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Abstract

:

This retrospective study aims to further investigate the effects of rapid maxillary expansion (RME) treatment on respiratory function in growing patients with contracted upper airways, by assessing nasal resistance using active anterior rhinomanometry (AAR). Methods: At T0 (pre-RME), 122 orthodontic patients aged 5 to 12 years, exhibiting oral breathing and/or snoring along with maxillary contraction, underwent AAR with a mask using the ATMOS Rhino 31 rhinomanometer. Additionally, the SRDB or PSQ-SRDB Questionnaire was utilized to validate the orthodontic history of obstructive sleep apnea syndrome (OSAS). If AAR results at T0 were clinically significant, they were repeated at T1, corresponding to a period of three months after screw fixation, to evaluate changes in nasal resistance values between pre- and post-treatment. Results: The study group comprised 42 oral respiratory patients with a mean age of 7.71 years, suspected of pediatric OSAS. Although the questionnaires did not yield statistically significant results, the therapy induced an overall reduction in airflow resistance values from both nostrils (−24.63% in the right nostril; −26.65% in the left nostril). Conclusions: This study demonstrates the beneficial effects of orthodontic treatment with RME on nasal function in terms of airflow resistance in cases of maxillary contraction.
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1. Introduction


Mouth breathing is one of the most common deleterious oral habits among children and is often symptomatic of sleep-disordered breathing (SDB). Its prevalence ranges from 11 to 56% in children [1,2]. Mouth breathing typically occurs due to upper airway obstruction, which diminishes nasal airflow, compelling air to enter either partially or completely through the oral cavity. It is widely recognized that proper nasal respiratory function is essential for the harmonious and balanced growth of craniofacial structures, as supported by Moss’s functional matrix theory [3].



Mouth breathing can result from obstruction at any site in the upper airway. Since the upper airways lack support from hard tissue [4], they are directly influenced by the size, shape, and position of surrounding structures such as mucosa, tonsils, and adenoids. Pathological changes in these tissues can interfere with the passage of airflow [5,6].



The primary cause of mouth breathing in the pediatric population is adenotonsillar hypertrophy, which also leads to upper airway restriction during sleep. Adenoids grow actively between the ages of 2 and 6 years and begin to decrease in size after the age of 10, while tonsils typically undergo the most significant development between 2 and 5 years, gradually atrophying under physiological conditions and disappearing during adolescence [7].



Nasal airway impairment and nasal–oral breathing may lead to unfavorable facial growth and dental malocclusion. Airway impairment results in postural changes in the head and neck, changes in tongue placement and mandibular position, and abnormal oral and nasal pressures. Oral breathing and downward tongue posture are generally associated with transverse hypo-development of the upper maxilla and high palatal vault. Other craniofacial features associated with mouth breathing include adenoid facies, contracted upper jaw, elongated face, small and retruded chin and mandible, dental crowding in both arches, crossbite, increased overjet, increased mandibular angle, and lip incompetence [8,9].



Nasal airway obstruction, from anatomical, structural, and/or functional causes, can also lead to mouth breathing and is considered a significant risk factor for obstructive sleep apnea syndrome (OSAS), as it is frequently reported in affected patients [10]. In this regard, obstructive sleep apnea syndrome (OSAS) is a highly represented pathological condition in pediatric age and denotes one of the most severe forms of respiratory disorders in children. OSAS is defined as a breathing disorder characterized by prolonged partial obstruction of the upper airway and/or intermittent complete obstruction (obstructive apnea), which disrupts normal ventilation and physiological sleep architecture (with micro-awakenings or arousal), accompanied by signs or symptoms impacting the cardio-cerebrovascular system and quality of life at various levels [11]. During the night, there is a progressive reduction in pharyngeal reflexes. In particular, the pharynx becomes more easily deformed due to the physiological reduction in its own caliber, while airway resistance progressively increases.



Delayed diagnosis can lead to severe neurobehavioral alterations, cardiovascular, and metabolic complications that can adversely affect the child’s development [12]. Pediatric OSAS differs clinically from the adult form of the disease in physiological, developmental, and maturational factors related to breathing and sleep parameters [13]. In children, symptoms are not easily identifiable and a high diagnostic suspicion is often required to achieve screening to facilitate diagnosis.



Symptomatology is characterized by behavioral alterations, poor staturo-ponderal growth, neurocognitive deficits, fragmented and disturbed sleep, excessive sweating, oral breathing, apneas, wheezing or paradoxical breathing, and habitual snoring [11]. Snoring in the pediatric patient may be associated with micro-awakenings, sleep fragmentation, and be the cause of daytime symptoms such as irritability, attention deficit, hyperactivity, and drowsiness. More rarely, the patient with OSAS may manifest with hypertension, daytime sleepiness, and cardiac changes [14]. The prevalence of OSAS in development age is between 1% and 6% [13,14]. It can occur at any age although showing, according to current evidence, a maximum peak incidence between the second and sixth years of life, in conjunction with the rapid growth of lymphoid tissue. In pre-puberty, the disease manifests itself equally in both sexes; meanwhile, in adolescents, the data suggest a higher prevalence in favor of the male sex.



This condition is burdened by general misinformation and is often underdiagnosed. The gold standard test for OSAS is polysomnography (PSG) [15,16], although it has numerous limitations such as cost, accessibility, and requiring hospitalization. Alternative pediatric population screening tools are emerging including questionnaires (PSQ, PSQ-SRDB), which are effective in identifying mild OSAS, as well as being noninvasive, repeatable, and reproducible. Similarly, active anterior rhinomanometry (AAR) also allows for the highlighting of patients with clinically severe forms of the disease by assessment of nasal resistance opposed to airflow. Indeed, in the age of development, nasal resistance values correlate significantly with polysomnographic parameters [17].



With reference to the therapeutic approach of pediatric OSAS, the 2016 national Guidelines validate the use of orthodontic therapy, and in particular the benefit induced by orthopedic expansion of the upper jaw, in children with predominantly oral breathing and contracted upper jaw [16]. The rapid palatal expander (RPE) not only promotes a widening of the dental arches and hard palate but increases the diameter of the nasal cavity and nasopharynx [18,19], improving lingual posture and thus reducing the risk of obstruction [20], showing favorable effects on the growth of the maxillary complex [21]. RPE results in decreased nasal resistance values to airflow [22,23], improving nasal ventilation and oxygen saturation [24].



Since the association between adeno-tonsillar hypertrophy and OSAS in pediatric age is well-established in the literature [25,26], the present retrospective study aims to further investigate the effects of treatment with RPE in growing patients having contracted upper jaw, in whom there is or is not the concomitant presence of one or more sites of obstruction (adenoid and/or tonsillar hypertrophy and/or septal deviation), such as to promote oral breathing. This is to evaluate the effects on respiratory function, sleep quality, and related behavioral disorders generated by orthopedic expansion of the upper jaw.




2. Materials and Methods


Study design: A retrospective study was performed on an orthodontic sample of pediatric patients with suspected OSAS and treated with RPE to further evaluate the functional effects on nasal resistance using active anterior rhinomanometry (AAR) with an ATMOS Rhino 31 rhinomanometer (Figure 1).



This study was conducted from an initial sample of 235 orthodontic patients, with a positive orthodontic history for oral breathing and/or snoring, provided by the same private practice (M.M). Specifically, the presence of the following: oral breathing related to obstructive cause (hypertrophy of adenoids and/or tonsils; hypertrophy of turbinate; septal deviation) or non-obstructive cause; disturbed sleep; and OSAS. All patients underwent a first orthodontic examination after otorhinic evaluation with a final diagnosis of mouth breathing.



Participants: From the initial sample, a first selection of patients was made by applying the following exclusion criteria: age less than 5 years or greater than 12 years, dento-cranial facial deformities in general, dental abnormalities, orthodontic treatment already performed or in progress; and the above inclusion criteria: contraction of the upper maxilla with a need to expand at least 5 mm, positive history of oral respiration.



Study size: The sample recruited consisted of 122 children, aged 5–12 years, 53 males and 69 females.



Data Collection: For each patient, at time T0 (pre-treatment), an active anterior rhinomanometry with mask (AAR) was conducted by the same operator (G.S.) to examine respiratory function. Specifically, the ATMOS Rhino 31 rhinomanometer was used in the present study to test nasal respiratory pressure and respiratory airflow. This device enables real-time monitoring of airflow trends by synchronous recording of pressure and flow difference.



In addition, each patient underwent the Scales for sleep-related breathing disorders Questionnaire (SRDB) or Pediatric Sleep Disorders Questionnaire (PSQ-SRDB), completed by the parent, in order to validate the orthodontic history of OSAS.



Moreover, intra- and extra-oral photos, imprints for study models, RX OPT, and TLL were performed for each subject. These records permitted confirmation of the diagnosis of upper jaw contraction, continuing with orthodontic treatment based on the application of a rapid palatal expander of the type Hyrax or Pendex on deciduous or permanent dentition. The protocol calls for the device to be activated 0.25 mm per day until, clinically, contact is detected between the palatal cusp of the upper first molar or upper deciduous second molar with the buccal cusp of the lower first molar or lower deciduous second molar. At this point, the expander is left in place for at least 4 months. If at T0 (pre-expansion) the AAR was clinically significant, the exam is repeated by the same operator (G.S.) at T1 (post-RPE), corresponding to a period of three months after screw fixation. Indeed, the purpose of the present study is to determine the magnitude of improvement on respiratory function by evaluation of nasal resistance values and the concomitant evolution in terms of sleep quality and OSAS. Because of this, the questionnaires, to be completed by the parent and mentioned above, were again administered at T1.



Changes between pre- and post-treatment in nasal resistance to airflow were assessed in order to examine any improvement induced by the application of RPE on respiratory function. Lastly, the final score that emerged from the questionnaires was compared between T0 and T1 with the aim of evaluating the subjective perception of the patient and parents regarding the potential improvement generated by the treatment on nasal breathing, sleep quality, and daytime behavior.



Statistical methods: The statistical analysis was conducted by analyzing the resistance to airflow opposed by the two nostrils, checking whether between post-treatment and pre-treatment the changes appeared similar between the right and left nasal side. By calculating the percentage difference between the values measured at T1 and those recorded at T0, subtracting the “pre” values from the “post” values, it was possible to infer for each patient belonging to the study group whether the treatment which they underwent generated a significant impact. Regarding the study group, the sample initially consisted of 44 subjects but 2 of them had out-of-scale resistance values (outliers) for one of the two nostrils. Because of this, they were excluded from the statistical analysis, reducing the final sample to 42 (Figure 2).



In addition, the null hypothesis H0 that RPE results in a mean change in nasal resistances of 0 was tested by the Student’s t-test on the variation variable. The use of this test instead of the similar Z-test was justified by not knowing the value of the variance in the population. Finally, the a posteriori formula was employed to calculate the margin of error and confidence level related to sample size and the Chi-square test for a single sample to verify the homogeneity of the sample by sex and age. In all the analyses mentioned, an alpha significance level of 0.05 was used. For the statistical analysis of data, the IBM SPSS Statistics software was employed, which was carried out using frequency tables for the qualitative variables, and then calculated in version 28.




3. Results


A total of 122 patients eligible for the study were evaluated. This initial group, at T0 (pre-RPE), underwent AAR and the SRDB or PSQ-SRDB questionnaire. At T0, the AAR was clinically significant in 42 subjects (study group), 27 females (64%) and 15 males (36%), with a mean age of 7.7 years (range 5–12 years; median 8 years) (Table 1). In this case, the AAR was repeated at T1 (post-RPE) in order to assess the extent of improvement on respiratory function and sleep quality at the end of orthopedic treatment. The population was homogeneous with respect to the sex variable (p = 0.217), while it was not homogeneous for the age variable (p = 0.000).



Among them, 37 were found to be oral respiratory from an obstructive cause while 5 manifested non-obstructive oral breathing. Compared with 37 oral breathing patients from an obstructive cause, 26 had adenoid hypertrophy (70%), 19 had tonsillar hypertrophy (51%); 21 showed hypertrophic turbinates (57%); and 19 were affected by septal deviation (51%). In addition, 15 patients were affected by snoring (41%) and 4 manifested apneas (11%) (Table 2). In contrast, of the five oral respiratory patients from a non-obstructive cause, four revealed the concomitant presence of snoring and apneas (80%) (Table 3).



Relative to the oral obstructive respirators, it was investigated whether the patients had previously undergone or were on the waiting list for adenotonsillectomy or adenoidectomy surgery. It was found that five of them had had prior surgery (four underwent adenotonsillectomy and one underwent adenoidectomy) while five subjects were on the waiting list for adenotonsillectomy.



Nasal resistance values (pre- and post-treatment) assessed with AAR: Figure 3a,b shows, using box plots, the distributions of the variables representing the change between T0 and T1 of the resistances divided by left and right nostril. In them, the dashed blue lines are placed at the mean value of these variables, indicative of the general effect of treatment for both nostrils on the subjects in the sample under study. From the analysis of these, it can be deduced that, on average, the therapy led to a general reduction in the values of resistance to airflow opposed by both nostrils: for the left cavity, a negative average pre-/post-treatment change of 24.63% is observed, while for the right nostril, an average decrease of 26.65% is observed between T0 and T1.



Using the Student’s t-test on the variable variation, with the null hypothesis that the mean variance is zero, it was analyzed whether the reduction in nasal resistance to airflow opposed by the two nostrils was statistically significant. The t-test, performed for each nostril, shows that in both nasal sides the null hypothesis was rejected (p = 0). From this, we infer that RPE treatment had a significant impact on nasal airflow resistance in both nostril sides. Specifically, the confidence intervals, calculated at 95% in the two nostrils, attest that in the sample, representative of the population examined, the variable variation takes on negative values between −11% and −37% (confidence interval 95%) (Table 4 and Table 5). As can be seen, in both tests the p-value has a value of 0, which suggests that the result of the t-test is very strong; thus, the variance on average was not zero. Therefore, despite the presence of zero or negative changes in resistance, it is still possible to show that treatment with RPE induces a statistically significant and positive improvement on nasal function, at least in terms of reduction in expressed nasal resistance.



	
SRDB and PSQ-SRDB Questionnaires (pre- and post-treatment): SRDB questionnaire was submitted to the parents of 36 patients in the study group. At pre-treatment, only in one case did it produce an outcome close (final score of 29) to that considered clinically significant for OSAS (greater than or equal to 33) (Figure 4). Evaluating the modification between T0 and T1 in the overall final score, completion of the above questionnaire was not statistically significant, if not confounding at times. In fact, although 49% of the subjects (17 patients) manifested a reduction in score following RME treatment, in contrast, 31% (11 cases) had an unchanged final score between pre- and post-treatment. Finally, in 20% of the cases (7 subjects) there was a worsening of the total score between T0 and T1.



Similarly, the PSQ-SRDB questionnaire, administered to six subjects in the study group, in no case led to a final score of 0.33 or higher, a cut-off considered on the basis of the current literature to be significant for OSAS (Figure 5). Assessing the overall change in the score between pre- and post-treatment, a reduction in the score was observed in 67% of cases (four patients); in contrast, an increase is seen in 33% of cases (two subjects). So, once again the completion of the parental questionnaire was not found to be statistically significant.







4. Discussion


Rapid palatal expansion (RPE) is a validated and recommended therapeutic approach for treating a constricted maxillary upper jaw, particularly in growing patients. However, there has long been controversy surrounding the potential role of RPE in alleviating nasal obstruction and improving physiological nasal breathing. This controversy stems from the belief that restricted airways may contribute to the pathophysiology of obstructive sleep apnea syndrome (OSAS) in growing patients [27]. The scientific evidence shows that there is a direct correlation between nasal resistance, AHI, snoring time, and time spent with SpO2 below 90% in the pediatric population and a significant inverse correlation between total sleep time, sleep quality, and mean arterial oxygen saturation during sleep [17]. In order to assess any RPE-induced improvements on respiratory dynamics, it is necessary to quantify nasal aerodynamics, demonstrating changes between pre- and post-expansion. In recent times, rhinomanometry has made it possible to investigate nasal airway physiology with quantifiable and comparable parameters; in fact, numerous studies in the literature have evaluated the functional effects of RPE on nasal breathing with this instrumental method. Compadretti et al. [28] evaluated a sample of 27 children aged 5 to 13 years with maxillary contraction using AAR, acoustic rhinometry, and postero-anterior teleradiography before and 12 months after RPE, comparing it to an untreated control group. The AAR reports a remarkable reduction in nasal resistance after orthodontic treatment only under decongestion. De Filippe et al. [29] found a statistically significant reduction in NAR immediately after expansion (25.5%), stable over the following 9–12 months, similar to what was achieved by Monini et al. [30] and Halicioglu et al. [31]. Nasal airway impairment and the presence of obstruction are believed to be related to high nasal resistance and, in some cases, an oral breathing pattern. In order to determine the average nasal cross-sectional size and the effect of age on nasal breathing, Warren et al. [32] analyzed 102 patients aged 6 to 15 years under resting breathing conditions. The study showed that from 6 to 14 years, nasal airway size increases by an average of 0.032 cm2 per year: this explains the physiological reduction in nasal resistance. At the same time, the nasal breathing mode seems to increase with age: after the age of 8, most children have a nasal breathing mode. Thus, nasal breathing seems to be subject to physical and behavioral aspects in the context of an individual’s development. Beyond the known influence of nasal size on nasal breathing ability, there is evidence, even with adequate airways, of a certain percentage of children breathing orally.



The literature considers that RPE has a local effect on the upper airway, which is more evident at the bony level than at the mucosal level; it is probably related to compensatory post-expansion hypertrophy of the nasal mucosa and soft tissue adaptation [22,33]. Although most studies agree that the RPE induces a reduction in nasal resistance to airflow, the promoted improvements on nasal resistances show a weak correlation with dental expansion [34]. In addition, the influence of RPE on nasal resistances does not appear to be stable: a return to values close to baseline is expected about 30 months after treatment [22,23,35]. Therefore, it is not possible to demonstrate a long-lasting effect of RME on nasal respiratory function.



In most of the above studies, the study group was selected by placing the presence of obstructive diseases of the first airway as an exclusion criterion, performing the evaluation on an otolaryngologically healthy population. Only Monini et al. [30] and Langer et al. [35] included subjects with obstructive problems. The present retrospective study wanted to further investigate the possibility of obtaining beneficial effects on obstructive and non-obstructive pediatric oral respiratory patients with concomitant upper jaw contraction through the use of an RPE. The sample examined appeared to be mostly affected by obstructive respiratory disease, so as to favor oral breathing. Second, we aimed to explore the treatment potential available to the orthodontic specialist, who increasingly assesses patients with interdisciplinary problems.



Since the scientific evidence [36] shows that the skeletal and dento-alveolar effects of RPE are more significant when treatment is undertaken before the peak of pubertal growth, it was decided to include only growing patients aged 5 to 12 years. The current study group, consisting of 42 individuals with a mean age of 7.7 years, was not evenly distributed by age. The reason lies in the scientific evidence: depending on the age of the subject and the sutural activity present, there is a variable amount of orthopedic expansion. This variation is related to the fact that the resistance to maxillary expansion increases with sutural activity and thus the extent of expansion decreases as the degree of skeletal maturity increases [37,38]. For this reason, the literature agrees in emphasizing the importance of early treatment with RPE in order to maximize the magnitude of skeletal expansion in the presence of a perfectly adaptable palatine medial suture [39].



The results obtained from the AAR show a reduction in nasal resistance to airflow, confirming the findings achieved by the previously mentioned studies. In particular, the airflow varied in a statistically significant manner (p-value = 0.00) with an improvement that is similar for both nostrils, although showing slightly higher, by about two percentage points, on the right nasal side (Figure 3b).



Regarding the subjective perception of the patient and parents about the possible improvement in nasal breathing, quality of sleep, and daytime behavior, no statistically significant results emerged with the two questionnaires employed, SRDB and PSQ-SRDB. In fact, in no case did a subject in the study group score equal to or higher than that considered, based on the literature, to be significant for OSAS. On the other hand, evaluating the change in the overall score between T0 and T1, the PSQ-SRDB shows a reduction in the same in 67% of the cases, while in 33% the final score appears even increased (Figure 5). Relative to the SRDB scale, assessing the change in the final score between pre- and post-treatment, it appears reduced in 49% of cases, unchanged in 31%, and increased in 20% (Figure 4).



As is well known, obstructive sleep apnea syndrome (OSAS) in childhood is a severely underdiagnosed condition. Confirmatory PSG is held to be the gold standard [15,16] to diagnose this syndrome; however, it has numerous limitations. So, alternative tools are emerging, which include questionnaires. These simple, noninvasive, repeatable and reproducible devices can be the starting point for the correct diagnostic framing of the patient. Because they are filled out by the parent, they encourage more information about the disease, still burdened by general misinformation. In particular, the 22-item Pediatric Sleep Questionnaire shows the highest sensitivity for the identification of mild OSAS [40], as confirmed with the systematic review of Parenti et al. [41] and holds the best diagnostic accuracy. Another issue affecting this condition is the lack of a universally accepted classification for estimating the severity of pediatric OSAS. Many studies employ the apnea and hypopnea index (AHI) to classify the disease as mild (1 < AHI > 4.9), moderate (5 < AHI > 9.9), or severe (AHI > 10). In this context, active anterior rhinomanometry (AAR) with mask, the gold standard for accuracy and precision in detection, can emerge as a valuable tool to identify pediatric patients with clinically severe OSAS, helping in the management of long waiting lists so as to prioritize access to confirmatory PSG [17,42].



Limits: The limitations of this study include selection bias (based on one center), lack of diversity considering one person conducted all measurements, the lack of a control group to which to relate the results obtained, and the small sample size of the study group. It would be appropriate to implement the cohort of subjects with pure oral breathing, an expression of a flawed habit inherent in them, not related to any impediment or obstacle to physiological nasal breathing. In this way, it would be possible to compare the extent of improvement on nasal airflow resistance and to assess under which condition, whether in the presence of one or more obstructive sites or whether in the absence of obstruction, a more significant improvement is seen. It might be useful to also include in the study protocol the performance of AAR under nasal decongestion, in order to eliminate the possible influence that the turbinate variable might exert on the results obtained. Finally, it is necessary to carefully examine the long-term stability of the results obtained, taking into account the role of remaining craniofacial growth and the rate of relapse in nasal airflow resistance post-maxillary expansion.




5. Conclusions


Based on the results emerged from AAR, taking into account the small sample size examined, we can conclude as follows:




	
In cases of maxillary contraction, the orthodontic treatment with RPE has positive effects on nasal respiratory function, in terms of resistance to airflow.



	
In the orthodontic patient requiring upper jaw expansion, with concomitant presence of obstructive pathology of the first airway (adenotonsillar hypertrophy), rapid palate expander treatment should be evaluated as a priority.



	
Only at a later stage should patients be re-evaluated by the ENT specialist in order to re-investigate the status of their nasal function post-expansion, to assess the actual need for the surgical procedure.



	
Given the positive effects attested in the current literature on sleep disorders, it is possible that, following orthodontic treatment, the evolution of apneic/snore peak to full-blown adult OSAS will be interrupted.



	
With a view to greater interdisciplinarity and for the benefit of the young patient, it is desirable that ENT specialists and pediatricians be aware of the potential of this orthodontic method, less invasive and burdened with fewer risks than the surgical approach.
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Figure 1. ATMOS Rhino 31. The rhinomanometer is equipped with operational buttons, electromechanical pressure transducers, amplifiers, and analog-to-digital transducers. It features a display for real-time monitoring and visualization of results, as well as an integrated printer. Additionally, it consists of a measuring probe with olives or a mask for recording airflow; a pressure probe, a flexible tube, or a tube with nasal adapter to record pressure differences; and a handle for gripping. 
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Figure 2. Flow chart diagram. 
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Figure 3. Distribution of pre-/post-treatment airflow change in the left (a) and right nostrils (b). (a) % variation in pressure pre-/post-treatment—left nostril; (b) % variation in pressure pre-/post-treatment—right nostril. 
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Figure 4. Questionnaire scales for sleep-related breathing disorders (SRBDs). 
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Figure 5. Pediatric Sleep Questionnaire (PSQ) in the reduced 22-item form (PSQ-SRDB), translated and validated in Italian. 
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Table 1. Demographic characteristics of the study group categorized by sex and age variables.
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	Sex
	N Observed
	N Expected
	Residual
	Mean Age
	Median Age





	F
	25
	21.0
	4.0
	
	



	M
	17
	2.0
	−4.0
	
	



	Total
	42
	
	
	7.71
	8










 





Table 2. Descriptive analysis of the frequency of obstructive variables within the obstructive oral breather population (N = 37) in the study group.
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	Time
	N Tot
	Adenoid

Hypertrophy
	Tonsillar Hypertrophy
	Hypertrophied Turbinates
	Septal Deviation
	Snoring
	Apnea





	Pre (T0)
	37
	26
	19
	21
	19
	15
	4



	Pre (T0)
	37
	70%
	51%
	57%
	51%
	41%
	11%










 





Table 3. Descriptive analysis of the variables of apnea and snoring investigated in non-obstructive oral breathers (N = 5) belonging to the study group.
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	Time
	N Tot
	Snoring
	Apnea





	Pre (T0)
	5
	4
	4



	Pre (T0)
	5
	80%
	80%










 





Table 4. Descriptive statistics of the variation variable.
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	Right Nostril
	N
	Mean
	Standard Deviation
	Mean Standard Error





	% Variation
	42
	−26.1375%
	27.57237%
	4.25451%



	Left nostril
	N
	Mean
	Standard deviation
	Mean standard error



	% Variation
	42
	−24.63007%
	40.688442%
	6.278363%










 





Table 5. Results of Student’s t-test.
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Test Value = 0




	
t

	
gl

	
Two-Sided p-Value

	
Difference of Mean

	
95% Confidence Interval of Difference




	
Lower

	
Upper






	
Left nostril

	
% Variation

	
−3.923

	
41

	
0.000

	
−24.630071%

	
−37.30948%

	
−11.95066%




	
Right nostril

	
% Variation

	
−6.143

	
41

	
0.000

	
−26.13747%

	
−34.7296%

	
−17.5453%
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