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Abstract 

Evaluation of medical images is of key importance in the work of medical staff today. 
Especially this problem pays important role in otolaryngology. 
The aim of our work was to develop an automatic complex method for assessing the state 
of the human paranasal sinuses. 
Our research included 10 people of different sex and age, who were divided into groups, 
taking into account the recommendations of the WHO for 2019-2021. 
The structure of the mucous membrane of the maxillary sinus were calculated and 
compared.  
In the course of our research, an algorithm was developed for the automatic assessment of 
the state of the mucous membrane of the maxillary sinus and its bone walls according to the 
data of the spiral computed tomography. The difference between obtained data in the 
manual and automatic mode is minimal. 
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1. Introduction 

Evaluation of medical images is of key importance in the work of medical staff today [1, 2]. In 
connection with the daily increasing load, the issue of automating the process is especially relevant, 
which would allow to analyze the images accurately, informatively and fastly [3, 4]. One of the areas 
of application of this technique can be the automation of the processing of histological images. 

Considering the modern literature data, there are no systems that would analyze images. We 
converted pathological images into electronic format and analyzed the data by grouping pixels into 
distinct segments (called objects) using pixel intensity / color information or image texture. [5, 6]. 
There are no simple and available systems for image analysis till now. This method of the processing 
of the histological specimens in otolaryngology is of particular importance, in particular, when 
assessing the state of the mucous membrane of the human paranasal sinuses [9, 10]. 

This problem is especially acute, considering the progressively increasing number of the 
inflammatory processes in the paranasal sinuses both in Ukraine and around the world [11]. 

We should also be taken into account that biopsy is not a routine method in otolaryngology [12]. 
Often, it is performed only in exceptional cases if we suspect the presence of malignant neoplasms 
and after surgery, although biopsy is of key importance in some cases for the final diagnosis. 
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More often, instrumental methods are used for diagnostic purposes, for example, a computed 
tomography (CT) [13, 14], which is easy to perform, non-invasive and gives reliable data. Often, both 
methods, a computed tomography and histological examination, can complement each other, thereby 
increasing the information content of the obtained results. 

Considering all of the above, the purpose of our work was to design an automatic complex 
method for assessing the state of the human paranasal sinuses. 

2. Material and Methods 

Our research included 10 people of different sex and age, who were divided into groups, taking 
into account the recommendations of the WHO for 2019-2021 (see Table 1). The selection criterion 
for the examined persons was the presence of an unilateral cyst (see Fig. 1) of the maxillary sinus, 
which was subsequently removed endoscopically. During the removal of the cyst and the enlargement 
of the natural anastomosis, samples of the mucous membrane of the maxillary sinus were taken (see 
Fig. 2). 

 
Table 1 
Distribution of the examined persons by sex and age 

Age 25-44 45-60 61-75 
Male 1 2 3 

Female 2 1 1 
Total 3 3 4 

 

 
Figure 1: CT scan of the maxillary sinuses with a cyst in the right one (axial projection) 

 

 
Figure 2: Samples of the examined mucous membrane of the paranasal sinuses 

 



The research was carried out on a spiral computed tomography (SCT) Toshiba Aquilion 4 (Japan), 
which is distinguished by the reliability of results and ease of use. The Asterion Super 4 System is a 
multi-slice spiral CT scanner for the whole body. This system generates 4 slices in one 0.75 second 
revolution using a multi-row detector with selectable thickness using. 

Staining with hematoxylin and eosin is most widespread method for investigation in histology, 
pathologic anatomy, biology. Nuclei are stained in blue Staining with hematoxylin, cellular cytoplasm 
is stained in pink-red with eosin as result [16]. 

 

 
Figure 3: The investigated parameters of the structure of the nasal mucosa (black line - the thickness 
of the epithelium with the basement membrane, yellow arrow - the cell nucleus under the basement 
membrane, blue - above the basement membrane, green - basement membrane) 

 
This method allows you to identify the cellular composition of the test sample accurately and 

informatively, to clarify the features of the location of cells and the size of the nuclei. In the course of 
the work, attention was paid to such parameters as the thickness of the basement membrane, the 
quantitative composition of the cells above and below the basement membrane, as the main markers 
of the inflammatory processes in the tissue (Fig. 3). 

Automatic evaluation of histological slides is a challenge for research both in relation to classical 
staining methods and in relation to the created ones. Immunohistochemical staining (IHC) allows 
selective identification of antigens (proteins) in cells and tissues using the principle of binding of 
specific antibodies to antigens and applying an additional dye [17]. The use of horseradish peroxidase 
is most often used to visualize antibody-antigen interaction; in this case, this staining effect can obtain 
using various methods in which the antibody is conjugated to the enzyme. The location of the stained 
structures can be membranous, vascular, nuclear, cytoplasmic depending on the localization of 
receptors Our study is one of the first attempts to automatically assess such staining. 

The obtained micropreparations after all stages of preparation were studied using an Olympus BX-
41 ”microscope with objectives x4, x100, x200, x400. The results were further processed by the 
Olympus DP-soft version 3.2 software, which allows to interpret the obtained data after the 
morphometric study accurately and informatively. Also, a histological examination of the state of the 
ciliated epithelium of the mucous membrane of the paranasal sinuses was carried out. 

In order to determine the accuracy of the method a calculation in a manual mode was carried out 
after carrying out the calculations in an automatic way for the correction and comparing the results. 

An algorithm of the automated measurement was described in our previous works [18-20]. 
 

3. Results and Discussion 

During the work, the data of the studied signs of the structure of the mucous membrane were 
obtained both in manual and automatic modes (see Fig. 4 and 5). 

The results of the measurements are presented in Table 2. 
Table 2 



The research results of indicators of the structure of the mucous membrane of the maxillary sinus by 
the manual and automatic mode 

Basement membrane 
thickness, px 

A number of cells above 
the basement 

membrane 

A number of cells 
below basement 

membrane 

Number 
 

Manu 
ally 

Automa 
tically 

Manu 
ally 

Automa 
tically 

Manu 
ally 

Automa 
tically 

 
1 27 17 200 123 66 55 
2 24 14 201 120 67 54 
3 23 13 99 119 45 59 
4 28 18 206 102 49 46 
5 24 15 153 114 68 51 
6 22 14 176 145 69 53 
7 20 13 187 172 70 52 
8 20 11 154 134 71 51 
9 18 19 139 155 75 62 

10 21 17 112 198 65 64 
 

 
Figure 4: An example of automatic measurement of the thickness (px) of various areas of the 
mucous membrane of the paranasal sinuses. 

 
At the subsequent stages, automatic and manual measurements of the thickness and the density of 

the bone of the upper and lower walls of the maxillary sinus were carried out, as potentially dangerous 
for the development of the complications, according to the data of the spiral computed tomography. 
All stages of automatic image evaluation have been presented in our previous works. An example of 
determining the thickness of the skull bones in automatic and manual modes is shown in Fig. 6 A. 

At the subsequent stages, automatic and manual measurements of the thickness and the density of 
the bone of the upper and lower walls of the maxillary sinus were carried out, as potentially dangerous 
for the development of the complications, according to the data of the spiral computed tomography. 
All stages of automatic image evaluation have been presented in our previous works. An example of 
determining the thickness of the skull bones in automatic and manual modes is shown in Fig. 6 B. 

 



 
Figure 5: An example of automatic measurement of the number of cells below the basement 
membrane  

 

 
A      B 

Figure 6: А - complex measurement of the thickness and density by the automatic method. B - an 
example of the manual measurement of the minimum density of the lower wall of the maxillary 
sinus. 

Thus, in the course of the research, the indicators of the structure of the mucous membrane of the 
maxillary sinus were calculated and compared. It should be noted that today there are only a rather 
small number of such works, which, in contrast to ours, are mainly devoted to studies on animals or 
the penetration of the mucous membrane with various medicines. When carrying out the study, we 
solved such important medical problems as identifying the signs that could serve as a marker of 
inflammatory changes in the sinus, namely: the quantitative composition of cells in the space under 
the basement membrane, the thickness of the basement membrane itself. Attention was also paid to 
bone thickness and density according to the SCT data as the main markers of destructive changes in 
the walls of the sinus [21]. 

 
The obtained results are presented in Table 3. 
 
 



Table 3 
Research results of the thickness and density indicators on the example of the lower wall of the 
maxillary sinus by the manual and automatic model 
 

Density, Hu Thickness, mm Number 
 Manu 

ally 
Automa 
tically 

Manu 
ally 

Automa 
tically 

1 103 97 8 8,4 
2 155 112 10 9,21 
3 231 154 12 11,3 
4 122 176 10 10,2 
5 241 117 7 8,1 
6 124 111 9 9,5 
7 98 79 12 12,1 
8 103 154 12 11,96 
9 175 116 9 9,9 

10 122 111 11 11,4 
 
The research included the upper wall of the maxillary sinus due to its potential danger in terms of 

the development of intraorbital complications and the lower wall of the maxillary sinus in connection 
with the development through it the odontogenic maxillary sinusitis. Thus, it can be assumed that the 
work carried out is one of the first ones related to this medical topic [22]. 

The method of the automatic evaluation of the images deserves special attention. It is of particular 
importance since the workload on the medical staff [23] increases every day, which in turn can 
significantly affect the quality, accuracy and reliability of the obtained results and the correct 
interpretation of the data. It is known, the method of the automatic image assessment is currently used 
in various branches of medicine [24, 25]. Quite often it is also used in dentistry [26] or in 
otolaryngology, most often for the planning sugery, measuring the size of sinuses. 

In the presented research, an algorithm, for solving such a difficult task as the measuring density 
according to the SCT data, is shown, which is undoubtedly one of the key indicators of the structure 
of the bone tissue of the paranasal sinusesʾ walls. 

It is also interesting that there is a slight difference in the calculation of parameters in manual and 
automatic modes, which allows us to make an assumption about the reliability of our proposed 
method. The most variable parameter with the most significant difference in results of automatic and 
calculation was bone density. This difference may be connected with difficulties in the calculation 
process.  

This method of automatic calculation of medical parameters is promising nowadays and may be 
used in different fields of medicine [27-29] 

4. Conclusions 

Thus, in the course of our research, an algorithm was developed for the automatic assessment of 
the state of the mucous membrane of the maxillary sinus and its bone walls according to the data of 
the spiral computed tomography. The difference between obtained data in the manual and automatic 
mode is minimal. The obtained data shows minimal average related error in the most of cases in the 
automatic detection of the structure of mucosa of Maxillary sinus as well as in the structure of density 
and thickness of its walls. The most variable parameter with the biggest difference in results the 
manual and automatic calculation was bone density.  
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