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ABSTRACT

Background: Obstructive sleep apnea (OSA) is a breathing disorder that occurs during sleep and results in decreased or 
complete cessation of airflow despite attempts to breathe. Specific populations, such as children with certain craniofacial 
or other genetic syndromes and who are obese have a higher prevalence of OSA than the general population. Craniofacial 
abnormalities are one of the causes of OSA in the upper airway. Craniofacial morphologies that may predispose to OSA 
include retrognathia, anterior open bite, midface deficiency, and lower hyoid position. Therefore, interceptive orthodontic 
treatment in children is needed as one of the treatment options that can be chosen.  Purpose: this study aimed to describe 
the interceptive orthodontic treatments and their effects on OSA cases in children. Review: Interceptive orthodontic 
treatment has various types depending on how the dentocraniofacial abnormality occurs. Orthodontic treatment aims 
to reduce the severity of OSA through maxillary and mandibular expansion, thereby increasing air space and airflow 
Conclusion: Interceptive orthodontic treatment in pediatric OSA cases include; Rapid Maxillary Expansion, Twin-block, 
Propulsor Universal Light appliance, Planas appliance modified, Fränkel-II appliance, and BioAJustax oral appliance.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep disordered 
breathing and results in decreased or complete cessation of 
airflow despite attempts to breathe. The majority of people 
with OSA often pause and snore loudly when airflow is 
reduced or blocked. The patient will then make choking, 
grunting, or gasping sounds during sleep, then caused the 
soft tissue behind the throat to collapse and block the upper 
airway.1 The incidence of OSA in the pediatric population 
in the United States is approximately 2%. Most of the 
children are about 2-8 years old, due to the relative size 
of the adenoid tonsil. OSA is more common in men than 
women.2 Specific groups, such as children with certain 
craniofacial, genetic syndromes, and obese have a higher 
prevalence of OSA.3 In Indonesia, incidence of snoring in 
children aged 5-13 years was 31.6% in children aged 5-13 
years in the form of habitual snoring by 5.2% and occasional 
snoring by 26.4%.4

Craniofacial abnormalities are one of the causes of OSA in 
the upper airway. Changes of the position, size, and geometry 
of the mandible and tongue can cause the retropalatal region 
thickened and make it the most common site of obstruction 
in pediatric airways.2 Craniofacial morphologies that can 
predispose to OSA are retrognathism, midface deficiency, 
anterior open bite, and lower hyoid position. 3

Based on the various factors that cause OSA, current 
care management focuses on a multidisciplinary approach, 
one of which is orthodontics. Orthodontic treatment aims 
to reduce the severity of OSA through maxillary and 
mandibular expansion, thereby increasing air space and 
increasing airflow. Polysomnographic clinical evidence 
after orthodontic treatment shows that orthodontic therapy 
improves airway patency.5 Orthodontic treatment consists 
of two types, namely preventive and interceptive. In cases 
of obstructive sleep apnea (OSA) due to dentocraniofacial 
abnormalities in children with alternating teeth, interceptive 
orthodontic treatment is required. Interceptive orthodontic 
treatment itself has various types depending on how the 
dentocraniofacial abnormality occurs.6

This study aimed to describe the interceptive orthodontic 
treatments and their effects on OSA cases in children. Thus, 
in this narrative review, will discuss about the interceptive 
orthodontic treatments and their effects on OSA cases in 
children.

METHOD

This article is a narrative review, scientific published 
literatures and extracted data from several databases which 
are PubMed, AJODO, and The Angle Orthodontist were 
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extracted. The inclusion criteria in this study were research, 
case reports, and randomized controlled trials literature. 
The literature must contain cases of obstructive sleep apnea 
in children aged 6-12 years or during mixed dentition and 
undergoing interceptive orthodontic treatment. Literature 
should be in English. Meanwhile, the exclusion criteria 
in this study were literature with the type of review and 
in languages   other than English. There is no limitation 
of when the article was published. The keywords used in 
this study were “pediatric sleep apnea”, “pediatric sleep 
disordered breathing” and “interceptive orthodontic”, 
“malocclusion correction”, “myofunctional therapy”, 
“mandibular advancement device”, “functional appliance”. 
After searching from databases and other literature sources 
using the keywords, a total of 660 literatures were obtained. 
Only 12 literatures included in this review after the author 
read the full paper based on inclusion and exclusion criteria 
(Figure 1).

RESULT

Various data have been collected from 12 included 
literatures, such as authors, year of publication, sample 
size, sex, and age. Study characteristic are presented in 
Table 1.

Orthodontic appliances assessed were: RME (Rapid 
Maxillary Expansion), Twin-block, Propulsor Universal 

Light appliance, Planas appliance modified, Fränkel-
II appliance, and BioAJustax oral appliance. After 
using orthodontic appliances above, evaluation were 
obtained by several methods: PSG (polysomnography), 
home sleep studies, cephalometric analysis, and                                      
pharyngometry.

The main outcomes evaluated were: apnea hypoapnea 
index (AHI), ODI (oxygen desaturation index), nadir 
oxygen saturation, snoring time, average oxygen saturation, 
length of vertical airways, nasal airway, airway volume, 
and MCA (upper airway minimal cross-sectional area) 
after with or without non-orthodontic treatments. These 
outcomes, treatments, and evaluation methods are presented 
in Table 2.

RME, Twin-block, Propulsor Universal Light appliance, 
Planas appliance modified, Fränkel-II appliance, and 
BioAJustax oral appliance accompanied with or without 
non-orthodontic treatments could reduce AHI.5–14 RME, 
Twin-block, and Fränkel-II appliance increase oxygen 
saturation and even reduce the incidence of desaturation 
during sleep.5,6,8,10–12 Twin-block orthodontic treatment 
reduces snoring time.12 RME orthodontic treatment reduces 
the length of the vertical airways.5 RME orthodontic 
treatment improved the nasal airway.9 BioAJustax appliance 
increased airway volume (V) and MCA on pharyngometry 
examination.15 Twin-block does not show a positive 
correlation with AHI, snoring intensity, and oxygen 
desaturation.16

 

 
 

Figure 1.  PRISMA Flowchart Diagram.
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Table 1. Sample characteristic in the study. 

Author, year of publication Sample size Sex Age
(Pirelli et al., 2004)6 31 Male (n = 19) 6 - 12 yearsFemale (n = 12)
(Rose & Schessl, 2006)7 2 Male (n = 1) 6 years 6 months

Female (n = 1) 8 years
(Kim, 2014)8 1 Male (n = 1) 11 years
(Taddei et al., 2015)5 60 (30 patients,

30 controls)
Male (n = 24) 8 - 10 yearsFemale (n = 36)

(Jackson, 2016)9 1 Male (n = 1) 11 years 11 months
(Machado-Júnior et al., 2016)10 14 (8 patients,

6 controls)
Male (n = 5) Controls: Mean = 8.13 years

Patients: Mean = 8.39 yearsFemale (n = 9)
(Danut Radescu et al., 2017)11 1 Female (n = 1) 8 years
(Gracco et al., 2018)12 1 Female (n = 1) 8 years
(Idris et al., 2018)13 16 Male (n = 13) 8 - 12 yearsMale (n = 3)
(Alexander et al., 2019)14 2 Female (n = 2) 9 years
(Bignotti et al., 2019)15 1 Male (n = 1) 12 years
(Nunes et al., 2019)16 40 (24 patients,

16 controls) - 6 - 9 years

Table 2. Treatments, Evaluation, and Outcomes

Author, year of 
publication Treatment(s) Evaluation methods Outcomes

(Pirelli et al., 
2004)6 RME PSG and posteroan-

terior cephalograms

AHI less than 1 event per hour in all cases. RME 
impacted the nasal cavity, with a mean increase in 
nasal piriform opening of 1.3 ± 0.3 mm.

(Rose & 
Schessl, 2006)7

Case 1
RME followed by Fränkel-II appliance PSG

Case 1: Rhytmic and normal breathing pattern at 
night is more than 90%, minimum oxygen satura-
tion is 88%, SaO2 and average oxygen saturation 
is 96% SaO2.

Case 2
Fränkel-II appliance

Case 2: Improved cardiorespiratory parameters 
with less apnea and oxygen desaturation.

(Kim, 2014)8 RME PSG AHI is 3.9 and minimum oxygen saturation dur-
ing sleep (SaO2 @nadir) is 93%.

(Taddei et al., 
2015)5

RME Hyrax screw and Propulsor Univer-
sal Light appliance

Home sleep stud-
ies, cephalometric 
analysis

Decrease in the AHI value in both groups. The 
frequency of subjects with an ODI greater than 5 
was reduced by about 25% after RME and further 
decreased to 5% after PUL appliance compared 
to the control group. The mean value of vertical 
upper airway length decreased after RME.

(Jackson, 
2016)9

Haas palatal expander on fixed edgewise 
appliances followed by Arnold mandibu-
lar expander and mandibular advance-
ment surgery

PSG
Final AHI is 4.6. Mean of oxyhemoglobin satura-
tion was 97% through wakefulness, 98% through 
REM, and 96% through non-REM.

(Machado-
Júnior et al., 
2016)10

Planas Appliance Modified PSG
Decrease in AHI one year after using the device 
compared to the group without device. AHI 1 
(before) 1.66, AHI 2 (after) 0.30.

(Danut Ra-
descu et al., 
2017)11

RME followed by Twin-block PSG

Increase in AHI from 2.6 to 10.2 episodes/hour. 
Increase in snoring time from 4.2 to 51.3 events/
hour and ODI had a significant variable change 
from 3.2 to 10.8 events/hour.

(Gracco et al., 
2018)12

RME, epiglottoplasty, and reduction of 
the tongue base at the same time PSG

AHI decreased from 21.8 episodes/hour at 
baseline to 0.6 episodes/hour. Mean oxygen 
saturation from 96.5% to 98.1%. Incidence of 
oxygen desaturation from 23.4 episodes/hour to 1 
episode/hour.

(Idris et al., 
2018)13

Twin-Block dan and Sham Mandibular 
Advancement Splint (MAS)

PSG and sleep study 
scoring

Twin-Block decrease 37%  in AHI compared to 
Sham MAS. Twin-Block snoring time was 46.3 
minutes shorter than Sham device. Increase in 
oxygen saturation from the use of Twin-block 
when compared to Sham MAS.

(Alexander et 
al., 2019)14

RME with CPAP, adenotonsilectomy, and 
myofunctional rehabilitation program 
with total care for 12 months

Home sleep study AHI in patient A is 1.1 and in patient B is 1.0

(Bignotti et al., 
2019)15 Tonsillectomy followed by twin-block PSG

AHI is 0.7/hour with total apnea equal to 0 and 
total hypoapnea 2. The mean oxygen saturation 
was 96%, nadir was 50 and ODI was 3.2

(Nunes et al., 
2019)16 BioAJustax oral appliance

Pharyngometry 
dan cephalometricdan cephalometricdan cephalometric

Airway volume (V) and MCA increases signifi-
cantly in the treatment group, while a significantcantly in the treatment group, while a significantcantly in the treatment group, while a significant
decrease in MCA and V occurred in the controlsdecrease in MCA and V occurred in the controls
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DISCUSSION

There are a wide variety of therapeutic options available for 
children with OSA. While the mainstay of therapy for this 
disease includes CPAP and adenoid tonsil surgery. There 
are also a variety of other treatments, surgical and non-
surgical, depends on the patient’s age and underlying clinical 
condition. OSA must be treated as early as possible because 
research conducted by Ingo et al stated that as subjects get 
older,  the severity of OSA increased, indicated by increase 
in AHI.17 Craniofacial abnormalities are one of the causes of 
OSA in the upper airway. Changes in the size, position, and 
geometry of the mandible and tongue can cause thickening 
of the retropalatal region which is the most common site 
of obstruction in pediatric patients. 92% of OSA patients 
benefit from oral appliance treatment that improves the AHI 
index and OSA symptoms.18 

Rapid Maxillary Expansion (RME) is an oral appliance 
to treat children with narrowed maxillary arches. An 
instrument is placed in the oral cavity and worn during night. 
The appliance connects to the posterior teeth and applies 
lateral pressure on the maxilla to reopen the midpalatal 
suture so the lateral diameter of the hard palate increased.19 
Haas expander and Hyrax expander are the most known 
in the literature. Haas type acrylic plate is located on the 
lateral palate wall to improve orthopedic response and better 
distribution of forces. Hyrax expander has no acrylic plate, 
makes it  more hygienic and prevents soft tissue irritation 
due to food accumulation.20 

RME has been found to be able to reduce AHI in children 
with OSA. In addition, a study conducted by Taddei et 
al., 2015 revealed that RME can reduce the length of the 
vertical airways. Patients with OSA have longer airways. 
Upper airway geometry affects the character of airflow, 
resistance, and obstruction. Previous studies have revealed 
that longer airways have significantly less negative closing 
pressures, and are therefore more prone to collapse.5 So 
it can be interpreted that RME is the right treatment for 
OSA cases. Research conducted by Pirelli et al., 2004 also 
revealed that RME can improve the nasal airway by opening 
nasal piriformis.6

Functional appliance has been widely trusted as one of 
the orthodontic treatment options in cases of children with 
OSA.21 Functional appliance works by placing the mandible 
forward, stretching the muscles and the soft tissues, creating 
a force that is transmitted to the teeth. In addition, the soft 
tissues surrounding the teeth also change. This leads to 
tooth movement, formation of new occlusal relationships 
and reduction of overjet.22 Mandibular Advancement 
Device (MAD) is used for the treatment of snoring, mild 
to moderate OSA, and for patients with severe OSA who 
cannot tolerate CPAP. MAD works by advancing the 
mandible thereby increasing the pharyngeal airway, pulling 
the tongue forward and increasing the tone of the palatal 
muscles, and reducing airway obstruction.

Twin-block appliance is one of the functional appliances 
used in cases of class II malocclusion. The upper and lower 
sections are aligned using a posterior bite block with an 

interlocking bite plane, which positions the mandible 
forward. The reactivation of this tool is relatively easy.23 
Research conducted by Idris et al., 2018 and Bignotti et al., 
2019 indicates that this device is an option for OSA therapy 
in children by reducing AHI.13,15 Research conducted by 
Danut Rădescu et al., 2017 showed a negative correlation 
with the use of twin blocks.11 After using twin block for 12 
months, the AHI increased from 2.6 to 10.2 events/hour of 
sleep. The previous apnea-hyperpnea incidence rate was 
34 events/hour of sleep and increased to 81 events/hour at 
bedtime. Snoring time increased from 4.2 to 51.3 events/
hour. ODI increased from 3.2 to 10.8 events/hour. This can 
occur due to the posterior rotation of the mandible.

The Fränkel appliance is the only fully tissue-born 
functional appliance. Fränkel appliance has several versions 
designed to treat different types of malocclusion. Like 
other functional appliances, this tool works by positioning 
the mandible forward. This tool is quite difficult to use, 
expensive, and difficult to repair. As a result, it is currently 
used less frequently.23 The Fränkel appliance has labial and 
buccal pads to keep the lips and cheeks away from the teeth. 
This makes the dental arches especially maxilla to develop 
when soft tissue strength is removed.22

Research conducted by Rose et al., 2006 used the 
Fränkel-II appliance as a treatment for children with OSA. 
The Fränkel-II appliance advances the mandible anteriorly, 
thereby expanding the pharyngeal space and displacing the 
surrounding soft tissue anteriorly. The Fränkel-II appliance 
prevents pharyngeal collapse. One of the advantages of this 
device’s construction is the anchorage located on the oral 
vestibule, thus, this tool does not limit the oral cavity and 
the tongue can occupy the available space.7

The Modified Planas Appliance used in the research 
conducted by Machado Junior et al., 2016 was in the form 
of acrylic plates on the upper and lower jaws with Cofin 
springs and bite planes on the occlusal and anti-labial parts 
on the vestibule. This tool is used to advance the mandible 
by correcting the position of the tongue and lips. This tool 
is proven to be able to reduce AHI one year after using 
the device in patients with OSA. The advantage of Planas 
Appliance is the treatment efficacy does not require perfect 
compliance.24

Research conducted by Nunes Jr et al., 2019 using of 
the BioAJustax appliance in patients with OSA succeeded 
in increasing airway volume (V) and MCA of  treatment 
group.16 MCA or upper airway minimal cross-sectional area 
can be a benchmark to see the risk of OSA in children. The 
higher the MCA value, the lower the severity of OSA.25 The 
oropharyngeal volume, oropharyngeal airway MCA, and AP 
and lateral airway length in the cross-sectional area of   OSA 
patients were significantly lower than in normal individuals. 
This results in obstruction and changes in the shape of 
the pharynx in OSA patients, making them more prone to 
collapse.26 Therefore, the use of the BioAJustax appliance 
can be an option for interceptive orthodontics in OSA 
patients. The BioAJustax appliance consists of an acrylic 
plate with a palatal opening, a screw for active maxillary 
expansion, and a Hawley vestibular arch. Lip bumper 
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installed to enhance lip contact. Bite guides are placed 
behind the upper incisors to position the lower incisors 
more anteriorly. The limitation of this narrative review is 
the limited number of orthodontic appliances used, so it is 
not possible to know the effect of all available interceptive 
orthodontic appliances when used as a treatment option for 
pediatric OSA. Therefore, further research is needed.

CONCLUSION

RME, Twin-block, Propulsor Universal Light appliance, 
Planas Modified appliance, Fränkel-II appliance, and 
BioAJustax appliance could be used as orthodontic 
interceptive treatment in OSA cases. Beside decreased 
in Polysomnography parameters (AHI, nadir oxygen 
saturation, snoring time, average oxygen saturation, and 
ODI), they could affect in reducing the length of the 
vertical airways, opening nasal piriformis, and increasing 
airway volume (V) and MCA on pharyngometry. Therefore, 
further research about the effect of functional orthodontics 
appliance in pediatric with OSA is still needed.
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