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Computer-aided diagnosis (CAD) has been a promising area of research over the last two decades. How-
ever, CAD is a very complicated subject because it involves a number of medicine and engineering-related
fields. To develop a research overview of CAD, we conducted a literature survey with bibliometric anal-

Accepted 4 February 2017 ysis, which we report here. Our study determined that CAD research has been classified and categorized

according to disease type and imaging modality. This classification began with the CAD of mammograms
Keywords: . . and eventually progressed to that of brain disease. Furthermore, based on our results, we discuss future
gzrgputer—alded diagnosis directions and opportunities for CAD research. First, in contrast to the typical hypothetical approach, the

data-driven approach has shown promise. Second, the normalization of the test datasets and an evalu-
ation method is necessary when adopting an algorithm and a system. Third, we discuss opportunities
for the co-evolution of CAD research and imaging instruments—for example, the CAD of bones and pan-
creatic cancer. Fourth, the potential of synergy with CAD and clinical decision support systems is also
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discussed.
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1. Introduction

In the last two decades, significant progress has been made
in Information Technology. This includes the proposal of new
imaging modalities, because of which developments in the com-
puterized analysis of medical images are expected in the future.
Diagnosis through computerized analysis, known as computer-
aided diagnosis (CAD), was originally developed for breast cancer
using mammography in the 1960s, and has since been extended to
the diagnosis of lung cancer, colorectal cancer, and so on [1-3].

Using CAD, doctors, primarily radiologists, can use computer
support as a “second opinion” and make a final decision more
quickly and with greater confidence. There are two types of
CAD research—“Detection” and “Diagnosis”—and it consists of two
phases—a “propose phase” and an “evaluation phase” [4] (Fig. 1).

In CAD research, “Detection” implies a technology designed to
reduce observational oversight in general by marking the regions
of an image that have potential for specific abnormalities. “Diag-
nosis” implies a technology designed to assess a disease using
image-based information. Thus, CAD is an important technology
to reduce the burden on doctors and medical staff, and shorten
the time required for the interpretation of medical images. Fur-
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thermore, CAD systems have increased the accuracy of diagnosis,
which has led to their increased use over the years, such that CAD
technology is now a major research subject in medicine [1,5-8].
CAD systems might have been separately developed in each depart-
ment of medicine, such as imaging modalities. However, it is too
difficult to comprehensively determine the research trends and the
“big picture” in CAD.

In this article, we present an overview of recent develop-
ments in CAD to support future cross-sectional studies. In general,
there are two main approaches to grasping a research overview:
expert-based approach and computer-based approach [9]. The
expert-based approach involves convincing, but is often subjective
and admits of the possibility that some subjects are overlooked
in the research. On the contrary, the computer-based approach
presents objective results and provides an accurate overview of the
medical scenario in question. Several studies have been conducted
using the expert-based approach in CAD [4,6,7,10-15], but these
researches have alittle chance to overlook the important fact which
author did not grasp. Hence, we used a computer-based approach
called bibliometric analysis for objective discussion in this paper.

2. Methodology and data
2.1. Methodology

Bibliometrics is a field of research in library and information sci-
ence (LIS) that features various methods to quantitatively analyze
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the bibliographic information of papers, patents, and so on. Bib-
liometric methodologies generally use Information Technology to
process and analyze quantitative as well as qualitative data from
bibliographic information and provide meaningful implications.

In this research, we selected citation network analysis, which
is an effective bibliometrics methodology to identify an overview
of an academic field. This technique analyzes the characteristics
of a field with little chance of missing important research in each
domain [16-19].

Fig. 2 shows an overview of our research methodology [16]. We
first acquired relevant CAD research papers from each academic
domain of interest using an academic publication database by using
selected queries (Fig. 2a). We then constructed a citation network
by regarding papers as nodes and direct citations as links (Fig. 2b).
We did this because a previous study had indicated that direct cita-
tion is the best approach to detect emerging trends [20]. Following
this, we eliminated irrelevant papers that were not linked to other
papers in the largest graph component of the citation network to
focus on the mainstream of research (Fig. 2c). Finally, we organized
the network into clusters (Fig. 2d) using a topological clustering
method known as Newman'’s algorithm [21]. In Newman’s algo-

rithm, clusters are divided into subsets in accordance with a rule
that maximize modularity: Q. Then, Q is defined as follows:
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where Q is the independence of a cluster, M is the number of clus-
ters, s is the cluster ID, | is the number of links in the entire network,
Is is the number of links inside module S, and d; is the total number
of links of nodes in S.

Newman'’s algorithm has been noted to build well-separated
clusters in terms of research domains [16-19,22]. The networKk is
visualized using a large graph layout (LGL) [23]. The LGL can help
visualize large-scale networks containing thousands of nodes and
millions of links within a reasonable computational time. For ease of
recognition, intra-cluster links in the same network are expressed
in the same color.

Following clustering, we analyzed the characteristics of each
cluster, including the average publication year of papers, the num-
ber of citations, journal name, and the term frequency-inverse
document frequency (tf-idf). Tf-idf is the best approach for dis-
covering corresponding relationships between papers [18], and is
defined as follows:
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where ¢; is the given term, n;; is the number of occurrences of
term t;, D is the total number of documents, and d is the number of
documents containing term t;.

In addition to simple keyword analysis; semantic similarities
between clusters were measured to investigate semantic linkages
of topics in each CAD field [24]. Semantic similarity was measured
by cosine similarity [22]; defined as follows;
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where t and s are clusters in each domain, and j; and js are term
vectors of clusters t and s, respectively. Cosine similarity increases
when each cluster tends to share the same words more frequently,
which implies the existence of common research topics among
clusters

CosineSimilarity(t, s) =

2.2. Data

We collected bibliographic data from academic publications
related to CAD. Our data, including title, author, publication year,
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