Pedagogical Aspects of the Impact of Smoking on the Human Body Based on Radiographic Density Indicators of Maxillary Sinus Bone Walls
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The most effective process of quitting smoking can be achieved through precise and complete identification of the adverse effects on the human body.
The aim was to examine the influence of smoking on the density of the walls of the paranasal sinuses.
Material and Methods. 80 individuals of the young age and both genders were included into the research.Depending on the presence of pathological changes in the sinuses and smoking habits, all participants were divided into four groups.
Results. It was found that in the group of smokers without any paranasal sinus pathology, the density is 2.66% lower than the intact group. This figure is significantly higher in patients suffering from rhinosinusitis but not smoking, where it is 45.18%. The maximum difference from the control group is observed in individuals suffering from chronic rhinosinusitis and being smokers, with a difference of 81.03%.
Conclusions. Pedagogical aspects of the impact of smoking on the human body based on radiographic density indicators of maxillary sinus bone walls were detected. It has been observed that smoking can exacerbate the negative impact of inflammatory processes in the paranasal sinuses.
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Abandoning harmful habits is a top priority in the modern world, encompassing fields like medicine, education, and various scientific and technical disciplines [1]. In recent years, there has been growing concern about the detrimental effects of smoking on human health [2, 3]. One area of interest is the impact of smoking on the maxillary sinus, a vital component of the human skull [4].The most effective process of quitting smoking can be achieved through precise and complete identification of the adverse effects on the human body [5].

Bone density stands as a key factor influencing the development, prognosis, and course of inflammatory diseases in the paranasal sinuses [6]. It also serves as an indicator, determining the risk of potential complications and influencing the specifics of treatment for this group of diseases [7]. Both researchers and practicing specialists focus not only on studying radiological density under physiological conditions and in the presence of pathology but also on the impact of certain environmental factors on this parameter [8].

Preventing the influence of these factors on the human body can be a pivotal aspect in the development of inflammatory and destructive diseases of various locations is the main task for physicians [9, 10]. Smoking is an unequivocal provocative factor that can initiate a series of pathological processes in the body and exacerbate existing conditions. Smoking has pronounced overall effects, negatively impacting almost all organs and systems: vasoconstriction disrupts the cardiovascular system [11], trophic disorders affect various organs and tissues, and both the nervous [12] and musculoskeletal [13] systems suffer. Additionally, smoking has detrimental local effects on the body, caused by both temperature factors and the tar released during smoking. Consequently, it can be expected that the nasal cavity and throat organs may be among the primary targets for the development of diseases and complications associated with smoking [14]. Therefore, smoking can not only become a factor triggering the emergence of new conditions in this area but also significantly increase the risks of complications in inflammatory processes in this area.

Particular importance is given to chronic rhinosinusitis [15], a group of diseases characterized by rare but severe complications, spreading inflammatory processes to adjacent organs and tissues (eye sockets, brain). As is known, any prolonged inflammatory process is characterized by pronounced, sometimes irreversible changes in bone tissue, characterized by perifocal sclerosis, thinning, and disappearance of bone nodules. Until recently, the main indicator reflecting the degree of bone destruction was bone thickness. Nowadays, more and more studies are focused on investigating reduced bone density, considering that reduced density might be an earlier marker of inflammatory processes and their complications.

Taking all the above into account, the aim of our studywas to examine the influence of smoking on the density of the walls of the paranasal sinuses.
Materials and Methods:

80 individuals of a young age (according to the WHO classification of age) were included in the study to exclude the influence of age-related changes on bone tissue. The study groups were evenly distributed by gender. Patient recruitment took place from 2018 to 2020 at the Merefian Central District Hospital based on a signed active cooperation agreement (since November 2018). All patients provided voluntary consent to participate in the study. The study was approved by the bioethics committee (protocol No. 1 dated 8.11.2018).

Depending on the presence of pathological changes in the sinuses and smoking habits, all participants were divided into four groups. The first group comprised 20 smokers suffering from chronic non-polypoid rhinosinusitis. The second group included 20 non-smoking patients diagnosed with chronic non-polypoid rhinosinusitis. The third group consisted of 20 smokers without signs of chronic rhinosinusitis, and finally, the control group comprised 20 non-smoking individuals of both genders without signs of inflammatory diseases of the paranasal sinuses. Smokers were defined as individuals who smoked approximately 1 pack of cigarettes daily for at least 10 years.

Considering that computed tomography (CT) is the "gold standard" for diagnosing chronic rhinosinusitis, all individuals underwent multislice spiral computed tomography (MSCT). MSCT was performed on individuals without signs of inflammatory processes in the paranasal sinuses to diagnose pathologies unrelated to ENT diseases (such as suspected stroke, which was not confirmed, etc.).

An undeniable advantage of MSCT is the presence of a densitometric scale (Hounsfield scale), allowing the determination of the radiological density of tissues, including the bone tissue of the paranasal sinuses. The Hounsfield scale is a system used in radiology to measure the density of various tissues in the human body on X-ray images. This scale is based on values measured in units known as Hounsfield units (HU). Water serves as the primary standard for this scale, having a value of 0 HU, indicating zero density on the Hounsfield scale. Tissues denser than water have positive values on the scale, whereas tissues less dense than water have negative values. This scale enables radiologists to classify different tissues in the body and identify pathological changes or lesions, such as tumors, inflammations, stones, etc., based on their density on X-ray images. It is a crucial tool in medical diagnostics, allowing physicians to accurately identify and classify structures in a patient's body on X-ray images.

To determine the negative impact of smoking, the radiological density of the upper wall of the maxillary sinus in humans was calculated. Attention was specifically given to the maxillary sinus due to its higher susceptibility to inflammatory processes, attributed to its larger volumes, the positioning of its floor concerning the alveoli, and its proximity to teeth. The upper wall is potentially hazardous for the spread of pathological processes into the eye sockets. Considering that a decrease in minimum density is particularly unfavorable for the occurrence of complications, attention was focused on this parameter.

Statistical analysis was performed using methods of variation statistics. Normal distribution was assessed using the Shapiro-Wilk's test, which indicated that the samples were close to normal distribution. Statistical parameters are presented in the format of M±σ, where M represents the mean, σ is the standard deviation, and t-test was applied. Correlation analysis was conducted using the Spearman rank correlation coefficient. Statistical differences between the measured parameters were considered significant at p < 0.05.

Results.During the calculation of the minimum radiological density of the upper wall of the maxillary sinus (see Figure 1), it was determined that the lowest values of this parameter were observed in individuals suffering from chronic non-polypoid rhinosinusitis who were also smokers.[image: image1.emf]0
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Figure 1: Results of Bone Density Calculation in the Upper Maxillary Sinus in Four Groups,p≤0,05.
The minimum density value observed in this group was 34.77 ± 14.9 Hounsfield Units (HU). As expected, the maximum density values were found in the group of individuals who were non-smokers and did not suffer from chronic rhinosinusitis, with a density measurement at 183.32 ± 61.55 HU. Intermediate density levels were observed in groups of individuals affected by only one of the negative factors: either smoking or chronic inflammatory processes in the sinuses.In the group of individuals with signs of chronic inflammation in the sinuses who were non-smokers, the density value was slightly higher than that of smokers without chronic rhinosinusitis. The density measured 100.54 ± 54.25 HU and 178.45 ± 10.35 HU, respectively (see Table 1).
The minimum bone density of the upper wall of the maxillary sinus (HU)

	Groups of Patients
	Smokers+Chronic rhinosinusitis
	Smokers
	Chronic rhinosinusitis
	Control Group

	The average value, HU
	34,77**
	100,54**
	178,45
	183,33

	Standart Deviation, HU
	14,9
	54,25
	10,35
	61,55


Note: **The data are significant at p < 0.05.
The graph of means with confidence intervals visualizes the average values for the dataset along with confidence intervals. In our case, they indicate the level of confidence regarding the true population mean (see Figure 2).
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Figure 2:Graph of Mean Values with Confidence Intervals in the Group of Smokers and Non-Smokers Suffering from Chronic Rhinosinusitis,p ≤0,05.
Thus, when compared to the control group, it was found that in the group of smokers without any paranasal sinus pathology, the density is 2.66% lower than the intact group. This figure is significantly higher in patients suffering from rhinosinusitis but not smoking, where it is 45.18%. The maximum difference from the control group is observed in individuals suffering from chronic rhinosinusitis and being smokers, with a difference of 81.03%.
Discussion. 

This study, dedicated to exploring the influence of external factors on the human body, serves as a continuation of our previous scientific research efforts [16-18]. During the conducted research, we have identified facts that suggest a detrimental impact on bone density. Interestingly, even the presence of a single negative factor such as smoking, though not significant compared to the control group, significantly (p<0.05) reduces the radiological density of the bone tissue of the upper maxillary sinus. 

Smoking has been associated with various adverse health effects, and its impact extends to the skeletal system, including the bones in the maxillary sinus. The maxillary sinuses are air-filled cavities located in the maxillary bone of the skull. Smoking-induced bone density loss in the maxillary sinus can contribute to the development and risk of several diseases and conditions. Smoking is a known risk factor for osteoporosis, a condition characterized by a decrease in bone density and quality. This reduction in bone density can affect not only the long bones but also the bones in the skull 9as it has been seen from our research), including the maxillary sinus. Negativ impact of smoking on the bone tissue can be explained by Smoking has the potential to impact the process of bone remodeling, leading to bone loss, as well as reductions in bone length, weight, and mineral density. It can also contribute to the promotion of osteoclastogenesis and the inhibition of osteoblastogenesis [19]. 

This may indicate that smoking patients could constitute a special risk group withmore severe inflammatory processes and more frequent development of complications that can be expected in them. Additionally, such individuals require more careful attention from medical staff even in the absence of paranasal sinus pathology. Procedures such as tooth extraction or sinus lifting might associate more frequently with complications due to their lower bone density. At the same time, the presence of chronic inflammatory processes in the sinus leads to a more significant reduction in density. The most unfavorable prognosis and the lowest density are characteristic of the first group of patients (smokers suffering from chronic non-polypoid rhinosinusitis). Thus, it can be assumed that smoking might intensify inflammatory and destructive processes typical for chronic rhinosinusitis. Therefore, it is strongly recommended for patients suffering from chronic rhinosinusitis to quit smoking.

Analyzing data obtained from the other two groups (smoking patients without signs of chronic inflammation in the sinus and patients with chronic rhinosinusitis), we observe a significantly greater decrease in density in the second group. Hence, it can be suggested that the inflammatory process has a significantly greater impact on bone density than smoking.

This study is one of the first aimed at determining bone density in smokers [20]. It is worth noting that in most cases, researchers focus on the density of long tubular bones [21], which can be explained by the importance of this parameter for elderly patients. The process of determining density in this case is quite laborious. However, our proposed study of radiological density does not require additional efforts from medical staff and can be conducted parallel to CT scans using DICOM Viewer, making it easy to explore the radiological density of bone tissue of any localization [22].

When it comes to studying the density of paranasal sinuses, the alveolar process of the upper jaw is undoubtedly the leader of the research. This interest can be explained by the importance of this anatomical area. Although studies dedicated to exploring the density of cancellous bone are limited. Presumably, this can be attributed to the complexity of performing these measurements. The paranasal sinus bony wall resembles a sponge in its structure, and even a slight deviation in determining density along the coordinate axis can significantly distort the obtained data. Therefore, the entire process of determining density requires increased attention from medical staff. Additionally, it is important to consider that multiple points determining density are identified on a single slice. The process of selecting correct points is quite laborious. In our case, we determined density at points located most superficially to the sinus lumen, considering the presence of an inflammatory process in the sinus.
As it is known to the date, researchers have explored this issue through various methods, one of which involves analyzing radiographic density indicators of the bone walls of the maxillary sinus. This research not only sheds light on the physiological consequences of smoking but also has important implications for education and public health awareness.

Several pedagogical aspects arise from this research. First and foremost, understanding the radiographic density indicators of maxillary sinus bone walls is crucial for healthcare professionals, educators, and the general public [23]. By comprehending the visual cues provided by X-rays, individuals can gain insight into the structural changes caused by smoking. Educators can play a pivotal role in disseminating this knowledge to students, fostering a deeper understanding of the consequences of smoking on the human body [24].

Additionally, this research emphasizes the importance of preventive education. Educators can use this information to develop targeted anti-smoking campaigns in schools and communities. By raising awareness about the specific impact of smoking on the maxillary sinus, these campaigns can effectively deter individuals, especially young people, from engaging in this harmful habit. Visual aids, such as X-ray images illustrating the differences in bone density, can serve as powerful educational tools to drive home the message about the risks associated with smoking [25].

Furthermore, this research underscores the significance of interdisciplinary collaboration between healthcare professionals, educators, and researchers. By working together, these professionals can create comprehensive educational programs that encompass both the medical and social aspects of smoking. Integrating radiographic findings into educational materials can enhance the overall understanding of the health consequences of smoking, making the information more accessible and impactful for diverse audiences [27].

The placement of HU measurements on a CT scan involves understanding the radiodensity of tissues, assigning HU values to pixels, and implementation of these values for diagnostic and clinical purposes. The interpretation of HU values is a fundamental aspect of CT imaging and contributes significantly to the accuracy and clinical relevance of the diagnostic process. 

In conclusion, the study of radiographic density indicators of maxillary sinus bone walls provides valuable insights into the effects of smoking on the human body. By incorporating this knowledge into educational initiatives, society can take significant steps towards reducing the prevalence of smoking and promoting better overall health. Through collaborative efforts and targeted education, individuals can make informed decisions about their lifestyles, leading to healthier communities and improved public well-being [27].

It should be noted that the continuation of this study holds promise for the future. In this current research, the degree of bone density reduction was determined using classical methods of variation statistics, which are well-known in medicine to the date [28]. It would be interesting to broaden the scope of conducted studies by incorporating new approaches to bone density calculation [29-31] and by expanding the range of diseases, the progression of which can be worsened by smoking with development of inflammatory processes of different origin[32, 33] that allow to perform prognosis for pathological processes [34] and organize therapeutical measures [35, 36] especial in children and adolescents [37, 38] due to necessary combination offamous methods of investigation for smokers [39, 40] with other pathology of maxillofacial area [41, 42] especially with necessary antibiotic treatment [43, 44].
Conclusions.Pedagogical aspects of the impact of smoking on the human body based on radiographic density indicators of maxillary sinus bone walls were detected. It has been observed that smoking can exacerbate the negative impact of inflammatory processes in the paranasal sinuses. Interestingly, even on its own, smoking can lead to a decrease in radiographic bone density in individuals who do not suffer from chronic rhinosinusitis. However, it is worth noting that the presence of inflammatory processes in the sinus leads to a more pronounced decrease in radiographic bone density compared to smoking alone. 
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