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Abstract

Molecular mechanism for the joint protective action of glucosamine,

a food with functional claims

Isao Nagaoka, M.D., Ph.D.

Faculty of Health Science, Juntendo University; Host Defense and Biochemical Research,
Juntendo University Gradate School of Medicine

Glucosamine is widely used as a functional food for subjects with joint pain. Here, we show that glucosamine modulates
the signaling molecules of NF- « B pathway in synovial cells via O-N-acetylglucosamine (O-GlcNAc) modification, thereby
suppressing their activation and suppressing the expression of inflammatory molecules. Furthermore, autophagy is known
to act protectively on chondrocytes. Interestingly, glucosamine induces the expression of sirtuin (SIRT) 1 in chondrocytes,
and SIRT1 deacetylates and inactivates p53, a negative regulator of autophagy, thereby inducing autophagy.

Based on these findings, glucosamine is expected to exert an anti-inflammatory action by suppressing the signaling of
NF- kB pathway, and induce autophagy through the expression of SIRT1, thereby exhibiting a protective action on the
pathological condition of inflammatory joints.

Key Words: glucosamine, functional food, anti-inflammatory action, NF- k B, autophagy
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Abstract

Consideration of Sustainable Development Goals in the Department of

Radiological Technology of Juntendo University

Yasuaki Sakano, RT Ph.D.

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

X-rays were discovered by German physicist Wilhelm Conrad Rontgen at the end of 1895. More than 50 years prior to
the event, Taizen Satoh named his school of Western medicine “Juntendo” in 1843. Shortly after the introduction of X-rays,
the technology was applied to medical examinations. Juntendo established the Department of Radiology in 1912. This was
the first independently established radiology department in Japan. Juntendo has contributed greatly to the education of
medical radiologists and radiologic technologists from the very beginning.

The present study describes the development of radiological technology in Japan using the historical articles published in
the Juntendo Medical Journal. In consideration of the historical events and the connection with medical treatment, we
focused on the transition from analog to digital technology, which is one of the biggest events in the history of radiological
technology. The article also discusses the various viewpoints for future developments based on Braunwald’s “key lessons
from the past” and 17 goals of Sustainable Development Goals (SDGs) adopted by the United Nations in 2015.

Key Words: Radiological technology, Juntendo, history, SDGs.
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Original Article

Low dose CT denoising using a pre-trained convolutional neural network

Keisuke Usui, Ph.D."?, Akira Isobe, M.Sc.”*, Koichi Ogawa, Ph.D.”

" Department of Radiological Technology, Faculty of Health Science, Juntendo University,
* Department of Radiation Oncology, Faculty of Medicine,Juntendo University

* Department of Radiation Oncology, Graduated School of Medicine, Juntendo University
* Department of Radiology Juntendo University Hospital

* Faculty of Science and Engineering, Hosei University

Abstract

Introduction: Dose reduction is important in diagnostic and therapeutic applications of computed tomography (CT).
However, image noise does occur, resulting in image quality degraded by the reduced X-ray dose. Deep-learning approaches
based on extensive data and powerful graphical processing units have been used in image denoising and achieved great
success.

Purpose: This study aimed to evaluate a general convolutional neural network (CNN) for denoising with ultra-low-dose CT
and compare it with other noise reduction methods on unique CT noise simulation images.

Methods: Dominant noise statistics in X-ray reduction images have a Poisson distribution. Therefore, to simulate an ultra-
low-dose CT image, we added salt-and-pepper distributed noise to normal-dose images based on the CT unit-specific
modulation transfer function. We synthesized low-dose images with a dose reduction of 5%—75% with respect to the original
image. These images were denoised using a trained denoising CNN (DnCNN) and assessed over various dose reduction
levels. To determine the image quality quantitatively, image similarity using the structural similarity index (SSIM) and the
peak signal-to-noise ratio (PSNR) were calculated. We also compared the performance of the CNN-based method with other
methods using median, gaussian, wiener, and non-local means filters.

Results: Improvements in image quality obtained by the filter denoising methods were insufficient at ultra-low dose levels.
The DnCNN method can reduce the noise effectively in all dose-reduced images. However, image blurring was also
introduced in the ultra-low dose images. SSIM tended to improve with denoising of DnCNN. At ultra-low dose levels, the
DnCNN method could not achieve significantly better PSNR values than other noise reduction methods because of the
degradation of high frequency components.

Conclusion: The DnCNN denoising method was found to improve ultra-low-dose CT images in quantitative evaluations.

Key Words: Deep learning, CNN, low-dose CT, denoising, image quality

Juntendo Health Science Journal 2(1): 13-18, 2021

) diagnostic performance of disease assessment in
Introduction . . 3
screening studies ™.

Computed tomography (CT) is widely used for
diagnosis and repetitive screening scans for problems
such as cancer, lung nodules, and bleeding internal
organs. High exposure scans can cause patients to
suffer from several biological effects that increase

. 1)2
cancer risk " ?

. To decrease the exposure doses,
reducing the number of X-ray photons using tube-
current modulation is one solution. However, a
drawback of low-dose CT is image quality degradation.
Thus, fewer X-ray photons leads to a noisier

reconstructed CT image, which may reduce the

To address this image degradation, sinogram filtering
techniques have been applied to CT sinogram data,
making noise reduction a simple task. Moreover, the
iterative reconstruction method combines the statistical
properties of the data in the image domain and the
projection space to optimize the objective function.
These methods can remove image noise; however,
they need access to sinogram data, which are vendor
specific, limiting their clinical applications ¥ *. Image
space denoising methods such as median, gaussian,

wiener, and non-local means filters do not need

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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projection data. These methods aim to reduce the
image noise without knowledge of the structures of
interest. Therefore, they risk either generating new
image artifacts or losing original structural information
through post-processing .

Deep learning approaches have been widely used
for image denoising, convolutional neural networks
(CNNs) in particular, which are based on extensive
data and powerful graphical processing units, have
achieved great success ”*. Several CNN-based
methods have been proposed for low-dose CT: a deep
CNN has been employed to increase the sharpness of
the image. However, such a model often suffers from
disappearing gradients, which lead to difficulties in
training ”. A pre-trained denoising network known as
DnCNN, which incorporates residual learning and
batch normalization, can yield better improvements in
gaussian denoising tasks. However, this method has
been shown to be inferior on more realistic and
complicated noise ' '".

In this study, to understand the dose-dependent
properties of the pre-trained denoising network, we
implemented the DnCNN for denoising low-dose CT
and compared it with other noise-reduction methods
on unique CT noise simulation images. Here, we
simulated virtual low-dose images at several dose
reduction levels, and physical evaluation metrics of
image quality were used to compare the noise
reduction performance of the denoising methods on

the denoised images.
Materials and methods

1. Network architecture

We used the pre-trained network structure of a
DnCNN as the general CNN model '”. The overall
architecture of the DnCNN network is shown in Fig.

1. This model has been pretrained on 400 grayscale

Low dose image

Conv + RelLU
:
| Conv +BN+ ReLU |
¥
¥

Conv +BMN+ RelLU

L 4
L
Conv +BN+ RelLU
L
Conv
L 4

images with a gaussian noise level of 25 for natural
image denoising. The size of the input image for
training was 50 X 50 pixels and 20 convolution
layers were used. Moreover, 64 convolutional filters
of size 3 X 3 pixels were used to generate the feature
maps. The DnCNN model learns residual map data
and generates the noise-reduced image, which can
yield more efficient training and accurate results in
very deep networks. Moreover, defined as the positive
part of its value, rectified linear units (ReLUs) were
used to more quickly train the deep neural network.
Batch normalization was used between the convolution
filters and ReL.Us in all the middle layers to enable
higher learning rates while normalizing each sub-
sample set (mini-batch).
2. CT noise simulation image

The dominant CT noise when X-rays are reduced
follows a poisson distribution. Therefore, to simulate
a low-dose CT image, we add a salt-and-pepper
distribution while performing convolution with the
CT unit-specific modulation transfer function . We
created simulated noise with standard deviations of
1.3, 2, 10, and 20 times the original image to create
75%, 50%, 10%, and 5% dose equivalent images. In
this way, unique reduced-dose images reflecting the
CT-unit noise characteristics were created for this
denoising study.
3. Evaluation of image quality

To evaluate the image quality of denoised images
using the DnCNN and to compare its performance
with another noise reduction method, the structural
similarity index (SSIM) and peak signal-to-noise ratio
(PSNR) were calculated for the denoised images .
The SSIM was calculated as follows:

(2,ux ,uy+c 1 )(zar}f+c2)
2x+:u2y+c 1 )(0-2.\*+0-2}’+02)

SSIM(x, y) = T (1)

where p indicates the signal mean, o denotes the

Residual image

Fig.1 Overall architecture of the DNCNN network with simulated noise images. This
network learns a residual mapping for the noise image. The main modules include
convolutional filtering (Conv), ReLU, and batch normalization (BN).
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variance, the C terms are regularization constants, and
x,y indicates each evaluation image. Furthermore, the

PSNR was calculated as follows:

MSE = M>1<N = Zj]\il (x(@, ) = (@, )%

max|x(i, j)?

PSNR =10 log,ow (2)

The PSNR is the maximum value in input image data
(x(i,j)) divided by the mean squared error (MSE)
between image x (denoised low-dose image) and
image y (original full-dose image). In addition, M and
N indicate the width and height of the images,
respectively.

In this study, we compared the performance of
DnCNN with other noise reduction methods using
median, gaussian, wiener, and non-local means filters.
In the median filter method, the output value is the
median value of 3 X 3 neighboring pixels. In the
gaussian filter method, an isotropic gaussian
smoothing kernel with a standard deviation of 1.0 is
applied to a two-dimensional image. For the wiener
filter method, a smoothing kernel with the mean and
variance of the 5 X 5 neighboring pixels are used in

the denoising process. In the non-local means filter

method, degree of image smoothing is estimated

(@)

based on standard deviation of the pixel value in
neighboring local region of 21 X 21 pixels. To
compare image quality using the indices of PSNR and
SSIM, 10 abdominal CT images composed of 350 X
250 pixels with 3 mm slice thicknesses were used for
the quantitative evaluation. These CT images were
taken from a publicly available dataset (Cancer
Imaging Archive), which is an open access information
resource created by the National Cancer Institute '
The simulated noise images were created at 75%,
50%, 10%, and 5% equivalent dose levels with
respect to the original dose. In this study, all the image
processing and evaluations were done using
MATLAB version 2020b (The MathWorks Inc.,
Natick, MA, USA).

Results

Figure 2 shows one example of the results of the
denoised images using each filtering method and the
DnCNN method. Further, Fig. 2 (b) compares the
enlarged images of one region (indicated by the red
rectangle) in Fig. 2 (a). For the ultra-low dose levels
(equivalent to 10% and 5% doses), significant image

degradation was caused by the simulation of the

reduction in incident photons. The image quality

(b)

Normal dose 75% dose 50% dose 10% dose

Median filter

Gaussian filter

Wiener filter

Non-local

means

5% dose

Normal dose 75% dose  50% dose 10% dose 5% dose

Median
filter

Gaussian
filter

Wiener
filter

Non-local

means

DnCNN

Fig. 2 Results of denoising for each simulated noise image applying the median, gaussian, wiener, and non-local
means filters as well as the original DnCNN method. Noise images were simulated at four dose levels. (a) Whole
abdominal denoised images. (b) Enlarged images of the region indicated by the white ROI; all images are shown

with the same window width and level.
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improvement obtained by the filter denoising methods
at the ultra-low dose levels was insufficient.
Moreover, in the results of non-local means filter
method, edge sharpness was retained in the area of
large pixel value difference. In contrast, noise
smoothing at the uniform density region was
excessive. It can be observed that the DnCNN method
reduced the noise effectively; however, although the
noise has been removed, image blurring was
introduced at the ultra-low dose levels.

In Figs. 3 and 4, image quality is compared in
terms of SSIM and PSNR, respectively, over different
dose reduction levels. For the SSIM values, the

DnCNN method tended to obtain improvements at all

dose reduction levels. However, significant differences
were not observed with respect to the results of the
gaussian filter method. In contrast, the results of
PSNR were significantly improved in the 75% and
50% equivalent dose images when compared with the
results of the gaussian filter method. However, at the
ultra-low dose levels, the DnCNN method could not
obtain significantly higher PSNR values than the other
noise reduction methods other than the non-local

means filter method.
Discussion

Denoised images should have sufficient quality to

facilitate a clinically sound decision. In this study, we

0.8

SSIM

0.6

75% dose ®50% dose 10% dose BE5% dose

*

0.4
Dose reduction Median

Gaussian

Winner Non-local means DnCNN

Fig. 3 SSIM results for different noise reduction methods for each dose-reduction simulated image. * indicates p <
0.05, which indicates a significant difference in SSIM value with respect to the results of the DnNCNN method.

75% dose

15

8 50% dose

10% dose 85% dose

Dose reduction Median

Gaussian

Winner Non-local means DnCNN

Fig. 4 PSNR results for different noise reduction methods for each dose-reduction simulated image. * indicates p
< 0.05, which indicates a significant difference in PSNR value with respect to the results of the DnCNN method.

16 Juntendo Health Science Journal, March 31, 2021



assessed the ability of general pre-trained CNN image
denoising to remove noise caused by a lack of
incident photons in CT images. Therefore, image
quality based on similarity was evaluated with respect
to other noise reduction methods.

The DnCNN demonstrated significant denoising
performance in terms of image PSNR and SSIM
compared with the other image space filtering
denoising methods. In the results shown in Fig. 2, the
DnCNN method effectively reduces noise at all dose
reduction levels. The results of the image space
filtering methods at the ultra-low levels of 10% and
5% dose equivalents were insufficient. These results
were caused by the extremely large deviation in image
pixel values, and which was generated excessive pixel
value uniformity using the non-local means filter
method. Therefore, these results were suggesting the
limitations of denoising using a reconstructed image
space.

In the result of Fig. 3, the DnCNN method tended
to increase the SSIM value at all dose levels;
therefore, an improvement in overall image similarity
is expected. Althogh, the DnCNN model was
pretrained on 400 grayscale images and a gaussian

) 50 its

noise level of 25 for natural image denoising '’
potential effectiveness for denoising low-dose CT was
also proven in our study. However, there were no
significances differences in SSIM values between the
results of the DnCNN and gaussian methods. We note
that we simulated the virtual dose-reduced image
based on a gaussian model. Hence, the gaussian filter
method worked quite effectively to remove noise in
this study. And, in the non-local means filter method,
degree of pixel value smoothing is estimated based on
the standard deviations of image noise, therefore,
results of SSIM were degraded. In contrast, because
the DnCNN model also learned a gaussian
distribution, effective results were obtained when
removing noise statistics from low-dose CT images.
In the result of Fig. 4, the DnCNN method was
shown to achieve significantly better results than the
gaussian model at the 75% and 50% dose equivalent
levels. However, at the ultra-low dose levels,
significant improvements were not found with respect

to the other noise reduction methods other than the

non-local means filter method. The PSNR value is
calculated as the noise component divided by the
MSE of the pixel values of the normal dose image and
the denoised image. Therefore, not only insufficient
denoising but also excessive smoothing causes pixel
value deviations from the original image. In this case,
the PSNR value is degraded. The values of PSNR
obtained by the non-local means filter and the
DnCNN methods were affected by the excessive
smoothing, these results can be visually discerned in
Fig. 2. In contrast, because significant improvement
compared with results of the gaussian method can be
shown, the DnCNN method removes noise more
naturally in CT image denoising.

To suppress over smoothing in denoised images,
the DnCNN model needs to learn the noise
characteristics of ultra-low dose CT images.
Therefore, transfer learning has to be performed to
update the learning model to adapt to CT-specific
denoising. In previous studies, the reconstruction of
the learning mechanism for a specific purpose has
been achieved by optimizing the learning model by
transfer learning "*"'”. Moreover, adjustments in the
noise distribution of the training data and
improvements in the CNN architecture are required
for reducing noise at any dose level in clinical CT

images.
Conclusion

The DnCNN-based denoising method is appropriate
for denoising CT-specific noise resulting from low
X-ray exposure. Moreover, its denoising properties
are more suitable than those of other noise reduction
methods, particularly at ultra-low dose levels.
Developing a generally applicable denoising network
via optimal network design and training data
modification will be necessary for appropriate noise

reduction at all noise levels.
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