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3D bones segmentation based on CT images visualization.
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Abstract
Currently, in the medical imaging, equipment produces 3D results for better visualization and cure.
Likewise, need of capable devices for representation of these 3D medicinal images is expanding as it is
valuable to view human tissues or organs straightforwardly and is an immense support to medical staff.
Consequently, 3D images recreation from 2D images has attracted several researchers. The CT images
normally composed of bones soft tissue and background. This paper presents 3D segmentation of leg’s
bones in Computed Tomography images (CT scan). The bone section is extracted from each 2D slice and
is placed in the 3D space. Surface rendering is applied on 2D bone slices. The data is visualized via
multi-planar reformatting, surface rendering, and hardware-accelerated volume rendering. At last, the
paper presents an enhanced technique to reproduce 3D bone segmentation in medicinal images that
exhibits promising outcomes as compared to the techniques reported in literature. The proposed
technique involves contour extraction, image enhancement, segmentation, outlier reduction and 3D
modelling.
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Introduction
Medicinal imaging is a progressing filed, several issues such as
noise removal, contrast enhancement, visualization and
segmentation of tissues are still fresh [1]. 3D visualization
from 2D images is need of medical doctors for better
visualization of tissues and treatment. Nonetheless, significant
endeavours have been done in biomedical and biomechanical
fields to help therapeutic applications. These endeavours have
been leaded to make novel techniques for finding and
treatment of numerous fatal diseases and surgical operations.
Medical imaging techniques being used frequently to scan
organs inside human body include Computed Tomography
(CT), Magnetic Resonance Image (MRI) and 3D-4D
ultrasound. CT system utilizes X-beam to create images for
specialist's better understanding of bones contrast; either CT or
MRI equipment could provide clear contour of bone and soft
tissues. However, current 2D visualization lacks of exhibiting
high contrast and therefore 3D visualization is in high demand.
3D reconstruction of organs by using MRI and CT scan
represents closer reality and shows better estimation within
organs. MRI and CT images are used to reconstruct a 3D
model of tissues and bones. Computer methods use these
images to create 3D volume or surface. The goal of medical
image visualization is to propose fixed steps to provide doctors
with valuable comprehension of the images. The current
research aims is to reconstruct 3D model of leg’s bones from
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its cross sectional CT images. The field of 3D visualization of
medical image could be of high importance medical imaging
and assistance to medical experts for cure and treatment [2,3].
The further paper is consists of three main sections. Section 2
presents the proposed approach, section 3 exhibits simulation
results, analysis and finally, section 4 covers conclusion.

Proposed Approach
Indeed 3D models enable medical staff to visualize syndrome
and to prepare treatment plans. Additionally, it is highly
helpful in several surgical operations, dental cure and
treatments.
In the proposed approach MRI and CT-scan generate parallel
image slices from the selected organ. Image processing and
computer graphic methods are used to generate 3D object from
cross sectional images. The proposed approach is composed of
four main steps that include image enhancement, image
segmentation, 3D modelling and 3D visualization; exhibited in
Figure 1. Further sections discuss each step in detail.

Data acquisition
Biomedical division of Universiti Teknologi Malaysia (UTM)
is the main source of data acquisition. CT scan produces
various cross sectional images of located organ. The image set
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includes distinct number of parallel images in 2D matrix
format. Each image presents one slice of selected organ
including bone, lobe and cartilage in grayscale format.

Contour extraction
Each image is composed of complex tissues. For 3D
visualization of an organ, organ pixels are extracted from each
slice. Accordingly, Contour extraction is employed to locate
and extract pixels from region of interested organ. This process
is composed of three sub-steps exhibited in next sub-sections
[4].

Image enhancement
Normally, images are enhanced to improve their visualization
for humans [5]. The histogram of one slice of CT images is
exhibited in Figure 2. It is obvious that image’s pixels are less
than 0.042 and has low range and contrast in histogram.
Consequently, images are enhanced to stretch histogram from 0
0.042 to 0 1 domains exhibited in Figure 3. Finally, this
function is applied on one slice of CT images set of leg bones
to produce cross sectional image of leg bones and results are
exhibited in Figure 4.
Domain mapping [a, b to c, d] based on transformation plan:
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Figure 1. From 2D to 3D visualization.
Figure 3. Histogram transformation function.

Figure 4. Cross sectional image of legs.

Image segmentation

Figure 2. Original CT image’s histogram.
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Segmentation is a critical step in the visualization process [6].
In this step, region of interest (bone) is segmented from rest of
the image. Accordingly, thresholding is the first step in
segmentation of images using different intensity and pixel
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values in foreground and background of image. Following
thresholding, results thus obtained exhibits that bone region is
brighter than other tissues. Thresholding capacity is
characterized in Equation 4 to extract region of interest
presented in Figure 5.

3D modelling
3D object constitutes of several parallel slices. Therefore, to
visualize MR slices image, proposed technique is applied to
create 3D image from 2D input images by placing parallel
images in their own locations in 3D space.
Image segmentation and outlier reduction process is applied on
five hundred CT slices taken from part of leg and 3D model is
generated of these slices such that one slice of bone contour is
placed on two dimensional spaces as presented in Figure 6a.
Moreover, all contours need to be placed in own spatial
position to illustrate a 3D model. Figure 6b illustrates 3D
model of bone.

3D image visualization
Figure 5. Extracted bone from cross sectional image of legs.

Surface rendering and volume rendering are two basic
techniques for generating 3D object from 2D slices [8].
However, both techniques have their own pros and cons.
Surface rendering, places surface batches on contour point of
each slice. It speeds up the process but some image’s points are
missed during 3D image generation. On the other hand,
volume rendering uses entire images to create perfect 3D
image quality but it is high processor demanding.

Simulation Results and Analysis

Figure 6. a) Extracted bone contour. b) Place number of bone
contours in their spatial position.

The proposed technique is implementation to generate 3D
visualization of the tested medical images of all bone slices.
First, surface rendering is applied on 3D model to visualize 3D
object. Figure 7 illustrates 3D visualization of leg’s bone from
2D image. However, for 3D visualization light is mandatory.
Figure 7 is generated following lighting process. At this point,
threshold value is important in two aspects. First, it avoids
noisy segmentation that might cause an unclear visualization
(Figure 8a) and secondly, due to inappropriate threshold,
proposed technique is found unable to extract some slices
during segmentation phase (Figure 8b).

Outlier reduction
Indeed thresholding process distinguished bones from the
background as exhibited in Figure 5. However, some regions
have closer to rest of image such as background that have
intensity values close enough to bone pixels. To reduce such
similarity of pixels, outlier reduction process via
morphological/opening operation is implemented as exhibited
in Figure 5. Actually to reduce noises in images, smooth line
segmentation process and to enhance image vision, opening
and closing morphological operations are basic operation in
image processing. The conducted experiments include one
hundred segmented image slices taken from different part of
legs exhibit that there are some island points not belongs to
bones. This similarity is due to bones intensity with foreground
pixels. Therefore, noises area calculated and removed using
basic morphological operations in order to get clear bone
region [7].
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Figure 7. 3D visualization of leg’s bone.
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Figure 8. Failure results due to (a) noisy segmentation (b) Unsuitable
threshold.

Conclusion
Literature is evident that noteworthy research is directed in
areas of biomedical image analysis and visualization. However,
3D medical imaging techniques are still in demand to assist
medical staff for cure and treatment [9]. Accordingly, this
research has presented an enhanced approach for 3D bones
modelling of CT images. Moreover, in current research,
medical images are 3D reconstructed using surface rendering.
The proposed technique has five main stages including preprocessing, texture analysis, image segmentation, interpolation,
surface fitting and visualization. The proposed approach could
also be employed for other organs and file formats.
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