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TARGET AUDIENCE: 
MR researchers who would like to make use of time-series data in the presence of motion without discarding data 

PURPOSE: 
Quantitative T1 mapping is important in many applications including permeability measurements, tissue temperature mapping, brain water content measurements 

and arterial spin labeling quantification. Thus far, no study has specifically dealt with T1 measurements in the presence of motion which can be a serious issue and 
might render a large portion, if not all, of the data set useless. In this study, we sought to develop a T1 measurement method that is robust to motion.    
METHODS: 

In this study, we build upon our previously proposed T1-mapping sequence TOWERS: T-One With Enhanced Robustness and Speed1. The sequence has two 
sections of inversion recovery [IR] repetitions. At each IR repetition, a non-selective inversion pulse is followed by 2D multi-slice GRE EPI readout with GRAPPA2 
acceleration [R=2]. The order of slices is circularly shifted from repetition to repetition within each of the two sections. Slice reordering3 allows different slices to be 
sampled at different effective inversion times [TIs]. Figure 1 demonstrates a simple example for this concept. In addition to the IR repetitions, three saturation recovery 
[SR] samples are acquired at the beginning of each section as well as at the end of the acquisition. These SR samples make it possible to keep track of patient position 
and hence serve as the milestones for the motion correction scheme.  

Two unique strategies are utilized to make the T1 measurement robust to motion:  
(1) GRAPPA coefficient update: In a typical GRAPPA-accelerated time-series EPI sequence, GRAPPA calibration scan is usually performed only once at the 

beginning of the acquisition in order to derive the GRAPPA coefficients.  In the presence of motion, however, this initial set of GRAPPA coefficients become invalid. 
In this respect, two additional GRAPPA calibration scans are performed. Following the default reconstruction of the images, the motion state of each measurement is 
matched to one of the three SR scans and each measurement is then reconstructed again with the assigned GRAPPA coefficient set. Figure 2 depicts the overall 
acquisition scheme as well as the selective application of the GRAPPA coefficients. Figure 3 demonstrates that this selective application of the GRAPPA coefficient 
sets can minimize motion artifacts. 

(2) Sub-voxel magnetization tracking: Since each voxel has a unique signal evolution depending on its slice location, a simple re-alignment of the images is not 
sufficient to remove the effects of motion from the T1 calculation. In this regard, the 2nd and 3rd SR samples are registered onto the 1st SR sample using FSL’s rigid 
registration tool4,5. The resulting transformation matrices are then utilized to keep track of onto which slice a given voxel in the 1st SR image is relocated as a result of 
motion. This information is crucial because TOWERS is a slice-reordering scheme and the relocation of a voxel onto a different slice can lead to a substantial change in 
the magnetization pathway. Furthermore, a voxel might partially appear on more than one slice after motion, necessitating a sub-voxel treatment. In order to 
demonstrate that this is indeed necessary, we treated each voxel: 1) as a single spin, 2) as a lattice of 3x3x3=27 spins, and 3) as a lattice of 5x5x5=125 spins during 
magnetization tracking.  

All experiments were performed on a Siemens Tim Trio 3T MR scanner (Siemens Healthcare, Erlangen, Germany). Data was collected from four subjects with 
ages between 22 and 36 years. Written informed consent was obtained from all participants. Matrix size = 128x128, FOV = 200mm x 200mm., 60 slices, slice 
thickness=2mm, TE = 19 ms, TR = 4000 ms, BW = 1562 Hz/pixel, GRAPPA R = 2, Partial Fourier Factor = 6/8. The subjects were asked to move once within each of 
the two sections. 
RESULTS: 

Figure 4 (b) shows that motion significantly damages T1 estimation. Spin tracking by treating the whole voxel as a single spin leads to an improved T1 map as 
shown in Figure 4 (c). However, noticeable banding is observed because different portions of the same slice are relocated onto different slices. Nevertheless, when sub-
voxel spin tracking is applied, the banding artifacts are mostly eliminated as seen in Figure 4 (d) and (e). Figure 4 also lists the measured T1 values at a point ROI 
marked in red for the no-motion, motion-corrupted and motion-corrected images. The results for both the 3x3x3 and the 5x5x5 sub-voxel tracking are quite similar to 
the no-motion case. However, the computation time for the 5x5x5 sub-voxel tracking scheme is twice that for the 3x3x3 case. In this respect, the 3x3x3 sub-voxel 

magnetization tracking scheme, which takes only 
about 33% more time compared to the single-spin 
scheme, provides a good compromise between 
computation time and accuracy. 
DISCUSSION: 

Motion has detrimental effects in quantitative 
MR imaging. In time-series data, motion corrupted 
images are usually excluded from analysis.  Our 
results demonstrate that updating the GRAPPA 
coefficients and performing sub-voxel 
magnetization tracking can minimize motion 
artifacts without the need for excluding motion-
corrupted images. Although our method was 
specifically implemented for measuring T1, the 
outlined procedure of dealing with motion can very 
well be adapted to minimize the effects of motion in 
other time-series MR acquisitions as well, for 
instance in arterial spin labeling.  A prospective 
motion-correction scheme can also be incorporated 
in order to make this approach even more robust to 
motion. 
CONCLUSION: 

Dealing with motion using our scheme can be 
useful for a wide range of MR acquisitions. The 
scheme is especially valuable for long acquisitions 
where the probability of motion is increased 
substantially. 
REFERENCES: 

1. Eldeniz, Lin and An., ISMRM 2013 (4212) 
2. Griswold et al., MRM 2002; 3. Ordidge et al., 
MRM 1990;16(2):238 47:1202–1210 4. Jenkinson 
and Smith, Med Image Anal 2001;5(2):143-156. 5. 
Jenkinson, Bannister, Brady and Smith, Neuroimage 
2002;17(2):825-841. 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    3254.


