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Introduction 
fMRI data quality critically depends on subject motion. In the commonly used EPI, motion leads to spin-history effects, blurring, ghosting 
and head pose dependent distortions that cannot be corrected by post-hoc image realignment and hamper the detection of task 
activation [1]. ‘Prospective’ motion correction approaches have therefore been developed which track head position in real-time and 
continuously update slice positions and field of view during the scan [2-5]. Sensitivity benefits with prospective correction have been 
reported for fMRI [2,3] and diffusion EPI [5,6] time series. However, changes in head orientation relative to B0 may alter the field 
distribution (‘susceptibility-by-movement interaction’) and hence EPI image distortions. Neither prospective motion correction nor post-
hoc unwarping with a static field map solves this problem. To address this concern, we explored a dynamic distortion correction 
approach. We used IDEA EPI (interleaved dual echo acquisition EPI) [7] which allows field maps to be extracted from and applied to 
each fMRI volume, combined with real-time motion correction by means of a Moire-Pattern Target (MPT) based tracking system [8]. 
Methods 
EPI acquisition: A Siemens 3T scanner with 12-channel head coil was used. IDEA EPI time series were acquired on three consented 
subjects, with and without intentional head motion. IDEA EPI is a modified 2D EPI sequence 
that simultaneously samples two images under the positive and negative readout lobes, with a 
small echo time difference that allows field maps to be calculated from each fMRI volume. 
Acquisition parameters were: matrix 96x96, voxel size 2.3x2.3x3.5mm3, 25 slices with 20% 
gap, factor 2 GRAPPA, TR=2.02s, TE1/TE2=33.00/33.59ms, 30 volumes with slow intentional 
head nodding. A 190 volume resting state scan with slow motion was acquired on one subject.  
Moire-Pattern Target Motion Tracking: The MPT system consists of an MR-compatible digital 
camera mounted in the bore and a 15x15 mm MPT target attached to the subject's forehead. 
The camera operates at 60 frame/s, and images are analyzed in real-time to detect motion (lag 
time about 30ms). Feedbacks are sent to the MR scanner to update the slice position before 
each excitation.  
Analysis: Each EPI volume was dynamically unwarped by the field map extracted from itself 
using a modified version of SPM8’s Fieldmap Toolbox [9], prior to residual motion correction 
with ‘SPM Realign’. Each time series was also realigned without the unwarping step. Voxel-
wise temporal SNR (tSNR) was compared along the timecourse. The resting state scan was 
analyzed in FSL MELODIC, with dimensionality set to 25 [10]. 
Results 
Fig 1 shows an example IDEA EPI image before and after the proposed dynamic unwarping, 
and corresponding maps of temporal variance. The x-rotation was approximately 4°. Distortion 
in frontal cortex was consistently reduced, and tSNR increased (see Table). Mean brain tSNR 
averaged across subjects increased slightly (from 23.4±3.8 to 24.8±3.9), due to lower tSNR in 
the bottom-most slices where the field maps appeared ill-defined. One component in the ICA 
of the uncorrected resting state scan showed fluctuations in frontal regions that correlated well 
with the intentional head nodding and reflect position dependent distortions (see Fig 2). A 
corresponding component was absent in the unwarped data.      
Discussion 
Prospective motion correction is a 
powerful technique that improves the 
quality of structural and functional MRI 
acquisitions. Irrespective of performance 
it cannot however account for head 
pose dependent distortions in EPI. Our 
results demonstrate that scan-to-scan 
unwarping with IDEA EPI field maps can 
reduce susceptibility-by-motion effects 
and improve stability in the presence of 
subject motion. In regions of low SNR 
and/or dropout the approach shares the 
known limitations of EPI field based 
maps, and performance must assessed 
against using a static field map. IDEA EPI holds particular promise for applications in uncooperative or pediatric subjects where scan 
repeats or data exclusion due to motion cannot easily be afforded.  
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Fig 2. ICA component map (left) and timecourse (top right) showing fluctuations in frontal distortions 
that correlate well with the nearly negligible residual x-rotation (bottom right) detected by post-hoc 
realignment. This spatial component was not observed in the dynamically unwarped timeseries. 

Fig 1. Top: Mean IDEA EPI image of 
one subject without (left) and with 
dynamic unwarping (right), showing 
reduced distortion. Bottom: maps of 
timecourse %noise over 30 scans 
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