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If assessment methods are insensitive, then no signifi-
cant differences will be the outcome of the clinical
trial, but if the errors of the method employed have not
been properly ascertained then a significant difference
may be found where none exist.

— Bradford Hill, 1963

INTRODUCTION
Chronic symptomatic diseases are inherently complex to
describe and study, and rheumatoid arthritis (RA) exempli-

fies this challenge. Recent work on clinical trial outcome
measures1-3, measurement variability [the smallest
detectable difference (SDD) — see below], and definitions
of the minimum clinically important difference (MCID) are
all parts of this process. Many assessment measures have
been assembled, but there has been little critical evaluation
of this repertoire using modern measurement theory4.
Reliability, in particular, has not been systematically inves-
tigated in the literature. Our article is a first step in assessing
the measurement properties of common RA measures. It
focuses on a literature review and new data on reliability for
different classes of RA measures, and it speculates about
implications of these data for MCID research, for certain
composite measures, and for randomized controlled trial
(RCT) design and analysis.

Reliability and the SDD
Differences between individuals revealed by a measuring
method should represent, to the greatest extent possible, real
differences in the phenomenon of interest. Because all
measurement entails error, we have defined the smallest
detectable difference as that amount of difference for which
anything smaller cannot be reliably distinguished from
random error in the measurement. It reflects random vari-
ability, as seen in repeated measures by one particular
observer over a time during which all other causes of vari-
ability can be assumed constant, for example, repeating a
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swollen joint assessment repeated in the same patient within
a one hour period.

The SDD is one of several descriptions of random vari-
ability, or, differently viewed, of the reliability or precision
of measurements on a continuous scale. The SDD directly
measures the amount of variation in the original scale units.
It can be calculated using the standard error of the measure-
ment or the limits of agreement method. The latter method
has been used to calculate the SDD of radiological progres-
sion5.

Directly measuring reliability is advantageous because it
provides a useful yardstick of error in scale based units.
Variability can also be expressed as a ratio of variances — a
reliability coefficient (RC), which is an indirect measure of
random measurement error. However, because it is unitless
(scale independent), the RC can easily be used to compare
reliability of measurements across different phenomena.
Furthermore, they can be used to determine the effect of
measurement error on treatment effects observed in RCT.

The SDD and the reliability coefficient are context-,
patient-, and observer-specific6. Nonetheless, they harbor
information fundamental to evaluating the use of measures
generally. They offer a way to rank measures. Narrow SDD
— those that extend only a small portion of the total scale
— may indicate a more useful measurement than broad
SDD. Finally, the SDD concept can be extended beyond
individuals to populations by characterizing distributions of
SDD in those populations.

The minimum clinically important difference (MCID)
The motivation for defining the minimum clinically impor-
tant difference is to understand and ultimately to inform the
dynamics of the therapeutic encounter of patient and clini-
cian. Given the complexities of clinical medicine, it is not
surprising that agreement on the definition of the MCID has
been elusive. Three strategies in MCID research have been
described7. One approach uses statistical descriptions of the
population (“distribution based”), a second relies on experts
(“opinion based”), and a third is based on sequential hypoth-
esis formation and testing (“predictive/data driven based”).
The distribution based model, in turn, has 3 methods of esti-

mation: the effect size (ES), the standard error of measure-
ment (SEM), and the limits of agreement (LOA) (see Table
1). The latter 2 are more intuitive for clinicians because the
MCID remains in the original scale of the measure of
interest.

Relation of the SDD to the MCID
How the SDD should or might relate to the MCID is unclear.
In the absence of robust, predictive epidemiology to invoke
in a data driven approach (as, for example, can be done in
the case of blood pressure and serious vascular outcomes),
one might propose that the SDD should at least constitute a
provisional “lower bound” for the MCID. However, if such
epidemiologic evidence did exist, then changes even smaller
than the SDD, indeed any real change, may well be shown
to be important on clinical and public health grounds, espe-
cially if it translated into a reduction of serious clinical
outcomes. At this point in rheumatology we can proceed by
investigating the SDD of commonly used measures in RA.

Reliability and its implications for the analysis of treatment
effects in RCT
Variability of any cause will negatively affect the power of
a RCT, so within-patient measurement variability is a cause
for concern. Furthermore, more variability is introduced by
use of a difference score (endpoint minus baseline) rather
than a static score, because the measurement errors add
together, while whatever is common to the 2 measures
cancels out8.

The question of interest in an RCT is what response
difference has been demonstrated between groups treated
differently (the top level in the cube of discrimination9). For
most measures (endpoints), the variability between patients
will be greater than that within patients, so the response of
interest is often smaller than differences seen between indi-
viduals. Thus, it becomes advantageous to adjust the end-of-
trial score (result) by the baseline score. One also relies on
randomization to balance, on average, baseline scores across
treatment groups. The easiest, although not most efficient
adjustment10, is to calculate the difference score (end minus
baseline). However, if the measure has a large within-patient

Table 1. Distribution based models of defining minimum clinically important difference (MCID).

Name Method of Calculation Units

Effect size Mean change divided by SD at baseline. Unitless
Standard error of SD of measurement multiplied by the square root of 1 Original scale units
measurement minus the reliability coefficient of the measurement, i.e.,

σ√1–RC. Any one of several reliability coefficients can be used including
the various intraclass correlation coefficients20.

Limits of agreement The CI for the difference between measurements on the same subject is Original scale units 
estimated by meandiff – t0.05, n–1 • (SDdiff) and meandiff + t0.05, n–1 • (SDdiff)
where t0.05, n–1 is the critical point of the t distribution.

SD: standard deviation. CI: confidence interval.
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variation over time, the advantage of a difference score over
a simple end-of-trial score is lost10. In addition, the error of
a difference score is increased (therefore its reliability
decreased) over a component because component errors
accumulate in the difference score8,11. This loss of reliability
and its implication in the design and analysis of RCT is not
well recognized.

Another, and perhaps more important, example of how
within-patient measurement variability (or error) can cause
problems for RCT analyses is the use of responder analyses
such as the American College of Rheumatology (ACR) and
EULAR improvement criteria1,2,12, which require
dichotomizing or trichotomizing the observed response of a
continuous measure based on predefined cutpoints.
Responder analyses are readily understood by clinicians;
they want to know how many patients improved, rather than
the average of some measure. However, this clinical attrac-
tiveness may be falsely reassuring for 2 reasons. (1)
Information, and thus power, is lost when an intrinsically
continuous measure is dichotomized; this is generally
known. (2) Measurement error can bias both the size and
direction of estimates of treatment effects in RCT when the
measure is a dichotomized responder variable, if the
measurement error systematically differs across treatment
arms. The differential measurement effect across treatment
arms causes unbiased estimates on a continuous scale to
become biased estimates of the proportion of patients
responding13. If there is no measurement error, as when
death is the endpoint, the reliability coefficient is 1.0, and
misclassification error shrinks to zero. However, most
measures have error, consequently the reliability coefficient
is less than 1.0 and nondifferential misclassification bias
may occur.

METHODS
Field studies of reliability in RA
Joint examination. The interobserver agreement of joint examination
measures (see Appendix I) by 2 rheumatologists was tested throughout the
course of a longitudinal study of outcome in RA (Study A). The observers
met prior to the study to briefly discuss the method of the examination and
criteria for scoring, but no formal training session was held. All patients
were examined in quick succession by each rheumatologist working inde-
pendently and blinded to other joint recordings. Patients were examined at
the same time and place on each occasion. The study population was 10
patients from the rheumatology clinic of a Sydney teaching hospital who
met ACR criteria for RA. Patients were selected to reflect the spectrum of
disease activity and damage.

Patient self-report measures. Study B evaluated the test-retest reliability of
patient self-report physical function using the Health Assessment
Questionnaire (HAQ) Disability Index14 and patient pain and global assess-
ment [measured on a horizontal 100 mm visual analog scale (VAS) with a
score of 0 representing the best and 100 the worst situation] in 24 patients
attending routine followup visits to their rheumatologist. Questionnaires
were administered on day 1 and day 8.

Study C evaluated the test-retest reliability of patient self-report phys-
ical function using the HAQ Disability Index, and generic health status
using the Medical Outcome Survey Short Form-36 (SF-36)15,16 in 26
patients with RA. Questionnaires were administered on day 1 and day 2.

Radiographic measures. Forty-eight radiographs of the hands and wrists of
patients with RA were scored by 2 rheumatologist observers (Study D)
using the Scott/Larsen method (0–150)17. The 48 radiographs were scored
in random order, independently and blindly, after a preliminary standard-
ization session. A second set of 20 radiographs of the hands and wrists of
patients with RA were scored by 2 rheumatologist observers (Study E)
using the Scott/Larsen method (0–150) scored. The radiographs were read
in random order, independently and blindly, after several training and stan-
dardization sessions. A third set of radiographs (135 patients; hands, wrists,
feet) from a randomized controlled trial of early RA (COBRA study) were
read paired and chronologically by 2 observers (Study F) using the van der
Heijde modified Sharp method (0–448 scale)18. Scores at baseline and at 12
months were analyzed separately. Finally, a fourth set of radiographs
(hands, wrists, feet) of 52 patients, selected to be representative of the spec-
trum of radiological progression, were obtained from a randomized
controlled trial of early RA (COBRA study). They were read paired and
chronologically by 2 observers (Study G) using the van der Heijde modi-
fied Sharp method (0–448 scale) and by another 2 observers using the Scott
modified Larsen method (0–200). The scores at baseline and at 12 months
were analyzed separately.

Data extraction from review of published studies 
The Medline database (1966–1996) was searched for RA studies on joint
examination measures and radiographic measures, and for studies on
developing and testing of the HAQ and SF-36 questionnaires (English and
non-English questionnaires). The references of all located articles were
scanned for any unidentified articles. One reviewer (ML) critically
appraised all papers and described details on reliability according to the
statistical method used. If the data were provided, SDD (by limits of
agreement) and fixed effects interclass correlation coefficient (ICC) were
calculated.

Statistical analysis. Bland and Altman’s 95% limits of agreement method
was used to estimate the smallest detectable difference of radiological
progression5,19. The mean (meandiff) and standard deviation (SDdiff) of the
paired differences of radiological progression between readers were calcu-
lated. Because radiological progression was calculated in all studies using
the mean score of 2 readers, one must first divide the SD of the paired
differences by the square root of 2. The confidence interval (CI) for the
difference between measurements on the same subject is estimated by:
meandiff – t0.05, n – 1 • (SDdiff/√2) and meandiff + t0.05, n – 1 • (SDdiff/√2) where
t0.05, n – 1 is the critical point of the t distribution. This CI is the 95% limits
of agreement as defined by Bland and Altman, and is the SDD of radiolog-
ical progression for the mean score if the same 2 readers are used in all
studies. However, if different readers are used across studies, then the 95%
upper and lower limits of agreement in turn have their own 95% CI, and
these wider limits must be used to determine the SDD of radiological
progression for the mean score of any 2 readers. The 95% CI around the
upper and lower limits were determined first by calculating the standard
error of the limits of agreement, SElimits, which is roughly
√[({3*(SDdiff/√2)}2)/n]. Therefore the 95% CI for the lower limit of agree-
ment is: meandiff – t0.05, n – 1 • (SDdiff/√2) ± t0.05, n – 1 (df)(SElimits) and the 95%
CI for the upper limit of agreement is: meandiff + t0.05, n – 1 • (SDdiff/√2) ± t0.05,

n – 1 (df)(SElimits). Finally, to facilitate comparisons across measures, we
provide the fixed effects ICC (Type 1.2)20; and for each SDD, the
percentage of the maximum actual score (the range in that dataset, smallest
to largest) and maximum possible score (full definition of the measure)
were calculated.

RESULTS
Tables 2 and 3 summarize the demographic and clinical
characteristics of the patients with RA participating in these
studies. Although differences in disease duration reflect
different source populations (clinical practice vs early
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disease RCT), the patient groups are generally similar on
many demographic and clinical characteristics.

The statistical analysis of reliability of the joint examina-
tion is listed in Table 4, that for the self-report questionnaire
measures in Table 5, and that for the radiographic status
scores in Table 6. Overall, joint swelling, joint tenderness,
VAS patient pain, and patient global assessment had very
poor reliability and large SDD compared to the multi-item
measures of physical and psychological function and radio-
graphic measures.

Although the mean difference between joint examina-

tions was small, the SDD were large and neither the tender
nor swollen joint assessments achieved ICC greater than
0.9. Overall, the swollen joint count had poorer reliability
than the tender joint count. Although joint examination
signs may change as a result of repeated examination, steps
were taken to limit this source of variability. The evaluation
was limited to 2 examiners separated by only a 30 min
interval. The test-retest reliability of the self-report
measures varied in performance. In general, multi-item
single dimension measures (e.g., test-retest HAQ, SF-36
physical function, SF-36 mental health dimensions) had

Table 2. Characteristics of patients: joint examination and self-report measures.

Characteristic Joint Examination Patient Self-report Patient Self-report
Study A Clinical Clinical

Study B Study C

No of patients 10 24 26
Male, % 20 12.5 23
Age, yrs, mean 65 61 56
Disease duration, yrs, mean 14 16 6
HAQ, mean 1.3 1.3 1.0
Patient global 100 mm VAS, mean 42 37 NA
Patient pain 100 mm VAS, mean 46 37 37
RF positive (ever), % 80 84 75
Erosive, % 80 79 40

VAS: visual analog scale. RF: rheumatoid factor.

Table 3. Characteristics of patients: radiographic measures.

Characteristic Radiographs Radiographs Radiographs Radiographs
Study D Study E Study F Study G

No. of patients 48 20 147 52
Male, % 18 15 41 47
Age, yrs, mean 59 58 50 48
Disease duration, yrs, mean 11 12 5 mo 6 mo
HAQ, mean 1.3 1.2 1.4 1.4
Patient global 100 mm VAS, mean 41 39 50 51
Patient pain 100 mm VAS, mean 48 39 54 52
RF positive (E = ever, C = current), % 67 (E) 80 (E) 58 (C) NA
Erosive, % 73 75 74 NA

VAS: visual analog scale. RF: rheumatoid factor.

Table 4. Interobserver reliability of joint examination: Study A (10 patients, 2 observers).

Measure Scale Mean Maximum ICC Mean SDD SDD SDD
Score Difference 95% LOA Maximum Maximum

Actual Score, % Possible Score, %

Tender 28 0–28 5.3 14 0.64 0.9 –6.9, 8.7 ± 56 ± 12
Tender 74 0–74 10.4 30 0.81 2.3 –8.8, 13.4 ± 37 ± 21
Swollen 28 0–28 5.1 19 0.52 1.0 –11.4, 13.4 ± 65 ± 43
Swollen 68 0–68 6.7 20 0.52 0.6 –12.7, 13.9 ± 67 ± 20

ICC: Interclass correlation coefficient. SDD: Smallest detectable difference. LOA: Limits of agreement.
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better reliability (larger ICC and smaller SDD) than single
item measures using VAS (pain, patient global).
Examination of the radiographic results clearly show how
the conditions external to the measurement process influ-
ence the magnitude and direction, and thereby the vari-
ability, of the SDD. Studies F and G differed by one
condition — the latter were radiographs that were selected
to represent the spectrum of radiographic damage — from
little to maximal damage — in patients with early disease
using the van der Heijde/Sharp scoring method. Although
there was no difference in the intraclass correlation coeffi-
cients (0.92 vs 0.90), the SDD varied from about 10 to 20.

In Study G, the radiographs were scored using 2 methods,
the Scott/Larsen and the van der Heijde/Sharp. Although the
absolute SDD cannot be directly compared, the ICC and the
SDD as a percentage of the maximal actual score for the 2
scoring systems show that the van der Heijde/Sharp method
performs better on reliability than the Scott/Larsen scoring
method (ICC 0.92 vs 0.86, 0.84, respectively; SDD as
percentage of maximal actual score 21% vs 30%, respec-
tively).

The literature search located very few studies that
included data on the SDD or data that could be used to
calculate SDD for these measures. The results of the search

Table 5. Test-retest reliability of patient self-report clinical measures: Studies B (24 patients, day 1 vs day 8) and C (26 patients, day 1 vs day 2).

Measure Scale Mean Maximum ICC Mean SDD SDD SDD
Score Difference 95% LOA Maximum Maximum

Actual Score, Possible
% Score, %

Study B
HAQ 0–3 1.2 2.875 0.91 –0.05 –0.69 to 0.59 ± 22 ± 21
Pain 0–100 37 93 0.75 –4.8 –54 to 44 ± 53 ± 49
Patient Global 0–100 37 80 0.75 –4.7 –41 to 32 ± 46 ± 37

Study C
HAQ 0–3 0.94 2.25 0.95 0.10 –0.29 to 0.48 ± 17 ± 13
SF36 PCS* 0–100 36 54 0.87 –1.4 –12.7 to 9.9 ± 21 ± 11
SF36 MCS* 0–100 55 65 0.70 1.8 –6.7 to 10.4 ± 13 ± 9
Physical function 0–100 55 95 0.84 –3.0 –29 to 24 ± 28 ± 27
Role physical 0–100 40 100 0.77 –1.0 –59 to 57 ± 58 ± 58
Pain 0–100 52 89 0.75 0.8 –26 to 28 ± 30 ± 27
General health 0–100 53 92 0.94 –0.8 –18 to 16 ± 18 ± 18
Social 0–100 68 100 0.74 –0.5 –38 to 37 ± 38 ± 38
Role mental 0–100 74 100 0.58 1.5 –66 to 70 ± 68 ± 68
Vitality 0–100 59 85 0.95 –0.4 –11 to 11 ± 13 ± 11
Mental health 0–100 76 100 0.93 –0.2 –12 to 12 ± 12 ± 12

For definitions see Table 4.

Table 6. Interobserver reliability of radiographic assessment: Studies D, E, F [at Baseline (1) and at 1 year followup (2)] and G [at Baseline (1) and at 1 year
followup (2)].

Study n Scale Mean Maximum ICC Mean SDD SDD SDD
Score Difference 95% LOA Maximum Maximum

Actual Possible
Score, % Score, %

Scott/Larsen
Study D 48 0–150 43 122 0.95 1.39 –19.8, 22.6 ± 17 ± 13
Study E 20 0–150 56 123 0.99 –1.45 –11.4. 8.5 ± 8 ± 7
Study G (1) 52 0–200 15 57 0.86 –0.27 –17.0, 16.5 ± 30 ± 8
Study G (2) 52 0–200 24 65 0.84 –1.06 –20.7, 18.6 ± 30 ± 10

van der Heijde/Sharp
Study F (1) 147 0–448 8.5 60 0.90 0.4 –10.0 to 10.9 ± 17 ± 2
Study F (2) 135 0–448 17.6 106 0.92 –1.3 –17.7 to 15.1 ± 15 ± 4
Study G (1) 52 0–448 13 60 0.92 –2.1 –14.4 to 10.3 ± 21 ± 3
Study G (2) 52 0–448 27 97 0.92 –0.5 –19.2 to 21.5 ± 21 ± 4

For definitions see Table 4.
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are given in Tables 7, 8, and 9. There were no studies on the
HAQ that would allow calculation of SDD.

DISCUSSION
Historical perspective
A cursory look at these results is sobering. Clinical measures
assumed for years to be robust, in the sense of having

unquestioned “face validity” (such as joint counts and VAS
global), are shown here to be much more “unstable,” much
more noisy, than one would have suspected. Nonetheless,
they have been used historically as primary endpoints in RA
trials. Thus, it is incumbent on RA methodologists to care-
fully reassess the effect of endpoint selection in clinical
trials. However, before discussing how these SDD data may

Table 7. Field studies of reliability: literature review of joint examination.

Measure ICC ICC SDD SDD Other Analyses (CV, P)
Intra Inter 95% LOA 95% LOA

Intra Inter

Lansbury54 CV 27%
Ritchie Index31 –9, 12 –31, 25 P 0.94
Ritchie Index55 0.70
ARA55 0.67
28 TJC34 0.48
14 Swollen JC34 0.15
Ritchie Index (binary)56 0.83
Ritchie Index56 0.85
ARA 68 (Tender)57 Observer Effect –9.2 to

4.5 > mean
joint count

Ritchie Index ARA58 CV 35–47%
Active joint59 0.95 –8, 8
Ritchie Index32 –7, 9 –10, 14
Ritchie Index33 0.70 0.52 –10, 10
ARA33 0.87 0.48 –13, 13
Ritchie Index60 RAI 0.81
Lansbury Lansbury Variance:

0.68 patients 74%
examiners 2%,
residual 22%

ICC Intra/inter: Intraclass/Interclass correlation coefficient. SDD: smallest detectable difference.
LOA: limit of agreement. CV: Coefficient variation. P: Pearson correlation. 

Table 8. Field studies of reliability: literature review of self-report measures.

Test- Correlation Other
retest Pearson (P) Analyses
ICC Rank (R)

HAQ and MHAQ61 HAQ0.78 (P)
MHAQ 0.91 (P)

Swedish HAQ62 0.91 (R)
Dutch HAQ63 0.89 (R) Standard error for single

observation = 0.26
Portuguese HAQ64 0.91
French HAQ65 0.96
Italian HAQ66 0.99 (R)
Spanish HAQ67 0.89 (R)
Spanish HAQ68 0.89 (P)
VAS Pain69 Illiterate 0.71 (P),

literate 0.94 (P)
VAS Pain70 0.91

ICC: Interclass correlation coefficient. HAQ: Health Assessment Questionnaire. M: modified HAQ. 
VAS: visual analog scale.
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affect use of RA measures in RCT, we briefly review the
history of various classes of RA measures. One dominant
research question is “What measure best predicts future
outcomes?” This is the basis of the evidence based, predic-
tive approach to measurement research7. This is not to
disparage face validity approaches to measurement, but face
validity is more relevant to selecting outcomes than deter-
mining predictors of outcomes.

The multifaceted metrology in RA arose over numerous
decades, with early work driven by the high prevalence of
poor outcomes, the anecdotal reports of remission with
injectable gold, and the dawn of medical statistics, then by
early UK controlled trials in the 1940s and 1950s. As a
consequence the history of measurement in RA is a rich and
varied one. Lassere21 offers a comprehensive review of this
topic. The period of disillusionment following early enthu-

siasm with corticosteroids, and the delay until 196122 of
definitive evidence that gold was efficacious, may have
contributed to a clinical milieu emphasizing careful obser-
vation and description. Clinicians were concerned that
inflammation in RA, appearing responsive to therapy, may
be pathophysiologically dissociated from cartilage and bone
destruction, leading to measures reflecting this dichotomy
between “disease activity” and “disease damage.”

With some exceptions, the reliability of the measures of
articular disease, the questionnaire measures, and radio-
graphic assessment in this study were similar to results
available in the published literature. However, the interpre-
tation of these results and any conclusions drawn differ,
depending on what is considered acceptable reliability.
What error, or what degree of reliability, is acceptable
depends not on statistical considerations but on the context

Table 9. Field studies of reliability: literature review of radiographic measures.

Scoring Method Kappa (K) Kappa (K), Correlations SDD
Correlations Intraclass (ICC) 95% LOA

Intraclass (ICC) Pearson (P) Intra
Pearson (P) Rank (R) Inter
Rank (R) Inter

Intra

Larsen71 0.95 (P)
Genant41 0.77–0.93 (P)
Sharp (modified)72 0.93 (P) 0.84–0.92 (P)
Larsen42 0.94–0.97 (P) 0.93–0.95 (P)
Amos42 0.78–0.94 (P) 0.72–0.77 (P)
Scott73 0.77–0.93 (P)
Larsen
Sharp 197174 Random effects ICC 0.95 Random effects ICC 0.26 ± 15

> 0.9 (P) 0.74–0.96 (P) ± 70
Sharp (modified)72 0.93 (P) 0.84–0.92 (P)
10 methods75 > 0.76 (P) Fixed effects ICC

0.41–0.78
Kaye76 0.91–0.97 (P) 0.91–0.96 (P)
Kaye (simplified)77 0.91–0.97 (P) 0.90–0.98 (P)
Sharp hands, wrists, feet78 0.97 (P) 0.94 (P)
Larsen hands, wrists, feet38 ± 8

± 11
Sharp79 Sharp 0.94 (P)
Larsen Larsen 0.93 (P)
Sharp80 JSN 0.86 (P) JSN 0.86 (P)

Erosions 0.91 (P) Erosions 0.89 (P)
Sharp43 Sharp JSN kappa 0.58 Sharp JSN kappa 0.50
Larsen Sharp Erosion kappa 0.48 Sharp Erosion kappa 0.39

Larsen kappa 0.53 Larsen kappa 0.35
Sharp 0.96 (P) Sharp 0.90–0.97 (P)
Larsen 0.92 (P) Larsen 0.91–0.99 (P)

Sharp40 Fixed effects ICC 0.97 ± 30
Larsen Fixed effects ICC 0.88 ± 25
Scott/Larsen81 0.89–0.90 (P)
Larsen39 0.95 (P) ± 6.6
van der Heijde/Sharp82 0.94–0.99 (P) 0.80–0.92
Larsen83 0.94 (P)
Wassenberg84 Fixed effects ICC 0.91

SDD: smallest detectable difference. LOA: limit of agreement. 
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of the measurement. A given measure, instrument, or
method may have acceptable reliability in one context but
not in another. A measure may have acceptable reliability for
research, but unacceptable reliability for clinical practice.
An instrument with acceptable reliability for cross sectional
research may be unacceptable for longitudinal research23. In
general, a measure for individual clinical decision-making
requires a higher standard of reliability than a measure for
decisions on groups, where the objective is to compare mean
responses across groups. In the latter case, the increased
sample size can overcome poor reliability, at least to some
extent. Therefore, ultimately, the acceptability of reliability
depends as much on the purpose of the instrument and how
it will influence subsequent decisions as it does on the size
and sources of measurement error.

Literature review
Many studies did not attempt to evaluate the reliability of
the joint examination method or index in their hands24-29, or
reported results only as percentage agreement30. Only one
paper used a variant of Bland and Altman’s 95% limits of
agreement to evaluate the reliability of the clinical articular
assessment. The other SDD entries in Table 7 were recalcu-
lated using data from the original publications.

The interobserver 95% limits of agreement for the
Ritchie articular index was –31 to 25 in Ritchie’s original
paper31, –10 to 14 in a later study by Lewis, et al32, and 10
in a very small study of 4 patients by Thompson, et al33. In
Ritchie’s study the examiners were trained but uncalibrated
rheumatologists, whereas in Lewis’s study 2 metrologists
underwent simultaneous training and calibration. Ritchie
herself considered that differences of more than 20 between
2 observers on an individual patient were important and
wrote “this clearly renders the index invalid if observations
are made on the same patient by different clinicians.”31

Few published studies have evaluated the reliability of
joint swelling and none could be reanalyzed using the limits
of agreement method. Hansen, et al34 reported the interob-
server random effects ICC for a 14 joint swelling count as
0.14. Although Bellamy, et al28 reported a reliability coeffi-
cient of 0.98 for the American Rheumatism Association
graded 66 joint swelling index, the method of calculating the
reliability coefficient as reported in the paper was incorrect
(G. Wells, coauthor, personal communication). A revised
fixed effects ICC (~0.74) was recalculated using the compo-
nents of variance analysis provided in Bellamy’s report21.
One explanation for the discrepant ICC results is study
design [Hansen, et al 0.14, this study (Study A) 0.52, and
Bellamy, et al 0.74]. Hansen, et al evaluated 10 patients, as
we did, but Hansen used 5 examiners, whereas we only had
2, and better ICC are expected with fewer examiners.
Bellamy, et al evaluated 6 patients with 6 examiners, but the
examiners had undergone considerable calibration.

Much more has been published on the reliability of radi-

ographic scoring methods than for clinical articular assess-
ments. This is not surprising given the difficulty of clinical
studies compared to studies of radiographs. Real patients are
needed for the former, evaluated by multiple observers,
within short time periods, whereas radiographs can be read
anytime by multiple observers. However, some early studies
only reported the results as percentage agreement35,36 or the
residual variance (using analysis of variance methods of
analysis) was not provided in the result37.

About one-half of studies evaluating the reliability of
their scoring method attempted a comprehensive assessment
of both intra and interobserver reliability. However, few
used an optimal method of analysis. O’Sullivan, et al38

reported an intraobserver 95% limits of agreement for the
Larsen score (hands, wrists, and feet, 0–210) as 8 and an
interobserver agreement of 11. The observers had undergone
considerable training. Ruckman, et al39 reported an even
smaller intraobserver agreement of 7, whereas Guth, et al40

intraobserver agreement was 25 (Larsen score 0–150). The
discrepancy between Ruckmann, et al and Guth’s results is
easily explained. Ruckmann, et al evaluated 24 patients,
with 21 having a Larsen score of less than 10, so there was
a predominance of very low scores, whereas the Guth, et al
assessed 71 patients, with 66 having a Larsen score of 6–75,
thus a much broader range of scores. These results confirm
our findings that conditions external to the measurement
process influence the magnitude and direction of measure-
ment error, and that the SDD will be small if the abnormal-
ities that are being measured are themselves negligible.

We located 2 reports that directly compared status scores
with difference scores in the literature review. In both
reports the reliability of the difference score (albeit
employing a Pearson or rank correlation coefficient) was
less than the measure’s status score41-43, a finding consistent
with the theory of measurement11.

Reliability and implications for the ACR20 and EULAR
response criteria 
The ACR20 and the EULAR response criteria of disease
activity differ greatly in their development, selection,
weighting, and component aggregation. A look at their
calculation reveals stages at which random measurement
error, the SDD, may have an effect. The implications of
SDD in the use of these measures for clinical trials and
epidemiology have not been studied.

The ACR20 was designed to reflect a “clinically signifi-
cant” change in its 7 components, using a Delphi approach
to define this change as 20%1,44,45. Thus, each component is
first assessed for responder or nonresponder status by the
20% change test. This process bisects the population of
interest (the distribution), and the “cutpoint” used has impli-
cations for introduction of measurement error (see below).
These 7 outcomes, then, are surveyed to arrive at the overall
responder/nonresponder decision. Thus, the population is
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again bisected, now by each patient’s overall ACR20 test. In
addition to these heuristic considerations, the ACR deriva-
tion process  was data driven. Multiple differently structured
composites, varying both the cutpoint for clinical signifi-
cance and the cutpoint for the number and distribution of
components, were systematically studied for their ability to
separate the pooled placebo from the pooled treatment
response in a traditional DMARD database1.

In contrast, the EULAR Response Index was developed
and structured quite differently. The process here differed
from explicit Delphi approaches. The EULAR Response
Index was developed from the Disease Activity Score
(DAS). The DAS employed an implicit “expert opinion or
experiential based approach”6,7. The selection and weighting
(the formula) of the pooled components were analytically
derived from information implicit in the clinical decisions of
rheumatologists in clinical practice. The statistical method
of discriminant analysis was used to discriminate between
low and high disease activity as judged by real treatment
decisions46. Unlike the ACR20 the components of the DAS
(and later the EULAR Response Index) remained as status
scores rather than difference scores. Subsequently the DAS
was validated using a “hypothesis-testing/predictive”
approach7. Thereafter, the DAS, like the ACR20, was cast in
a categorical (trichotomous) form, the EULAR Response
Index using an RCT database12. So the DAS is first aggre-
gated, then invoked as a responder decision, whereas the
ACR20 first invokes a responder decision for all compo-
nents, then is aggregated. So all else being equal, one would
expect the DAS to engender less random measurement error
than the ACR20. 

However, there are other considerations. One could argue
that as the EULAR Response Index combines change and
achieved state into one criterion that has 3 levels, that this
combination of 2 different domains may increase random
measurement error. Further, the reliability of the composite
depends on the reliabilities of the component measures, and
these differ for the ACR20 and the EULAR Response Index.
Measures that have poorer reliability, such as the patient
global measured on a VAS, are a required component of the
DAS formulation (DAS4) used to develop and test the
EULAR response criteria, whereas patient global assess-
ment may be excluded from the calculation of a particular
patient’s ACR20. Furthermore, the ACR20 gains in discrim-
inatory power to detect differences by using 7 items and the
3/5 weighting of patient–specific responses, compared to
the EULAR Responder Index, which keeps all items fixed.

Ranking the factors that influence the magnitude or
predict the direction of the reliability of the ACR20 and
EULAR Response Indices is not known and cannot be
known without prospective field testing. Can the SDD shed
light on useful characteristics of these instruments in
prospective field testing? The interpretation of the single
SDD for the DAS is straightforward. However, the effect of

component SDD, combined into an ACR20, is less straight-
forward. One method of analysis is to calculate the kappa at
any point within the derivation of the ACR20 — to assess
how often the 20% percentage change threshold is reversed
for each component — and then overall for each individual
patient. Another method of analysis that more closely
approximates the SDD approach to the ACR20 is to keep the
percentage change from baseline for each of the patient’s
components in its original continuous scale.

Measures of functional disability, multidimensional health
status, and health related quality of life
The ontology of function-disability measures is not as
complex as that for the ACR20, so understanding how
measurement error and its random component affect their
use is easier. The impetus for developing function-disability
measures such as the HAQ and the AIMS47,48 was to facili-
tate clinic based and research based quantitation of function
in RA. What can the patient do? Not do? These become the
operative questions, not, what were his complaints or phys-
ical findings. Health related quality of life (QOL) measures
are a more recent development. Although problematic in
certain fundamental ways49 they legitimately intend to
capture the patient’s preferences and judgments, rather than
signs, symptoms, or functions. The question is not, what can
one do, but what does one believe (one should be able to
do). SDD for these measures are easily calculated, as we
have demonstrated. Determining the MCID for these
measures is more difficult, although not, in principle, insur-
mountable.

Radiographic measures
The Larsen and the Sharp scoring methods, the 2 major radi-
ographic measures50, arose in the 1960s and 1970s and have
been modified and improved17,18. To have content validity35,
radiographic measures need to capture all the elements of
structural degradation seen in advancing RA. The Sharp
measure, in general, has better clinimetric properties (relia-
bility, validity, and responsiveness to change) than the Larsen
because it has more intervals, more items, and it separately
scores the elements of joint space narrowing and erosions51.
Use of a partial score, for example the erosion component of
the Sharp score alone, undermines this rationale.

Level of response may affect measurement error — impli-
cations for RCT design
A common assumption in trial methodology is that measure-
ment error is constant at different levels of response. In a
clinical trial this means across treatment arms. This
contention, however, has not been systematically investi-
gated, and as we have seen in the work reported here, many
factors, including the level of response in a particular arm of
a clinical trial, may alter the measurement error.
Additionally, the degree of this alteration may also vary
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depending on what endpoint was chosen. What is critical for
trial design and analysis is that if measurement error is not
constant it ceases to be only error but now also introduces
bias.

A bias of this type has been attributed to the choice of
change scores or percentage change from baseline as
endpoints52. Recently, Oppenheimer has shown that a bias
also results from the choice of dichotomous rather than
continuous endpoints13. Obviously it would be useful if both
the direction and magnitude of this bias could be predicted.
This may be possible. Bias, an underestimation or overesti-
mation of the result, appears to be a function of 4 conditions:
the number of change scores used in the endpoint, the
cutpoint selected (i.e., how the distribution is bisected), the
reliability of the endpoint itself, and the effect size seen in
the RCT13. In any RCT, if the matrix of conditions is known,
then one could predict both the direction and the magnitude
of bias. Although the ACR20 and the EULAR response
criteria may be robust to problems of bias and efficiency,
further analyses of these measures should be carried out in
light of these findings.

Finally, an important practical point for the research
agenda is evident. Use of any cutpoint, as in an MCID or
other responder/nonresponder measures, may have disad-
vantages because this dichotomy will cause loss of power
and may introduce bias. We would argue that such
dichotomies should not totally replace analyses of group
means, although group means are neither intuitive nor
attractive to the naïve clinician. Further, the SDD probably
should have no necessary relation to the MCID, because it is
a distribution based approach, based in formal statistics
only, and we would assert that predictive/data based
methodologies should underpin the MCID.

What then is the value of the SDD? It is another way of
describing the error of measurement. It is more understand-
able because it uses the same scale as the measure, and it is
truly quantitative. It makes sense to calculate the SDD, as
this is the minimum we can assess apart from measurement
error for an individual patient. Finally, the SDD can serve as
a comparator against MCID derived from other research,
particularly if the MCID is found to be smaller than the
SDD.

Future research
Measurement error can be seen as the first step in determining
where the minimum clinically important difference may be
found. In the end, the relevance of a difference will have to be
determined by how it relates to differences in longterm prog-
nosis: remission, work disability, death, and burden of disease.
Future research should be directed at clarifying such relations.

APPENDIX
Joint examination. Tenderness. Seventy-four joints were examined for joint
tenderness, 66 by direct palpation and 8 joints or joint groups (cervical spine,
lumbosacral spine, hip joints, subtalar and midtarsal joints) by pain on motion.

Joint tenderness was defined as the presence (or degree) of a patient’s
discomfort when firm pressure (defined as blanching of the nail bed of the
examiner’s thumb) was applied directly on the joint line or in some cases
over normal synovial reflections. Tenderness was recorded on a binary
scale where 0 = no tenderness, 1 = presence of tenderness. Similarly, joint
pain on motion was recorded as 0 = no pain on motion, and 1 = pain on
motion.

Swelling. Sixty-eight joints were examined for joint swelling; the cervical
spine, thoracolumbar spine, hip joints, and subtalar joints were excluded.
Joint swelling was defined as soft tissue swelling either due to synovial
thickening or to the presence of an effusion. Joint swelling was recorded on
a binary scale where 0 = no swelling, 1 = presence of swelling. These defi-
nitions and methods used to ascertain joint tenderness, pain on motion, and
joint swelling were recommended by the American Rheumatism
Association53. The results are also given for the shortened form of joint
assessment28 comprising 28 joints.
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