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Abstract

:

This study aimed to analyze the efficacy of maxillary oral appliance (MOA) designs on respiratory variables during sleep. At baseline, 23 participants underwent a sleep test with a portable device for two nights and were categorized as participants with mild obstructive sleep apnea (mild-OSA) (n = 13) and without OSA (w/o-OSA) (n = 10). Three types of MOAs, standard-OA (S-OA), palatal covering-OA (PC-OA), and vertically increasing-OA (VI-OA), were each worn for three nights, and sleep tests with each MOA were performed with a portable device for two nights. Based on the average of the respiratory event index (REI) values for the two nights for each MOA, w/o-OSA participants with an REI ≥ 5.0 were defined as the exacerbation group and those with an REI < 5.0 as the non-exacerbation group. In mild-OSA participants, an REI ≥ 15.0 or REI ≥ baseline REI × 1.5 were defined as the exacerbation group and those with an REI < 15.0 and REI < baseline REI × 1.5 were defined as the non-exacerbation group. The percentage of the exacerbation and non-exacerbation groups with MOA was evaluated in the w/o-OSA and mild-OSA participants. The maxillary and mandibular dental-arch dimension was compared by dentition model analysis. The exacerbation group in w/o-OSA participants (n = 10) comprised 10.0% participants (n = 1) with S-OA, 40.0% (n = 4) with PC-OA, and 30.0% (n = 3) with VI-OA. The exacerbation group in the mild-OSA participants (n = 13) comprised 15.4% subjects (n = 2) with S-OA, 23.1% (n = 3) with PC-OA, and 23.1% (n = 3) in VI-OA. In the model analysis for w/o-OSA, the posterior dental arch width was significantly greater in the exacerbation group than in the non-exacerbation group wearing S-OA (p < 0.05). In addition, the ratio of the maxillary to mandibular dental arch width (anterior dental arch width) was significantly greater in the exacerbation group than in the non-exacerbation group for both PC-OA and VI-OA (p < 0.05). In mild-OSA, the maxillary and mandibular dental arch lengths and the ratio of maxillary to mandibular dental arch width (posterior dental arch width) were significantly smaller in the exacerbation group than in the non-exacerbation group for S-OA (p < 0.05). This study confirmed that wearing an MOA by w/o-OSA and mild-OSA participants may increase the REI during sleep and that PC-OA and VI-OA may increase the REI more than S-OA. The maxillary and mandibular dental-arch dimensions may affect the REI when using an MOA.
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1. Introduction


Obstructive sleep apnea (OSA) is characterized by intermittent obstruction of the upper airway and recurrent episodes of apnea and hypopnea during sleep [1,2,3]. OSA is associated with obesity and abnormal maxillofacial morphology, such as micrognathia and mandibular recession [4]. Its symptoms include snoring, frequent urination at night, daytime sleepiness, and headache upon awakening [5,6]. Daytime sleepiness has been reported to decrease work efficiency and cause traffic accidents and work-related injuries [7]. Further, OSA has been reported to be a risk factor for cardiovascular diseases such as hypertension, myocardial infarction, and other systemic diseases such as diabetes mellitus and cerebrovascular diseases [8]. Thus, OSA becomes an issue for the patients themselves and society, and it is crucial to prevent these symptoms through early detection.



Although continuous positive airway pressure (CPAP) is the standard treatment for OSA, patient acceptance, tolerance, and treatment adherence are low, and the treatment process may be interrupted [9]. Alternatively, oral appliance (OA) therapy for OSA is simple, portable, and has recently been shown to be effective in some cases of severe OSA [10]. The OA for OSA is a device that secures the airway by advancing the mandible [11,12]. There are two types of OA: mono-block type, in which the upper and lower jaws are fixed, and bi-block type, in which the upper and lower jaws are separated [13]. In addition to OA for OSA, OA is also used for treating temporomandibular disorders (TMD) and sleep bruxism (SB) [14]. The most common type of OA for these treatments is the maxillary type OA (MOA), which acts by increasing the vertical intermaxillary distance without advancing the mandible. It has been reported that when patients with snoring or OSA wear an MOA during sleep, the snoring time increases, and the severity of OSA worsens [15].



Not every OSA patient has typical characteristics (male, middle-aged, obese, snoring, and sleepiness), and the subjective symptom such as quality of sleep, difficulty in breathing during sleep, and daytime fatigue is difficult to assess accurately. Therefore, OSA can be underdiagnosed and many potential patients may not be aware of themselves having OSA [4,16]. When these potential patients have TMD or SB, the easy use of an MOA as a treatment for these conditions may cause exacerbation of OSA without the patients noticing. In a study conducted by Gagnon et al. [15], about 40% of patients with snoring or OSA wearing an MOA during sleep showed a transition from snoring to OSA and worsening of the severity of OSA. Moreover, in a pilot study by Nikolopoulou et al. [17], raising the vertical dimension of OA with no mandibular advancement increased the apnea hypopnea index (AHI) at the individual level in 50% of their patients. We have also encountered cases in which such patients complained of breathlessness during sleep and had difficulty using an MOA, even though the possibility of OSA was relatively low. This finding suggests that the use of an MOA itself may adversely affect the respiratory variables during sleep. However, no studies have examined the respiratory variables during sleep with an MOA in patients without OSA. The effects of different MOA designs on respiratory status during sleep have also not been clarified. The purpose of this study was to investigate the effect of wearing or not wearing an MOA and of the difference in the width of the palatal coverage and the vertical intermaxillary thickness of an MOA on the respiratory variables during sleep in w/o-OSA or mild-OSA patients.




2. Materials and Methods


2.1. Study Design


This study was conducted to compare changes in respiratory variables on wearing an MOA during sleep. The MOAs used in this study were standard oral appliance (S-OA), palatal covering oral appliance (PC-OA), and vertically increasing oral appliance (VI-OA). Each OA was worn during sleep for three consecutive nights, with a seven-day wash-out period between each MOA experiment. This study was approved by the Ethics Committee of Tokyo Medical and Dental University (no. D2019-069) and conducted in accordance with the Declaration of Helsinki. The study was registered at UMIN-CTR (https://www.umin.ac.jp/ctr/ (accessed on 31 March 2020), UMIN000039637, Effect of palatal width of the maxillary oral appliance on respiratory status during sleep).




2.2. Participants


The candidates for this study were graduate students and staff of the Tokyo Medical and Dental University. The inclusion criteria were as follows: (1) body mass index (BMI) < 25.0, (2) Epworth Sleepiness Scale score < 11, (3) regular nighttime sleep, and (4) adequate dentition to support the OA. The exclusion criteria were as follows: (1) pain caused by TMDs; (2) severe sleep bruxism; (3) moderate to severe nasal disease (trouble breathing through the nose); (4) untreated, missing teeth excluding wisdom teeth; (5) ongoing medication for psychiatric disorders, including sleeping pills; (6) ongoing occlusal splint therapy. Before inclusion in the study, written informed consent was obtained from each subject.




2.3. Sleep Test


Before recruitment, a sleep study was performed using Watch-PAT (Itamar Medical, Caesarea, Israel), a portable sleep test device [18] consisting of a peripheral arterial tonometry probe, wrist-mounted device, and an oxygen saturation monitor, with a snoring monitor, to assess the state of OSA at baseline and follow-up. It has been reported that Watch-PAT is a simple, reliable device that significantly correlates with the gold standard polysomnography (PSG). Several studies have also reported that this device has excellent sensitivity and specificity as compared with in-laboratory polysomnography, and it is a highly sensitive portable device for estimating the treatment results of OSA by detecting overall AHI under various conditions of the patients [19,20,21,22]. In this study, the following values of the sleep test results were assessed: the respiratory event index (REI) and the lowest saturation of percutaneous oxygen (SpO2). The REI indicates the number of apnea and hypopnea events per hour of measurement. Apnea was defined as a 90% reduction in airflow for at least 10 s, and hypopnea was defined as ≥30% reduction in airflow for at least 10 s associated with ≥3% reduction in oxygen saturation [23]. OSA was defined as an REI ≥ 5 and classified as mild (REI 5.0–14.9), moderate (REI 15.0–29.9), and severe (REI ≥ 30) [24]. In this study, w/o-OSA participants (REI < 5) and mild-OSA participants (REI 5.0–14.9) were included. Subjects with REI ≥ 15.0 were excluded from the study.




2.4. Experimental Appliance Design and Measurement Schedule


Three types of MOAs (S-OA, PC-OA, and VI-OA) were fabricated for each participant. The standard measurements of each appliance design are shown in Figure 1. They were made of a 1.5 mm thick thermoplastic sheet (Sprint A, Square, YAMAHACHI DENTAL MFG., CO., Aichi, Japan). For each participant, a maxillary and mandibular dentition impression was taken with alginate impression material, and dental casts were fabricated. The dental casts were mounted on a semi-adjustable articulator in the maximum intercuspal position. A flat occlusal plane was created using self-curing resin (UNIFAST III; GC Corp., Tokyo, Japan) to allow group function and protrusive anterior guidance without corresponding interference at the chairside [25]. According to the measurement schedules, the OA design for each experiment was altered at the chairside (Figure 2). Each participant wore OAs in the order of PC-OA, S-OA, and VI-OA, consecutively for three nights, and a sleep test was performed on the last two nights. After the seven-day wash-out period of the PC-OA experiment, an S-OA was fabricated by shortening the PC-OA palatal flange for the S-OA experiment. The same procedure was applied to the VI-OA. For the VI-OA experiment, the occlusal surface of the S-OA was increased vertically by adding self-curing resin to achieve the required vertical thickness (5–8 mm). The thickness of the splint was measured between the upper and lower central incisors.




2.5. Outcome Measures


As the primary outcome, we assessed REI with an MOA. As the secondary outcome, patient age, BMI, dental arch width and length, and sleep satisfaction while wearing the OAs were evaluated. In this study, based on the average REI value for the two nights during each MOA experiment, participants w/o-OSA with an REI ≥ 5.0 were categorized as the exacerbation group and those with an REI < 5.0 as the non-exacerbation group. Mild-OSA subjects with an REI ≥ 15.0 or REI ≥ baseline REI × 1.5 were categorized as the exacerbation group and those with an REI < 15.0 and REI < baseline REI × 1.5 as the non-exacerbation group. Then, the percentage of the exacerbation and non-exacerbation groups with the OA was evaluated in w/o-OSA and mild-OSA participants.



In this study, we analyzed the association between the maxillary and mandibular arch morphology and REI to investigate whether it affects the development and aggravation of OSA on wearing an MOA. The maxillary and mandibular dental-arch dimension was compared using dentition model analysis. The dental arch length (DAL), anterior dental arch width (A-DAW), and posterior dental arch width (P-DAW) were measured on each subject’s dental casts using a digital caliper and digital tread depth gauge to investigate the relationship between the maxillary and lower dentition, respectively (Figure 3). DAL represents the distance between the lowest point of the mesial incisal edge of the incisor and the highest point on the mesiobuccal cusp tip of the first molar, A-DAW represents the distance between the buccal cusp tips of the right and left first premolars, and P-DAW represents the distance between the mesiobuccal cusp tips of right and left first molars. The palatal depth (PD) was also measured for the maxillary cast. PD represents the vertical distance from the midpoint on the maxillary P-DAW line perpendicular to the palatal vault in the midline [26]. Moreover, the ratios of the maxillary to mandibular A-DAW and P-DAW (maxillary/mandibular) were also calculated [27].



The participants were asked to answer a questionnaire to indicate sleep quality, number of awakenings, and difficulty in breathing during sleep to assess sleep satisfaction while wearing each MOA. The questions (responses) were: “How was your sleep quality?” (0, bad; 1, somewhat bad; 2, somewhat good; and 3, good), “How many times did you wake up during sleep?” (0, not at all, 1, 1 time, 2, from 2 to 3 times, 3, more than 4 times), and “Did you experience difficulty in breathing while sleeping?” (0, no; 1, a little; 2, very).




2.6. Statistical Analysis


Continuous variables were described as mean ± standard deviation for variables with a normal distribution and as median (interquartile range) for variables with a non-normal distribution. Normality of distribution was assessed using the Shapiro–Wilk test. For the REI and lowest SpO2, the mean value of 2 nights while wearing an MOA was used as the representative value. The Welch t-test was used to compare age, BMI, REI, SpO2, and dentition model analysis between the exacerbation and non-exacerbation groups. For sleep satisfaction, the Mann–Whitney U test was used for comparison between the exacerbation and non-exacerbation groups. All statistical analyses were performed using the SPSS version 28.0 software (IBM, Tokyo, Japan), and the level of significance was set at 0.05.





3. Results


Thirty candidates (14 men and 16 women, mean age 30.4 years, range 26–35 years) who agreed to participate in this study underwent a sleep study to assess OSA. Five candidates were excluded based on an REI ≥ 15.0. Of the remaining 25 candidates, two dropped out during the experiment (one dropout due to loss of the OA, and one dropout due to difficulty sleeping when wearing the OA). In the end, the entire study protocol was completed with 23 participants (10 w/o-OSA participants and 13 mild-OSA participants).



3.1. Baseline Characteristics of the Participants


The participant characteristics at baseline are shown in Table 1. The mean age of all subjects was 31.1 ± 4.3 years, and their mean BMI was 21.9 ± 2.7 kg/m2. The mean REI of the participants was 5.9 ± 3.8 events/h. There was a significant difference in the REI, lowest SpO2, and A-DAW at baseline between the w/o-OSA participants and mild-OSA participants (p < 0.01). In contrast, there was no significant difference in age and BMI (p > 0.05). In the dentition model analysis, there were no significant differences in maxillary and mandibular measurements (maxillary DAL, P-DAW, PD, and mandibular DAL, A-DAW, and P-DAW) between the two groups (p > 0.05). Furthermore, there were no significant differences in DAL, P-DAW, DAL, A-DAW, P-DAW, and PD of the maxilla and mandible between the two groups (p > 0.05).




3.2. Comparison of Age, BMI, and Respiratory Variables in the Exacerbation and Non-Exacerbation Groups for Each MOA


The comparison of age, BMI, and respiratory variables wearing the three MOAs in the exacerbation and non-exacerbation groups is shown in Table 2. The exacerbation group among the w/o-OSA participants (n = 10) comprised 10.0% of the participants (n = 1) with S-OA, 40.0% (n = 4) with PC-OA, and 30.0% (n = 3) with VI-OA. The exacerbation group in mild-OSA (n = 13) consisted of 15.4% participants (n = 2) with S-OA, 23.1% (n = 3) with PC-OA, and 23.1% (n = 3) with VI-OA. On the one hand, in the w/o-OSA participants, there was a significant difference in the REI while wearing the three MOAs between the exacerbation and non-exacerbation groups (p < 0.05). On the other hand, there were no significant differences in age, BMI, and respiratory variables (baseline REI, baseline, and lowest SpO2 with the three MOAs) between the two groups (p > 0.05). In the mild-OSA group, there was a significant difference in the REI while wearing the PC-OA and VI-OA between the exacerbation and non-exacerbation groups (p < 0.05). However, there were no significant differences in age, BMI, baseline REI, and SpO2 between the exacerbated and non-exacerbated groups for each MOA group (p > 0.05).




3.3. The Relationship of Respiratory Variables between MOA Types and Dental Arch Morphology


The relationship of respiratory variables between MOA types and dental arch morphology is shown in Table 3. In w/o-OSA participants, while comparing the association between the presence of exacerbation of respiratory variables and dental arch morphology among OA types, the exacerbation group showed a significantly smaller mandibular P-DAW with S-OA than the non-exacerbation group (p < 0.05) w/o-OSA. In addition, the ratio of the maxillary to mandibular dental arch width (A-DAW) was significantly higher in the exacerbation group than in the non-exacerbation group for both PC-OA and VI-OA (p < 0.05). In mild-OSA participants, the exacerbation group while wearing VI-OA showed a significantly smaller PD than the non-exacerbation group (p < 0.05).




3.4. Sleep Satisfaction While Wearing the Three Types of MOAs


The sleep satisfaction while wearing three types of MOAs is shown in Table 4. In the subjective evaluation of sleep quality, arousal, and difficulty in breathing while wearing three types of MOAs, there was no significance between the exacerbation and non-exacerbation groups between different MOA types (p > 0.05).





4. Discussion


To the best of our knowledge, this study is the first to determine the effects of wearing an MOA on respiratory variables during sleep in w/o-OSA participants and mild-OSA participants. It has already been reported that MOA can worsen respiratory variables in patients with moderate or severe OSA. However, the effect of MOA use in w/o-OSA and mild-OSA patients has not been reported. It is also possible that patients with mild-OSA are unaware that they have OSA. Therefore, participants without OSA and with mild OSA were included in our study. In this study, a sleep study was conducted at the participants’ homes using Watch-PAT. PSG testing is desirable for more accurate measurement of respiratory status during sleep. However, it must be performed in a special laboratory, which is burdensome for patients. Repeated, non-disturbing measurements in the familiar sleep surroundings of a patient’s home to quantify the respiratory status was an advantage of our study methods. Although Tschopp et al. [28] found no evidence of first night effect and night-to-night variability in respiratory polygraphy while using Watch-PAT, Le Bon et al. [29] observed the first-night effect in their PSG study. We performed the sleep study for two nights for each MOA experiment and for all participants to strengthen the accuracy of our study.



In this study, exacerbation of the REI occurred in approximately 15–23% of the subjects in the mild-OSA group and from 10% to 40% of the subjects in the w/o-OSA group. Gagnon et al. [15] reported that in a PSG-based study, 40% of patients with snoring or sleep apnea showed an increase in AHI on using an MOA. The MOA used in that study was approximately 1.5 mm thick at the molar level and covered all teeth and the anterior midpalatal area which could be considered similar to PC-OA in our study with a slight difference in vertical thickness (2–3 mm). Nikolopolou et al. [30] also reported that in a randomized study of patients with OSA, all patients had an increased AHI on using an MOA which had no palatal coverage and a bite rise of about 1 mm at molar level. This MOA is considered to be similar to the S-OA we used. Those findings indicated, once again, that wearing MOAs may worsen the respiratory variables of mild-OSA patients during sleep. In addition, 10–40% of w/o-OSA subjects in this study had exacerbation of the REI after wearing an MOA. We cannot compare the results of our study with those of the previous studies because those studies have not been conducted under similar conditions. However, we believe that the results confirm our clinical realization that some patients experience breathlessness during sleep using MOAs.



The position of the mandible and tongue may be related to worsening of the respiratory status during sleep due to the wearing of an MOA. In w/o-OSA sleepers, the airway collapses during sleep, particularly in the supine position, which in turn causes opening of the mandible and posterior displacement of the tongue [31,32]. Similar findings have been reported in OSA patients with more giant tongues [33,34,35]. Moreover, anatomically, the pharyngeal airway, similar to a collapsible tube, is enclosed by the tongue, mandible, and cervical vertebrae. When the vertical distance between the upper and lower jaw increases, the posteriorly retruded mandible positions the tongue in the same direction. The backward displacement of the tongue reduces the pharyngeal airway size, increasing airway collapsibility at both the velopharynx and oropharynx levels [36]. These findings suggest that the increased vertical distance between the maxilla and mandible due to the MOA affect the exacerbation of the respiratory status during sleep. A more significant proportion of subjects with VI-OA had a worse REI score than those with S-OA, both in the w/o-OSA and mild-OSA groups. The VI-OA had the same palatal coverage width as the S-OA but was set to increase the vertical distance between the maxillary and mandible. It has been reported that increasing the vertical dimension with occlusal orthotics reduced the AHI in non-supine and supine positions in the orthotic group [37]. The greater vertical distance between the maxilla and mandible may have caused the mandible to retract further, obstructing the airway with the tongue and causing further exacerbation of the REI.



In this study, a larger proportion of patients with PC-OA had a worse REI score than those with S-OA, both in the w/o-OSA and mild-OSA groups. The PW-OA had the same vertical distance between the maxilla and mandible as the S-OA but was set to increase the width of the palatal mucosa coverage. This may have resulted in a narrower space for the tongue relative to the palate as compared with the S-OA. The ideal resting tongue posture or maintenance of the anterior oral seal was acquired by naturally breathing through the nose and posturing the tongue correctly against the palate while growing up if there was nothing to interfere with this natural tongue position, such as chronic nasal congestion, retrognathia, and iatrogenic posterior mandibular displacement [38]. In this situation, the resting tongue naturally guides the maxillary arch into a parabolic/U-shape associated with obligate nasal breathers and a narrower V-shape associated with complete mouth breathers. In individuals with the “proper” tongue to palate posture, slight changes can disrupt the maintenance of this delicate posterior oral seal during sleep and result in the tongue falling back into the throat during sleep, especially when supine. However, in individuals who have already adapted (complete oral breathers and sometimes also oronasal breathers) to such conditions via other mechanisms, their tongues are presumably not resting against the palate. Therefore, in this study, the intrusion of the PC-OA into the palatal space may have caused a marked difference in the change in the REI in the exacerbation group.



In this study, while comparing the upper dental arch measurements between exacerbation and non-exacerbation groups in w/o-OSA participants and mild-OSA participants, A-DAW and P-DAW were greater in the exacerbation group than in the non-exacerbation group. Maxillofacial abnormalities, such as micrognathia and retrognathia, are widely known risk factors for OSA [39]. Moreover, since a constricted maxillary arch could also decrease the oropharyngeal volume in the Donder’s space for the tongue, a narrow maxillary dental arch is a risk factor for OSA [27]. Some studies have suggested that a narrow upper dental arch was correlated with sleep disturbance in OSA patients [40,41,42]. However, Maeda et al. [27] reported that the upper dental arch was wider when OSA patients were more obese and the lower dental arch was more expanded, and the upper dental arch became narrower when the mandible was in a more backward position relative to the maxilla. DAL was significantly shorter in the exacerbation group than in the non-exacerbation group. In a study of Malaysian patients, Banabilh et al. [43] reported that OSA patients had longer maxillary and mandibular dental arches than controls. These reports are not consistent with the results of the present study. Since the BMI of the subjects in this study was within the normal range, it can be inferred that the exacerbation of REI with PC-OA and VI-OA is not due to the dental morphology, but the effect of MOA wear itself.



Although several publications have supported the fact that REI was worsened with MOA during sleep, it is worth notable that there was an improvement in REI in the non-exacerbation group of mild-OSA subjects (SOA—84.6%, PC-OA—76.9%, and VI-OA—76.9%) in this study. In a randomized trial, Kuwashima et al. [37] reported a decrease in AHI with MOA for mild OSA. Anitua et al. also showed a decrease in AHI with the use of upper and lower integrated OA without mandibular advancement, and concluded that elevation of the occlusal height diameter alone could maintain upper airway patency and stabilize pharyngeal tissue.



This study has several limitations. The assignment of the three MOAs was not randomized in this study. Therefore, it is possible that there was an order effect of MOA on the study results although there was a wash-out period of seven days between each MOA experiment. The participants were asked to answer a questionnaire to indicate sleep quality, number of awakenings, and extent of difficulty in breathing during sleep to assess sleep satisfaction while wearing each MOA. However, there was no significant difference in sleep satisfaction among both w/o-OSA and mild-OSA participants for any MOA. This result may have been influenced by the small number of participants with worse REI during sleep and the small overall sample size. The same may be true for other outcomes. In this study, it was suggested that wearing an MOA may exacerbate the respiratory variables during sleep not only in mild-OSA participants but also in w/o-OSA participants. Furthermore, the increased palatal coverage area of the MOA and increased vertical distance between the maxilla and mandible also increased the risk of exacerbating the rate of breathing during sleep. However, no obvious characteristics were found in the dental morphology of the upper and lower jaws between those whose breathing conditions worsened and those whose breathing conditions did not. Regarding the size of the dentition, no sex difference was also found in the data. The three-dimensional positioning of the mandible in relation to the maxilla and the anatomy of the nasopharynx may also be involved, and these factors should be examined in the future. Therefore, in a future study, the three-dimensional positioning of the mandible in relation to the maxilla and the anatomy of the nasopharynx should be evaluated by cephalometric and CT scan parameters. Moreover, although the possible impact of PC-OA and VI-OA design on respiratory variables during sleep was explained by the relationship between mouth breathing and the anterior oral seal in this study, validation of the impact of disruption of the tongue’s space and anterior oral seal on the respiratory variables should be evaluated by including nasal and oral breathers in the sample in the future. This study did not consider changes in respiratory variables in the different sleep postures. To prove the disruption of the normal tongue position by the MOAs, the difference in change in the REI during supine and non-supine should be considered in the future.




5. Conclusions


In conclusion, the study findings confirmed that, in w/o-OSA and mild-OSA participants, wearing an MOA may increase the respiratory variables during sleep and that PC-OA and VI-OA may increase respiratory variables more than S-OA. The maxillary and mandibular dental-arch dimensions may affect the respiratory variables of an MOA. Therefore, when an MOA is indicated for patients with SB or TMD, it is necessary to consider the possibility of worsening of the respiratory variables during sleep and the extent of palatal coverage of the MOA, and the vertical thickness of the OA. The importance of confirming the presence of OSA in advance was also indicated. In future studies, three-dimensional assessment of dental morphology with MOAs during different sleep positions should be carried out with a larger sample size to better understand the role of the tongue and soft palate in the exacerbation of the REI by OA application.







Author Contributions


Drafting of the manuscript, K.T.Y.M.S.; study concept and design, K.T.Y.M.S., H.I., A.N., M.S. and S.M.; data acquisition, K.T.Y.M.S.; analysis and interpretation of data, K.T.Y.M.S., H.I. and A.N.; critical revision of the manuscript, K.T.Y.M.S., H.I. and A.N.; statistical analysis, K.T.Y.M.S., H.I. and A.N.; study supervision, A.N., M.S. and S.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by JSPS Grants-in-Aid for Scientific Research (grant numbers 18K17140).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the ethics committee at the Tokyo Medical and Dental University Dental Hospital (protocol code D2019-069, 24 March 2020).




Informed Consent Statement


Informed consent was obtained from all subjects who participated in the study in writing after the study was explained to them.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors would like to express their great appreciation to Masayuki Hideshima and Kazuhiro Aoki for their many suggestions during the planning stages of the study. The authors would also like to thank the graduate students and staff of Tokyo Medical and Dental University for their cooperation as subjects of the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Young, T.; Palta, M.; Dempsey, J.; Skatrud, J.; Weber, S.; Badr, S. The occurrence of sleep-disordered breathing among middle-aged adults. N. Engl. J. Med. 1993, 328, 1230–1235. [Google Scholar] [CrossRef]

	



Flemons, W.W. Clinical practice. Obstructive sleep apnea. N. Engl. J. Med. 2002, 347, 498–504. [Google Scholar] [CrossRef]

	



White, D.P. Pathogenesis of obstructive and central sleep apnea. Am. J. Respir. Crit. Care Med. 2005, 172, 1363–1370. [Google Scholar] [CrossRef]

	



Young, T.; Skatrud, J.; Peppard, P.E. Risk Factors for Obstructive Sleep Apnea in Adults. JAMA 2004, 291, 2013–2016. [Google Scholar] [CrossRef]

	



Mohammadieh, A.; Sutherland, K.; Cistulli, P.A. Sleep disordered breathing: Management update. Intern. Med. J. 2017, 47, 1241–1247. [Google Scholar] [CrossRef]

	



Kaynak, H.; Kaynak, D.; Oztura, I. Does frequency of nocturnal urination reflect the severity of sleep-disordered breathing? J. Sleep Res. 2004, 13, 173–176. [Google Scholar] [CrossRef]

	



Ahn, Y.H.; Lee, S.; Kim, S.R.; Lim, J.; Park, S.J.; Kwon, S.; Kim, H. Factors associated with different levels of daytime sleepiness among Korean construction drivers: A cross-sectional study. BMC Public Health 2021, 21, 2014. [Google Scholar] [CrossRef]

	



Jean-Louis, G.; Zizi, F.; Clark, L.T.; Brown, C.D.; McFarlane, S.I. Obstructive sleep apnea and cardiovascular disease: Role of the metabolic syndrome and its components. J. Clin. Sleep Med. 2008, 4, 261–272. [Google Scholar] [CrossRef]

	



Kribbs, N.B.; Pack, A.I.; Kline, L.R.; Smith, P.L.; Schwartz, A.R.; Schubert, N.M.; Redline, S.; Henry, J.N.; Getsy, J.E.; Dinges, D.F. Objective measurement of patterns of nasal CPAP use by patients with obstructive sleep apnea. Am. Rev. Respir. Dis. 1993, 147, 887–895. [Google Scholar] [CrossRef]

	



Almeida, F.R.; Bansback, N. Long-term effectiveness of oral appliance versus CPAP therapy and the emerging importance of understanding patient preferences. Sleep 2013, 36, 1271–1272. [Google Scholar] [CrossRef]

	



Sutherland, K.; Vanderveken, O.M.; Tsuda, H.; Marklund, M.; Gagnadoux, F.; Kushida, C.A.; Cistulli, P.A. Oral appliance treatment for obstructive sleep apnea: An update. J. Clin. Sleep Med. 2014, 10, 215–227. [Google Scholar] [CrossRef]

	



Ishiyama, H.; Hideshima, M.; Inukai, S.; Tamaoka, M.; Nishiyama, A.; Miyazaki, Y. Evaluation of Respiratory Resistance as a Predictor for Oral Appliance Treatment Response in Obstructive Sleep Apnea: A Pilot Study. J. Clin. Med. 2021, 10, 1255. [Google Scholar] [CrossRef]

	



Ishiyama, H.; Hasebe, D.; Sato, K.; Sakamoto, Y.; Furuhashi, A.; Komori, E.; Yuasa, H. The Efficacy of Device Designs (Mono-block or Bi-block) in Oral Appliance Therapy for Obstructive Sleep Apnea Patients: A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2019, 16, 3182. [Google Scholar] [CrossRef]

	



Minakuchi, H.; Fujisawa, M.; Abe, Y.; Iida, T.; Oki, K.; Okura, K.; Tanabe, N.; Nishiyama, A. Managements of sleep bruxism in adult: A systematic review. Jpn. Dent. Sci. Rev. 2022, 58, 124–136. [Google Scholar] [CrossRef]

	



Gagnon, Y.; Mayer, P.; Morisson, F.; Rompré, P.H.; Lavigne, G.J. Aggravation of respiratory disturbances by the use of an occlusal splint in apneic patients: A pilot study. Int. J. Prosthodont. 2004, 17, 447–453. [Google Scholar]

	



Kapur, V.; Strohl, K.P.; Redline, S.; Iber, C.; O’Connor, G.; Nieto, J. Underdiagnosis of sleep apnea syndrome in U.S. communities. Sleep Breath 2002, 6, 49–54. [Google Scholar] [CrossRef]

	



Nikolopoulou, M.; Naeije, M.; Aarab, G.; Hamburger, H.L.; Visscher, C.M.; Lobbezoo, F. The effect of raising the bite without mandibular protrusion on obstructive sleep apnoea. J. Oral Rehabil. 2011, 38, 643–647. [Google Scholar] [CrossRef]

	



Pang, K.P.; Gourin, C.G.; Terris, D.J. A comparison of polysomnography and the WatchPAT in the diagnosis of obstructive sleep apnea. Otolaryngol. Head Neck Surg. 2007, 137, 665–668. [Google Scholar] [CrossRef]

	



O’Brien, L.M.; Bullough, A.S.; Shelgikar, A.V.; Chames, M.C.; Armitage, R.; Chervin, R.D. Validation of Watch-PAT-200 against polysomnography during pregnancy. J. Clin. Sleep Med. 2012, 8, 287–294. [Google Scholar] [CrossRef]

	



Park, C.Y.; Hong, J.H.; Lee, J.H.; Lee, K.E.; Cho, H.S.; Lim, S.J.; Kwak, J.W.; Kim, K.S.; Kim, H.J. Clinical usefulness of watch-PAT for assessing the surgical results of obstructive sleep apnea syndrome. J. Clin. Sleep Med. 2014, 10, 43–47. [Google Scholar] [CrossRef]

	



Choi, J.H.; Lee, B.; Lee, J.Y.; Kim, H.J. Validating the Watch-PAT for Diagnosing Obstructive Sleep Apnea in Adolescents. J. Clin. Sleep Med. 2018, 14, 1741–1747. [Google Scholar] [CrossRef]

	



Pillar, G.; Berall, M.; Berry, R.; Etzioni, T.; Shrater, N.; Hwang, D.; Ibrahim, M.; Litman, E.; Manthena, P.; Koren-Morag, N.; et al. Detecting central sleep apnea in adult patients using WatchPAT-a multicenter validation study. Sleep Breath 2020, 24, 387–398. [Google Scholar] [CrossRef]

	



Berry, R.B.; Gamaldo, C.E.; Harding, S.M.; Brooks, R.; Lloyd, R.M.; Vaughn, B.V.; Marcus, C.L. AASM Scoring Manual Version 2.2 Updates: New Chapters for Scoring Infant Sleep Staging and Home Sleep Apnea Testing. J. Clin. Sleep Med. 2015, 11, 1253–1254. [Google Scholar] [CrossRef]

	



American Academy of Sleep Medicine. International Classification of Sleep Disorders, 3rd ed.; American Academy of Sleep Medicine: Darien, IL, USA, 2014. [Google Scholar]

	



Dylina, T.J. A common-sense approach to splint therapy. J. Prosthet. Dent. 2001, 86, 539–545. [Google Scholar] [CrossRef]

	



Al-Zubair, N.M. Determinant factors of Yemeni maxillary arch dimensions. Saudi Dent. J. 2015, 27, 50–54. [Google Scholar] [CrossRef]

	



Maeda, K.; Tsuiki, S.; Fukuda, T.; Takise, Y.; Inoue, Y. Is maxillary dental arch constriction common in Japanese male adult patients with obstructive sleep apnoea? Eur. J. Orthod. 2014, 36, 403–408. [Google Scholar] [CrossRef]

	



Tschopp, S.; Wimmer, W.; Caversaccio, M.; Borner, U.; Tschopp, K. Night-to-night variability in obstructive sleep apnea using peripheral arterial tonometry: A case for multiple night testing. J. Clin. Sleep Med. 2021, 17, 1751–1758. [Google Scholar] [CrossRef]

	



Le Bon, O.; Staner, L.; Hoffmann, G.; Dramaix, M.; San Sebastian, I.; Murphy, J.R.; Kentos, M.; Pelc, I.; Linkowski, P. The first-night effect may last more than one night. J. Psychiatr. Res. 2001, 35, 165–172. [Google Scholar] [CrossRef]

	



Nikolopoulou, M.; Ahlberg, J.; Visscher, C.M.; Hamburger, H.L.; Naeije, M.; Lobbezoo, F. Effects of occlusal stabilization splints on obstructive sleep apnea: A randomized controlled trial. J. Orofac. Pain 2013, 27, 199–205. [Google Scholar] [CrossRef]

	



Miyamoto, K.; Ozbek, M.M.; Lowe, A.A.; Sjöholm, T.T.; Love, L.L.; Fleetham, J.A.; Ryan, C.F. Mandibular posture during sleep in healthy adults. Arch. Oral Biol. 1998, 43, 269–275. [Google Scholar] [CrossRef]

	



Johnston, C.D.; Gleadhill, I.C.; Cinnamond, M.J.; Gabbey, J.; Burden, D.J. Mandibular advancement appliances and obstructive sleep apnoea: A randomized clinical trial. Eur. J. Orthod. 2002, 24, 251–262. [Google Scholar] [CrossRef]

	



Trudo, F.J.; Gefter, W.B.; Welch, K.C.; Gupta, K.B.; Maislin, G.; Schwab, R.J. State-related changes in upper airway caliber and surrounding soft-tissue structures in normal subjects. Am. J. Respir. Crit. Care Med. 1998, 158, 1259–1270. [Google Scholar] [CrossRef]

	



Marklund, M.; Persson, M.; Franklin, K.A. Treatment success with a mandibular advancement device is related to supine-dependent sleep apnea. Chest 1998, 114, 1630–1635. [Google Scholar] [CrossRef]

	



Cistulli, P.A.; Gotsopoulos, H.; Marklund, M.; Lowe, A.A. Treatment of snoring and obstructive sleep apnea with mandibular repositioning appliances. Sleep Med. Rev. 2004, 8, 443–457. [Google Scholar] [CrossRef]

	



Isono, S.; Tanaka, A.; Tagaito, Y.; Ishikawa, T.; Nishino, T. Influences of head positions and bite opening on collapsibility of the passive pharynx. J. Appl. Physiol. 2004, 97, 339–346. [Google Scholar] [CrossRef]

	



Kuwashima, A.; Virk, A.; Merrill, R. Respiratory effect associated with use of occlusal orthotics in temporomandibular disorder patients. Int. J. Oral-Med. Sci. 2019, 18, 101–109. [Google Scholar]

	



Fujimoto, S.; Yamaguchi, K.; Gunjigake, K. Clinical estimation of mouth breathing. Am. J. Orthod. Dentofacial. Orthop. 2009, 136, 630.e1–630.e7. [Google Scholar] [CrossRef]

	



Slowik, J.M.; Collen, J.F. Obstructive Sleep Apnea; StatPearls Publishing: Treasure Island, FL, USA, 2022. [Google Scholar]

	



Kushida, C.A.; Efron, B.; Guilleminault, C. A predictive morphometric model for the obstructive sleep apnea syndrome. Ann. Intern. Med. 1997, 127, 581–587. [Google Scholar] [CrossRef]

	



Guilleminault, C.; Partinen, M.; Hollman, K.; Powell, N.; Stoohs, R. Familial aggregates in obstructive sleep apnea syndrome. Chest 1995, 107, 1545–1551. [Google Scholar] [CrossRef]

	



Cistulli, P.A.; Richards, G.N.; Palmisano, R.G.; Unger, G.; Berthon-Jones, M.; Sullivan, C.E. Influence of maxillary constriction on nasal resistance and sleep apnea severity in patients with Marfan’s syndrome. Chest 1996, 110, 1184–1188. [Google Scholar] [CrossRef]

	



Banabilh, S.M.; Suzina, A.H.; Dinsuhaimi, S.; Samsudin, A.R.; Singh, G.D. Dental arch morphology in south-east Asian adults with obstructive sleep apnoea: Geometric morphometrics. J. Oral Rehabil. 2009, 36, 184–192. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 19 06714 g001 550] 





Figure 1. The standard measurements of each OA design. 
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Figure 2. Measurement schedules of each OA design. 
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Figure 3. Measurement parameters of the maxillary and mandible on plaster casts. 
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Table 1. Participant characteristics of the w/o-OSA and mild-OSA at baseline.
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	Total
	w/o-OSA

Participants (n = 10)
	Mild-OSA Participants (n = 13)
	p-Value a





	Age (years)
	31.1 (4.3)
	29.9 (4.1)
	32.1 (4.3)
	0.24



	BMI (kg/m2)
	21.9 (2.7)
	22.4 (2.7)
	21.6 (2.7)
	0.45



	REI (events/h)
	5.9 (3.8)
	2.3 (1.1)
	8.7 (2.7)
	<0.001



	Lowest SpO2 (%)
	91.7 (2.4)
	93.2 (1.3)
	90.5 (2.4)
	0.003



	Maxillary DAL (mm)
	44.2 (2.9)
	45.2 (3.8)
	43.5 (1.9)
	0.21



	      A-DAW (mm)
	43.0 (3.4)
	44.9 (3.1)
	41.6 (2.8)
	0.017



	      P-DAW (mm)
	55.6 (3.0)
	56.5 (2.7)
	54.8 (3.1)
	0.17



	      PD (mm)
	20.5 (1.8)
	20.4 (1.6)
	20.6 (2.0)
	0.83



	Mandibular DAL (mm)
	31.3 (2.8)
	32.4 (3.0)
	30.5 (2.3)
	0.12



	      A-DAW (mm)
	34.0 (3.5)
	35.4 (3.0)
	32.9 (3.7)
	0.087



	      P-DAW (mm)
	47.7 (3.1)
	48.2 (2.2)
	47.0 (3.6)
	0.23



	Maxillary/Mandibular: A-DAW
	1.27 (0.09)
	1.27 (0.09)
	1.27 (0.09)
	0.93



	Maxillary/Mandibular: P-DAW
	1.17 (0.04)
	1.17 (0.04)
	1.17 (0.04)
	0.85







Data expressed as mean ± standard deviation (SD). a Comparison between w/o-OSA and mild-OSA participant groups. BMI, body mass index; REI, respiratory event index; Lowest SpO2, lowest saturation of percutaneous oxygen; DAL, dental arch length; A-DAW, anterior dental arch width; P-DAW, posterior dental arch width; PD, palatal depth.
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Table 2. Comparison of age, BMI, and respiratory variables in exacerbation and non-exacerbation groups by wearing OA.
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Number (%)

	
Age (years)

	
BMI (kg/m2)

	
Baseline

	
With OA




	
REI

(events/h)

	
Lowest SpO2

(%)

	
REI

(events/h)

	
Lowest SpO2

(%)






	
w/o-OSA participants (n = 10)




	
S-OA

	
Exacerbation

	
1 (10%)

	
35.0 (-)

	
22.3 (-)

	
4.2 (-)

	
92.0 (-)

	
6.8 (-)

	
91.5 (-)




	
Non-exacerbation

	
9 (90%)

	
29.3 (4.0)

	
22.5 (2.9)

	
2.1 (1.0)

	
93.3 (1.3)

	
2.7 (1.0)

	
91.8 (2.2)




	
p-Value

	

	
0.21

	
0.96

	
0.088

	
0.38

	
0.005

	
0.89




	
PC-OA

	
Exacerbation

	
4 (40%)

	
29.3 (4.8)

	
21.8 (2.7)

	
2.8 (1.2)

	
93.88 (1.3)

	
7.7 (0.85)

	
93.1 (2.2)




	
Non-exacerbation

	
6 (60%)

	
30.3 (4.1)

	
22.9 (2.9)

	
2.0 (1.1)

	
92.75 (1.3)

	
2.5 (1.0)

	
93.3 (1.6)




	
p-Value

	

	
0.72

	
0.56

	
0.29

	
0.22

	
<0.001

	
0.93




	
VI-OA

	
Exacerbation

	
3 (30%)

	
31.0 (4.0)

	
20.6 (1.8)

	
2.8 (1.5)

	
93.67 (1.5)

	
8.8 (2.4)

	
89.0 (4.0)




	
Non-exacerbation

	
7 (70%)

	
29.4 (4.4)

	
23.2 (2.8)

	
2.1 (1.1)

	
93.00 (1.3)

	
2.6 (0.66)

	
93.6 (1.3)




	
p-Value

	

	
0.61

	
0.13

	
0.53

	
0.55

	
0.042

	
0.18




	
Mild-OSA participants (n = 13)




	
S-OA

	
Exacerbation

	
2 (15.4%)

	
29.5 (5.0)

	
19.1 (1.4)

	
7.3 (0.92)

	
92.5 (2.1)

	
16.9 (5.7)

	
92.5 (2.1)




	
Non-exacerbation

	
11 (84.6%)

	
32.6 (4.3)

	
22.0 (2.6)

	
8.9 (2.8)

	
90.09 (2.4)

	
5.8 (3.7)

	
92.0 (2.1)




	
p-Value

	

	
0.54

	
0.12

	
0.18

	
0.32

	
0.20

	
0.80




	
PC-OA

	
Exacerbation

	
3 (23.1%)

	
36.3 (4.2)

	
22.1 (3.6)

	
7.0 (2.2)

	
92.0 (1.0)

	
16.0 (1.1)

	
85.5 (6.9)




	
Non-exacerbation

	
10 (76.9%)

	
30.8 (3.6)

	
21.4 (2.6)

	
9.1 (2.7)

	
90.0 (2.6)

	
4.7 (2.8)

	
92.5 (2.3)




	
p-Value

	

	
0.13

	
0.78

	
0.24

	
0.074

	
<0.001

	
0.22




	
VI-OA

	
Exacerbation

	
3 (23.1%)

	
30.3 (4.0)

	
22.4 (2.0)

	
10.8 (3.5)

	
90.8 (2.8)

	
15.1 (2.0)

	
90.0 (4.6)




	
Non-exacerbation

	
10 (76.9%)

	
32.6 (4.5)

	
21.3 (2.9)

	
8.0 (2.2)

	
90.4 (2.5)

	
5.3 (3.3)

	
91.9 (2.6)




	
p-Value

	

	
0.46

	
0.49

	
0.30

	
0.81

	
0.001

	
0.56








Data expressed as mean (standard deviation, SD). S-OA, standard-OA; PC-OA, palatal covering-OA; VI-OA, vertical increasing-OA; BMI, body mass index; REI, respiratory event index; Lowest SpO2, lowest saturation of percutaneous oxygen.
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Table 3. The relationship between changes in respiratory status and dentition morphology in types of OA.






Table 3. The relationship between changes in respiratory status and dentition morphology in types of OA.





	

	
Maxillary Dental Arch (mm)

	
Mandibular Dental Arch (mm)

	
Maxillary/Mandibular




	

	
DAL

	
A-DAW

	
P-DAW

	
PD

	
DAL

	
A-DAW

	
P-DAW

	
A-DAW

	
P-DAW






	
w/o-OSA participants (n = 10)




	
S-OA

	
Exacerbation

	
40.0 (-)

	
45.8 (-)

	
60.4 (-)

	
20.6 (-)

	
32.0 (-)

	
38.9 (-)

	
52.6 (-)

	
1.18 (-)

	
1.15 (-)




	
Non-exacerbation

	
45.8 (3.5)

	
44.8 (3.3)

	
56.1 (2.5)

	
20.4 (1.7)

	
32.5 (3.2)

	
35.0 (2.9)

	
48.1 (1.7)

	
1.28 (0.09)

	
1.17 (0.04)




	
p-Value

	
0.16

	
0.77

	
0.14

	
0.95

	
0.90

	
0.23

	
0.040

	
0.29

	
0.67




	
PC-OA

	
Exacerbation

	
44.0 (3.3)

	
44.1 (1.3)

	
56.3 (3.2)

	
20.4 (0.1)

	
31.8 (0.9)

	
37.4 (1.3)

	
49.4 (2.2)

	
1.18 (0.04)

	
1.14 (0.05)




	
Non-exacerbation

	
46.0 (4.1)

	
45.4 (4.0)

	
56.7 (2.6)

	
20.5 (2.2)

	
32.9 (3.9)

	
34.1(3.1)

	
47.8 (2.2)

	
1.33 (0.04)

	
1.18 (0.02)




	
p-Value

	
0.42

	
0.49

	
0.88

	
0.98

	
0.54

	
0.051

	
0.32

	
0.001

	
0.15




	
VI-OA

	
Exacerbation

	
42.7 (2.3)

	
44.6 (1.1)

	
56.5 (3.9)

	
20.4 (0.2)

	
32.0 (1.0)

	
37.5 (1.6)

	
49.6 (2.6)

	
1.19 (0.03)

	
1.17 (0.06)




	
Non-exacerbation

	
46.3 (4.0)

	
45.0 (3.8)

	
56.5 (2.4)

	
20.5 (2.0)

	
32.6 (3.7)

	
34.6 (3.1)

	
48.0 (2.0)

	
1.30 (0.08)

	
1.18 (0.02)




	
p-Value

	
0.11

	
0.82

	
1.0

	
0.97

	
0.71

	
0.093

	
0.41

	
0.015

	
0.37




	
Mild-OSA participants (n = 13)




	
S-OA

	
Exacerbation

	
44.5 (0.7)

	
41.3 (3.5)

	
53.5 (5.1)

	
21.2 (1.6)

	
29.3 (3.8)

	
34.3 (8.2)

	
47.2 (7.5)

	
1.23 (0.19)

	
1.14 (0.07)




	
Non-exacerbation

	
43.3 (2.0)

	
41.6 (2.9)

	
55.1 (2.9)

	
20.5 (2.2)

	
30.7 (2.2)

	
32.7 (3.0)

	
47.0 (3.2)

	
1.28 (0.08)

	
1.17 (0.04)




	
p-Value

	
0.18

	
0.93

	
0.73

	
0.66

	
0.69

	
0.83

	
0.97

	
0.77

	
0.61




	
PC-OA

	
Exacerbation

	
43.3 (2.1)

	
43.2 (4.0)

	
53.3 (3.0)

	
19.6 (0.6)

	
30.0 (2.0)

	
34.1 (4.8)

	
45.9 (4.2)

	
1.27 (0.08)

	
1.16 (0.06)




	
Non-exacerbation

	
43.5 (2.0)

	
41.1 (2.4)

	
55.3 (3.1)

	
20.9 (2.2)

	
30.7 (2.5)

	
32.6 (3.5)

	
47.3 (3.6)

	
1.27 (0.10)

	
1.17 (0.04)




	
p-Value

	
0.91

	
0.46

	
0.39

	
0.10

	
0.65

	
0.66

	
0.91

	
0.90

	
0.84




	
VI-OA

	
Exacerbation

	
44.3 (2.5)

	
42.9 (1.8)

	
56.9 (2.0)

	
22.2 (0.3)

	
29.2 (3.3)

	
35.1 (4.4)

	
49.0 (3.7)

	
1.23 (0.12)

	
1.17 (0.07)




	
Non-exacerbation

	
43.2 (1.8)

	
41.2 (3.0)

	
54.2 (3.2)

	
20.1 (2.1)

	
30.9 (2.0)

	
32.3 (3.4)

	
46.4 (3.6)

	
1.28 (0.08)

	
1.17 (0.04)




	
p-Value

	
0.53

	
0.29

	
0.14

	
0.012

	
0.48

	
0.38

	
0.36

	
0.53

	
0.94








Data expressed as mean (standard deviation, SD). S-OA, standard-OA; PC-OA, palatal covering-OA; VI-OA, vertical increasing-OA; DAL, dental arch length; A-DAW, anterior dental arch width; P-DAW, posterior dental arch width; PD, palatal depth.
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Table 4. Sleep satisfaction while wearing the three types of MOAs.
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Sleep Quality a

	
Arousal b

	
Difficulty in Breathing c






	
w/o-OSA participants (n = 10)




	
S-OA

	
Exacerbation

	
2.5 (2.5, 2.5)

	
2.0 (2.0, 2.0)

	
0.0 (0.0, 0.0)




	

	
Non-exacerbation

	
2.0 (1.3, 3.0)

	
0.5 (0.0, 1.8)

	
0.0 (0.0, 0.5)




	

	
p-Value

	
0.80

	
0.40

	
0.80




	
PC-OA

	
Exacerbation

	
3.0 (3.0, 3.0)

	
0.0 (0.0, 0.0)

	
0.0 (0.0, 0.0)




	

	
Non-exacerbation

	
2.0 (1.5, 3.0)

	
1.0 (0.0, 2.0)

	
0.0 (0.0, 1.0)




	

	
p-Value

	
0.40

	
0.40

	
0.60




	
VI-OA

	
Exacerbation

	
3.0 (3.0, 3.0)

	
0.5 (0.5, 0.5)

	
0.0 (0.0, 0.0)




	

	
Non-exacerbation

	
3.0 (1.5, 3.0)

	
1.0 (0.5, 1.5)

	
0.0 (0.0, 0.3)




	

	
p-Value

	
0.80

	
0.60

	
0.80




	
Mild-OSA participants (n = 13)




	
S-OA

	
Exacerbation

	
1.8 (1.4, 2.1)

	
1.8 (1.6, 1.9)

	
0.5 (0.3, 0.8)




	

	
Non-exacerbation

	
2.0 (1.5, 2.4)

	
1.0 (0.6, 1.9)

	
0.0 (0.0, 0.4)




	

	
p-Value

	
0.77

	
0.31

	
0.64




	
PC-OA

	
Exacerbation

	
1.5 (0.4, 1.5)

	
1.5 (1.5, 1.5)

	
0.0 (0.5, 1.0)




	

	
Non-exacerbation

	
1.5 (1.0, 1.9)

	
1.5 (1.0, 1.5)

	
0.0 (0.0, 0.9)




	

	
p-Value

	
0.57

	
0.81

	
1.0




	
VI-OA

	
Exacerbation

	
2.0 (2.1, 2.3)

	
1.0 (0.6, 1.0)

	
0.0 (0.0, 0.0)




	

	
Non-exacerbation

	
1.8 (1.1, 2.0)

	
1.3 (1.0, 2.0)

	
0.5 (0.0, 1.0)




	

	
p-Value

	
0.11

	
0.29

	
0.16








Data expressed as median and interquartile range (IQR). a 0, bad; 1, somewhat bad; 2, somewhat good; 3, good. b 0, not at all; 1, 1 time; 2, from 2 to 3 times; 3, more than 4 times. c 0, no; 1, a little; 2, very. S-OA, standard-OA; PC-OA, palatal covering-OA; VI-OA, vertical increasing-OA.
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