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Abstract. Bone erosions, considered the hallmark of rheumatoid arthritis (RA), 
are shown more accurately by MRI than by conventional radiography (CR). 
Erosions healing is exceptional when studied by CR. This study is concerned 
with an extremity-dedicated MRI evaluation of erosion changes in patients with 
RA followed over time. Wrist and metacarpo-phalangeal (MCP) joints of 57 
RA patients were imaged with a dedicated-extremity, 0.2 T MRI at baseline and 
follow up. A decrease of the RAMRIS erosion score indicating erosion healing, 
calculated both by conventional visual judgement and by a semi-automated me-
thod, was seen in 7 (12.3%) patients at the wrist and in 3 (5.3%) at the MCPs. 
In the same locations, RAMRIS was unchanged in 17 (29.8%) and 31 (54.4%) 
patients, and worsened in 33 (57.9%) and 17 (29.8%), respectively. Healing of 
erosions occurs, although rarely, in patients with RA when studied with sensi-
tive imaging techniques, such as MRI. 
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1 Introduction 

Bone erosions have been always considered the hallmark of rheumatoid arthritis (RA) 
[1]. Advanced imaging techniques, such as computed tomography, MRI, and, at least 
in several joint areas, ultrasonography have shown increased sensitivity for demon-
stration of erosions in comparison with conventional radiography [2]. In addition, 
modern follow-up of erosions requires high sensitivity to change in view of the in-
creased capability of new therapeutic strategies to promote their improvement [3]. 
Erosions healing in patients with RA is considered exceptional when studied by  
conventional radiology [4]. Modern and sensitive imaging techniques can appreciate 
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more subtle changes of bone morphology due to their multiplanar capacity. The calcu-
lation of the volume of erosions is traditionally performed in a semiquantitative way 
based on the subjective evaluation of the reader. A more reproducible method based 
on automated bone segmentation could be of help in this task. This study is concerned 
with an extremity-dedicated MRI evaluation of erosion changes in patients with RA 
followed over time. A comparison between the traditional erosion score and a novel 
automated one is also described.  

2 Patients and Methods 

Fifty-seven patients affected by RA (42 women, median age 52 years, range 20-73 years, 
median disease duration 22 months, range 1-420 months) diagnosed according to the 
1987 revised ACR criteria [5] were studied. Disease activity was evaluated by calculating 
the disease activity score based on 28 joints (DAS 28) [6]. The following laboratory in-
vestigations were performed at the time of MRI examinations: erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP), IgM rheumatoid factor (RF), and anti citrullinated 
peptide antibodies (APCA). In the interval between the two MRI examinations, the pa-
tients underwent standard antirheumatic treatment, including glucocorticoids, synthetic 
disease modifying antirheumatic drugs (DMARDs), and biological drugs. The detailed 
description of these therapies and of their efficacy is beyond the scope of this paper, 
which is concerned with the evaluation of the changes of bone lesions. 

Wrist and metacarpophalangeal (MCP) joints were imaged with a dedicated-
extremity, 0.2 T MRI (Artoscan, Esaote, Genova, Italy) at baseline and after a median 
of 15 months (range 6-121 months). A turbo T1-weighted three dimensional sequence 
(T3-D T1) in the coronal plane, with subsequent multiplanar reconstructions on the 
axial and sagittal planes was used; slice thickness was 0.6 mm, TR 860 ms, TE 26 ms, 
and number of excitations (NEX) 1. Bone studied included the 2nd to 5th MCPs, the 
1st to 5th metacarpal bases, the 8 wrist bones, and the distal radius and ulna. Erosions 
were scored according to the RAMRIS [7]. Each bone was scored from 0 to 10 where 
0 corresponded to a normal bone and scores from 1 to 10 were attributed by deciles of 
percentage of articular bone eroded. As an example, a bone with an erosion involving 
10% of it is given a score of 1. They were evaluated in 23 regions in the hand and 
wrist, for a total score of 0–230. 

A semi-automated 3D reconstruction was performed using a tool for computer-aided 
diagnosis (RheumaSCORE, Softeco Sismat Srl, Genova, Italy) for the segmentation of 
wrist/hand bones, 3D reconstruction and automatic calculation of the bone volume [8]. 
The user “paints” some “clues” in the anatomical element to segment, with all parameters 
automatically adjusted by the software. Starting from the reconstructed bones, the pro-
gram calculates bones’ volume, erosion’s volume and the RAMRIS for erosions. 

3 Results 

Thirty/57 (52.6%) patients were RF positive and 34/57 (59.6%) APCA positive. Me-
dian ESR was 40 mm/h (range 7-120 mm/h) and median CRP was 6.9 mg/dL (range 
0.6-128 mg/dL).  

A decrease of the RAMRIS erosion score of at least one point, indicating erosion 
healing, was seen in 7 (12.3%) patients at the wrist and in 3 (5.3%) at the MCPs.  
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In conclusion, we have shown that the study of the volume of bone erosions reveals 
that healing of the erosions occurs in a limited percentage of RA patients. This infor-
mation is useful for the clinicians in order to tailor the treatment to the individual 
patient. The use of a dedicated software may further facilitate the procedure of ero-
sion staging.  
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