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Abstract. The goal of the study was to analyze the upper respiratory tract condition indicators obtained by means of сone 
beam computed tomography (CBCT) for patients with dentition system diseases and obstructive sleep apnoea syndrome.

Patients were divided into 3 study groups. The control group (the 1st study group) included the CBCT data obtained for 
33 healthy patients. The 2nd study group included the CBCT data obtained for 136 patients with dentition system diseases 
(partial secondary edentia combined with chronic generalized periodontitis) without sleep disorder signs. The 3rd study group 
included the CBCT data obtained for 70 patients with partial secondary edentia combined with deep distal occlusion and  
obstructive sleep apnoea syndrome (OSAS). 

The CBCT method using the proposed diagnosis criteria made it possible to identify not only dentition system diseases, 
but also the dysfunction of the upper respiratory tract, in particular the OSAS causes. It was found with confidence that the 
reduction of the upper respiratory tract diagnostic indicators by 40 % or more, as compared to the regulatory indicators  
of healthy patients, led to the dysfunction of the respiratory tract and the apnoea development. Deep distal occlusion and  
secondary edentia conditioned the presence of the upper respiratory tract concave configuration and the localization of the 
minimum cross-sectional area below the occlusion plane, which increases the probability of development and progression  
of the obstructive sleep apnoea syndrome.
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ПЕРСПЕКТИВЫ ПРИМЕНЕНИЯ КОНУСНО-ЛУЧЕВОЙ КОМПЬЮТЕРНОЙ ТОМОГРАФИИ  
ДЛЯ ОЦЕНКИ ПАТОЛОГИИ ВЕРХНИХ ДЫХАТЕЛЬНЫХ ПУТЕЙ У ПАЦИЕНТОВ  

С ЗАБОЛЕВАНИЯМИ ЗУБОЧЕЛЮСТНОЙ СИСТЕМЫ 

Аннотация. С применением конусно-лучевой компьютерной томографии (КЛКТ) изучены показатели состоя-
ния верхних дыхательных путей пациентов с заболеваниями зубочелюстной системы и синдромом обструктивного 
апноэ сна.

Пациенты были разделены на три группы. Контрольная группа (группа 1) включала в себя данные КЛКТ, полу-
ченные от 33 здоровых пациентов, группа 2 ‒ данные КЛКТ, полученные от 136 пациентов с заболеваниями зубоче-
люстной системы (частичной вторичной адентией в сочетании с хроническим генерализованным периодонтитом) 
без признаков расстройств сна, группа 3 ‒ данные КЛКТ, полученные от 70 пациентов с частичной вторичной аден-
тией в сочетании с глубоким дистальным прикусом и синдромом обструктивного апноэ сна.

Метод КЛКТ с использованием предложенных диагностических критериев позволяет выявить не только стома-
тологические заболевания, но и нарушения в функционировании верхних дыхательных путей, в частности причины 
возникновения апноэ сна. Снижение показателей диагностических критериев верхних дыхательных путей на 40 %  
и более по сравнению с нормативными показателями здоровых пациентов достоверно значимо приводит к наруше-
ниям нормального функционирования дыхательных путей и развитию апноэ. Глубокий дистальный прикус и вто-
ричная адентия обусловливают наличие вогнутой конфигурацией верхних дыхательных путей и расположение ми-
нимальной площади поперечного сечения ниже окклюзионной плоскости, что достоверно повышает вероятность 
развития и прогрессирования синдрома обструктивного апноэ сна.
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Introduction. The problem of interdisciplinary relationship between dental and otorhinolaryngolo-
gy problems is very urgent due to insufficient scientific justification of the methods used for their diag-
nosis and treatment. Hence, studies of these problems are of high medico-social and economic signifi-
cance [1–4]. 

Cone beam computed tomography (CBCT) has become widely used in medicine in the recent time, 
which significantly increased the capacity for X-ray research. This is a contemporary tomography proce-
dure, allowing minimum irradiation and obtaining maximum information. The cone beam tomography 
is the best method for investigation of different dentition system diseases, because it enables 3D model-
ling of the jaw. Many useful CBCT algorithms have been developed. For example, researches are per-
formed to identify not only dentition system pathologies, but also the risks of dysfunction of the upper 
respiratory tract (URT). Analysis of the reference sources has demonstrated that diagnostic investiga-
tions of the upper respiratory tract condition in patients with dentition system diseases using the CBCT 
indicators present a substantial scientific and practical interest for medical specialists and are very im-
portant for the researchers [5–8]. 

High frequency of dental disorders leads to premature loss of teeth and morphological changes in 
the dentition structure, resulting not only in functional dentition disorders, but also in structural 
pathologies of the oropharynx region, in particular, causing its misconfiguration [9–11].

3D imaging is a highly efficient method for visualization and identification of the configuration,  
inter alia, the diffusion-induced narrowing (narrowing of a clearance that is greater in length) or local 
narrowing of the respiratory tract. Reducing the radius of the airways increases the resistance of the air-
ways, whereas greater inhalation efforts are needed to maintain the airflow. Increased inhalation  
efforts tend to boost the differential pressure between the mouth cavity and the alveoli, which results in 
apnoea. Currently, dentists can perform screening of patients with dentition and facial diseases in order 
to identify dysfunctions of the upper respiratory tract based on CBCT data [12–20]. 

The goal of the study was to analyse the upper respiratory tract condition indicators, obtained by 
means of CBCT in patients with dentition system diseases and the obstructive sleep apnoea syndrome. 

Materials and methods of study. The study was performed at the Chair of Prosthetic Dentistry and 
Orthodontics with a Course of Paediatric Dentistry of the Belarusian Medical Academy of Postgraduate 
Education. 

The following requirements were specified in order to use CBCT data in the study. Patients aged 
45‒55 years who had partial edentia and a deep distal occlusion and were diagnosed as having 
generalized chronic periodontitis and the obstructive sleep apnoea syndrome were selected for the study.

The patients were divided into 3 study groups. 
The control group (the 1st study group) included CBCT data obtained from 33 healthy patients 

without dentition system diseases, who visited dentists for prevention purposes. 
The 2nd study group included CBCT data obtained from 136 patients with dentition system diseases 

(partial secondary edentia combined with generalized chronic periodontitis) without signs of sleep 
disorders.

The 3rd study group included CBCT data obtained from 70 patients with partial secondary edentia 
combined a deep distal occlusion and the obstructive sleep apnoea syndrome, confirmed by a home 
sleep test (HST). 

All groups were comparable by age (р = 0.084–0.092) and sex (c2 = 0.33‒0.64, р = 0.098‒0.112). 
The diagnostic criteria for the upper respiratory tract were investigated, such as: 
the total volume of the respiratory tract in the oropharynx region; 
the cross-sectional area of the oropharynx region;
the minimum cross-sectional area;
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the anteroposterior and lateral dimensions of the minimum cross-sectional area;
the localization of the minimum cross-sectional area in the upper and lower oropharynx regions;
the configuration: 3D reconstruction of the investigated respiratory tract (elliptical, square, concave, 

or perforated).
The study did not include patients who had: total edentia (the position of the tongue may change  

after removal of the denture from   the mouth); malocclusion (including mandibular retrognathia and 
prognathism); cardiovascular diseases, including previously reported myocardial infarction or angina 
pectoris; renal diseases; lung problems; previous stroke; anxiety/panic disorders; neurological disorders, 
such as epilepsy or narcolepsy; restless legs syndrome; drug abuse/addiction; diabetes mellitus; liver 
disease; alcoholism or excessive use of caffeine-containing drinks and tobacco products. 

The patients were scanned by means of cone beam computed tomography in the upright position 
with the natural head posture, using a cephalostat. Cone beam computed tomography was performed by 
means of ProMax 3D Mid (Planmeca, Finland), applying a conical X-ray beam with high resolution. 

The findings were statistically processed using the statistical analysis package Statistica for Windows 
10.0 (StatSoft Inc., Talca, USA). 

The distribution was assessed according to the Shapiro-Wilk test of normality. All variables had 
normal distribution. The differences between the groups were evaluated on the basis of Student’s t-test; 
the qualitative data were compared using Pearson’s c2 criterion; the differences between the groups by 
the frequency of the studied sign were determined on the basis of Fisher’s ratio test; and the multiple 
factor dispersion analysis was used to identify the dependence. The boundary statistical significance 
level was taken at р < 0.05. 

Results and discussions. The studies helped identify dynamic changes of the total volume of the 
respiratory tract in the patients from the study groups (Tab. 1). Authentic changes of the total volume  
of the respiratory tract in relation to the control group of patients were noted in the 1st and 2nd study 
groups. Thus, it was found that the total volume of the respiratory tract was reduced by 15.16 % (р < 0.01) 
in patients from the 2nd study group and by 59.16 % in patients from the 3rd study group (р < 0.001). 
Changes were found in the cross-sectional area of the upper respiratory tract. In the 2nd study group, 
this indicator was reduced definitely by 15.32 % (р  <  0.01), and in the 3rd study group by 45.86 % 
(р < 0.001), as compared to the control group (Tab. 2).

T a b l e  1.  The upper respiratory tract parameters in the patients from the control group (1)  
and the study groups (2, 3) according to CBCT data

Parameter Group М ± SE p

Total volume of the respiratory tract, cm3

1 14.25 ± 0.76
2 12.09 ± 0.27* <0.01
3 5.82 ± 0.17** <0.001

Cross-sectional area, mm2

1 2617.71 ± 73.55
2 2216.18 ± 37.94* <0.01
3 1417.34 ± 38.15** <0.001

Minimum cross-sectional area (MCSA), mm2

1 296.45 ± 3.21
2 215.78 ± 6.73* <0.01
3 162.76 ± 7.21** <0.001

Anteroposterior dimension of MCSA, mm
1 10.4 ± 0.28
2 8.40 ± 0.16* <0.01
3 3.38 ± 0.13** <0.001

Lateral dimension of MCSA, mm
1 29.69 ± 0.73
2 22.57 ± 1.14* <0.01
3 17.42 ± 2.08* <0.01

N o t e.  * ‒ the indictors have a truly significant difference from the indicators in the control group (<0.01), ** ‒ the indictors 
have a truly significant difference from the indicators in the control group (<0.001).
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T a b l e  2.  CBCT data on the minimum cross-sectional area localization  
in the oropharynx region of the study and the control group patients

Patient group
MCSA localization in the oropharynx region, %*

upper lower

1st control group 51.5 48.5

2nd study group 41 59

3rd study group 20 80

N o t e.  Data were calculated based on the premise that the number of patients 
in each group was taken as 100 %. 

The minimum cross-sectional area of the airways in the 2nd and 3rd study groups was found with 
certainty to be smaller than in the control group by 19.92  % (р  <  0.01) and 45.09  % (р  <  0.001), 
respectively. Also, it was found that the anteroposterior and lateral dimensions of the minimum cross-
sectional area of the respiratory tract were reduced in the patients from the 2nd group by 19.23 and 
23.98 % (р < 0.01), respectively, and in the patients from the 3rd study group by 64.50 and 41.32 % 
(р < 0.001), respectively, as compared to the same indicators in the control group.

Analysis of the CBCT data for the patients with dentition system diseases (partial secondary edentia 
combined with chronic generalized periodontitis, as well as partial secondary edentia combined with 
deep distal occlusion and the obstructive sleep apnoea syndrome) identified disorders of the upper 
respiratory tract. The most significant reduction of the total volume of the respiratory tract, the cross-
sectional area and the minimum cross-sectional area (by more than 40 %, р  < 0.001) was identified  
in patients who previously had dentition system diseases combined with deep distal occlusion and the 
obstructive sleep apnoea syndrome. 

Analysis of the factors that have the most significant adverse effect on the upper respiratory 
tract condition demonstrated that the presence of a deep distal occlusion resulted in a concave 
configuration of the URT and the localization of the minimum cross-sectional area below the 
occlusion plane in the lower region of the oropharynx, which significantly increased the probability 
of development and progression of the obstructive sleep apnoea syndrome (F  =  7.67‒7.51, 
р = 0.019‒0.025) (Fig. 1‒3).

Fig. 1. The predictors corresponding to the highest probability  
of OSAS development
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Conclusions

1. The CBCT method using the proposed diagnosis criteria made it possible to identify not only 
dentition system diseases, but also dysfunction of the upper respiratory tract, in particular, the causes  
of OSAS development. 

2. It was found with confidence that the reduction of the indicators of URT diagnostic criteria by 
40 % or more (р  < 0.01–0.001), as compared to the regulatory indicators of healthy patients, led to 
dysfunction of the respiratory tract and development of apnoea.

3. Deep distal occlusion and secondary edentia conditioned the presence of the URT concave 
configuration and the minimum cross-sectional area localization below the occlusion plane, which 
increased with certainty the probability of development and progression of the obstructive sleep apnoea 
syndrome (F = 7.67, р = 0.019‒0.025).
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