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Artificial Neural Networks for Long-Bone Fracture
Detection Based on X-Ray Image Contour Features
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Abstract: Two contour-based fracture detection strategies are presented in the ensuing research. The programs are designed to
help medical practitioners identify human long bone fractures from X-ray pictures. The line-based fracture detection systems
suggested in [1] served as the foundation for the creation of the contour-based fracture. Convolutional Neural Networks (CNN)
are widely used in current Computer Aided Diagnosis (CAD) systems to classify broken X-ray images. Even while the current
CAD systems achieve excellent accuracy, doing so comes at a cost: a large volume of training data. By using identified contours
in X-ray pictures, the suggested techniques aim to achieve high classification accuracy with little training data. Two methods
exist for contour-based fracture detection. The first is the enhanced CHFB scheme, while the second is the Standard Contour
Histogram Feature-Based (CHFB). The modified CHFB scheme differs from the other one in that it removes the detected flesh
contours surrounding the leg region. The flesh shapes are identified as non-fractures automatically. To provide an accurate
depiction of the image's edge objects, the contours are further adjusted. From every improved contour, a total of nineteen
characteristics are retrieved.

The frequency of specific identified gradients in the contour is the basis for eight of the nineteen characteristics. Additionally,
the knee, leg, and foot regions are distinguished from one another using the contours' 0~ gradient. The features serve as an
input for the Artificial Neural Network (ANN) and are a condensed representation of the contour. Two assessments are used to
evaluate the system. The first is an overall system performance foundation, which assesses the system using context-rich
contours from the retrieved image. In the second evaluation, the system’'s ANN is solely assessed using randomly chosen
contours; the context of the picture from which it was derived is absent. The evaluation is conducted using identical
experimental setups for both the Standard CHFB and enhanced CHFB schemes. The enhanced CHFB scheme has an average
accuracy of 82.98%, compared to the Standard CHFB scheme's 80.7% average system accuracy. Furthermore, utilizing
recovered 0} gradients from broken contours, the hierarchical clustering approach is used to emphasize the fractured region
within the X-ray picture.

Keywords: Artificial Neural Network, Image Processing, Contour Feature Extraction, Pattern Recognition.

1. INTRODUCTION

Accurate detection is important in the medical arena for both medical practitioners and Computer Aided Diagnosis (CAD) systems.
The author examines the development and state of CAD systems now in [2]. The CAD systems that identify the conditional qualities
for certain medical problems are examined in this research. These include vertebral fractures, lung nodules, cardiomegaly, interstitial
opacities, and interval alterations in chest radiographs. According to reports, CAD systems are classified as a "second opinion™
before doctors make a final choice. The quantity of data needed to train artificial neural networks, which are used in standard CAD
systems, determines the cost of an accurate image-based diagnostic. A fracture detection model is suggested by Kim, D.H. et al. [3]
to look at how much learning can be conveyed in CNN networks. The main goal of the fracture detection was to identify wrist
fractures from X-ray pictures. Five layers make CNN's construction: an input and output layer, two hidden layers, and a linked layer.
11,112 photos in total were used by the authors to train the model. Both fractured and non-fractured photos are included in the
training. The model was tested using one hundred photos in total. There were fifty photos total—fifty with fractures and fifty
without. According to the authors' findings, the sensitivity and specificity came out to be 0.9 and 0.88, respectively.

Furthermore, the model's AUC value of 0.954 shows that it has a good sensitivity for fracture diagnosis. A CAD system is presented
by Brahim A. Et al. [4] for the early diagnosis of osteoarthritis (OA) in the knee. For the detection, the system makes use of machine
learning techniques and knee X-ray imaging. The Fourier filter in the Fourier domain is used for pre-processing of the X-ray
pictures. A dimensionality reduction approach called Independent Component Analysis (ICA) is used to choose among the retrieved
features. The Naive Bayes and random forest classifiers receive these chosen characteristics to classify and detect OA. The scientists
used 1024 knee X-ray scans and obtained an accuracy of 84.98%.
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For the categorization of specific circumstances, feature extraction is crucial. A deep feature fusion CAD system for lung nodule
identification is proposed in [5]. A crucial component of CAD systems are features. The authors combine a range of characteristics
from several CAD systems that use the traditional Convolutional Neural Networks (CNN). As dimensionality reduction is achieved
by the application of Principal Component Analysis (PCA) to features, only important characteristics are considered. When
compared to the traditional CNN, the scientists found that the deep feature fusion method produced better results for lung nodule
detection.

Two Contour Histogram Feature-Based (CHFB) fracture detection schemes are suggested in this paper: an enhanced CHFB system
and a standard CHFB method. The suggested line-based fracture detection systems in [1] serve as the foundation for the approaches.
The enhanced CHFB technique differs from the other one in that it uses automatic contour recognition from surrounding skin. The
strategy uses a feature-based methodology, whereby features are derived from the X-ray image's identified contours. therefore,
lowering the quantity of data pictures needed for precise fracture diagnosis. From each contour, a total of nineteen characteristics are
retrieved. In Section 2.7, the extracted characteristics are covered. PCA is used to analyze the features and identify the dominant
contour feature or features. The feature(s) that distinguish a fractured contour from a non-fractured contour are indicated by the
dominant feature(s), which is the feature(s) that contain the most information to offer insight. Section 2.9 goes into detail on how
PCA is applied. The identified contours are adjusted to remove redundant data prior to feature extraction.

In Section 2.4, the contour refining process is covered in depth. Image segmentation is made possible by the contour's extra
information. An X-ray picture has three unique sections: the knee, leg, and foot regions. The leg area is the focus once the three
regions are divided by the picture segmentation procedure. In Section 2.5, the picture segmentation procedure is explained in depth.
Four layers make up the ANN architecture for CHFB fracture detection: two hidden layers, an input and output layer, and one layer.
Its ANN design is comparable to that of the ANN for the Standard and ADPO schemes. The number of nodes in each layer of the
ANN, however, varies.

1. METHODOLOGY

A. An Overview of the Contour Histogram Feature-Based Fracture Detection System

The Standard and ADPO schemes' components are also present in the CHFB fracture detection scheme. The CHFB scheme differs
from the others in that it includes an image segmentation component, further contouring refinement, and contour detection instead
of line detection. To identify the dominating feature(s) that contribute to fractured and non-fractured contours, PCA is used to the
extracted features. The architecture of the ANN and the training data that it uses to learn are the two parts that make up its training.
When the ANN is executed, it detects broken contours and produces visual output results that allow for testing of the ANN's
accuracy. Furthermore, a hierarchical clustering method using 0 gradient points taken from fragmented contours is used to identify
the fractured region. Figure 1 shows a summary of the CHFB fracture detecting technique.

[ Raw Image Input ]
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Contour Prc
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[ Neural Network Setup ] Testing Data
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Result Output Clustering
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Figure No. 1: Flowchart showing the system overview for the fracture detection approach based on contours.
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B. Image Enhancement

Prior to edge identification and contour extraction, the raw X-ray pictures are treated to guarantee improved and consistent image
quality. Pixel equalization and the elimination of surrounding white space are steps in the picture enhancement process. unsharp
masking, denoising, and gamma correction. The procedure makes sure that the long bone is the main focus of the X-ray picture and
that every pixel is enhanced to provide a sharp contrast between the borders of the bones and every other pixel. The improved image
is used to create a binary picture, which only has black and white pixels and highlights the boundaries of the bones. The Canny edge
detection technique is used to detect edges. The OpenCV2.4 library provides the toolbox needed for Canny edge detection [6, 7].

C. Contour Extraction

The clever picture produced by the Canny edge detection method is used to identify the contours. The clever artwork features a dark
background with highlighted borders. A series of points, (X; y), around picture edge objects is known as a contour [8]. As a result,
the size of each detected contour changes according to the size of the image's edge object. The quantity of points that make up a
contour determines its dimensions. Compared to the identified lines, the contour offers additional details about the items near the
border of the image. This is since contours, which indicate picture edge objects discovered inside the X-ray image, are made up of
more than two points. Nevertheless, redundancy is introduced by repeating points because the contour encircles the edge object. As
a result, to remove the superfluous points that affect the depiction of the picture edge objects, the contours are further improved. The
contours that were recovered from the X-ray picture are shown in Figure 2.

(a) Original Enhanced X-ray Image (b) Extracted Contours from X-ray Image

Figure No. 2: X-Ray Images
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D. Contour Refinement Processing

By removing repetitive locations, further contour processing aims to improve the contours. Because the contour encircling the
picture edge objects is completed by repeated points, the contours are refined. As a result, removing the spots that are repeated
lowers superfluous information and improves the representation of the image's edge object. Figure 3 shows a flow diagram of the
contour refinement procedure. From the beginning index point, Is, the ending index value, le, specifies the point at which all the
unique points inside the contour cease. Beyond le, every other point is a repeating point that makes up the entire closed contour. The
greatest distance, dmax, between the contour's beginning point, p1, and all other points, pi, are computed to find le, where i 2 f2; 3;
4.... mg and m are the total number of points in the contour. (1) is used to compute the distance between each contour point and
point p1, and (2) expresses the greatest distance.

d; = |xp1_xpt|+|yp1_ypt| (1)
where,i € {2,3/4,...,m}
dipax = max(d,, dy, ..., d,)

Di specifies the direction of each point from point p1 and is used to identify the turning points of the closed contour. The directional
status, Di, denotes the direction of each point and is written as Di-2 fiincreasing"; decreasing in (3). Between Di and Dixl, there is a
shift in the directional status, or Di at Di in the contour.

"increasing"
D; = E ok
"decreasing"

The turning point with the shortest distance value, dmin, is located using the direction change, ~Di. As a result, vector, v, stores all
the di at Di that are categorized as turning points. In the form of (I; d), where I is the index value and d is the distance value, vector
vd holds the index and distance values. The formula for the minimal distance (dmin) is.

dpin = min(vd)

E. Image Segmentation

The knee, leg, and foot regions are the three separate areas seen in X-rays of the lower human limb. The zones are divided from one
another so that fracture identification from the X-ray picture may be done using contours (or lines). The goal of the separation
approach is to separate the leg region's observed contours from all other areas. This is to prevent any mistake between the
fragmented contours observed in the leg region and the contours detected in the knee and foot region. The separation process is
predicated on the frequency analysis of gradients with 0~, 45~, 90~, and 135~ values. The identified contours are used to extract the
gradients. The gradient between two neighboring contour points is calculated to get the gradients. The retrieved gradients are
assessed by the frequency analysis at the corresponding vertical location in the X-ray picture.

Because of how the three sections are positioned, the interpretation is done using the image's vertical placements. In addition, the
picture is divided into three independent parts by slicing it horizontally. The process is carried out by looking for patterns in the
retrieved gradients. Further details on the location of the knee and foot regions within the picture are provided by the gradients.
Consequently, compared to the contours within the leg area, the contours within the knee and foot region are more horizontally
positioned.

F. Region \erification

The lower part of the limb (the foot) is at the bottom of the X-ray picture, which has a portrait orientation with the upper part of the
lower limb (the knee area) at the top. As a result, the knee and foot area is verified using the y-values at 0} gradient. Since the other
three gradients don't reveal anything about the regions, only the y-values at the 0} gradients are considered. The image's bottom
right co-ordinate is (xmax; ymax), while the top left co-ordinate is (0; 0). The threshold values for the knee and foot areas are
established using an adaptive method.
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Figure No. 3: Flowchart illustrating the contour refinement processing technique
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(a) Extracted Contours with Foot Region Present (b) Extracted Contours with Knee
Region Present

Figure No. 4: Images illustrating the extracted contours in the knee and foot region.
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Figure No. 5: Density graph for each unique gradient against the image y-values
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G. Neural Network Architecture

Four layers make up the architecture of the ANN: two hidden levels, an input and output layer, and one layer. This neural network is
feed forward and deep. Except for the output layer, the distinction is in the number of nodes in each layer of the ANN. The reason
for this is the increased quantity of characteristics that were taken out of the contours. As a result, n = 22 is the number given ton in
Figure 14. The regional categorization of the foot, leg, and knee is represented by the remaining three nodes.

Input Layer Hidden Lavers QOutput Layer

7 1 In 2

Figure No. 6: Artificial Neural Network

1. RESULT ANALYSIS

There are two assessments used to evaluate the Standard CHFB fracture detection method. While the second evaluation assesses the
performance of the ANN, the first examines the scheme based on system performance. Contours with visual context are used in the
initial assessment. Twenty pictures in all, along with the contours that go with them, are chosen at random to train the ANN. As a
result, a total of 20 examples are available for the system's performance assessment. Since photos are chosen at random from a pool
of 29 images for each example, there are 10 simulations total, which allows for a sufficient evaluation of the system. A picture
typically has 112 contours, with a ratio of 1:3.70 between fractured and non-fractured contours. For every example, a total of 1,720
contours derived from 22 photos are analyzed. Out of the 1,720 contours, 1,433 are non-fractured and 287 are fractured. Table 2
presents the outcomes for every instance. Figure 6 presents the constancy of the detection accuracy visually. The system evaluation's
accuracy falls between 74.3% to 85.17%. resulting in an accuracy of 80.7% on average.

The contours chosen by the second evaluation are at random and are not derived from any specific visual context. For each scenario,
the ANN is trained using an equal number of fractured and non-fractured contours. As a result, 50% of the contours in the training
data are fractured and 50% are not. The contours that are broken and those that are not broken are grouped in multiples of five for
each of the 150 examples. As a result, 1,500 lines in total are employed to train the ANN. Figure 16 presents the findings. The
findings indicate that the ANN's accuracy falls between 78% and 83%.
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No. Trained Images  Min Accuracy (%)  Average Accuracy (%) Max Accuracy (%)

| 13541 789593 84.128
2 12907 80.6338 84.826
3 72191 81.75 85.00
4 71.802 79.2906 84.36
5 70.756 187792 84.012
6 70.93 79.1047 83.256
1 11.261 82.5638 86.221
8 74.884 80.7792 87.151
9 76.163 82.2791 86.395
10 12442 79.8721 84.012
11 76.628 80.4012 84.419
12 14471 80.3662 85.581
13 B2 80.8374 85.233
14 78.953 81.343 84.709
15 74535 80.4128 85.872
16 71.802 80.9767 86.57
17 74.186 81.3779 85.64
18 75.64 81.4826 85.116
19 75872 80.7559 84.826
20 76.144 81.9769 85.988

Table No. 1: The system's lowest, average, and maximum accuracies for the Standard CHFB fracture detection technique throughout
20 cases and 10 simulations

H A

30 4

Accuracy of Detection (%)

Line ADPO accuracy

20 4
20 — Standard CHFB accurscy

10 1

2 3 4 5 6 T 8 9 10 1 12 13 14 15 16 17 18 19 20 21
No. Image Trained

Figure No. 7: Graph illustrating the average accuracy for 20 cases over 10 simulations for the Standard CHFB fracture detection
scheme.
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The ROC graph is a tool used to assess the sensitivity and specificity of binary classification systems [12, 13]. (6) and (7) are used,

respectively, to compute the sensitivity and specificity.
TP

sensitivity = m
Ficity = FP
specificity = FPTTN
Figure 17 shows the ROC graph for the Standard CHFB fracture detection, which has an AUC value of 0.8225. The sensitivity of
the system to identify true positives is shown by the ROC graph. As 1 is the optimal AUC value, a greater number denotes better

sensitivity detection. As a result, the AUC value of 0.8225 is better than the fracture detection systems based on lines. Therefore,
based on the observed data, the system reaches its maximum sensitivity at 0.3 FPR.

ROC graph illustrutating the TPR and FPR for the Standard contour-based fracture detection for image evaluation

ooo °°°° o ;\l-(. : ()\_)._).)

o Measured Results
= Estimates ROC
0.2 o ° 8 —— ROC Reference

True Positive Rate (TPR)
o

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1
False Positive Rate (FPR)

Figure No. 8: ROC curve for the standard CHFB fracture detection

V. DATA IMPROVEMENT

By using the x-value analysis on the contours' beginning and ending points to separate the surrounding flesh contours from the leg-
bone contours, the Standard CHBF fractured detection technique is enhanced. Figure 18 gives an illustration of this. The outlines of
the isolated flesh are automatically categorized as non-fractures. This reduces the ANN's training complexity. Furthermore, the skin
contours are not included in the testing data set used to assess the ANN. If the skin contours are included in the testing data set, the
ANN will not be fairly evaluated because it is not exposed to or knowledgeable about the flesh contours. Therefore, with the revised
CHFB scheme, the average number of contours per picture is 108, and the fractured to non-fractured ratio is 1:3.99. Table 3 presents
the results of the system evaluation of the revised CHFB scheme, which is based on 1,866 contours. 277 fractured and 1,433 non-
fractured contours out of 1,866 total contours. The system's accuracy spans from 77.08% to 87.0%, resulting in an average accuracy
of 82.98%. Figure 19 is a graphical representation of the accuracy. A little improvement in accuracy is seen for the modified CHFB
scheme when comparing Figures 15 and 19. The accuracy increased to an average of 82.98% from an earlier 80.7% accuracy.

Figure 20 displays the AUC curve for the revised CHFB scheme, which has an AUC value of 0.8275. Compared to the Standard
CHFB scheme, which has an AUC value of 0.8225, this is a little improvement. As a result, the enhanced CHFB system is more
sensitive than the Standard CHFB scheme. Based on the observed data, the enhanced CHFB scheme achieves its maximum
sensitivity at 0.21 FPR.
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V. CRITICAL ANALYSIS

The enhanced CHFB scheme has an average accuracy of 84.03%, compared to 82.21% for the Standard CHFB scheme.
Performance-wise, the enhanced CHFB scheme outperforms the standard CHFB scheme. Both methods' accuracy is determined
using. The accuracy for both the system and ANN assessment does not account for the false positives and negatives that the system
has discovered. The number of false positives and false negatives found indicates how sensitive the system's detection is. The
enhanced CHFB system has the same proportion of false positives and false negatives, although having a higher detection accuracy
than the Standard CHFB scheme. The standard CHFB scheme has a false positive to false negative ratio of 1:0.71, whereas the ratio
for false positives to false negatives is 1:0.94.

(a) Detected Contour Fractures (b) Fracture Region

Figure No. 9: Images illustrating the detection of the fractured contours and its highlighted fractured region.

In contrast to the Standard CHFB system, the Improved CHFB method has reduced false detection. The Standard CHFB scheme has
false positive detections above 10%, whereas the majority of false positive and false negative detections in the CHFB scheme are
10% and lower. The sensitivity detection for the Standard CHFB scheme and the enhanced CHFB scheme is provided in detail,
respectively. It achieves the desired sensitivity and specificity. According to the examination of Figures 20 and 17, the Standard
CHFB scheme has an AUC value of 0.8225, but the enhanced CHFB scheme has a greater sensitivity of 0.8275. This is in spite of
the fact that the enhanced CHFB scheme has shortcomings since it has more false negatives than the Standard CHFB scheme.

VI. CONCLUSION

Two contour-based fracture detection algorithms are shown in this chapter's conclusion. Using a Standard CHFB approach, all
extracted contours are labeled and sent to an artificial neural network (ANN) with the purpose of classifying them as either fractured
or non-fractured. The second is an enhanced CHFB scheme in which the leg-bone contours are obtained by performing additional
processing to remove flesh contours within the leg area. As a result, the ANN only pays attention to shapes that are thought to be a
component of the legbone. The ability of both systems to distinguish between fractured and non-fractured outlines with precision is
measured.

The ANN is given information about each contour through the extraction of a total of 19 characteristics from the contours. There are
two assessments of accuracy used. In the initial assessment, which is a system evaluation, the ANN is given contours together with
picture context. In the second assessment, the ANN is evaluated using contours without any background information about the
corresponding picture.
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According to both accuracy tests, the Standard CHFB scheme's accuracy ranges from 74.3% to 85.17%, while the enhanced CHFB
scheme's accuracy ranges from 77.08% to 87.0%. The enhanced CHFB scheme has a ratio of 1:0.94, whereas the standard CHFB
scheme has a ratio of 1:0.71, according to additional examination of the false positive to false negative ratios for both systems.
Consequently, compared to the Standard CHFB scheme, the Improved CHFB system has more false negatives. In the medical
industry, false negatives are not accepted; yet, false negatives should be avoided for a system that generalizes for different inputs. In
comparison to the Standard CHFB scheme, the Improved CHFB scheme provides greater sensitivity detection, albeit having a larger
false negative to false positive ratio. This is acquired by examining the ROC graphs, which show the system's genuine positive
detection performance’s sensitivity over specificity. The AUC value of the Standard CHFB scheme is 0.8225, but the AUC value of
the Improved CHFB scheme is 0.8275.

Since the contours do not provide a clear picture of the fragmented region, the broken contours that have been found are further
analyzed. This is a result of the fractured contours extending farther into the X-ray image's non-fractured areas. Using a hierarchical
clustering technique, the broken zones are brought to light. To do this, the broken contours are identified, and their 0-degree
gradients are extracted. The enhanced CHFB scheme's maximum accuracy is 89.07%; although, by enhancing the data labeling
strategy, greater accuracy can be attained. An extra technique for deselecting non-fractured contours inside the chosen fractured area
is part of the upgrade. For further advancements, new adaptive enhancements to the hierarchical clustering level selection are taken
into consideration.
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