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ORIGINAL ARTICLE

Ability of Oblique Foot Radiographs to Detect
Erosions in Early Arthritis: Results in the
ESPOIR Cohort
VALERIE DEVAUCHELLE-PENSEC,1 THIERRY JOSSEAUME,1 ISABELLE SAMJEE,1
MAXIME DOUGADOS,2 BERNARD COMBE,3 AND ALAIN SARAUX1

Objective. To assess the usefulness of using oblique foot radiographs in addition to posteroanterior radiographs of the
hands and feet for detecting erosions in patients with recent-onset arthritis.
Methods. We included 813 patients from the prospective French ESPOIR cohort with arthritis of <6 months’ duration
and >2 swollen joints. Baseline standardized posteroanterior radiographs of the hands and feet and oblique radiographs
of the feet were assessed by 2 blinded readers for erosions typical for rheumatoid arthritis (ETRA) and the Sharp score
as modiﬁed by van der Heijde.
Results. A total of 715 complete sets were available. Mean ⴞ SD total Sharp scores were 3.6 ⴞ 6.6, 2.5 ⴞ 6.3, and 1.8 ⴞ
5 for the hand and wrist, foot, and oblique foot, respectively. ETRA were visible in 160 (22.4%) of 715 patients (95%
conﬁdence interval [95% CI] 19.4 –25.6). They were seen on hand radiographs in 86 (53.7%) of 160 patients (95% CI
45.7– 61.6), on posteroanterior foot radiographs in 91 (56.9%) of 160 patients (95% CI 48.8 – 64.6), and on oblique foot
radiographs in 84 (52.5%) of 160 patients (95% CI 44.5– 60.4). ETRA were visible at the feet, but not at the hands, in 74
(46%) of 160 patients (95% CI 38.4 –54.3), among whom 22 (30%) had erosions only on the posteroanterior view, 16 (21%)
only on the oblique view, and 36 (48.6%) on both.
Conclusion. ETRA were found in 22.4% of patients. Adding an oblique foot radiograph identiﬁed 16 (10%) of 160
additional patients (95% CI 6 –16), compared with 27.5% and 13.8% identiﬁed by adding posteroanterior radiographs of
the hands and feet, respectively.

INTRODUCTION
Diagnosing early rheumatoid arthritis (RA) is a challenging
task that rests on a set of converging data from physical
examinations, radiographs, and multiple laboratory tests.
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tion criteria for RA (1) are used routinely by clinicians for
classifying patients with arthritis. The radiographic criterion (item 7) is based on examination of the hands and
wrists, but does not require foot radiographs. However, the
high rate of radiographic foot lesions in patients with early
RA is well documented, and several studies (2– 6) suggest
that including foot radiographs in the 1987 ACR criteria
may signiﬁcantly improve the sensitivity of item 7.
The numerous scoring methods for radiographic abnormalities include global assessments per patient (i.e., the
Steinbrocker staging system), global assessments per joint
(i.e., the Larsen score), and separate evaluations of erosions and joint space narrowing (JSN; i.e., Sharp score)
(7,8). Although most of these tools were designed for the
hand, scoring methods for radiographic foot lesions have
been developed. Therefore, the 1971 Sharp score for the
hand was modiﬁed in 1985 to include the foot.
Radiographic abnormalities included in the 1987 ACR
criteria for RA and in radiographic scores consist of erosions, bony decalciﬁcation, and JSN. However, our group
and others demonstrated that bony decalciﬁcation was
unreliable, and that erosions were the abnormality most
strongly associated with RA (3,9,10).
In everyday practice, investigations obtained in patients
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with recent-onset arthritis usually include posteroanterior
radiographs of the hands and wrists, and both posteroanterior and oblique radiographs of the feet. We reported
previously that adding posteroanterior foot radiographs to
hand radiographs signiﬁcantly improved the detection of
radiographic erosions typical for RA (ETRA) (11). Whether
adding oblique foot radiographs also improves ETRA detection in patients with recent-onset arthritis has not been
evaluated.
The primary objective of this study was to determine
whether adding oblique foot radiographs to posteroanterior hand and foot radiographs improved the detection of
ETRA in a cohort of patients with recent-onset arthritis. In
addition, we determined which sites were most commonly
affected with erosions at the feet.

PATIENTS AND METHODS
Study population. The French Society for Rheumatology established a nationwide, longitudinal, prospective
cohort known as the ESPOIR cohort (12) to enable investigations of the diagnosis, outcome markers, epidemiology,
pathogenesis, and medico-economics of early arthritis and
RA. The cohort was constituted by having general practitioners and rheumatologists refer patients with early arthritis to hospitals participating in the ESPOIR cohort
project. Patients were eligible for inclusion in the cohort if
they had a deﬁnitive or probable clinical diagnosis of RA
or a diagnosis of undifferentiated arthritis with a potential
for progressing to RA. Patients were included if they met
the following criteria: age ⬎18 years and ⬍70 years, swelling of ⱖ2 joints for 6 weeks, symptom duration of ⬍6
months, and no prior treatment with disease-modifying
antirheumatic drugs or glucocorticoids; however, the use
of glucocorticoids for no longer than 2 weeks with a mean
dosage of no greater than 20 mg/day and discontinuation
at least 2 weeks earlier did not prevent study inclusion.
Patients who were included in the cohort were evaluated
every 6 months for 2 years and then once a year for at least
10 years.
The study was approved by the Institutional Review
Board of the Montpellier University Hospital, which was
the coordinating center for this nationwide study. Prior to
inclusion, all patients gave their written informed consent
to participate in this prospective followup study.
Study design. The baseline assessment included a standardized interview, a general physical examination, laboratory tests (standard blood and urine parameters; enzymelinked immunosorbent assay for IgM, IgG, and IgA
rheumatoid factors; tests for antiﬁlaggrin and antinuclear
antibodies; and HLA–DR phenotype determination), and
radiographs of the chest, pelvis, hands, and feet in the
posteroanterior view, and feet in the oblique view. Each
patient was asked to undergo an evaluation by an ofﬁcebased rheumatologist every 6 months for 2 years and once
a year thereafter. These evaluations were free of charge.
Radiographic evaluation. For each patient, a set of radiographs was obtained at baseline and then every 6
months at each evaluation by the rheumatologist. The

Figure 1. Medial oblique forefoot radiograph. The lateral part of
the foot is angled at 45° using a pad.

radiographs included posteroanterior views of the hands
and wrists and of the feet, as well as oblique views of the
feet. They were read by the patient’s ofﬁce-based rheumatologist and then sent to the coordinating center. For this
study, all baseline radiographs were examined independently by 2 radiologists (IS and TJ) who had no information about the patients. The readers followed a standardized procedure for each radiograph to assess the following
points: 1) the technical quality of the radiographs (including joint positioning and exposure, each of which was
rated from 1–3, where 1 ⫽ excellent, 2 ⫽ moderate, and
3 ⫽ poor), and 2) the number of erosions and severity of
JSN, scored according to the Sharp score as modiﬁed by
van der Heijde for the hands and feet on posteroanterior
views (13,14). The location of each abnormality was recorded. The readers indicated whether the erosions were
typical of RA. Disagreements between the 2 readers were
resolved by a third reader (VD-P).
Oblique radiographs of each foot were obtained with the
patient seated, the sole of the foot placed on the ﬁlm, and
the central beam directed vertically toward the middle of
the forefoot. A pad was used to lift the lateral edge of the
foot at a 45° angle. With this method, the metatarsophalangeal (MTP) joints are seen without superimpositions of
adjacent bone structures (Figure 1). Oblique views were
considered to be of good quality when the ﬁfth MTP joint
was clearly visible and all the MTP joints were free of
superimpositions. Oblique views were scored using the
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Table 1. Baseline features of patients in the ESPOIR
cohort (n ⴝ 813)*

Figure 2. Localizations of foot joint abnormalities on oblique
view. The circles represent the sites evaluated for radiographic
abnormalities. Each number represents the number of patients
with typical erosions at each site.

system developed by van der Heijde for posteroanterior
views of the feet (15) to assess the 10 MTP joints and the 2
interphalangeal (IP) joints of the great toes. For both feet,
the erosion score could range from 0 –120, and the JSN
score from 0 – 48. ETRA were evaluated by both readers
(Figure 2), and disagreements between the 2 readers were
resolved by a third reader (VD-P).
Statistical analysis. Data were inputted and then analyzed using the Statistical Package for the Social Sciences,
version 15.0 (SPSS, Chicago, IL). For sample size calculation, we relied on evidence that 50% of patients with early
arthritis have RA, that 20% have erosions on the posteroanterior radiographs of the hands and wrists and/or
feet, and that 10% have erosions on the posteroanterior
radiographs of the feet (11). To detect an at least 4%
improvement in the number of patients with identiﬁed
erosions obtained by adding oblique foot radiographs,
with a conﬁdence interval of ⫾2% and with the alpha risk
set at 5%, 700 patients, each with a full set of radiographs,
were required.
The kappa coefﬁcient was determined to evaluate the
reliability of categorical variables, and the intraobserver
and interobserver correlation coefﬁcients were determined
to evaluate the reliability of quantitative variables. Interobserver and intraobserver variabilities were assessed by
computing the intraclass correlation coefﬁcients for repeated readings of 60 pairs of hand radiographs. For the
evaluation of intraobserver variability, the 2 observers read
the same radiographs twice at an interval of 1–3 months,
using a blinded procedure. The mean ⫾ SD Sharp scores
for eroded patients were evaluated by both readers. For
clinical data, analyses were performed on the whole cohort population.
The data were analyzed using the chi-square test (or
Fisher’s exact test where appropriate) and the Mann-Whitney U test. P values less than 0.05 were considered significant.

Feature

Value

No. females/males
Age, years
Disease duration, days
Swollen joint count
Tender joint count
DAS28
ESR, mm/hour
Abnormal CRP level, no. (%)
IgM RF, no. (%)
Anti-CCP, no. (%)
Meets ACR criteria, no. (%)

624/189
48 ⫾ 12.5
103 ⫾ 52
7.2 ⫾ 5.4
8.4 ⫾ 7
5.1 ⫾ 1.3
29.5 ⫾ 24.5
316 (38.9)
359 (44.2)
315 (38.7)
578 (71.3)

* Values are the mean ⫾ SD unless otherwise indicated. DAS28 ⫽
Disease Activity Score for 28 joints; ESR ⫽ erythrocyte sedimentation rate; CRP ⫽ C-reactive protein; RF ⫽ rheumatoid factor; antiCCP ⫽ anti– cyclic citrullinated peptide; ACR ⫽ American College
of Rheumatology.

RESULTS
Study population. A total of 813 patients were included, 624 (77%) of whom were women (Table 1). The
mean ⫾ SD time from symptom onset to rheumatologist
referral was 75 ⫾ 77 days. HLA–DRB1*01 or *04 were
present in 56.67% of patients.
Radiographs were obtained for 795 patients, 722 of
whom had oblique foot radiographs. The full set of 3
radiographs was available for 715 patients, who form the
basis for this study. No differences were detected between
these 715 patients and the entire cohort of 813 patients.
Evaluation of the ACR criteria was available for 707 patients. The tender or swollen hand joint count, tender foot
joint count, and foot squeeze test result was available for
709 patients.
Validity of the method. Technical quality of the radiographs. The exposure criterion was rated excellent for
96.5% of radiographs, moderate for 2.5%, and poor for
1%. The joint positioning criterion was rated excellent for
98% of radiographs, moderate for 1%, and poor for 1%.
Radiograph assessment by the blinded readers. For 1 of
the 2 readers, the intraobserver correlation coefﬁcients
were 0.98 for the total Sharp score, 0.99 for the Sharp JSN
score, and 0.86 for the Sharp erosion score; corresponding
values for the other reader were 0.98, 0.98, and 0.81, respectively. Interobserver correlations were 0.98, 0.98, and
0.80 for the 3 scores, respectively.
Radiographic ﬁndings at baseline. At baseline, 160
(22.4%) of 715 patients (95% conﬁdence interval [95% CI]
19.4 –25.6) had at least 1 ETRA on at least 1 radiographic
view, 12% (86 of 715) on the radiograph of the hands and
wrists, 13% (91 of 715) on the posteroanterior radiograph
of the feet, and 11.7% (84 of 715) on the oblique radiographs of the feet (Table 2).
The mean ⫾ SD total, erosion, and JSN Sharp scores
were 3.6 ⫾ 6.6, 1.2 ⫾ 3, and 2.4 ⫾ 5.1, respectively, at the
hands and wrists; 2.5 ⫾ 6.3, 1.2 ⫾ 4.4, and 1.3 ⫾ 3,
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Table 2. Numbers of patients with erosions at the feet
among patients with erosions at the hands and wrists
(n ⴝ 86), at baseline
Foot, oblique
Foot, posteroanterior

No erosions
(n ⴝ 54)

Erosions
(n ⴝ 32)

No erosions (n ⫽ 53)
Erosions (n ⫽ 33)

44
10

9
23

respectively, on the posteroanterior radiographs of the
feet; and 1.8 ⫾ 5, 0.91 ⫾ 3.4, and 0.9 ⫾ 2.5, respectively, on
the oblique radiographs of the feet.
Ability of each view to detect erosions. Erosion detection on posteroanterior radiographs of the hands and
wrists. Of the 160 patients with ETRA, 86 (53.7%; 95% CI
45.7– 61.6) had erosions at the hands and wrists. Of these
86 patients, 42 also had ETRA at the feet, whereas 44 had
ETRA only at the hands and wrists (Table 2). Therefore,
omitting the posteroanterior radiograph of the hands and
wrists would have missed 44 (27.5%) of 160 (95% CI
20.9 –35.2) of the patients who had ETRA.
Erosion detection on both posteroanterior and oblique
radiographs of the feet. Of the 160 patients with ETRA,
116 (73%) had ETRA on 1 or both views of the feet. Of
these 160 patients, 74 (46%; 95% CI 38.4 –54.3) had foot
ETRA (on 1 or both views) without hand erosions (Table
3).
Erosion detection on posteroanterior radiographs of the
feet. Of the 91 (56.9%) of 160 (95% CI 48.8 – 64.6) patients
with foot ETRA on the posteroanterior view, 32 had no
foot ETRA on the oblique view. Of the 74 patients with
foot ETRA but no hand ETRA, 22 had ETRA on the posteroanterior foot radiograph but not on the oblique foot
radiograph. Therefore, omitting the posteroanterior foot
radiograph would have missed 22 (13.8%) of 160 (95% CI
9 –20.3) of the patients with erosive disease.
Erosion detection on oblique radiographs of the feet.
ETRA were seen on oblique foot radiographs in 84 (52.5%)
of 160 patients (95% CI 44.5– 60.4). Sixteen of them had no
erosions on the posteroanterior radiographs of the hands
or feet. Therefore, omitting the oblique foot views would
have missed 16 (10%) of 160 (95% CI 6 –16) of the patients
who had ETRA.
Localization of foot abnormalities on the oblique views.
The 2 readers examined the 722 sets of oblique foot radiographs to determine the numbers of patients with erosions

Table 3. Numbers of patients with erosions at the feet
among patients without erosions at the hands and wrists
(n ⴝ 629), at baseline
Foot, oblique
Foot, posteroanterior

No erosions
(n ⴝ 577)

Erosions
(n ⴝ 52)

No erosions (n ⫽ 571)
Erosions (n ⫽ 58)

555
22

16
36

at the ﬁrst IP joint and each of the MTP joints of each foot.
Both readers found that the most commonly affected joints
were the ﬁrst IP joint and the ﬁrst and ﬁfth MTP joints
(Figure 2). The lesions were considered typical for RA, and
no evidence of osteoarthritis was found. The distribution
of the erosions was not different between the right and left
feet (Figure 2). The Sharp scores indicated that the most
severely affected joints were, in decreasing order, the ﬁrst
MTP joint, the ﬁfth MTP joint, and the ﬁrst IP joint (Table
4), where the mean ⫾ SD total Sharp scores were 0.24 ⫾
0.08, 0.20 ⫾ 0.097, and 0.17 ⫾ 0.065, respectively. The
Sharp erosion scores were also higher in the same joints.
Detection of erosions on oblique foot radiographs according to baseline clinical features. Erosions on oblique
foot radiographs were reported at baseline in 83 patients
(Table 5). They were not signiﬁcantly associated with the
tender joint count at the feet, nor to swollen hand joint,
tender hand joint, or the presence of ACR criteria at baseline. In contrast, they were signiﬁcantly associated with a
positive squeeze test at the feet (P ⫽ 0.03).

DISCUSSION
Conventional radiography is still regarded as the reference
imaging technique for the diagnosis of RA. Nevertheless,
technical factors can impair the quality and reproducibility of conventional radiographs. In our cohort, the strictly
standardized technical procedure led to good quality radiographs with little information lost. However, over- or
underexposure can hinder the evaluation of structural
changes, most notably the detection of erosions, which are
strongly associated with RA. Since 1990, other imaging
techniques have been developed, but remain incompletely
evaluated regarding their ability to detect erosions or JSN.
Digitized or high-resolution radiographs may be more sensitive for detecting erosions compared with conventional
radiographs (16), but also raise speciﬁc quality problems
due to the effects of scale reduction (17).
Joint destruction due to RA can be quantiﬁed by determining standardized scores. The severity of joint destruction correlates well with functional disability over time.
The ACR classiﬁcation criteria include typical radiographic changes on hand and wrist radiographs, but do not
require foot radiographs. Similarly, the initial versions of
the Sharp score and the Larsen score were based only on
hand and wrist radiographs (13,18). However, several
studies subsequently established that erosions in the MTP
joints often antedated erosions at the hands and wrists in
patients with early RA (2,19 –22). Obtaining radiographs of
both the hands and feet as part of the evaluation of recent
arthritis is now strongly recommended (23,24). The radiographic scores were therefore modiﬁed for use at the feet
(25). Studies of magnetic resonance imaging ﬁndings also
showed evidence of forefoot arthritis in patients without
hand abnormalities, and the score initially designed for
the hand was therefore adapted to the foot (26,27). At the
feet, the tarsal bones are not included in scoring systems
because they are difﬁcult to visualize. However, the MTP
joints are frequently affected and may be visible on the
posteroanterior view. Given that cortical disruption is a
deﬁning characteristic of erosions, using additional views
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Table 4. Mean ⴞ SD total Sharp scores on oblique foot radiographs for each reader on
the right and left sides*
Right side

First IP joint
First MTP joint
Second MTP
joint
Third MTP joint
Fourth MTP joint
Fifth MTP joint

Left side

Reader 1

Reader 2

Reader 1

Reader 2

0.2 ⫾ 0.4
0.2 ⫾ 0.4
0.05 ⫾ 0.2

0.14 ⫾ 0.3
0.26 ⫾ 0.5
0.05 ⫾ 0.2

0.1 ⫾ 0.3
0.3 ⫾ 0.4
0.1 ⫾ 0.3

0.11 ⫾ 0.3
0.33 ⫾ 0.5
0.06 ⫾ 0.2

0.07 ⫾ 0.2
0.06 ⫾ 0.2
0.19 ⫾ 0.4

0.1 ⫾ 0.4
0.05 ⫾ 0.2
0.2 ⫾ 0.5

0.05 ⫾ 0.2
0.04 ⫾ 0.2
0.18 ⫾ 0.4

0.06 ⫾ 0.2
0.06 ⫾ 0.5
0.2 ⫾ 0.4

* IP ⫽ interphalangeal; MTP ⫽ metatarsophalangeal.

may improve the ability of radiographs to detect erosions.
Several views (i.e., tangential, 45°, and 65°) have been
evaluated at the hand (28,29), and these studies suggest an
improvement in the detection of metacarpophalangeal erosions. In the same way, at the forefoot, oblique views
facilitate the visualization of erosions at the IP and metacarpophalangeal joints. Each patient in the ESPOIR cohort
routinely underwent a posteroanterior radiograph of the
hands and wrists, a posteroanterior radiograph of the feet,
and oblique radiographs of the feet. These radiographs
showed erosions considered typical for RA by both readers
in 160 (22%) patients. Of these 160 patients, 44 (27%) had
erosions at the hands but not at the feet, whereas 58 (36%)
had erosions on the posteroanterior foot radiographs but
not at the hands. Nearly half of the patients with erosive
disease had erosions only at the feet at baseline. Furthermore, 12% of all patients without hand erosions had foot
erosions. Similarly, in other studies (2,3,19), 15–18% of
patients with recent-onset RA had normal hand radiographs and abnormal foot radiographs, and 16 – 66% of
joint erosions were located at the forefeet (4,6,19,22).
In a previous study, the most common sites of erosions
using magnetic resonance imaging on the foot were the
ﬁrst IP joint and the ﬁrst and ﬁfth MTP joints (30). However, osteoarthritis may frequently affect the ﬁrst MTP
joint, inducing nonspeciﬁc radiographic erosions (31). In
our cohort, the most common sites of erosions, which had

Table 5. Associations between the presence of erosions
on the oblique view and patient characteristics
at baseline*
Patient characteristics
ACR criteria (n ⫽ 509)
Tender hand joint (n ⫽ 671)
Swollen hand joint (n ⫽ 675)
Tender foot joint (n ⫽ 445)
Foot squeeze test positive on
1 or both sides (n ⫽ 408)

No erosions Erosions
(n ⴝ 626) (n ⴝ 83)
443 (71)
594 (95)
594 (95)
386 (62)
351 (56)

66 (79)
77 (93)
81 (97)
59 (71)
57 (70)

P
0.1
0.16
0.41
0.12
0.03

* Values are the number (percentage). ACR ⫽ American College of
Rheumatology.

the highest total Sharp score and the highest Sharp erosion
score on oblique radiographs of the forefeet, were also the
ﬁrst and ﬁfth MTP joints and the ﬁrst IP joint, without
osteoarthritis.
The presence of erosions on the oblique foot radiographs
was not correlated with the tender joint count, but correlated strongly with a positive squeeze test at the feet. One
explanation might be the low reproducibility of tender and
swollen joint counts at the feet. According to the difﬁculty
of the physical examination of the feet, the squeeze test is
probably more sensitive than the tender or swollen joint
count for detecting inﬂammation of the forefoot.
The aim of our study was to assess the usefulness of
oblique foot radiographs for detecting erosions. We found
that 116 (73%) of 160 patients with erosive disease had
foot ETRA visible on the posteroanterior view (91 [57%] of
160) and/or the oblique view (84 [53%] of 160). Seventyfour patients, i.e., 46% of patients with erosive disease,
had no hand or wrist erosions. Of the 74 patients with
ETRA at the feet only, 22 (i.e., 14% of all patients with
erosive disease) had ETRA on the posteroanterior view
only and 16 (i.e., 10% of all patients with erosive disease)
had ETRA on the oblique view only. The presence of
erosive disease is strongly associated with the diagnosis
and prognosis of RA (9,32,33). Therefore, improving the
sensitivity of the radiographic workup for detecting erosions is a key goal. Our ﬁndings suggest that adding
oblique foot radiographs to posteroanterior radiographs of
the hands and wrists and of the feet assists in establishing
the early diagnosis of RA.
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