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Abstract

In-scanner head motion represents a major confounding factor in functional connectiv-
ity studies and it raises particular concerns when motion correlates with the effect of
interest. One such instance regards research focused on functional connectivity modu-
lations induced by sustained cognitively demanding tasks. Indeed, cognitive engagement
is generally associated with substantially lower in-scanner movement compared with
unconstrained, or minimally constrained, conditions. Consequently, the reliability of
condition-dependent changes in functional connectivity relies on effective denoising
strategies. In this study, we evaluated the ability of common denoising pipelines to mini-
mize and balance residual motion-related artifacts between resting-state and task con-
ditions. Denoising pipelines—including realignment/tissue-based regression, PCA/ICA-
based methods (aCompCor and ICA-AROMA, respectively), global signal regression, and
censoring of motion-contaminated volumes—were evaluated according to a set of
benchmarks designed to assess either residual artifacts or network identifiability. We
found a marked heterogeneity in pipeline performance, with many approaches showing
a differential efficacy between rest and task conditions. The most effective approaches
included aCompCor, optimized to increase the noise prediction power of the extracted
confounding signals, and global signal regression, although both strategies performed
poorly in mitigating the spurious distance-dependent association between motion and
connectivity. Censoring was the only approach that substantially reduced distance-
dependent artifacts, yet this came at the great cost of reduced network identifiability.
The implications of these findings for best practice in denoising task-based functional

connectivity data, and more generally for resting-state data, are discussed.

KEYWORDS
artifact, denoising, functional connectivity, motion, resting-state fMRI, task-concurrent
connectivity
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