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Abstract

The inclusion of diffusion weighted magnetic resonance imaging (DW-MRI) in neuroimaging
studies has enabled deeper understanding of white matter structure of the human brain.
Fractional anisotropy (FA), a commonly used metric for assessing white matter integrity,
offers high sensitivity but often suffers from low specificity in detecting pathology. FA’s
limitations as a biomarker are often reflected in its inconsistency across different age
groups and disease stages, especially in heterogeneous populations. With the emergence
of alternative white matter models and metrics—such as complex network measures and
tract-specific tractography—researchers now have access to various methods for assessing
white matter integrity, especially in the context of lower-quality and heterogeneous data.
Given the growing number of white matter models and metrics, there is a pressing need
to explore and evaluate these metrics in order to move beyond the constraints of FA. To
address this, we introduce Beyond FA, an open challenge that invites teams to submit the
imaging biomarker(s) of their choice. The goal is to compare and gain deeper understanding
of white matter metrics and their association with Alzheimer’s Disease (AD).
Keywords: Diffusion MRI, harmonization, microstructure, tractography, connectome,
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1. Introduction

Many international-scale research studies employ diffusion-weighted MRI (DW-MRI) as part
of their imaging protocol, which invites an opportunity to study white matter (LaMontagne
et al., 2019), (Glasser et al., 2013), (Ellis et al., 2009), (Archer et al., 2023), (Jack et al., 2008).
However, due to the heterogeneous nature of both large-scale study scanner hardware and
pathological biology, white matter models often suffer from high variability (Borrelli et al.,
2023), (Erus et al., 2018), (Newlin et al., 2024). Fractional anisotropy (FA) is a diffusion
tensor imaging (DTI) metric often considered in Alzheimer’s Disease (AD) characterization,
but its low specificity in pathological contexts introduces demand to consider alternatives
(Farquharson et al., 2013), (Figley et al., 2022), (McMaster et al., 2024).

We hypothesize that white matter models beyond FA have the potential to classify
age, sex, and cognitive status with higher accuracy when compared to FA with the same
framework. We propose a challenge as a setting to collect and compare white matter models.

For our Beyond FA challenge, participants build a Docker that performs the white
matter model computations of their choice and then extracts features from each image to
correlate with age, sex, and cognitive status. As a separate evaluation, we will compute the
correlation for other, secret variables that we will reveal at the conclusion of the challenge.
The challenge is hosted on grand-challenge.org.

2. Data

In this challenge, participants may use any single shell diffusion data to develop their own
method to extract image features that correlate with age, sex, and cognitive status, as shown
in Figure 1. We will not reveal our evaluation data to participants to encourage robust
approaches. Our data will be heterogeneous across sites and scanners. A comprehensive
breakdown of the data used for evaluation is included in Figure 1, with our evaluation
approach discussed in Section 3.

3. Submission Evaluation

Participants submit a Docker container with their algorithm for evaluation. Assessment
will be performed with a shallow multi-layer perceptron (MLP). We evaluate based on age,
sex, cognitive status, and two hidden variables revealed at the end of the challenge to avoid
calibration to these variables. We train and test our MLP based on the feature vectors
from each individual algorithm submission and the associated age, sex, cognitive status, and
hidden variable labels. A successful challenge algorithm will extract meaningful features
that correlate with our labels.

4. Broader Contributions

Here, we aim to address the limitations of data availability and scanner hardware variability
to maximize the potential of large-scale white matter model findings related to AD. This
challenge provides insight to techniques that are specific to AD, but our workflow may be
applied to other pathology with multi-site or multi-acquisition data.


https://bfa.grand-challenge.org/
https://github.com/MASILab/beyondFA_mlp
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Table 1: The age, sex, and cognitive status breakdown for our training and testing data. The
data imbalance between CN, MCI, and AD should challenge teams to thoughtfully
design their algorithms with the paucity of AD data available compared to CN
across major studies in mind.

Training Testing
CN/MCI/AD 210/210/80 34/33/33
Male/Female 252/248 50/50

Age (years) 73.3+£84 T27x73
DWI (.mha) MLP Covariates
Participant Age
Docker Sex
Cognitive status
Hidden variable 1
bval/bvec 128x1 Hidden variable 2

(.json) Feature vector

Figure 1: The overall architecture of our testing framework. Participants are only re-
sponsible for the Docker submission; everything else is provided by us on the
grand-challenge.org page.
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