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Abstract

Sleep-related breathing disorders range from snoring to more serious disorders, such as Obstructive Sleep Apnea
Syndrome (OSAS). It affects the quality of life of children and are related to mouth breathing, one of the main causes
of malocclusion. The aim of this research was to evaluate the polysomnography respiratory data and quality of life in
patients diagnosticated with OSAS before and after rapid maxillary expansion (RME). Children aged 7 to 11 were
included, all of them presented respiratory complaints of snoring with or without associated respiratory pauses.
Children with genetic and craniofacial syndromes, neuropaths, children with grade 4 tonsils or signs of OSAS severity
with cyanosis, pulmonary hypertension or pulmonale were excluded. All children underwent occlusal examination and
type 3-night polysomnography, in addition to filling out the OSA 18 quality of life questionnaires and the Sleep
Disorders Scale in Children. The data were compared before (TO0) and after (T1) RME procedure. For parametric
values, paired t test was used, and for the non-parametric ones, the Wilcoxon test was applied. There was a significant
variation in AHI from T0O = 6.89 to T1 =5.34, as well as a significant reduction in OSA 18 scores in 46.2% of cases.
RME was effective for the treatment of OSAS considering polysomnography results and also improved quality of life
in children.

Keywords: Sleep apnea obstructive; Quality of life; Polysomnography; Palatal expansion technique.

Resumo

Os distarbios respiratorios relacionados ao sono variam do ronco a disturbios mais graves, como a sindrome da apnéia
obstrutiva do sono (SAOS). Afeta a qualidade de vida das criangas e esta relacionada a respiracdo bucal, uma das
principais causas das maloclusdes. O objetivo desta pesquisa foi avaliar os dados polissonograficos respiratorios e a
qualidade de vida em pacientes com diagndéstico de SAOS antes e apds a expansdo rapida da maxila (ERM). Foram
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incluidas criancas de 7 a 11 anos, todas com queixas respiratérias de roncos com ou sem pausas respiratérias
associadas. Foram excluidas criancas com sindromes genéticas e craniofaciais, neuropatas, criangas com tonsilas grau
4 ou sinais de gravidade da SAOS com cianose, hipertensdo pulmonar ou pulmonale. Todas as criancas foram
submetidas a exame oclusal e polissonografia do tipo 3 noites, além do preenchimento dos questionarios de qualidade
de vida OSA 18 e da Escala de Disturbios do Sono em Criangas. Os dados foram comparados antes (T0) e depois (T1)
do procedimento ERM. Para os valores paramétricos foi utilizado o teste t pareado e, para 0s nao paramétricos, o teste
de Wilcoxon. Houve variagdo significativa no IAH de TO = 6,89 a T1 = 5,34, bem como reducéo significativa nos
escores de OSA 18 em 46,2% dos casos. A ERM foi eficaz no tratamento da SAOS considerando os resultados da
polissonografia e também melhorou a qualidade de vida das criancas.

Palavras-chave: Apneia obstrutiva do sono; Qualidade de vida; Polissonografia; Técnica de expansdo palatina.

Resumen

Los trastornos respiratorios relacionados con el suefio van desde ronquidos hasta trastornos mas graves como el
sindrome de Apnea Obstructiva del Suefio (AOS). Afecta la calidad de vida de los nifios y esta relacionado con la
respiracion bucal que es una de las principales causas de maloclusiones. El objetivo de esta investigacién fue evaluar
los datos polisomnograficos respiratorios y la calidad de vida en pacientes diagnosticados con AOS antes y después de
la expansion réapida del maxilar (ERM). Se incluyeron nifios de 7 a 11 afios con molestias respiratorias de ronquido
con o sin pausas respiratorias asociadas. Se excluyeron los nifios con sindromes genéticos y craneofaciales,
neuropatias, nifios con amigdalas grado 4 o signos de gravedad de AQS con cianosis, hipertensién pulmonar o cor
pulmonale. A todos los nifios se les realizé examen oclusal y polisomnografia de 3 noches, ademas de completar los
cuestionarios de calidad de vida OSA 18 y la Escala de Trastornos del Suefio en Nifios. Los datos se compararon antes
(TO) y después (T1) del procedimiento ERM. Para los valores paramétricos se utiliz6 la prueba t pareada y, para los
no paramétricos, la prueba de Wilcoxon. Se encontré una variacion significativa en el IAH de TO = 6,89 a T1 = 5,34,
asi como una reduccion significativa en las puntuaciones de AOS 18 en el 46,2% de los casos. ERM fue eficaz en el
tratamiento del AOS considerando los resultados de la polisomnografia y también mejoré la calidad de vida de los
nifios.

Palabras clave: Apnea obstructiva del suefio; Calidad de vida; Polisomnografia; Técnica de expansion palatina.

1. Introduction

Obstructive Sleep Apnea Syndrome (OSAS) has aroused interest because it is a condition that has not been fully
established in medicine. It is a pathological condition that includes damage of multidimensional characteristics and harms the
patient in physical-functional and psychosocial dimensions. It comes from a recurrent obstruction in the upper airway during
sleep, and intermittent hypoxemia, causing awakenings that can result in harmful health effects, including neurocognitive
problems and cardiovascular morbidity (Chaves Junior CM, 2017).

There is an explicit need to detect sleep problems in the pediatric population to verify the initial processes of
cognitive, behavioral, health and quality of life, as OSAS can cause several changes in craniofacial development, including
thoracic deformities, cognitive-behavioral and cardiovascular changes and repercussions on stature development and growth
(Luzzi et al., 2016).

Children with OSAS often have characteristics of adenotonsillar hypertrophy, small and narrow nasal cavity and
atresia of the maxilla, associated with the high palate and posterior crossbite. Given the high prevalence of patients with
OSAS, portable monitoring of type 3 polysomnography was validated to facilitate access to diagnosis. The use of the portable
monitoring device (Stardust Il - STD) proved to be useful as a tool to verify or exclude the diagnosis of OSAS, and should
record air flow, respiratory effort, heart rate and blood oxygenation.

The OSAS is classified according to the apnea and hypopnea index (AHI) obtained in the polysomnography exam,
based on the frequency of respiratory events during sleep, being mild (AHI between 5 and 15 events / hour), moderate (AHI
between 15 and 30 events / hour) or severe (AHI> 30 events / hour), allowing the dimension of the severity of symptoms and
complications that may occur in the long term to be dimensioned, in addition to enabling treatment targeting (Campostrini
DDA, 2014).

Insufficient sleep duration, as well as disturbed sleep, are associated with low school performance, difficulty in

concentration / focus, daytime sleepiness and school absence, and predict the occurrence of problems in interpersonal and
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psychosocial functioning. The assessment of the concept of quality of life has been recognized as an important health measure
in dentistry since an unpleasant dental appearance can stigmatize a person, hinder professional achievement, encourage
negative stereotypes and harm self-esteem (Di Francesco, Fortes, & Komatsu, 2004; Tan, Alonso Alvarez, Tsaoussoglou,
Weber, & Kaditis, 2017).

The use of intraoral devices is an effective alternative in the treatment of sleep apnea in children of an established age
group. Rapid maxillary expansion (RME) specifically is a simple and effective procedure as it promotes palatal disjunction
through a fixed expander, such as the Hyrax type (Ruiz, Cruz, Ferreira, Aguiar, & Silva, 2018). This device is located parallel
to the medial palatine suture, activated to accumulate a significant amount of strength to the point of breaking the resistance
offered by the suture (Kaditis et al., 2016).

In this context, this study aimed to evaluate the respiratory data of the polysomnographic examination and the quality

of life in patients with sleep-disordered breathing before and after rapid maxillary expansion.

2. Methodology

This prospective cohort study was carried out in 26 children aged between 7 and 11 years old, selected in municipal
schools in Aragatuba — SP - Brazil. The study was approved by the Human Research Ethics Committee of Universidade
Estadual Paulista Jalio de Mesquita Filho, SP, Brazil (CAAE 89821218.1.0000.5420). All participants and their guardians
were informed about the exam procedures and authorized their participation in writing through the Free and Informed Consent
Term (IC), with knowledge of the nature and format of the study, in compliance with the regulated health research rules by
CNS resolution 466/12 (Brasil, 2012).

Inclusion criteria were age range, malocclusion (molar relationship, deep bite and crosshite) and signs and symptoms
of sleep-disordered breathing such as snoring, mouth breathing and observed breathing pauses. Patients with a previous history
of orthodontic treatment, presence of dimorphism and / or craniofacial anomalies or patients with desaturation below 80%
were excluded from the study.

The selected individuals were submitted to three quantitative methods (Pereira et al, 2018, consisted by a type 3 all-
night polysomnography, and answered the OSA-18 quality of life questionnaires and the Sleep Disorders Scale in Children,
translated and validated for the Brazilian population (Ferreira et al., 2009). Type 3 polysomnography assesses the following
points: Airflow through the nasal pressure cannula that also makes it possible to detect snoring, an electric piezo strap for
detecting respiratory effort, pulse oximetry and pulse rate. Participants were instructed in the installation and handling of the
device according to the manufacturer's recommendation. The installation and measurement of results were analyzed by a single
qualified operator and approved by a sleep specialist, according to AAMS regulations (Kapur et al., 2017).

The OSA-18 questionnaire presents 18 items grouped into 5 domains, whose items are scored on an ordinal scale of 7
points (1 - no time, 2 - almost no time, 3 - few times, 4 - sometimes, 5 - several times, 6 - most of the time, 7 - every time).
Thus, the OSA-18 domains can obtain the following scores: a) sleep disorder (4 items with scores ranging from 4 to 28); b)
physical suffering (4 items with scores ranging from 4 to 28); c) emotional distress (3 items with scores ranging from 3 to 21);
d) daytime problems (3 items with scores ranging from 3 to 21); e) concerns of parents or guardians (4 items with scores
ranging from 4 to 28) (F. M. V. S. Fernandes & Teles, 2013).

The final score of OSA-18 is obtained by the simple sum of the items, and can vary from 18 to 126, being categorized
in three levels, according to the impact on the children's quality of life: mild (scores less than 60), moderate (scores between 60
and 80) and severe (scores above 80) (Franco, Rosenfeld, & Rao, 2000). The Sleep Disturbance Scale in Children is an
instrument with 26 items for the assessment in children aged 3 to 18 years, capable of differentiating the following disorders:

sleep onset and maintenance disorders, sleep breathing disorders, sleep disorders awakening, sleep-wake transition disorders,
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excessive daytime sleepiness and sleep hyperhidrosis (Bruni et al., 1996).

All patients underwent treatment with a Hyrax device for rapid maxillary expansion, an orthodontic-orthopedic
procedure that uses fixed appliances anchored in posterior teeth and welded to an expander screw, located in the palate region.
A force is applied on the anchor teeth, to act on the palatal suture, without any tooth movement (L. C. Fernandes, Farinazzo
Vitral, Noritomi, Schmitberger, & José da Silva Campos, 2019). Orthopedic movement occurs by opening the still uncalcified
palatal suture, up to approximately 12 years of age, or newly calcified, in adolescence. The total effect of the expansion
consists of a movement of the maxillary complex, increasing the nasal cavity with improved airflow (Huynh, Desplats, &
Almeida, 2016; Pirelli, Saponara, & Guilleminault, 2004; Rana et al., 2020).

The activation protocol of the appliance used was: after installation, the patient remained with the device for one
month without activation, to get used to it; after that time, activation was made in the office with 4/4 laps (one full lap),
instructing the person in charge to activate a quarter lap in the morning and a quarter lap at night every day until the complete
correction of the transversal problem , and during this period of activation, the patient had weekly follow-up at the dental
office (Maspero et al., 2020; Weissheimer et al., 2011). At the end of the disjunction, the patients stayed another 6 months with
the device in position for containment, allowing the formation of bone in the palatal suture (Costa, Galindo, Mattos, & Cury-
Saramago, 2017). The suture opening and consequent efficacy of the RME treatment was observed by clinical and (interincisal
diastema) radiographic signs.

At the end of the procedure, all patients underwent a new polysomnographic assessment, and the OSA-18
questionnaires and the Sleep Disorders Scale in Children were again applied to compare the results and verify the improvement
in breathing and quality of life of these patients. The data were submitted to statistical analysis using the GraphPad Prism 7.0
program (GraphPad Software Inc). For the parametric values, the paired t test was used, and for the non-parametric ones, the
Wilcoxon test, both with a 5% significance level.

3. Results and Discussion

The distribution of 26 children, according to sex and age, is shown in Table 1. We can see that there was a greater

participation of females, and the average duration of treatment for all participants was around four months.

Table 1 - Characteristics of the participants.

Total
Female (n, %) 16 (61.54%)
Male (n, %) 10 (38.46%)
AgeatTO 86+18
AgeatT1 93+138
Treatment Duration 39+28

Source: Authors.

Table 2 below shows the improvement in relation to the severity of OSAS, after treatment with RME. We can observe

a reduction in severity in 6 cases, with improvement especially in the most severe cases of OSAS.
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Table 2 - Change in the severity of OSAS after RME treatment.

Severity Light Moderate Severe
TO 7 12 7
T1 13 11 2

Source: Authors.

Statistical analysis was performed using the paired t-test of the variables BMI (Body Mass Index) and AHI (Apnea

and Hypopnea Index), as shown in Table 3. We can see that there was a significant reduction in AIH after treatment with

RME.

Table 3 - Variations in mean and standard deviation of body mass indices (BMI) and apnea and hypopnea index (AHI) before
(TO) and after (T1) the RME treatment.

TO T1
Measure Mean SD Mean SD Test value p value
BMI 19.79 4.33 20.13 4.53 -0.73 0.48
AHI 6.89 3.13 5.34 2.52 2.32 0.02

Source: Authors.

The variables of Obstructive Apnea Index (OAI), Central Apnea Index (CAIl), Mixed Apnea (MA), Oxygen

Desaturation Indices (ODI), Average Saturation (Mean Sat) and Severity were shown in Table 4, the last variable (Severity)

being statistically significant (p <0.05), indicating that observing only one index does not show significant improvement, but

the set of factors evaluated together led to a positive change in the severity of OSAS disease. For this purpose, the Wilcoxon

test was performed.

Table 4 - OAI, CAI, MA, ODI and Mean Sat indices, with their respective means and interquartile range (IQR); p-value

(significance) comparing before (T0) and after (T1) RME treatment.

TO T1
Measure Mean IQR Mean IQR Test value p value
OAl 3.45 2.9 3 2.38 0.59 0.56
CAl 0.5 1.28 0.35 0.98 1.03 0.31
MA 0 0 0 0 0.53 0.59
oDl 4.3 3.05 5.6 4.2 0.87 0.38
Mean Sat 96 0.75 96 1.75 0.65 0.51
Severity 2 15 15 1 2.07 0.04

Source: Authors.

Taking into account the questionnaires answered by the patients, we noticed that there was an important reduction in

the averages of each questionnaire, the data being statistically significant (Table 5).
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Table 5 - Average of the total scores and standard deviation of the OSA-18 and Sleep Disorders Scale with their respective p
values (significance) before (T0) and after (T1) the treatment of RME.

Questionnaire TO T1 p value
OSA-18 56.93 + 22.48 25.81+9.22 0.0001
Sleep disturbance scale in children 66.3 + 26.69 35.7+7.79 0.0001

Source: Authors.

It was observed that the impact of OSAS on the quality of life of these patients, measured using the OSA-18
questionnaire, improved a lot after treatment, as shown in Table 6.

Table 6 - Index of impact on the quality of life of OSAS in 26 children before (TO) and after (T1) of treatment with RME.

Frequency (n) Percentage (%0)
OSA-18 Total Score
TO T1 TO Tl
< 60 (light) 15 27 55.55 100
60-80 (moderate) 5 0 18.51 0
> 80 (severe) 7 0 25.92 0

Source: Authors.

This study evaluated the repercussion of RME in children with obstructive respiratory disorders during the sleep with
polysomnographic monitoring and quality of life and sleep. Due to the high prevalence of patients with OSAS, and the
growing demand for research and treatment, the performance of conventional polysomnography has proved to be impractical,
both for cost and for the availability of laboratories to perform it. Thus, portable monitoring devices (in this case, the Stardust
Il - STDII) are considered important tools for the diagnosis of OSAS, replacing the conventional exam, as it is more accepted
in children, in addition to being more affordable (Campostrini DDA, 2014).

The device records data from the moment the patient is ready to sleep until the moment he wakes up the next
morning. This autonomous method contributed to sleep more within the normal range of each patient's habits, which is an
advantage that does not occur in polysomnography (PSG) under laboratory supervision. The way of use and the placement of
the device were well explained to the guardian / companion, who contributed to the analysis to be performed correctly after the
patient fell asleep. As the patients were minors, we suggest that monitoring be done by family members to avoid the excessive
loss of data that could be caused by the detachment of the sensors.

The STD Il device provides results from the apnea-hypopnea indexes that are in accordance with the diagnoses
determined from conventional and supervised polysomnography. There was a lower-than-expected technical failure rate and
successful use by patients in the home setting (Aurora et al., 2011). These data demonstrated that the Stardust Il device is a
reliable tool for diagnosing patients referred for OSAS assessment. This study corroborates with that of Certal et al. (2015),
who indicated that the unattended multichannel devices have a good diagnostic performance to predict pediatric OSAS, as the
results are useful, with moderate sensitivity and specificity.

Children from 7 to 11 years of age are the most effective age group to practice this type of interceptive study, since
this period of transition from deciduous dentition to permanent denture is a period rich in biological events including dentition
exchange, craniofacial growth and dimensional changes in dental arches, being the best time to perform orthodontic /

orthopedic interceptive treatment (Moscatiello, Lederman, Moscatiello, Faltin Janior, & Moscatiello, 2008).
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The treatment of Sleep Respiratory Disorders in children through rapid maxillary expansion (RME) and mandibular
advancement with intraoral devices has been recommended because they are conservative methods. ERM is a well-known
orthodontic procedure, and scientific studies have proven its efficiency in the treatment of sleep-disordered breathing in
children (Ruiz et al., 2018), which was also confirmed by our study, as 16 patients had an improvement in OSAS. Better
results are still found when it is associated with adenotonsillar surgery, regardless of the order of the procedures (C.
Guilleminault et al., 2011; Christian Guilleminault, Quo, Huynh, & Li, 2008).

Several studies in the scientific literature have demonstrated the impact of obstructive sleep disorders on children's
quality of life (Bergeron & Ishman, 2021; Caixeta et al., 2021; Campbell, Mather, & Elder, 2020). Behavioral problems such
as hyperactivity, aggression, agitation, decreased concentration and school difficulties are more prevalent in these patients
(Bandyopadhyay & Slaven, 2021; Kaihua et al., 2019). When OSAS is diagnosed and treated early, these disorders improve
(Lipton & Gozal, 2003). However, when left untreated, especially in critical periods of brain development and growth,
neurocognitive changes may not completely regress, and these children may experience a sustained decrease in learning
(Gozal, 1998).

Gozal (1998) demonstrated that in children with school learning problems, the incidence of OSAS is 6 to 9 times
higher than in the pediatric population in general. Urschitz et al. (2003) found a significant association between snoring and
poor school performance even in the absence of intermittent hypoxia. Fortunately, research has shown that after treating Sleep
Respiratory Disorders, children have improved learning and behavior (Ali, Pitson, & Stradling, 1996; Gozal, 1998; Stradling,
Thomas, Warley, Williams, & Freeland, 1990). The results found in the present study also confirm that the treatment caused an
improvement in both breathing (16 cases out of 26 analyzed had a reduction in the severity of Obstructive Sleep Apnea
Syndrome) and in quality of life (13 patients stated that the impact on the quality of life went from moderate to severe to mild).

The population must have preventive and interceptive orthodontic treatments in the Primary Care Network (PC). But,
although many dental surgeons are in favor and show interest, many consider themselves little or not able to perform it. Also,
the lack of financial and human resources are factors that hinder the expansion of treatment in PC, given the high demand for
basic and urgent procedures, making it impossible to operate in a completely satisfactory manner. The availability of an
adequate physical structure, the definition of treatment protocols, in addition to professional training and adequate management
of the service could be factors to contribute in this regard (Guzzo, Finkler, Reibnitz Janior, & Reibnitz, 2014).

In the state of S@o Paulo, a survey carried out in 1996 estimated the prevalence of occlusal problems, finding 48.97%
at 5 years old and 71.31% at 12 years old. Considering moderate or severe anomalies, according to criteria recommended by
the World Health Organization in 1987, the percentage was 26.12% in the primary dentition and 39.79% in the mixed
dentition, respectively (Fraz&o, Narvai, Latorre, & Castellanos, 2002). This research points to the large percentage of children
with harmful habits and their predominant influence on craniofacial development and the installation of malocclusions,
especially open and crossbites.

Some limitations of the study must be considered since the sample was from a small and previously selected group.
However, the purpose of this study was to analyze the quality of life specifically related to a group of diseases - obstructive

sleep disorders - after the treatment of rapid maxillary expansion and, for this purpose, the studied group largely met the needs.

4. Conclusion

There was a significant improvement in the patients' quality of life, as well as a reduction in the symptoms of sleep-
disordered breathing, after the rapid maxillary expansion orthodontic-orthopedic treatment. Considering the promising results
found in the present study, it would be interesting to follow-up these patients to ensure that the benefits of the treatment will be

long-lasting. In addition, complementary studies to evaluate the airflow dimensions before and after rapid maxillary expansion
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as well as the association with other of appliances (i.e., mandibular advancement) as a way to further improve the effectiveness

of breathing as well as the quality of life of patients should be considered in future studies.
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