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Abstract  

Mastoiditis is disease that to infection of the mastoid bone cavity that affects the size of the air cell system of the temporal bone. 
Visually, the information temporal CT image mastoid bone has can assist medical experts in viewing the mastoid air cell system 
(MACS), but the fact that medical personnel are experiencing difficulties in determining the size MACS is due to the many 
different characteristics and objects overlap, so that in the measurement of the area, precise and accurate results have not 

been obtained. This study aims to separate the object of the MACS with the development of extraction. The proposed method 
uses Morphology and Regionprops operations. The dataset used in the testing process is 347 of 5 patients indicated for 
Mastoiditis. The results obtained can calculate the area of MACS for each test image. Based on image testing, the area of the 
smallest MACS in this study was 0.589 cm2 and the largest was 6.183 cm2. This, the smaller the size of the MACS indicates the 
severity of infection, so this study can help medical personnel make decisions and take appropriate treatment actions. 

Keywords: image extraction, mastoid air cell system, morphology, regionprops 

1. Introduction  

Image processing aims to manipulate images and the 

process of retrieving information from the results of 

image pattern analysis with the help of computer media 

to detect objects [1,2]. Medical image processing has a 

very important role in clinical diagnosis, such as in 

surgery, treatment planning and evaluation, then 

prediction of the development of a disease. The 

development of medical imaging information 
technology can be obtained quickly such as by using 

computed tomography (CT). CT-scan is a medical 

imaging method that has high resolution and contrast 

that can be used to recognize and evaluate small 

features of the middle ear, inner ear, mastoid process 

and base of the cranium. [3]. The results of this image 

provide an overview of the anatomy of the organ that 

can be used by radiologists to measure organs or 

identify abnormal parts [4]. 

Mastoiditis occurs due to the expansion of 

inflammation of the middle ear, where the result of this 
inflammation affects the size of the mastoid air cells [5]. 

This infection can spread from the temporal bone to the 

head and neck making it difficult and necessitating 

cross-sectional imaging in diagnosing and planning 

surgery [6,7]. In the medical field, misdiagnosis or the 

absence of a specialist can affect a patient's health, lead 

to unnecessary testing and increase health care costs. In 

particular, the lack of otolaryngology specialists forces 

patients to seek medical attention from general 

practitioners, who may not have sufficient training and 

experience to make a correct diagnosis[8]. To overcome 

this problem the application of a computer-aided system 

based on CT-scan image processing techniques for 
examination and as support for more accurate diagnosis 

[9]. 

Diagnosis of Mastoiditis the patient must perform a 

medical examination using a combination of X-ray 

technology. The results of this X-ray image are in the 

form of a CT-scan or an MRI scan of the Temporal 

bone. The mastoid bone is located behind the temporal 

bone. Imaging examination aims to determine 

abnormalities in the Temporal bone which can be done 

with photos or by looking at the results of CT-scan or 

Magnetic Resonance Imaging (MRI) examination 
images [10,11]. Medical experts diagnose this disease 

Mastoiditis by looking at the air cells contained in the 

image of the cavity of the Temporal bone resulting from 

the acquisition of a CT-scan or MRI and given to a 

doctor for analyze and further medical action [12]. The 
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shape of the CT-scan or MRI image results can be seen 

in Figure 1.

 
 

Figure 1. Mastoid Air Cell System on Axial CT Temporal Section, (a). Right Area, (b). Left Area 

Visually, the information on the Temporal CT-scan can 

help doctors determine the area of the mastoid air cell 

system (MACS), but it is still difficult to determine the 

area of the MACS. This problem focuses on a number 

of overlapping objects making it difficult to measure the 

area of the MACS [13]. For this reason, a more precise 

and accurate analysis is needed to assist surgeons and 

doctors in the process of calculating the area of the 
MACS by performing an automatic extraction to 

separate the right and left areas of the air cell system on 

a Temporal bone CT-scan. 

The application of information technology in image 

processing to identify the MACS has been carried out 

in previous studies. The process of extracting the size of 

the MACS around the ear using Image Filtering, Image 

Enhancement and Feature Extraction methods produces 

excellent accuracy and the speed of the proposed 

method is tested on low-resolution CT-scan images 

automatically compared to manual segmentation 
[14,15]. Furthermore, the same study explained that the 

extraction process on mastoid objects using Feature 

Region, Multilevel Otsu and Morphology on Temporal 

bone CT-scan was able to identify air cell system 

objects [16,17]. Furthermore, the automatic extraction 

process on the micro part of the Temporal bone 

structure from the CT-scan image with the 

Morphological Enhancement and Convolutional Neural 

Network (CNN) methods produces an accurate 

detection of the Temporal bone structure [18]. In 

another study, it was explained that the segmentation 

and extraction process using the Convolutional Neural 

Network (CNN) method combined with the Region 

Extraction method gave limited results in the middle ear 

and did not focus on the MACS [19]. 

Modern medical imaging technology helps surgeons get 

a picture of the structure of the ear. In supporting the 

implementation of surgery, image extraction is needed 
to determine the structure of the surrounding image 

objects, so as to increase the success of the operation. 

This study developed an image extraction method that 

aims to separate the MACS in both ear cavities, both 

right ear cavity and left ear cavity on axial CT-scan of 

Temporal bone. The novelty of this study presents the 

extraction process in separating objects from the MACS 

without changing the pixel size of each test image. 

These results are able to obtain objects to be analyzed 

and used to calculate the size of the area of the MACS 

and the size based on the severity of the infection. 

2. Research Method 

The stages in this research consist of image input, image 

cropping, image quality improvement with median 

filter, followed by conversion to binary image. 

Furthermore, the results of the binary image are 

extracted using the MACS. The research stages are 

shown in Figure 2. 

 

Figure 2.  Research Stages
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2.1 Input Image  

The input image data used for testing is sourced from 

M. Djamil Hospital, Padang, West Sumatra, Indonesia. 

Image taken through a CT-scan of the head, especially 

the axial section of the Temporal bone. Image retrieval 

using a CT-scan tool Siemens SOMATOM Perspective 

CT Scanner with specifications X-ray Tube Dura 688-

MV model 10662260 with conversion value per pixel = 

0.29 mm. The CT-scan results are visualized with the 

syngo® fastView application and converted and saved 
in the form of a digital image with the Joint 

Photographic Group (JPG) format in grayscale. The 

number of data tested is 12 (twelve) patients. Each 

patient consists of multiple slices with 64-slice and 128-

slice configurations. In each slice of the image there is 

some information such as the name of the hospital, the 

type of CT device, the patient's name, the patient's date 

of birth, the date the CT-scan was performed, the 

acquisition parameter (mAs), the tube voltage value 

(kV), the width and width and the size of each slice. in 

every pixel. 

2.2 Image Cropping  

The cropping process aims to eliminate unnecessary 

noise outside the object of research by cutting each side 

of the object and removing areas that are not needed 

[20]. The results of this cut will get the area that will be 

needed so that the area that is not needed that is outside 

the area of the object of the Region of Interest (ROI) 

being studied can be removed [21]. 

2.3 Image Filtering  

The image filtering process aims to eliminate some 

variation in values between neighboring pixels that can 

interfere with the quality of the input image and to 
adjust the pixel value to the Histogram Level value [22], 

thereby improving image quality so that it can be 

processed at a later stage. Equation 1 is the formula used 

to perform the Median Filtering process. 

       
,(i, j)(H,k) (i, j)

H kkfm median g=               (1) 

 

Where (H,k)fm  is the result of median filter, 

( , )
,

i j k
H k

  are the coordinates of the filter and 

(i, j)g . 

The image filtering process can be presented in the 

Algorithm 1. 

2.4 Binary Image Conversion 

Image conversion process by changing from color 

image or gray scale image to binary image for the 

purpose of image segmentation. Image segmentation 

aims to separate objects, so we need the right 

segmentation method. The segmentation method used 

is the threshold value method in recognizing the image 

with the aim of converting it to a binary image [23]. The 

image resulting from the filtering process is converted 

into a binary image with the threshold value method that 

has been developed with the extended Adaptive Global 

Threshold (eAGT) to calculate the optimal threshold 

value for each input image to be studied automatically, 

which is presented in the Algorithm 2. 
 

Algorithm 1: Median filtering Process  

Start 
Read the Cropped Image Image =Img  
Show Image Image 
Initialization of Histogram H and Starting 
Point 
for i = 1 to M do 
for j = 1 to N do 
for k=-n/2 to n/2 do 

Delete 
, /2 1Imgi k j n+ − −

 from H  

add 
, /2 1Im i k j ng + + −

 for H 

update k 
end for 

, ( , )i j median H kY 
 

end for 
end for 
Finish 

 

2.4 Binary Image Conversion 

Image conversion process by changing from color 
image or gray scale image to binary image for the 

purpose of image segmentation. Image segmentation 

aims to separate objects, so we need the right 

segmentation method. The segmentation method used 

is the threshold value method in recognizing the image 

with the aim of converting it to a binary image [23]. The 

image resulting from the filtering process is converted 

into a binary image with the threshold value method that 

has been developed with the extended Adaptive Global 

Threshold (eAGT) to calculate the optimal threshold 

value for each input image to be studied automatically, 

which is presented in the Algorithm 2. 

Algorithm 2. extended Adaptive Global 
Threshold (eAGT) 
Function unique, imhist 
Input: Im(m,n) 
        Initialization 
        [m,n,l] = size(Im) 
        aAGT, i = 0 
        IntensitasLevel = unique (Im) 
        [px, gL] = imhist (Im (Im >= i), i) 
        aAGT = find (px / IntensitasLevel) 
Output: eAGT 

2.5 Image Extraction 

The image extraction process aims to separate the ROI 

area from the background, so as to obtain information 

and distinguishing characteristics of the object to be 

analyzed [24,25]. The obstacle in the image extraction 
process is how to separate the desired object from 

several objects in the image that have the same intensity 

value, especially in this study the many characteristics 

of the object and overlapping in the Temporal bone 

image with the same intensity value. To extract the 

desired object, it is necessary to separate each binary 
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value of the object in the image by calculating the ratio 

of the perimeter values of each object [26].  

2.5.1 Operation Morphology 

Morphological operations aim to analyze the shape of 

the object from an image and separate the required area 

and extract the structure and shape of the image [27]. 

The extraction process uses Closing Morphology 

involving several images that have been previously 

processed and Element Structure (Strel) which aims to 

remove small areas and smooth out contours [28]. 
Equation 2 presents the Morphological Closing 

formula. 

                      
• ( )A B A B B=  

                       (2) 

with morphological operations A against B is the 

dilation of A by B followed by erosion of the result with 

B. 

2.5.2 Regionprops Method 

The results of the image extraction process using the 
morphological method are then labeled for each matrix 

area using the Regionprops method. Regionprops 

detects white objects with a pixel value of 1 and black 

objects with a pixel value of 0 as the background [29]. 

Representation of the Regionprops area with an 

elliptical approach is presented in Figure 3 
 

 
 

Figure 3.  Representation of Regionprops with Elliptical 

Approximation 

3.  Result and Discussion 

In this study, only one slice of the image will be tested 

for each axial CT-scan Temporal image that is clearly 

visible for patients with Mastoiditis. Seen on the left, 

the mastoid air cells are still shaped and normal, 

characterized by a honeycomb-like partitioned 

appearance and black in color, while the right inner ear 

canal is not shaped, due to infection or inflammation in 

the mastoid area. The test image is 1275 x 727 pixels in 

JPG format in grayscale, as shown in Figure 4.

 

Figure 4. Input Image Temporal CT 

Next, the input image is subjected to an image cropping 

process to remove unnecessary information and 

determine exactly what part of the image is that contains 

the object area to be analyzed, so that it can be separated 

from areas that are not needed for further processing. 

The results of this process are presented in Figure 5, 

where significant changes have been made by 
eliminating some unnecessary information and objects 

can be identified. 

 

After the image cropping process is carried out, the next 

step is to carry out the image quality improvement 

process with the aim of eliminating small variations 

between neighboring pixels that can interfere with the 

quality of the input image and adjusting the value of 

each pixel to the histogram value level, thereby 

improving image quality and eliminating noise for 
processed at a later stage. Image enhancement results 

are shown in Figure 6. 
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Figure 5. The Result of the Image Cropping Process 

 

Figure 6. Image Filtering Results 

The next step is to convert the image from the image 

filtering results into a binary image. This stage performs 

the image conversion process using the eAGT method 

which was developed to obtain the optimal threshold 

value for each tested image by calculating the number 

of pixel intensities from the normalized histogram and 

the number of unique values of different pixel 

intensities based on the color intensity level, due to the 

large number of object features. found in the CT image 

of the temporal bone. The results of this segmentation 

still have areas or objects that are not needed. Next 

remove noise by removing unneeded objects and 

emphasizing objects to be identified, as depicted in 

Figure 7.

 
Figure 7. Image Segmentation Process Results, (a) Binary Image, (b) Object identification 



Syafri Arlis, Sarjon Defit, Sumijan 

Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol. 6 No. 3 (2022)  

DOI: https://doi.org/10.29207/resti.v6i3.4090 

Creative Commons Attribution 4.0 International License (CC BY 4.0) 

462 

 

 

The image presented in figure 7(b) has removed noise 

and unneeded areas and there is only an area of the 

MACS to be extracted with the aim of separating the 

right and left areas of the MACS by morphological 

operations and further separating the areas of objects 

that are calculate perimeter values and distances 

between pixels with the Regionprops command. The 

results of this process are depicted in Figure 8. 

 

Figure 8. MACS Extraction Results, (a) Right Area, (b) Left Area  

Temporal image of axial sections in patients who have 

been extracted, there is an area of the MACS that is still 

normal, namely in the area on the left, while on the right 

it cannot identify the presence of the MACS, this is 

because there is a space in the MACS in the hole. Ear 

shrinkage caused by the area around the mastoid cavity 

experiencing an infection. The MACS that has been 
extracted automatically is then calculated for the pixel 

area. Furthermore, this pixel area will be used to 

calculate the area of the extracted area automatically, so 

that the area is obtained, where the size of each pixel = 

0.29 mm and this result is converted into square 

centimeters (cm2). The results of the extraction and 

calculation of the area of the MACS are presented in 

Table 1. 

Table 1. MACS Extraction Results 

Slice- 
MACS Identification 

Binary Image with eAGT 

Method 

MACS Extraction 

Right Area  Left Area  

Slice 1 

 

   

 

 

Slice 2 

  
  

Slice 3 
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Slice 4 

  
  

Slice 5 

  
  

 

Slice 6 

  

 

 

 

Slice 7 

  

  

Slice 8 

  

  

Slice 9 

  

  

Slice 10 

  
  

 

Table 1 shows the extraction results of the MACS. The results of this extraction are used to calculate the pixel area 
of the MACS object on the Mastoid CT-scan image. The results of the pixel area and the measurement of the area 

of the m can be seen in Table 2. 

Table 2. Calculation of the Area of MACS  

Slice to- 
Pixel Area  Area (cm2) 

Right Area  Left Area  Right Area  Left Area  

Slice 1 470 2132 1,363 6,183 

Slice 2 344 1712 0,998 4,965 

Slice 3 320 1689 0,928 4,898 

Slice 4 348 1836 1,009 5,324 

Slice 5 368 1927 1,067 5,588 

Slice 6 342 1837 0,992 5,327 

Slice 7 388 1889 1,125 5,478 

Slice 8 385 1972 1,117 5,719 

Slice 9 326 1896 0,945 5,498 

Slice 10 203 1860 0,589 5,394 

Based on the discussion above, that this study provides 

results that can separate objects from the MACS, both 

in the right and left areas on Temporal CT. This result 

is also supported by the obtained pixel area, the area of 

each object area of the MACS which is separated in 

each test image. The smallest pixel area of this research 
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is 203 pixels and the largest is 2132 pixels. 

Furthermore, this pixel area is used to calculate the area 

extracted automatically, where the smallest area of the 

MACS is 0.589 cm2 and the largest area is 6.183 cm2. 

With these results, the development of the extraction 

method by applying Morphological operations and the 

Regionprops method is able to provide optimal results 

compared to other extraction methods. So that the 

results of this study can help medical personnel in 

taking further action. 

4.  Conclusion 

The results of the Temporal CT-scan image processing 

of patients with Mastoiditis, obtained the results of the 

extraction of the MACS, both the right area and the left 

area automatically. The results of this extraction are 

used to calculate the area of the MACS in the ear cavity. 

The smallest pixel area of this research is 203 pixels and 

the largest is 2132 pixels. Furthermore, the smallest area 

of the MACS is 0.589 cm2 and the largest area is 6.183 

cm2. With these results, it can be concluded that the 

smaller the area of the MACS indicates the occurrence 
of inflammation in the Mastoid area, so the results of 

this study can be used as recommendations and referrals 

for doctors in making decisions and taking appropriate 

treatment actions. 
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