Moddling FMRI Motion Artefacts using a Simulated Scanner

. Drobnjak?, M. Jenkinson?

'FMRIB Centre, University of Oxford, Oxford, United Kingdom, 2FMRIB Centre, University of Oxford, Oxford, Oxon, United Kingdom
Synopsis
A simulated scanner was i mplemented, based on solving the Bloch equations for a general pul se sequence in order to quantitatively model motion artefactsin FMRI.
This simulation was run using an EPI sequence, allowing the precise amounts of within-scan blurring and spin history artefacts to be found for a model of the brain
undergoing typical motions. The results show that spin history induces a change of similar magnitude to within-scan motion effects.
Introduction The presence of motion artefacts in functional MRI datais a confound for statistical analysis and often results in erroneous activations being reported,
especially when the motion is correlated with the paradigm. Current methods of modelling and correcting for motion artefacts are often based purely on the temporal
correlation with estimated motion parameters and cannot distinguish between motion-induced and activation-induced signal changes. Hence there isa need for realistic
and complete modelling of motion-induced artefacts, such as within-scan motion and spin history, which will alow the accurate quantification of artefact levels. Thisis
critical for the development and testing of motion artefact correction techniques.
Methods A general MRI simulator was constructed in C++ to solve the Bloch equations for each element of the object (small rectangular voxels). In order to model
general motion of the object arigid-body coordinate transform, R (t), relating the object and scanner coordinate systems is specified as a function of time; i.e.

Xs = R(t)xob . Motion parameters are specified at discrete time points viaan input file and the transform is i nterpolated between these points. In addition, the RF

timings and gradient waveforms are specified and interpolated from a second input file. Integrating the magnetisation vector in time for each tissue type separately in a
voxel element in object space givesthe MR signa as
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where M o isthe transverse magnetisation following the last RF excitation, O istheaverage spin density of this tissue typein this voxel, Gx(t) isthe applied
gradient vector (in the scanner coordinate frame) at timet, and B,(t) isthefield (along the z direction) at the origin, which can include any inhomogeneities. This
integral can be evaluated analytically over the voxel giving
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where Lx isthelength of the voxel in thex direction, Fx = %M_fox(t) R(t)dt , and similarly for they and z directions. RF excitations are modelled with a
0

simple rotation of the magnetisation vector about the x axis. Thetotal signal is then formed by summing the contributions from each voxel.
Results

A simulated i mage acquisition was performed using an EPI pul se sequence with trapezoidal gradient waveforms, 90 ©
flip angle and crushers. The Brain Web partial volume tissue estimates [1] for CSF, Grey Matter and White Matter were
used to model the object. Figure 1 showsa single axial slice without and with object motion (a 20 degree rotation during
the acquisition) respectively. Intensity changes with time are shown in Figure 2 for no motion, demonstrating saturation
effects, and Figure 4 for through-dlice translation (shown in Figure 3), demonstrating changes due to spin history effects.
The relative magnitude of spin-history changes in this case are approxi mately 3%, similar to those associated with with-
in scan motion but less than the main saturation effects. The effect of atiming mis-specification in the readout gradient is
shown in Figure 5, demonstrating the typical N/2 ghost.

Conclusion

We have quantitatively simulated motion artefacts using the Bloch equations for arealistic brain object and motion
parameters. This differs from existing simulators[1],[2],[3] due to the inclusion of within-scan motion. As very large amounts of calculation are involved, significant
optimisation and pre-computation was required in order to reduce the computational time down to feasible times (hours) on a standard modern Linux workstation
(Athlon 2200). It isintended to include the effects of chemical shift and B0O-inhomogeneities next, using a theoretical model for the BO changes [4]. The quantification
of the relative strengths of BO-motion interaction versus spin-history effects for different motions and brain regionsis important in understanding, modelling and
eventually correcting for such artefactsin FMRI. Inaddition, it is possible to extend this simulation framework to include time varying signals of a physiological nature
(e.g. varying T2* with time to model BOL D) which would provide a realistic method of generating simulated data with known ground truth for testing and validation of
statistical analysis methods, even in the presence of stimulus-correlated motion artefacts.

Figure 1: EPI images without and with
motion (a 20 degree rotation).

Figure 4: Spin history effects Figure 5: N/2 ghost
Figure 2: Saturation effects in acquisition of 3 volumes Figure 3: Trandationin z
with TR=3s.
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