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Introduction 
Q-ball imaging (QBI) [1] is a diffusion imaging technique capable of resolving intra-voxel fiber crossings. However, corrupted signals in diffusion-weighted images 
(DWIs) due to hardware instability and physiological-related fluctuations were observed, which would affect the orientation distribution function (ODF) [2]. It remains 
unknown that how much ODF errors are caused by the corrupted signals in a regular QBI study and how much ODF improvement we can reach after data corrections. 
To evaluate errors, it is important to obtain the gold standard datasets. But, the previous study showed that ECG gating with trigger delay can only remove part of 
physiological-related fluctuations, such as cardiac brain pulsation [3], and may not be an ideal gold standard dataset. Therefore, the purposes of this study were to firstly 
obtain the gold standard QBI data by performing repeated QBI scan and evaluate the ODF errors caused by outlier signals in a regular QBI data, and then propose 
correcting methods to restore the corrupted signals and investigate the error reduction of ODF quantitatively after corrections.  
Material and Methods 
QBI data were collected from a 40 y/o healthy subject at a 3T MR scanner (Philips Achieva, Best, The Netherland) using 252-direction resolution with repeated scan for 
each direction, i.e., 252 x 2 DWIs in total, and the q-symmetric diffusion directions were applied next to each other to reduce possible motion effects. The other 
experimental parameters were: 128 x 128 matrix size, 25 slices, TR/TE = 6300/120 ms, b=4000s/mm2, slice thickness=5mm, scan time = 70min. During data processing, 
the repeated images were compared with each other on a pixel-by-pixel basis for each diffusion direction. Those pixels with lowered signal intensity were regarded as 
corrupted signals (CS) and replaced by its repeated image. By replacing all corrupted signals with its repeated image for 252 diffusion directions, we obtained an 
optimal dataset which was then served as gold standard (GS) QBI data for comparisons. Two correction methods were conducted respectively on the un-corrected QBI 
data. One is symmetrical compensation (SC) and the other is neighboring interpolation (NI). In the first SC method, the images having diffusion-weighted gradients 
symmetrical to that of the target images, with respect to the q-space origin, were taken in replacement of the damaged signals. The second NI method takes advantage of 
information that diffusion signals vary smoothly on the q-sphere, and the damaged signals were replaced by a weighted average of their neighbor-direction images, with 
the weightings adjusted based on the angular distances from the target image. The ODFs obtained from the corrected and un-corrected QBI data were compared against 
those of the gold standard QBI data by using the equation, 
 
 
Results 
Figs. (1a) and (1b) showed two repeated images of the same diffusion direction acquired sequentially with time separation = 1 TR (6300 msec). The corrupted regions 
are random in nature and hence inconsistent in the two images. By performing pixel replacement for the corrupted signals in Figs. (1a) and (1b), the gold standard image 
better reflects the ideal situation (Fig.1c). The images restored from Fig. (1a) using SC and NI methods were shown in Figs. (1d) and (1e), respectively. The ODF errors 
between the un-corrected QBI and gold standard QBI were shown in Fig (2a). On average the corrupted signals can cause 9.64% ODF errors, the local ODF error can be 
as large as 16% in the splenium of the corpus callosum (black arrow in (2a)). After corrections by SC and NI methods, the mean ODF errors were substantially reduced 
to as low as 2.13% and 1.88%, as shown in Figs. (2b) and (2c), respectively. Figs. (3a)-(3d) showed one representative ODF from one pixel in the gold standard, 
corrupted, SC-corrected and NI-corrected QBI data, respectively. 
Discussion  
In this preliminary work, the overall ODF errors were 9.64% found in a regular QBI dataset, but can be as high as 16% in the local white matter region. After using the 
proposed correction methods, the overall ODF errors were reduced to less than 3%. The reduction rates were 77.90% and 80.50% for SC and NI methods, respectively. 
The SC method performs a little inferiorly to the NI method due possibly to the following reasons. First, the image in the opposite side of the q-space did not exhibit 
identical diffusion weighting to the q-symmetric image caused by the gradient instability. Second, the opposite diffusion gradients induced different eddy-current 
distortions. Third, if both q-symmetric diffusion direction had corrupted signals, the SC method would unlikely restore signals. On the contrary, the neighboring 
interpolation restored the corrupted signal by the weighted average of its neighboring signals. Therefore, the chance that all neighboring signals being corrupted 
identically is relatively small. Even if some of neighboring images were corrupted in the same location, the inclusion of more data points in the NI method allows 
flexible extension of our current method such as neighboring interpolation while discarding corrupted neighboring signals. 
Conclusions 
This study demonstrated that ODFs can be largely altered by the corrupted signals in a regular QBI study. By using proposed correcting methods, the ODF can be 
substantially recovered, especially by NI method. We concluded that the proposed NI method is a suitable adjunct for QBI data processing. 
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