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PROSPECTS OF APPLICATION OF CONE BEAM COMPUTED TOMOGRAPHY
FOR ANALYZING UPPER RESPIRATORY TRACT PATHOLOGIES
IN PATIENTS WITH DENTITION SYSTEM DISEASES

Abstract. The goal of the study was to analyze the upper respiratory tract condition indicators obtained by means of cone
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.

Keywords: sleep apnoea, cone beam computed tomography, periodontitis, edentia, upper respiratory tract

For citation: Rubnikovich S. P., Abelskaya I. S., Denisova Yu. L., Sirak S. V., Shishov V. G. Prospects of application
of cone beam computed tomography for analyzing upper respiratory tract pathologies in patients with dentition system
diseases. Vestsi Natsyyanal 'nai akademii navuk Belarusi. Seriya meditsinskikh navuk = Proceedings of the National Academy
of Sciences of Belarus. Medical series, 2020, vol. 17, no. 3, pp. 346-352. https://doi.org/10.29235/1814-6023-2020-17-3-346-352

C.II. Pyonuxosu4!, U. C. AGeanckast', FO. JI. [lenucosa?, C. B. Cupax?, B. I. [llumos!

!Benopyccras meduyunckas akaoemust NocIeouniomino2o obpazosanus, Munck, Pecnybnuxa beaapyce
’Benopycckuti 2ocydapcemeennviil MeOuyunckuil ynusepcumenm, Munck, Pecnyoauxa Berapyce
SCmaspononvckuil 2ocydapcemeennviii meouyunckuil ynusepcumem, Cmagponons, Poccuiickas @edepayus

HNEPCHEKTUBbLI IPUMEHEHUSI KOHYCHO-JIYUYEBOM KOMIIBIOTEPHOU TOMOI' PAGU U
JJIs1 OUEHKH! MATOJIOT MU BEPXHUX JABIXATEJBHBIX IYTEW Y MAIITUEHTOB
C 3ABOJIEBAHUSIMU 3YBOYEJAOCTHOM CUCTEMbBI

Annoranus. C npuMeHEHHEM KOHYCHO-TTyueBOi koMmbioTepHoi Tomorpaduu (KJIKT) n3ydeHs! nmokasaresn cocTos-
HUsI BEPXHUX JBIXaTEIbHBIX ITyTeH MaIlHEHTOB C 3a00JIeBAaHUSMU 3y0O0UETIOCTHOH CHCTEMBI H CHHJIPOMOM OOCTPYKTHBHOTO
aIlHO? CHa.

[TanmenTs! ObUIN pa3aeeHbl HAa TpU Ipynnsl. KonTponsHas rpynna (rpynmna 1) Bkitoyana B ceds gannbie KJIKT, nomy-
YeHHbIC OT 33 37I0pOBBIX MaKMeHTOB, rpynna 2 — nanubie KJIKT, nonydenHsie ot 136 nanueHTOB ¢ 3a00JIeBaHUSIME 3y00Ue-
JIIOCTHOH CHCTEMBI (YJaCTUYHOM BTOPUYHOM afeHTHEH B COYETAaHUM C XPOHMUYECKHM I'€HEepalIn30BaHHBIM HMEPHOJIOHTHTOM)
0e3 MPU3HAKOB paccTpoicTB cHa, rpynmna 3 — nanasie KJIKT, mony4yennsie oT 70 ManueHTOB ¢ YaCTUYHON BTOPHYHOM aJCH-
THEH B COYETAHUH C INIyOOKUM AMCTANIBbHBIM IIPUKYCOM M CHHJIPOMOM O0OCTPYKTHBHOIO allHO? CHA.

Meton KJIKT ¢ ucnosib3oBaHuEeM IPEIOKEHHBIX IHarHOCTUYECKUX KPUTEPUEB II03BOJISIET BBISIBUTH HE TOJIBKO CTOMA-
TOJIOTMYECKHE 3a00IeBaHNs, HO U HApyIIEeHUs B (Y HKIIMOHUPOBAaHUH BEPXHUX JBIXATECIbHBIX Iy TCH, B 4aCTHOCTH IIPUIHUHEI
BO3HHKHOBCHHS anHOd cHA. CHIDKEHME TOKa3aTeNnel JUarHOCTHUECKUX KPUTEPHEB BEPXHHUX ABIXaTENbHBIX myTei Ha 40 %
u 0oJiee MO CPaBHEHUIO C HOPMATUBHBIMU TOKa3aTeIsIMU 310POBBIX MALUEHTOB JOCTOBEPHO 3HAUUMO MPUBOAUT K HapyIle-
HUSIM HOPMaJIBHOTO (D)YHKIIMOHHPOBAHUSI JABIXaTECIbHBIX IIyTeH M Pa3BUTHIO alHOd. [7TyOOKMH MUCTaIbHBIH IIPUKYC U BTO-
pudHas afeHTHs 00YyCIOBIMBAIOT HAJIMYUE BOTHYTOH KOH(QUTYpanueil BEpXHUX JbIXaTeIbHBIX MyTel U PacHONI0OKCHNUE MHU-
HUMAJBHOH TJIOIATH MOMEPEYHOro CEYeHUsI HIDKE OKKIJIIO3MOHHOH MIIOCKOCTH, YTO JOCTOBEPHO INOBBHINIAET BEPOSTHOCTD
Pa3BUTHS U IPOTPECCHPOBAHUS CHHAPOMA OOCTPYKTHBHOTO alTHO? CHA.
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KuroueBbIe c10Ba: alrHO® CHA, KOHYCHO-JTyueBasi KOMITBIOTEpHAst TOMOT padusi, IEPUOAOHTHT, aJICHTHSI, BEpXHHUE JAbIXa-
TEJIbHbIC Ty TH

Jast nuTupoBanus: [lepcrieKTHBBI IPUMEHEHH S KOHYCHO-JIy4eBOH KOMIBIOTEPHOH ToMorpaduu sl OLIEHKH MaToJIo-
THUH BEPXHUX JBIXAaTENbHBIX IyTeH y ManeHToB ¢ 3a0oneBaHusIMH 3yoouentoctHoit cuctemsl / C. I1. PyGuuxosuy [u np.] /
Bec. Ham. akax. maByk benapyci. Cep. men. maByk. —2020. —T. 17, Ne 3. — C. 346352 (in English). https://doi.org/10.29235/1814-
6023-2020-17-3-346-352

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 (p = 0.084—-0.092) and sex ()>= 0.33-0.64, p = 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 #-test;
the qualitative data were compared using Pearson’s * 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 p < 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 % (p < 0.01)
in patients from the 2nd study group and by 59.16 % in patients from the 3rd study group (p < 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 % (p < 0.01), and in the 3rd study group by 45.86 %
(p <0.001), as compared to the control group (Tab. 2).

Table 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 M+ SE P

1 14.25 £0.76

Total volume of the respiratory tract, cm? 2 12.09 +0.27 <0.01
3 5.82+£0.17" <0.001
1 2617.71 = 73.55

Cross-sectional area, mm? 2 2216.18 + 37.94" <0.01
3 1417.34 £ 38.15™ <0.001
1 296.45 £3.21

Minimum cross-sectional area (MCSA), mm? 2 21578 £ 6.73" <0.01
3 162.76 + 7.21™ <0.001
1 10.4 +£0.28

Anteroposterior dimension of MCSA, mm 2 8.40 +0.16" <0.01
3 3.38£0.13" <0.001
1 29.69 +0.73

Lateral dimension of MCSA, mm 2 22.57 +1.14 <0.01
3 17.42 £2.08" <0.01

Note. *—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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Table 2. CBCT data on the minimum cross-sectional area localization
in the oropharynx region of the study and the control group patients

MCSA localization in the oropharynx region, %"
Patient group
upper lower
1st control group 51.5 48.5
2nd study group 41 59
3rd study group 20 80

N o te. 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 % (p < 0.01) and 45.09 % (p < 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 % (p < 0.01), respectively, and in the patients from the 3rd study group by 64.50 and 41.32 %
(p <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 %, p < 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,
p =0.019-0.025) (Fig. 1-3).
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Fig. 1. The predictors corresponding to the highest probability
of OSAS development
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multiple factor dispersion analysis F(1, 10)=7,6776, p=0,019
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Fig. 2. The effect of the upper respiratory tract configuration on its total volume

multiple factor dispersion analysis F(1, 10)s7,511 , p=0,025

- - - - -
« o N - o «

Total URT volume, cm3

per lower
MCSA localization

Fig. 3. The effect of the minimum cross-sectional area localization in the oropharynx lower region
on the total upper respiratory tract volume

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 (p < 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, p = 0.019-0.025).

Conflict of interests. The authors declared no conflict of interests.
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