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State-of-the-Art in Medical Image Segmentation
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Abstract  Medical image segmentation is the basis of various applications of medical image,
which have shown more and more important values in the current clinical computer-assistant
diagnosis, image guided surgery and radiological treatment. Many categories of medical images
have been researched for clinical requirement such as the imaging systems of magnetic resonance
(MR), computer tomography (CT), positron emission computed tomography (PET) and
ultrasound (US), where MR imaging can produce image modalities with different time-parameter
series. Therefore, technologies of medical image segmentation became a particular applied science
system which serves for different imaging modalities, clinical object and anatomic site. Integrating
with the existing research results from home and abroad, the paper gave detailed introduces and
contrasts for current methods of medical image segmentation; the development trend of medical
image segmentation technologies was also shown, based on investigation and analysis of six most

prestigious scientific journals and conferences.
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Background

Computer-aided segmentation is a key step finding
application in computer aided diagnosis, clinical studies, and
treatment planning. In recent years a wide variety of approa-
ches have been proposed to segment CT and MR images
having their own merits and limitations. The present review
provides the basics of segmentation approaches and their
respective features. It is desired from medical image segmen-
tation and classification algorithms that they must have the
following features: (1) accuracy and reliability, (2) suitability
and performance, (3) repeatability, (4) least dependency on
the operator, (5) applicability, and (6) computational cost.

Their performance can be improved by integrating them
with artificial intelligence techniques. Techniques based on
textural features utilizing atlas or look-up-table have excellent
results on medical image segmentation. However, they need
expert knowledge in building the atlas. The limitation of atlas
based technique is that under certain circumstances it becomes
difficult to correctly select and label data; it has difficulties in
segmenting complex structure with variable shape, size, and
properties.

In this paper, the shape knowledge driven taxonomy for
segmentation algorithm is analyzed. The taxonomy is based
on a continuum between two extremes: purely image based

methods and strong shape dependent methods. Using this

shape driven taxonomy, the following conclusions on
segmentation algorithms can be drawn. First, the less shape
knowledge is incorporated in the segmentation process, the
more general a certain segmentation algorithm can be used.
However, the objects to be segmented must exhibit a strong
image contrast. Contrary to it, the more shape knowledge is
incorporated the lesser image contrast is required but also the
more specialized a segmentation algorithm becomes.

This article gave state of the art survey of medical image
segmentation in associate with the research of the key prob-
lems as well as current clinical application. We aimed to lay
the foundations for our project “image-guidedbio-simulation
radiotherapy machinery” and “image-guided radiation therapy
of dynamic tumor”, both of them were founded by the Program
for Development of Talent Team Resources in Guangdong
Province (No. 2011S013). This paper also supported in part
by grants from National Natural Science Foundation of China
(Nos. 61472411, 61179020, 61471349, 61401451), the
National High Technology Research and Development
Program (863 Program) of China (No. 2015AA043203),
Shenzhen Foundation Research (JCYJ20130401170306812,
JCYJ20140417113430665) and the National Natural Science
Foundation of China-Guangdong Joint Fund Project

(U1201257).



