si
s 

(P
C

A
) 

of
 p

ai
n 

an
d 

ph
ys

ic
al

 f
un

ct
io

n 
62

 
su

bs
ca

le
s:

 
88

%
 a

nd
 8

3%
 o

f v
ar

ia
nc

e 
ac

co
un

te
d 

fo
r 

by
 

fa
ct

or
 I

, r
es

pe
ct

iv
el

y;
 h

ig
h 

fa
ct

or
 l

oa
di

ng
s 

on
 e

ac
h 

in
di

vi
du

al
 p

ai
n 

it
em

 (
0.

92
-0

.9
5)

 a
nd

 e
ac

h 
in

di
vi

du
al

 p
hy

si
ca

l f
un

ct
io

n 
it

em
 (

0.
70

-0
.9

7)
. 

fa
ct

or
 a

na
ly

si
s 

(v
ar

im
ax

-r
ot

at
io

n)
 

53
 

5 
in

de
pe

nd
en

t 
fa

ct
or

s 
id

en
ti

fi
ed

 w
hi

ch
 w

er
e 

in
 

cl
os

e 
ag

re
em

en
t w

it
h 

th
e 

au
th

or
's

 p
ri

m
ar

y 
ca

te
go

ri
za

ti
on

 (
hi

p 
im

pa
ir

m
en

t,
 k

ne
e 

im
pa

ir
m

en
t,

 
ph

ys
ic

al
 d

is
ab

il
it

y,
 s

oc
ia

l d
is

ab
ili

ty
, 

an
d 

pa
in

) 

? m
-" .z t~
 



T
ab

lc
 I

V
 (

co
nt

in
ue

d)
: 

C
ha

ra
ct

er
is

ti
cs

 a
nd

 r
es

ul
ts

 o
f 

va
li

di
ty

 s
tu

di
es

 

Jo
in

t 
N

am
e 

or
 

A
u

th
o

r'
s 

Y
ea

r 
S

tu
dy

 p
op

ul
at

io
n 

In
ve

st
ig

at
or

 

ab
br

ev
, 

ty
pe

~ 
si

ze
 

ag
e 

C
on

te
nt

 a
nd

/o
r 

co
ns

tr
uc

t 
va

li
di

ty
 

R
ef

. 

H
ip

/ 
IL

A
S

 
S

hi
el

ds
 e

t 
19

95
 

A
P

 p
at

. 
55

 
34

-8
8 

ph
ys

ic
al

 
K

n
ee

 
al

. 
th

er
ap

is
t 

"P
re

di
ct

iv
e 

va
li

da
ti

on
":

 D
is

cr
im

in
at

io
n 

be
tw

ee
n 

pa
ti

en
ts

 2
 a

nd
 6

 d
ay

s 
po

st
-o

pe
ra

ti
ve

ly
 

(r
es

po
ns

iv
en

es
s 

in
de

x 
= 

0.
75

) 

"c
or

re
la

ti
on

al
 e

vi
de

nc
e"

: 
co

m
pa

re
d 

w
it

h 
H

ar
ri

s:
 r

 =
 -

0.
86

 

59
 

O
A

 p
at

. 
= 

os
te

oa
rt

hr
it

is
 p

at
ie

nt
s,

 A
P

 p
at

. 
= 

pa
ti

en
ts

 w
ho

 u
n

d
er

, v
en

t 
ar

th
ro

pl
as

ty
 

2 
V

al
uc

s 
of

 v
al

id
it

y 
gi

ve
n 

fo
r 

th
e 

su
bg

ro
up

s 
of

 p
at

ie
nt

s 
tr

ea
te

d 
w

it
h 

is
ox

ic
am

/p
ir

ox
ic

am
, 

re
sp

ec
ti

ve
ly

 
s 

In
te

rv
al

s 
in

di
ca

te
 t

he
 r

an
ge

 o
f 

va
lu

es
 f

or
 m

ul
ti

pl
e 

pa
ir

w
is

e 
co

m
pa

ri
so

n 
of

 i
te

m
s;

 V
A

S:
 v

is
ua

l 
an

al
og

uc
 s

ca
le

 

T
ab

le
 V

: 
C

or
re

la
ti

on
al

 e
vi

de
nc

e 
of

 lO
 h

ip
 s

co
re

s 
(6

0)
. 

S
p

ea
rm

an
's

 r
an

k 
co

rr
el

at
io

n 
co

ef
fi

ci
en

t 
(r

s)
 

1.
 C

or
re

la
ti

on
 o

f 
or

di
na

l 
ra

ti
ng

s 1
 

Ju
de

t 

M
d

A
 

S
he

ph
er

d 

S
ti

nc
hf

ie
ld

 

H
ar

ri
s 

A
n

d
er

ss
o

n
 

M
d

A
 

S
he

ph
er

d 
S

ti
nc

hf
ic

ld
 

0.
73

 
0.

49
 

0.
55

 

0.
52

 
0.

65
 

0.
49

 

H
ar

ri
s 

A
n

d
er

ss
o

n
 

M
cK

cc
 

0.
70

 
0.

64
 

0.
46

 

0.
53

 
0.

66
 

0.
53

 
'~

" 

0.
64

 
0.

77
 

0.
65

 
g:

< 
0.

45
 

0.
67

 
0.

66
 

0.
64

 
0.

49
 

0.
71

 
,~

" 

2.
 C

or
re

la
ti

on
 o

f 
nu

m
er

ic
al

 r
at

in
gs

 2 

M
d

A
 

It
S

S
-2

 
S

ti
nc

hf
ie

ld
 

H
ar

ri
s 

A
n

d
er

ss
o

n
 

M
cK

ee
 

M
ay

o 
L

ar
so

n 

0.
83

 
0.

89
 

0.
82

 
0.

76
 

0.
67

 
0.

79
 

0.
83

 
Ju

de
t 

0.
94

 

M
d

A
 

0.
78

 
0.

85
 

0.
82

 
0.

71
 

0.
73

 
0.

82
 

0.
82

 
~ 

H
S

S
-2

 
0.

93
 

0.
87

 
0.

91
 

0.
79

 
0.

86
 

0.
94

 

0.
89

 
0.

85
 

0.
75

 
0.

86
 

0.
90

 
S

ti
nc

hf
ie

ld
 

H
ar

ri
s 

0.
83

 
0.

83
 

0.
89

 
0.

95
 

{
"%

 

A
n

d
er

ss
o

n
 

0.
84

 
0.

75
 

0.
89

 

M
cK

ee
 

0.
71

 
0.

84
 

M
ay

o 
0.

93
 

E
xp

re
ss

ed
 i

n 
te

rm
s 

of
 e

xc
el

le
nt

 r
es

ul
t,

 g
oo

d 
re

su
lt

, 
or

 f
ai

lu
re

 
2 

N
um

er
ic

al
 r

at
in

gs
 e

xp
re

ss
ed

 a
s 

th
e 

pe
rc

en
ta

ge
 o

f 
th

e 
m

ax
im

u
m

 p
os

si
bl

e 
nu

m
er

ic
al

 s
co

re
 



194 Y. Sun, T. Sttirmer, K.P. Gfinther, H. Brenner 

The number of patients studied varied from 17 to 226. 
Where reported, study participants were between 46 and 
91 years old. The clinical background of the investiga- 
tors was given in only three studies. In the reliability and 
validity studies by 0berg et al. and Shields et al., observ- 
ers were physical therapists. Observers with various back- 
grounds (rheumatologists, geriatrician, medical- and rheu- 
ma-registrar) were involved in the reliability study by 
Jones et al. The number of observers per patient for as- 
sessment of inter-rater-reliability was limited to two in 
all studies. The Jones score and the Iowa score are the 
only scores for which intra-rater-reliability has been as- 
sessed. 

Lequesne's L-ISH and L-ISK are the first clinical scores 
for which reliability and validity studies have been re- 
ported (39, 55-57). The inter-rater reliability for overall 
scores of L-ISH and L-ISK reported by the author did 
not show any significant systematic variation between ob- 
servers (p > 0.05 in t-tests). The mean deviation of ob- 
servers was 0.55 and 0.146 for L-ISH and L-ISK on a 24- 
point scale. Content validity for overall scores of L-ISH 
and L-ISK has been assessed by predictive validation 
(measurement of responsiveness to therapy). In a dou- 
ble-blind crossover randomized short-term trial, the dif- 
ference of patients' health status was measured with these 
clinical scores between the end of a week active NSAID 
(nonsteroidal anti-inflammatory drug) therapy and the 
end of a week placebo therapy. Satisfying responsive- 
ness was reported for both scores (p < 0.001 for L-ISH 
and p < 0.025 for L-ISK in t-test for overall index of se- 
verity). 

Jones' score is a clinical rating index which is mainly 
used for the assessment of joint inflammation and clin- 
ical status of knee OA. A validity study of this score has 
not been reported to date, and the intra- and inter-rater 
reliability were tested only for single items of the score. 
The time interval between repeated measures was one 
to three hours for intra-rater-reliability and up to five 
days for inter-rater reliability. In general, intra-rater re- 
liability was found to be satisfactory for all items of the 
score (range of kappa statistics for various items: 0.54- 
0.90) with the highest value for inactivity stiffness and 
the lowest value for synovial swelling. In contrast, inter- 
rater-reliability was found to be satisfactory only for symp- 
toms (range of kappa statistics: 0.46-0.72 for various symp- 
toms, 0.09-0.35 for various clinical signs). 

WOMAC (Western Ontario and McMaster Universi- 
ties Osteoarthritis Index) is a self-rating score whose ear- 
ly version contains five clinical subscales: pain, stiffness, 
physical function, social function and emotional func- 
tion, but the later version contains only three subscales 
(pain, stiffness and physical function). A test-retest-re- 
liability study and two validity studies (pharmacologic 

and orthopaedic validation study) of the later version of 
WOMAC were reported by the authors in 1988 for its 
three subscales (58, 60). In all of these studies, items 
were measured on two types of scales: a five level ordi- 
nary "Likert scale" (levels 0, 1, 2, 3, 4) and a Visual An- 
alogue Scale ("VA-scale") of length 100 mm with termi- 
nal descriptors "none" and "extreme". In the reliability 
study, the time interval between repeated measures was 
one week, and test-retest-reliability was higher for the 
VA-scale than for the Likert scale (except for pain), and 
for items of pain and physical function (z c = 0.64 and 
0.72 for VA-scale, respectively) than for items of stiff- 
ness (xc = 0.61 for VA-scale). Overall the authors con- 
cluded that the test-retest-reliability of WOMAC was 
satisfying. 

In the two validity studies of WOMAC subscales, con- 
tent validity was assessed by predictive validation (mea- 
surement of responsiveness to therapy). In the pharma- 
cologic validation study (58), patients' health status was 
compared before and after 6-week NSAID therapy (isoxi- 
cam or piroxicam) using the WOMAC subscale-scores. 
Adequate responsiveness was reported for both the Lik- 
ert scale and VA-scale version of WOMAC (for the sub- 
scales of pain, stiffness, and physical function, p < 0.001, 
0.001, and 0.003 in isoxicam subgroup and p < 0.003, 0.013, 
and 0,002 in piroxicam subgroup in Wilcoxon's test, re- 
spectively). In the orthopaedic validation study (61), a 
one group repeated-measures design was likewise em- 
ployed in patients undergoing total joint arthroplasty for 
hip and knee OA. Difference of patients' health status 
was measured with WOMAC subscale-scores between 
the day before surgery and 6 weeks, 3 months and 6 
months after surgical treatment. Here, we focus on com- 
parisons of results before and 6 months after surgery. 
Satisfying responsiveness was reported in this study (p- 
values < 0.001 with Wilcoxon's test) for all of the sub- 
scales of pain, stiffness, and physical function with both 
Likert scale and VA-scale version of the test. Construct 
validity of WOMAC was measured in both the pharma- 
cologic and orthopaedic validation study by way of com- 
paring all items of WOMAC with the items of Lequesne's 
score and Doyle's tenderness score (comparisons were 
also made with Bradburn Index of Well Being (63) and 
the social component of the McMaster Health Index 
Questionnaire (64), but these results are not reported 
here). Overall, WOMAC subscale items showed rela- 
tively higher levels of correlation with Lesquesne's items 
probing the same dimensions of health (pain, stiffness 
and physical function) than with Doyle's items and with 
Lequesne's items probing different dimensions of health. 

Application of principal component analysis to the 
pain and physical function subscales of WOMAC report- 
ed in 1991 (62), supported the contention that scores 
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from items within subscales can be summated into sub- 
scale scores, and that there are no reduntant items in the 
WOMAC inventory. 

The score proposed by Oberg et al. is not confined to 
outcome measurement of osteoarthritis. It was designed 
to measure lower-extremity dysfunction of any type. The 
inter-rater-reliability was evaluated separately for the 
different items of the score. The authors found extreme- 
ly high inter-rater reliability between two independent 
physical therapists (T = 0.99-1) for all items of the score 
(53). Validity of 0berg score was assessed by factor anal- 
ysis (principal component analysis with varimax rota- 
tion). The authors found a factor solution which was very 
close to their primary subgrouping of variables accord- 
ing to clinical knowledge (categories: hip impairment, 
knee impairment, physical disability, social disability and 
pain). 

Similar to the score proposed by Oberg et al., ILAS 
(the Iowa Level of Assistance Scale) is also designed to 
measure lower-extremity dysfunction of any type. In con- 
trast to other scores, ILAS contains only one major clin- 
ical component (physical function). Four intensively 
trained physical therapists were involved in the reliabil- 
ity study, and the intra-rater-agreement was measured 
3-6 months apart using videotaped assessment, Overall, 
good intra-rater reliability (•w = 0.79-0.90 for different 
observers) and moderate to good inter-rater-reliability 
(~z w = 0.48-0.78 for different items, ICC = 0.82 for over- 
all score) were reported for this score (54). Concurrent 
validity of ILAS was assessed by comparison to the Har- 
ris' hip score. A striking correlation (r = -0.86) was re- 
ported between the two overall scores, which are inverse- 
ly coded. Furthermore, responsiveness was measured in 
a one-group repeated-measures design. The functional 
status among patients who underwent total joint arthro- 
plasty was measured twice post-operatively. Responsive- 
ness index was used to quantify the functional differ- 
ence between day 2 and day 6 after surgical treatment. 
The responsiveness index of the total functional score 
was about 0.75 with a mean change of 7 points in an over- 
all 30-point scale, indicating high responsiveness of the 
index for early postoperative changes. 

L-ISH, L-ISK, Jones, WOMAC, C)berg and ILAS are 
the only scores for which reliability has been reported. 
The validity of another 10 hip scores was assessed by cor- 
relational evidence (see Table IV and V). Kavanagh et 
at. assessed the correlation of the Mayo clinic hip score 
with the Harris hip score in 1985 (26). A striking corre- 
lation (r > 0.99) was reported between the two point 
scores (0-100). But when scores were categorized (good- 
to-excellent, fair, or poor outcome), a lower proportion 
of patients were classified as having good-to-excellent 
outcomes with the Mayo clinic score than with the Har- 

ris score. Eight years later, Bryant et al. analyzed the 
Harris hip score with factor analysis (60). Three inde- 
pendent core factors were identified, describing func- 
tional activities, hip movement and deformity, and pain. 
The authors recommended separate recording of three 
essential variables (walking distance, hip flexion and pain) 
to describe three dimensions rather than the use of com- 
ponent indices. Bryant et al. also compared overall scor- 
ing of patients by different hip scores (part of the re- 
sults related to this review are shown in Table V). A wide 
discrepancywas found between scores if classification by 
ordinal rating (excellent result, good result, or failure) 
was employed. But there was striking correlation among 
the numerical scores expressed as the percentage of the 
maximum possible value. 

DISCUSSION 

A large number of scores have been introduced in the 
past decades that may be used for the clinical outcome 
measurements of OA. While the majority of them have 
been developed to assess the outcome of surgical treat- 
ment, there is increasing interest in monitoring outcome 
of other therapeutic interventions, such as drug treat- 
ment. High levels of reliability and validity of measure- 
ments are basic prerequisites for that purpose. This pa- 
per provides a review of studies on the reliability and va- 
lidity of clinical outcome measurement of hip and knee 
OA. 

Reliability studies were only reported for 6 of the 45 
identified clinical rating scores. All of these studies were 
carried out in the past fifteen years. Obviously, this re- 
view could only include published reliability studies. We 
suspect that additional reliability studies may have been 
carried out without appearing in the literature. In par- 
ticular, studies with less favourable results may have re- 
mained undetected since investigators and editors may 
be more reluctant to publish such studies. 

While the number of reliability studies reported in the 
literature is very limited, setting and design of these stud- 
ies vary widely, making comparisons between results very 
difficult. Clinical experience and training of observers 
appear to be very important. In particular, interpreta- 
tion of clinical signs may strongly depend on clinical spe- 
cialty and training of observers. For example, very low 
levels of inter-rater-reliability of measurements of clin- 
ical signs were reported for the Jones' score. Five ob- 
servers involved in the reliability study of the score (a 
consultant rheumatologist, a consultant geriatrician, a 
rheumatology senior registrar, a rheumatology registrar 
and a general medical registrar). The poor result of inter- 
rater-agreement for clinical signs in this study might re- 
flect a different clinical background and limited train- 
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ing (only half an hour training period) of observers rath- 
er than poor reliability of the score itself. Interestingly, 
intra-rater-reliability, which can be supposed to be less 
affected by heterogeneity in clinical background, was 
much higher than inter-rater-reliability for clinical signs. 
Similarly, inter-rater-reliability of anamnestic evalua- 
tion of pain and stiffness which may be less dependent 
on the clinical background of the observer than clinical 
signs, was higher than inter-rater-reliability of clinical 
signs. Extremely high levels of inter-rater-reliability were 
found in the study by ~)berg et al. for all kinds of items 
between two observers with the same clinical back- 
ground. Unfortunately, there is only limited informa- 
tion on the conditions under which this excellent agree- 
ment has been achieved, such as the training of observ- 
ers or the time interval between the ratings. Other im- 
portant factors may be the very detailed and precise de- 
scription of measurement procedures and categories. 

Another difficulty in comparing results is the use of 
different statistical measures of reliability. Furthermore, 
the number of study participants was rather small in most 
reliability studies, and the number of observers per pa- 
tient for the measurement of inter-rater-reliability was 
limited to 2 in all studies, leading to imprecise estimates 
of reliability. Three scores have been assessed for intra- 
rater-reliability or test-retest-reliability. It appears like- 
ly that these types of reliability strongly depend on the 
time interval between ratings since symptoms and clin- 
ical signs are known to vary over time. On the other hand, 
memorization and warming-up (e.g., for the measure- 
ment of the range of joint motion) have to be consid- 
ered when the time interval is too short. Studies that al- 
low quantitative assessment of those aspects have not 
been carried out to date. 

Validity studies have been reported for 15 clinical scores. 
With the exception of Lequesne's scores, WOMAC score, 
0berg  score and ILAS, all of these scores were intro- 
duced for quantifying treatment effects of surgical ther- 
apies for patients with hip disorders (including osteoar- 
thritis). Responsiveness to (the typically large) interven- 
tion effects of surgical treatment like total joint replace- 
ment should be a self-evident minimum requirement of 
such scores. Only the correlation with other scores has 
been assessed in the validity studies of those scores. The 
high correlation between the hip scores (with values ex- 
pressed as the percentage of maximum possible numer- 
ical scores) reported by Kavanagh et al. and Bryant et 
al. demonstrates that these scores measure the same 
health aspects. On the other hand, the large discrepan- 
cy between quantitative judgements (such as excellent, 
good, or failure) derived from these scores indicates that 
interpretation of score results vary strongly between 
scores; such interpretations may partly reflect the spe- 

cific clinical background and experience of the authors. 
Many of the scores are commonly used in clinical and 
epidemiological research, especially in the evaluation of 
patients after total hip replacement. Neither of them is 
internationally accepted as "goldstandard". This makes 
judgement of validity exclusively based on correlational 
evidence difficult. Similarly, exclusive validation by fac- 
tor analysis as reported for the Harris score by Bryant et 
al. and for the Oberg score by its authors only reflects 
the relationship between theoretical background and the 
measurement itself. 

More comprehensive assessment of validity has been 
reported for Lequesne's scores, WOMAC score and 
ILAS, which were introduced with different specific con- 
cepts of measurement. The responsiveness of Lequesne's 
scores and WOMAC score to both drug and surgical treat- 
ment effects was demonstrated by predictive validation. 
The limited correlation between Lequesne's score and 
WOMAC score reported by Bellamy et al. should not be 
regarded as evidence against their usefulness in clinical 
and epidemiological research of hip and knee OA, but 
as an indication that these two scores measure slightly 
different aspects of the same diseases. For example, 
Lequesne's score measures mainly the type of pain and 
the duration of stiffness. In contrast, WOMAC score 
which mainly measures the severity of pain and stiffness 
is more sensitive to change. 

Both WOMAC and Lequesne's algofunctional indi- 
ces are increasingly used as measures of disease activity 
and outcome in a number of treatment studies, as pa- 
tient and physician global assessments of patient status 
and evaluations of activity-related pain and night pain 
show satisfying validity and reliability (65). Therefore, 
the proceedings of a consensus conference held under 
the auspices of the WHO and American Association for 
Orthopaedic Surgery recommend the use of WOMAC 
or Lequesne's scores as primary efficacy measures in os- 
teoarthritis treatment studies (65). 

ILAS was primarily introduced for outcome measures 
of physical therapy and found to be responsive to early 
postoperative changes (discrimination between patients 
2 and 6 days post-operatively), which should typically be 
relatively large. Whether the instrument is responsive to 
more subtle treatment effects is yet to be determined. 

CONCLUSION 

Beause of the very limited number and heterogeneous 
design of the reported reliability and validity studies, it 
is very difficult to give a definitive answer as to the ap- 
propriateness of various scores for clinical and epidemi- 
ological research of hip and knee OA. Nevertheless, the 
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fo l lowing  p r e l i m i n a r y  conc lus ion  m a y  be  very  cau t ious -  
ly d rawn:  

1. D e s p i t e  the  d i f f e r en t  speci f ic  concep t  o f  m e a s u r e -  
m e n t  of  the  scores  for  which  re l iab i l i ty  s tudies  have  b e e n  
ca r r i e d  out ,  pa in ,  s t i f fness  and  the  phys ica l  func t ion  o f  
lower  ex t r emi t i e s  cou ld  b e  m e a s u r e d  wi th  re la t ive ly  high 
re l i ab i l i ty  in all  s tudies ,  whi le  resu l t s  a r e  less conc lus ive  
for  c l in ica l  signs. 

2. Val id i ty  s tud ies  o f  L e q u e s n e ' s  scores  and  W O M -  
A C  score  d e m o n s t r a t e  tha t  t he se  scores  a re  suf f ic ient ly  
r e s pons ive  to  b o t h  d rug  and  surgica l  t r e a t m e n t  effects ,  
whi le  I L A S  has  so far  on ly  b e e n  d e m o n s t r a t e d  to  be  re-  
spons ive  to  ea r ly  p o s t o p e r a t i v e  changes .  T h e  d i f f e r en t  
a spec t s  m e a s u r e d  wi th  L e q u e s n e ' s  scores  and  W O M A C  
score ,  which  have  b e e n  p r i m a r i l y  i n t r o d u c e d  for  assess-  
ing h ip  and  k n e e  O A ,  shou ld  be  t a k e n  in to  account .  Bu t  
b o t h  a lgo func t i ona l  ind ices  a re  r e c o m m e n d e d  as p r i m a -  
ry ef f icacy m e a s u r e s  in t r e a t m e n t  s tudies .  

3. T h e  c o m m o n l y  u sed  h ip  scores  for  assess ing surgi-  
cal  t r e a t m e n t  a r e  c o m p a r a b l e  w h e n  the  p e r c e n t a g e  of  
m a x i m u m  poss ib l e  n u m e r i c a l  scores  is used.  T h e  la rge  
d i s c r epanc i e s  w h e n  us ing  qua l i t a t ive  j u d g e m e n t s  (such 
as exce l len t ,  good ,  o r  p o o r  o u t c o m e )  ind ica te  a l ack  o f  

s t a n d a r d i z a t i o n  and  m a k e  these  ca t ego r i e s  less su i t ab le  
for  c l in ical  a n d  e p i d e m i o l o g i c  s tudies .  

T h e  mos t  in t r igu ing  resu l t  o f  this  review, however ,  is 
p r o b a b l y  the  fact  t ha t  l i t t le  is k n o w n  a b o u t  the  re l i ab i l -  
it 5 , and  val id i ty  o f  m a n y  cl inical  ra t ing  schemes  o f  hip  and  
knee  O A  to date .  This  is d i squ ie t ing  since c l in ical  assess-  
m e n t  p lays  a key  ro l e  in c l in ica l  and  e p i d e m i o l o g i c a l  re-  
s ea r ch  on  t h e s e  d i seases .  P r o p e r l y  d e s i g n e d  r e l i ab i l i t y  
and  va l id i ty  s tud ies  a re  still n e e d e d  for  the  m a j o r i t y  of  
c o m m o n l y  e m p l o y e d  scores  in which  much  ca re  is de -  
v o t e d  to  the  choice ,  qual i f ica t ion ,  and  t ra in ing  o f  observ-  
ers,  n u m b e r  and  se l ec t ion  of  pa t i en t s ,  the  t ime  in te rva l  
b e t w e e n  r e p e a t  m e a s u r e m e n t s ,  type  o f  i n t e r v e n t i o n s  as- 
sessed  by  p r e d i c t i v e  v a l i d a t i o n ,  a p p r o p r i a t e  s t a t i s t i ca l  
analysis ,  and  r e p o r t i n g  o f  resul ts .  
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