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Letter to the Editor .

Lack of Methodological Rigor for Task-Based
Functional Magnetic Resonance Imaging: Injury-
Related Fear or Failure to Correct?

Dear Editor:

We read with interest a recent report in the Journal of
Athletic Training, “Neuroplasticity in Corticolimbic Brain
Regions in Patients After Anterior Cruciate Ligament
Reconstruction.”! It is exciting to see neuroscience-based
methods, specifically brain functional magnetic resonance
imaging (fMRI), applied by sports medicine researchers to
answer novel research questions. However, the methodo-
logical approaches used in the referenced manuscript! do
not comply with contemporary standards of statistical
analyses and reporting for fMRI studies,> such that the
results are difficult to interpret. Our goal with this letter is
to highlight the major analytical concerns and reinforce the
concept that minimum analytic standards must be applied if
task-based fMRI data are to inform and innovate sports
medicine practice. Notably, the summarized concerns are
not our unique recommendations but rather the analytical
and reporting standards that have been established by
experts in the neuroscience community for many years.’

MULTIPLE-COMPARISONS CORRECTION AND
STATISTICAL INFERENCES

To analyze task-based fMRI data, statistical maps are
created to identify regions of the brain (ie, voxels) with
increased activity in response to a manipulation or stimulus
relative to a control or rest condition. A typical functional
neuroimaging volume contains approximately 130000
voxels (variation based on acquisition parameters), requir-
ing thousands of statistical tests to contrast or determine
voxels that demonstrate a significant response to a stimulus
relative to rest or another condition. The sheer magnitude of
statistical comparisons results in expected false-positives
that require application of an activation threshold and
multiple-comparisons correction to decipher task-related
signal versus noise. Specifically, for task-based fMRI,
voxels without activation above a statistical threshold are
discarded (ensuring that the signal is task related beyond
noise or the comparison condition), and the remaining
voxels must survive a multiple-comparisons correction to
minimize the degree of false-positives to predictable levels.
Numerous ways of applying such thresholds and correc-
tions are available for considering the unique data structure
of fMRI (eg, cluster based, voxelwise and threshold-free
cluster enhancement),®’ of which some have become the
default settings in many fMRI statistical analysis packages.

The fMRI analysis in the manuscript in question did not
provide any level of thresholding or multiple-comparisons

correction. Use of an uncorrected approach in fMRI can
result in a degree of false-positives so severe that 1 research
group® published the infamous “dead salmon paper,” in
which a deceased salmon demonstrated “significant neural
activity” when exposed to images and the completed
analysis was uncorrected. However, with appropriate
corrections applied, no significant signal was detected, as
would be expected with deceased tissue.® This was a
tongue-in-cheek report to emphasize the need for minimal
statistical corrections and thresholding in fMRI analyses,
highlighting that a portion of “significant” task results
reported are in fact false-positive indicators of relative
brain activations when the data are uncorrected. In other
words, without applying these fundamental statistical
controls, it is impossible to estimate the type I error rate,
thus making any finding unreliable. The lack of thresh-
olding and multiple-comparisons correction is so funda-
mentally flawed in fMRI analyses that neuroimaging
journals often will not even consider a submission without
these essential statistical corrections.’

P HACKING, POST HOC REGION OF INTEREST
SELECTION, AND CIRCULAR ANALYSES

The authors indicated that regions of interest (ROIs) were
not determined a priori as typically recommended and instead
were selected using a “qualitative post hoc” approach. The
selection of ROIs after the primary analysis is referred to as
circularity (or “double dipping”), which leads to vastly
inflated effect sizes and is widely considered an unacceptable
practice.*'*!! The inflation of findings is readily apparent in
Table 2 as all 22 ROIs selected were different between groups,
when the automated anatomical labeling approach resulted in
90 possible ROIs.'? This mode of “cherry picking” or “self-
selecting” ROIs in task-based fMRI is a neuroimaging version
of P hacking, ie, examining the data before making ROI
selections. Although inflation due to circularity has plagued
numerous published studies, the detrimental consequences of
such an inference are compounded with the combination of
circular analyses of uncorrected and unthresholded data,'! as
completed in this recent referenced manuscript.'

TREATMENT OF TASK CONDITIONS

The use of the picture imagination task, with depictions of
sport-specific activities and activities of daily living
(ADLs), to compare task-related activity between partici-
pants with anterior cruciate ligament reconstruction versus
healthy participants is intriguing. However, the combination
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of sport and ADL images is a puzzling data presentation.
The use of ADLs as a visual control for sport images could
be an elegant design to isolate sport-specific imagery and a
potential fear response, but this between-conditions com-
parison does not appear to have been applied in the between-
groups analysis. A secondary analysis comparing sport and
ADL images was completed but only in the reconstruction
group; thus, whether sport or ADL image processing is
different between or within groups is unknown. Further-
more, by neither thresholding nor correcting for multiple
comparisons, the authors’ decision to compute an average
blood oxygen level-dependent signal across an anatomically
derived ROI average activity in both task-relevant and
nonrelevant voxels is puzzling. Given the lack of identifi-
cation of image-specific responsive voxels, it is not possible
to determine the validity of the authors’ suggestion of a
similar neurologic fear response to images of sitting and
reading a book to images of sport maneuvers.

CONCLUSIONS

The purpose of this letter to the editor is to indicate that
the methodological approach used in the recently published
manuscript' did not achieve the accepted standards of
statistical analysis for task-based fMRI measures. Readers
should therefore be extremely cautious in drawing conclu-
sions from the reported results. We encourage the authors
to reanalyze their data based on these recommendations so
that the findings are more interpretable and meaningful to
the sports medicine community.
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