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Abstract

The paper examines various approaches and techniques used for segmenting fractured bones
from CT images, and evaluates the advantages and limitations of each method. It also delves
into the labeling process of fractured bones and emphasizes the importance of expert
involvement in accurately labeling the segments. Additionally, the paper highlights the

challenges and potential outcomes of segmenting and labeling fractured bones in CT images.
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Overall, this review provides valuable insights into the state-of-the-art techniques for
segmenting and labeling fractured bones from CT images, as well as the potential for future

research in this area.

Keywords— Computed Tomography scans, Diagnostic Imaging, Shattered limbs, Computer-

aided Screening, Computer-aided Interpretation.

I. INTRODUCTION
The breaking of bones in the limbs is a frequent injury caused by mishaps, tumbles, and
athletic pursuits. Precise identification and management of fractures are crucial for achieving
the best possible results for patients. Medical imaging methods such as X-rays and CT scans
are capable of producing detailed visuals of fractures, but marking them can be a time-
consuming and laborious process. Machine learning techniques have emerged as a potential
remedy to this issue. We suggest a semi-supervised learning technique for labeling fractured

limb data in this paper.

Identifying and separating broken bones from CT scans is a crucial aspect of medical
visualization and simulation, as it enables personalized patient data to be used in these
applications. Nonetheless, marking fractured bones typically necessitates the skill of an
expert, and separated pieces may need to be merged because of their proximity and the CT
image's resolution. While traditional approaches excel at identifying healthy bone, they
cannot differentiate between individual bone fragments. The detection and separation of
fractures are challenging tasks owing to their complexity and appearance variations.
Nevertheless, recent progress in computer vision and machine learning has resulted in various

accurate and automated techniques for segmenting and marking fractures in CT images.

Traditional techniques like thresholding, region-growing, and edge-based segmentation have
been employed to segment sound bones, but these methods encounter difficulty in detecting

and segmenting fractured bones because fractures are intricate and uneven in shape.

The development of various methods for precise and automated segmentation and labeling of
fractured bones from CT images has been facilitated by the latest progressions in machine

learning. Among these methods are deep learning-based techniques like convolutional neural
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networks (CNNs) that have displayed positive outcomes in recognizing and segmenting

fractured bones.

Additional methods consist of the utilization of pre-segmented bone models in a library to
produce precise segmentation outcomes, known as multi-atlas segmentation, and the use of

deformable models in active contour models to precisely outline bone boundaries.

In general, the methods for identifying and categorizing fractured bones in CT images differ
in their level of difficulty and effectiveness. Although deep learning-based methods have
demonstrated the greatest potential for achieving precise and automated results, there are still
instances where classical techniques and other advanced methods may be beneficial.
Therefore, it is crucial to assess the unique requirements of each application before selecting

a suitable method for segmentation and labeling.

II. METHODOLOGY
Detecting and segmenting fractures is difficult because of the intricate nature of the fractures
and the differences in their visual characteristics. Nonetheless, the progression in computer
vision and machine learning has resulted in the creation of various approaches for precise and
automatic labeling and segmentation of broken bones from CT images. Below are some of

the commonly used methods.
A. Threshold-based segmentation:

A method that is both easy and efficient for dividing broken bones into segments involves
applying a threshold value to differentiate between pixels that represent bone and those that
do not. This approach, known as thresholding segmentation, is commonly utilized in the
examination of CT scans of bones. CT scans of bones are a form of medical imaging that
employs X-rays to generate precise images of bones, which are useful for identifying a range

of bone-related ailments, such as fractures, osteoporosis, and bone cancer.

Thresholding segmentation is commonly used in medical image analysis for its simplicity and
efficiency in providing accurate segmentation results. However, the choice of the threshold
value is crucial as it can greatly affect the accuracy of the segmentation and lead to incorrect
diagnoses and treatments. To address this issue, different automatic thresholding techniques

such as Otsu's method, adaptive thresholding, and entropy-based thresholding have been
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developed. Otsu's method is a widely-used technique that determines the optimal threshold
value by minimizing the variance between two classes of pixels in the image. This is
achieved by finding the intensity value that minimizes the weighted sum of the variances of

the two-pixel classes.

Adaptive thresholding: The technique of adaptive thresholding alters the threshold value of
an image based on its specific local characteristics, and is particularly advantageous for
images with varying brightness levels where a uniform threshold value would not be
appropriate. To determine the threshold value in adaptive thresholding, the average or median

intensity value of pixels in a neighboring area around each pixel is taken into account.

Entropy Based Thresholding: The method of entropy-based thresholding aims to increase the
amount of information present in the segmented image by setting the threshold value based
on the maximum entropy of the image. This technique is especially advantageous when
dealing with images that have intricate backgrounds, where a basic thresholding approach

may not yield satisfactory results.

To sum up, thresholding segmentation is a frequently utilized method in medical image
examination, especially when dealing with bone images from CT scans. Despite the
simplicity of the thresholding segmentation process, the accuracy of the segmentation
outcome can be considerably influenced by the chosen threshold value. As a result, several
automatic thresholding techniques have been created to establish the ideal threshold value
based on image characteristics. These techniques can enhance the precision and dependability
of the segmentation results, which may result in more precise diagnoses and treatment

choices. [1]

B. Region Growing segmentation:
Segmentation based on regions involves grouping connected pixels that share similar
properties, such as intensity or color, according to predefined rules. This method is more

suitable for noisy images compared to edge-based segmentation.

The Region growing technique begins by selecting a seed pixel and examining its

neighboring pixels. If the neighboring pixels conform to certain predetermined criteria, they
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are included in the seed pixel's region, and the process is repeated until there are no more

matching pixels.

This approach follows a bottom-up strategy, and a threshold can be established as the
preferred criterion for region growth. For example: Consider a seed pixel of 2 in the given
image and a threshold value of 3, if a pixel has a value greater than 3 then it will be
considered inside the seed pixel region. Otherwise, it will be considered in another region.

Hence 2 regions are formed in the following image based on a threshold value of 3. [2]

1 1 5 6 5 5 1 1 5 6 5 5 R1 | R1 | R2 | R2 | R2 | R2
2 (16| 7| 4686 2 1l | 7| 4|68 R1 | R1 |R2 | R2 | R2 | R2
3| 2|7 |4a]|6]|7 3 7146 |7 Ri | R1|R2 | R2 | R2 [ R2
1]ofls|[s|7]s N1 [ofls|[s|[7]s Ri [ R1|R2 | R2 [ R2 | R2
2 0 4 6 8 5 2 0 4 6 8 5 Ri |R1 | R2 [ R2 | R2 | R2
0 1 6 4 5 8 0 1 6 4 5 8 R1|R1 | R2| R2 | R2 | R2
Original Image Region growing process with 2 as Splitting imagsinto twa reglons

the seed pixel. based on a threshold.

There are several methods used for region-based segmentation in CT scan bone images.

These include the following:

1) Watershed Segmentation: A method of segmenting medical images, particularly CT
scan bone images, which utilizes topography, is used to pinpoint areas of interest. The

technique involves using a gradient map to identify the boundaries of these regions.

2) Active Contour Model: A segmentation method, which operates based on regions,
utilizes a curve to depict the boundary of the area that is of concern. The curve is
gradually adjusted until it aligns with the actual boundary of the area. This method is

commonly applied for the segmentation of regions that possess an irregular shape.

3) Fuzzy C-Means Clustering: A technique for segmenting regions in an image is
employed here, which involves grouping together pixels that are similar to each other.
The technique relies on a membership function that assigns pixels to a cluster based

on how closely they resemble the centroid of that cluster.

4) Level Set Method: A segmentation technique based on regions is utilized to segment

complex boundary regions, which involves using a curve to represent the region's
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boundary and iteratively adjusting the curve until it matches the region's actual

boundary. [2]
C. Graph Based Segmentation:

Graph-based segmentation, a technique that partitions images into regions based on their
properties by modeling them as graphs, is frequently employed in medical imaging
applications such as CT scans of bones. These scans are commonly utilized for the diagnosis
of bone conditions like fractures, osteoporosis, and bone tumors. By isolating particular
regions of interest in the image, graph-based segmentation can assist in accurate diagnosis of

bone-related ailments.

The process of segmenting graphs involves a series of actions, such as preparing the image
beforehand, generating a graph, clustering the graph, and post-processing. Pre-processing is
crucial as it eliminates unwanted distortions and enhances segmentation precision. Next, a
graph is created with each pixel depicted as a node, and edges linking adjacent nodes. The

edges' weights rely on the resemblance between the pixels represented by the nodes.

To cluster the graph, the nodes need to be divided into different areas according to the weight
of the edges. There are different algorithms available to achieve this, including spectral
clustering. Spectral clustering utilizes the graph Laplacian's eigenvalues and eigenvectors to
partition the graph. The clustering algorithm generates a collection of labels, with each label

representing a specific region in the image.

To enhance the accuracy of the segmentation outcome, post-processing techniques, including

morphological operations, can be employed to eliminate small objects or bridge gaps.

Using graph-based segmentation in CT scan bone images offers various benefits. To begin
with, this technique can precisely segment areas of interest within the image, regardless of
their irregular or complex boundaries. Additionally, it can effectively deal with images that
have varying levels of illumination and noise, which may negatively affect the accuracy of
other segmentation methods. Finally, this approach is flexible and can be customized for

different types of images by modifying the graph construction or clustering algorithm.

To summarize, graph-based segmentation is a robust method of analyzing images commonly

utilized in medical imaging, particularly for CT scan bone images. The technique involves
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several stages, such as image pre-processing, constructing a graph, graph clustering, and post-
processing. The use of graph-based segmentation in CT scan bone images offers multiple
benefits, such as its precision in identifying areas of interest and its adaptability to varying

image types. [3]
D. Machine Learning based Segmentation:

Machine learning-based segmentation techniques have gained popularity in recent times
owing to their capability to comprehend intricate features from data and potential for
automation. You can find additional details and research papers on the subject of using such

methods for segmenting fractured bones below:
1) Convolutional Neural Networks (CNNs):

Convolutional neural networks (CNNs) are a kind of deep learning algorithm that
have achieved remarkable achievements in tasks related to the classification and
segmentation of images. These networks consist of several layers of convolutional
filters that extract characteristics from the input images. Once the features are
extracted, they are transmitted to fully connected layers to determine the final
segmentation. CNNs have gained popularity in medical image segmentation due to
their capacity to learn intricate features from vast datasets. When it comes to fractured
bone segmentation, CNNs can be trained to recognize the position and size of

fractures in CT images.
2) Random Forests (RFs):

Random Forests (RFs) are a category of machine learning algorithms that leverage a
group of decision trees to predict outcomes. These decision trees are trained on a
subset of input features, selected randomly, and the overall prediction is generated by
consolidating the predictions of all the decision trees in the group. Due to their
interpretability and capacity to process high-dimensional data, RFs are extensively
employed in medical image segmentation. Specifically, in the case of fractured bone
segmentation, RFs can be trained to recognize fractures' existence and location in CT

images.
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3) Support Vector Machines (SVMs):

SVMs are a popular machine learning algorithm used for tasks involving binary
classification. Their approach involves locating the most effective hyperplane to
distinguish between different classes of input data. When applied to identifying
fractures in CT images, SVMs can be trained to accurately detect their presence. To
enhance their effectiveness, SVMs are often combined with other techniques such as

genetic algorithms. [4]
E. Geometric labeling:

The process of geometric labeling is utilized in medical image analysis to divide fractured
bones into segments. Standard image segmentation methods can struggle to accurately
segment fractured bones due to the irregular shape and size of the fractures, which makes it

hard to distinguish them from the surrounding bone tissue.

The technique of geometric labeling refers to the process of assigning geometric
characteristics, such as curvature, orientation, and proximity to surrounding points, to the
points located on the surface of a bone. To accomplish this, mathematical algorithms are
employed to calculate these features, which are then employed to categorize the points into

distinct groups based on their geometric qualities.

After the points have been sorted into categories, a triangulation algorithm is applied to create
a surface mesh from the marked points. This mesh can subsequently be employed to divide
the fractured bone into sections by detecting spots where the mesh displays gaps or

abnormalities.

The technique of geometric labeling has proven to be effective in separating broken bones in
different medical imaging techniques like CT and MRI. This method has been demonstrated
to be resilient and precise, even when dealing with intricate fractures that cannot be easily

segmented using conventional approaches.

In general, the use of geometric labeling shows great potential in the division of broken bones
and has the ability to enhance the precision and dependability of medical image examination

for the purpose of diagnosing and planning treatment for fractures. [5]
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F. Topological labeling:

Topological labeling is a technique that involves examining the shape and boundary
arrangement of objects in an image and assigning them labels based on their topology. These

"nons

labels, such as "hole," "island," "handle," or "void," are determined by analyzing the object's
topological properties, including the number and location of holes and handles, as well as the

number of connected components.

Topological labeling is a versatile tool with many applications. For instance, in medical
imaging, it can help identify and categorize tumors based on their topology, which can aid in
the development of effective treatment plans. In object recognition, it can classify objects
based on their topological structure, which can improve computer vision systems' ability to

recognize and identify objects.

Topological labeling can also be used in conjunction with other labeling techniques, such as
geometric or color-based labeling, to provide a more complete understanding of the objects in

an image.

Overall, topological labeling is a powerful tool with numerous applications in various fields,

including medicine, engineering, and computer vision. [6]
G. Semantic labeling:

The process entails categorizing the fracture according to its classification, like a basic or
shattered fracture. Such a classification method can furnish significant insights to medical
professionals since distinct types of fractures may demand diverse approaches to treatment.
[7]
III. CONCLUSION

In conclusion, this review paper has examined the challenges of segmenting and labeling
fractured bones in CT images and evaluated various techniques used to overcome these
challenges. The traditional techniques like thresholding, region-growing, and edge-based
segmentation have been employed to segment sound bones, but they encounter difficulty in
detecting and segmenting fractured bones because fractures are intricate and uneven in shape.
However, recent advancements in computer vision and machine learning have resulted in

various accurate and automated techniques for segmenting and marking fractures in CT
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images. Our analysis of these techniques has revealed their advantages and limitations, and
emphasized the importance of expert involvement in accurately labeling the segments. The
proposed semi-supervised learning technique for labeling fractured limb data shows potential
in achieving precise and automated results for segmentation and labeling of fractured bones
from CT images. We also highlighted the importance of assessing the unique requirements of
each application before selecting a suitable method for segmentation and labeling. Overall,
this paper provides valuable insights into the state-of-the-art techniques for segmenting and
labeling fractured bones from CT images, and the potential for future research in this area to

improve diagnosis and treatment of bone fractures.
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