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Rheumatoid arthritis (RA) is a chronic inflammatory disease
in which joint destruction is a prominent feature. However,
at an early stage, the diagnosis can be difficult, often
requiring extensive diagnostic tests including radiographs.
The 1987 American College of Rheumatology (ACR)

criteria1 and numerous scoring methods such as Sharp’s
score2 describe radiographic abnormalities commonly found
in RA, such as erosions, bony decalcification, and joint
space narrowing. However, the usefulness of these abnor-
malities for the early diagnosis of arthritis has not been
investigated. Their specificity has not been satisfactorily
investigated, since most studies used patients with well
established inflammatory joint disease3.

The most widely used criteria set is the one developed by
the ACR in 19871. These criteria are used routinely by clin-
icians for the diagnosis of arthritis. Item 7 consists of radi-
ographic changes in the hands and wrists, but not the feet.
Previously we showed4 that hand radiographs were of
limited value for diagnosing early RA. Several authors5-8

have suggested that including foot radiographs may improve
the sensitivity of radiographic criteria.

Here, we pursued the dual objective of determining
whether radiographic features of the feet were significantly
associated with RA in a cohort of patients with early inflam-
matory arthritis, and whether adding foot radiographs
significantly improved the ability of the 1987 ACR item 7
and Sharp’s score for the hands to predict whether early
arthritis was due to RA.
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ABSTRACT. Objective. In a cohort of patients with early arthritis, to evaluate how well foot radiographs at study
inclusion predicted a diagnosis of rheumatoid arthritis (RA) 2 years later.
Methods. A cohort of patients with arthritis of less than one year duration was evaluated in a multi-
center study and followed for 30 ± 11 months. An observer blinded to patient data read all 149 hand
and foot radiographs done at study inclusion, using item 7 of the 1987 American College of
Rheumatology (ACR) criteria for RA and Sharp’s method to score erosions and joint space
narrowing.
Results. The kappa coefficient for the 1987 ACR item 7 was 0.52 for bony decalcification and 0.87
for erosions. Intra and interobserver correlation coefficients for Sharp’s scores ranged from 0.90 to
0.98. Erosions at the feet were significantly associated with RA. The item 7 erosion component at
the feet was more specific than the full item 7 (97.5% vs 94%; p = 0.01). Sharp’s erosion score at
the feet was not better than the erosion component of item 7 (sensitivity 18%; specificity 97.5%).
Combined use of radiographs of the hands and feet improved the diagnostic performance of the item
7 erosion component; (sensitivity and specificity of item 7 erosions at the hands combined with the
feet were 32.5% and 94.5%, respectively). 
Conclusion. The “erosion” criterion at the feet had the best diagnostic performance and was signif-
icantly associated with a diagnosis of RA. Combining hand and foot radiographs improved diag-
nostic performance. (J Rheumatol 2004;31:66–70)
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MATERIALS AND METHODS
Study population. The study included patients seen from 1995 to 1997 at 7
hospitals in Brittany, France, for arthritis of less than one year duration.

All the patients were referred to the study hospitals by general practi-
tioners or rheumatologists. Inclusion criteria were as follows: age 16 years
or older, swelling of at least one joint, absence of a previous diagnosis of
any form of arthritis, and symptom duration of no more than one year. The
study was approved by the institutional review board of the Brest
University Hospital, and all the patients gave their written informed
consent.

Study design. The study design has been described9. Briefly, the baseline
assessment included a standardized interview; a general physical examina-
tion; laboratory tests [standard blood and urine measures; latex test and
ELISA for IgM, IgG, and IgA rheumatoid factors; tests for antiperinuclear
factor (APF), antikeratin antibody (AKA), anti-RA33 antibody, and antinu-
clear antibody; and HLA-DR phenotype determination]; and radiographs of
the chest, pelvis, hands, and feet. Each patient was asked to undergo an
evaluation every 6 months by an office-based rheumatologist. These eval-
uations were free of charge. The evaluations were stopped when the
following occurred: (1) the office-based rheumatologist made a clinical
diagnosis of a defined joint disease, and (2) the patient met published clas-
sification criteria for that joint disease (e.g., the 1987 ACR criteria for RA
if the rheumatologist’s diagnosis was RA). After the last visit, a panel of 5
rheumatologists determined whether the diagnosis was RA (RA group) or
not (non-RA group). The diagnosis made by the panel after the last visit
was used as the gold standard for evaluating the diagnostic efficacy of radi-
ographs of the hands and feet.

Radiographic evaluation. Although 270 patients from 8 centers were
included in our cohort and had radiographs of the hands and feet, only 4 of
these 8 centers participated in the study of foot radiographs and sent dupli-
cates of the radiographs to us. These radiographs were from 149 patients.
The clinical presentation in these patients was similar to that in the
remaining 121 patients (data not shown). In each patient, radiographs of
hands and wrists and of both feet in posteroanterior view were obtained at
the first visit by the patient’s rheumatologist, who then sent them to the
coordinating center (Brest). There, all 149 sets of radiographs were exam-
ined by one of us (VDP, who had no information about the patients) for
typical erosions and/or unequivocal bony decalcification as described in
item 7 of the 1987 ACR criteria and for determination of 1985 Sharp scores
(erosions score, joint space narrowing score, and total score) at the hands10

and Sharp scores modified by Plant, et al at the feet11.
Interobserver and intraobserver variabilities were assessed using 130

pairs of foot radiographs, with the interclass correlation coefficients. For
the determination of intraobserver variation, the radiographs were read
twice by a blinded observer (VDP) at an interval of 3 to 9 months. For inter-
observer variability, the radiographs were read by VDP and by another
trained, blinded observer (SA).

Statistical analysis. Data were analyzed using the Statistical Package for
the Social Sciences (SPSS 9.0). The kappa coefficient was used to quantify
the reliability of categorical variables and the intra and interobserver corre-
lation coefficients of quantitative variables. The sensitivity and specificity
of each variable were determined. ROC curves12 were plotted for qualita-
tive variables. Data were analyzed using a chi-square test (or Fisher’s exact
test where appropriate) and the Mann-Whitney test. P values < 0.05 were
considered significant.

RESULTS
The 149 patients had a mean age of 50.2 ± 15.9 years at
baseline. There were 102 (68.5%) women and 47 (31.5%)
men. The mean disease duration at the first visit was 0–2
months for 43% (64/149) of the patients, 3–5 months for
25.5% (38/149), 6–8 months for 12% (18/149), and 9–11
months for 19.5% (29/149). At baseline, 26 patients had

joint symptoms in the feet, consisting of joint pain (26/149,
17.5%) with or without synovitis (10/26, 38%). Laboratory
tests showed that 23% had IgM rheumatoid factor (RF) by
ELISA and 21.5% a positive latex test; 21.5% tested positive
for APF, 16% for AKA, 23% for anti-RA33 antibodies, and
47% for HLA-DR4. Mean followup was 31 ± 11 months.

The panel of 5 rheumatologists assigned 37% of the
patients (55/149) to the RA group at the end of followup.

Validity of the method: Radiograph assessment by the
blinded observer. The intraobserver kappa coefficients for
item 7 at the feet were 0.87 for erosions, 0.52 for bony
decalcification, and 0.72 for the full item (VDP vs VDP).

The interobserver kappa coefficients for item 7 at the feet
were 0.80 for erosions, 0.55 for bony decalcification, and
0.70 for the full item (VDP versus SA).

For total Sharp score at the feet, the intraobserver corre-
lation coefficient was 0.98 and the interobserver correlation
coefficient 0.90.

Radiographic findings at baseline. We looked for statistical
associations between various changes on radiographs of the
feet (Table 1). Sharp scores (erosion score, joint space
narrowing score, and total score) were significantly associ-
ated with RA. Item 7 erosions alone or in combination with
bony decalcification (full item 7) were significantly associ-
ated with RA, whereas bony decalcification alone was not.

Diagnostic value of the radiographs
Diagnostic value of foot radiographs. Sensitivity and speci-
ficity were 18% (10/55) and 97.5% (92/94), respectively, for
item 7 erosions (Table 2). For the full item 7, sensitivity was
higher (12/55, 22%), but specificity was lower (88/94, 94%).

The sensitivity and specificity of Sharp scores at the feet
using various cutoffs for erosions, joint space narrowing, and
the total score are shown in Figure 2. For a sensitivity of 22%
(Figure 2, cutoff = 1), erosions had a specificity of 96%.

Diagnostic value of foot radiographs in patients with
polyarticular disease. We also evaluated the diagnostic
value of erosions on foot radiographs in the patients with
polyarticular synovitis (> 4 joints with synovitis in any

Table 1. Statistical associations between radiographic changes at the feet
in a cohort of patients with early arthritis and RA 2 years later.

Radiographic Criteria RA, n = 55 (%) No RA, n = 94 (%) p

Erosions (item 7) 10 (18) 2 (2) < 0.01
Bony decalcification 2 (3.5) 4 (4) NS

(item 7)
Full item 7 12 (22) 6 (6) < 0.02
Joint space narrowing 1.5 1 < 0.04

(Sharp)
Erosions (Sharp) 0.8 0.1 < 0.002
Total Sharp score 2.3 1.2 < 0.004

NS: nonsignificant.
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joints) at baseline. There were 76 (51%) patients in this
subgroup. For item 7 erosions, sensitivity and specificity
were 9% (7/76) and 96% (70/73), respectively. For the full
item 7, sensitivity was higher (11/76, 14.5%), but specificity
was lower (66/74, 89%).

Diagnostic value of foot radiographs in patients with
metatarsophalangeal (MTP) pain and/or synovitis. The
diagnostic value of foot radiographs (ACR erosions) was
not better in patients with MTP pain (3/26 vs 7/123; p = 0.3)
or MTP synovitis (1/26 vs 9/123; p = 0.66).

Diagnostic value of foot radiographs in patients with a
strong suspicion of RA. We evaluated the diagnostic value of
foot erosions in the subgroup of patients with a strong suspi-

cion of RA. Previously, we had found that neither the office-
based rheumatologist’s opinion nor the ACR criteria at base-
line was reliable for identifying those patients who had a
diagnosis of RA within the next 2 years9. A diagnosis of RA
by the office-based rheumatologist at the first visit had high
sensitivity (93%; 91/98) but low specificity (60%; 104/172)
for RA 2 years later9. Similarly, in the present study, the
diagnostic value of foot radiographs was not better when a
diagnosis of RA was suspected at baseline (8/91 vs 2/58 for
the erosion criterion alone; p = 0.3).

Diagnostic value of hand radiographs
Diagnostic value of item 7 of the 1987 ACR criteria.
Compared to the full item 7, the erosions component was
more specific (96.5% vs 87.5%; p = 0.01), but slightly less
sensitive (18% vs 22.5%; p nonsignificant).

Diagnostic value of Sharp scores at the hands. The sensi-
tivity and specificity of Sharp score with various cutoff
values for erosions, joint space narrowing, and the total
score are depicted as ROC curves in Figure 1. The ROC
curves for erosions showed the best specificity.

Diagnostic value of the combination of hand and foot radio-
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Table 2. Value of radiographic erosions at the hands and/or feet for
predicting a diagnosis of RA 2 years later (item 7 of the 1987 ACR criteria
for hands, feet, and both).

Erosions Sensitivity (%) Specificity (%)

Hands 10/55 (18) 91/94 (96.5)
Feet 10/55 (18) 92/94 (97.5)
Hands and/or feet 18/55 (32.5) 89/94 (94.5)

Figure 1. ROC curves of Sharp scores at the hands.

Figure 2. ROC curves of Sharp scores at the feet.
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graphs. Sensitivity and specificity of item 7 erosions at the
hands and/or feet were 32.5% and 94.5%, respectively
(Table 2). Combining Sharp scores at the hands and feet was
not better for the diagnosis than item 7 erosions (Figure 3).
For a sensitivity of 28% (Figure 3, cutoff = 3.5), erosions
had a specificity of 90%.

DISCUSSION
RA is the most common inflammatory joint disease and
requires early treatment aimed at minimizing joint damage.
Destruction of peripheral joints seen on plain radiographs is
an important criterion for the early diagnosis of RA13. We
previously found that hand radiographs had limited diag-
nostic value for RA in a cohort of patients with early
arthritis4. Foot radiographs can reveal the joint damage char-
acteristic of RA, and several studies have found that
erosions occurred first at the feet5-7. We investigated the
value of foot radiographs for predicting a diagnosis of RA 2
years later. Only 3 studies14-16 have evaluated the diagnostic
value of radiographs in early arthritis. However, these
studies were usually restricted to a specific diagnostic group
and used inadequate classification criteria for the initial
diagnosis. In our study, we investigated the diagnostic value
of foot radiographs in a cohort of patients with recent onset
of inflammatory arthritis. The final diagnosis was made by
a panel of 5 rheumatologists, after a followup of about 2
years.

We first investigated statistical associations of bony
decalcification and erosions with RA. As described in our
study of hand radiographs4, bony decalcification at the feet
was not associated with RA. Moreover, substantial interob-
server and intraobserver variations occurred for bony decal-
cification. We agree with others17,18 that this abnormality
may be of limited usefulness and specificity for RA. By
contrast, erosions at the feet were significantly associated
with RA. However, the diagnostic value of item 7 erosions
was low in our cohort, with a sensitivity of only 18%, but a
high specificity, of 97.5%.

In our study, patients were seen early in the disease
course. Most were seen during the first 6 months of the

arthritis. The mean disease duration at the first visit was 0–6
months for 68.5% (102/149) of the patients, and 7–12
months for 31.5% (47/149). This short time between the first
symptoms and the baseline evaluation may explain the low
sensitivity of radiographic criteria in our study. However, it
reflects the challenges raised by recent-onset arthritis in
everyday clinical practice that were the focus of this study.

We determined the best cutoff for erosions scored using
Sharp’s method without van der Heijde’s modification19.
This modification is widely used and can be applied to foot
radiographs20-22. However, the physicians who read the radi-
ographs in our study were trained in the use of Sharp’s
score. We evaluated 100 sets of hand and foot radiographs
using Sharp’s score with and without van der Heijde’s modi-
fication and found no significant difference in reliability
(data not shown). The ROC curves suggested that the Sharp
erosion score at the feet offered the best diagnostic perfor-
mance characteristics. Sensitivity was low, in keeping with
earlier evidence that foot damage does not occur very early
in RA, but specificity was high. For example, on our ROC
curve, with a cutoff of 1, sensitivity was 22% and specificity
was 96%.

We found that combining hand and foot radiographs
improved sensitivity to 28% (cutoff = 3.5), with a specificity
of 90%. In several studies, the feet were found to be the first
site of development of radiographic erosions. However,
these studies were conducted either in patients with long-
standing RA or in small numbers of patients6,7,23-27. Priolo, et
al6 reported that sensitivity of radiographic erosions
increased from 57% to 68% when radiographs of the hands
and feet were used in combination. Similarly, in a study by
Paimela, et al7, sensitivity improved from 12% to 35% after
addition of foot radiographs to hand radiographs.

Our study suggests that, when seeking to discriminate
between patients with early inflammatory joint disease who
will and those who will not be diagnosed with RA 2 years
later, sensitivity and specificity are better when radiographs
of the feet are used also instead of radiographs of the hands
alone. However, only hand radiographs are taken into
account in item 7 of the 1987 ACR criteria. Although

Figure 3. ROC curves of Sharp scores for the feet and the hand.
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obtaining radiographs of the feet involves additional expo-
sure of the patient to radiation and additional cost, the
improvement in sensitivity may decrease the need for taking
radiographs later on.

Thus the presence of erosions at the feet was a better
radiological diagnostic measure than erosions at the hands
and wrists. Foot erosions were significantly associated with
RA 2 years later and showed little intraobserver and inter-
observer variation. Similar to hand radiographs alone, foot
radiographs alone were of limited value for discriminating
between patients with early arthritis who would and would
not have RA 2 years later. Combining hand and foot radi-
ographs provided better sensitivity and specificity than hand
radiographs alone as in the 1987 ACR criteria, but the sensi-
tivity was nevertheless too low to make hand and foot radi-
ographs useful when used alone for the clinical diagnosis in
cohorts of patients with recent-onset arthritis.
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