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ABSTRACT

The purpose of this study was to examine the changes in nasal patency induced by forward mandibular displacement or 
changes in body posture. Fifteen healthy adults participated in this study. To examine the influence of mandibular position, 
nasal resistance was recorded in intercuspal, middle, and maximum forward positions. To evaluate the effect of body posture, 
nasal resistance was recorded in the four postures of sitting erect, 30° and 60° dorsally reclined, and supine. The nasal 
patencies recorded in the middle and maximum forward mandibular positions were significantly higher than those recorded in 
the intercuspal position. Regarding the effect of body posture, the nasal patency showed a progressive decrease from the 
sitting erect position to the supine position. These results suggest that changes in mandibular position and body posture 
significantly affect nasal patency and that mandibular position and body posture should be considered basic information in the 
treatment of obstructive sleep apnea.
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Obstructive sleep apnea (OSA) is a respiratory-related complication characterized by repetitive partial or complete obstruction of the 
upper airway during sleep.1 Excessive daytime sleepiness caused by nocturnal sleep fragmentation is a common complaint of patients with 
OSA and interferes with daytime activities. The activities of the upper airway dilating muscles during sleep have recently attracted 
considerable attention as a cause of OSA, and the results of many recent studies have shed light on the pathogenesis of OSA.2–8 

Based on full-night recordings of sleep stages and breathing rhythms, Zwillich et al9 demonstrated that apneas, sleep arousals and 
awakenings, and changes in the sleep architecture occurred during nasal obstruction in normal men. Similar findings were reported by 
Taasan et al,10 Olsen et al,11 and Suratt et al.12 These findings indicate that increased nasal resistance surely contributes to the 
occurrence of OSA and imply that controlling nasal patency is essential for the treatment of patients with OSA.

As a noninvasive modality for the treatment of OSA, the effect of an oral appliance that keeps the mandible in a forward position has 
recently been well documented.13,14 However, there have been no studies regarding the effect of an oral appliance on nasal patency. Since 
the usefulness of an oral appliance for the treatment of OSA has been well recognized, it could be speculated that wearing an oral 
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appliance might have a beneficial effect on nasal patency. If we could find a distinct pattern in nasal patency associated with wearing the 
oral appliance, it may help us to understand the working mechanism of the oral appliance from another perspective.

The first purpose of this study was to examine the change in nasal patency induced by forward mandibular displacement simulating the 
use of an oral appliance. On the other hand, there were a few studies that examined the effect of body posture on nasal patency.15–18 
However, none of the previous studies examined changes in nasal patency when the trunk of the body was reclined from sitting erect to 
supine positions in a stepwise manner. It has been reported that some OSA patients showed intraindividual variations in severities of 
symptoms depending on their body posture during sleep,19–21 and the symptoms were generally the most severe in the supine 
position.20,21 Since the deterioration of nasal patency is a proposed cause of OSA, it could be hypothesized that nasal patency might 
progressively decrease from the sitting erect position to the supine position. Thus the second purpose of this study was to examine the 
change in nasal patency related to changes in body posture.
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Subjects

Fifteen healthy adults (seven men and eight women) participated in this study (mean ± standard deviation; age, 25.8 ± 1.2 years; body 
mass index, 21.0 ± 2.9 kg/m2). All participants had individual normal occlusion, and based on a careful clinical examination using simple 
questionnaires, they were confirmed to have no medical history of temporomandibular disorders, nasal obstruction, or sleep-disordered 
breathing such as snoring or apnea. Prior to the study, all of the subjects gave their informed consent to participate after receiving a full 
explanation of the study aim and design.

Experimental procedures

The three mandibular positions that were used included the intercuspal position, the maximum forward position without pain or 
discomfort, and the anteroposterior position midway between these other positions (Figure 1 ). Bite registration in each position was 
accomplished using Paraffin wax (GC, Tokyo, Japan), and each mandibular position during the experiment was determined using bite wax. 
The bite wax provides retention to the bite position and holds the jaw forward. The lingual contour of the bite wax was trimmed so as not to 
disturb tongue movement. The vertical dimension was adjusted to be minimal for each anteroposterior position. In regard to body posture, 
the four positions defined were sitting erect, 30° dorsally reclined, 60° dorsally reclined, and supine.

Ten minutes after the subject was seated in a dental chair, the recording was started. A rhinomanometer (SR-11A: RION, Tokyo, Japan) 
was used to measure nasal resistance by the anterior method. The effect of changes in mandibular position on nasal patency recording was 
commenced in the intercuspal position followed by the middle and maximum forward positions. Throughout the recording session the body 
was held sitting erect and the head was laid on a headrest to keep both the body and head postures constant. On the other hand, the 
recording of the effect of body posture on nasal patency was started in the sitting erect position followed by the 30° and 60° reclined and 
supine positions. Throughout the recording session, each subject was instructed to close his or her mouth in the intercuspal position and to 
lay his or her head on a headrest constantly. Nasal resistance in each condition was measured three times at 1-minute intervals, and the 
mean of the three measurements was regarded as a representative value. The measurement was started 10 minutes after the subject 
changed mandibular position or body posture.

Data analysis

To standardize the nasal patency for each subject, a nasal-patency ratio was calculated. This ratio was defined as the ratio of the total 
nasal patency of each subject to the normal standard value. The nasal-patency ratio was automatically calculated by the rhinomanometer in 
the expiratory and inspiratory phases separately. The usefulness and validity of this method to evaluate nasal patency has previously been 
reported.22 A two-way repeated analysis of variance (ANOVA) and a multiple comparison test (contrast) were used for the statistical 
analysis.
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Effect of mandibular position on nasal patency

The results of the two-way repeated ANOVA indicated that neither gender alone nor gender interaction had any significant effects, and 
only mandibular position had significant effects in both the expiratory and inspiratory phases (P < .01). Accordingly, the following data 
analysis was performed on all subjects without considering gender.

Figure 2  and Table 1  show changes in the nasal-patency ratio induced by changes in mandibular position. In the expiratory 
phase, the nasal-patency ratio in the middle position was significantly higher than that in the intercuspal position (P < .01). The nasal-
patency ratio in the maximum forward position was significantly greater than those in the middle (P < .05) and intercuspal (P < .01) 



positions. Mean nasal-patency ratios in the intercuspal, middle, and maximum forward positions were 69.2%, 78.6%, and 83.9%, 
respectively.

On the other hand, in the inspiratory phase the nasal-patency ratio in the middle position was significantly greater than that in the 
intercuspal position (P < .05). Although the nasal-patency ratio in the maximum forward position was significantly greater than that in the 
intercuspal position, there was no significant difference in the nasal-patency ratio between the middle and maximum forward positions. 
Mean nasal-patency ratios in each mandibular position were 66.0, 71.4, and 75.9%, respectively. 

Although a simple correlation coefficient was calculated to determine the relationship between the body mass index and the change in 
the nasal-patency ratio related to changes in mandibular position, no significant correlations were detected. 

Effect of body posture on nasal patency

The results of the two-way repeated ANOVA indicated that gender had no significant effects on the change in the nasal-patency ratio 
related to changes in body posture, and only body posture had a significant effect in both the expiratory and inspiratory phases (P < .01). 
Therefore, all 15 subjects were analyzed as a single group.

Figure 3  and Table 2  show changes in the nasal-patency ratio induced by changes in body posture. Regarding the expiratory 
phase, the nasal-patency ratio tended to progressively decrease from the sitting erect position to the supine position, with significant 
differences in the nasal-patency ratio between all pairs of body postures (P < .01) except between the 30° and 60° reclined positions. Mean 
nasal-patency ratios in the sitting erect, 30° and 60° reclined, and supine positions were 72.7, 67.2, 65.3, and 52.6%, respectively. The 
greatest difference in the nasal-patency ratio was seen between the 60° reclined and supine positions (12.7%). 

The same trend for changes in the nasal-patency ratio was observed for the inspiratory phase. Mean nasal-patency ratios in each body 
posture were 65.9% in the sitting erect position, 61.8% in the 30° reclined position, 59.0% in the 60° reclined position, and 48.0% in the 
supine position. As in the expiratory phase, the greatest difference in the nasal-patency ratio was seen between the 60° dorsally reclined 
and supine positions (11.0%).

Although a simple correlation coefficient was calculated to determine the relationship between the body mass index and the change in 
the nasal-patency ratio related to changes in body posture, no significant correlations were found. 
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The nasal-patency ratio used in this study showed remarkable interindividual variations from 20% to 120%. This may have been because 
the criteria for subject selection did not include subjective and/or objective symptoms regarding ongoing nasal airway obstruction. It has 
been demonstrated that the air temperature and humidity affect nasal resistance.23 However, since these variables were held constant 
during recording in the present study, any changes in nasal resistance were considered to be due to changes in the mandibular position or 
body posture. Therefore, such extreme interindividual variations could be accepted because this study attempted to examine changes in 
nasal patency on an individual basis.

It is well known that nasal resistance changes in a cyclical manner from side to side throughout the day and night, and this is generally 
referred to as the nasal cycle.24 Thus the nasal cycle should be considered when evaluating unilateral nasal resistance. Furthermore, it has 
also been reported that total nasal resistance varies very little despite wide variations in unilateral nasal resistance during the nasal cycle.24 
Therefore, total nasal resistance, instead of unilateral nasal resistance, was measured in the present study.

In the present study, male and female subjects were regarded as a single group. Some previous studies reported a gender difference in 
the response of oropharyngeal structures to orthognathic intervention,25 or that men were predisposed to sleep-disordered breathing.26 
However, in the present study gender did not appear to have any effect on the change in nasal patency caused by changes in mandibular 
position or body posture. Although the reason for this lack of a difference is unknown, data from male and female subjects were pooled and 
analyzed as a single group.

Although some disadvantages of the anterior rhinomanometric method are indicated, this form of rhinomanometry has been used 
extensively because this method is simple and associated with less discomfort to subjects compared to the posterior rhinomanometry. 
Indeed, this method may be acceptable for the assessment of major changes in total nasal resistance,27 and therefore the anterior 
rhinomanometry was employed in the present study.

Effect of mandibular position on nasal patency

Recently, oral appliances have been accepted as an effective conservative treatment option for patients with OSA,12,13 and several 
studies have examined the working mechanism of this appliance.28–33 These studies have demonstrated that the upper airway dimension in 
the velopharyngeal and oropharyngeal regions is increased as a result of forced forward positioning of the mandible induced by wearing an 



oral appliance. These structural changes could contribute to preventing upper airway obstruction during sleep.

Although many previous studies have examined the effect of head or mandibular postural changes on the upper airway,34–38 there has 
been no study regarding the change in nasal patency related to forward displacement of the mandible imitating the use of an oral appliance 
for the treatment of OSA. The results of this study showed that the nasal-patency ratio progressively increased following forward positioning 
of the mandible. Previous studies, which examined the effect of nasal obstruction on respiratory function during sleep, have demonstrated 
that normal respiration was disturbed and the frequency of apnea and hypopnea were increased by nasal obstruction.9–12 Although the 
exact reason for this relationship is unknown, there are at least two possible explanations. One possibility is that nasal obstruction during 
sleep causes a reflex change in the tone of upper airway–dilating muscles due to the loss of stimulation of the nasal mucosa.11,39 Another 
possibility is that the increased upper airway resistance resulting from nasal obstruction could create greater negative pressure during 
inspiration, which would lead to inspiratory collapse of the upper airway.11 

If forward positioning of the mandible increases nasal patency, nasal breathing will be promoted, the volume of air through the nasal 
passage will be augmented, and greater stimulation of the nasal mucosa can be expected. In addition, increased nasal patency could 
reduce the inspiratory negative pressure within the upper airway. Therefore it can be deduced that an oral appliance will not only dilate the 
upper airway through passive displacement of the soft palate and tongue following forward positioning of the mandible, but also should 
induce a nasal reflex and reduce inspiratory negative pressure through changes in nasal patency.

It has been reported that the greatest airflow resistance in the normal airway occurs at the nasal valve.40–42 Warren et al,43 Hairfield and 
Warren,44 and Drake et al45 measured the smallest cross-sectional area of the nasal passage (ie, nasal valve size) during quiet respiration 
in individuals with and without cleft. The nasal valve is located in the region between the upper and lower lateral cartilages and the pyriform 
aperture just beyond the anterior ends of the inferior turbinates. Hairfield et al46 reported that the nasal airway was an active participant in 
the breathing process, rather than a passive conduit of the airflow that can be attributed to nasal valve function. Moreover, it was suggested 
that the nasal valve size could be easily modified by a variety of factors, eg, mucosal swelling of the inferior turbinates can diminish valve 
size and the anterior portion of the turbinates can impinge on the valve.44 The anterior migration of the mandible may affect the nasal 
airway, including the nasal valve, and result in the increased nasal patency.

Since the upper airway negative pressure is generated in the inspiratory phase, the inspiratory nasal patency seems to be particularly 
important in considering upper airway obstruction. There were no significant changes in the nasal-patency ratio during inspiration between 
the middle and maximum forward mandibular positions. This finding suggests that although forward positioning of the mandible to the middle 
position could be useful for preventing OSA, further forward positioning might not yield an additional benefit for the treatment of OSA. 

Effect of body posture on nasal patency

A few studies have examined the relationship between changes in body posture and nasal patency. Rundcrantz15 demonstrated an 
increase in nasal resistance when lying down horizontally, and the change in rhinitic patients was greater than that in normal subjects. In 
the present study, a significant reduction in the nasal-patency ratio was demonstrated with a change from the sitting erect position to the 
supine position, whereas there was no significant difference between the 30° and 60° reclined positions. The greatest difference in the 
nasal-patency ratio was seen between the 60° reclined and supine positions. 

The physiological mechanism of the posture-related change in nasal patency can be explained as follows. The stroke volume and cardiac 
minute volume increase with a change from sitting to the supine posture, which will result in an increase in blood pressure.47 Next, a 
baroreceptor-mediated reflex will be evoked to depress the blood pressure by a decrease in the heart rate and the dilation of peripheral 
blood vessels.47 Such dilation of peripheral blood vessels in the nasal region will lead to swelling of the nasal mucosa and result in a 
decrease in nasal patency.48 Furthermore, the nasal region, which is positioned superiorly in the sitting erect position, will be aligned in the 
same horizontal level as the heart in the supine position, and the pressure difference corresponding to the distance between the heart and 
nasal region will also dilate the blood vessels in the nasal mucosa.

It has been demonstrated that changing from the upright to the supine position causes a decrease in functional residual capacity and the 
upper airway size, including the pharyngeal region, which was not affected by the change in functional residual capacity in healthy 
subjects.19 Hoffstein et al49 reported similar findings in that a change in functional residual capacity was not apt to be associated with a 
large decrease in pharyngeal size in obese subjects without OSA. Based on these previous reports and the fact that the pharynx is a 
vulnerable region of the airway that is susceptible to postural changes, it can be considered that position-dependent changes in lung volume 
might not have a significant effect on the size of the nasal airway or nasal patency.

In this study, the most remarkable differences in both the expiratory and inspiratory nasal-patency ratios were recorded between the 60° 
reclined and supine positions. Based on this finding, only a 30° postural change from the supine position is needed to dramatically affect 
nasal patency and the severity of OSA. Moreover, there were no significant differences in the nasal-patency ratio between the 30° and 60° 
reclined positions. This might mean that further improvement cannot be expected beyond the 30° reclined position even if the patient 
assumes a more upright posture. Hence when the body posture is considered a method for treating OSA, it will be reasonable to observe 
the symptoms of OSA patients in the 30° dorsally reclined position.



In this study, the effects of mandibular position and body posture on nasal patency were examined in young and slim subjects without 
OSA during wakefulness, and it remains unclear whether the same effect is seen in middle-aged and obese patients with OSA during sleep. 
Furthermore, one should note that the effects of mandibular protrusion seen in the upright position cannot necessarily be extrapolated to the 
supine position or to sleep.
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TABLE 1. The Nasal-patency Ratios in Each Mandibular Position (Mean ± SD)  

TABLE 2. The Nasal-patency Ratios in Each Body Posture (Mean ± SD)  
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FIGURE 1. Three mandibular positions used in this study 

Click on thumbnail for full-sized image. 



FIGURE 2. Effect of mandibular position on nasal patency. ICP indicates intercuspal position; MID, middle position; MAX, maximum 
forward position; triangle, female subjects; circle, male subjects (**P < .01, *P < .05). Larger solid black circles indicate mean values, and 
the vertical axis represents the nasal-patency ratio  

Click on thumbnail for full-sized image. 

FIGURE 3. Effect of body posture on nasal patency. Erect indicates sitting erect position; 30° reclined, 30° dorsally reclined position; 60° 
reclined, 60° dorsally reclined position; supine, supine position; triangle, female subjects; circle, male subjects (**P < .01, *P < .05). Larger 
solid black circles indicate mean values, and the vertical axis represents the nasal-patency ratio  
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