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Ⅰ. Introduction 

High-resolution magnetic resonance imaging(MRI) 

is a typical method for examining the human body by 

using nonionizing radiation. High-resolution MRI is a 

method using a magnetic field and radio frequency(RF) 

that are harmless to the human body, which is 

characterized by excellent spatial resolution and 

contrast resolution[1, 2]. The space in which the MRI 

stores data is called k-space. Among the various 

methods to obtain the data by filling the data in the 

k-space, the cartesian method, which is a scanning 
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Abstract  This study conducted a comparative analysis of differences between cartesian trajectory in a linear rectangular 

coordinate system and MultiVane trajectory in a nonlinear rectangular coordinate system axial T1 and axial T2 images us-

ing an American College of Radiology(ACR) phantom. The phantom was placed at the center of the head coil and the 

top-to-bottom and left-to-right levels were adjusted by using a level. The experiment was performed according to the 

Phantom Test Guidance provided by the ACR, and sagittal localizer images were obtained. As shown in Figure 2, slices # 

1 and # 11 were scanned after placing them at the center of a 45° wedge shape, and a total of 11 slices were obtained. 

According to the evaluation results, the image intensity uniformity(IIU) was 93.34% for the cartesian trajectory, and 93.19% 

for the MultiVane trajectory, both of which fall under the normal range in the axial T1 image. The IIU for the cartesian 

trajectory was 0.15% higher than that for the MultiVane trajectory. In axial T2, the IIU was 96.44% for the cartesian tra-

jectory, and 95.97% for the MultiVane trajectory, which fall under the normal range. The IIU for the cartesian trajectory 

was by 0.47% higher than that for the MultiVane trajectory. As a result, the cartesian technique was superior to the 

MultiVane technique in terms of the high-contrast spatial resolution, image intensity uniformity, and low-contrast object 

detectability. 
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method in the cartesian coordinate system, is to fill 

the data in the frequency encoding direction[3]. The 

advantage of cartesian sampling is that the contrast 

of the image can be easily adjusted through the 

effective time of echo(TE) of the array corresponding 

to the contrast of the k-space[4-7]. However, as each 

row is linearly acquired in proportion to the number 

of phase encoding arrays, the involuntary motions of 

patients lead to various artifacts in the phase encoding 

direction[8]. As a result, artifacts are generated linearly 

throughout the image, so that the target region to be 

viewed is covered with artifacts hindering accurate 

images from being obtained. The MultiVane scanning 

method in a nonrectangular coordinate system is a 

noncartesian technique that oversamples the center of 

the k-space using separate vanes[9-12]. Each vane 

includes a k-space sample corresponding to the same 

low-resolution image. The data are collected in a 

series of revolving vanes, and each revolving vane 

collects the data from the central region of the 

k-space[13, 14]. The MRI phantom and protocol of the 

American College of Radiology(ACR) were developed 

by the ACR in 1992, and this MRI phantom could be 

applied to all types of MRI equipment[15]. Quantitative 

tests such as geometric accuracy, high-contrast spatial 

resolution, image intensity uniformity, and low-contrast 

object detectability have been performed by using ACR 

phantom[16]. In actual clinical setting, the MultiVane 

scanning method is used for motion compensation. 

This study was performed a comparative analysis of 

differences between cartesian trajectory and MultiVane 

trajectory in axial T1 and axial T2 images by using the 

ACR phantom to provide the basic clinical data. 

Ⅱ. Material and Methods

1. Material and equipment

The equipment used in this study includes a 3.0 T 

MRI(Achieva, Philips, Netherlands) and the ACR 

phantom. The ACR phantom is an acrylic plastic with 

both ends closed, having a length of 148 mm and a 

diameter of 190 mm. The inside of the phantom is 

filled with a solution of 10 mM of nickel chloride 

(NiCl2) and 75 mM of sodium chloride (NaCl). The ACR 

phantom can be divided into a large phantom and a 

small phantom. The large phantom is designed for use 

in a head coil, which is used for quality control of 

most MRI equipment. The small phantom is designed 

for use in a knee coil[17]. As shown in Figure 1, the 

surface of the large phantom is marked with NOSE 

and CHIN, which helps determine the location of the 

phantom in the head coil[16, 18].

As show in Table 1, the used parameters were the 

same as those used in the actual clinical setting

                   Fig. 1. Oblique (a) and lateral (b) views of a large ACR phantom

Table 1. Imaging parameters of the axial T1 and axial T2 sequence

Sequence TR(ms) TE(ms) Matrix FOV(mm) Slice thickness(mm) Gap(mm) Number of slice

Axial T1 2,000 30 400×296 230 5 5 11

Axial T2 3,026 100 372×266 230 5 5 11
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2. Measurement Methods

The phantom was placed at the center of the head 

coil and the top-to-bottom and left-to-right levels 

were adjusted by using a level. The experiment was 

performed according to the Phantom Test Guidance 

provided by the ACR, and sagittal localizer images 

were obtained. As shown in Figure 2, slices # 1 and # 

11 were scanned after placing them at the center of a 

45° wedge shape, and a total of 11 slices were obtained. 

Multivane trajectory and Cartesian trajectory were 

compared in actual brain axial T1 images.

The geometric accuracy is to evaluate whether the 

length in the image represents the actual length of the 

object. The lengths of slices # 1 and # 5 were measured 

in axial T1 and T2 in left-to-right, top-to-bottom, 

and both diagonal directions. The normal range was 

set as 190±2 mm for the inner diameter of the 

phantom. The high-contrast spatial resolution is to 

evaluate the ability to analyze small objects when the 

contrast-to-noise ratio(CNR) is sufficiently high. The 

resolution insert consists of an upper left(UL) and a 

lower right(LR) with diameters of 1.1 mm on the left, 

1.0 mm in the middle, and 0.9 mm on the right. The 

normal range in this assessment is ≤ 1.0 mm. The 

arrangement of the resolution insert is composed of 

upper left(UL) and lower right(LR). The result values 

of image intensity uniformity are represented as the 

value calculated according to the percent integral 

uniformity(PIU) formula[16] as shown in Equation(1). 

PIU=100× [ 1 - { (high- low)/(high+ low) }] (1)

A region of interest (ROI) of 190–205 cm² was draw 

in slice #7. The window width and window level was 

adjusted to display the highest part and the lowest 

part of the signal intensity (mean pixel value) as an 

area of interest of 1 cm² in the whole area of interest. 

The value obtained by substituting the measured value 

at that part into the PIU formula corresponds to the 

IIU. The normal range is equal to or greater than 82%. 

Low-contrast object detectability is used to assess by 

what degree of contrast an object can be distinguished 

in an image. In the case of 3T, the normal range for 

the low-contrast object detectability is 37 spokes.

3. Motion compensation in MultiVane

The motion compensation algorithm used in MultiVane 

consists of several imaging correction steps. First, 

the average blade(RB0) of all the blades that were not 

corrected is calculated. Second, a single blade(RB1) 

showing the best correlation with RB0 is selected, a 

correlation with RB1 is measured for each of the other 

blades, and the expected shift is applied to each 

blade. This average is formed after imparting the first 

weight to each blade according to the correlation with 

RB1. Third, all the blades including RB1 are relocated, 

and a new average blade(RB2) is repeatedly generated. 

This process is iterated for the average blade RBi until 

the last motion compensation is completed for the 

Fig. 2. Sagittal localizer showing the 11 required axial slice locations and paired 45° wedges. The words CHIN and NOSE on

this image indicate the locations
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average blade RBi+1. As shown in Figure 3, N blades 

and k-space with a diameter of L are resampled as 

the blade for every strip rotating with respect to the 

center of the k-space, and the data are acquired by 

superimposing with the strip. Assuming that the two 

blades are  and  and that the streaks from the X 

axis  and  the correlation between these two 

blades can be calculated based on Perceval's theorem, 

which is shown in the Equation (2).

  


 


 





 









            (2) 

where  and  are the results of the Fourier 

transforms for  and  respectively, and the 

relative motion of can be predicted by the 

maximum correlation between the two blades[20].

Ⅲ. Results 

Table 2 shows the results of geometric accuracy. 

The length values for both cartesian and MultiVane 

trajectories are within the normal range of 190±2 mm. 

Table 3 shows the results of high-contrast spatial 

resolution. The values in the cartesian trajectory were 

measured as 0.9 mm in both axial T1 and T2. The 

results were within the normal range. On the other 

hand, the values in MultiVane were 1.0 mm in axial 

T1, 0.9 mm for UL. However that of MultiVane was 1.1 

mm for RL in axial T2 which was deviated from the 

normal range.

Figure 4 shows the results for the IIU. The normal 

range is equal to or greater than 82%. In axial T1, the 

IIU in the cartesian trajectory is 93.34%, and the IIU 

in the MultiVane trajectory is 93.19%, which all fall 

under the normal range. However, the IIU in the 

cartesian trajectory is by 0.15% higher than that of 

the MultiVane trajectory. In axial T2, the IIU in the 

cartesian trajectory is 96.44% and the IIU in the 

MultiVane trajectory is 95.97%, which all fall under 

the normal range. However, the IIU in the cartesian 

trajectory is by 0.47% higher than that of the 

MultiVane trajectory. 

Figure 5 shows low-contrast object detectability. In 

axial T1, the value in the cartesian trajectory was 

38.4 spokes, which falls under the normal range, and 

the value in the MultiVane trajectory was 36.2 spokes, 

which deviated from the normal range. In axial T2, 

the value in the cartesian trajectory was 37.2 spokes 

cartesian, and the value in the MultiVane trajectory 

was 31.2 spokes. Thus, the value in the cartesian 

trajectory falls under the normal range, while the 

Fig. 3. The Cartesian sampling of k-space (a) and the graphic depiction of MultiVane k-space data acquisition (b) Data are

acquired in a series of rotating vanes. Each vane contains several phase encoding lines
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value in the MultiVane trajectory was deviated from 

the normal range. Furthermore, the value in the 

MultiVane trajectory was deviated from the normal 

range by 2.16% in axial T1, and by 15.67% in the axial 

T2. 

Figure 6 shows that cartesian images exhibit better 

contrast and sharpness than MultiVane images in 

actual brain MRI axial T1 images. Furthermore, the 

cartesian images are more clearly distinguished between 

gray matter and white matter

Table 2. Results of the geometric accuracy test for k-space trajectory (cartesian and multivane)

Sampling method Slice number Item Normal range
Measurement

(mm)

Cartesian

Axial T1 #1 Top-to-Bottom 190±2 mm 190.40

Left-to-Right 190.36

Axial T1 #5 Top-to-Bottom 190±2 mm 189.64

Left-to-Right 189.70

Diagonal(Left-Right) 189.88

Diagonal(Right-Left) 189.88

Axial T2 #1 Top-to-Bottom 190±2 mm 188.96

Left-to-Right 189.62

Axial T2 #5 Top-to-Bottom 190±2 mm 189.56

Left-to-Right 189.24

Diagonal(Left-Right) 189.04

Diagonal(Right-Left) 189.32

Multivane

Axial T1 #1 Top-to-Bottom 190±2 mm 190.06

Left-to-Right 190.24

Axial T1 #5 Top-to-Bottom 190±2 mm 190.18

Left-to-Right 189.80

Diagonal(Left-Right) 189.54

Diagonal(Right-Left) 189.68

Axial T2 #1 Top-to-Bottom 190±2 mm 189.74

Left-to-Right 189.66

Axial T2 #5 Top-to-Bottom 190±2 mm 188.92

Left-to-Right 189.32

Diagonal(Left-Right) 189.04

Diagonal(Right-Left) 189.32

Table 3. Results of the high-contrast spatial resolution test for k-space trajectory (cartesian and multivane)

Sampling method Slice number Item Normal range Measurement(mm)

Cartesian Axial T1 #1 UL ≤1.0 mm 0.9

RL 0.9

Axial T2 #1 UL ≤1.0 mm 0.9

RL 0.9

Multivane Axial T1 #1 UL ≤1.0 mm 1.0

RL 1.0

Axial T2 #1 UL ≤1.0 mm 0.9

RL 1.1
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Fig. 4. PIU values in the image intensity uniformity test of cartesian and multivane for axial T1 (a) and axial T2 (b)

Fig. 5. Detected rows in the low-contrast object detectability test of cartesian and multivane for axial T1(a) and axial T2(b).

The dashed lines(red line) indicate the ACR recommended acceptance value for 3.0 T (37 spokes)

Fig. 6. Both images are axial T1 images for an image filled with k-space using Cartesian (a) and the image using the MultiVane

trajectory (b). The shape of the blade can be seen in the image
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Ⅳ. Discussion 

Among the several techniques used to fill the 

k-space, the most commonly used technique is the 

cartesian trajectory. However, the cartesian technique 

generates various artifacts due to the involuntary 

motion of the patients in the phase encoding direction. 

In actual clinical setting, it is recommended to use the 

MultiVane technique instead of the cartesian technique 

to correct artifacts arising from the motion. Nevertheless, 

the MultiVane technique has not been commonly used 

because the time to create the images by filling the 

k-space becomes longer in the MultiVane technique. In 

this experiment, cartesian and multivane trajectories 

were compared and analyzed by using an ACR phantom 

in the absence of motion, although the MultiVane 

technique is for correcting artifacts arising from the 

motions in the cartesian trajectory. It would have been 

more helpful if we used a real phantom (Rando Phantom 

or anthropomorphic phantom) rather than an ACR 

phantom.

Ⅴ. Conclusions 

According to the results, the geometric accuracy of 

both cartesian and MultiVane trajectories was within 

the normal range of 190±2 mm. The high-contrast 

spatial resolution in the cartesian trajectory was 

measured as 0.9 in both axial T1 and T2, which was 

within the normal range. The high-contrast spatial 

resolution in the MultiVane trajectory was measured 

as 1.0 in axial T1 and 0.9 for UL and 1.1 for RL in 

axial T2, in which RL was deviated from the normal 

range. The IIU was 0.15% higher in the cartesian 

trajectory than in the MultiVane trajectory in the 

axial T1. In axial T2, the cartesian trajectory showed 

0.47% higher IIU than the MultiVane trajectory. The 

low-contrast object detectability was 38.4 spokes for 

the cartesian trajectory in axial T1, which falls under 

the normal range while low-contrast object detectability 

was 36.2 spokes for the MultiVane trajectory, which 

was deviated from the normal range. In axial T2, the 

value was 37.2 spokes for the cartesian trajectory, 

and 31.2 spokes for the MultiVane trajectory, in which 

the value in the cartesian trajectory falls under the 

normal range, while the value in the MultiVane 

trajectory was deviated from the normal range. As a 

result, the results of using the cartesian technique 

gave better results than the MultiVane technique in 

terms of the high-contrast spatial resolution, image 

intensity uniformity and low-contrast object detectability. 

This study would help obtain the basic data that can 

be used in actual clinical setting. 
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