
D iffusion-weighted (DW) images represent the 
degree of Brownian motion of water molecules 

in a living body.  In an apparent diffusion coefficient 
(ADC) map,  which is created by DW images,  the ADC 
value is calculated as the slope of a straight line obtained 

from the signal intensities in DW images taken with two 
or more different b-values.  ADC maps are indispens-
able for the diagnosis of cerebral infarctions and tumors 
in daily practice [1-4].  In recent years,  restricted diffu-
sion-weighted imaging — especially diffusion kurtosis 
(DK) imaging — has been attracting attention,  and 
clinical research using these imaging modalities is in 
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progress.  There have been reports of the effectiveness of 
DK imaging in the diagnostic imaging of cerebral 
infarctions,  neurodegenerative diseases,  and tumors,  
among others [5-9].  However,  the imaging time that is 
needed to obtain DW images for DK imaging is signifi-
cantly longer than that needed for ADC maps,  because 
DW images for DK imaging are usually taken for all 
30-axis directions with three or more different b-values 
[5 , 10-12].  In addition,  specific and expensive software,  
such as MATLAB,  is required for image creation.  For 
these reasons,  the clinical application of DK imaging 
has not yet progressed.

We conducted the present study to evaluate fast DK 
imaging that uses a new DK imaging software program 
that is intended for widespread use in clinical practice.  
This software uses macro functions of general-purpose 
inexpensive software such as Microsoft Excel and 
ImageJ,  and it produces a DK image using three-axis 
DW images that are taken over a short time period to 
create ADC maps in daily clinical practice.  This 
approach could enable any medical facility to obtain 
ADC maps as well as DK images simultaneously using 
the same DW images.  We tested the new fast DK imag-
ing and DK imaging software with both bio-phantoms 
and a healthy human volunteer.

Materials and Methods

Phantoms. Jurkat cells purchased from Bio 
Resource Center (Tsukuba,  Japan) were used to create 
bio-phantoms.  Cultures were carried out in RPMI 1640 
medium (pH 7.4; Gibco/Thermo Fisher Scientific,  
Waltham,  MA,  USA) with 10% fetal bovine serum 
(Filtron,  Victoria,  Australia) and 1% penicillin-strep-
tomycin-neomycin (Gibco/Thermo Fisher Scientific).  
Incubation was performed at 37°C with 5% CO2.  After 
the number of Jurkat cells was measured,  the cell solu-
tion was concentrated and adjusted to approx.  8 × 108  

cells/ml in a micro-cuvette (Halbmikro 1.5 ml; Greiner 
Labortechnik Manufacturing,  Düsseldorf,  Germany).  
The cells were encapsulated within gellan gum (P-8169;  
Sigma-Aldrich,  St. Louis,  MO) to prepare bio-phan-
toms of 7.4 × 108 cells/ml.  As a control,  a phantom con-
taining 0.9% physiological saline was prepared.

The phantoms were placed in a phantom container 
measuring 9.5 cm in length,  14 cm in width and 7 cm 
in height.  The interior of the container was filled with 
physiological saline [13 , 14].  These bio-phantoms using 

Jurkat cells had an ADC value of ~0.6 × 10−3 mm2/sec 
and a mean kurtosis value of ~1.3,  mimicking the val-
ues of human tumor tissues [14 , 15].

Healthy volunteer and ethical approval. Human 
images were obtained from a healthy volunteer.  This 
study was approved by the Ethics Committee of the 
Okayama University Graduate School of Medicine,  
Dentistry and Pharmaceutical Sciences,  Okayama 
University Hospital (approval no. RIN1910-004),  and 
written consent was obtained from the volunteer.

Magnetic resonance (MR) imaging.
1. MRI system. A 3T MRI system (Magnetom 

Prisma VE11C; Siemens,  Munich,  Germany) and a 
1.5T MRI system (Magnetom Avanto fit VE11C;  
Siemens) with a 20-channel head/neck coil were used.  
The 3T MRI system was used to image the phantoms,  
and the 1.5T MRI system was used to image the human 
body.

2. Temperature control during MR imaging.
The phantom container was installed in an in-house 
heating device made of ethylene-vinyl acetate copoly-
mer.  The heating device was connected to a circulating 
constant  temp erature  bath  (Thermo-Mate 
BF-41; Yamato Scientific Co.,  Tokyo).  To replicate 
human body temperature,  the inside of the phantom 
container was heated to approx.  37°C.  During the MRI 
scanning,  the phantom temperature was adjusted using 
an optical fiber thermometer (FluoropticTM m3300,  
Luxtron Co.,  Santa Clara,  CA,  USA) to maintain a 
constant temperature of 37°C.

3. Phantom imaging. DW images of the phan-
toms were acquired using multiple imaging sequences,  
as shown in Table 1.  Concerning on imaging condi-
tions,  in a DW image taken using a b-value > 1000,  
water signal value drops to noise level,  and the MK 
value of water,  which should theoretically be 0,  is cal-
culated to be higher than 0 (data not shown).  We there-
fore set the maximum b-value as 1000.  For the DK 
imaging,  single shot-echo planar imaging (SS-EPI) was 
used in three sequences,  i.e.,  DKI-1,  DKI-2,  and DKI-3 
(Table 1) based on the recommended DKI protocols for 
Siemens scanners; Tim Trio (long) <https://medicine.
musc.edu/-/sm/medicine/departments/f/tim-trio-long.
ashx?la=en> (accessed Oct. 15,  2020),  with the para-
metric tensor ‘off ’ selected.  The number of diffusion 
directions was 30.  Readout segmentation of long vari-
able echo-train (RESOLVE) sequences were used for fast 
diffusion kurtosis imaging using new software.
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4. Human body imaging. A DW image of the 
volunteer’s brain was obtained.  Two types of imaging 
sequences (Table 2) were used to examine the possibility 
of shortening the imaging time in clinical practice.  
RESOLVE-5 and RESOLVE-3 were created as protocols 
with long and short imaging times respectively,  
depending on the number of b-values.  Due to the Ethics 
Committee’s recommendation,  long-time imaging 
(DKE imaging) was not performed on the volunteer.  
Concerning on imaging conditions,  in a DW image 
taken using a b-value > 1000,  water signal value drops 
to noise level,  and the MK value of water,  which should 
theoretically be 0,  is calculated to be higher than 0 (data 
not shown).  Therefore,  the maximum b-value was set 
as 1000.

Development of the DK imaging software. The 
software used to create a DK image was developed 
in-house as a combination of macro programs of the 
inexpensive general-purpose software Microsoft Excel 
(2016,  Microsoft,  Redmond,  WA) and ImageJ (ver. 
1.52a; U.S.  National Institutes of Health,  Bethesda,  
MD).  The new software calculates the mean kurtosis 
(MK) values for each pixel according to the principle of 
DK imaging using the signal value of each pixel of the 
DW images with several b-values,  and it then creates a 

DK image.
Equation (1) explains the relationship between the 

signal value,  MK value,  and ADC value of each pixel of 
the DW image captured with each b-value,  which is 
necessary for calculating the MK value [7].  Here,  MK 
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Table 1　 Diffusion-weighted (DW) imaging conditions for the Diffusional Kurtosis Estimator (DKE) images and several diffusion kurtosis 
(DK) images of the bio-phantoms

Target images DKE image,  DKI-H DKI-M

Sequences DKI-1 & DKI-2 DKI-3 RESOLVE

Parameters
　TR (msec) 6000 6000 8000
　TE (msec) 75 75 86
　ES (msec) 0.93 0.93 0.56
　FOV (mm) 120 120 120
　Matrix 82×82 82×82 224×224
　BW (Hz/pixel) 1220 1220 399
　Averages 1 9 2
　Segments 1 1 7
　Slice thickness (mm) 5 5 5
　Slice number 5 5 1
　b-value (sec/mm2) 0, 500, 1,000 0 0, 500, 1,000
　Diffusion direction 30 - 3
　Imaging time (min : sec) 6 : 24 1 : 12 13 : 28

DKE image,  DKI created by DKE software using DW images with DKI-1,  DKI-2 and DKI-3; DKI-H,  DKI created by in-house DK imaging 
software using DW images with DKI-1,  DKI-2 and DKI-3 sequences; DKI-M,  DKI created by in-house DK imaging software using DW 
images with RESOLVE sequence.  DKE,  Diffusional Kurtosis Estimator; DKI,  diffusion kurtosis image; RESOLVE,  readout segmentation 
of long variable echo-trains; TR,  repetition time; TE,  echo time; ES,  echo space; FOV,  field of view; BW,  band width; DW,  diffu-
sion-weighted; DK,  diffusion kurtosis.

Table 2　 Diffusion-weighted (DW) imaging conditions for the 
diffusion kurtosis (DK) images of the human brain

Sequences RESOLVE-3 RESOLVE-5

Parameters
　Imaging time (min : sec) 1:57 3:24
　b-value (sec/mm2) 0, 500, 1,000 0, 250, 500, 750, 1,000
　TR (msec) 4860 4860
　TE (msec) 76 76
　ES (msec) 0.44 0.44
　FOV (mm) 220 220
　Matrix 140×140 140×140
　BW (Hz/pixel) 1116 1116
　Averages 1 1
　Segments 3 3
　Slice thickness (mm) 5 5
　Slice number 23 23
　Diffusion direction 3 3

RESOLVE,  readout segmentation of long variable echo-trains; TR,  
repetition time; TE,  echo time; ES,  echo space; FOV,  field of 
view; BW,  band width.



is one of the parameters of DK.

S(b) = S0exp  −bADC +　 b2ADC 2 MK  (1)

Here,  S is the signal value at a certain pixel position,  
b is the b-value used,  and S0 is the signal value when a 
motion probing gradient at the same pixel position is 
not applied; i.e.,  when the b-value is 0.  ADC is the ADC 
value at the pixel position,  and MK is the MK value at 
the pixel position.

Specifically,  and according to the schematic diagram 
in Fig. 1,  the DW images with different b-values were 
opened as DICOM images and then saved as text files 
using ImageJ as Step 1.  Next,  in Step 2,  each text file 
was read using both Microsoft Excel and an Excel sheet 
in which the logarithm of the signal value at each pixel 
of each image was saved.  For the pixels at the same 
position in each image,  the b-value was plotted as ‘x’ on 
the horizontal axis,  and the logarithmic signal value was 
plotted as ‘y’ on the vertical axis.  Using the Linest func-
t ion  on  t he  qu adrat i c  f unc t ion  y = Ax 2 +  
Bx + C,  the coefficients A and B were calculated for each 
pixel and saved in the Excel sheet.  From the coefficients 
A and B,  the MK value was calculated for each pixel 
using Equation (2) and saved as a text file.  The MK 
value was replaced with 0 if the calculated MK value 
became negative.

MK = 6A ⁄ (−B)2  (2)

Finally,  in Step 3,  the text file with MK values was 
converted into tiff format and saved as a DK image 
using ImageJ.  In this DK imaging software,  the macro 
functions of ImageJ were used for Steps 1 and 3,  and the 
macro functions of Excel VBA were used for Step 2.  
Using this software,  DW images were imported,  the 
MK values were calculated,  and finally,  a DK image was 
created automatically.

Evaluation of the DK imaging software. To eval-
uate the accuracy of the calculation of the DK imaging 
software,  we prepared three DW images with the b-val-
ues 0,  500,  and 1000 as shown in Fig. 2.  For the DW 
images obtained with the b-values 0 and 1000,  the signal 
values of all pixels in each DW image were set to 2000 
and 1300,  respectively.  For the DW image obtained 
with the b-value 500,  four signal values of pixels were 
set: 1612,  1598,  1576,  and 1535.  Using the DK imag-
ing software,  the MK value of each pixel was calculated 
and compared with the theoretical value.

Diffusional Kurtosis Estimator (DKE) for compari-
son with the DK imaging software. We used the 
DKE software ver. 2.6 <https://medicine.musc.edu/
departments/centers/cbi/dki> (accessed Oct. 15,  2020) 
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Fig. 1　 Flowchart of the calculation steps of the diffusion kurto-
sis (DK) imaging software based on the mean kurtosis (MK) used in 
this study.  DW: diffusion-weighted.

A B

C D

Fig. 2　 Evaluation of the DK imaging software.  (A) DW image 
with 0 as the b-value.  The signal values of all pixels were set to 
2000.  (B) DW image with the b-value 500.  The signal values of 
pixels were set to 1612,  1598,  1576,  and 1535.  (C) DW image 
with the b-value 1000.  The signal values of all pixels were set to 
1300.  (D) DK image created using the DK imaging software.  All 
MK values in each pixel with the range between 0 and 3 were iden-
tical to the theoretical values.



for a comparison with the DK imaging software.  To 
create DK images,  the MK value for each pixel was cal-
culated using DWIs of DKI-1,  DKI-2,  and DKI-3,  
according to the theoretical description of ‘DKI proto-
cols’ <https://medicine.musc.edu/departments/centers/
cbi/dki/protocols> (accessed Oct. 15,  2020).

DK image of phantoms. Three types of DK 
images (Table 1) were created for the phantoms.  A DK 
image created by DKE software using a 30-axis DW 
image captured by DKI-1,  DKI-2,  and DKI-3,  which 
are dedicated sequences for DKE software,  was defined 
as the DKE image.  The DK image created by the 
in-house DK imaging software using the 30-axis DW 
images calculated from DKI-1,  DKI-2,  and DKI-3 by 
DKE was defined as DKI-H.  The DK image created by 
the in-house DK imaging software using the three-axis 
DW images captured by the RESOLVE sequence [16 ,17] 
to reduce image distortion was defined as DKI-M.  The 
resolutions of the DKE image,  DKI-H,  and DKI-M 
were 120 × 120,  82 × 82,  and 224 × 224,  respectively.

DK image of the human body. Two DK images 
(Table 2) were created for the human body.  The DK 
image of the volunteer’s brain was created and defined as 
DKI-M,  using the in-house DK imaging software and 
the three-axis DW images captured by RESOLVE-5,  
which is a long-time protocol,  and RESOLVE-3,  which 
is a short-time protocol.

Image analysis and statistics. For the quantita-
tive test of the similarity of the multiple DK images of 
the phantoms,  we changed the resolutions of the DKE 
image and DKI-H and unified them from 120 × 120 and 
82 × 82 into 224 × 224,  respectively,  so as not to change 
the signal value of each pixel using the “resize without 
interpolation” function of ImageJ.  We then evaluated 
the pixel values at the same pixel position in the region 
of interest (ROI) of each image by determining the 
Spearman’s rank correlation coefficient (BellCurve for 
Excel; Social Survey Research Information Co.,  Tokyo).  
Spearman’s rank correlation coefficients were calculated 
between DKE and each DKI for the merged ROI of each 
bio-phantom and the physiological saline part of each 
5 × 17 pixel.  In the significance test of rank correlation 
coefficients,  a p-value < 0.05 was accepted as significant.

For the quantitative test in the human study,  
Spearman’s rank correlation coefficients were calculated 
for the ROIs of the whole brain part to evaluate the sim-
ilarity of DKI-Ms using RESOLVE-3 and RESOLVE-5.  
In the significance test of the rank correlation coeffi-

cient,  a p-value < 0.05 was accepted as significant.

Results

The accuracy of calculation of the DK imaging soft-
ware. Figure 2A-C shows DW images obtained with 
the b-values 0,  500 and 1000,  and Fig. 2D provides a 
DK image created by the DK imaging software.  All MK 
values of pixels in the DK image were identical to the 
theoretical values calculated using Equations 1 and 2.

The evaluation of DK images of the phantoms.
DK images of the phantoms are given in Fig. 3; the fig-
ure panels A and B are a DKE image and DKI-H created 
with DKE software and the in-house DK imaging soft-
ware from 30-axis DW images captured using DKI-1,  
DKI-2,  and DKI-3,  respectively.  Figure 3C is a DKI-M 
created using the in-house DK imaging software and 
three-axis DW images captured by RESOLVE.  We used 
the DKE image as the gold standard DK image and 
compared it with the other DK images.

Regarding the MK values of the bio-phantom and 
the physiological saline part,  the DK images were visu-
ally similar to the DKE image.  The DKI-M was better 
than the DKE image and DKI-H concerning the depic-
tion of the phantom structure,  although salt-and-pep-
per noise was observed in the DKI-M.  The MK values 
(mean ± SD) of the physiological saline part and 
bio-phantom part were 0.0 ± 0.0 and 1.2 ± 0.1 in the DKE 
image and 0.1 ± 0.1 and 0.9 ± 0.5 in the DKI-M,  respec-
tively.

Table 3 lists the data of the quantitative evaluation of 
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A B C

Fig. 3　 Diffusion kurtosis (DK) images of the phantoms.  Bio-
phantom (left) and physiological saline (right) were used as phan-
toms.  (A) Diffusional Kurtosis Estimator (DKE) image created with 
the DKE software and diffusion-weighted (DW) images taken using 
DKI-1,  DKI-2,  and DKI-3 sequences.  Black squares and white 
squares indicate the positions of ROIs for the bio-phantom and 
physiological saline,  respectively.  (B) DKI-H created with the 
in-house DK imaging software and DW images taken using DKI-1,  
DKI-2,  and DKI-3 sequences.  (C) DKI-M created with the in-house 
DK imaging software and DW images taken using a RESOLVE 
(readout segmentation of long variable echo-train) sequence.



the similarity of the MK values in various DK images 
shown in Fig. 3.  The Spearman’s rank correlation coeffi-
cients for the correlation between the MK value at each 
pixel position of the DKE image and the MK value at the 
same pixel position of other DK images (DKI-H,  DKI-
M) were within the range of 0.67 and 0.84,  with signif-
icant correlations (p < 0.001),  indicating quantitatively 
high similarity.

The evaluation of DK images of the human body.
DK images of the volunteer’s brain are shown in Fig. 4.  
The figure’s panels A and B are DKI-Ms created by the 
in-house DK imaging software and the DW images cap-
tured with the RESOLVE-3 and RESOLVE-5 sequences 
in Table 2,  respectively.  In the DKI-M,  the MK values 
and the depiction of brain structure were similar 
between panels A and B of Fig. 4,  although roughness 
due to salt-and-pepper noise was observed to the same 
extent in both.  The scatter plot (Fig. 4C) illustrating the 
relationship between the MK values at the same pixel 
position of Fig. 4A and 4B indicates the similarity of 
DKI-Ms using RESOLVE-3 and RESOLVE-5.  The 
Spearman’s rank correlation coefficient for Fig. 4C was 
0.88 with a significant correlation (p< 0.001),  indicating 
quantitatively high similarity.

Discussion

We evaluated fast DK imaging using a new software 
program that produces DK images using macro func-

tions of the inexpensive general-purpose software Excel 
and ImageJ.  The new software uses DW images cap-
tured for creating the ADC map in daily clinical prac-
tice,  and it enables the creation of both the ADC map 
and the DK image at the same time,  in a relatively short 
period of time.  This can be performed in any medical 
facility.  The DK image created by the new software 
using DW images that were captured with three b-val-
ues and three axes was similar to the original DK image 
that was created over a relatively longer imaging time 
with 30 axes.  With the new software,  DK imaging and 
clinical research can thus be performed in daily clinical 
practice at any medical facility.

Clinical research on restricted diffusion-weighted 
imaging,  especially DK imaging,  has progressed in 
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Table 3　 Spearmanʼs rank correlation coefficient of each diffu-
sion kurtosis (DK) image for the Diffusional Kurtosis Estimator 
(DKE) image: Bio-phantom study

Images DKI-H DKI-M

Spearmanʼs rank correlation coefficients 0.84 0.67
Significance testing for each Spearmanʼs 
rank correlation coefficient P<0.001 P<0.001

DKI-H,  DKI created by in-house DK imaging software using DW 
images with DKI-1 & DKI-2 and DKI-3 sequences; DKI-M,  DKI cre-
ated by in-house DK imaging software using DW images with 
RESOLVE sequence.  Spearmanʼs rank correlation coefficients were 
calculated between DKE and each DKI for the merged region of 
interest of bio-phantom and physiological saline part of each 5×17 
pixels.  Each p value shows the test result for the correlation coeffi-
cient between DKE and each DKI.
DKI,  diffusion kurtosis image; DK,  diffusion kurtosis; DW,  diffu-
sion-weighted; RESOLVE,  readout segmentation of long variable 
echo-trains; DKE,  diffusional kurtosis estimator.

A B

C

b

b

Fig. 4　 DKI-Ms of the human brain.  (A) DKI-M created with the 
in-house DK imaging software and DW images taken using a 
RESOLVE-3 sequence.  White line around brain indicates the posi-
tion of the ROI for the whole brain.  (B) DKI-M created with the 
in-house DK imaging software and DW images taken using a 
RESOLVE-5 sequence.  (C) The scatter plot of the relationship 
between the MK values at the same pixel position of panels (A) and 
(B) in the ROI for the whole brain.



recent years.  DK imaging is available for the diagnosis 
of ischemic stroke such as cerebral thrombosis and car-
diogenic cerebral infarction [5],  neurodegenerative 
diseases such as Parkinson’s disease and Alzheimer’s 
dementia [6 , 7],  and tumors such as prostate cancer 
and osteosarcoma [8 , 9].  It has become common to 
create DK images with processing by MATLAB-based 
software using DW images captured with 15 or 30 axes 
and three or more different b-values [5 , 10-12].  The 
imaging time of DW images in these clinical studies has 
been as long as 6-8 min [5 , 12 , 18 , 19].  In contrast,  the 
imaging time needed to obtain DW images for the ADC 
maps that are taken in daily clinical practice with three 
b-values and three axes is usually as short as 1-2 min 
[20].  Our present study evaluated DK images for which 
the imaging time was as short as 2 min.  In most clinical 
studies of DK imaging,  the imaging time of DW images 
is significantly longer than that of ADC maps [5 , 12 ,  
18 , 19].  In addition,  the software for creating DK 
images is not widespread since few products are com-
mercialized,  and most clinical trials use in-house soft-
ware [5 , 10-12].  For these reasons,  the clinical research 
and clinical spread of DK imaging are still limited.

Many methods to reduce the number of imaging 
axes and the number of b-values of DW imaging have 
been tested with the goal of shortening the DK imaging 
time [21 , 22].  The DW imaging time is 6-8 min for the 
original 30 axes and three b-values [5 , 12 , 18 , 19],  
approx.  3 min for 15 axes and three b-values [21],  
approx.  4 min for three axes and six b-values [9],  and 
approx.  5 min for three axes and four b-values [22].  In 
the present study,  the imaging time was shortened to 
approx.  2 min with three axes and three b-values.  
Regarding the number of b-values for three-axis imag-
ing,  Pasicz et al.  [22] compared seven b-values and four 
b-values for short-time imaging of the liver and pan-
creas of healthy volunteers,  and they reported that the 
parameters of DK images with four b-values were the 
same as those with seven b-values,  indicating the possi-
bility of short-time DK imaging.  In our present investi-
gation as well,  the MK values of the DK image with 
three b-values,  which can reduce the imaging time by 
43% compared to the use of five b-values,  is similar to 
those with five b-values,  also indicating the possibility 
of short-time DK imaging.

As DKE calculates DK images using DW images 
with 30 axes,  DK imaging with 30 axes took a long 
time.  The resolution of a DK image of the phantom was 

thus limited to 120 × 120 to shorten the imaging time.  
DK imaging by our new software using DW images 
captured with three axes and a RESOLVE sequence [16] 
has the advantage of fast and high-resolution imaging,  
resulting in better depictions of phantom structures 
than the depictions provided by DKE images.

We selected 1000 for the maximum b-value in order 
to acquire DKI at the same time as the ADC map,  as it 
is recommended that the ADC map in daily clinical 
practices should be created using DW images taken with 
b-values of 1000 or less [23].  For DK imaging,  the 
maximum b-value of 1000 is rather low [23],  but several 
recent clinical papers using the maximum b-value of 
1000 have confirmed the usefulness of DKI for prostate 
cancer [24 , 25] and renal tumors [26-28].  Wu et al.  [29] 
and Zhang et al.  [30] indicated that DKI with the low 
maximum b-value of 1400 is useful for the diagnosis of 
prostate cancer.  Regarding the number of diffusion 
imaging directions of DKI,  there are many papers 
reporting the clinical usefulness of three-axis imaging of 
DKI,  and the review by Rosenkrantz et al.  [23] stated 
that the three-axis direction is sufficient as the number 
of imaging directions.

We developed the in-house DK imaging software as 
software written in a macro language that runs Excel 
and ImageJ,  which are inexpensive and available to 
everyone; they can be obtained at a much lower price 
than MATLAB,  which is often used in clinical research 
of DK imaging,  and they are easy to manage for version 
upgrades; they can thus be used at any medical facility 
to create DK images.  The new software may contribute 
to future clinical research on DK imaging.  To the best 
of our knowledge,  this is the first paper using the free 
software ImageJ to produce DK images.

One limitation of this software is that it saves DK 
images in the tiff format instead of DICOM,  although 
medical images are usually saved in an image server in 
the DICOM format.  For conversion to the DICOM 
format,  it is necessary to add a process for cooperation 
with other image processing software.  Another limita-
tion is the noise,  which is noticeable as roughness in the 
three-axis DKI-H.  This might be due to the miscalcula-
tion of MK values at each pixel,  because the artifact for 
the signal value at each pixel of the acquired DW image 
becomes stronger in the three-axis average than in the 
30-axis average.  The effectiveness of noise reduction by 
a pre- or post-processing filter [31-35] should be exam-
ined against the increase in noise due to the decreased 
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amount of information as a result of this short-time 
imaging.  Although filter processing is necessary to 
overcome the noise from insufficient signals of DW 
images captured with three b-values,  it could change 
some MK values in the DK images.  A clinical trial 
(approval no. RIN2011-041) has been initiated to test 
the effect of several types of filter processing on the 
diagnostic ability of our new software for some diseases,  
and the software including filter processing will be 
released after the completion of this trial.

In conclusion,  the DK images that were created by 
the new software and short-time imaging sequences 
were similar to the original DK images created by long-
time imaging sequences.  The use of this software might 
allow any medical facility to easily conduct clinical 
research and use daily clinical applications of DK imag-
ing.
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