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Abstract

The aim was to implement uncertainty calculation for detecting the negative effects of smoking on the
bone density of the paranasal sinus. Materials and Methods: A total of 100 male participants aged 20 to
44 were included in the study and divided into two groups. The first group comprised individuals with
minimal harmful habits, while the second group consisted of individuals who had been smoking for at
least 10 years, consuming 1 to 2 packs of cigarettes per day. Results Bone density has a negative
impact on the bone tissue of the upper wall of the maxillary sinus. The findings suggest that
individuals with a pronounced decrease in minimum density, as well as those with a marked
difference between minimum and maximum density values, may require heightened medical attention
due to potential associations with undiagnosed diseases or specific structural characteristics in the
skull. Conclusions. The uncertainty calculation was implemented for the detection of negative effect of
smoking on the bone density of paranasal sinuses. The calculated difference between maximum and
minimum density during the research suggests significant medical implications, especially considering
the heterogeneity of the trabecular bone structure in the skull. Individuals with a marked difference
may require heightened medical attention, potentially associated with undiagnosed diseases or
specific structural characteristics in the skull.

Keywords 1

Bone density, multispiral computer tomography, uncertainty, paranasal sinuses, smoking

1. Introduction

Calculating uncertainty is an important method for determining investigated parameters,
successfully applied in various scientific and technical fields [1]. This method has found
application in medical practice, primarily in laboratory diagnostics [2]. Although uncertainty
calculation can also be successfully applied to calculate other indicators, it is particularly
interesting when standard statistical data processing is not feasible for various reasons. The
results of uncertainty calculation in physiological conditions and under pathological conditions
are particularly intriguing. One area of interest is the impact of harmful habits on the human
body [3].

Habits have become ingrained in human life, rooted in biological processes, and formed
based on close neural interactions [4]. Once formed, habits can accompany a person throughout
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their entire life, exerting both positive and negative effects on the human body [5]. A striking
example of the negative impact of harmful habits on the human body is smoking, which
adversely affects almost all organs and tissues, including bone tissue [6]. Men are the
undisputed leaders in tobacco consumption among the population [7].

Recently, osteoporosis was predominantly considered a female disease [8, 9]. However,
recent data from the International Osteoporosis Foundation show that men are also quite often
affected by this condition. According to the statistics of the International Osteoporosis
Foundation, for instance, one in five men will experience a spine fracture by the age of 50 due to
osteoporosis [10]. While the relationship between osteoporosis and the bones of the spine and
hip is well-researched, less explored but equally important is the topic of skull bone density and
its changes under the influence of negative factors.

Changes in skull bone density, intensified by smoking, can act as a trigger for the
development of pathological inflammatory processes [11]. Moreover, it can become a factor
contributing to the spread of inflammatory processes in the cranial cavity and/or eye sockets,
thus leading to complications.

Considering all the aforementioned, the aim of our study was to implement uncertainty
calculation for detecting the negative effects of smoking on the bone density of the paranasal
sinus.

2. Material and Methods

A total of 100 male participants aged 20 to 44 were included in the study and divided into two
groups. The first group comprised individuals with minimal harmful habits, while the second
group consisted of individuals who had been smoking for at least 10 years, consuming 1 to 2
packs of cigarettes per day. To eliminate the influence of other harmful habits (e.g., alcohol or
drug addiction), all participants were advised to fill out a questionnaire anonymously. The
questionnaire included inquiries about demographic data (age), the presence of concomitant
diseases, particularly endocrine disorders that could disturb electrolyte balance, such as
diabetes, thyroid diseases, and parathyroid diseases. Questions about other harmful habits
(alcohol and drug addiction) were also included.

All participants provided informed consent to participate in the experiment, and the study
was approved by the bioethics committee of Kharkiv National Medical University (protocol 1
dated 08.11.2018).

Computed tomography (CT) scans were conducted on all patients at the Kharkiv Clinical
Institute of Emergency Surgery using a Toshiba Aquilion CT scanner (Japan) [12]. During the
research, preference was given to the results obtained specifically through multi-slice spiral
computed tomography (MSCT), considering its undeniable advantages compared to cone-beam
computed tomography (CBCT), primarily due to the presence of a densitometric scale. The CT
results were analyzed using RadiAnt DICOM Viewer [13]. Attention was focused on the upper
wall of the maxillary sinus, considering its higher susceptibility to pathological processes
compared to other areas. The more frequent inflammation of this sinus could be explained by its
structural features, such as its higher position compared to the natural ostium. The proximity to
tooth locations was also considered, which might create conditions for odontogenic spread of
the pathological process [14]. Additionally, this sinus is the largest in size, potentially leading to
the development of extensive purulent inflammatory processes capable of spreading to adjacent
organs and tissues, resulting in complications.

Given the challenges in anatomical point selection for obtaining representative bone density
data, uncertainty calculation was employed to determine the range of minimum and maximum
values that would be reliable for the calculated parameter. The uncertainty calculation followed
a widely accepted algorithm described in our previous works [15, 16].



3. Results

As a result of our conducted research, it can be hypothesized that density has a negative impact
on the bone tissue of the skull, particularly on the upper wall of the maxillary sinus. Table 1
presents the results of a study on bone density in the maxillary sinus measured in Hounsfield
Units (HU) for two groups: the 1st Group (smokers) and the 2nd Group (control).

Table 1
The results of the study of bone density (HU - Hounsfield Units) in the maxillary sinus
(1st(smokers) and 2nd (control) Groups)

Indicator 1%t Group Max 15t Group min 2" Group Max 2" Group Min
Una(Hei) 79.74 24.9 28.18 19.94

Us(H4i) 0,00044 -0,000009 0.0007 -0.0000017

Uc 79.74 24.9 28.18 19.94

u 159.48 49.80 56.38 39.87

The calculated parameters Ug(Hui) and U show some variations and might represent specific
characteristics or derived measures related to bone density.

In the figure 1 the results of determining the density count in each of the groups
(experimental and control) are presented.
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Figure 1: Maximum (a) and minimum (b) bone tissue density values in the study and control
groups

In analyzing the obtained results, we believe particular attention should be given to the
differences in density values between the experimental and control groups to determine the
negative impact of nicotine on the human body. Fig. 2 illustrates the variations in minimum and
maximum density within the two groups of individuals included in the study.
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Figure 2: Differences in maximum (a) and minimum (b) density between the experimental and
control groups



During our research, we obtained intriguing data regarding the heterogeneous decrease in
density in each case. In light of this, it can be hypothesized that nicotine may exert varying
degrees of negative influence on each individual. To assess the extent of this impact, we also
calculated the difference in maximum and minimum density in each group. This approach
allows us to identify a subgroup of individuals who are more susceptible to the adverse effects
of smoking on bone tissue than others. Such individuals may subsequently represent a potential
risk group for complications in inflammatory processes, especially if they occur in the paranasal
sinuses.

Furthermore, these individuals also present scientific interest, as there is an opportunity to
identify factors that could contribute to an increased sensitivity of organs and tissues to
nicotine. This exploration could shed light on the underlying mechanisms that make certain
individuals more vulnerable to the effects of smoking on bone density.
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Figure 3: The value of the difference of Maximum and Minimum bone density in 2 groups
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Figure 4: The value of the difference of Maximum and Minimum bone density in 2 groups

As seen in Fig. 3, in most cases, the difference between maximum and minimum values
ranges from 0 to 100 Hounsfield Units (Hu). Groups of individuals with a difference of around
600 Hu deserve particular attention, suggesting that the bone tissue of such individuals may
have a specific sensitivity to the detrimental effects of smoking, potentially leading to
complications more frequently.

Individuals with a pronounced decrease in minimum density are even more concerning.
Upon analyzing Fig. 3 (B), it is evident that in most cases, the difference between the minimum
densities in the two groups ranges from 100 to 300 Hu. Although cases with a difference of 400
to 700 Hu are rare, these individuals may also cause concern among medical personnel
regarding the potential development of complications in pathological processes.

During the research, the difference between maximum and minimum density was also
calculated. In our opinion, this parameter can have significant medical implications, especially
considering the heterogeneity of the trabecular bone structure in the skull. Therefore,
individuals with a markedly pronounced difference between minimum and maximum density
values may require heightened medical attention. This significant difference in their case may



be associated with undiagnosed diseases or specific characteristics in the structure of the skull,
such as the presence of diastemata.

4. Discussion

In recent years, the number of scientific studies indicating that smoking plays a significant role
in reducing bone density, typical of osteoporosis, has increased [17]. At the same time,
osteoporosis can significantly impact patients with chronic obstructive pulmonary disease
(COPD), leading to reduced activity levels and diminished quality of life [18]. The combination
of impaired lung function, decreased physical activity, and the presence of osteoporosis
substantially increases susceptibility to falls and fractures. Therefore, it is essential to monitor
bone mineral density in patients with a history of smoking and COPD to prevent complications
associated with osteoporosis.

Bone mineral density can be measured using various modern diagnostic methods, with dual-
energy X-ray absorptiometry (DEXA) and quantitative computed tomography (QCT) being
commonly used in clinical practice [19]. DXA is recommended by the World Health Organization
as the gold standard for osteoporosis diagnosis. However, both DXA and QCT have limited
availability, primarily in large tertiary hospitals or physical examination centers. Therefore,
there is a need for a simple and accurate method to determine bone mineral density, allowing
for timely prevention and treatment of osteoporosis and related complications.

The evaluation of Hounsfield units [20] (HU) is proposed as an important tool for screening
changes in bone density. Determining HU in vertebral bodies is suggested as a quick and cost-
effective method that provides additional information about bone health without additional
radiation exposure. The optimal threshold for defining average bone mineral density associated
with osteoporosis is proposed as 136.2 HU for men with a sensitivity of 95.0 and specificity of
77.6, and 137.9 HU for women with a sensitivity of 96.0 and specificity of 64.4.

Factors related to smoking that can influence bone density include the direct effects of
nicotine and certain cigarette elements on osteoblast activity [21], inhibition by nicotine acid,
increased estrogen metabolism with decreased estrogen levels, inhibition of ovarian function,
and the long-term use of glucocorticoids leading to osteoblast proliferation inhibition.

Smoking is considered a significant risk factor for life-threatening diseases [22]. Prolonged
smoking has been linked to a decrease in average life expectancy by 22 years and a threefold
increase in mortality rates. Despite these risks, the number of smokers is expected to rise,
leading to approximately 10 million deaths annually by 2030.

Smoking in childhood [23] and adolescence contributes to worsened general health,
increased risk, and severity of respiratory diseases, impacting the development and functioning
of the respiratory system. The statistics on smoking among children and adolescents are
alarming, with a substantial number becoming regular smokers, leading to premature death.
The exploration of smoking's impact on subgingival bacteria should consider eliminating other
factors that may interfere and are related to gingivitis and periodontitis.

It is essential to recognize the adverse effects of smoking, particularly among the youth, as
early smoking initiation often leads to nicotine addiction and complicates smoking cessation.
The early development of generalized osteoporosis is an important consequence of smoking in
those who start smoking at a young age, impacting the bones of the facial skeleton. The
implications of these changes in the dental and periodontal tissues, affecting the early loss of
teeth, should be given more attention by ear, nose, and throat specialists.

The impact of nicotine requires careful consideration, especially among the youth. An
important adverse consequence of smoking in those who start at a young age is the early
development of generalized osteoporosis. Despite this, the changes in the bones of the facial
skeleton receive insufficient attention from ear, nose, and throat specialists compared to the
attention given by dentists to changes in the dental and periodontal tissues. To assess the
impact of smoking on subgingival bacteria, other factors that may interfere or are related to
gingivitis and periodontitis should be eliminated.



In the context of examining the impact of smoking on bone density, our findings align with
the broader scope of research in healthcare-related intelligent systems. Studies on an
intelligent expert system for knowledge examination of medical staff regarding infections
associated with the provision of medical care [23], as well as works in the areas of smart
systems, data-driven services in healthcare, and the application of smart technologies for
medical services, may contribute to the growing body of knowledge in the field of the detection
of bone density [24].

The integration of smart systems and data-driven services in healthcare, as explored by
some authors [25-27] emphasizes the importance of leveraging technology for improved
medical outcomes. Our study, focusing on the influence of smoking on bone density, adds to this
discourse by shedding light on a specific aspect of health that may be impacted by lifestyle
choices such as smoking

In conclusion, smoking can be considered a fully-fledged risk factor for life-threatening
diseases, affecting the respiratory system and bone density. Recognizing the impact of smoking
on various aspects of health, including oral health, is crucial for providing comprehensive care
and preventive measures. Continuous efforts are needed to raise awareness about the
consequences of smoking, particularly among young individuals, and to promote strategies for
smoking cessation.

5. Conclusion

The uncertainty calculation was implemented for the detection of negative effect of smoking on
the bone density of paranasal sinuses. Our study suggests a potential negative impact of
smoking on the skull bone tissue, specifically on the upper wall of the maxillary sinus.

Individuals with a pronounced decrease in minimum density, as well as those with a marked
difference between minimum and maximum density values present scientific interest.
Significant Medical Implications:

The calculated difference between maximum and minimum density during the research
suggests significant medical implications, especially considering the heterogeneity of the
trabecular bone structure in the skull. Individuals with a marked difference may require
heightened medical attention, potentially associated with undiagnosed diseases or specific
structural characteristics in the skull.

Our research contributes valuable insights into the complex relationship between bone
density, smoking, and potential health complications, emphasizing the need for further research
and clinical consideration of individuals with specific density patterns.

References

[1]. N. Milinkovi¢ and S. Jovici¢, "Measurement uncertainty,” Adv Clin Chem, vol. 116, pp. 277-
317, Jun. 2023. doi: 10.1016/bs.acc.2023.06.001.

[2]. A. Coskun, E. Theodorsson, W.P. Oosterhuis, S. Sandberg; European Federation of Clinical
Chemistry and Laboratory Medicine Task and Finish Group on Practical Approach to
Measurement Uncertainty, "Measurement uncertainty for practical use," Clin Chim Acta,
vol. 531, pp. 352-360, Jun. 1, 2022. doi: 10.1016/j.cca.2022.04.1003.

[3]: G. Ninos, V. Bartzis, N. Merlemis, and ILE. Sarris, "Uncertainty quantification
implementations in human hemodynamic flows," Comput Methods Programs Biomed, vol.
203, pp. 106021, May 2021. doi: 10.1016/j.cmpb.2021.106021.

[4]. T.W. Robbins and R.M. Costa, "Habits," Curr Biol, vol. 27, no. 22, pp. R1200-R1206, Nov. 20,
2017. doi: 10.1016/j.cub.2017.09.060.

[5]- B. Verplanken and S. Orbell, "Attitudes, Habits, and Behavior Change," Annu Rev Psychol,
vol. 73, pp- 327-352, Jan. 4, 2022. doi: 10.1146/annurev-psych-020821-011744.



[6]. M. Miyazaki and S. Suzuki, "Influence of smoking habits on mental status in Japanese
women during the first trimester of pregnancy,” ] Matern Fetal Neonatal Med, vol. 34, no. 8,
pp. 1284-1287, Apr. 2021. doi: 10.1080/14767058.2019.1635110.

[7]- S. Gunes, A. Metin Mahmutoglu, M.A. Arslan, and R. Henkel, "Smoking-induced genetic and
epigenetic alterations in infertile men," Andrologia, vol. 50, no. 9, pp. e13124, Nov. 2018.
doi: 10.1111/and.13124.

[8]- J.A. Kanis, C. Cooper, R. Rizzoli, ].Y. Reginster et al,, "European guidance for the diagnosis
and management of osteoporosis in postmenopausal women," Osteoporos Int, vol. 30, no. 1,
pp- 3-44, Jan. 2019. doi: 10.1007/s00198-018-4704-5.

[9]. C.L. Gregson et al., "UK clinical guideline for the prevention and treatment of osteoporosis,"
Arch Osteoporos, vol. 17, no. 1, pp. 58, Apr. 5, 2022. doi: 10.1007/s11657-022-01061-5.
[10]. G.F.Sahtout, A.S. Burhan, and F.R. Nawaya, "Effect of cigarette smoking on alveolar bone
thickness and density in patients undergoing leveling and alignment of crowded lower
anterior teeth: a controlled clinical trial," ] Int Med Res, vol. 50, no. 11, pp.

3000605221138461, Nov. 2022. doi: 10.1177/03000605221138461.

[11]. A.T. Davis, A.L. Palmer, S. Pani, and A. Nisbet, "Assessment of the variation in CT scanner
performance (image quality and Hounsfield units) with scan parameters, for image
optimization in radiotherapy treatment planning,” Phys Med, vol. 45, pp. 59-64, Jan. 2018.
doi: 10.1016/j.ejmp.2017.11.036.

[12]. Radiant Viewer: https://www.radiantviewer.com/

[13]. H.XK. Siddiqui, A. Arif, K. Ghauri, A. Aijaz, and F.R. Khan, "Relationship of maxillary third
molar root to the maxillary sinus wall: A cone-beam computed tomography (CBCT) based
study,” ] Dent Res Dent Clin Dent Prospects, vol. 17, no. 1, pp. 8-11, Winter 2023. doi:
10.34172/joddd.2023.30484.

[14]. V.V. Alekseeva et al, "A METHOD OF COMPLEX EVALUATION OF MORPHOLOGICAL
STRUCTURE OF OSTIOMEATAL COMPLEX COMPONENTS, LOWER WALL OF MAXILLARY
AND FRONTAL SINUSES," Wiad Lek, vol. 73, no. 12 cz 1, pp. 2576-2580, 2020.

[15]. A. Nechyporenko et al, "Complex Automatic Determination of Morphological
Parameters for Bone Tissue in Human Paranasal Sinuses,” The Open Bioinformatics
Journal, vol. 14, no. 1, pp. 130-137, Nov 19, 2021. doi: 10.2174/18750362021140100130.

[16]. B.C.Lupsaand K. Insogna, "Bone Health and Osteoporosis,” Endocrinol Metab Clin North
Am, vol. 44, no. 3, pp. 517-530, Sep. 2015. doi: 10.1016/j.ecl.2015.05.002.

[17]. H.A. Ibrahim et al,, "Gender Disparities in Osteoporosis Knowledge, Health Beliefs and
Preventive Behaviors in Najran City, Saudi Arabia,” Nutrients, vol. 15, no. 16, pp. 3658, Aug.
21, 2023. doi: 10.3390/nu15163658.

[18]. M.T. Loffler et al, "X-ray-based quantitative osteoporosis imaging at the spine,”
Osteoporos Int, vol. 31, no. 2, pp. 233-250, Feb. 2020. doi: 10.1007/s00198-019-05212-2.

[19]. X. Pu, D. Wang, and S. Gu, "Advances in Hounsfield units value for predicting cage
subsidence on spinal interbody fusion surgery,” Eur Spine ], vol. 32, no. 9, pp. 3149-3157,
Sep. 2023. doi: 10.1007/s00586-023-07805-2.

[20]. M. Zhou and D.T. Graves, "Impact of the host response and osteoblast lineage cells on
periodontal disease,” Front Immunol, vol. 13, pp. 998244, Oct. 11, 2022. doi:
10.3389/fimmu.2022.998244. PMID: 3630444 7; PMCID: PMC9592920.

[21]. N. Sakalihasan, ].B. Michel, A. Katsargyris, H. Kuivaniemi, J.0. Defraigne, A. Nchimi, ].T.
Powell, K. Yoshimura, and R. Hultgren, "Abdominal aortic aneurysms," Nat Rev Dis Primers,
vol. 4, no. 1, pp- 34, Oct. 18, 2018. doi: 10.1038/s41572-018-0030-7. PMID: 30337540.

[22]. M. Harju, L. Keski-Nisula, L. Georgiadis, and S. Heinonen, "Parental smoking and
cessation during pregnancy and the risk of childhood asthma," BMC Public Health, vol. 16,
pp. 428, May 24, 2016. doi: 10.1186/s12889-016-3029-6. PMID: 27220514; PMCID:
PM(C4877729.

[23]. K. Miyake et al., "Maternal smoking status before and during pregnancy and bronchial
asthma at 3 years of age: a prospective cohort study,” Sci Rep, vol. 13, no. 1, p. 3234, Feb.
24,2023. doi: 10.1038/s41598-023-30304-9. PMID: 36828882; PMCID: PM(C9958124.



[24]. D. Chumachenko et al., "Intelligent expert system of knowledge examination of medical
staff regarding infections associated with the provision of medical care,” in CEUR
Workshop Proc., vol. 2386, 2019, pp. 321-330.

[25]. I Izonin etal, "Smart systems and data-driven services in healthcare,” Comput Biol Med,
vol. 158.

[26]. I Izonin etal. "Smart technologies and its application for medical/healthcare services," ]
Reliable Intell Environ, vol. 9, no. 1, pp. 1-3, Feb. 23, 2023. doi: 10.1007/s40860-023-
00201-z.

[27]. S. Yakovlev et al., "The concept of developing a decision support system epidemic
morbidity control,” in CEUR Workshop Proceedings, vol. 2753, 2020, pp. 265-274.



	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	5. Conclusion
	References

