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Introduction

Maxillary expansion is the routine treatment modality for treating
patients with transverse maxillary deficiency [1]. It is also pro-
posed to treat paediatric obstructive sleep apnea (OSA), which
is characterized by narrowing or obstruction of upper airways.
The two terms rapid maxillary expansion (RME) and rapid palatal
expansion (RPE) are often confused and used interchangeably.
However, they are technically referred to two different treatments.
RME is referred to expansion of the entire maxilla sutgically, thus,
RPE is expanding the palate only using a tooth- or tooth-tissue-
borne palatal expander [2]. The distribution forces that generated
by RPE indeed do extend to the entire maxilla and the contribu-
tory effect on the suture at sites distant from the palate, therefore
all expansion treatments will be referred to as RME in this study.

The goal of RME is to enlarge the airway and reduce its col-
lapsibility, resulting in a more antetiorly positioned tongue in the
oral cavity [3]. Evaluation of the upper airway structures and its
changes after treatment have become important diagnostic tests
for both clinical and research purposes. The purpose of this arti-
cle is to review the literatures and to investigate the long-term ef-
fects of RME on upper airway structures, airway and nasal breath-
ing, paediatric obstructive sleep apnea, and a brief discussion on
dental, hyoid bone and tongue posture.

Rapid Maxillary Expansion (RME) Appliance

RME is routinely used in orthodontics to treat children with trans-
verse maxillary deficiency. It is also an emerging treatment mo-
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dality in management of paediatric OSA [4, 5]. Angell described
the first clinical use of RME in the 1860s [6]. It is a nonsurgical
maxillary expansion technique commonly used for the correction
of maxillary width deficiency and posterior crossbite by increas-
ing the width of dental arch [7]. It opens the midpalatal suture
and employs a buccal rotational force on the maxillary alveolar
shelves [8, 9].

Maxillary expansion is proposed to create positive effects on in-
creasing the airway volume and hence the tongue will be posi-
tioned more anteriorly in the oral cavity [3]. There are growing
number of studies suggested that RME can be considered for
patients not only with OSA but also with nose breathing, noctur-
nal enuresis and conductive hearing loss [10, 11].

Incidence and Pathophysiology of Obstructive
Sleep Apnoea (OSA)

OSA is a common morbidity affecting approximately 2-3% of
children and its highest incidence occurs between 2 and 8 years
of age [12]. Transverse maxillary deficiency not only results in
occlusal disharmony but it is also associated with a vast number
of craniofacial abnormalities, which predispose a person to have
narrowing of upper airway dimensions. These craniofacial abnot-
malities include retrognathic mandible, shorter anteroposterior
face length, reduced distance from the posterior nasal spine to
the posterior pharyngeal wall, lower position of the hyoid bone,
larger soft palate, smaller pharynx, larger tongue, obesity and
combinations of these have been recognized as part of the patho-
physiology of OSA [13]. Maxillary constriction associated with

Orthodontics, 2/F, Prince Philip Dental Hospital, 34 Hospital Road, Hong Kong S.A.R., PR. China.

Tel: +852 2859 0258
E-mail: drgumin@hku.hk

Received: August 27, 2018
Accepted: October 22, 2018
Published: October 22, 2018

Citation: Ching PST, Savoldi F, Tsoi JKH, Gu M. Long - Term Effects of Rapid Maxillary Expansion on Upper Airway Structures. Inz | Dentistry Oral Sei. 2018;51:02:003:12-17.
doi: http://dx.doi.org/10.19070/2377-8075-S102-01003

Copyright: Gu M“2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and soutrce are credited.
Ching PST, Savoldi F, Tsoi JKH, Gu M. Long - Term Effects of Rapid Maxillary Expansion on Upper Airway Structures. In/ | Dentistry Oral Sci. 2018;51:02:003:12-17.

12



http://scidoc.org/IJDOS.php
http://dx.doi.org/10.19070/2377-8075-SI02-01003

Special Issue on: Long-term Effects of Orthodontic Treatment. OPEN ACCESS

low tongue posture that may contribute to the oropharynx airway
narrowing which may also play a role in the pathophysiology of
OSA [14].

Anatomy of Upper Airway Structures

The upper airway structures refer to the ‘pharynx and its sur-
rounding structures’, including the nose, nasal cavity, sinuses, lar-
ynx and upper trachea [15-17]. The pharynx is a muscular tube
posterior to the nasal cavity, oral cavity and larynx, and antetior
to the cervical vertebrae. It situates from the skull base to the
lower border of the cricoid cartilage [15, 16]. The pharynx can
be divided into three segments along its path: the nasopharynx,
oropharynx, laryngopharynx (hypopharynx) [18]. The orophar-
ynx airway is subdivided into the retropalatal (from the level of
the hard palate to the caudal margin of the soft palate) and ret-
roglossal (from the caudal margin of the soft palate to the base of
epiglottis) regions [19]. It is suggested that potential narrowing or
obstruction of the upper airway can contribute to OSA or sleep-
disordered breathing (SDB).

Diagnostic Methods on Upper Airway Changes

Different diagnostic modalities including acoustic rhinometry,
polysomnography (PSG), two-dimensional radiographic, three-
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dimensional imaging technique such as cone beam computed
tomography (CBCT), computed tomography (CT) and magnetic
resonance imaging (MRI) have been used to reveal the upper air-
way changes of RME [20]. The International Classification of
Sleep Disorders describes that the diagnosis of OSA involves
specific questionnaires, clinical history, physical examination and
classical PSG [21]. The gold standard for diagnosing OSA is yet
the PSG examination. However, the cephalometric radiograph is
traditionally used as a screening tool to evaluate the airway ob-
struction and craniofacial structutes in Orthodontics [22, 23]. The
well-known limitations of a 3D object being projected onto a 2D
plane: magnification distortion, geometric distortion, superim-
posed structures, and inconsistent head position during imaging
[24]. CBCT has become a popular method to assess the airway
patency not only because of its significantly lower radiation than
medical CT, but it provides a higher contrast between the hard
and soft tissues, greater spatial resolution than medical CT, low-
er cost and easier access and availability to dentists |23, 25, 26].
However, the complexity of the 3D anatomy, the superimposition
of bilateral structures as well as magnification differences and
difficulties in landmark identification limits the accuracy of an
evaluation. Other functional measurement methods such as PSG,
rhinomanometry, acoustic thinometry could provide an objective
information on the respiratory status and quantify the airway pa-
tency for comparison before and after RME treatment.

Table 1. Summary of the included studies.

Positive side effect
Studies of RME Mean age (range) Follow-up (mean) Summary of findings
Yes No
Nose breathing and upper airway
Baccetti et al., 2001 Barly-treated group: 11 years Treated with RME before pubertal peak gives
) X Late-treated group: 13.6 At least 5 years .
[40] ’ more effective long-term changes
years
Cameron et al., 2002 TNasal cavity width was stable in 5 years after
39] X 11.8 years At least 5 years RME
McGuinness et al. i iration i
cLuinness et al,, X 10-16 vears 12 months TNasal airflow & nasal respiration improved
2006 [44] ’ 1 years after treatment
Compadretti et al., TNasal cavity width was stable in 11 months
X .5 yi -13 11 hs ’
2006 [34] 9:5 years (5-13) months after RME
Nasopharyngeal airway 1 6 months after
< dv -1 12 .
Tecco et al., 2007 [41] X 8.1 years (8-15) months RME & was stable after 12 months
Monini et al., 2009 TPosterior nasal space was stable in 12
[43] X 7.85 years (5-10) 12 months months after RME
Improved nasal breathing was stable after
. 9-12 months
De Feli t al., 2009 itial: 13.16 years (8- .
e prj N X h"lltlal 13.16 years (8-16) 48 months Treated subjects have comparable values in
[50] Final: 18-28 years (13-22) . . .
’ nasal cavity volume, nasal airway resistance to
control group
- /i hat RME enl he vol
Zhao et al,, 2010 [45] X 12.8 years (89-15.1) 15 months No evidence that enlarges the volume,
’ length & area of airway
Obstructive sleep apnea (OSA)
Cistulli et al., 1998 . o i
stu e— al X 27 year (25-29) 3 1% months Nasopharyngeal functlon & tongue posture
[58] Immediate post-op improved
AHI ful h i li ith
Pirelli et al., 2004 [4] X 8.7 year 4 months [AHI & usefu approac ln‘dea 1ng Wit
abnormal breathing during sleep
Lo e Male: 20.9 year (19.7-22.1) - .
g J "~ v
Pirelli et al., 2015 [59] X Female: 21.3 year (19.8-22.8) 12 years Maintained stable & long-term stability
Villa et al., 2007 [57] 6.6 year (4.5-8.7) 12 months JAHI & | subjective symptoms
Villa et al., 2011 [5] 8.1 year (6.1-10.1) 36 months AHI remained | & clinical symptoms
) resolved
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Discussion

Literatures on The Effects of RME on Upper Airway Struc-
tures

Apart from the amount of maxillary width increase [27, 28], it has
been well accepted in the literature that RME has other beneficial
effects on upper airway structures. These include the reduction
of nasal resistance [1, 29, 30|, increase in intranasal capacity [31-
35|, increase in pharyngeal airway volume [3, 30], raises tongue
posture [37] and changes in hyoid bone position [34]. However,
there are studies demonstrating controversial results, which will

be discussed further.
The Effects on Airway and Nasal Breathing

Baratieri et al., [38] demonstrated the evidence of long-term ef-
fects of RME on airway dimensions and functions in their sys-
tematic review. There were only eight articles which met their
inclusion criteria and were of moderate methodological quality.
In these studies, airway dimensions were either measured two-
dimensionally using posteroanterior or lateral cephalometric ra-
diographs, or three-dimensionally using a CBCT. Cameron et al.,
[39] found a significant enlargement in nasal cavity width which
remained stable for five years after RME. Baccetti et al., [40] indi-
cated a larger increase in the early treatment group (cervical ver-
tebral stage 1-3) compared to the late treatment group (cervical
vertebral stage 4-6). This study recommended RME treatment
before the pubertal peak can achieve more effective long-term
changes. There is also a significant increase in nasopharyngeal air-
way adequacy showed in other studies [41-43] using a two-dimen-
sional measurement method. However, two of these studies did
not include a control group. McGuinness and McDonald investi-
gated the cranio-cervical angle on lateral radiographs and found
that there is an increase in nasal airflow and improvement in nasal
respiration one year after maxillary expansion [44].

Zhao et al., [45] had taken CBCT images of patients at a supine
position and elucidated that the retropalatal airway was signifi-
cantly smaller in children with constricted maxilla compared to
controls. In contrast to the previous two-dimensional findings,
they concluded that there were no significant differences in airway
volume between RME treated and control group. This result is
consistent to Malkog et al., [46], which evaluated the pharyngeal
airway dimensions using lateral and posteroanterior cephalomet-
ric radiographs. They reported that RME does not clinically sig-
nificantly affect pharyngeal airway dimensions. Their hypothesis
is that RME might be counteracted by reflex mechanisms, which
acts to preserve the airway patency.

It also remains controversial whether a lateral cephalometric ra-
diograph should be taken in an upright or a supine position to
screen for airway obstruction. However, it is suggested that the
state of consciousness might be a more important factor affect-
ing upper airway muscle tone rather than the head position [47].
In addition, Zhao et al., [45] did not control the subjects’ tongue
positions and the nasal ventilation conditions when the CBCT
images were taken. Tongue posture is an important anatomic fac-
tor that affects the shape and size of oropharyngeal airway vol-
ume. Iwasaki et al., [3] had asked the subjects to hold their breath
while taking the CBCT images to ensure a static pharyngeal air-

Ching PST, Savoldi F, Tsoi JKH, Gu M. Long - Term Effects of Rapid Maxillary Expansion on Upper Airway Structures. In/ | Dentistry Oral Sci. 2018;51:02:003:12-17.

https://scidoc.org/IJDOS.php

way size. Maxillary constriction with nasal obstruction can cause
low tongue posture resulting in retroglossal narrowing [48]. Twa-
saki et al., [3] concluded that RME not only improves the lower
tongue posture, but also eases the nasal obstruction and enlarges
the pharyngeal airway. It can also increase the intraoral volume to
improve the lowered tongue posture in patient with OSA. Nasal
volume was shown to be increased and consequently increasing
the nasal permeability and improving the nasal respiration after
RME [49]. RME has been demonstrated to increase the retro-
palatal volume, nasal cavity dimension, improve breathing, and
has been also theorized to produce change in the upper airway
dimensions [32].

Functional measurement methods such as rhinomanometry and
acoustic thinometry showed improvement in nasal breathing that
remained stable after RME [34]. De Felippe et al., [50] revealed
improvement in nasal breathing for the treated group and the val-
ues in nasal cavity volume and nasal cavity resistance were compa-
rable to the control group which did not undergo any treatment.
Baratieri et al., [38] concluded in their systematic review that there
is a low to moderate evidence that RME improves the conditions
for nasal breathing and that the results can be expected to be
stable for at least 11 months. In a recent systematic review and
meta-analysis study, Buck et al., [51] investigated the volumetric
changes in the upper airway spaces following RME in growing
subjects by means of acoustic rhinometry, three-dimensional ra-
diography and digital photogrammetry. RME seems to be associ-
ated with an increase in the nasal cavity volume in the short and
long term. However, the overall quality of evidence was judged
to be very low. Caprioglio et al., [20] using PSG examination in-
dicated a significant increase in all functional parameters (such as,
AHI and peripheral capillary oxygen saturation - SpO2), but this
study showed no correlation when compared it with the increased
airway volume, which was measured using CBCT. Because of the
uncertainties in these literatures, RME is not advisable to treat
patients having breathing problems with normal developed maxil-
lary arches.

Effects on Paediatric Obstructive Sleep Apnoea

Many of the children with OSA is between 2 to 8 years of age
[12]. This is the period when children have the high potential of
rapid growth. Because the relative size of lymphoid tissue to air-
way diameter is smaller in children, the prevalence of OSA could
be increased with rising obesity in children and adolescents. Fac-
tors like adenotonsillar hypertrophy or obesity, and upper airway
neuromotor tone can cause imbalances between upper airway
structural load, thus leading to upper airway collapse during sleep
in OSA patients [52]. Untreated OSA can lead to a significant
health burden for patients. It is associated with a number of sig-
nificant morbidities such as growth failure, systemic and pulmo-
nary hypertension, and endothelial dysfunction [52-54|. Contrary
to popular belief, a meta-analysis of the current literature demon-
strated that paediatric sleep apnoea is often not cured by tonsillec-
tomy and adenoidectomy [55]. A success rate of 66.3% indicates
that a large number of children have residual disease. Although
complete resolution is not achieved in most cases, tonsillectomy
and adenoidectomy still offer significant improvements in AHI,
making it a valuable first-line treatment for paediatric OSA. Villa
et al.,, [56] determined that both RME and adenotonsillectomy
displayed significant decrease in AHI and hence both treatments
help improve OSA. Villa et al., [57] elucidated the impact of
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RME on OSA children with high and narrow palate. They found
a significant decrease in the AHI, hypopnea obstructive index,
arousal index and a decrease of the subjective symptoms in the
12-months follow-up. In the 3-year follow-up, the hypopnea in-
dex remained stable and the clinical symptoms resolved [5]. How-
ever, the studies done by Villa et al., [57] only included treatment
group of 14 and 10 patients respectively without comparing with
a control group. These studies represent a low level of evidence
and must be considered with caution. Other studies |4, 58] report-
ed a general improvement of the nasopharyngeal function and a
new tongue posture. Pirelli et al., [4] followed thirty-one children
with OSA and reviewed them up to 4 months after RME treat-
ment. All of them had a decreased AHI with a mean maxillary
cross-sectional widths expanded to about 4.5mm. In their recent
12-year follow-up study, Pirelli et al., [59] evaluated the long-term
efficacy of RME in these thirty-one patients using PSGs and CT
images. They demonstrated a long-term stability of RME in these
patients. When the RME opens the midpalatal suture, the lateral
wall of nasal cavity also displays laterally and thus increases the
nasal volume and decreases the upper airway resistance. This in-
crease in intranasal cavity after RME might be the explanation for
the increase in total pharyngeal and retropalatal airway volumes in
children treated with RME |3, 36|. However, because of low pa-
tient numbers and missing control groups, these studies represent
a low level of evidence.

Effects on Dental and Hyoid Bone and Tongue Posture

Lagravere et al., [00] conducted a meta-analysis on the immedi-
ate changes of RME and found a number of dental and skeletal
improvements. However, the author provided very little detail of
the methods they used, such as how the data was extracted for the
review, or how many reviewers performed the extraction. Again,
these studies represent a low level of evidence.

Seto et al., [48] suggested that a constricted maxillary arch and a
low hyoid position are the characteristics of OSA. There is a re-
lationship between low hyoid bone, long tongues, OSA and snor-
ing in both adults and children. Hyoid bone normally descends
during maturation. Phoenix et al., [37] evaluated cephalograms
of RME and control group (138 and 148 patients, respectively)
and suggested that RME tends to normalize hyoid bone position,
which has its clinical importance as the hyoid bone is an anatomic
structure that could be easily identified on lateral cephalograms.

Future Scope

RME is predominantly recommended to treat young patients
at the developmental age until the closure of midpalatal suture.
Few studies have showed improvement on OSA using RME not
only in children and adolescents but also in adult patients |58, 61].
However, different kinds of treatment approaches such as surgi-
cally assisted RME or segmental Le Fort I surgery have been sug-
gested as the midpalatal suture has closed in adults [62]. It would
be interesting to explore the long-term effects on upper airway
structures in these treated adult patients with OSA.

It is recently postulated that ankyloglossia could be a risk factor
for maxillary hypoplasia [63]. Restricted tongue mobility was as-
sociated with narrowing of the maxillary arch and elongation of
the soft palate. These findings suggested that variations in tongue
mobility may affect maxillofacial development [63]. Thus there
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might be a relationship between ankyloglossia in paediatric OSA.
More studies are required to elucidate the role of ankyloglossia in
the etiology of transverse maxillary deficiency, the correlation of
ankyloglossia in paediatric OSA patients, the efficacy of treating
ankyloglossia in children with transverse maxillary deficiency and
the long-term effects of RME in upper airway structures of these
children.

Adenoids and palatine tonsils hypertrophy is common in paediatric
OSA. Therefore, data indicating airway enlargement by RME of
children with these problems will be useful. Future studies should
also take CBCT in supine position during sleep to match the usual
clinical examination with the consideration of the tongue posture.
More studies evaluating actual respiratory status are needed in the
future. Most studies compared with the results taken during the
first 3-4 months review period and recorded them immediately
after expansion was completed to isolate the effects of RME on
upper airway structures. Few studies demonstrated a long-term
follow-up of RME treatment on dental, skeletal and upper airway
structures. Furthermore, more studies investigating on the long-
term effects and stability of RME on the upper airway structures
will be beneficial for our clinical understanding and the prevalence
of relapse throughout life and the extent of relapse should be
studied. Thus, this information may be useful for the clinicians to
ensure that RME is accurately prescribed to patients with certain
abnormalities in upper airway and skeletal structures.

Conclusion

It has been well recognized in the literature that RME induces a
number of positive influences on upper airway structures. Thus,
it might aid in improving the quality of life in children at high risk
for OSA particularly those with maxillary constriction. As there
are only a few studies with high level evidence on the long-term ef-
fects of RME on upper airway structures and the impact of RME
on general health, their results must be considered with caution.
Further longitudinal studies with larger sample sizes including the
breathing evaluation would be necessary to estimate the real ef-
fects of RME on the upper airway. It should be taken in consid-
eration that there are technical limitations in any radiology-based
craniofacial morphology studies in both 2D or 3D approach, due
to the structural complexity of a human skull in a living subject.
Following the universally accepted ‘as low as reasonably achiev-
able’ principle, it is not possible to take annual or semi-annual 3D
radiographs for ethical reasons on the same subject to answer any
research questions regarding craniofacial growth.
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