
www.med.fau.de

Advanced neural networks for classification of MRI in psoriatic arthritis, seronegative, and seropositive 

rheumatoid arthritis
David Simon, MD2,3, Sara Bayat, MD 2,3, Arnd Kleyer, MD 2,3, Filippo Fagni, MD 2,3, Lorenz A. Kapsner, MD 4,5, Maja Schlereth, M.Sc.7, Timo Meinderink, M.Sc.2,3, Katharina Breininger, PhD7, 

Koray Tacilar, MD 2,3, Gerhard Krönke, MD 2,3, Michael Uder, MD 4, Michael Sticherling, MD 3,6, Sebastian Bickelhaupt, MD 4, Georg Schett, MD 2,3, Andreas Maier, PhD 1, 

Frank Roemer, MD4 and Lukas Folle, M.Sc.1

1Pattern Recognition Lab, Friedrich-Alexander-University Erlangen-Nürnberg (FAU), Erlangen, Germany; 2Department of Internal Medicine 3, FAU and, Universitätsklinikum Erlangen, Erlangen, Germany; 3Deutsches Zentrum für 

Immuntherapie (DZI), FAU and Universitätsklinikum Erlangen, Erlangen, Germany; 4Institute of Radiology, FAU and Universitätsklinikum Erlangen, Erlangen, Germany; 5Medical Center for Information and Communication Technology, 

FAU and Universitätsklinikum Erlangen, Erlangen, Germany; 6Department of Dermatology, FAU and Universitätsklinikum Erlangen, Erlangen, Germany; 7Department Artificial Intelligence in Biomedical Engineering, FAU, Erlangen, 

Germany

Background:

• So far there has been no study that has exclusively used

hand MRI data and deep learning without requiring further

expert input for the classification of arthritides.

Objectives:

• To evaluate (i) whether deep learning (neural networks)

can distinguish between seropositive rheumatoid arthritis

(RA), seronegative RA and psoriatic arthritis (PsA) based

on inflammatory patterns from hand MRI and (ii) to test

how psoriasis patients with subclinical inflammation fit into

such patterns.

Methods:

• ResNet neural networks were utilized to compare (i)

seropositive RA vs. PsA, (ii) seronegative RA vs. PsA and

(iii) seropositive vs. seronegative RA with respect to hand

MRI data.

• Results from T1 coronal, T2 coronal, T1 coronal and axial

fat suppressed contrast-enhanced (CE) and T2 fat

suppressed axial sequences were used.

• The performance of such trained networks was analyzed

by the area-under-the-receiver-operating-characteristic

curve (AUROC) with and without presentation of

demographic and clinical parameters.

• Additionally, the trained networks were applied to psoriasis

patients without clinical arthritis.

Figure 1: Overview of MRI and clinical data integration for deep learning

analysis

Each MRI sequence (T-weighted coronal and T1-weighted fat-suppressed contrast-enhanced

axial sequences are depicted as examples) is processed by an individual neural network

(ResNet 3D). Clinical data are optionally added to each case and processed similarly by a further

neural network. The final prediction for a single case is calculated by average over all individual

network predictions. Images adapted from https://www.philips.co.uk/healthcare/education-

resources/publications/fieldstrength/expanding-the-imaging-center#hand_and_wrist_mri

Results:

• MRI scans from 649 patients (135 seronegative RA, 190 seropositive RA,

177 PsA, 147 psoriasis) were fed into ResNet neural networks (Table 1).

• AUROC was 75% for seropositive RA vs. PsA, 74% for seronegative RA

vs. PsA and 67% for seropositive vs. seronegative RA.

• All MRI sequences were relevant for classification, however, when

deleting contrast agent-based sequences the loss of performance was

only marginal.

• The addition of demographic and clinical data to the networks did not

provide significant improvements for classification.

• Psoriasis patients were mostly assigned to PsA by the neural networks,

suggesting that a PsA-like MRI pattern may be present early in the course

of psoriatic disease.

Conclusion:

Neural networks can be successfully trained to distinguish MRI

inflammation related to seropositive RA, seronegative RA, and PsA.
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Seropositive RA Seronegative RA PsA Psoriasis

Total Number (N) 649

Number (N) 190 135 177 147

Age (years), mean±SD 56.9±12.6 60.5±10.3 56.3±12.0 49.6±13.8

Sex (female/male) 126/64 93/42 92/85 71/76

BMI (kg/m2), mean±SD 26.6±10.5 27.6 ±9.3 29.1±11.3 26.7±6.9

Disease duration (years), mean±SD 2.6±4.9 1.3±2.3 0.8±2.3 4.2±5.1

Table 1: Overview of demographic and clinical information of the patient cohort


