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Abstract: In order to solve the shortcomings such as low efficiency and great risk of detection and 
recognition algorithm of road surface, this paper studies the algorithm program of detection and 
recognition of road surface from the Angle of digital image processing based on computer road and track 
automation technology, and makes many parameter calculations for horizontal, longitudinal, massive 
and mesh cracks of road surface. The results show that compared with the traditional detection and 
recognition methods, the algorithm program studied in this paper effectively improves the measurement 
accuracy of pavement cracks and the accuracy of crack identification, and the program has high 
feasibility in road detection and recognition. 
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1. Introduction 

The construction of road engineering is closely related to the development of national economy, 
among which, the application of road maintenance and corresponding construction technology 
determines whether the road can achieve effective management to a certain extent [1, 2]. At present, as 
road detection level lags far behind foreign countries, there are some problems such as low efficiency 
and high risk in road management, especially in road crack detection investigation [3]. The use of 
computer road automation detection technology instead of workers to measure and evaluate road cracks 
and damage can effectively improve the accuracy and effectiveness of measurement, so as to reduce the 
impact of road cracks on passing vehicles, to achieve efficient maintenance and effective management 
of the road. 

At present, domestic and foreign scholars and relevant practitioners have studied the pavement crack 
detection and recognition algorithm and achieved results. In terms of foreign countries, Japan's PASCO 
company started the research on the detection and identification of road cracks as early as the 1960s. 
France followed Japan in developing the road camera vehicle (GERPHO) system, which uses 35 mm 
film film to capture road cracks. Compared with the previous original manual photography measurement 
has a milestone progress. By the late 1980s, Japan, Canada, the United States and other countries have 
developed the second-generation detection and recognition system that can rapidly capture images and 
systematically evaluate the types and grade of cracks [4]. Nowadays, researchers devote a lot of energy 
to the development and improvement of pavement crack image extraction algorithm. In 2018, the 
California Institute of Technology proposed a weighted coefficient based algorithm that captures cracks 
to create a flow of information that allows researchers to model faults. In 2019, Berkeley developed a 
computer algorithm system for high-speed processing of digital images that can be used in field tests of 
pavement crack detection and is widely used to evaluate the effectiveness of test detection methods. As 
far as domestic is concerned, Nanjing University of Science and Technology, and some enterprises in 
related fields developed the first crack detection and recognition vehicle (N-1 road condition detection 
car) in our country in 2022, which marked that our country broke the monopoly position of foreign 
companies in the intelligent recognition and detection of road crack. In the next year, JN-1 intelligent 
detection vehicle was successfully launched, which was equipped with high-precision digital image 
processing and acquisition equipment inside the vehicle, which could effectively shoot road surface 
images in the process of high-speed driving, quickly carry out digital image processing, and then analyze 
the types of road cracks and the degree of road surface diseases. In 2017, Zhejiang University proposed 
a real-time online detection system for any region in fracture sample images. Relying on the improved 
BP neural network, it has excellent performance and has an unshakable position in related fields in China 
[5]. 
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However, most road crack detection work in our country still uses semi-artificial and semi-machine 
detection and recognition mode, the detection and recognition system has great limitations. Therefore, it 
is urgent for us to invest more manpower and material resources in further research. 

In view of this, this paper studies the principle of pavement crack image detection algorithm. The 
paper introduces some mainstream algorithms, develops the degree of pavement crack detection and 
recognition based on Matlab platform, carries out simulation research on pavement crack detection, and 
analyzes and summarizes the image processing experiment. It is proved that the developed program has 
high feasibility in road detection and recognition. 

2. Theory of Pavement Crack Identification 

At present, our highway infrastructure has taken a qualitative leap, but there are still convex, crack, 
loose and other road diseases [6]. Cracks, in particular, will not only affect driving stability, shorten the 
use of the road, but also affect the local perception of the road. The causes of pavement cracks can be 
roughly divided into construction factors, climate factors and driving factors [7]. From the perspective 
of crack morphology, pavement cracks can be divided into transverse cracks, longitudinal cracks, gridlike 
cracks and massive cracks, as shown in Figure 1. 

Modern pavement crack detection and recognition includes two main contents: basic image capture 
of pavement crack by camera and image acquisition device, and analysis and processing of possible 
pavement crack images collected by various image processing software in computer. As the key of 
computer analysis and processing, detection algorithm is of great significance to the whole pavement 
crack detection work. The schematic diagram of pavement crack detection algorithm is shown in Figure 
2. 

 
(a) Lateral crack 

 
(b) Longitudinal crack 

 
(c) Grid crack 

 
(d) Massive crack 

Figure 1: Fracture classification. 
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Figure 2: Block diagram of pavement crack detection and recognition algorithm. 

3. Principle of Pavement Crack Image Detection Algorithm 

3.1 Common Processing Mode 

(1) Grayscale processing of images 

Image gray processing is the first step of image preprocessing algorithm. Grayscale is a kind of image 
with only black and white brightness information, and its display performance is better. At present, most 
of the collected pavement crack images need to be processed with gray level. In Matlab, gray image is 
often regarded as a digitized matrix, and the value in this data matrix is the gray value of image color, 
while the elements in each numerical matrix represent the pixels of gray image [8]. 

In the RGB model, to achieve the graying of pavement crack images, it is only necessary to use the 
same values of R, G and B, and the RGB values used are called gray values [9]. 

At the same time, the weighted average method can also be used for gray processing of colored 
pavement crack images. According to the importance of RGB and other indicators, the three components 
are usually taken with unequal weights for weighted average operation, so as to complete the gray 
processing of pavement crack images. The mathematical formula of weighted average algorithm is as 
follows: 

0.299 0.587 0.114Gray R G B= × + × + ×    (1) 

According to Formula (3.1), gray processing of color pavement crack image can be completed, so as 
to obtain gray image of pavement crack containing only bright information. 

If you want to display a gray image in Matlab, you can directly call up the imagesc function (that is, 
image scaling function), and use the gray image scaling function to display a pavement crack image well, 
as shown in Figure 3 

(2) Median filtering of image 

After gray processing, the characteristics of pavement cracks can be seen more clearly. However, 
because the collected image information also contains a lot of noise interference information, so in order 
to better process the image for the next step of image segmentation, it is necessary to add the median 
filtering algorithm of pavement crack image in the image preprocessing algorithm. Filtering algorithms 
can be divided into traditional median filtering algorithm and multi-structure median filtering algorithm 
according to different forms of templates [10]. 
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Figure 3: Gray-scale image display of pavement cracks. 

The traditional median filtering algorithm uses a single image processing template which mainly 
arranges the signal data sequence inside the window according to certain rules. If the length of the initial 
data sequence is M, it can be expressed as: 

{ }(0), (1), (2)..., ( 1)x x x x m − , the length of the window is denoted as 2n+1, as

{ }(0), (1), (2)..., (2 )w w w w n , Then it takes m-2n permutations of length 2n+1. The traditional median 
filtering algorithm flow can be shown in Figure 4 

When the amount of calculation is large, in order to filter the noise of pavement crack image better, 
the multi-structure median filtering algorithm can be used. Multi-structure median filtering adopts several 
3×3 structural elements of different shapes to filter the gray image successively, and processes the gray 
image of pavement cracks from several different angles, thus completing the noise filtering of the gray 
image of cracks more effectively [11]. The basic principle of multi-structure pavement crack image 
filtering is shown in Figure 5 The multi-structure median filtering algorithm can be used to denoise the 
crack gray image better and enhance the crack display effect. 

 
Figure 4: Flow chart of traditional median filtering algorithm. 
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Figure 5: Multi - structure median filter flow chart. 

(3) Image enhancement processing algorithm 

Considering that the crack image quality is affected to varying degrees due to the uneven illumination 
in the actual environment, the image enhancement algorithm can effectively correct the adverse effects 
of illumination and other shooting factors on the crack image, so as to improve the clarity of the image 
[12]. Image enhancement algorithms mainly include histogram equalization and GAMMA transform. 

The purpose of histogram equalization is to make the gray level of the image easier to distinguish. 
Assume that the collected crack image is transformed by the following formula: 

( ),0 1s T r r L= ≤ ≤ −         (2) 

Where, L is the gray level of the crack image. Our aim is to equalize the grayscale probability 
distributions: 

( ) 1/ ( 1)P s L= −           (3) 

The distribution relationship of gray level before and after transformation is as follows: 

( ) ( )( / )P s p r dr ds=         (4) 

Hence: 

( ) ( 1) ( )T r L p r= −          (5) 

Discretization can be expressed as: 

( 1) / *(0 1 2 ... 1)s L MN L= − + + + + −     (6) 

After histogram equalization processing of pavement crack images, image enhancement processing 
results as shown in Figure 6 can be achieved. 

 
Figure 6: Histogram original gray image and equalization results. 

The image enhancement algorithm of GAMMA transform is mainly used to correct crack images, 
which can enhance the contrast of pavement cracks. Its transformation formula is as follows: 

s crγ=              (7) 

The GAMMA curve in Figure 7 shows how it works. It can be found that when 1r < , GAMMA 
transform can stretch the lower gray level of the image and compress the higher gray level of the image. 
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When 1r ≥ , GAMMA transform can stretch the higher gray level part of the image and compress the 
lower gray level area, so that the enhancement of pavement crack image can be completed by GAMMA 
transform under various conditions. 

 
Figure 7: GAMMA transformation principle. 

(4) Image smoothing and denoising 

The last step of crack image preprocessing algorithm is systematic smoothing and denoising. In the 
shooting process of the road crack image acquisition vehicle and the information transmission process of 
the image, due to the influence of climate factors and transmission conditions, the crack image will 
inevitably produce a lot of different degrees of noise. Systematic smoothing and denoising of crack 
images is an important prerequisite for extracting crack features and segmenting crack images [13]. The 
median filtering algorithm has been mentioned above, so the paper focuses on two smooth denoising 
methods of crack image, namely mean filtering and bilateral filtering. 

Mean filtering is also known as linear filtering. The basic principle of linear filtering is to replace the 
original pixel value of each pixel in the original image with the mean value filtering, which can save 
processing time and facilitate algorithm processing [14]. The processing results of mean filtering on crack 
images are shown in Figure 8. 

 
Figure 8: Crack original gray image and mean filtering results. 

At the same time, the mean filtering itself has inherent defects, that is, it can not protect image details 
well, while the mean filtering also destroys many details of the image, and cannot remove noise points 
perfectly [15]. 

Bilateral filtering is a nonlinear filter, which can remove noise points in pavement crack images more 
effectively than mean filtering [16]. The expression of the filtering algorithm of the bilateral filter is: 

,

,

( , ) ( , , , )
( , )

( , , , )
i j

i j

f i j x y i j
g x y

x y i j

ω

ω
=
∑
∑

   (8) 

After bilateral filtering processing, the filtering result in Figure 9 can be obtained 
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Figure 9: Crack original gray image and bilateral filtering results. 

It is not difficult to see from the comparison processing results that the bilateral filtering results have 
a better preservation effect on the high-frequency information of the crack edge, and can improve the 
noise removal effect on the premise of effectively protecting the edge and crack information, and the 
effect is better than the mean filtering. 

3.2 Image Segmentation Method 

(1) Threshold based segmentation method 

The processing principle of the crack image is to use several thresholds to segment the crack image 
into several different areas. In most cases, the normalized gray value is used to segment the crack image. 
In general, the threshold value is called T , if the pixel of the current pavement crack image is ( , )i j , 
the gray value of the crack image pixel is ( , )f i j , and the feature of the area around the pixel point is 

( , )H i j , then the threshold value T  can be expressed as: 

[ ]( , ), ( , ), ( , )T F i j f i j H i j=     (9) 

The definition formula of the processed pavement crack image is: 

1, ( , )
( , )

0, ( , )
f i j T

g i j
f i j T

>
=  ≤

     (10) 

When the threshold is represented as a function only related to ( , )f x y , T  is the global threshold, 
that is, only one threshold is needed to segment the crack image. When the contrast between the crack 
image and the background is uneven, the threshold is correlated with ( , )x y , ( , )f x y  and ( , )H x y . 
Therefore, the size of the threshold should be dynamically selected through the neighborhood coordinates 
around the pixel point, and T  is called the adaptive threshold at this time. When the distribution of 
pixels in the crack image is uneven, the crack image needs to be divided into several sub-regions with 
balanced gray values, and a global threshold is selected for each sub-region. In this case, T  is called 
the local threshold [17]. 

Through the comparative analysis of various parameters, it is obvious that the threshold based 
segmentation algorithm can flexibly segment the crack image, so as to obtain the crack feature part that 
this paper aims to extract, which is conducive to deeper recognition and analysis of the pavement crack 
image [18]. 

(2) Edge based segmentation method 

The crack edges of pavement crack images can be effectively detected from images or even dynamic 
videos by using the edge based segmentation method. The edge of the crack image usually has a lot of 
blurred pixels, and in many cases the color and brightness values of the crack edge are completely 
different from those of the surrounding pixels. The main features of the crack image can be reflected 
through the edge-based segmentation, which greatly reduces the amount of calculation of crack 
parameters [19]. 

When there is less noise at the crack edge of pavement crack image and the gap between the crack 
edge and the surrounding pixels is large, the first step degree operator can be used to complete the edge 
segmentation of pavement crack image well. The expression of the first step degree operator is: 

( , ) f ff x y i j
x y
∂ ∂

∇ = +
∂ ∂

      (11) 
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By comparing each pixel of the crack image with the threshold value of the region, the edge position 
of the crack with less noise can be determined, so as to complete the segmentation of the image. 

When feature extraction of crack image needs to be operated simultaneously under the condition of 
image gradient transformation, the second-order gradient operator is used for edge segmentation of crack 
image. The second order gradient operator can be expressed by the following formula: 

2 2
2

2 2

( , ) ( , )( , ) f x y f x yf x y
x y

∂ ∂
∇ = +

∂ ∂
 (12) 

Sobel operator is also a common operator in edge-based crack segmentation algorithm. When four 
different directions of Sobel operator are applied to extract the edge of pavement crack image, the edge 
information of crack can be extracted more effectively than the traditional single Sobel operator, and the 
edge image of crack can be strictly separated from the pavement background. It also greatly improves 
the efficiency of crack image processing. The flow chart of Sobel algorithm in four directions is shown 
in Figure 10. 

3.3 Image Feature Extraction and Parameter Calculation Method 

After the segmentation and gray-scale processing of pavement images are completed, the image 
projection analysis method is used to extract features and calculate parameters of pavement cracks. The 
projection method has few calculation steps and simple crack parameters, so it is widely used in the field 
of highway image processing [20]. In the recognition and calculation of projection method, since the 
image containing pavement crack has now become a binary crack image, that is, the target crack with 
pixel value of 0 and the pavement background with pixel value of 1, the horizontal and vertical 
projections of pavement crack image can be taken respectively, denoted as X and Y[21]. This gives us 
an expression for X and Y: 

0
( ) ( , ) 1, 2, ,

M

j
X i f i j i L N

=

= =∑   (13) 

0
( ) ( , ) 1, 2, ,

N

j
Y j f i j j L M

=

= =∑   (14) 

 
Figure 10: Sobel algorithm flow. 

Therefore, it is more convenient to analyze the characteristics of crack from the projection of crack 
X and crack Y. For the unidirectional transverse pavement crack, its projection is very uniform in the 
horizontal direction, and there will be obvious crest in the vertical direction. For the one-way longitudinal 
pavement crack, its projection in the vertical direction is very uniform, and the wave crest appears in the 
horizontal direction. For massive or irregular network cracks, obvious crests can be seen in both 
directions at the same time [22]. Based on the conclusions obtained by the research, the maximum 
difference between the X direction and the Y direction can be calculated: 

{ }max max ( 10) ( )x X i X i= + −    (15) 

{ }max max ( 10) ( )y Y j Y j= + −    (16) 
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Among them, 

1, 2, , 10i L N= − ; 1, 2, , 10j L M= − . 

The type of fracture can be more clearly analyzed by the maximum difference value of X and Y 
directions: the maximum value of X is smaller than the maximum value of Y; The Y maximum value of 
longitudinal fracture is smaller than the X maximum value. The maximum X and Y values of massive 
and reticular fractures are very small. 

The parameter calculation of crack mainly lies in calculating the length and width of pavement crack. 
In the parameter calculation process of projection method, if the key parameters of the crack image 
currently processed are to be calculated, it is necessary to determine the edge position of the pavement 
crack first. In the relatively regular pavement crack image, finding the centroid coordinates of the crack 
in the X and Y directions is the first step of parameter calculation. The coordinates of the center of mass 
can be expressed by the following formula: 

( , ) 1

1
cen

f i j
x j

sum =

= ∑        (17) 

( , ) 1

1
cen

f i j
y i

sum =

= ∑        (18) 

Where, sum  is the number of all pixels contained in the pavement crack image. The left and right 
positions of the cracks in the horizontal direction and the up and down positions in the vertical direction 
can be determined by the obtained centroid position. Therefore, the transverse length xL  and 

longitudinal length yL  of the pavement cracks can be obtained by subtracting the coordinates of the 
two. Finally, the actual length of the entire pavement crack is the product of the transverse length and 
longitudinal length of the crack image respectively and the size d  of the actual pavement length 
represented by an image pixel. That is, the actual length L  of pavement crack is yL d× , and the 

actual width W  is xL d× . 

4. The GUI Realization of Pavement Crack Detection 

4.1 Image Preprocessing 

In image preprocessing, grayscale processing, smoothing and denoising processing and enhancement 
processing should be carried out for different types of cracks. The gray image of pavement cracks can be 
loaded into Matlab through the loading image program of GUI interface, which can realize the first step 
of image preprocessing. The overall GUI program operation interface is shown in Figure 11. 

 
Figure 11: GUI for crack detection system. 

The first step of the actual experimental operation process requires loading the crack image file in the 
GUI interface, and the corresponding code can realize the first step of the operation. The part of the 
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program code that loads the image file into the GUI program is shown in Figure 12. 

 
Figure 12: Load the image file code. 

Histogram equalization algorithm is used to enhance the pavement crack image. As for the 
enhancement results of histogram equalization, the original grayscale images of several pavement cracks 
and the contrast images after enhancement are shown in Figure 13, 14, 15 and 16. 

 
Figure 13: Horizontal crack gray image histogram equalization processing results. 

 
Figure 14: Histogram equalization enhancement results of longitudinal crack gray image. 

 
Figure 15: Histogram equalization enhancement results of block-crack gray image. 

 
Figure 16: Histogram equalization enhancement results of gray-scale mesh crack images. 

For histogram equalization processing of crack image, the program in the GUI interface is shown in 
Figure 17. 

 
Figure 17: Histogram equalization file code. 
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The last step of image preprocessing experiment is to smooth and denoise the gray-scale pavement 
crack image. In the experiment process, the denoising processing algorithm of median filter is selected 
in this paper, and the pre-processing results of pavement crack gray image are shown in Figure 18, 19, 
20 and 21. 

 
Figure 18: Image denoising by transverse crack median filtering. 

 
Figure 19: Image denoising by longitudinal crack median filtering. 

 
Figure 20: Image denoising by block crack median filter. 

 
Figure 21: Image denoising by mesh crack median filtering. 

The experimental results show that the image smoothing and denoising using the median filter 
algorithm can effectively remove the influence of imaging equipment and external noise interference in 
the transmission process of crack image, improve the overall quality of crack image to a large extent, and 
avoid the influence of noise on crack identification. The median filter processing of crack image in the 
GUI interface is shown in Figure 22. 

 
Figure 22: Median filter denoising program code. 

4.2 Segmentation of Image 

For the image segmentation experiment, this paper adopts the crack image binarization processing 
and binary filtering processing, and uses the improved Sobel operator based on four different directions 
and the threshole-based segmentation algorithm to carry out the segmentation processing. The 
segmentation processing results of various types of crack images are shown in Figure 23, 24, 25 and 26. 
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Figure 23: Transverse crack segmentation image based on four different directions of Sobel algorithm. 

 
Figure 24: Longitudinal crack segmentation image based on four different directions of Sobel 

algorithm. 

 
Figure 25: Block crack segmentation image based on four different directions of Sobel algorithm. 

 
Figure 26: Network crack based on four different directions of Sobel algorithm segmentation image. 

From the results of image segmentation processing, Sobel algorithm intercepts relatively complete 
crack image information, but in the process of image segmentation, many noise points are not effectively 
removed, and the expected crack image segmentation results are not achieved. Therefore, this paper uses 
another method to re-segment the crack image. The processing results of the image segmentation method 
based on threshold value for the crack image are shown in Figure 27. 

The experimental results show that the image segmentation algorithm based on threshold value can 
flexibly segment the crack image effectively, and remove unnecessary white noise points, so as to obtain 
the crack feature part that we want to focus on in this paper, with good processing results. 

 
Figure 27: Several types of crack based on threshold segmentation algorithm processing image. 
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4.3 Image Feature Extraction 

The last step of pavement crack detection and recognition algorithm is feature extraction of crack 
image. Taking massive crack as an example, feature extraction was carried out on its image in this paper. 
First of all, crack recognition and judgment should be carried out on the GUI interface for crack feature 
extraction. If there is discontinuity between cracks, crack image stitching can be carried out on the GUI 
interface, and finally the feature projection of cracks can be displayed. Figure 28 shows the feature 
extraction results after crack image recognition and judgment. 

 
Figure 28: Feature extraction results of crack image. 

The experimental results show that through the analysis of horizontal and vertical crack projections, 
the massive crack has obvious wave peaks in the X and Y directions, which verifies the above conclusions 
of feature extraction of crack images based on image projection analysis, and then the maximum 
difference values in the X and Y directions can be calculated respectively, which effectively completes 
the determination of crack types. 

After the crack feature extraction is completed, the crack image after feature extraction is usually 
marked to facilitate the subsequent crack image processing. Taking longitudinal crack as an example, the 
marking results after feature extraction of crack image are shown in Figure 29 on the GUI interface. 

 
Figure 29: Crack marking image. 

As can be seen, crack images can be clearly marked through the crack marks on the GUI interface, 
effectively improving the efficiency of crack detection. Part of the GUI interface used in the process of 
crack feature extraction and labeling is shown in Figure 30. 
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Figure 30: Crack marking and feature extraction file code. 

The crack image parameters can be calculated after the crack mark recognition is completed. For the 
crack image in Figure 4.18, the parameter calculation results of the crack are displayed in the GUI display 
interface, as shown in Figure 31. 

 
Figure 31: Fracture parameter calculation results. 

On the GUI display interface, you can see the threshold information, area information, length 
information, maximum width information, minimum width information and other parameters of the crack, 
which reflects the characteristic value of the crack in a more comprehensive way. Part of the GUI 
program code for crack parameter calculation is shown in Figure 32. 

 
Figure 32: Crack parameter display file code. 

In order to verify the accuracy of the pavement crack detection and recognition system in this paper, 
the algorithm processing and parameter calculation are carried out on various types of crack images. The 
parameter recognition results of 10 crack images randomly selected from the recognized crack images 
are shown in Table 1. 

After many validations, it can be seen that although there are many interference of image quality 
factors and transmission quality factors, the accuracy rate of pavement crack image recognition and 
calculation of the system can still reach 80%, and the algorithm program developed is relatively feasible. 
However, the recognition accuracy of massive cracks still has some deviation, so the algorithm program 
has some improvement. 
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5. Conclusion 

The main work of this paper is to use pavement crack detection and recognition algorithm to 
efficiently identify and process road crack images. The main work process is as follows:  

(1) This paper summarizes the formation reasons and types of pavement cracks and expounds the 
application of pavement crack detection and recognition algorithm and the basic working principle of 
pavement crack recognition. 

(2) Using Matlab to collect the pavement crack image image preprocessing, image segmentation and 
feature extraction process, the pavement crack image gray processing, smooth denoising, enhancement 
processing, image segmentation based on several different algorithms, based on the parameter calculation 
of binary image projection, compared the advantages and disadvantages of several mainstream image 
processing algorithms. Through the recognition and parameter calculation of a variety of different types 
of crack images, it is verified that the accuracy of the threshold segmentation algorithm and the binary 
image projection analysis method for crack recognition and parameter calculation, the recognition rate 
can reach more than 80%, which is better than the processing results of Sobel algorithm. However, there 
are still defects in the recognition of massive cracks, which need to be improved in the future. 

Table 1: Crack image parameter identification results 

Image 
sequence Fracture type Type of identification Fracture length Cracks area Crack threshold 

1 Longitudinal fracture Longitudinal fracture 540.00 20058.00 0.54 
2 Reticular fissure Reticular fissure 366.45 8809.82 0.55 
3 Transverse fracture Transverse fracture 432.06 5500.32 0.54 
4 Longitudinal fracture Longitudinal fracture 441.09 7633.14 0.56 
5 Massive fracture Reticular fissure 386.26 9655.40 0.55 
6 Reticular fissure Reticular fissure 444.47 5925.79 0.56 
7 Transverse fracture Transverse fracture 327.94 6988.60 0.54 
8 Massive fracture Massive fracture 559.68 7605.00 0.53 
9 Reticular fissure Reticular fissure 290.02 3607.25 0.56 

10 Massive fracture Reticular fissure 455.00 8849.66 0.54 
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