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Abstract

:

Background: Obstructive sleep apnea (OSA) is a condition causing restriction of the airflow through the upper airways during sleep, despite preserved inspiratory muscle activity. This may lead to the development of secondary hypertension, ischemic heart disease, myocardial infarction, and arrhythmia. Moreover, the prevalence of OSA is on the rise. Methods: Comparison of scores from the Berlin Questionnaire, modified Mallampati scores (MMP), pulse oximetry readings and Upper Airway Volume (UAV) data obtained from CBCT (Cone Beam Computed Tomography). The study group of 129 patients of both sexes reporting sleep-related breathing problems completed the Berlin Questionnaire, had their oxygen saturation (SpO2) measured with a PO40 pulse oximeter, and oropharyngeal tissues assessed according to MMP. CBCT scans were put into 3D Amira TM 3D computer analysisto obtain UAV values. Results: Snoring was associated with significantly higher BMI compared to non-snoring patients. Furthermore, snoring patients had higher heart rate, modified Mallampati score, and lower UAV than the non-snoring group. The multifactorial analysis showed MMP as a useful indicator of the risk of snoring (OR = 7.468 (3863–14, 507, p < 0.001)). Conclusions: The composition of MMP together with UAV and the Berlin questionnaire might be reliable indicators to assess the risk of snoring.
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1. Introduction


Breathing-related sleep disorders are breathing abnormalities, including habitual snoring, upper airway resistance syndrome (UARS), and obstructive sleep apnea (OSA) [1]. Snoring is a harsh and buzzing noise produced by the vibration of the respiratory structures, primarily with inspiration during sleep. When it is present at least three nights per week, it may be associated with OSA [2]. It is characterized by repeated episodes of complete or partial obstruction of the upper airways during sleep, with preserved inspiratory muscle activity [3,4,5]. As a result ofa decrease in blood oxygenation (with SpO2 levels down 2–4%) hypoxemia may be observed not only during the night but daytime as well [6,7,8,9,10,11]. Additionally, it may cause increased drowsiness, morning headaches, problems with concentration and memory, loss of libido, and depression [12,13,14,15]. It affects 24% of males and 9% of females in the adult population [2,13]. Men aged 40–70 and postmenopausal women are at the highest risk for developing OSA [16]. According to the literature, predisposing factors for OSA include: overweight and obesity (found in 70% of patients with confirmed OSA), neck circumference ≥43 cm for men and ≥40 cm for women, anatomical alterations in the upper respiratory tract, i.e., an elongated soft palate and/or uvula, palatine tonsil hypertrophy, nasal septum curvature, nasal turbinate hypertrophy; endocrine disorders such as hypothyroidism and acromegaly; mandibular development disorders (micro-, macrognathia); use of sedatives, hypnotics; alcohol consumption (especially at bedtime) and smoking [17]. Underdiagnosed or untreated sleep apnea may lead to the development of secondary hypertension (in more than 50% of patients), ischemic heart disease and myocardial infarction, arrhythmia and conduction disorders, heart failure, stroke, and transient ischemic attacks, pulmonary hypertension, and upper airway resistance syndrome, gastroesophageal reflux disease, depression, impaired glucose tolerance (type II diabetes), metabolic syndrome, and even sudden death [18].



To avoid these life-threatening complications and for financial reasons, it is crucial to identify patients with high risk for OSA at an early stage. The primary care physician or dentist should use simple and repeatable screening tools for OSA risk assessment and subsequently refer them to more expensive and time-consuming polysomnography as the gold standard for OSA diagnosis [19]. The aim of this study was to estimate the usefulness and value of combined diagnostic tools like modified Mallampati scores (MMP) and upper airway volume (UAV) in diagnosing high risk OSA among patients reporting breathing problems during sleep treated in the Prosthetics Outpatient Clinic, Pomeranian Medical University in Szczecin, Poland. Additionally, we aimed to develop the simplest and fastest possible screening method that could be used routinely to identify high risk-OSA patients.




2. Materials and Methods


The included study group consisted of 129 Caucasian patients (99 females aged 43.78 ± 12.89 and 30 males aged 45.37 ± 17.41) who reported sleep-related breathing problems to the Dental Prosthetics Outpatient Clinic, Pomeranian Medical University in Szczecin. The exclusion criteria were as follows: 16 years of age or less, pregnancy, unstable cardiovascular diseases, neurological conditions affecting breathing muscles, moderate to severe respiratory disease or inability to provide reliable information consent or information according to questionnaire, e.g., psychiatric or psychological conditions. The BQ was issued at the time of the patient’s initial appointment by a trained examiner (B.D.). Patient’s family or bed partner were asked to confirm the accuracy of the responses to the questions. Collected data were analyzed and stored at the Department of Dental Prosthetics. Subsequently, their oxygen saturation (SpO2) was measured with a PO40 pulse oximeter (Beurer, Ulm, Germany), and their oropharyngeal space was assessed according to the modified Mallampati classification. The questions in Berlin Questionnaire are divided into three categories: the first five relate to sleep (presence/absence of snoring, its frequency, and intensity, observation of pauses in breathing), the following 4 questions are used to determine the degree of daytime sleepiness, and the last question refers to the presence of concomitant hypertension [20]. The modified Mallampati classification is used to assess oropharyngeal space. The score reflects the position of the tongue relative to the soft palate and uvula [21]. It is assessed by asking the patient to open their mouth as wide as possible and protrude their tongue as much as possible, without making any sounds. Based on the assessment of the visible structures, the patient will fall into one of four categories:




	
Class I soft palate and uvula fully visible;



	
Class II soft palate and major part of uvula visible;



	
Class III soft palate and base of uvula visible;



	
Class IV soft palate not visible.








In addition, each patient was referred for cone beam computed tomography (CBCT, iCAT, Imaging Sciences, Hatfield, PA, USA, FOV: 16 × 13 cm, 0.25 mm voxel, scanning time 26.9 s). All CBCT scans were acquired by the same calibrated examiner to ensure the repeatable conditions, including head and tongue posture [22,23]. Every patient’s data obtained from CBCT scans were then uploaded into the 3D Amira™ visualization and analysis computer program (Thermo Fisher Scientific, Berlin, Germany) and set on cephalogram shot to calculate upper airway volume (UAV). Four landmarks were used, such as posterior nasal spike, the tip of the uvula, the top of the epiglottis, and the base of the epiglottis. The program marked the airways from which the upper airway volume was extracted (based on the landmarks). Mapping from 2D to 3D through interpolation was made to receive the volumetric measure automatically. The details, including landmarks used in the measurements and upper airway volume view in Amira are presented in Figure 1 and Figure 2.



To check the normality of data distribution, the Shapiro–Wilk test was used. Variables with normal distribution are presented as a ± mean with a standard deviation. Variables with non-normal distribution are presented as a median with an interquartile range (Table 1 and Table 2).



Variables with a normal distribution were compared using ANOVA variance analysis, Kruskal–Wallis non-parametric test, and posthoc multiple comparison test with the Tukey post hoc test. The estimated power for comparison of the three groups at effect size = 0.5 was 0.99 (G*Power software, Düsseldorf, Germany) (Figure 3). In order to estimate the correlation between the variables, Spearman’s and Kendall’s correlation coefficients were used. In order to estimate the correlation between variables, Spearman’s correlation coefficient was used. The chi-square test was carried out for the qualitative evaluation of variables. A logistic regression model was created to assess hidden risk. The results of univariate analysis are represented as an odds ratio with a 95% confidence interval. Multivariate analysis was performed using the stepwise regression method. The significance level was adopted as α = 0.05. The study was approved by the Bioethics Committee of Pomeranian Medical University in Szczecin (approval number KB-0012/83/16) and was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice set forth by the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH). We also ensured that the study conformed to applicable international regulatory authority laws, regulations, and guidelines.




3. Results


The mean age in the women’s group was 43.78 ± 12.89 years and in the men’s group, 45.37 ± 17.41 years. The average BMI in the women’s group was 24.58 ± 4.27, the average BMI in the men’s group was 26.08 ± 3.43 (Table 1). In response to question 1 of the Berlin Questionnaire (Do you snore?) 69 patients answered “yes” (54 females, 15 males), 47 (32 females, 15 males) “no”, and 13 patients did not know if they snored (13 females). We did not find gender-related risks of developing OSA (Figure 4). Patients who reported snoring also reported increased fatigue after waking up, as well as increased daytime sleepiness, compared to non-snorers who answered, “I am never or nearly never tired during the day”. Significantly higher BMI scores (26.14 ± 4.03 vs. 23.75 ± 3.87) were observed in declared snorers compared to non-snoring patients (Figure 5). In addition, snoring patients had higher Heart Rate (74 bpm vs. 68 bpm), higher modified Mallampati score (3 vs. 1) and lower UAV (13,241.4 vs. 17,627.4 vx) than the non-snoring group. Further analysis showed that snoring affects men and women equally. There were significant differences in blood oxygenation in snoring compared to non-snoring patients—98 vs. 99. In our study, breathing-related problems coincided with BMI ranging from 16.60 and higher, MMP 3 and 4, also UAV value from 5411.78 to 28,337.90 mm3. Additionally we found significant correlation between MMP scale and UAV (Tau = 0.17, p = 0.02).



The results are presented in Table 2. No statistically significant differences were observed between snoring and non-snoring patients in terms of daytime fatigue or nodding off/falling asleep while driving a vehicle (questions 7 and 8 of the Berlin Questionnaire). Multifactorial analysis presented in Table 3 showed MMP as a useful indicator in the assessment of the risk of snoring (OR = 7.468 (3863–14.507, p < 0.001).




4. Discussion


The Berlin Questionnaire was initially used as a screening survey for sleep related breathing disorders by Enciso et al. Its sensitivity, specificity, positive and negative predictive value in reference to polysomnography derived data amounted to 67.4%, 52.9%, 66.0% and 54.5%, respectively [24]. In our study, breathing-related problems coincide with higher BMI scores, higher MMP, and lower UAV. Furthermore, it is noteworthy that significantly higher MMP score and BMI correlate with significantly lower SpO2 and UAV. The Mallampati scale is a simple four-grade score that can also support physician assessment of patient’s UAV, as a part of the physical examination prior to a polysomnography referral [25]. This score and the presence and severity of OSA correlation suggest its practical value in clinical settings and prospective studies of sleep-disordered breathing. However, it was not previously associated with UAV, whereas our study showed statistically significant correlation between MMP 3 and 4 and lowered UAV as measured radiographically. Yet, our findings are in partial opposition to the work of Yanru Li et al. who failed to confirm a direct relationship between BMI and the risk of OSA. Their MRI and CT study revealed that fats deposited around the upper airways, together with total soft tissues volume, indicate increased retroglossal and retropalatal collapsibility. However, this finding turned out to be valid for both patients with OSA and the control group [26]. This may be due to differences in body composition of the patients included in their study, e.g., people with an increased percentage of lean mass—athletes have higher BMI scores, which does not reflect the amount of body fat or indicate an increased risk of OSA. It should therefore be considered whether future studies would benefit from the use of the WHR (waist–hip ratio) instead of the BMI index [27]. Zimmerman et al. were the first to evaluate the reliability of the upper pharyngeal airway using CBCT in 10 patients, concluding that CBCT might be a valid and reliable tool to evaluate upper airway dimensions in the future [28]. Mouhanna-Fattal et al. evaluated 3D characteristics of UAV and craniofacial volumetric structures in OSA adult patients [29]. The control group included healthy adults with no sleep disorders, according to Epworth sleepiness scale and the Berlin questionnaires. The data obtained from this investigation are consistent with our results—the mean value of UAV in the OSA group was smaller than in the control group, while the post-hyoid volume, posterior volume, and their ratio over total volume were larger than in the control group. The anatomical dimensions of the upper respiratory tract in correlation to the prevalence of sleep apnea were examined by Barrera et al. [30]. In their study, the measurements were based on CBCT and MRI imaging, including soft palate thickness, distance from the mandible plane to the hyoid bone, posterior airway space, and tongue volume. The study showed significantly longer mandibular–hyoid distance, smaller posterior airway space, and larger tongue volume in OSA patients compared to the control group (non-OSA patients). Their results are consistent with the present findings. With regard to the differences in the UAV, our findings also coincide with those observed by Buchanan et al. [31] who used CBCT data to measure UAV in OSA patients. They found that OSA patients had a lower UAV in relation to healthy individuals. Chiu et al., in their 2018 study, analyzed airway resistance during expiration in OSA patients compared to a control group [32]. Expiratory resistance (EXR) in the OSA group was significantly higher (p = 0.04). Moreover, the authors observed a statistically significant negative correlation between EXR and the minimum cross-sectional area of the oropharynx (r = −0.41, p = 0.02), and between EXR and the oropharynx volume (r = −0.48, p = 0.01) in OSA patients. Yucel et al. studied changes in the upper airway cross-sectional area of patients with varying degrees of severity of OSA. Their findings include significantly lower values (narrower cross-sectional area) at the level of uvula in expiration, lower positioning of the hyoid bone and thicker soft palate in patients with severe OSA compared to patients with mild/moderate OSA (p < 0.05) and the control group [33]. According to Parsi et al. each millimeter of the mandibular advancement during bimaxillary surgery led to a significant increase in the oropharyngeal volume, while every millimeter downwards reposition resulted in a statistically significant increase in the nasopharyngeal volume [34]. The reliability of upper airway volume analysis based on CBCT studies was investigated by Mattos et al. UAV measurements based on CBCT scans showed high intraexaminer and interexaminer reliability (93% and 73%, respectively) [35]. Additionally, our findings are similar with those of Chaudhry et al., who described minimal retropalatal area in concordance with higher STOP-Bang scores, whose questionnaire is also a validated screening tool to identify OSA patients. They concluded that CBCT images where the minimal retropalatal area is smaller than 110 mm2 might indicate patients who are at risk for developing OSA. Hence, airway measurements obtained from CBCT images and STOP-Bang questionnaire scores may be used to increase referrals to a sleep lab [36]. The present study showed statistically significant differences in oxygen blood saturation, which is in agreement with Barrera’s study, which noted a difference in saturation between OSA patients (94.6 ± 2.3) and the control group (87.7 ± 7.1%) [30].



The limitation of our study is the fact that it based on questionnaire-reported sleep disorders without confirmation of OSA diagnosis using polysomnography. The sensitivity of BQ ranges from 56% to 84%, specificity 38–59% [32]. For logistical reasons, we also measured in the study group the daytime SpO2 level instead of night-time SpO2, which seems to be more reliable. The other limitation may be associated with UAV measurement. Even though the Amira software was used to determine UAV, the landmarks were plotted in CBCT manually.




5. Considerations and limitations of the study


The multidisciplinary approach to OSA is strongly suggested with a team made up of dentists, ENT specialists and medical experts in sleep disorders. Home sleep apnea testing is less expensive than polysomnography and increasingly used to diagnose OSA. The examination of the upper airway may identify anatomic abnormalities, such as nasal septum deviation, tonsillar hypertrophy and macroglossia, but normal upper airway examination findings do not exclude OSA.




6. Conclusions


Higher Mallampati score together with smaller upper airways in CBCT and higher BMI were found to be correlated with snoring. According to our findings, despite some limitations, the composition of MMP together with UAV and the Berlin questionnaire might be effective indicators of the risk of snoring, thus present as a reliable screening test of OSA. Polysomnography should be considered in patients with a high-risk score.
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	CBCT
	Cone Beam Computed Tomography



	CPAP
	constant positive airway pressure



	HS
	Habitual snoring



	MMP
	Modified Mallampati



	OSA
	obstructive sleep apnea



	UARS
	upper airway resistance syndrome



	UAV
	upper airway volume



	WHR
	waist-hip ratio
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Figure 1. Landmarks used in CBCT analysis: posterior nasal spike (1), the tip of the uvula (2), the top of the epiglottis (3), the base of the epiglottis (4). 
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Figure 2. The volumetric measure of upper airways using Amira™. 
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Figure 3. Sample size determination. 
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Figure 4. Occurrence of snoring among men and women. P-0.84, Chi^2test. 
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Figure 5. Significantly higher BMI scores (26.14 ± 4.03 vs. 23.75 ± 3.87) were observed in declared snorers (a) in comparison to non-snoring patients (b and c). 
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Table 1. Correlation between sex and mean age and BMI.
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	Yes (n = 69)
	No (n = 47)
	Do Not Know (n = 13)
	p





	BMI
	26.14 ± 4.03
	23.75 ± 3.87
	22.76 ± 3.71
	<0.001



	SpO2
	98 (97–98)
	99 (98–99)
	98 (97–99)
	<0.001



	HR
	74 (68–80)
	68 (64–77)
	69 (63–74)
	0.004



	MMP
	3 (3–4)
	1 (1–2)
	2 (2–2)
	<0.001



	UAV
	13,241.4

(10,862.7–16,947.3)
	17,627.4

(12,650.3–22,572.5)
	17,174.5

(14,839.0–20,483.7)
	<0.001
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Table 2. Values of the variables included in the analysis depending on the answer to the question “Do you snore?” in the Berlin Questionnaire.
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	Parameter
	OR
	p





	Age
	1.004 (0.978–1.031)
	0.76



	Gender
	1.687 (0.729–3.904)
	0.22



	BMI
	1.172 (1.055–1.301)
	0.0031



	MMP
	7.486 (3.863–14.507)
	<0.001



	UAV
	0.998 (0.997–0.999)
	<0.001
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Table 3. Multifactorial logistic regression analysis.
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	Parameter
	Males
	Females
	p





	Age
	45.37 ± 17.41
	43.78 ± 12.89
	>0.05



	BMI
	26.08 ± 3.43
	24.58 ± 4.27
	>0.05
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