BBE 241 1-22

BIOCYBERNETICS AND BIOMEDICAL ENGINEERING XXX (70T7) XXX-XXX

WK —

Review Article

journal homepage: www.elsevier.com/locate/bbe

Biocyhernetics
 Biomedical
Engineering

Available online at www.sciencedirect.com

ScienceDirect

+ Comparative assessment of texture features for
s the identification of cancer in ultrasound images:

6 A review

~

o10liver Faust®”, U. Rajendra Acharya>%%, Kristen M. Meiburger ¢,

8 Filippo Molinari®, Joel E.W. Koh”, Chai Hong Yeong ¢, Pailin Kongmebhol/,

9 Kwan Hoong Ng ¢

10 @ Department of Engineering and Mathematics, Sheffield Hallam University, United Kingdom

11 ® Department of Electronic & Computer Engineering, Ngee Ann Polytechnic, Singapore

12 ¢ Department of Biomedical Engineering, School of Science and Technology, Singapore University of Social Sciences,
13 Singapore

14 d Department of Biomedical Imaging, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia

15 € Department of Electronics and Telecommunications, Politecnico di Torino, Turin, Italy

16 fFaculty of Medicine, Department of Radiology, Chiang Mai University, Thailand

ARTICLE INFO

Article history:

Received 25 September 2017
Received in revised form

16 November 2017
Accepted 5 January 2018
Available online xxx

Keywords:

Cancer

Ultrasound

Texture analysis
Computer Aided Diagnosis

ABSTRACT

In this paper, we review the use of texture features for cancer detection in Ultrasound (US)
images of breast, prostate, thyroid, ovaries and liver for Computer Aided Diagnosis (CAD)
systems. This paper shows that texture features are a valuable tool to extract diagnostically
relevant information from US images. This information helps practitioners to discriminate
normal from abnormal tissues. A drawback of some classes of texture features comes from
their sensitivity to both changes in image resolution and grayscale levels. These limitations
pose a considerable challenge to CAD systems, because the information content of a specific
texture feature depends on the US imaging system and its setup. Our review shows that
single classes of texture features are insufficient, if considered alone, to create robust CAD
systems, which can help to solve practical problems, such as cancer screening. Therefore, we
recommend that the CAD system design involves testing a wide range of texture features
along with features obtained with other image processing methods. Having such a compet-
itive testing phase helps the designer to select the best feature combination for a particular
problem. This approach will lead to practical US based cancer detection systems which
deliver real benefits to patients by improving the diagnosis accuracy while reducing health

care cost.
© 2018 Nalecz Institute of Biocybernetics and Biomedical Engineering of the Polish
Academy of Sciences. Published by Elsevier B.V. All rights reserved.

* Corresponding author at: Department of Engineering and Mathematics, Sheffield Hallam University, United Kingdom.
E-mail address: oliver.faust@gmail.com (O. Faust).

https://doi.org/10.1016/j.bbe.2018.01.001

0208-5216/© 2018 Nalecz Institute of Biocybernetics and Biomedical Engineering of the Polish Academy of Sciences. Published by Elsevier

B.V. All rights reserved.

Please cite this article in press as: Faust O, et al. Comparative assessment of texture features for the identification of cancer in ultrasound
images: A review. Biocybern Biomed Eng (2018), https://doi.org/10.1016/j.bbe.2018.01.001

20


https://doi.org/10.1016/j.bbe.2018.01.001
mailto:oliver.faust@gmail.com
https://doi.org/10.1016/j.bbe.2018.01.001
http://www.sciencedirect.com/science/journal/02085216
www.elsevier.com/locate/bbe
https://doi.org/10.1016/j.bbe.2018.01.001

2

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

BBE 241 1-22

2 BIOCYBERNETICS AND BIOMEDICAL ENGINEERING XXX (2017) XXX-XXX

1. Introduction

In 2015, heart diseases were the leading cause of death in the
United States and cancer was the second leading cause of
death.Itis predicted that the order will reverse in the future [1].
Therefore, cancer is a big and growing public health problem
[2]. Table 1 lists public health data from the American cancer
society [3]. It shows both the estimated new cases and the
estimated deaths for ovarian, liver, thyroid, breast and
prostate cancers. These cancers contribute 34.64% of all the
estimated new cancer cases and they are responsible for more
than 18.48% of cancer related deaths. In terms of public health,
the problem can be partitioned into cancer prevention,
diagnosis and treatment. Cancer prevention is possible,
because healthy lifestyle choices lower the risk for developing
cancer. The link between lifestyle choices and cancer was
discovered by studies which showed that cancer rates of
migrants move towards the rate measured in the indigenous
population [4,5]. Smoking, consumption of calorie dense food
and reproductive behaviors are also known to increase the risk
of getting cancer [4].

Ultrasound (US) is a non-invasive, cost effective and safe’
medical imaging modality which can be used to detect cancer
[6,7]. Achieving a good diagnosis performance with this
imaging technology requires an integrate interplay of fine
motor skills (to operate the ultrasound transducer) and
cognitive abilities for image interpretation [8]. Hence, practi-
tioners require extensive initial training and continuous
practice. A core problem of this human centric approach for
disease diagnosis is the non-stationary diagnosis quality and
inter- as well as intra-operator variability [9]. Non-stationary
refers to the fact that the performance of human practitioners
varies over time. These variations can be positive, such as
gaining more experience over time as well as negative
triggered by fatigue and other external factors. Overall, the
beneficial properties of US technology outweigh these pro-
blems. Therefore, a vibrant research community explores a
wide range of application areas for this imaging methodology.
Initially, US was used only for application areas where tissue
and bone formations led to sharp edges in the US images
[10,11]. Unfortunately, a wide range of diseases cannot be
diagnosed based on the edges within an US image alone
[12,13]. Many of the new application areas target diseases
whose symptoms and signs are changes in soft tissues [14]. A
prominent example of that problem class is cancer diagnosis,
because cancer cells are very similar to normal cells.
Differentiating malignant from normal cells can be improved
by interpreting image texture, since it contains information
about the scanned tissues [15]. For a human practitioner, the
changes in image texture, which indicate the presence of
cancer, appear to be minute. Hence, human texture analysis is
tiresome and error prone. As a consequence, a human centric
approach leads to a low diagnostic accuracy.

Computer Aided Diagnosis (CAD) can help to overcome the
problems of human texture analysis and thereby increase the
diagnosis accuracy [16,17]. The challenge for such computer
based texture analysis is twofold. First, we need to establish

! It uses no ionizing radiation.

Table 1 - Estimation of the number of new cases and

death for selected cancers in the United states, 2015 [3].

Cancer type Estimated Estimated
new cases deaths

Ovarian 21,290 14,180

Liver and intrahepatic 35,660 24,550
bile duct

Thyroid 62,450 1950

Breast 234,190 40,730

Prostate 220,800 27,540

All the cancer types 574,390 108,950
from above together

All cancer types 1,658,370 589,430

mathematical definitions for relevant image textures. These
mathematical definitions lead to texture analysis algorithms
which can be used in practical CAD systems [18]. The second
problem is to detect the texture changes, which indicate
malignant tissues. It turns out that these problems cannot be
solved a priori; the texture interpretation can only be done a
posteriori. In other words, it is impossible to know what type of
texture analysis algorithm will be sensitive for the subtle
differences between normal and cancer cells in US images.
Therefore, empirical methods identify which texture methods
work well for a specific problem [19]. As a consequence, it is
necessary to test a wide range of algorithms and select the
ones which show the best performance on known data.
Another complicating factor, for computer based texture
analysis, is that most of the known texture algorithms depend
on the image resolution. Hence, specific texture results are not
transferable between different US capturing machines.

Texture information can be extracted using various
methods. In order to select the best algorithm, it is necessary
to have a good understanding of the available methods. The
current review provides an overview of the available texture
algorithms and their applications. We review texture-based US
image analysis in the areas of breast, prostate, liver, ovarian
and thyroid cancer detection. This review shows that texture
features are vital for achieving the diagnostic accuracy needed
for practical CAD systems. Furthermore, we give an overview
of texture algorithms. During the review, we found that only a
few CAD systems are solely based on texture methods.
Research work, that considers only texture algorithms, aims
to improve the understanding of the relationship between
human tissue formations and US images. Robust and therefore
practical CAD systems must be based on a range of different
feature extraction methods, preferably coming from different
imaging methods. We recognize that texture-based image
analysis is a useful and cost effective enhancement of the well-
known US technology. For application areas, such as breast,
liver, ovarian, prostate and thyroid cancer, US based texture
features are vital for CAD.

To support our position, on texture analysis for medical US
images, we have organized the article as follows. The next
section provides pathological background on breast, prostate,
liver, ovarian and thyroid cancer and their typical character-
istics in ultrasound images. The material section contains a
comprehensive review of texture algorithms and we introduce
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