
The Journal of Rheumatology Volume 32, no. 5

radiographic damage in patients with rheumatoid arthritis.
Reproducibility and sensitivity to change of 5 methods for scoring hand

K Kvien
Francis Guillemin, Laurent Billot, Stephanie Boini, Nathalie Gerard, Sigrid Ødegaard and Tore

 http://www.jrheum.org/content/32/5/778
J Rheumatol 2005;32;778-786

 http://www.jrheum.org/cgi/alerts/etoc   
1. Sign up for our monthly e-table of contents 

 http://jrheum.com/subscribe.html   
2. Information on Subscriptions 

 Refer_your_library@jrheum.com   
3. Have us contact your library about access options 

 http://jrheum.com/reprints.html   
4. Information on permissions/orders of reprints 

rheumatology and related fields. 
Silverman featuring research articles on clinical subjects from scientists working in 

 is a monthly international serial edited by Earl D.The Journal of Rheumatology

 Rheumatology
The Journal of on May 17, 2016 - Published by www.jrheum.orgDownloaded from 

 Rheumatology
The Journal of on May 17, 2016 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/content/32/5/778
http://www.jrheum.org/cgi/alerts/etoc
http://jrheum.com/subscribe.html
mailto:Refer_your_library@jrheum.com
http://jrheum.com/reprints.html
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


778 The Journal of Rheumatology 2005; 32:5

Reproducibility and Sensitivity to Change of 5
Methods for Scoring Hand Radiographic Damage in
Patients with Rheumatoid Arthritis
FRANCIS GUILLEMIN, LAURENT BILLOT, STEPHANIE BOINI, NATHALIE GERARD, SIGRID ØDEGAARD, 
and TORE K. KVIEN

ABSTRACT. Objective. To compare intrarater and interrater reproducibility and sensitivity to change of 5 scoring
methods for radiographic damage on hand radiographs in patients with rheumatoid arthritis (RA).
Methods. Radiographs of 22 patients from Norway and France with average 2 years’ disease dura-
tion at baseline and mean 30 months’ followup were assessed by 2 readers according to Larsen,
Larsen/Rau, Sharp, Sharp/van der Heijde, and Simple Erosion Narrowing Score (SENS) methods.
Reproducibility at baseline and on progression was assessed using intraclass correlation coefficients
(ICC) and Bland-Altman graphs. Sensitivity to change was compared across methods by computing
the country-adjusted standardized response means (SRM) ratio.
Results. Intrarater reproducibility varied with the reader (ICC ranging from 0.90 to 0.97), with
Larsen and Larsen/Rau ranking highest. Interrater reproducibility was highest with Sharp and
Sharp/van der Heijde (ICC 0.76 to 0.93). Bland-Altman graphs showed a decrease of concordance
in cases of more severe damage. Sensitivity to change was higher with Sharp and Sharp/van der
Heijde modified for erosions (SRM ratio 1.44 and 1.70), than with Larsen/Rau and SENS. The dif-
ferences between Sharp, Sharp/van der Heijde, and Larsen were less for joint space narrowing. There
was a significant reader effect (p < 0.05) in all but the Sharp method. Expressed as percentage of the
maximum score, the smallest detectable difference varied between 3.5% (Sharp/van der Heijde) and
14.2% (SENS erosion).
Conclusion. All methods have high intraobserver and interobserver reliability. The interrater repro-
ducibility decreases with disease severity. Recent modified methods perform best to detect changes,
but the advantages of SENS seemed to be lost when applied on hand radiographs alone. Training the
readers appears to be essential. (J Rheumatol 2005;32:778–86)
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The assessment of radiographic joint damage is a major cri-
terion for characterizing the severity and progression of the
disease in rheumatoid arthritis (RA). It reflects impairment
and is recommended as a main outcome variable in con-
trolled clinical trials of disease modifying therapies1 as well
as in longitudinal observational studies2.

Standardization of joint damage assessment by reading
radiographs as an outcome has inspired many efforts to
improve quality of reading and scoring damage. It is crucial
to develop a common tool for assessing this fundamental
issue in RA so as to minimize the measurement error at its
numerous sources. Several radiograph scoring methods
have been proposed to standardize quantification of articu-
lar damage, in order to facilitate longitudinal observations
and prognostic and therapeutic studies.

There is a recent trend toward favoring shortened meth-
ods at the expense of minimum loss of quality, but the meas-
urement properties of a method depend on a number of fac-
tors, such as radiograph techniques, positioning, number of
articular sites counted, grading systems, type of lesion con-
sidered, i.e., joint space narrowing (JSN), erosion or defor-
mation, and skill of readers3. A recent review has tracked the
various methods proposed and the degree of validity of each
method4. Few methods have been directly compared for per-
formance when used under similar conditions, although it is
of interest to provide a comprehensive comparison of cross-
sectional and longitudinal measurement properties of differ-
ent methods in RA.
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We compared intrarater and interrater reproducibility and
sensitivity to change of 5 scoring methods for radiographic
damage focusing on hand radiographs in RA.

MATERIALS AND METHODS
Design. A trial examining the cross-sectional intrareader and interreader
reproducibility, as well as the longitudinal interreader reproducibility and
sensitivity to change, was designed in a successive-block repeated-meas-
urement design.

Materials. A sample of hand radiographs from 22 patients — 10 in Norway
and 12 in France — was selected from the EURIDISS database5,6 by 2 sen-
ior rheumatologists (TKK, FG) to represent the spectrum of the disease
damage in a range of 0 to 4 years’ disease course of evolution on the basis
of their disease severity, disability, and joint damage7. Hand radiographs
were postero-anterior views of both hands and wrists on the same film. All
patients had a clinical diagnosis of RA and satisfied the 1988 American
College of Rheumatology (ACR) criteria for RA classification.

For each patient baseline and followup radiographs after 2–3 years were
available for assessment.

Radiograph scoring. Five methods for scoring radiographic damage were
compared on each set of radiographs. In this study, only joints in the hands
and wrists were examined, even if the majority of the methods also includ-
ed feet in their original description.

The Sharp method (1985) applies to 17 areas for erosions and 18 areas
for JSN in each hand and wrist6,8,9. Each erosion scores 1 point, with a
maximum of 5 points per area (reflecting loss of more than 50% of articu-
lar bone). Erosion scores range from 0 to 170. One point is scored for focal
joint narrowing, 2 points for diffuse narrowing of less than 50% of the orig-
inal space, and 3 points if the reduction is more than half of the original
joint space. Ankylosis is scored 4. (Sub)luxation is not scored. The score for
JSN ranges from 0 to 144.

The Sharp modified method was developed by van der Heijde in
198910,11. Erosion is assessed in 16 joints for each hand and wrist. One
point is scored if erosions are discrete, rising to 2, 3, 4, or 5 depending on
the surface involved (complete collapse of the bone is scored 5). The hand
score for erosion ranges from 0 to 160. JSN is assessed in 15 joints for each
hand and wrist. JSN is combined with a score for (sub)luxation and scored
as follows: 0 = normal; 1 = focal or doubtful; 2 = generalized, less than
50% of the original joint space; 3 = generalized, more than 50% of the orig-
inal joint space or subluxation; 4 = bony ankylosis or complete luxation.
The hand score for JSN ranges from 0 to 120.

The Simple Erosion Narrowing Score (SENS) was recently developed
by van der Heijde (1999) and is a simplified method by simply summing
the number of eroded and narrowed joints on selected joints on hand and
foot radiographs12. As specified, only hand radiographs were examined in
this study. SENS assesses the same joints as the Sharp/van der Heijde
method (1989). A joint is scored as “affected 1” if it displays any erosion,
and as affected 1 for JSN if it scored 1 or more in the original method (at
least focal JSN). The hand score per joint can therefore range from 0 to 2.
Erosion is considered in 32 joints and JSN in 30 joints. The hand score
ranges from 0 to 32 and from 0 to 30 for erosion and for JSN, respectively.

The Larsen original method has been modified several times by the
author. The method recommended for longitudinal observation studies13

was used here. The main differences from the original are deletion of scores
for the thumbs and first metatarsophalangeal (MTP); subdivision of the
wrist into 4; deletion of soft tissue swelling and osteoporosis; and distinc-
tion between erosions of different sizes. The grading scale ranges from 0 to
5: 0 = intact bony outlines and normal joint space; 1 = erosion < 1 mm in
diameter or JSN; 2 = one or several small erosions (diameter > 1 mm); 3 =
marked erosions; 4 = severe erosions (usually no joint space left and the
original bony outlines are only partly preserved); and 5 = mutilating
changes (the original bony outlines have been destroyed). The hand score
ranges from 0 to 120.

The modified Larsen by Rau (1995) is restricted to definite erosions and

the proportion of joint surface destruction14. Twenty-two joints are evalu-
ated in the hands and wrists. The 6 stages are defined as follows: 0 = nor-
mal; 1 = soft tissue swelling and/or JSN/subchondral osteoporosis; 2 = ero-
sions with destruction of the joint surface (DJS) < 25%; 3 = DJS 26–50%;
4 = DJS 51–75%; and 5 = DJS > 75%. The hand score ranges from 0 to 110.
In this modification, the stages are described as a quantitative measure of
the destroyed joint surface area and can therefore be applied more easily.

Reading strategy. Two readers (NG, SØ) performed all radiographic assess-
ments. All 5 scoring methods were used to score all patients’ radiographs at
each baseline and followup time by both readers. Before the beginning of
the study, one reader (NG) was familiar with the modified Sharp method,
while the other (SØ) was experienced with the Larsen scoring. Both per-
formed prestudy training for each of the 4 other methods on 10 other radio-
graph sets.

Interobserver reliability was assessed by having each of 20 radiographs
(10 from Norway, 10 out of 12 from France) read at baseline by the 2 read-
ers independently using each of the 5 scoring methods.

Intraobserver reliability was assessed by having each reader assess 10
baseline radiographs twice in random order by each of the 5 methods.

Longitudinal interobserver reliability and sensitivity to change were
assessed by having each reader assess each 20-patient set at baseline and at
followup. The longitudinal assessment was conducted in sequential order,
according to OMERACT recommendations, with readers having baseline
radiograph and score available when examining and scoring followup
radiographs for each method, allowing for reduction in the score vari-
ance15.

The whole set of radiographs was read 5 times using each scoring
method in turn independently following a predefined order: Larsen, modi-
fied Larsen, Sharp, modified Sharp, and SENS. 

Statistical analysis. Reproducibility was assessed by computing intraclass
correlation coefficients (ICC) with their 95% confidence intervals. ICC
were derived from a mixed 2-factor analysis of variance for interobserver
and intraobserver reproducibility, cross-sectional and longitudinal (see
Appendix for details). This information was completed by plotting differ-
ence in scores of each radiographic assessment against mean score accord-
ing to the graphical method for assessing the degree of agreement by Bland
and Altman16. The sensitivity to change of each method was assessed with
the standardized response mean (SRM). A crude SRM was calculated as the
ratio of the mean difference between baseline and followup score divided
by the standard deviation of this difference. Since we were more likely to
detect larger changes with longer followup, we also computed an adjusted
SRM from a mixed model of repeated analysis of variance (ANOVA),
including a fixed-time effect to control for heterogeneity in the followup
duration between patients (see Appendix). Sensitivity to change was com-
pared across methods by computing the ratio of standardized response
means, using the Larsen score as reference. A ratio above (below) 1 indi-
cated a sensitivity to change higher (lower) than the Larsen score.

To decide whether there was real progression or no progression at all,
we calculated the smallest detectable difference (SDD) for each scoring
method using the formula defined by one-side testing for a 95% confidence
interval: SDD =    2*1.645*SEM applied to paired reading (the same patient
on 2 occasions). The SEM is the standard error of measurement defined as 

SEM =   Σ (score 1 – score 2)2

2*n

where score 1 corresponds to the score at first reading, and score 2 to the
score at second reading, and n corresponds to the 20 patients used to calcu-
late intrarater reliability. Progression scores smaller than the SDD cannot be
distinguished reliably from measurement error. Then SDD was expressed as
the percentage of the maximum score for each scoring method.

Feasibility. The feasibility of each scoring method was documented by sub-
jective appreciation of the readers on the difficulty to separate out the low
severity levels (stage 0 or 1 from stage 1 or 2), and by the time of reading.
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RESULTS
The 22 patients (77.3% female) were 59.7 years old with an
average disease duration of 3 years at baseline. The average
followup time was 2.5 years. The mean score observed on
baseline radiographs was 12.6 (reader 1) and 17.9 (reader 2)
by the Larsen method (on a 0–120 scale), 12.0 (reader 1) and
17.9 (reader 2) by the Larsen/Rau method (0–110 scale),
27.1 (reader 1) and 29.2 (reader 2) by the Sharp method
(0–312 scale), 24.8 (reader 1) and 26.1 (reader 2) by the
variant Sharp method (0–280 scale), and 13.5 (reader 1) and
16.0 (reader 2) by the SENS method (0–62 scale; Table 1).

The cross-sectional interrater reliability was high, but did
not show significant differences (Table 1). It was not uni-
form across methods. In more severe lesions, one rater pro-
vided higher erosion scores and lower JSN, with erosion
predominant in Larsen and variant Rau method, as shown on
Bland-Altman plots (Figures 1A to 1H).

The intrarater reliability was high by all methods, with
ICC over 0.9. On average, the score at the second reading
was lower than at the first reading (Table 2).

The longitudinal interrater reliability, i.e., the repro-
ducibility of change assessment between raters, was high by
ICC (Table 3). The graphical method showed that one rater
gave higher erosion scores, particularly in the SENS erosion
scale. For the Larsen method the direction (sign) of the dif-
ference between raters changed when severity increased
(Figures 2A to 2H).

The sensitivity to change of methods compared by the
adjusted SRM showed more ability of the Sharp and variant
van der Heijde methods to detect changes, particularly in
erosions, while change in JSN did not differ by method
(Table 3). The SENS did not perform as well as the Larsen
and other methods.

The SDD ranged from 3.9 in the SENS JSN score to 12.2
in the Sharp total score (Table 4). The Larsen and
Larsen/Rau methods had similar SDD, about 5. All mean
change scores (Table 3) were greater than SDD except for
the SENS erosion score. Expressed as a percentage of the

maximum score, SDD varied between 3.5% (Sharp/van der
Heijde total score) and 14.2% (SENS erosion score).

The time for reading was appreciated concordantly by the
2 raters: the SENS scoring was faster, over the Sharp/van
der Heijde method, while other methods took longer time.
Readers had more difficulty clearly delineating between
stages 0 and 1 by the Larsen method.

DISCUSSION
In this comparative survey of the properties of 5 scoring
methods for hand radiographs in early RA, all methods
showed high performance in both reliability and sensitivity
to change comparatively.

A measure needs to have a high level of reliability to
allow good sensitivity to change17, as a prerequisite for opti-
mizing signal to noise ratio. The high level of reproducibil-
ity of all methods allows consideration of all methods
appropriate for longitudinal assessment of change.

Trained raters do perform better in the method they are
trained for. Fries and others have long advocated for trained
raters to improve the standard of quality of scoring18. Our
results confirm such advice, and add the complementary
information that training is not interchangeable, since train-
ing for one method does not confer universal skill for read-
ing radiographs. Multiple raters have also been suggested as
a means to improving reliability, but this does not preclude
the influence of training, as untrained raters might fail and
increase heterogeneity19.

This study has some limitations. The number of radio-
graphs was limited, so that the precision of estimates is
moderate. However, the confidence intervals of the ICC
obtained from a mixed model ANOVA were rather narrow.
The site of radiographs was limited to hand radiographs and
did not include foot radiographs. This is a strategy of the
parent EURIDISS study, intended as a cost-saving in fol-
lowing cohorts of patients in longitudinal studies with
repeated measurements. The complete SENS method has
shown higher qualities when assessed on complete sets of

Table 1. Description of radiograph scores and interrater reliability by each scoring method (n = 22).

Reader 1 Reader 2
Method Range Mean (SD) Median (Q1–Q3)* Mean (SD) Median (Q1–Q3)* ICC 95% CI

Larsen 0–120 12.6 (15.0) 8 (3–17) 17.9 (14.4) 13.5 (8–24) 0.88 0.76–0.94
Larsen/Rau 0–110 12.0 (13.7) 9 (4–11) 17.9 (14.8) 13.5 (6–24) 0.88 0.76–0.94
Sharp 0–312 27.1 (30.8) 20 (5–39) 29.2 (30.1) 17.5 (12–34) 0.95 0.89–0.97

Erosion 0–170 12.6 (18.7) 5 (1–16) 17.3 (17.7) 10.5 (6–20) 0.93 0.86–0.97
JSN 0–142 14.5 (13.6) 12.5 (2–20) 11.9 (13.2) 7.5 (3–16) 0.92 0.84–0.96

Sharp/van der Heijde 0–280 24.8 (28.1) 16.5 (5–33) 26.1 (27.6) 13.5 (11–31) 0.93 0.86–0.97
Erosion 0–160 11.8 (17.1) 5 (2–24) 15.7 (17.3) 9 (5–19) 0.93 0.85–0.97
JSN 0–120 13.0 (12.3) 13 (2–19) 10.4 (11.4) 7.5 (3–13) 0.91 0.82–0.96

SENS 0–62 13.5 (14.1) 10 (3–17) 16.0 (13.1) 10.5 (7–16) 0.89 0.79–0.95
Erosion 0–32 4.2 (7.2) 1 (0–5) 10.3 (7.9) 8 (4–14) 0.80 0.63–0.90
JSN 0–30 9.3 (8.1) 7 (2–13) 5.8 (5.9) 4 (2–7) 0.77 0.57–0.88

* 1st quartile–3rd quartile. ICC: Intraclass correlation coefficient, JSN: joint space narrowing, SENS: Simple Erosion Narrowing Score.
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Figure 1a. Reliability at baseline (Sharp method: JSN). Difference against
mean by 2 raters.

Figure 1b. Reliability at baseline (Sharp method: erosion). Difference
against mean by 2 raters.

Figure 1c. Reliability at baseline (SENS method: JSN). Difference against
mean by 2 raters.

Figure 1d. Reliability at baseline (SENS method: erosion). Difference
against mean by 2 raters.

Figure 1e. Reliability at baseline (Sharp/van der Heijde method: JSN).
Difference against mean by 2 raters.

Figure 1f. Reliability at baseline (Sharp/van der Heijde method: erosion).
Difference against mean by 2 raters.

Figure 1g. Reliability at baseline (Larsen/Rau method). Difference against
mean by 2 raters.

Figure 1h. Reliability at baseline (Larsen method). Difference against mean
by 2 raters.
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hand and foot radiographs, and should not be ruled out on
the basis of our findings.

The duration of followup was not equal in all patients.
This variability in time intervals between baseline and sec-
ond assessment may have influenced the degree of change to
be detected differentially between methods. For that reason,
this heterogeneity was controlled for by adjusting the SRM
on the duration of followup in a mixed model of repeated
ANOVA. Adjustment of SRM ratio has been used in previ-
ous analysis of variance-covariance (ANCOVA)19 and
allows control for additional sources of heterogeneity,
enlarging the generalizability of the results. In these patients

from the early 1990s, we assumed no decrease in score over
time.

We assumed that cross-sectional intraobserver reliability
would not differ at other time points and assessed it only at
baseline. The design of our study did not include repetition
of readings at followup, thus we could not assess intraob-
server reliability for progression.

The order of reading per patient set was sequential, as
recently advised, and proved logical10,20. On the other hand,
the order of methods was fixed by family of methods and
corresponding variants. This fixed order could possibly
influence the results if one reading could further alter the

Table 2. Interrater reliability of scoring method (n = 20).

Reader 1 Reader 2
Method 1st Reading 2nd Reading 1st Reading 2nd Reading ICC 95% CI

Larsen Mean (SD) 10.8 (16.6) 10.4 (15.3) 13.0 (8.8) 11.5 (8.2) 0.97 0.93–0.99
Median (Q1–Q3)* 4 (3–11) 5 (3–11) 12.5 (4–22) 9.5 (4–16)

Larsen/Rau Mean (SD) 10.6 (16.0) 10.4 (15.0) 12.6 (8.7) 11.1 (8.0) 0.97 0.93–0.98
Median (Q1–Q3)* 4.5 (3–10) 5 (3–11) 12.5 (4–21) 9.5 (4–16)

Sharp Mean (SD) 23.8 (33.2) 24.6 (33.0) 21.2 (17.6) 16.6 (10.4) 0.96 0.91–0.98
Median (Q1–Q3)* 14 (5–24) 17.5 (7–22) 15.5 (9–25) 16 (7–23)

Erosion Mean (SD) 10.7 (19.3) 11.1 (19.8) 11.4 (9.4) 9.6 (6.8) 0.96 0.92–0.98
Median (Q1–Q3)* 3.5 (1–9) 3.5 (1–8) 8 (4–14) 10 (3–14)

JSN Mean (SD) 13.1 (15.0) 13.5 (14.2) 9.8 (9.3) 7.0 (4.6) 0.91 0.81–0.96
Median (Q1–Q3)* 8 (2–20) 9.5 (5–19) 6.5 (3–13) 7 (2–11)

Sharp/van der Heijde Mean (SD) 21.5 (28.7) 22.0 (27.3) 18.0 (15.1) 14.9 (9.6) 0.96 0.92–0.98
Median (Q1–Q3)* 12 (6–22) 16 (7–20) 12.5 (9–20) 12.5 (7–20)

Erosion Mean (SD) 9.9 (17.2) 10.0 (17.0) 9.9 (8.7) 8.9 (6.5) 0.96 0.92–0.98
Median (Q1–Q3)* 2.5 (1–9) 2.5 (2–8) 7 (4–11) 8.5 (3–12)

JSN Mean (SD) 11.6 (12.8) 12.0 (11.5) 8.1 (8.0) 6.0 (4.2) 0.90 0.79–0.95
Median (Q1–Q3)* 8 (2–16) 9.5 (5–17) 6.5 (2–11) 7 (2–9)

SENS Mean (SD) 11.4 (12.7) 10.2 (12.1) 12.8 (9.0) 10.1 (6.0) 0.94 0.87–0.97
Median (Q1–Q3)* 8.5 (4–14) 7.5 (5–10) 10 (7–13) 9.5 (5–14)

Erosion Mean (SD) 4.6 (7.4) 4.8 (7.3) 7.6 (5.5) 6.2 (4.5) 0.90 0.80–0.95
Median (Q1–Q3)* 3 (1–4) 2.5 (1–4) 5 (4–11) 5 (3–9)

JSN Mean (SD) 6.8 (5.6) 5.4 (5.2) 5.2 (4.3) 3.9 (2.6) 0.90 0.80–0.95
Median (Q1–Q3)* 6 (3–10) 4.5 (3–6) 4 (2–7) 3 (2–6)

* 1st quartile–3rd quartile. ICC: Intraclass correlation coefficient, JSN: joint space narrowing, SENS: Simple Erosion Narrowing Score.

Table 3. Interrater longitudinal reliability and sensitivity to change.

Scoring Method Mean Change SD of Change SRM SRM Ratio* Adjusted SRM Ratio** ICC 95% CI

Larsen 9.30 7.72 1.21 0.67 0.40–0.83
Larsen/Rau 7.30 6.26 1.17 0-.97 1.25 0.75 0.53–0.88
Sharp 22.68 17.91 1.27 1.05 1.65 0.85 0.70–0.93

Erosion 11.95 9.76 1.22 1.02 1.44 0.77 0.56–0.89
JSN 10.85 10.16 1.07 0.89 1.08 0.81 0.63–0.91

Sharp/van der Heijde 19.90 16.13 1.23 1.02 1.78 0.86 0.73–0.93
Erosion 10.95 9.35 1.17 0.97 1.70 0.83 0.67–0.92
JSN 9.1 8.58 1.06 0.88 1.07 0.80 0.61–0.90

SENS 6.90 6.18 1.12 0.93 0.94 0.62 0.32–0.81
Erosion 2.93 3.38 0.87 0.72 0.63 0.26 –0.12–0.57
JSN 4.15 4.04 1.03 0.85 0.69 0.53 0.19–0.75

* Ratio of each method SRM to Larsen SRM. ** Adjusted on rater and duration of followup. SRM: standardized response mean, ICC: intraclass correlation
coefficient, JSN: joint space narrowing, SENS: Simple Erosion Narrowing Score.
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Figure 2a. Reliability for progression (Sharp method: JSN). Difference in
change against mean change by 2 raters.

Figure 2h. Reliability for progression (Larsen method). Difference in
change against mean change by 2 raters.

Figure 2g. Reliability for progression (Larsen/Rau method). Difference in
change against mean change by 2 raters.

Figure 2e. Reliability for progression (Sharp/van der Heijde method: JSN).
Difference in change against mean change by 2 raters.

Figure 2f. Reliability for progression (Sharp/van der Heijde method: ero-
sion). Difference in change against mean change by 2 raters.

Figure 2d. Reliability for progression (SENS method: erosion). Difference
in change against mean change by 2 raters.

Figure 2c. Reliability for progression (SENS method: JSN). Difference in
change against mean change by 2 raters.

Figure 2b. Reliability at baseline (Sharp method: erosion). Difference in
change against mean change by 2 raters.
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rating of this radiograph by another method. Randomizing
the order of methods could have prevented this. However, it
was likely counterbalanced by the different skill of each
trained rater, and is not likely to have much biased the com-
parative performance of methods.

Patients were at early stage of disease, and sensitivity to
change may be different in late disease, in which results may
differ. Documenting sensitivity to change at the early stage
appears useful in light of current recommendations for early
referral and treatment21.

We used 2 different versions of the Larsen method for
scoring hand radiographs: the Larsen modification
(Larsen/Rau) that still included soft tissue swelling as grade
1 (as in the original Larsen method), and a Larsen modifica-
tion (by Larsen himself) in which soft tissue swelling had
been eliminated.

Intrarater reliability was estimated for the Sharp and the
Larsen methods in a cohort of RA patients with 6.7 years’
mean disease duration22. ICC were 0.96 for Sharp erosion
score, 0.94 for Sharp JSN score, and 0.97 for Sharp total
score and 0.88 for Larsen score. In another study, intrarater
reliability for the Sharp/van der Heijde method was 0.9623.

Interrater reliability for the Sharp/van der Heijde method
ranged from 0.76 to 0.94, according to study design20.
Concerning the Sharp method, Salaffi, et al found 0.79–0.96
and 0.58–0.71 for erosion score, 0.72–0.88 and 0.46–0.71
for JSN score, and 0.76–0.93 and 0.54–0.67 for total score
for interrater reliability and interrater reliability for progres-
sion, respectively24. Interobserver reproducibility assessed
by the Larsen method in 10 representative RA hand radio-
graphs ranged from 0.78 to 0.9225. Intra and inter-rater
reproducibility of the Larsen/Rau method assessed by expe-
rienced readers in patients with 2.7 years of disease duration
were up to 0.8026.

SRM for the Sharp/van der Heijde method varied from
0.81 to 0.85 according to disease duration for all patients,
and from 1.03 to 1.06 for patients with erosions23. In

another study, SRM for the SENS method ranged from 1.15
to 1.6327. When radiographs of hands and feet of 30 patients
with early RA were assessed by Larsen/Rau and Larsen
methods, the corresponding SRM were 0.83 and 0.88,
respectively28. Another study showed that both Sharp and
Larsen methods were sensitive to change in the first year of
RA [median scores (at baseline vs after one year) of 15.5 vs
7.5 for Sharp method and median of 30.5 vs 22.5 for Larsen
method; p < 0.001 for all comparisons]29.

We found results similar to those of van der Heijde, et al:
SDD were around 10 for the Sharp/van der Heijde method
and varied from 4 to 6 for the SENS method12. Moreover,
Lassere, et al calculated interrater reliability for progression
and SDD for the Sharp/van der Heijde and the Larsen (mod-
ified by Scott) methods30. They found ICC equal to 0.86 and
0.85 for Sharp/van der Heijde and Larsen methods, respec-
tively. SDD were ± 12.6 and ± 11.2, respectively, when esti-
mated by the 95% limits of agreement of the Bland-Altman
method and ± 8.8 and ± 8.0, respectively, estimated by the
95% limits of agreement of mean score of 2 observers.

According to reading strategies, for the Sharp/van der
Heijde method, Bruynesteyn, et al31 found SDD = 5 with
mean score at baseline of 24.6 (16.5) and mean progression
of 7.6 (10.0) in chronological reading and SDD = 13.8 with
mean score at baseline of 25 (16) and mean progression of
4.5 (10.2) in paired reading. The Larsen method (as modi-
fied by Scott) was also considered in this study: SDD was
5.8 [mean score at baseline 14.5 (10.4), mean progression
4.0 (8.0)] in chronological reading and 9.7 [mean score at
baseline 16.8 (11.2), mean progression 3.7 (10.3)] in paired
reading31.

In a study assessing the minimal clinically important dif-
ference (MCID) in RA-related radiologic joint damage
measured by the Sharp/van der Heijde method, the authors
found similar MCID (4.6) and SDD (5.0), suggesting that
the SDD can be used as the threshold for individual clini-
cally relevant change in trials32. The minimal detectable
radiographic change of the Larsen/Rau method was around
6 for intrareader and 7.7 for interreader26.

SDD is based on measurement error. It corresponds to the
minimal amount of progression that can reliably be distin-
guished from random measurement error. Mean scores of
change in our study are greater than SDD (except SENS ero-
sion score), suggesting that there is real progression. SDD is
study-specific but should be reported for all endpoints as a
quality control33,34.

In summary, all methods have high intraobserver relia-
bility. Although our results appear to be consistently in favor
of the Sharp and Sharp/van der Heijde methods, the magni-
tude of difference does not strongly discriminate between
methods. Interobserver reliability decreases when damage
severity increases. Sensitivity to change was similar, with
the exception of the SENS method on hands, which had a
lower SRM. Overall, any choice of a method should have

Table 4. Smallest detectable difference (SDD) and percentage of total score,
according to the scoring methods.

Scoring Method SEM SDD %*

Larsen 2.28 5.29 4.41
Larsen/Rau 2.21 5.14 4.7
Sharp 5.25 12.21 3.9

Erosion 2.77 6.43 3.8
JSN 3.53 8.21 5.8

Sharp/van der Heijde 4.17 9.69 3.5
Erosion 2.49 5.80 3.6
JSN 3.09 7.18 6.0

SENS 2.78 6.51 10.5
Erosion 1.95 4.53 14.27
JSN 1.68 3.91 13.0

* Percentage of maximum score. SEM: standard error of measurement,
JSN: joint space narrowing, SENS: Simple Erosion Narrowing Score.
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quality ensured by training the readers, over and above trust-
ing a particular method, since the method’s performance
relies more on the reader’s skill than the scoring itself.
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