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Topic: Classification of hand motion patterns in inflammato-
ry arthritis patients using machine learning

Inflammatory arthritis describes a group of autoimmune diseases characterized by in-
flammation of the articular structures. [1] There are several distinct kinds of arthritis,
including psoriatic arthritis (PsA) and rheumatoid arthritis (RA). Especially at the disease
onset the small joints of the hands and fingers show a high involvement for both types.
However, RA often shows a common trait of symmetric involvement, whereas in PsA it is
more likely to appear asymmetrical[2].In addition, in RA patients the disease manifests in
more than 90 percent with synovitis, and the metacarpophalangeal joints are commonly
affected, whereas PsA patients tend to develop tenosynovitis or dactylitis and the distal
interphalangeal joints are affected [3]. It is thus likely that the different clinical manifesta-
tions will lead to observable differences in hand function impairment.

A good and timely medical treatment is necessary to keep the patients in clinical re-
mission with no active inflammation to prevent destructive joint damage. Frequent testing
would therefore be desirable. To evaluate specific damage in arthritis diagnosis, doctors
commonly use blood tests for inflammation and imaging techniques, which can, however,
be costly and time-consuming. Given that RA and PsA primarily affect the motion range
of the patients, the analysis of movement restrictions in inflammatory arthritis could offer
an additional, objective approach to finding functional biomarkers for the disease.

Marker-based motion capturing is the current gold standard for movement analysis.
This technology provides the opportunity to objectively analyze movement performance. In
a current study of the subproject D01 and C04 (GAPX) of the CRC EmpkinS this techno-
logy was used to assess hand movements during a wide range of different elementary and
functional tasks from patients with RA and PsA as well as a healthy non-arthritic control
group with the overall aim of identifying disease-specific functional biomarkers of physical
impairment.

An issue with motion capture data is that it is typically complex and high-dimensional.
Machine learning (ML) can help to identify patterns and underlying relationships in the
data that cannot be captured with traditional statistical tools. Thus, applying ML methods
to the recorded hand motion capture data of RA and PsA patients and controls could offer
a more objective approach to identifying group characteristics and functional biomarkers.
In a previous pilot study, we first investigated the feasibility of using ML to distinguish RA
patients and controls from trajectories of different hand motion tasks using only automati-
cally extracted features. However, the classification performance was below the anticipated
level of accuracy (>70%), which could potentially be explained by the small dataset (24
patients, 23 controls) with very limited data quality.

This thesis aims to expand the previous work using the larger dataset from GAPX.
The repetition of the former classification experiment serves as a crucial starting point to
determine if the poor results were due to data quality issues or methodological shortcomings.
However, this thesis goes beyond the prior work in multiple aspects. First, we take into
account two subgroups of inflammatory arthritis with different clinical manifestations (RA
and PsA). The goal is to investigate if a machine-learning model based on hand motion
data can not only distinguish between patients and controls but also between RA and PsA
patients. If successful, this would support our assertion that different disease types result in
different motion patterns, which is a big step toward identifying disease-specific functional
biomarkers. Second, for the first time, an approach will be applied to investigate whether
we can predict the stage of the disease as defined by clinical disease activity scores.

The classification tasks will be achieved by training different machine learning pipeli-
nes consisting of a standard workflow that includes data preprocessing, feature extraction,
feature selection, classification, and evaluation. However, other than before, we will not
limit the feature space to automatic features, but extract and incorporate additional expert
features (e.g. range of motion, peak distances,..) using input from clinical experts. From
the classification results, we aim to identify the movement best suited to distinguish spe-
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cific groups. We will further determine which joints or features are most discriminative by
looking at the feature importance. The thesis will help us to identify disease-characteristic
patterns of hand movement impairment and gain information on biomarkers of hand func-
tion that can be used for fine-tuned monitoring of the two different diseases, RA and PsA.

The proposed work consists of the following parts:

• Literature review focusing on clinical manifestations and current monitoring and
treatment options in different types of inflammatory arthritis, as well as, the use of
machine learning, with a focus on (hand) movement analysis and classification of
inflammatory arthritis.

• Validation of the existing classification pipeline based on automatic feature extraction
for a broader dataset with clearly defined events for different subcomponents during
a movement task.

• Extraction and identification of informative expert features such as the range of
motion of specific joints using clinical findings and expert knowledge.

• Classification of RA and PsA patients and controls.

• Definition of sub-groups within the patients based on common clinical disease activity
scores to classify different stages of the disease.

• Evaluation of the classification performance based on common metrics (accuracy, F1
score..).

• Identification of the movement task that is most suited for the classification of groups
especially between RA and PsA patients and disease stages.

• Identification of the most discriminative features and joints for each patient group.

The thesis must contain a detailed description of all developed and used algorithms as well
as a profound result evaluation and discussion. The implemented code has to be documented
and provided. Extended research on literature, existing patents, and related work in the
corresponding areas has to be performed.
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