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ABSTRACT: Photogrammetry has been used for medical diagnostic and treatment. Mostly used medical
photogrammetric techniques are Ultrasound, Computed Tomography (CT) and Magnetic Resonance Imaging (MRI)
images. CT and MRI are the most effective method for the early detection of foot and ankle anomaly. Researchers have
been developing various methods to detect anomaly. Many image segmentation techniques are available in the literature.
Computer Aided Diagnosing (CAD) system has been proposed in this study for detection of foot bone anomaly by the
analysis of CT images. In this study, a segmentation based on edge detection method is proposed for the classification of
anomaly in foot CT images. Edge detection algorithms are the most commonly used techniques in image processing for
edge detection. Canny edge detector is evaluated in this study.
In this study, “.dicom” medical image standard format and ten male patient's foot CT images (245 images and 50 test
data) are used. The used parameters are detector collimation of 64 mm, scanning thickness of 1-5 mm, and pixel sizes of
512x512 in radiometric resolution of 16 bits’ gray levels.
The proposed method consists of five major steps: (i) calculating the horizontal & vertical gradient, (ii) determining
gradient magnitude and gradient direction, (iii) applying non-maximal suppression, (iv) computing high and low
thresholds, (v) hysteresis thresholding are applied to the multi-detector computed tomography to detect the bone anomaly.
In this study, automatic edge-based digital image processing techniques are applied to detect of foot bone anomaly.
The proposed canny segmentation method enables users segment anomaly in MDCT of foot very quickly and efficiently.
The results demonstrate that the proposed segmentation method is effective for segmenting anomaly. The proposed
method obtains satisfactory performances in terms of accuracy and F-measure the area under Receiver Operating
Characteristic curve (ROC curve (AUC)). The proposed segmentation method achieves an accuracy of 0.86 and Fmeasure of 0.92, respectively.
The purpose of our study is to detect the anomaly of the foot and it was the simplest and less time consuming process.
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1. INTRODUCTION

subsequent feature detection step. Image segmentation is
the process clustering or dividing an image into multiple
homogeneous regions and simplifying and obtaining
searched object from original image (Kizilkaya, 2008).
Image segmentation algorithms generally are based
on one of two properties of intensity values: similarity
and discontinuity. Edge detection is the most common
approach for detecting meaningful discontinuities in
gray scale by far (Gonzalez and Woods, 2007).
Edge detection defines object boundaries within
images and basically it is an image segmentation
technique. The edges and corners in images can be
found by detecting changes of image brightness or
discontinuities sharply (Kizilkaya, 2008).
Segmentation can be classified as follows:
• Region Based
• Edge Based
• Pixel Based
• Feature Based Clustering
• Model Based
Edge detection techniques are done through
detecting the maximum value of the first derivative or
zero crossing of the second derivative. The
representative first order differential operators (Roberts,
Prewitt, Sobel, etc.) and second order differential
operators (Laplace, LOG, etc.) (Rong et al., 2014). In
(Biswas and Sil, 2012; Kabade and Sangam, 2016), the
three main principles of the canny edge detection are as
follows: low error rate, good localization of edge points
and one response to a single edge.
Evaluation of the images showed that under noisy
conditions, Canny, LoG, Sobel, Prewitt, Roberts’s
exhibit better performance, respectively (Maini and
Aggarwa, 2009). In (Yuksel and Borlu, 2009), the
Canny’s edge detector was used to find the best region
growing method for medical image segmentation
(Biswas and Sil, 2012). Canny edge detection algorithm
is used in this study.
The flowchart of the proposed method is shown in
Figure 1.

The medical photogrammetry, being non-invasive
methods are, apart from their geomatics applications,
very convenient and precise tools for measuring medical
forms and functions, as well as shapes, locations and
three-dimensional of anatomic organs, area, volume and
their changes in time. Medical photogrammetry
generally uses medical images. Medical imaging is
varied: computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound, angiography, and others. CT
that used in this study, becomes a key tool for any
theoretical framework and applied examination. In
medical imaging, many applications require the
classification of images in different anatomical regions:
bone, muscles, organs and detection of pathological
areas, such as tumors or anomaly lesions.
Anomaly lesions of the foot and ankle are rare (Foo
and Raby, 2005; Bakotic and Huvos, 2001; Mascard et
al., 2017). Several diagnosis methods have been
proposed for anomaly/tumor detection. MR and CT
imaging methods are commonly used for diagnosis
(Hasbek et al., 2013). However, these imaging and
diagnosis systems are not sufficient alone to meet
accurate and reliable results. Second opinion is essential
to avoid inadequacies and additional requirements of
imaging systems and technicians and physicians failures.
Therefore Computer Aided Diagnosing (CAD) is
proposed for diagnosis and treatment (Lodwick et al.,
1963; Toriwaki et al., 1973). CAD is applied widely in
the detection and diagnosis of many types of
abnormalities in medical images obtained in
examinations by use of different imaging techniques
(Giger et al., 2000). CAD is a term that established by
taking into account equally the roles of physicians and
software, whereas automated computer diagnosis is a
concept based on computer algorithms only (Doi, 2007).
Edge detection can be used in many fields such as in
medical field. Canny has proposed a new method of
edge detecting (Canny, 1983; Canny 1986), which is the
best one to step-type edge which is influenced by noise.
Canny edge detection algorithms are the most
commonly used techniques in image processing for edge
detection. Canny edge detector is evaluated in this study.
In this study, most convenient segmentation method
has been searched to detect anomaly of the foot in CT
images. Matlab platform has been used for anomaly
segmentation.
The manuscript of the paper is organized as follows:
1. Introduction, 2. Segmentation, 3. Bone anomaly, 4.
Methods, 5. Conclusions. These five steps are described
in more details as the following sections.
2. SEGMENTATION
The image preprocessing is an important step before
doing further the segmentation of anomaly. Image noise
is removed before segmentation. Segmentation is the
most
important
part
in
image
processing
(Yogamangalam and Karthikeyan, 2013). The accurate
segmentation of foot anomaly is an essential step for
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Figure.1 Canny edge detection flowchart
Algorithm:
1. Convolve with gradient filters (at multiple scales);
⃗( ⃗) ≡
( ⃗), ( ⃗) =
⃗;
∗ ( ⃗)

Figure.2 CT Images stack
(1)

2. Compute response magnitude;
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Talus

² ( ⃗)
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(2)
3. Compute local edge orientation (represented by unit
normal);
⃗( ⃗)
⃗ >
( ⃗), ( ⃗) / ⃗ ,
=
,

Calcaneus

Figure.3 3D Foot anatomy

(3)
4. Peak detection (non-maximum suppression along
edge normal).
5. Non-maximum suppression through scale, and
hysteresis thresholding along edges (Jepson and Fleet,
2009). You can see (Canny, 1986) for algorithm details.
In the presented study, canny edge detector has been
used to obtain anomaly segments and their boundaries.
The bone anomaly can be divided into two groups,
namely primary and secondary (metastatic) tumors (Rice
et al., 2014) and they are rarely encountered (Foo and
Raby, 2005; Bakotic and Huvos, 2001). The general
classification of bone tumors is given by (Ozer et al.,
2014) as below :
•
Benign bone tumors
•
Benign/aggressive bone tumors
•
Malignant bone tumor.

The used parameters are detector collimation of
64x2mm, scanning thickness of 1-5mm, pixel sizes of
512x512 in radiometric resolution of 16 bits’ gray
levels. The axial images in Digital Imaging and
Communications in Medicine format were first
transferred into a personal computer.
Proposed Algorithm;
Step 1: CT (.dicom) image read
Step 2: Calculating the horizontal & vertical gradient
Step 3: Determining gradient magnitude and
gradient direction
Step 4: Applying non-maximal suppression
Step 5: Computing high and low thresholds
Step 6: Hysteresis thresholding
Step 7: Output
Figure 4 shows (a) the CT .jpeg image and (b) 3D of
foot in the window.

3. METHODS
Computed Tomography images are obtained from
Faculty of Medicine, Bezmialem Vakif University.
Digital medical image format is DICOM (Digital
Imaging and Communications in Medicine). CT images
of ten male patient's foot (245 slices and 50 test data) are
used. CT image stack is given in Figure 2.

(a)
(b)
Figure. 4 CT .jpeg image and 3D model
Figure 5 shows the CT raw data in the window, the
edge detection results of the canny in the slice has been
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given in Figure 6.

and F-measure the ROC.
TP + TN
Accuracy =
TP + TN + FP + FN
F − Measure =

2TP
2TP + TN + FN

(4)
(5)

where; TP is the number of true positives, TN is the
number of true negatives, FP is the number of false
positives and FN is the number of false negatives.
To verify the proposed classification method, a
comparison experiment with different two of test
samples is performed. 50 different of image samples are
selected for testing in this experiment and divided into
two: anomaly and normal. After these process, 245
images were processed in the algorithm in order. The
images are divided into anomaly or not. After this, roc
analysis was done.
Figure.5 Original CT raw data

4. RESULTS AND CONCLUSION
This study proposes edge-based segmentation method
for automatic bone of foot anomaly segmentation on CT
images. An accuracy of 0.86 and F-measure of 0.92 are
obtained, respectively. Since edge detection is an
important step in digital image processing, it is
necessary to point out the true edges to get the best
results from the image process. So it is important to
choose edge detector that suitable best to the application.
Canny edge detector method enables users segment
anomaly in MDCT of foot too quickly and efficiently.
Canny edge detection algorithm is one of the best
algorithms since it provides more accurate edge
detection values for applying searching algorithm in the
this work (Biswas and Sil, 2012; Catal Reis et al, 2016).
In this work, canny edge detection algorithm for
extracting the edge for the medical images have been
used. We are also planning a further similar study on
different bones’ tumor.

Figure.6 Examples of segmentation results by the
proposed segmentation algorithm (Close-ups of the
improved canny segmentation results (red))
A flowchart of the proposed method is shown in Fig. 6
and Fig.7. Original CT image and anomaly-background.
The red frame indicates the anomaly, respectively. If
there are two or more closed areas, there is anomaly in
that bone.
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