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ABSTRACT. Objective. To assess the inter-reader reliability of 3 rheumatologist readers before and after training
using 2 methods of assessment: magnetic resonance imaging (MRI) computerized erosion volume
assessment and MRI scoring using the OMERACT-5 Rheumatoid Arthritis MRI Score (OM-5
RAMRIS) criteria.
Methods. Erosion volumes were measured in 10 patients [5 wrist and 5 metacarpophalangeal (MCP)
joint studies] with rheumatoid arthritis. Erosion scores were derived from this group and 8 additional subjects to provide a total of 18 subjects (10 wrist and 8 MCP joint studies) with MRI scores for
comparison. Subjects were selected from existing MRI databases to provide a spectrum of joint damage for assessment. Initial reading was undertaken after the 2 inexperienced readers were provided
with instructions regarding OSIRIS computer software and definitions of the OMERACT score; no
other formal training was undertaken. One month after the initial reading, the 2 inexperienced readers undertook a 3 hour training session and all 3 readers then took part in 2 subsequent 2 hour calibration sessions. Each reader then reread the original MRI studies using the computerized erosion
volume method and the OMERACT MRI RA score. The interval between the baseline and posttraining reading was 2 months. All reading was undertaken on a computer workstation and readers
were blinded to other readers’ results.
Results. For the wrist MRI studies, inter-reader agreement improved considerably after training for
both the computerized MRI volume method and the OMERACT MRI score [intraclass correlation
coefficients (ICC) 0.21 and 0.46, respectively, pre-training; 0.92 and 0.85 post-training]. The correlation between all readers’ scores and volumes was excellent at baseline and post-training. For the
MCP joint studies, inter-reader agreement was moderate at baseline for the erosion volume and score
(ICC 0.51 and 0.61). While there was some improvement in agreement post-training for the scoring
method (ICC 0.75), there was no significant improvement for the erosion volumes (ICC 0.58).
Conclusion. Overall, inter-reader agreement for erosion scoring and volume measurement was
higher for the wrist joint. The lack of improvement in the MCP joint region for the erosion volume
measurements appears to relate primarily to difficulties in estimating the erosion border in the proximal MCP joints using the manual outlining tool. This limits the usefulness of erosion volume measurements in this joint region. (J Rheumatol 2005;32:1452–8)
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RHEUMATOID ARTHRITIS
RELIABILITY

An important component of therapy assessment in rheumatoid arthritis (RA) is the accurate measurement of damage
progression. Magnetic resonance imaging (MRI) provides
an opportunity for precise measurement of erosion progression, by virtue of unparalleled demonstration of rheumatoid
pathology in multiple planes1. One issue facing MRI
researchers is how best to exploit the opportunity that MRI
provides — specifically whether to score abnormalities or
undertake measurement. Quantitative measurement of MRI
erosion volumes in patients with RA has been shown to be
feasible and valid, with excellent intra-reader and interoccasion reliability2. Studies of untrained readers, however,
have shown only moderate inter-reader reliability for the

The Journal of Rheumatology 2005; 32:8

Downloaded on January 9, 2023 from www.jrheum.org

computerized volume method3. If this method of MRI measurement is to be utilized in the setting of large clinical trials,
consistency between multiple readers is an essential requirement. Studies using the gold standard for damage assessment in RA, the plain radiograph, have shown that reader
training improves inter-reader reliability4-6. Using the
model, we assessed the effect of training on inter-reader
agreement using 2 methods of MRI assessment — MRI
computerized erosion volumes and semiquantitative MRI
scoring using the OMERACT-5 Rheumatoid Arthritis MRI
Score (OM-5 RAMRIS) criteria7.
MATERIALS AND METHODS
Study design. The study was structured to assess inter-reader reliability of
3 rheumatologists with different levels of MRI interpretation experience.
Reader 1 (PB) is an experienced MRI reader with formal training in MRI
interpretation; reader 2 (FJ) had not been formally trained in either radiograph or MRI interpretation. Reader 3 (JE) has experience in reading radiographs using the Sharp and Larsen score, but has not been formally trained
in interpreting MRI. The 2 inexperienced readers were provided with
instructions on the computer software and definitions of the OMERACT
score before the first reading but no other training was undertaken.
Training and calibration. One month after the initial reading, the readers
undertook a 3 hour training session and 2 subsequent 2 hour calibration sessions. Training of the 2 inexperienced readers was undertaken by reader 1
and included the following: review of normal metacarpophalangeal (MCP)
and wrist anatomy using models and diagrams; review of normal MRI
anatomy using normal MRI scans of the wrist and MCP joints; review of
erosion scoring technique and computerized method as applied to RA; and
review and observation of specific MRI bone abnormalities in RA using
MRI examples from patients with RA. The calibration sessions were undertaken after the training sessions. In each calibration session, the 3 readers
reviewed 6 different MRI studies from subjects with RA. Each reader provided a score for the study and a volume measurement. The group then
reviewed the results and consensus was reached.
The 3 readers then reread the same MRI studies using the erosion volume method and the OMERACT MRI RA score. The interval between the
baseline and post-training reading was 2 months.
Subjects. Eighteen subjects (10 wrist studies and 8 MCP studies) with
seropositive RA were selected from existing MRI databases. The subjects
were selected to represent a range of joint damage, from minimal erosive
change to advanced disease. All subjects fulfilled the American College of
Rheumatology diagnostic criteria for RA8.
Magnetic resonance imaging
MCP studies. A General Electric Signa Horizon 1.5 Tesla unit (GE
Healthcare, Waukesha, WI, USA) was used for all examinations. MRI of
the dominant MCP joints 2–5 was performed using the following sequence:
T1 weighted images repetition time (TR)/echo time (TE) 480/18, slice
thickness 3 mm coronal images with 0.3 mm interslice gap, 4 mm axial
images with 0.4 mm interslice gap; field of view (FOV) 120 × 120, matrix
230 × 256.
Wrist studies. A Siemens Magnetom 1.5 Tesla unit (Siemens, Erlangen,
Germany) was used for all examinations. MRI of the dominant wrist was
performed using the following variables: T1 weighted images TR 500/TE
20, slice thickness 3 mm coronal images, no gap, 4 mm axial images; FOV
130 × 130, matrix 230 × 256.
MRI interpretation
Erosion volume measurement. Erosion volumes were measured in 10 subjects (5 wrist and 5 MCP studies). The axial and coronal images were

viewed initially and a bone erosion was considered confirmed if the bone
lesion was present in both planes and breached the bone cortex in at least
one plane. The volume calculations were then performed in each of the T1
weighted coronal slices using OSIRIS software (developed by the Digital
Imaging Unit, Radiology Department, University Hospitals of Geneva)9.
Each erosion was outlined manually in each coronal slice, the erosion area
was calculated by the computer software from multiple slices, and this was
multiplied by the slice thickness to provide the erosion volume using the
following standard formula: Voleros = ∑ (Areros × ST), where ST is the slice
thickness and Areros represents the area of the erosion. Erosion volumes
were calculated for the metacarpal bases, the 8 carpal bones, and the radius
and ulna, and these erosion volumes were summed to provide a total erosion volume for the carpus. For the MCP joints, erosion volumes were calculated for the proximal and distal components of the MCP joints 2–5 and
these volumes were summed to provide a total erosion volume for the MCP
joints.
Scoring. Erosion scores were performed in 18 subjects (8 MCP and 10 wrist
studies). Images were viewed on a workstation using OSIRIS software for
the scoring method. The MRI studies were scored by each observer using
the OM-5 RAMRIS criteria7. Each reader performed the MRI reading independently, without knowledge of the results from the other readers. For the
MCP joints, the score identifies the metacarpal bones and the proximal phalangeal bases of the MCP joints and scores erosions to a depth of 1 cm from
the articular surface. Each bone is assessed for erosions (defined as a break
in the cortex of bone in at least one plane). Scoring is based upon a 10 point
scale, 0 being no involvement of bone, 5 representing 41%–50% bone loss
or involvement, and 10 representing 91%–100% bone loss. When the
scores from the MCP joints 2–5 are summed, the score may range from
zero to a maximum score of 80. For the wrist, the score identifies the 8
carpal bones as well as including the metacarpal bases and the head of the
radius and ulna. When the scores from the entire carpus are summed, the
score may range from zero to 150.
Bone defects were also recorded in this study. Bone defects are scored
when there is an abnormality of bone morphology or signal, visible in only
one plane and/or without a cortical defect seen in at least one plane. Scoring
is based upon a 10 point scale as for bone erosions.
Bone defects were originally part of the OMERACT criteria but were
later excluded, as the category was deemed to be not useful in studies documenting damage progression. The category is useful, however, in recording changes across readers in studies assessing inter-reader agreement. In
this study, the bone defect category is useful, as it documents change in the
way that readers scored after calibration.

RESULTS
For the wrist, inter-reader agreement improved considerably
post-training for both the computerized volume method and
the OMERACT MRI score. At baseline, agreement was
poor for both methods (Table 1), with the lowest levels of
agreement for the erosion volumes in the lunate (0.11),
radius (0.14), and the capitate (0.4). This was similar to the
pattern emerging from the scores with similar disagreement
in the lunate (0.32) and the capitate (0.15). These values
improved for the lunate post-training (0.50), with zero erosion scores/volumes recorded by all readers for the capitate
and radius post-training.
Overall, there was considerable systematic bias documented between readers at baseline, with improvement in
agreement post-training (Table 2). One of the important features of the results was that total erosion volumes and scores
were much lower post-training for all readers. This reflected more strict application of the erosion criteria by all read-
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0.83, respectively), but poor correlation for reader 2 (r =
0.39). All readers’ correlations improved post-training
(reader 1, r = 0.99; reader 2, r = 0.98; and reader 3, r = 0.87).
For the MCP joints, inter-reader agreement was moderate
at baseline for the score and volume results. While there was
some improvement in agreement post-training for the scoring method, there was no significant improvement for the
erosion volumes (Table 1). The lowest agreement for both
methods was for the third metacarpal (0.34 and 0.36) at
baseline, and this improved significantly post-training (0.62
and 0.76).
As observed for the wrist, the total erosion volumes and
scores were much lower post-training for all readers (Table
4). However, the changes were not as marked as those
observed in the wrist joint, reflecting the smaller number of
bones available for scoring in the MCP joints, and the difficulty in using the distal aspect of the MCP joint for scoring/volume estimations (Table 5). The change in number of
defects scored was not as conspicuous compared to the wrist
results.
The correlation between all readers’ scores and volumes
was excellent at baseline and post-training (reader 1, r =
0.93; reader 2, r = 0.95; reader 3, r = 0.73).

Table 1. Inter-reader agreement for the wrist and MCP joint measurements,
before and after training. Agreement is expressed as ICC for the computerized erosion volume method and the OMERACT MRI score.
Location
Wrist
Quantitative computerized erosion
volume method, n = 5
Semiquantitative OMERACT MRI
erosion score, n = 10
MCP joints
Quantitative computerized erosion
volume method, n = 5
Semiquantitative OMERACT MRI
erosion score, n = 8

Baseline

Post-Training

0.21

0.92

0.60

0.89

0.51

0.58

0.52

0.77

ers after the calibration sessions — as evidenced by the
lower number of bones identified by each reader containing
an erosion for the erosion volume and score post-training
(Table 3). The number of defects that were identified
increased post-training, probably due to more stringent
application of bone erosion criteria.
At baseline, there was good correlation between the
readers’ scores and volumes for readers 1 and 3 (r = 0.97 and

Table 2. Wrist: raw scores for each reader for computerized erosion volumes, OMERACT erosion scores, and
the OMERACT defect scores. Results for the 5 patients assessed using computerized methods are given, with the
erosion scores and defect scores presented for comparison. The data reveal improvement in agreement between
readers post-training; lower overall scores and volumes for each reader post-training; and an increase in defect
scores post-training for all readers.

Method
Wrist computerized
erosion volumes,
n=5
1
2
3
4
5
Total
Wrist OMERACT
erosion scores,
n=5
1
2
3
4
5
Total
Wrist OMERACT
defect scores,
n=5
1
2
3
4
5
Total
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Reader 1
Baseline

Reader 2
Baseline

Reader 3
Baseline

Reader 1
Post-Training

Reader 2
Post-Training

Reader 3
Post-Training

40.84
239.61
144.51
102.69
360.03
887.68

221.00
453.00
737.00
515.00
752.00
2678

0.00
977.00
184.00
332.00
457.00
1950

0.00
112.00
47.00
69.00
231.00
459

12.00
108.00
57.00
70.00
211.00
458

42.00
103.00
61.00
37.00
166.00
409

5.00
18.00
11.00
6.00
2.00
42

4.00
12.00
10.00
5.00
7.00
38

0.00
12.00
3.00
4.00
13.00
32

1.00
4.00
2.00
3.00
9.00
19

1.00
3.00
4.00
2.00
6.00
16

1.00
4.00
3.00
1.00
7.00
16

0.00
2.00
1.00
2.00
2.00
7

0.00
2.00
3.00
1.00
0.00
6

0.00
8.00
0.00
0.00
0.00
8

2.00
5.00
5.00
4.00
3.00
19

4.00
6.00
4.00
3.00
2.00
19

2.00
6.00
4.00
7.00
1.00
20
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Table 3. Wrist: absolute number of bones sampled by each reader for each method at baseline and post-training.
Numbers in column 1 and 2 represent the absolute number of bones used by each reader over the entire patient
group. Columns 3 and 4 detail the bones considered abnormal by each reader before and after training. The data
reveal reduction in the number of bones considered abnormal by each reader post-training (column 1 and 2).
Method

Baseline

Post-Training

9

5

Reader 2

10

5

Reader 3

8

6

11

9

Reader 2

13

8

Reader 3

13

11

Wrist computerized erosion
volume method, n = 5
Reader 1

Wrist OMERACT MRI
erosion score, n = 10
Reader 1

Baseline

Post-Training

Hamate, capitate,
Scaphoid, lunate,
trapezoid, trapezium,
triquetrum,
scaphoid, lunate,
radius, ulna
triquetrum, radius, ulna
MB4, hamate, capitate,
Capitate, scaphoid,
trapezoid, trapezium,
lunate, triquetrum,
scaphoid, lunate, triquetrum,
ulna
radius, ulna
MB1, capitate, trapezoid, MB1, trapezium, scaphoid,
trapezium, scaphoid, lunate,
lunate, triquetrum,
triquetrum, ulna
ulna

Capitate, lunate, scaphoid,
ulna, radius, triquetrum,
hamate, MB2, MB4, MB1,
trapezoid
Capitate, scaphoid, lunate,
triquetrum, hamate, MB1,
MB2, MB3, MB4, trapezium,
trapezoid, radius, ulna
MB1, MB2, MB3, MB4,
trapezoid, trapezium,
hamate, capitate, scaphoid,
lunate, triquetrum, ulna,
radius

Capitate, lunate, scaphoid,
ulna, radius, triquetrum,
hamate, MB2, MB4,
Capitate, lunate, scaphoid,
triquetrum, ulna, hamate,
MB1, trapezoid
Capitate, lunate, scaphoid,
triquetrum, ulna, MB1,
MB2, MB3, trapezoid,
trapezium, hamate

MB: metacarpal base.

DISCUSSION
This study confirms that training significantly improves
inter-reader agreement using the erosion volume method for
the wrist joint, but does not improve agreement when
applied to the MCP joints. For the OMERACT MRI RA
score, training improved inter-reader agreement in both the
wrist and MCP joints. The lack of improvement in the MCP
joint erosion volume measurements appears to relate primarily to difficulties in estimating the erosion border in the
proximal MCP joints using the manual outlining tool. The
results raise several important issues relevant to MRI damage quantification and scoring. These include the different
anatomical configuration of the wrist and MCP joints and
their appearance on MRI, and limitations of the software
program.
Anatomical configuration. One of the reported advantages
of MRI over radiographs in imaging RA is that it provides
unprecedented detection of pathology within a complex 3dimensional structure such as the carpus. However, the
results can be problematic, as the interconnection of bony
structures, ligaments, and inflamed synovium can produce
images that are difficult to interpret for the inexperienced
MRI reader10.

Of the 2 joint areas examined in this study, the wrist is the
more complex, where overlapping structures can produce
“false-positive” erosions, particularly at the site of ligament
insertion11. Of these, the volar scapho-triquetral and the
radio-scapho-capitate (RSC) are most commonly seen in the
coronal plane12 producing apparent defects in some individuals at the site of osseous insertion. In particular, the RSC
ligament arises from the radial aspect of the radial styloid
process and inserts widely into the palmar aspect of the capitate13, obscuring or mimicking lesions in the capitate and
the scaphoid depending upon the slice thickness. This partly explains the poor inter-reader agreement for the initial
readings for the wrist. The advantage of the carpus, however, is that the configuration of the bony structures on MRI
lends itself to volume estimation, because estimating the
border of the bone surrounding the erosion is a relatively
straightforward task once the normal anatomy has been
established (Figure 1). This finding is supported by the raw
volume results and the analysis of bones included as abnormal by each reader (Tables 2 and 3). Reader agreement on
which bones are abnormal improves post-training, and there
is improvement in agreement regarding the size of the bone
erosion. Therefore, it appears that once a reader acquires a
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Table 4. MCP joints: raw scores for each reader for computerized erosion volumes, OMERACT erosion scores,
and the OMERACT defect scores. Results for the 5 patients assessed using computerized methods are given, with
the erosion scores and defect scores presented for comparison. The data reveal lack of improvement in agreement
between readers post-training for the computerized volume method; and good baseline agreement for the score
at baseline with little improvement post-training. An increase in defect scores is noted post-training for all readers.
Method

MCP total erosion
volumes, n = 5
1
2
3
4
5
Total
MCP total erosion
scores,n = 5
1
2
3
4
5
Total
MCP total defects,
n=5
1
2
3
4
5
Total

Reader 1
Baseline

Reader 2
Baseline

Reader 3
Baseline

Reader 1
Post-Training

Reader 2
Post-Training

Reader 3
post-Training

111.00
58.00
0.00
243.00
32.00
444

207.00
221.00
32.00
375.00
393.00
1227

166.00
131.00
0.00
291.00
170.00
758

61.00
76.00
0.00
173.00
131.00
147

0.00
149.00
0.00
308.00
160.00
617

104.00
71.00
0.00
103.00
114.00
392

4.00
5.00
0.00
8.00
1.00
18

6.00
6.00
5.00
11.00
7.00
35

4.00
3.00
0.00
9.00
3.00
19

4.00
5.00
0.00
8.00
1.00
18

4.00
5.00
1.00
9.00
5.00
24

4.00
4.00
0.00
5.00
4.00
17

0
0
0
0
0
0

0
0
0
0
0
0

0
1
0
2
0
3

1.00
2.00
0.00
2.00
1.00
6

2.00
0.00
0.00
0.00
0.00
2

4.00
2.00
1.00
1.00
2.00
10

Table 5. MCP joints: absolute number of bones sampled by each reader for each method at baseline and posttraining (column 1 and 2). Numbers in column 1 and 2 represent the absolute number of bones used by each reader over the entire patient group. Columns 3 and 4 detail the bones considered abnormal by each reader before and
after training. The data reveal minimal change in the number of bones considered abnormal by each reader posttraining (column 1 and 2).
Method

Baseline

Post-Training

Baseline

Post-Training

6

4

MCP 2–5 proximal

Reader 2

6

4

Reader 3

5

4

MCP 2–5 proximal,
MCP 4 and 5 distal
MCP 2–5 proximal,
MCP 3 and 5 distal
MCP 2–5 proximal,
MCP 5 distal

6

6

Reader 2

5

5

Reader 3

5

4

MCP 2–5 proximal,
MCP 4 and 5 distal
MCP 2–5 proximal,
MCP 5 distal
MCP 2–5 proximal,
MCP 5 distal

MCP 2–5 proximal,
MCP 2 and 5 distal
MCP 2–5 proximal,
MCP 2 distal
MCP 2–5 proximal

MCP computerized erosion
volume method, n = 5
Reader 1

MCP OMERACT
erosion score, n = 8
Reader 1

sound anatomical basis, appreciating the normal appearance
of the carpus on MRI, then inter-reader agreement improves
for both measuring and scoring, and the anatomical config-
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MCP 2–5 proximal
MCP 2–5 proximal

uration of the carpus becomes a positive feature rather than
a disadvantage.
Contrast this with the apparent simplicity of imaging the
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Figure 1. Coronal MRI of the wrist. Bone lesions are visible in the scaphoid, lunate, and triquetrum (arrows). Only the lesion in the triquetrum was defined
as an erosion (see Materials and Methods). Right panel shows outlining of the erosion in the triquetrum.

Figure 2. Coronal MRI, MCP joints 2–5. This figure illustrates the difficulty in identifying the border of the erosion and the margin of the normal metacarpal
bone.

MCP joints, which intuitively appear to be easier to score
and measure, suggested by the pre-training results that show
moderate agreement for the score and the volume estimations. However, the principal difficulty encountered by the
reader is the spherical shape of the metacarpal head, which
becomes progressively wider distally, leading to a charac-

teristic concave appearance of the bone border on coronal
MRI14. The major problem for the volume estimation technique in the MCP joints lies in the difficulty in estimating
the normal bone border, particularly in the metacarpal
heads. The dilemma facing the reader is exactly where the
normal bone border should lie, especially when large ero-
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sions are present (Figure 2). The ulnar and radial collateral
proper and accessory ligaments14 may occasionally mimic
small erosions at the site of origin at the lateral borders of
the metacarpal head, but this is generally not a significant
problem for MRI scoring or volume estimation in RA.
Therefore, inter-reader volume estimation agreement does
not improve with training, suggesting that the real limitation
of the volume technique, using the MRI parameters specified in this study, is that it is difficult for readers to agree on
the pre-erosion bone border in the MCP joints. Both the raw
scores and the specific bones used by each reader pre- and
post-training support this (Tables 4 and 5). The post-training
volume results clearly indicate that the readers were able to
come to complete agreement on which bones were abnormal, but were unable to agree on the size of bone erosion in
each case.
Limitations of the software program. For both the MCP
joints and the wrist, each reader identified more abnormal
bones when the score was used. This effect was present for
all readers, pre- and post-training (Tables 3 and 5). The disparity relates primarily to the inability to obtain a volume in
many cases because a bone lesion meets the criteria for erosion using the definition provided, but is present in only one
coronal slice. The reader can “generate” a score for this
bone, but volume estimation is not possible, as the software
requires that the erosion is present in at least 2 coronal slices
before a volume can be calculated. The volume could be calculated manually by multiplying the area of the erosion as
outlined in one slice by the slice thickness, but this was not
performed in this study as such computations were considered artificial and unrepresentative of the true erosion volume. This effect diminished significantly post-training, suggesting that some of the “erosions” scored pre-training may
have fallen into this category.
In conclusion, our study demonstrates that training and
calibration can improve inter-reader agreement for both
MRI scoring and MRI computerized volume assessment.
This was particularly the case for the wrist joint, where
training resulted in increased inter-reader agreement using
both methods.
For the MCP joints, erosion volume measurement cannot
be recommended using current techniques, given the limitations discussed here. Assessment of MCP joints using MRI
should not be abandoned, however, as erosion scoring produces acceptable inter-reader reliability post-training.
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In the future, it is likely that using different imaging
methods and varied methods of scoring/measurement at different stages of the disease process in RA will be the best
use of resources. The challenge is find the best combination
of all available imaging methods and assessment techniques.
REFERENCES
1. Peterfy C. New developments in imaging in rheumatoid arthritis.
Curr Opin Rheumatol 2003;15:288-95.
2. Bird P, Lassere M, Shnier R, Edmonds J. Computerized
measurement of MRI erosion volumes in subjects with rheumatoid
arthritis — a comparison with existing MRI scoring systems and
standard clinical outcome measures. Arthritis Rheum
2003;46:621-9.
3. Bird P, Ejbjerg B, McQueen F, Ostergaard M, Lassere M, Edmonds
J. OMERACT RA magnetic resonance imaging studies. Exercise 5:
An international multicenter reliability study using computerized
MRI erosion volume measurements. J Rheumatol 2003;30:1380-4.
4. van der Heijde D, Boers M, Lassere M. Methodological issues in
radiographic scoring methods in rheumatoid arthritis. J Rheumatol
1999;26:726-30.
5. Molenaar ET, Edmonds J, Boers M, van der Heijde D, Lassere M.
A practical exercise in reading RA radiographs by the Larsen and
Sharp methods. J Rheumatol 1999;26:746-8.
6. Swinkels HL, Laan RF, van’t Hof MA, van der Heijde DM, de
Vries N, van Riel PL. Modified Sharp method: factors influencing
reproducibility and variability. Semin Arthritis Rheum
2001;31:176-90.
7. Conaghan P, Edmonds J, Emery P, et al. Magnetic resonance
imaging in rheumatoid arthritis: summary of OMERACT activities,
current status, and plans. J Rheumatol 2001;28:1158-62.
8. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.
9. OSIRIS Imaging Software. Geneva: University Hospitals of
Geneva; 2000-2001. Available from:
http://www.expasy.ch/www/UIN/html1/projects/osiris/osiris.html.
Accessed April 27, 2005.
10. McQueen F. Magnetic resonance imaging in early inflammatory
arthritis: what is its role? Rheumatology Oxford 2000;39:700-6.
11. Prendergast N, Rauschning W. Normal anatomy of the hand and
wrist. Magn Reson Imaging Clin N Am 1995;3:197-212.
12. Smith DK. Volar carpal ligaments of the wrist: Normal appearance
on multiplanar reconstructions of three dimensional Fourier
transform MR imaging. AJR Am J Roentgenol 1993;161:353-7.
13. Theumann N, Pfirrmann C, Antonio G, et al. Extrinsic carpal
ligaments: Normal MR arthrographic appearance in cadavers.
Radiology 2003;226:171-9.
14. Masson J, Golimbu C, Grossman J. MR imaging of the
metacarpo-phalangeal joints. Magn Reson Imaging Clin N Am
1995;3:313-25.

The Journal of Rheumatology 2005; 32:8

Downloaded on January 9, 2023 from www.jrheum.org

