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Abstract

Evaluation of cartilage and bone metabolism in athletes using type II and
type I collagen degradation and synthesis markers

Isao Nagaoka, M.D., Ph.D."”, Masafumi Yoshimura, Ph.D.”

b Department of Host Defense and Biochemical Research, Faculty of Medicine, Juntendo University,
? Faculty of Health and Sports Science, Juntendo University

To evaluate cartilage and bone metabolism in athletes, the levels of type II collagen degradation maker CTX-II and syn-
thesis markers CPII, and type I collagen degradation marker NTx were measured using urine samples of collegiate athletes
belonging to various sports clubs, and compared with those of non-athletes. NTx levels were significantly increased in soc-
cer, volleyball, basketball and handball players compared with non-athletes. Similarly, CTX-II levels were significantly in-
creased in soccer, volleyball and handball players compared with non-athletes. In contrast, CPII levels were significantly
increased in squash tennis players and long-distance runners compared with non-athletes. Moreover, CTX-II/CPII ratios
were increased in soccer, volleyball, basketball and handball players compared with non-athlete control, suggesting that type
IT collagen degradation is relatively increased compared with type II collagen synthesis in these players. Together these ob-
servations indicate that cartilage and bone metabolism (type I and type I collagen degradation) is enhanced in players of ball
games associated with jumping action, such as soccer, volleyball, basketball and handball.

Key Words: biomarker, cartilage and bone metabolism, athlete, type II collagen, type I collagen
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Original Article

Improving the imaging of thoracic tumors using four-dimensional cone-beam

CT with combined shared projection data

Keisuke Usui, Ph.D."?, Koichi Ogawa, Ph.D.”

" Department of Radiological Technology, Faculty of Health Science, Juntendo University,
? Department of Radiation Oncology, Faculty of Medicine, Juntendo University, > Faculty of Science and Engineering, Hosei University

Abstract

Purpose: A four-dimensional cone-beam computed tomography (4D-CBCT) can verify the target location by taking into ac-
count any movement, although the quality of the 4D-CBCT is affected by variations in respiratory motion and the sparse angu-
lar sampling caused by projection allocation. In this study, we investigated the effect of two data binning methods on image
quality using respiratory signals from pseudo humans and evaluated the effectiveness of our proposed method of compensating
the specific projection data by sharing other angular projections.

Methods: The 4D-CBCT projection data of the moving phantom were acquired and sorted according to the phase and ampli-
tude respiratory signals from three respiratory motion patterns. The quality of the reconstructed image was evaluated for shape
and position of the target. In our method, we could increase the number of sorted projection data by sharing certain projection
views with neighboring projections within a 10 degrees range.

Results: The results of the experiments showed that the quality of the reconstructed target image was significantly affected by
the inhalation and exhalation slopes of the respiratory motion. In amplitude binning, a lack of the number of projections were
caused by a non-linearity breathing pattern, although by applying the proposed method, blurring of the target image was re-
duced by approximately 10% compared to that by the standard amplitude binning method. The accuracy of the target shape and
the position in the reconstructed image were also improved.

Conclusion: The shared projection allocation method can improve the quality of imaging thoracic tumors using 4D-CBCT.

Key Words: cone-beam computed tomography, four-dimensional image, radiation therapy, projection data

Juntendo Health Science Journal 1(1): 9-16, 2020

Introduction

Accurate irradiation techniques targeted to a small
tumor volume are needed in stereotactic body radio-
therapy and intensity-modulated radiation therapy". In
these techniques, image information representing the
tumor location in the patient, which is acquired before
the x-ray irradiation, is very important. A kilo-voltage
cone-beam computed tomography (CBCT) system
mounted on a linear accelerator was developed to im-
prove the accuracy of target localization?. However,
this system requires a long data acquisition time, which
leads to motion artifacts and blurred reconstructed im-
ages®. If the temporal location of a target is obtained
using CBCT, the possibility of an excessive radiation
dose to neighboring organs can be reduced.

As one solution to these problems, a four-dimension-
al CBCT (4D-CBCT) has been used for the accurate
delineation of lung tumors. The 4D-CBCT is achieved

by sorting projection data into bins that correspond to
different motions, as estimated by a specific respiratory
signal. For respiratory binning, the two typical methods
are phase binning (PB) and amplitude binning (AB). In
the PB method, all the remaining projection data are
sorted according to the phase of the respiratory signals
into a fixed number of bins. In the latter method, projec-
tion data is sorted according to the amplitude of the re-
spiratory signal, and this AB method can eliminate the
frame misalignment errors for the target locations®-.
However, the projection data is often bunched in
non-continuously by missing CT slices either due to
baseline shifts or the intrinsic non-linearity of the respi-
ratory motion pattern. This bunched sampling pattern
increases streak artifacts in the reconstructed imag-
es”¥.

Therefore, we investigated the effect of two data bin-

ning methods (the phase and amplitude of the respirato-

Corresponding author: Keisuke Usui

Department of Radiological Technology, Faculty of Health Science, Juntendo University

2-1-1 Hongo, Bunkyo-ku, Tokyo, Japan, 113-8421
E-mail: k-usui@juntendo.ac.jp
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ry signal) on the target image quality using pseudo re-
spiratory motions. Moreover, we proposed a method to
compensate the specific projection data by sharing oth-
er angular projections. In this sharing method, we can
increase the number of sorted projection data by shar-
ing certain projection views with neighboring projec-
tions within a range of 10 degrees. We verified the va-
lidity of our proposed method compared to the
conventional binning method in terms of the accuracy
of the target shape and positions by using phantom
movement, which was simulated for the lung tumor.

Materials and methods

1. Moving phantom image data acquisition

The 4D-CBCT full rotational scan projection images
of the moving phantom were acquired by a flat panel
detector and a bow-tie filter (True Beam; Varian Medi-
cal Systems, USA). The imaging x-ray configurations
were 100 kVp, 20 mA per projection, and 662 projec-
tion images. We created a projection image of a moving
sphere every 0.5 deg. over 360 deg., and then made
sinograms to reconstruct 4D-CBCT images. Table 1
shows the conditions of the experimental study. The
geometrical set-up is shown in Fig. 1. This figure shows
a diagram of the moving phantom (target), which con-
sisted of a solid water material (2 cm X2 cm X2 cm) on
a moving table covered by a cork board (Dynamic plat-
form model; CIRS, USA). We used three types of pseu-
do respiratory motions, which were surrogated to the
chest surface motions, and the target was moved ac-
cording to these respiratory signals shown in Fig. 2.
These respiratory signals are different from the respira-
tory periods, phase shifts, and baseline shifts in each
other.

Table 1 Conditions of the experimental study.
768 X 1024 pixels

Projection image

Pixel size 0.1 X 0.1 mm’
Number of projection data 662
Moving length of the target 2.0 cm
Reconstructed image 1024 X 1024 pixels
Reconstructed pixel size 0.1 X 0.1 mm’

Reconstruction algorithm Filtered back projection

Reconstruction filter Shepp & Logan

2. Respiratory binning method

To reconstruct the 4D image, projection data was
sorted into ten respiratory bins using the phase and am-
plitude data. Details of each method are outlined in 1)
and 2).

1) PB method

In the PB method, the motion cycle of the target was
identified by the location of the end exhalations in the
respiratory signal. For each cycle, the entire phase was
divided into ten bins; we decided to name these phase
binning positions as (a)-(j) between each end exhala-
tion. These projection data were then sorted by the

same phase of the cycle and reconstructed for each bin.

2) AB method

In the AB method, the positions of the target were
equally divided into several spaced sections. We then
divided the projection data into ten positions. We de-
fined the highest and lowest boundaries from the target
locations in the first phase of the motion, and decided
the name of the target dividing position at (a)-(j) be-
tween these boundaries. Therefore, any displacements
of the projection data beyond or below the upper or
lower boundary were excluded from the reconstruction
data.

3. Proposed method
In order to improve the accuracy of the target image
in the 4D-CBCT, we complemented the virtual projec-

-

Moving table

Moving phantom

Fig. 1 Experimental set-up of the moving phantom simu-
lated lung tumor.
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tion data for the deficient sampling by using sparse an-
gular projections. In our method, specific projections,
which were assigned the projection data from another
projection angle, from the neighboring respiratory bins
were used to compensate the under-sampling of projec-
tion data. Figure 3 shows the projection data replace-
ment method in one of the sinograms. The deficient
sampling data is replaced by sharing certain projection
data with neighboring views within 10 degrees. In the
case where the sharing projection data does not exist
within 10 degrees, we cannot replace the projection
data. We then reconstructed the 4D-CBCT image with
the phase and amplitude binning using the comple-
mented sinogram. The threshold projection angle to
search the assignment projection data was determined
by using several boundaries of range of projection an-
gle, as a result, 10 degrees is the most suitable range to

select the assigning projection data for the target image

quality.

4. Evaluation of the image quality

To evaluate the quality of the target image, we veri-
fied the accuracy of the target shape and the position.
The accuracy of the target shape was assessed using the
full width at half maximum (FWHM), which was ac-
quired from each profile of the vertical cross-section in
the reconstructed image (Fig. 4). As a reference FWHM
value, the image of the stationary phantom, which was
at the center position of the moving width, was obtained
by the CBCT. We then compared the rate of change in
the FWHM between the static and moving target imag-
es. Moreover, to determine the position of the target in
the 4D-CBCT, we investigated the coordinates of the
center position in the FWHM. The differences between

25 25 25
- 2 2 2
£ 15 = 15 = 15
Sy 5 E
S 05 E 05 5 05
3 0 s 0 £ 0
8 05 g 05 2 05
B -1 % -1 = 4
o o
5 -15 215 > -15
= 2 g 2 g 2

2.5 2.5 25

0 20 40 60 0 20 60 0 20 40 60
Data aquisition time [s] Data aquisition time [s] Data aquisition time [s]
motion (1) motion (2) motion (3)

Fig. 2 The pseudo respiratory motions. Motion (1) shows a stable motion pattern in the exhalation and inhalation, motion (2)
tends to be a long exhalation period motion pattern, and motion (3) shows the base-line shift motion pattern.

original sinogram

Target projection data

Detector data

(a)

Projection angle

Specific projection

original sinogram
Detector data

(b)

Projection angle

shared sinogram

} within 10 deg.
(threshold angle)
Assign the another angular data

shared sinogram

without 10 deg.

No assignment data (zero)

Fig. 3 Projection data assignment for the proposed method. (a) To share the projection data into specific angular positions
(white dash line), another projection angle data within 10 degrees is assigned. (b) If there are no angle data within 10 de-

grees, the sinogram is kept at the original projection data.
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the moving target position and the predicted position
were compared. The predicted position represented the
existence ratio of the target positions in segmented tar-
get positions. Thereby, if we can reconstruct the accu-
rate target image using the 4D-CBCT, each target posi-

tion would be consistent with these predicted positions.

Results

Figure 5 shows the results of the 4D-CBCT recon-
structed image in the respiratory phase of (e). These
images are shown with sagittal reformatted image. In
these figures, the AB method tends to improve the qual-
ity of the temporal target image, especially in reducing
the motion blurring in the target image. On the other
hand, the reconstructed images with the PB method
were affected by the slope of the inspiration and expira-
tion. The target shape at the time of intake was distorted
using the AB method without the proposed method,;
however, the target shape and image contrast were im-
proved using the proposed method. Tables 2-4 show the
results of the FWHM determined from the target pro-
files and the comparison with the target positions. The
results of the rate of ideal FWHM to measured FWHM
were improved by about 10% compared to these of the
PB method in Table 2. Moreover, in the result of Table
3, the mean rate of target FWHMs in all bins were im-
paired by 5% (PB) and 19% (AB) compared to the re-
sults with Table 2. In the result of Table 4, the differenc-
es between the measured and ideal positions were over
2.0 mm in many divided positions. However, errors of
target positions using the AB method were reduced
with the proposed method. In the results of the pro-
posed method, the mean rate of target FWHMs in the

Target Profile position
. A
— 1
=~ |
I
1 =
2
o SR B o)
Ocm |[--=-== == 1 3
AR 1@
[
I
+ I
|
position v v

Moving distance

Fig. 4 Simulated moving phantom of lung tumor, and pro-
file position and definition of the moving distance and di-
rection in the reconstructed image.

PB and AB method were improved by 3.6% and 26.9%
for motion (1), 0.9% and 13.5% for motion (2), and
4.1% and 7.1% for motion (3), respectively. The blur-
ring of the reconstructed images with the proposed
method was reduced, especially with a small number of

projection data in each bin.

Discussion

In this study, we evaluated the image quality of
4D-CBCT with a phase and amplitude binning method
using three pseudo respiratory motions. Moreover, to
improve the shape and location of the lung tumor im-
age, we implemented a projection data sharing method
combined with each binning method using the moving
phantom study. In the results from the reconstructed
image, in the case of the approximately symmetrical
respiratory motion in Fig. 2-motion (1), the AB method
was able to delineate the temporal target position as
shown in Table 2. Therefore, the AB method has the
potential to reduce target motion blurring, which is con-
sistent with the findings of previous studies¥®. On the
other hand, the PB method was affected by the mis-
alignment of the respiratory location in each phase bin
such that these deviations of the target position between
each phase led to increased target motion blurring.

In the case of the long exhalation period motion pat-
tern in Fig. 2-motion (2), the quality of reconstructed
target images at the inhalation period were distorted
(Table 3 (a)-(d)). Moreover, the amount of the position

PB method AB method

w/o w/ w/o w/

motion (1)

motion (2)

motion (3)

Fig. 5 Results of the reconstructed images in respiratory
phase of (e) after the PB and the AB methods. (w/) shows
the result with the proposed method, and (w/o) shows
these without the proposed method.
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errors of the target was increased (>2.0 mm). Similar to
another study®, in this motion pattern, target images
were affected by the slope of the inspiration and expira-
tion with the fast-moving speed of the target into the
divided position. In motion (2) with the AB method, the
numbers of the projection data were reduced by about
20% compared to motion (1) in the inhalation period of
(a)-(d); such a reduction of the projection data degraded
the image quality of the target using the AB method.
In the results of motion (3), the inhalation period was
quite short, and the target positions between each phase
were unstable, so a large degradation of the image qual-
ity therefore appeared. Moreover, the target position
noticeably shifted during the data acquisition (base-line
shift). Using the AB method, blurring was reduced at
the end of exhalation, although the target shape and po-
sition were distorted at the time of inhalation, because
the sampled projection data were significantly reduced
by the base-line shift in (a) 17, (b) 25, and (c¢) 27 projec-
tions, respectively. On the other hand, in the PB meth-
od, the number of projection images used for recon-
struction was approximately equal (63-70 projections),
but the image quality was significantly affected by the
location and slope of the respiratory motion in each
phase. As shown in the previous studies® ®, the non-lin-

earity of the breathing motion pattern led to missing

numbers of projection images, therefore, the projection
data binning method using the 4D-CBCT was also sig-
nificantly affected by the respiratory motion pattern.

In the results of applying the proposed method, er-
rors of target positions were reduced in each recon-
struction method. These results show the possibility to
reducing motion blurring in 4D-CBCT. In previous re-
search, to compensate the under-sampling of projection
data, multiple-gantry rotation and slow-scan rotation
systems were investigated in order to evenly distribute
projections in each respiratory bin® !9, This technique
needs a relatively long data acquisition time, and there-
fore, increases the risk of the patient inadvertently
moving. Moreover, in reconstruction approaches, the
McKinnon-Bates algorithm” 'V and the compressed-
sensing based algorithm'? ' reduced noise and streak
artifacts by exploiting the smooth yet temporally
blurred 3D standard image reconstruction without re-
spiratory binning. However, the improvement in image
quality is limited, and inefficient and unfeasible for
clinical use because of the calculation time required'.
In our proposed method, projection data in under-sam-
pling was assigned from another angular projection
data; the numbers of projection data were therefore
greatly increased in each bin. In the AB method, projec-

tion data was selected based on the target position,

Table 2 Results of the FWHM, reduction rate and target positions in motion (1).

motion (1) position FWHM (pixel) ratio* (%) position (cm)
o ideal 73 - ideal measurement
binning method w/o w/ w/o w/ w/o w/
(a) 92 90 21 19 1.3 1.3 1.3
(b) 98 95 26 23 0.3 0.6 0.6
() 106 105 31 30 —0.7 —0.6 —0.5
(d) 101 107 28 32 —0.9 —1.0 —0.8
phase (e) 101 97 28 25 —0.3 —0.3 —0.3
® 98 97 26 25 0.3 0.3 0.3
(2) 95 93 23 22 0.8 0.6 0.6
(h) 85 86 14 15 1.1 0.9 0.9
1) 85 86 14 15 1.3 1.3 1.3
@) 84 81 13 10 1.5 1.4 1.5
(a) 82 30 11 9 —1.2 —1.2 —1.2
(b) 91 88 20 17 —1.0 —1.0 —1.0
() 89 85 18 14 —0.7 —0.7 —0.7
(d) 84 80 13 9 —0.4 —0.5 —0.5
amplitude (e) 88 80 17 9 —0.1 —0.3 —0.2
® 89 85 18 14 0.2 0.1 0.1
(&) 81 77 10 5 0.4 0.4 0.4
(h) 86 82 15 11 0.7 0.7 0.7
@) 85 82 14 11 1.0 0.9 1.0
) 80 79 9 8 1.3 1.2 1.3

*ratio = (1 —FWHM of ideal / each FWHM) X 100 (%)
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therefore, the proposed method can reduce target mo-
tion blurring. On the other hand, in the PB method,
sharing another angular projection has the possibility of
increasing the amount of different target location data

in irregular phase motion pattern. In the results from the

target position in Table 3, error values were over 2.0
mm in several bins with the AB method, however, posi-
tional errors were reduced to less than 2.0 mm with
combining the proposed method. In the case of motion
(3), the proposed method did not show effective results.

Table 3 Results of the FWHM, reduction rate and target positions in motion (2).

motion (2) position FWHM (pixel) ratio (%) position (cm)
o ideal 73 - ideal measurement
binning method w/o w/ w/o w/ w/o w/
(a) 128 122 43 40 1.7 0.7 0.7
(b) 109 115 33 37 0.9 —0.8 —0.7
(©) 98 98 26 26 —0.4 —1.0 —1.0
(d) 121 121 40 40 —0.9 —0.1 0.0
phase (e) 97 91 25 20 —0.2 0.6 0.7
6 103 101 29 28 0.6 0.9 0.9
(g) 95 94 23 22 1.1 1.3 1.2
(h) 88 89 17 18 1.5 1.7 1.7
1) 90 89 19 18 1.7 1.8 1.7
) 85 87 14 16 1.8 1.6 1.6
(a) 115 106 37 31 —1.3 —0.9 —1.0
(b) 119 113 39 35 —1.0 —0.5 —0.8
() 115 104 37 30 —0.6 —0.2 —04
(d) 116 111 37 34 —0.3 —0.1 —0.1
amplitude (e) 137 108 47 32 0.0 —0.3 0.2
6] 125 98 42 26 0.4 0.1 0.5
(2) 106 98 31 26 0.7 0.9 0.9
(h) 95 89 23 18 1.0 1.2 1.1
1) 93 97 22 25 1.4 1.3 1.3
G) 91 93 20 22 1.7 1.5 1.5

*ratio = (1 —FWHM of ideal / each FWHM) X 100 (%)

Table 4 Results of the FWHM, reduction rate and target positions in motion (3).

motion (3) position FWHM (pixel) ratio (%) position (cm)
o ideal 73 - ideal measurement
binning method w/o w/ w/o w/ w/o w/
(a) 106 102 31 28 1.7 1.3 1.4
(b) 142 128 49 43 0.8 —0.1 0.0
() 118 118 38 38 0.1 —0.5 —0.6
(d) 130 125 44 42 0.1 0.0 0.0
phase (e) 132 123 45 41 0.4 0.8 0.6
6] 108 105 32 30 0.9 1.5 14
(2) 97 96 25 24 1.4 1.7 1.6
(h) 89 90 18 19 1.6 1.9 1.9
(1) 96 94 24 22 1.7 1.9 2.0
) 91 92 20 21 1.9 2.1 2.2
(a) 83 79 12 8 —1.2 —0.8 —1.0
(b) 102 104 28 30 —0.9 —1.6 —14
() 114 113 36 35 —0.6 —0.4 —0.6
(d) 120 95 39 23 —0.3 —0.1 0.0
amplitude (e) 113 100 35 27 0.0 0.3 0.3
6] 118 112 38 35 04 0.7 0.6
() 118 107 38 32 0.7 0.9 0.8
(h) 110 116 34 37 1.0 0.9 1.0
(1) 101 110 28 34 1.4 1.3 1.2
) 94 100 22 27 1.7 1.8 1.7

*ratio = (1 —FWHM of ideal / each FWHM) X 100 (%)
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Therefore, if the original target image was inaccurate
due to unstable respiratory motion, it is possible that the
proposed method will further deteriorate the target im-
age quality. In the similar approach to using projection
data from the neighboring respiratory bins®, this meth-
od can also control the streaking and motion blurring
by limiting the amount and the distance from the neigh-
boring bins, although it includes potential problems in
realizing the processing time and the implementation of
the optimization calculation. The target image quality
in the 4D-CBCT depends on the relationship between
the respiratory motion pattern and the projection data
binning method used. In the PB method, differences be-
tween the target positions in each phase affected target
blurring. In the AB method, a base-line shift and non-
linearity motion caused under-sampling in the projec-
tion binning technique; however, by sharing another
angular projection data in the proposed method, the ac-
curacy of the target shape and position can be improved.

The proposed method is focused only on the target
image, so we are unable to accurately reconstruct the
body surface or other organs. Because many organs are
not symmetrical in shape, the projection data of the
sinogram is different at each projection angle. There-
fore, sharing another angular projection data lead to
inaccurate reconstructed image of the body surface or
other organs. In this study, we did not consider the de-
formation of the target shape, although the tumor treat-
ed by the high precision radiotherapy is small (<5.0
mm) and approximately a symmetrical circular shape.
To further evaluate the range of the target movement
and to use the irradiation positioning set-up to assess
how effective the method is, actual patient tumors
should be used.

Conclusion

We visualized the temporal positions of the moving
target using sorted projection data in the phase and am-
plitude stages of pseudo respiratory motion. Further-
more, we proposed the projection data sharing method
to assign another angular projection data in sparse an-
gular sampling. The quality and accuracy of the
4D-CBCT image depend on the target motion and the
projection data binning methods. The improvement in
image quality using the proposed method is more effec-
tive when using AB than PB method. This proposed
method using shared projection data has the feasibility

to reduce lung tumor motion blurring and to improve
image quality and patient positioning in radiotherapy
using 4D-CBCT.
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Comparison between Multi-Band Readout-Segmented Echo-Planar Imaging
and Single-Shot Echo-Planar Imaging by Diffusion Tensor Tractography:
A Preliminary Study
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Abstract

Readout-segmented echo-planar imaging (RS-EPI) uses shorter echo-spacing than single-shot EPI (SS-EPI), which reduces
susceptibility artifacts. However, RS-EPI requires a longer scan time than SS-EPI. Multi-band (MB) is a rapid scanning tech-
nique to simultaneously excite multiple slices by sending excitation pulses; although, it has been difficult to separate the simul-
taneously acquired slices. However, the blipped-controlled aliasing in parallel imaging results in higher acceleration (CAIPIR-
INHA) technique has been developed as a powerful tool to increase the distance between aliasing pixels. Moreover,
split-slice-generalized autocalibrating partially parallel acquisition (SP-SG) has also been developed as a reconstruction meth-
od of CAIPIRINHA. We obtained multiple slices simultaneously using the blipped-CAIPIRINHA technique and reconstructed
them using the SP-SG method. In this study, we compared the results of diffusion tensor imaging (DTI) analysis with those of
MB RS-EPI and SS-EPI. Three normal healthy subjects participated in this study. DTI data sets were acquired on a clinical 3
Tesla magnetic resonance imaging (3T-MRI) scanner. Similar parameters were used in the MB RS-EPI and SS-EPI techniques.
The areas and the mean distance of distortion in the frontal lobe were evaluated. We also calculated the fractional anisotropy
(FA) values and performed tractography with TrackVis. MB RS-EPI effectively reduced the distortion in the frontal lobe com-
pared with MB SS-EPI. Our results demonstrated that the FA values are equivalent between MB RS-EPI and SS-EPI. Further-
more, MB RS-EPI improved visualization of the pontine crossing fiber and uncinate fasciculus tractography. In conclusion,
DTI analysis with MB RS-EPI improved tractography visualization compared with MB SS-EPI. The clinical use of RS-EPI in
combination with MB may be a solution to reduce the scan time.

Key Words: Diffusion Tensor Imaging, Multi-Band, Readout-Segmented EPI, Single-Shot EPI, Diffusion Tensor Tractography

Juntendo Health Science Journal 1(1): 17-22, 2020

Introduction

Diffusion-weighted imaging (DWI) is widely used in
clinical MRI. The behavior of water diffusion is based
on the Brownian motion of water molecules. DWI was
introduced in the clinical MRI technique in the 1990s
D9, DWI can detect cerebral ischemia or infarction
with imaging times in the range of 1-2 min®. Diffusion
tensor imaging (DTI) is a powerful tool that enables the
in vivo examination of white matter anisotropy in the
human brain. Diffusion anisotropy is a useful parameter
derived from the directional distribution of diffusivity.
Fractional anisotropy (FA) is a widely used diffusion
anisotropy metric; it is scaled from 0 (isotropic) to 1

(anisotropic)®. The degree of diffusion anisotropy have
correlated with microstructural changes in neural tis-
sues®.

Generally, DWI uses echo-planar imaging (EPI) se-
quences for fast scanning. However, EPI sequence is
affected by artifacts caused by susceptibility changes in
air-tissue interfaces such as the orbitofrontal cortex and
anterior medial temporal lobes. The readout-segmented
EPI (RS-EPI) technique enables minimizing suscepti-
bility distortions and T,* image blurring”. This is be-
cause RS-EPI uses shorter echo-spacing than single-
shot EPI (SS-EPI), which reduces the susceptibility and
blurring®. However, RS-EPI requires a longer scan
time than SS-EPL
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Multi-band (MB) is a rapid scanning technique to
simultaneously excite multiple slices by sending exci-
tation pulses” !9, MB techniques can reduce the scan
time or increase the number of slices for a fixed scan
time!". The parallel imaging technique is also used as a
rapid scanning technique. It can eliminate phase encod-
ing steps during an acquisition'?. The controlled alias-
ing in parallel imaging results in higher acceleration
(CAIPIRINHA) technique can reduce aliasing artifacts
during data acquisition by the shifting phase' ¥, Re-
cent studies have proposed the MB with blipped-CAIP-
IRINHA technique'® !9, which has the potential to re-
duce scan time. Split-slice-generalized autocalibrating
partially parallel acquisition (SP-SG) is a reconstruc-
tion method of CAIPIRINHA'!®. Because the simulta-
neously acquired slices are more difficult to separate,
SP-SG is a powerful tool that can be used for accurate
reconstruction. A previous study reported that the dis-
persion of tractography was higher in SS-EPI and that
the corticospinal tracts were improved by MB RS-
EPI'), However, FA values and other tractography find-
ings were not reported.

In this study, we compared the FA values and trac-
tography between MB RS-EPI (prototype sequence)
and SS-EPI.

Material and methods

1. Subjects

Three normal healthy subjects (age range 25-29
years, mean age 27.3 years, all men) participated in this
study. Approval for conducting the study was obtained
from the institutional review board of our hospital.
Written informed consent was obtained from all partic-
ipants.

2. MRI data acquisition

DWI data sets were acquired on a clinical 3T-MRI
scanner (MAGNETOM Skyra, SIEMENS healthcare)
with 64ch phased array coils.
1. MB RS-EPI: 3 b values (0, 1000, and 2000 s/mm?);
MPG 30 directions; TR/TE 5430/92, 126 ms; voxel size
1.5X1.5X 1.5 mm; SMS acceleration factor 3; GRAP-
PA 2; readout segment 5; echospace 0.36 ms; NEX 2;
acquisition time 54 min 3 s.
2. MB SS-EPI: 3 b values (0, 1000, and 2000 s/mm?);
MPG 30 directions; TR/TE 5430/97.2 msec; voxel size
1.5X1.5X 1.5 mm; MB factor 3; GRAPPA 2; readout
segment 1; echospace 0.94 ms; NEX 2; acquisition
time 12 min 22 s.

3. Evaluation points
1) Distortion

The areas and the mean distance of distortion in the
frontal lobe were evaluated. We used MRIcron (https://
people.cas.sc.edu/rorden/mricron/index.html) for dis-
tortion analysis.
2) FA values

The regions of interests (ROIs) were placed on the
anterior and posterior limb of the internal capsule and
corpus callosum. We evaluated the FA values in these
ROIs. We also calculated the FA maps with TrackVis
(http://trackvis.org/). MRIcron was used for ROI anal-
ysis.
3) Tractography

We visualized the uncinate fasciculus and the pon-
tine crossing fiber. TrackVis was used for tractography

visualization.

Table 1 Scan parameters with multi-band readout-segmented EPI and single-shot EPI

Multi-Band Single Shot EPI

Multi-Band Read Out Segmented EPI

b value [s/mm’] 0, 1000, 2000
MPG 30

0 /A [msec] 20.3/46.0
TR [msec] 5430

TE [msec] 97.2
Multi-Band acceleration factor 3
GRAPPA factor 2
Voxel size [mm] LSX1.5X1.5
Echospace [msec] 0.94
NEX 2
Readout segments 1
Acquisition Time [minutes] 12:22

0, 1000, 2000
30
28.1/443
5430
92
3
2
1.5X1.5X1.5
0.36
2
5
54:03
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Results

1. Distortion

The results of distortion are presented in Table 2 and
Figure 1. The areas of distortion were 3385 [mm?] with
MB SS-EPI and 99 [mm?®] with RS-EPI. The mean dis-
tance of distortion was 15.0 [mm] with MB SS-EPI and
4.6 [mm] with RS-EPI.

2. FA values

The FA results using MB SS-EPI for the anterior and
posterior limb of the internal capsule and corpus callo-
sum were 0.47220.034, 0.636£0.009, and 0.630=*
0.059, respectively. The FA results using MB RS-EPI
for the anterior and posterior limb of the internal cap-
sule and corpus callosum were 0.4810.034,
0.6360.011, and 0.635=* 0.015, respectively.

3. Tractography
The results of tractography are depicted in Figures 2
and 3.

Table 2 Distortion in the frontal lobe

Discussion

In this study, we compared the distortion, FA values,
and tractography between MB RS-EPI and SS-EPI.
The MB RS-EPI (0.36 ms) was set by one-third
echo-spacing compared with MB SS-EPI (0.94 ms).
Our mean distortion distance results were approximate-
ly one-third. Therefore, our results of distortion reflect
the differences between MB RS-EPI and SS-EPI in
terms of echo-spacing. Wang Y et al. demonstrated that
a combination of higher resolution and increasing read-
out segments was more effective for distortion reduc-
tion in RS-EPI'”. However, further study is needed to
achieve reduced distortion with higher resolution and
higher readout segments.

Our results revealed that the FA values were equiva-
lent between MB RS-EPI and SS-EPI in the anterior
and posterior limb of the internal capsule and corpus
callosum. Wang Y et al. reported that the FA values be-
tween RS-EPI and SS-EPI were within 7% in the cor-
pus callosum!”, which is in agreement with our results
of corpus callosum!'?.

In our study, the pontine crossing fibers and the unci-
nate fasciculus were more visible with MB RS-EPI
than with SS-EPI (Figures 2 and 3). The uncinate fas-

Multi-Band Single Shot EPI

Multi-Band Read Out Segmented EPI

Distortion in the frontal lobe [mm’] 3385
Distortion in the frontal lobe [mm] 15.0

99
4.6

Multi-Band Single Shot EPI

Multi-Band Read Out Segmented EPI

Figure 1 Examples of distortions displayed on a single subject.
The overlay of the DWI with multi-band single-shot EPI and readout-segmented

EPI on the axial T2WI image
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ciculus connects the anterior part of the temporal lobe
and the polar frontal cortex. Yasmin H et al. reported
that FA values reflect the progression of AD-related
changes in the uncinate fasciculus'®. Frost R et al.
demonstrated that MB RS-EPI could be useful for clin-
ical imaging in regions of field inhomogeneity, such as
the frontotemporal cortex, brain stem, and spine'). In
our study, MB RS-EPI improved the tractography visu-
alization, especially of the frontal lobe and brain stem
(Figures 2 and 3).

Our study has certain limitations. First, the number
of subjects in this study was small. Second, the MB RS-
EPI protocol had a very long scan time as we prioritized
high spatial resolution and diffusion settings. However,

Multi-Band Single Shot EPI

when we can compromise voxel size or diffusion pa-
rameters, such as b-value and MPG directions, scan-
ning time can be shortened. With the currently achiev-
able imaging resolution and within a practical imaging

time, multi-b-value settings are not suitable for RS-EPI.

Conclusions

We demonstrated that MB RS-EPI can be used to
achieve reduced distortion, equivalent FA values, and
improved tractography. Therefore, RS-EPI combined
with MB may be a solution to reduce the scan time in

future clinical studies.

Multi-Band Read Out Segmented EPI

Figure 2 Diffusion tensor tractography of the pontine crossing fiber.

Multi-Band Single Shot EPI

Multi-Band Read Out Segmented EPI

Figure 3 Diffusion tensor tractography of the uncinate fasciculus.

Table 3 Results of ROI analysis

Multi-Band Single Shot EPI

Multi-Band Read Out Segmented EPI

Anterior limb of the internal capsule
Posterior limb of the internal capsule
Corpus callosum

0.472£0.034
0.636£0.009
0.630£0.059

0.481£0.034
0.636£0.011
0.635£0.015
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WBC (white blood cellcounts) : [ Ifil ER#%

Hb (hemoglobin) : ~E 7/ 1 &

Plt (platelet) : [/ kK

LDH (lactate dehydrogenase) : FLEEMKREESR

ALP (alkaline phosphatase) : 7V U 7 4 A7 7 % —+E
Alb (albumin) : M7 V7 I fE

CRP (C-reactive protein) : C Stz AdE <

CA125, CA19-9, CEA : f@fff~—H—

ECOG PS (Eastern Cooperative Oncology Group Performance Status) : 5 IKHE D [E W R 1%

BI (Barthel Index) : B & EIEEIEREEE

cFAS (cancer Functional Assessment Scale) : 3 A HB3E O RS HERTAL A 77— L

NRS (Numerical Rating Scale) : Ji & DAl A &7 — /L
MMT (Manual Muscle Test) : & T IHRAE

ROM (Range of Motion) : B n] @ik

ADL (Activities of Daility Living) : H & A/HEI{E
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Abstract

A patient with endometrial cancer who continued living at home even with
progressing acetabular destruction

Haruka Miyagawa, PT", Konoka Yoshino, PT", Tsukasa Yoshida, PT",
Kiyomi Miura, PT", Hiroyuki Ase, OT", Eriko Kitahara, PT, Ph.D.", Nana Izawa, M.D.””,
Mariko Nakano, Ns”, Keisuke Akaike, M.D., Ph.D.”, Tatsuya Takagi, M.D., Ph.D.V?,
Kazunari Fujino, M.D., Ph.D.”, Toshiyuki Fujiwara, M.D., Ph.D.” "

" Department of Rehabilitation, Juntendo University Hospital,
2 Department of Rehabilitation Medicine, Juntendo University,
* Department of Palliative Care Unit, Juntendo University Hospital,
 Department of Orthopedic Surgery, Juntendo University,
* Department of Gynecology, Juntendo University,
2 Department of Rehabilitation Medicine, Juntendo University Graduate School of Medicine,
? Department of Physical Therapy, Faculty of Health Science, Juntendo University

A woman in her 50s underwent a radical hysterectomy and postoperative chemotherapy for stage I1la endometrial cancer

ten years ago. Radiation therapy was performed after surgery to prevent recurrence, but the tumor regrew. Ten years after
surgery, the patient experienced a pathological fracture of the right acetabular bone due to bone metastases and late effects
of radiation therapy. Conservative therapy was selected under the policy of Best Supportive Care, and she continued to live
at home for one years and visit hospital while controlling pain with oral medications. Pain in the right hip joint worsened,
and she was urgently hospitalized for pain control. In the ward, her activity of daily living was extremely restricted by severe
pain, but palliative rehabilitation was performed with the aim of continuing home life. She was able to walk with a walker
and was discharged home under medical supervision. One month later, she returned to hospital for exacerbation of pain, and
was then transferred to the palliative care unit of another hospital. One month later, she died at the hospital. In conducting
rehabilitation, it was important to accurately evaluate the motor function and hopes of the patient, and to develop and study
with the patient a realistic lifestyle based on the evaluation. It was also suggested that presenting concrete goals that could
be achieved at a multidisciplinary conference would help in deciding between discharge home or hospital transfer.

Key Words: bone metastases, rehabilitation, Quality of life, multidiscliplinary team approach
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DIz, H72 D bEIC LD EHG OB, F 7Rk
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SRR 5 2 BB A TR, BRSO FTRENE 2 MR
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NaCl) Zfif L7z, EH L7277 7 b AITEEE NI
BB L THLIRFHBREORMKE L., 77 FANW
DR Z ZE ST RGERE LT, 77
I AT leakage artifact 2 BHZ5 I ZH H S & 2 %, IR
NEZRDEH (77 v N ADKHE) 280 Thig s
1772 -7 (B1), #&xf& > —7%4 > A X Multiband %
A HE T & 2 Minnesota K% £ U #{f: Z 71 7= single-shot
EPI (Prototype-Sequence) Z#fEH L7=, #R/X7 A —
% X TR/echo time (TE) 12300/ 103.2 ms, A7 A A&
2 mm, field of view (FOV) 136X136 mm, Base
resolution 88 X 88 matrix, A 7 A AKE 728, R K
& 1282 Hz/pixel, Excite pulse duration/Refocus pulse
duration 4480/8960 us”. MPG 1 #ifi, b-value 0, 1000 s/
mm’ % F| fl L 7z, Multiband Z ] I L 72\ & D %
Single-band & L C, Multiband#8%%i32, 3. 4& L7=,
F I AWIE TRIA L 72 > — 4 > A Clid phase encoding
(PE) HMD> 7 MEIFEFARAREREE THLT20
T 7 4V FERE (Multiband (R EB2 055 D 7 b EIX
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Y 7 MEImagel, 32 (Ver.1.50i)., MATLAB (R2014b).
MRIcroN (Versionl.00) i/ L7z, E£72#GHY 7 K
IZIBM SPSS Statistics version 21 % f# i L 7=,

2. FHAMTE

REBOFME 12 RITR Lz, EENFEHEE 7
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4R LT,
D aANLVDF v FXVHUIC & D E{GA~DEEIZ DN
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KO8T v vl Uiz, ZhUd64TF v o VB
AANOET LA N TR L7z6MEDIE 75 2 NE T
AR L C34E, 18E DR RE SR I SN D b D
Th b,
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BIEHERANORIBEZGFTT > 72,

& R

1. R A X 2 it

Z DAL NTF Y XA ERMAT LT
leakage block ON @ A = 7" DSEEED /NS < 78 HAH A
oLz (&1,
2. signal leakage |Z & D5
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DENAR

AT 2 RIEE AL Z 77 signal leakage DfE
R aE2127 Lz, b=0 s/mm’E {4 35 X U'b=1000 s/
mm’ OYLHERFIG OFERICH DT, 2 A v F v R
$w % < 9% FH Tsignal leakage 23/ & < 72 B {H[A & 7R
L7z (E2), leakage block 205 D b EAK AFHEIZ DN T
%, b=0 s/mm E{ED#ERTIE, %< DFE Tleakage
block OFF C signal leakage 3/)s & < 72 27 &7 L=,
7 Multiband fRE4 D55 TIEATF v o R DFER
X V.| leakage block ON D355 T signal leakage LK &
pfEZ R Lz (RB3), —J5. b=1000 s/mm’® JLH5R
FMBIZEB VW TIX, Multiband %504 % 0 L7264 v >
L @D fE B T 13 leakage block ON @ % &5 T signal
leakage DEN/NEL o712 (K4),
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DRR

Multiband £ %% % 28 {b. & 1 7= signal leakage O # 5§ %
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B TIED I NTF v & R VECT IR 2 O Multiband £7
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£ 5

A VT ¥ v FIVE) leakage block (252 B T,
FLRE REAf O 52> 5 b=0 s/mm’ B {4 (2 35\ T leakage
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(F®1), F 7z signal leakage D i . C i leakage block ©
PEAICRb T, Z2<Daf VT v o AEEFIAT S
Z & TH Multiband £2 #5012 %3 % signal leakage 23K T

L7z (B2(@). —7. b=1000 s/mm’ Y35
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Cleakage block ONIZ L Y 2 27 ONFHENP BRI/
< 7oz (F1), signal leakage O i 5% C 1 leakage
block OFF @ Multiband #% #3. 4. K U\ leakage block
ON O Multiband £%#43, 4DFERIT T64F ¥ > /L% F|
HiaZtTchHBEIETLE (B2(0)), ZHiETF v
VRN E % < § B Z & Tleakage artifact Z i T &
7o Z & %77, Multiband FE 1% = 1 L D &L 72 % F)
AL CHEERIRICEVEY & 5 Wiz oL T\ 27
O, LV OF v XV EEFAIC XY signal
leakage Z fIHl TEX 2 FZ2RE L TWDH, LaL, E3
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Multiband $% %24 & Bf H] L 724 2 A L TF v & RO
3T leakage block Z FI| 1] 3% Z & Tsignal leakage 73
U 7z, $€3K 1% D Multiband X b=0 s/mm’ i {5 (< 35 1
LHETDARATA AMZEEN O ERERK D EME & 72 5 slice

) Multiband coil Score p value
sample image factor channel leakage block OFF leakage block ON (p <0.05)
b-value (0) image 2 18 3.0 £0.0 2.9 +0.35 0.317
34 2.7 £ 045 1.7 £ 0.69 0.038 *
64 2.4+ 0.49 1.4 £+ 0.49 0.038 *
3 18 43 £ 0.70 3.4 +=0.49 0.058
34 4.0 £0.92 33 £ 045 0.096
64 43 £ 045 33 +0.49 0.063
4 18 4.6 = 0.49 4.6 = 0.49 1.000
34 43 £ 045 4.1 £0.98 0.655
64 4.5+ 0.49 4.1 £ 0.64 0.414
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34 2.0 £ 0.0 1.4 £ 0.49 0.046 *
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3 18 49 +0.35 3.7 = 0.88 0.038 *
34 4.0 = 0.53 1.9 £ 0.64 0.024 *
64 4.0 £ 0.53 1.4 £ 049 0.026 *
4 18 4.9 = 0.35 2.7 £ 0.88 0.017 *
34 5.0 +=0.0 1.7 £ 0.45 0.014 *
64 5.0 = 0.0 1.5+ 0.49 0.015 *

leakage block D52 4 Wilcoxon DHEaMENT & 0 M L7z, pEA30.0540m & MEHHICHRE L 27 LTz,

* : p<0.05 n.s : not significant
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<5, F-signal leakage TIE Multiband #2454 % fif
i L 72645 ¥ > 3 )L @ 4 T leakage block OFF &
signal leakage 730.1237> & leakage block ON T/30.087 &
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Abstract

Effects of inter-slice leakage artifact reduction technique

for multiband echo planar imaging

Takashi Iwasaki, RT, M.Sc.", Issei Fukunaga, RT, Ph.D.”, Nozomi Hamasaki, RT”,
Syuji Sato, RT”, Takashi Omino, RT", Haruyoshi Houshito, RT?,
Katsutoshi Murata, M.Sc.”, Masaaki Hori, MD, Ph.D.”,

Shinsuke Kyogoku, M.D., Ph.D.”?, Shigeki Aoki, M.D., Ph.D.”

" Department of Radiology, Juntendo University Urayasu Hospital,
? Faculty of Health Science, Department of Radiological Technology, Juntendo University,
* Department of Radiological Technology, Juntendo University Hospital,
* Siemens Healthcare Japan,
® Department of Radiology, Toho University Omori Medical Center,
% Department of Radiology, School of Medicine, Juntendo University

Multiband echo planar imaging (Multiband-EPI) is a simultaneous multi-slice acquisition technique that can be used with
relatively new in-vivo imaging techniques with a high b-value, such as q space imaging and diffusional kurtosis imaging.
Although it is possible to shorten the scanning time by using this multiband technique, aliasing error (leakage artifact) can
occurs in the process. A technique known as “leakage block” has recently been developed to improve the accuracy of
image reconstruction. This study was aimed to investigate the effect of leakage block technique by multiband factor and
number of coil channels using a phantom. The amount of leakage artifact was evaluated as signal leakage. Our results
showed that with a multiband factor of 4, the signal leakage with and without the leakage block technique was 0.023 and
0.017 for b =0 s/mm2, and 0.087 and 0.123 for b = 1000 s/mm2, respectively. Thus, with conventional multiband method,
the suppression of leakage artifact could be achieved only in b = 0 s/mm?2, but not in b = 1000 s/mm?2 diffusion-weighted
images. However, using leakage block technique, leakage artifact in high b value image could also be suppressed. In addi-
tion, a coil with a higher number of channels is required to suppress leakage artifacts caused by increases in the multiband
factor.

Key Words: multiband echo planar imaging, leakage block, slice-GRAPPA kernel, signal leakage
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