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ABSTRACT

The two dimensional plain cephalometric radiographs were widely used to assess the post-rapid
maxillary expansion (RME) effect on the naso-pharyngeal airway. However,volumetric changes in
the airway need proper assessment. The aim of this study was to assess the linear and volumetric
changes in the airway pre and post orthodontic RME using cone beam computed tomography
(CBCT). A sample of 12 participants (8 males, 4 females with mean age 14+1.3) who needed RME
for the management of posterior crossbite due to transverse maxillary deficiency was used in this
study. CBCT scans were acquired pre and post maxillary expansion. Linear and angular measure-
ments were calculated in addition to the volumetric measurements were obtained. There was a
statistically significant increase in inter-molar width and molar tipping. The nasal cavity showed
statistically significant increase in the width of the nasal floor and the lateral nasal width. There was
also statistical significant increase in naso and oropharygeal airway measurements post-expansion.
RME using hyrax appliance increased the nasal floor width, nasal lateral width and the airway vol-

ume at the naso and oropharyngeal level

INTRODUCTION in nasal breathing, mouth breathing, and sometimes

: 34
Maxillary constriction is the most prevalent middle ear problems.

facial deformity. It is common to find the maxillary

constriction associated with other skeletal
abnormalities.!? The clinical finding of maxillary
constriction might be constriction of the palate,
dental crowding with decreased arc perimeter,
dental rotations and unilateral or bilateral posterior

crossbite,. It could also be associated with difficulties

Posterior crossbite with its different types is a
common malocclusion with a prevalence of 4% to
23%."* Rapid maxillary expansion (RME) is used
to correct posterior crossbite and resolve the prob-
lems associated with maxillary constriction where
it increases maxillary width, and increase the arch

perimeters to relieve crowding. RME was first de-
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scribed by Angell’ in 1860 and was popularized by
Haas 100 years later. ¢/

The new era is towards more conservative non-
extraction treatment and the achievement of broad-
er, more esthetic smiles. This made the RME a fre-
quently used treatment modality to achieve a wide
range of orthodontic goals even in the absence of
posterior cross bite.

Rapid maxillary expansion appliances pro-
duce are so constructed to produce heavy forces
that separate the maxillary suture, resulting in
orthopedic expansion and with minimum tooth
movement. * Despite concentrated primarily on
splitting the maxillary suture, rapid maxillary ex-
pansion forces also affect the surrounding fronto-
maxillary, zygomaticomaxillary, zygomaticotempo-
ral, and pterygopalatine sutures. '°

As the maxillary bones form half of the anatomic
structures of the nasal cavity, it was hypothesized
that mid-palatal disjunction will affect nasal cavity
anatomy and consequently physiology. !!

Several studies reported an increase in the width
of the nasal cavity which can lead to decreased nasal
resistance, improved airflow ¢’-'?and thus improved
nasal breathing. 3

Several studies evaluated the effect of RME on
the skeletal as well as dental structures using vari-
ous techniques including manual measurement of
dental casts and plane film lateral '*'*and posteroan-
terior cephalograms. >3

Similarly, the changes in the nasal and pharynge-
al airway spaces after RME have been investigated
widely using two dimensional (2D) cephalometric
radiographs. ' Meanwhile, the three dimensional
(3D) anatomy of the airway spaces made it diffi-
cult to assess the effects of RME precisely using 2D
imaging techniques. The complexity of the airway
anatomy is due to the existence of many bony struc-
tures The superimposition of bilateral structures and
the presence of numerous bony structures, the dif-
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ficulty in identification of these structures and the
superimposition of the bilateral bones. This presents
a major obstacle to 2D assessment. Additionally, 2D
imaging technique lack information regarding volu-
metric changes.

Montgomery et al '* performed human cadaver
studies using computed tomography (CT). They
showed that accurate volumetric measurements of
the nasal airway can be obtained from CT images.
The aim of this study was to assess the linear and
volumetric changes in the airway pre and post orth-
odontic RME using CBCT.

MATERIALS AND METHODS

This retrospective study was based on pre- and
post-treatment CBCT records of 12 participants (8
males, 4 females with mean age 14+1.3) who need-
ed RME for the management of posterior crossbite
due to transverse maxillary deficiency. Participants
with missing or low quality records or previous air-
way surgery or craniofacial deformity or those who
underwent previous orthodontic treatment were ex-
cluded. The patients were informed about the nature
of the study and they agreed to participate by sign-
ing the informed consents. A hyrax expander sup-
ported with acrylic plate was used where the screw
was activated quarter turn (0.25 mm) twice a day
till the posterior crossbite was corrected then it was
fixed with acrylic resin and kept passive in place
for 6 months after which the post-expansion CBCT
was taken.

All CBCT examinations were acquired using
i-CAT Next Generation (Imaging Sciences Inter-
national, Hatfield, Pennsylvania, USA). Exposure
parameters: 120 kVp, 0.3 mm voxel size and 17.8
sec Scanning time with Field of View (FOV) 23 X
17 cm. The head was stabilised by a headband to
prevent movement during the scan. The scans were
completed with the patients in an upright head posi-
tion which was adjusted via the laser beams of the
machine. The scans were obtained with the tongue
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resting on the palate, swallowing and breathing were
evaded during the scan. CBCT scans were acquired
twice before and after maxillary expansion. All
DICOM (Digital Imaging and Communications in
Medicine) files attained in each scan were exported
to Invivo 5.3 version Anatomage Invivo software.
Measurements were done pre and post maxillary ex-
pansion. All measurements were blindly taken via
an oral and maxillofacial radiologist and were re-
peated after one week. To validate the reproducibil-
ity, the two sets of measurements were compared.
Linear, angular and volumetric measurements were
performed in addition to the airway volumetric
analysis.

Linear and angular measurements
Molar tipping and Molar-to-Molar width

The coronal plane is adjusted so that the apices
of the palatal root of both the right and left first
molars were visible. The angle formed by the lines
traced from the mesiobuccal cusps to the palatal
root apices of the right and left molars were mea-
sured representing the molar tipping. The distance
between the lingual crests of the upper first molar
on the same coronal cut was also measured repre-
senting molar width.
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The nasal floor width (NFW) and nasal lat-
eral width (NLW)

The anterior nasal spine was adjusted to be on
the same line with the posterior nasal spine. The dis-
tance between the 2 landmarks was measured and
the coronal plane was adjusted to pass through half
the distance between them. The nasal floor width
and the nasal lateral width were both measured on
the same coronal cut Fig (1).

Volumetric measurements

The airway measurement icon in the volume ren-
der screen was used to measure the volume of the
naso and oropharynx Fig. (2).

Statistical analysis

All measurements were analyzed using a statisti-
cal software package (SPSS version 17.0, Chicago,
III) for windows. Normal distribution of the data
was confirmed using the KolmogoroveSmirnov
test, hence, the student t-test (P < 0.05) was used
to compare linear and volumetric changes in the
nasopharyngeal spaces. Correlations between the
changes were assessed using Pearson Correlation
Coefficients (PCC). Reproducibility and reliability
of all measurements were undertaken using Dahl-
berg Error Test (DET) and Interclass Correlation
Coefficient (ICC).

Fig. (1) Measurements of the nasal floor width (NFW) and nasal lateral width (NLW) pre and post maxillary expansion showing an

increase in both measurements, a. Pre-maxillary expansion, b. Post-maxillary expansion
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Fig. (2): Volumetric airway measurement pre and post-maxillary expansion displaying a value of 8.4 cc before expansion and

10.1 cc after expansion

TABLE (I) Linear and angular measurements pre and post expansion.

Molar to molar width(mm) Molar Tipping (deg) Nasal floor width (mm) | Nasal Lateral Width (mm)
pre post pre post pre post pre post
Mean(SD) 30(4) 35(3.6) 59(7.3) 70.6(8) 26(4.5) 27.6(4) 33(3) 34.3(3.2)
P-value 0.000 0.001 0.003 0.003
RESULTS have been investigated in many studies using two

Table I shows the linear and angular changes
post-expansion. There was a statistically significant
increase in inter-molar width and molar tipping. The
nasal cavity showed statistically significant increase

in nasal floor width and nasal lateral width.

The pre and post volumetric changes are shown
in figure 3. There was a statistically significant in-
crease in naso and oropharygeal airway measure-
ments post-expansion.

DISCUSSION

RME showed to have an effect on the airway in
addition to the effect on the skeletal, dental and soft
tissue structures. Moreover miscelleneous effects
on hearing, and facial growth were found. ' Changes
in the pharyngeal airway spaces secondary to RME

dimensional (2D) cephalometric radiographs. '3!3

Nowadays, CBCT is widely used to obtain digi-
tal data of the anatomy of both the nose and pharynx
despite being later introduced than the magnetic res-
onance imaging (MRI) and computed tomography
(CT). The CBCT has privileges of reduced costs and
radiation dose over the MRI and CT which justified
to the widespread use of this technology. '® Thus the
aim of the present study was to assess the linear and
volumetric changes in the airway and compare pre
and post orthodontic RME values using CBCT.

A large field of view (FOV) was used in this
study to show all the regions of interest needed for
airway analysis. Big voxel sizes produce less radia-
tion as they need less scan and reconstruction time
and thus are better used for large FOV’s. Neverthe-
less, large voxel sizes reduce spatial resolution."



RAPID MAXILLARY EXPANSION AND NASO-PHARYNGEAL AIRWAY

All DICOM (Digital Imaging and Communica-
tions in Medicine) files attained in each scan in this
study were exported to Invivo 5.3 version Anatom-
age Invivo software. Despite the high frequent use
of CBCT in dentistry, there are no specified well
established protocols for airway analysis.* In their
study, El and Palomo?' compared three software
packages: Dolphin3D, InVivo Dental and OnDe-
mand 3D. They concluded that Dolphin 3D has high
reliability, yet poor accuracy. There were also in-
consistencies within the softwares themselves. The
gray values on CBCT images and the Hounsfield
units from multi-slice CT do not correspond. Thus it
is not feasible to perform image estimation regard-
ing each tissue. All voxels were put together and
their gray values are utilized to render the surface
disclosure in order to adjust soft tissue boundaries.?

The result of this study showed a significant
difference between molar tipping and intermolar
distance pre and post RME. RME was initially in-
vestigated using CT scanning in a pilot study in the
1980s? and further research using this methodology
was recommended.

Nasal floor and nasal lateral width showed a
significant difference pre and post RME. This is
in accordance with Cappellette et al** who evalu-
ated the skeletal transverse changes of the maxilla
and nasal cavity after RME. They concluded that
RME produced significant width increases in both,
a useful effect that can help in improving respira-
tory function as well as craniofacial development.
Volumetric measurement of airway analysis in this
study showed a significant difference between pre
and post RME. This could be attributed to lateral
displacement of the nasal cavity, namely the outer
wall, the nasal conchae and also the inferior turbi-
nates. The lateral bending of the alveolar bone and
the inferior nasal floor movement could be an ex-
planation too. While these results are in accordance
with the findings of Change et al.*> However, Zhao
et al.?® found no evidence to support the hypothesis
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that RME treatment increases the volume of the oro-
pharyngeal airway despite the increased intermolar
width after RME treatment. Similarly, Pangrazio-
Kulbersh et al*” assed the effect of expanders on 23
patients. They reported a dimensional increase at
the maxillary sinus level, but no difference in the
oropharyngeal airway was detected. The upper limit
of the airway was the posterior nasal spine and the
epiglottis was the inferior border.

These differences in results between the vari-
ous studies could be explained by two reasons, first;
the time of taking the post expansion records where
the edema of the retropalatal tissue, resulting from
the trauma for mid palatal suture separation, could
have caused a decrease in the airway volume im-
mediately after expansion. The 6 month retention in
this study could have resolved this edema and thus
showed the increase in airway volume. Second; the
inconsistent use of CBCT between studies. When
DICOM files are available, it is not wise to overlook
the characterization of the nasal cavity in addition
to the overall volume calculation. The promising
increase in nasopharyngeal airway volume post ex-
pansion might lead to a reduction in nasal resistance
and thus improvement in the nasal breathing. This
could be a base for further studies to asses the effect
of RME on the management of obstructive sleep ap-
nea. Randomized clinical trials are needed to vali-
date evidence on the role of maxillary expansion on
naso-pharyngeal airway morphology. Moreover, the
stability of the effects of RME need additional evi-
dence.

CONCLUSION
From this study we can conclude that:

1- RME using hyrax appliance increased the nasal
floor width and nasal lateral width.

2- RME using hyrax appliance increased the
airway volume at the naso and oropharyngeal
level.
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