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Abstract. The aim of this article is to evaluate the effect of expansion appliance on airway by analyzing the studies
that used cone beam computed tomography (CBCT). CBCT can help to analyze the effects of orthodontic treatment
such as expansion appliances on nasal cavity, oral and pharyngeal airway volume. Rapid maxillary expansion can be
used with conventional design (RME) or with the contemporary design with mini screws (MARPE). The effect of the
different designs of expansion appliances will be covered in this article. This article will also cover the effects of the
different protocols on evaluating the airway dimensions on CBCT.
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1 INTRODUCTION

Orthodontics has evolved from conventional plane radiographs to the contemporary cone beam computed tomographs
(CBCT) (Linder-Aronson et al., 1979). The transition to CBCT has happened gradually over the years. From
conventional plane radiographs, the magnetic resonance imaging (MRI) and computed tomography (CT) were the
next big innovations in medical imaging (Al-Saleh et al., 2016). This was adapted to dental field by the innovation of
cone beam computed tomography. Currently, CBCT is the popular option for three dimensional radiographs in
dentistry and orthodontics (Scarfe et al., 2017). As compared to the previous radiographs like MRI and CT, CBCT
requires less radiation and thus the exposure dose to the patient is less. The overall cost of CT scan machine is higher
than that of CBCT. These are the reasons why CBCT has become more popular (Saccucci et al., 2015).

2 EMERGENCE OF 3D IMAGING

The three dimensional radiographs such as CBCT provide valuable information regarding the airway dimensions in
addition to the regular information regarding the skeletal and dental relationships (van Vlijmen et al., 2012). Different
CBCT reconstruction software are available in the market that can help to manipulate the CBCT in three planes
(Bianchi et al., 2019). These tools can be used for identification of abnormalities in upper airway and also help to
measure the upper airway volume. One of the important applications of such tools is the measurement of upper airway
volume and its relation with craniofacial growth, orthognathic surgery, and different orthodontic treatment options.

For this purpose, rapid maxillary expansion (RME) has been evaluated on its dental and skeletal effects with the help
of plaster models, to cephalometric radiographs. In many instances, posterior-anterior (PA) cephalometric radiograph
has also been used for investigating the effects of rapid maxillary expansion (Sicurezza et al., 2012). The accuracy of
lateral cephalograms and PA cephalograms is questionable due to position errors during the recording of the
radiographs (Mehta et al., 2020). In a recent study, it was shown that the rotations of the head in pitch, roll and yaw
can lead to overestimations of the length of maxilla, mandible, and cervical vertebrae maturation on assessment on
plane radiographs. As these radiographs project the structures in two dimensional format, the structures from right and
left superimpose onto each other for lateral cephalogram and structures from anterior and posterior superimpose onto
each other for PA cephalogram (Mehta et al., 2020). Due to such effects, the assessment of the effects of rapid
maxillary expansion on nasal cavity cannot be performed effectively. Whereas, such rotations do not affect CBCT as
CBCT projects the structures in three dimensional format..
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3 OBSTRUCTIVE SLEEP APNEA (OSA) AND ORTHODONTICS

In orthodontic practice, many patients present with constricted maxilla. This type of malocclusion has been shown to
be linked with obstructive sleep apnea (OSA). OSA in children has a rising prevalence (Senaratna et al., 2017).
However, OSA is found to result due to a multitude of factors such as obesity, enlargement of adenoids or tonsils, or
due to allergic rhinitis. RME is typically used for the treatment of constricted maxilla in preadolescent population
(Mehta et al., 2021 a). However, it has some adverse reactions if used in more mature individuals. Consequently, there
is a rising interest in mini screw supported rapid maxillary expansion (MARPE) and its effects on maxillary expansion
in adolescent or older individuals (Li et al., 2020; Mehta et al., 2021 a). Li et al. have shown that expansion with RME
or MARPE can lead to an increase in the airway dimensions and airway volume (Li et al., 2020). This has been
proposed to occur due to the higher nasal cavity volume that occurs with expansion by either RME or MARPE as
measured on CBCT. It has also been suggested that such rapid expansion of maxilla can help the patients to reposition
the tongue in a better manner and this results in a higher volume of oropharynx (Kushida et al., 1997).

4 WHY IS THE FOLLOW UP PERIOD CRITICAL FOR ASSESSMENT OF RESULTS
OF EXPANSION ON AIRWAY.

The question is whether expansion with RME or MARPE can cause a higher oral and nasal dimensions and are these
changes in the dimensions stable.

Zimmerman et al. have reported that CBCT can be used for accurately measuring the airway dimensions of the
patient (Zimmerman et al., 2017). However, there is a lack of follow up in the studies regarding the evaluation of the
changes in the airway dimensions following expansion with most studies having a follow up period of 6 months or
less (Li et al, 2020; Christovam et al., 2016). A longitudinal study by Mehta et al. in 2021 is the only study that
consists of an adequate follow up of 2 years and 8 months (Mehta et al., 2021 b). This study shows that the nasal
cavity volume in control group is not different from the patients with RME after follow up period (Mehta et al.,
2021 b). The only difference was observed at the end of follow up period was in the MARPE group. The authors in
this study concluded MARPE group showed a higher nasopharyngeal volume than RPE group and control group at
the end of follow up period (Mehta et al., 2021 b). This study gives us important insights regarding the effects of
expansion at long follow up. This means that expansion with MARPE may be better than RME for airway
dimensions at follow up.

4.1 does the design of expansion appliances affect airway differently?

Different designs of expansion appliances have been introduced in the orthodontic community. The conventional rapid
maxillary expansion design consists of an expander cemented to the maxillary teeth with a bonding agent (Conroy-
Piskai et al., 2016). If acrylic covering is performed on the occlusal surfaces of the teeth, then it is known as bonded
rapid maxillary expander(Conroy-Piskai et al., 2016; Biondi et al., 2017). The design of expansion appliances with
mini screws in the maxillary palate is known as mini screw supported rapid palatal expansion (MARPE or MARME)
appliance (Abu Arqub et al., 2021). Such appliances can be designed as pure bone anchored expansion appliance
which are connected only to mini screws and not to teeth (Mehta et al., 2021 b). Mini screw supported expansion
appliances can also be designed with a combination of bone anchorage and tooth anchorage with expander cemented
on the mini screws and the maxillary teeth (Li et al, 2020; Park et al., 2017). Such appliances are known as hybrid
bone-tooth borne expansion appliances. Mini screw supported expansion appliances can also be designed to expand
the maxillary arch unilaterally (U-MARPE) which are cemented on mini screw on one side of the mid palatal suture
and to the maxillary teeth on the other side (Dzingle et al., 2020). All these designs can influence the airway
dimensions. As the expansion appliances with diverse designs exert different amount and type of forces on the maxilla,
the changes on airway will also be altered (Wang et al., 2017). This should be taken into consideration when evaluating
the results of the studies on expansion appliances and their effects on airway.

5 APPLICATION OF CBCT MEASUREMENTS ACROSS THE STUDIES

The assessment of airway volume in a CBCT requires a careful approach of patient positioning, recording the
CBCT, reconstruction of CBCT data and measurement of airway volume (Kamaruddin et al., 2019). Head positioning
is critical in patients as differences in yaw, pitch, and roll rotations can lead to errors in measurements. In addition, it
has been reported that with more severe rotation of head, there is greater errors (Mehta et al., 2020). Thus, the head
position used for the acquisition of CBCT is important when evaluating the airway dimensions.
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CBCT allows the investigator to measure the three-dimensional airway space and analyze it volumetrically
as well identify the minimal cross-sectional area in the airway. Because of this reason, a major consideration for
reliability and accuracy of airway measurements is the thresholding. Thresholding and segmentation of the different
parts of the airway is critical while observing the changes due to orthodontic treatment interventions. Some studies
have used static thresholding for measurement of airway volume. However, such thresholding has not been found to
be accurate. Dynamic thresholding, even though required more time, has been reported to be more accurate in the
current literature (Alves et al., 2011; Alves et al., 2012; lannetti et al., 2011; Iwasaki et al., 2011; Mehta et al., 2021
b; Yamashina et al., 2008).

Another effect of rapid maxillary expansion on airway is the positioning of tongue. lwasaki et al. observed
that after RME, the position of tongue was lower compared to before RME (Iwasaki et al., 2013). The authors
concluded that these effects contributed to improvement in the nasal airway ventilation with RME. Thus, RME leads
to multiple effects on the oropharyngeal structures and the effects on airway are a combination of these factors.

6. CONCLUSION

The use of CBCT for the measurement of airway can be done effectively if proper thresholding and head positioning
is performed. Dynamic thresholding can help in identifying the airway dimensions accurately and reliably. The effects
of expansion on airway can be influenced by the design of expansion appliances whether conventional design of RME
or contemporary design of MARPE. With just one study investigating the effects of expansion on airway in long
follow up, more studies are required that can provide results on stability of expansion. Based on limited number of
studies, it can be concluded that MARPE can influence airway for longer follow up time than conventional RME
design.
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