Magn Reson Med Sci 2018; 17; 251-258
doi:10.2463/mrms.mp.2017-0079

MAJOR PAPER

Published Online: December 5, 2017

Comparison of Glass Capillary Plates and Polyethylene Fiber Bundles
as Phantoms to Assess the Quality of Diffusion Tensor Imaging

Atsushi Tachibana®?, Yasuhiko Tachibana?', Jeff Kershaw?, Hiromi Sano?,
Masahiro Fukushi', and Takayuki Obata?

Purpose: The purpose of this study was to evaluate the suitability of two phantoms, one made of capillary
plates and the other polyethylene fibers, for assessing the quality of diffusion tensor imaging (DTI).

Methods: The first phantom was a stack of glass capillary plates with many parallel micropores (CP). The
second phantom was a bundle of polyethylene fiber Dyneema held together with a thermal shrinkage tube
(Dy). High resolution multi-shot echo planar imaging (EPI) DTT acquisitions were performed at b-values of
0 and 1000 s/mm? and diffusion-times (T) of 37.7 and 97.7 ms on a preclinical 7T MRI scanner. Thirty
diffusion-encoding directions were used. The data were used to calculate the fractional anisotropy (FA),
mean diffusivity (MD), and angular dispersion (AD). Further acquisitions were performed at b-values from
0 to 8000 s/mm? in 14 steps with the diffusion gradient applied parallel (axial) and perpendicular (radial) to
the Z direction. On the other hand, the data acquired with a 3T MRI scanner were used to confirm that
measurements on a clinical machine are consistent with the 7T MRI results.

Results: The dependence of FA, MD and AD on T; was smaller for the Dy than for the CPs. The b-value-
dependent signal attenuations in the axial direction at T;;; = 37.7 and 97.7 ms were similar for both phan-
toms. In the radial direction, Dy demonstrated similar b-value attenuation to that of in vivo tissue for both
T 45> but the attenuation for the CPs was affected by the change in T, Parameter estimates were similar for
3T and 7T MRIL.

Conclusion: The characteristics of the CP indicate that it can be used as a restricted-diffusion dominant
phantom, while the characteristics of the Dy suggest that it can be used as a hindered-diffusion dominant

phantom. Dy may be more suitable than CP for DTI quality control.
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Introduction

Diffusion tensor imaging (DTI) facilitates the quantitative
measurement of anisotropy and orientation characteristics of
water diffusivity.! In clinical diagnostic imaging, the DTI tech-
nique is known to have a high degree of usability for brain white
matter that is rich in nerve fibers.>? The calculable DTI esti-
mates such as fractional anisotropy (FA) and mean diffusivity
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(MD) are commonly used as quantitative parameters that reflect
the density and direction of nerve fibers.* On the other hand, the
parameters for imaging should be optimized separately for each
MRI scanner in terms of gradient strength, magnetic field and
adopted pulse sequence, as they differ for different MRI scan-
ners and/or different facilities and greatly influence the image
quality and contrast of DTI. Therefore, quality control (QC)
using a standard phantom is necessary to maintain uniformity of
the image quality and contrast.> This is especially important in
cases where the images from multiple facilities or scanners
need to be handled equally without considering such differ-
ences (e.g. multi-center study).®” QC itself'is widely performed
in daily clinics, but standard water phantoms for such general
checks are not optimal for DTI validation because they do not
contain diffusional anisotropy. Therefore, special DTI-QC
phantoms that have an appropriate diffusional anisotropy are
needed. It should be noted that the main target of DTI is brain
white matter, so the diffusional properties of the DTI-QC
phantom should be similar to those of brain white matter.®
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Biological phantoms such as fibrous vegetables and
animal nerve tissues are generally used as DTI phantoms.
The advantages of these phantoms are, first, that they have
high diffusional anisotropy, and second, the expected range
of the diffusion estimates FA and MD are close to those of
in vivo tissues.”!! However, they are not suitable as standard
QC phantoms because they do not have high reproducibility,
stability, and the period of time that the phantom can be kept
without denaturation is limited. To overcome these prob-
lems, non-biological phantoms made of materials such as
glass plates or chemical fibers are proposed. Capillary phan-
toms made of glass or plastic plates with many micropores
oriented in parallel are known to have high diffusional ani-
sotropy, high reproducibility and stability, but they are lim-
ited in the types of in vivo architectural structure they can
simulate.>!'%13 On the other hand, synthetic fibers (especially
Dyneema), due to their flexibility, can be freely oriented to
create a phantom. In addition, the range of FA and MD meas-
ured in fiber-phantoms is relatively close to brain white
matter, so they are useful as DTI phantoms.!*'¢ In any case,
the detailed diffusional characteristics of both fiber-phan-
toms and capillary phantoms have as yet not been evaluated
sufficiently. This is because of recent advances in both pre-
clinical and clinical scanner capability. Higher b-values over
a wide range are now often used for diffusion-encoding, but
the diffusional characteristics of the phantoms at these high
b-values have not yet been well confirmed. Also, the influ-
ence of different diffusion-times on the diffusion estimates of
the phantoms is unknown. In spite of the importance of dif-
fusion-time in measuring diffusion, the relevant parameters
in commercial clinical scanners are usually automatically
determined according to the desired b-value and device-spe-
cific performance. In addition, as the applied parameters are
usually not displayed on clinical scanners, even checking the
exact diffusion-time of each scan is difficult. Therefore, low
diffusion-time dependence of the measured estimates is a
desirable feature for a standard DTI phantom. Moreover, dif-
fusion in white matter, which is the main target of DTI, is
generally regarded as less dependent on diffusion-time in
usual clinical settings.!”

By performing DTI at multiple b-values and diffusion-
times, the purpose of this study is to evaluate the usefulness
of phantoms made of capillary plates or polyethylene fibers
as potential QC phantoms.

Materials and Methods

In this study, we first created a DTI phantom made of glass
capillary plates and Dyneema fibers as described in detail in
the following sections. We then assessed their applicability
as a standard DTI phantom using 7T and 3T MRI systems.
The detailed diffusional characteristics of the phantoms were
evaluated mainly using the data acquired with 7T MRI.
Common DTT estimates, including FA and MD, that can be
calculated by fitting the multiple diffusion-time and multiple
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b-value signal intensities to a bi-exponential curve were
assessed for this purpose. On the other hand, the 3T MRI data
were used mainly to confirm whether the results found from
the 7T MRI data were reproducible on clinical machines.

Phantoms

The following materials were used to create the DTI phan-
toms. The first phantom was a capillary plate phantom (CP)
that used several capillary plates (Hamamatsu Photonics
K.K., Shizuoka, Japan) as its main structure. A capillary plate
is made of glass material and has many parallel micro-capil-
laries (20-um diameter) arranged uniformly (Fig. la). The
plates were stacked in a plastic tube (10-mm diameter) and
were sealed after filling with ultra-pure water. The second
phantom was a Dyneema phantom (Dy; TOYOBO CO.,
LTD., Osaka, Japan), made with hydrophobic polyethylene
fibers (Fig. 1b). To create Dy, 160 Dyneema fibers were bun-
dled in a heat-shrinkable tube and placed in heated water
(95°C). This step was completely performed under-water
with ultra-pure water to avoid air contamination. Further,
with the bundle of fibers still submerged in ultra-pure water,
the container was placed in a vacuum pump and degassed for
20 minutes to remove micro-air bubbles. Finally, while still
under-water the bundle was sealed in a plastic tube (10-mm
diameter) with ultra-pure water.

DTI scanning

A preclinical 7T MRI system (Magnet; Japan Supercon-
ductor Technology, Inc. and Kobe Steel, Ltd., Hyogo, Japan:
Console; Bruker BioSpin Corporation, Billerica, MA, USA)
equipped with a small rodent brain surface coil (Rapid Bio-
medical) for reception and a 12-cm inner diameter volume
coil for transmission (Rapid Biomedical) was used for the
main acquisitions of this study. The phantoms were placed
parallel with the Z axis direction of the MRI gantry, and then
DTI scans at 14 different b-values (0, 2, 250, 500, 750, 1000,
1500, 2000, 3000, 4000, 5000, 6000, 7000 and 8000 s/mm?)
with 30 different diffusion-encoding directions were obtained
for two different diffusion-time lengths (T) = A—d3, 37.7
and 97.7 ms. The duration of the motion probing gradients
(MPG) () was fixed at 7 ms, and the time between the onsets
of the MPG lobes (A) was 40 and 100 ms for the shorter and
longer Tgs, respectively. Acquisition was performed with
high resolution multi-shot echo planar imaging (EPI).
The other major scanning parameters were: TR =3000 ms, TE
= 115 ms, average = 1, EPI factor = 4, FOV = 25.6 x 25.6
mm, matrix size = 128 x 128, resolution = 0.2 x 0.2 x 2.0
mm, temperature of magnet room approximately 22°C, total
scan time = 78 min.

An additional DTT scan representing a typical clinical
acquisition was obtained with a 3T MRI system (MAGNETOM
Verio 3T; Siemens Healthcare K.K., Erlangen, Germany)
equipped with a 12-channel head coil. The phantoms were
placed parallel with the Z axis direction of the MRI gantry,
and then the DTI scan was done using b-values of 0 and
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Fig. 1 Capillary plate phantom (CP) and Dyneema phantom (Dy). (a) A capillary plate is made of glass, and has many micropores (20 um
diameter) that are uniformly spaced in parallel. To create the CP, several plates were stacked in a plastic tube with ultra-pure water. (b) A bundle
of polyethylene fibers (Dyneema, TOYOBO CO., LTD., Osaka, Japan) were bunched together with a thermal shrinkage tube to create the Dy.

1000 s/mm? in 12 different diffusion-encoding directions.
Segmented multi-shot EPI (RESOLVE) acquisition was
applied to minimize artifacts.'® Of note, 7;,;; was automati-
cally selected by the MRI system for this additional scan,
but it was not displayed on the user interface as is usual for
clinical machines. The other major parameters were: TR =
5000 ms, TE = 72 ms, average = 2, number of b = 0 images
= 1, number of readout segments =5, FOV =200.0 x 200.0
mm, matrix size = 100 x 100, resolution = 2.0 x 2.0 x 2.0
mm, temperature of magnet room approximately 22°C,
total scan time = 13 min.

Finally, to investigate the long-term stability of phantom
DTI estimates, the 3T MRI was repeated on the same
phantom at 150 days after the original (day 0) experiments.
In addition, the reproducibility of the manufacturing process
for the Dy was tested by performing 3T MRI on four addi-
tional phantoms made in the same way as described above.
Analysis of the data was performed in the same way as for
the other data.

Analysis of basic DTI parameters

In this section, we used the 7T and 3T scanner data separately
to calculate the estimates described below. The slice with the
largest cross-sectional area of the phantoms on the FA maps
was selected, and then a ROI was manually drawn on the
image to extract data for analysis. The same ROI was used
for all further analysis. The detailed position of the ROIs is
shown on the 7T (7 = 37.7 and 97.7 ms) and 3T MRI FA
maps in Fig. 2.

First, as the most common DTI estimates, FA and MD
were calculated pixel-by-pixel from the b =0 and 1000 s/mm?
data. The mean value of the pixels inside the ROI was used
for analysis. Second, to quantitatively assess the homoge-
neity of diffusional anisotropy, an index named AD,, was
defined and calculated for this study as follows. As the first

Vol. 17, No. 3

step, the mean principal eigenvector (MPEV) inside the ROI
was determined as

Z ;)

MPEV = = (1),

‘Z(vli)

where v,; indicates the first eigenvector for each pixel 7, and
n is the number of pixels inside the ROI. Then, the angular
dispersion (AD) between MPEV and the first eigenvector of
each pixel, AD,, was defined as

|v; - MPEV|

COS(ADI» ) = W

Q).

The AD, ranges from 0 to 90 degrees and a smaller value of
AD,; indicates closer alignment with the mean direction of
diffusional anisotropy, i.e. the MPEV. Finally, AD, was
defined as the median of the AD; values inside the ROI. Thus,
ADy, was an index reflecting the variation of the major dif-
fusing directions inside the ROI.

The estimates calculated above (i.e. FA, MD, AD,,) were
compared between CP and Dy, and also for different 7gs.

Analysis for diffusion-time dependency in multiple
b-value DTI

The analysis of this section was done using the data of 7T
MRI. First, the multiple b-value and multiple-T,;, images
acquired with the diffusion-encoding direction parallel or
perpendicular to the Z axis were selected as axial and
radial diffusion-weighted imagings (DWIs), respectively.
The ROI drawn in the previous section was then applied to
these images to extract the pixelwise axial and radial
b-value-related signal changes at different 7s. The
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7T MRI
Tdijfz 37.7 ms

7T MRI
Ta’ij =97.7 ms

3T MRI

FA map

MD map

Tensor color map

Fig. 2 Fractional anisotropy (FA), mean diffusivity (MD), and diffusion tensor maps. The maps were obtained from both preclinical 7T and
clinical 3T MRI. In the diffusion tensor color maps, diffusivity in the x, y, and z directions is coded as red, green, and blue, respectively.
The maps demonstrate the highly homogeneous diffusion properties of both the CP and Dy. The results differed for different T s, but visual
homogeneity was consistent. The red rectangle drawn on the FA maps indicates the ROls selected for further analysis. CP, Capillary plate

phantom; Dy, Dyneema phantom; T, diffusion-time.

multiple b-value signal was fitted to a bi-exponential curve
for each T using,

S(b)
SO

= (-ffast ) ’ eXp(_bDfast ) + (1 - ffast ) ’ eXp(_stlaw) (3)9

where S(b)/S, was the normalized signal intensity, b was the
b-value, Dy, and D, were the diffusion coefficients of
the fast and slow diffusion compartments, and f;,, was the
volume fraction of the fast diffusion compartment. The esti-
mates of D, D, and f;,, were averaged inside the ROI.

These averaged estimates were compared between CP and
Dy in terms of their dependency on 7.

Results

Analysis of basic DTI estimates
From visual inspection, the FA, MD and tensor color maps of
the phantoms all showed high homogeneity for both 7T and
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3T MRI (Fig. 2). This is further demonstrated by the rela-
tively small standard deviation of the DTI estimates in the
ROIs (Tables 1 and 2).

Details of the calculated estimates (FA, MD, AD.) are
shown in Tables 1 and 2 for the 7T and 3T data, respectively.
At 7T, the mean MD and FA of Dy at 7= 37.7 ms were 1.2
x 107 mm?/s and 0.55, respectively, and those of 7= 97.7
ms were 1.1 x 107> mm?/s and 0.61, respectively (Table 1).
For CP at 7T, the mean MD and FA at 7, = 37.7 ms were 1.1
x 1073 mm?/s and 0.68, respectively, and those at T, = 97.7
ms were 0.83 x 10~ mm?/s and 0.89, respectively (Table 1).
To summarize, mean MD decreased and mean FA increased
for both CP and Dy when T, increased from 37.7 to 97.7 ms.

At 3T, at day 0 the mean MD and FA for Dy were 1.3 x
107> mm?/s and 0.53, respectively, while the same values for
CP were 1.1 x 1073 mm?/s and 0.72, respectively (Table 2).
Identical measurements 150 days later found similar values
for mean MD and FA, which suggests long-term stability of
measurements on both phantoms.

Magnetic Resonance in Medical Sciences
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Table 1. Diffusion estimates obtained for the CP and Dy using preclinical 7T MRI

Ty =37.7 ms T4i¢s=97.7 ms
cP Dy CcP Dy
FA 0.68 £ 0.030 0.55 £ 0.040 0.89 £ 0.030 0.61 £0.030
MD (x107> mm?/s) 1.1 £ 0.040 1.2 £0.050 0.83 £0.040 1.1 £0.050
ADy (degrees) 2.2 2.9 1.7 2.4

Numbers indicate mean and standard deviation of the estimates. AD,, a measure of uniformity of diffusion anisotropy defined in this study
(see main body); CP, Capillary Plate phantom; Dy, Dyneema phantom; T, diffusion time; FA, Fractional Anisotropy; MD, Mean Diffusivity.

Table 2. Diffusion estimates obtained for the CP and Dy at day 0 and 150 using 3T MRI

CP Dy
Day 0 Day 150 Day 0 Day 150
FA 0.72 £ 0.035 0.70 £ 0.028 0.53 +0.042 0.53 +£0.035
MD (x107* mm?/s) 1.1 +0.055 1.0 + 0.081 1.3 +0.070 1.2 +0.038
ADs, (degrees) 1.9 22 2.1 3.5

Numbers indicate mean and standard deviation of the estimates. AD5,, a measure of uniformity of diffusion anisotropy defined in this
study (see main body); CP, Capillary Plate phantom; Dy, Dyneema phantom; FA, Fractional Anisotropy; MD, Mean Diffusivity.

Table 3. Diffusion estimates obtained from four different Dys using 3T MRI

Dy #1 Dy #2 Dy #3 Dy #4
FA 0.52 +0.048 0.53 £0.030 0.53 +0.025 0.52 +0.029
MD (x1073 mm?/s) 1.2 +0.056 1.2 +£0.037 1.2 +£0.027 1.2 +0.041
ADy (degrees) 3.9 2.8 2.6 2.7

Numbers indicate mean and standard deviation of the estimates. AD,,, a measure of uniformity of diffusion anisotropy defined in this study
(see main body); Dy, Dyneema phantom; FA, Fractional Anisotropy; MD, Mean Diffusivity.

The estimates of AD,, were consistently larger for Dy
(2.1-3.5) than for CP (1.7-2.2) for all cases (Tables 1 and 2).
This difference may reflect the fact that the CP consists of a
highly regular array of parallel pores, whereas it is expected
that the fibers of the Dy have small random deviations away
from a regular structure. Nevertheless, as AD,, may have
values between 0 and 90 degrees, the difference between CP
and Dy observed here is relatively small.

In comparison to the day O results for the Dy in Table 2,
the measurements on the extra four Dy phantoms (Table 3)
were very similar. These results indicate that the manufac-
turing process for Dy phantoms is highly reliable.

Analysis of diffusion-time-dependency in multiple
b-value DTI
The b-value-dependent signal changes on the axial DWI
were similar for both CP and Dy indicating that there was
little dependence on T,s (Fig. 3). For both phantoms, the
volume fraction of the fast diffusion compartment (f;,,) was
close to 1, and the corresponding diffusion coefficient (D)
was close to 2.0 x 107> mm?/s (Table 4).

On the other hand, CP and Dy had different signal-
change patterns on the radial DWI. The difference in signal-
change between different 7 ;s was small for Dy, like those in
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the axial direction, but the difference was large for CP. The
shape of the CP curve at 7= 97.7 ms meant that the results
of bi-exponential curve fitting was poor (Fig. 3). Otherwise,
S for CP at T = 37.7 ms was close to 1 (0.99), while for
Dy it was 0.78 for both Ts. D, and D, for Dy at T, =
37.7 ms were 1.1 and 0.10 x 10~ mm?/s, respectively, and
those at T = 97.7 ms were 0.91 and 0.084 x 10~ mm?s,
respectively (Table 4).

Discussion

The results from analysis of the basic DTI parameters suggest
that Dy may be more suitable as a standard DTI QC phantom.
First, the homogeneity of the FA, MD and tensor color maps
was similar for the CP and Dy. Also even though the value of
ADg, was slightly larger for Dy than for CP, the range of
values (2.1 — 3.5 vs. 1.7 — 2.2) indicate that the dispersion
of the principal eigenvector across the ROl is quite small, which
supports the homogeneity of both CP and Dy. Second, Dy
may have diffusion estimates in a range favorable for a DTI
QC phantom. The estimates obtained for the FA (0.53 — 0.61)
and MD (1.1 — 1.3 x 1073 mm?/s) are comparable to those of
white matter in human brain (FA = 0.60, MD = 1.2 x 1073
mm?/s).!” The diffusion-time dependency of the Dy estimates
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Fig 3. The b-value-dependent signal attenuations of the CP and Dy using preclinical 7T MRI. The graphs indicate the b-value-related
signal change patterns of (a) CP and (b) Dy at T = 37.7 ms and 97.7 ms. Signal changes in the axial direction were similar between the
CP and Dy, and they were less dependent on T. For the Dy, signal changes in the radial direction were similar at T, = 37.7 ms and
97.7 ms, while they were different for the CP at different T s. In particular, the shape of the curve at T4 = 97.7 ms for the CP meant that
bi-exponential fitting was poor. CP, Capillary plate phantom; Dy, Dyneema phantom; T, diffusion-time; Ra., radial diffusion-weighted

imaging; Ax., axial diffusion-weighted imaging.

Table 4. Diffusion estimates obtained by fitting multiple b-value
signals to a bi-exponential curve

Ty =37.7 ms Ty =97.7 ms
CP Dy cpP Dy
Axial
fo 0.99 1.0 0.99 1.0
D,y (x107* mm?/s) 2.1 2.1 2.0 2.0
Dy, (X107 mm?/s) 0.00 0.00 0.00 0.00
Radial
frast 0.99 078 N/A(™® 0.78
D,y (x107 mm?/s) 0.60 1.1 N/A (*)  0.91
D (X107 mm/s) 0.00 0.0  N/A(*) 0.084

Diffusion coefficients (Dy,, and D,,,,) and the fraction of fast diffusion
compartment (f,

) Were obtained by fitting the multiple b-value dif-
fusion weighted images to a bi-exponential curve. CP, Capillary Plate
phantom; Dy, Dyneema phantom; T, diffusion time; (*) The signals
for the CP at T = 97.7 ms were unable to be fitted.

was less than those for CP (Table 1). As mentioned in the
introduction, since low dependence on diffusion-time is
important for a reliable clinical standard phantom, Dy seems
more advantageous than CP in this respect. Moreover, since
this feature is common to both static magnetic field strengths
used in this study, Dy may potentially have broad utility to
be applied to various machines. The long-term stability and
high reproducibility of the manufacturing process for Dy
(Tables 2 and 3), further supports this.

With respect to the multiple b-value DTI (Fig. 3), the
most prominent difference between the two phantoms was
the diffusion-time dependency in the radial direction. The
signal change pattern for Dy was similar for T, = 37.7 ms
and Ty = 97.7 ms, but the signal decay for CP was quite
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different between the two T;s, suggesting low and high
dependence on diffusion-time, respectively. For brain white
matter, it is usually empirically found that DWI signal atten-
uation with respect to b-value is fitted well by a bi-exponential
equation (Eq. 3).! This was found to be true for the Dy signal
change at both T,.s, whereas for the CP the curve at T, =
97.7 ms was quantitatively different and bi-exponential fit-
ting of the data was poor. In addition, the fitted estimates
obtained for Dy at both T;;;s (Table 4) were consistent with
those reported for brain white matter (f;,, = 0.80, D, = 0.82
x 107 mm?/s, Dy, = 0.17 x 107 mm?%s)," but those for CP
at Ty = 37.7 ms were not. Considering both the smaller
dependency on diffusion-time and the fitted estimates closer
to brain white matter, this further supports the view that Dy
has an advantage as a standard DTI QC phantom compared
to CP.

The difference in the b-value-dependent signal changes
between CP and Dy in the radial direction is caused by the
structural differences between the two phantoms. As Dy is
made of a bundle of hydrophobic polyethylene fibers, when
water molecules diffuse between these fibers in the radial
direction, their motion is not free, but hindered.?’ Hindered
diffusion is thought to be the major diffusion mode in brain
white matter, and it is also less sensitive to diffusion-time for
the range of values used in this study.?! The results for Dy
were consistent with this as they were far less dependent on
T4 than those for CP. On the other hand, as CP is composed
of impermeable glass capillaries, the distance that water mol-
ecules can diffuse inside them in the radial direction (i.e. per-
pendicular to axial) is restricted. This is confirmed by the fact
that the fitting results for CP were strongly influenced by 7,
(Fig. 3 and Table 4). From this point of view, diffusion in the
CP is not suitable for a DTI phantom for in vivo MRI.

Magnetic Resonance in Medical Sciences
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Fig. 4 Preclinical 7T MRI signal changes plotted as a function of
g-value for the CP in radial direction. The g-value-related signal
changes at T,z = 37.7 and 97.7 ms are similar when plotted as
a function of q. This indicates that the majority of the difference
between the radial signal decay curves when plotted against
b-value (Fig. 3), is due to the different Ts. CP, Capillary plate
phantom; T, diffusion-time.

In order to further clarify that the water diffusion in
CP is restricted, the radial signal changes for CP at T, =
37.7 and 97.7 ms can also be discussed using the q-space
method.?? The g-value is a spatial frequency determined
according to the parameters of the applied MPG via the
equation:

1
=—yGS
9=>-7

(G
where yis the gyromagnetic ratio, G is the magnitude of
the MPG, and 9 is the duration of the MPG lobe. The
b-value can be written in terms of q in the following way

b=y’ Gzéz(A—g) = 4ﬂ'2q2(A—§) (5),
where A is the time between the onsets of the MPG lobes,
and A—J3 is the diffusion-time. The difference between the
signal change patterns at 7 ;.= 37.7 and 97.7 ms in the radial
direction for the CP is small when the signal is instead plotted
against g-value (Fig. 4). This indicates that the majority of
the difference between the radial signal decay curves when
plotted against b-value (Fig. 3), is due to the different Tjs.
This is consistent with restricted diffusion dominant behavior
for the CP.

The b-value-dependent signal changes in the axial direc-
tion were similar for both phantoms and 7;s. Considering
the facts that the volume fraction of the fast diffusion com-
partment (f,.,) was close to 1 and the corresponding diffusion
coefficient (Dy, ) was very large (more than 2.0 x 10~ mm?/s,
Table 3), diffusion in the axial direction might have been
close to that of free water.
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Conclusion

In conclusion, the results of this study suggest that CP can be
used as a restricted-diffusion dominant phantom, whereas Dy
can be used as hindered-diffusion dominant phantom in a
clinical setting. Both phantoms provided homogeneous DTI
parameter maps. As it has a weaker dependence on diffusion-
time and parameter estimates similar to those of brain white
matter, Dy may be more suitable as a phantom for DTI QC.
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