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ABSTRACT

Article History:

Background: Different exams can provide clinical information in mouth breathing children
undergoing rapid maxillary expansion (RME) and to assess the effect of this procedure on nasal
airway, however the correlation among these exams remains unclear.
Objective: Evaluate through two methods of exams, the volumetric changes of the anterior nasal
cavity post-RME.
Methods: Nasal cavity changes in fifty mouth breathers, undergoing RME, were evaluated by
acoustic rhinometry (AR); ten children were selected from the total sample and examined by acoustic
rhinometry and computed tomography (CT). AR and CT were undertaken at pre-RME (T1) and 3
months post-RME (T2), and the correlation between AR and CT was estimated.
Results: Significant increase in nasal volume demonstrated by both methods in basal conditions
revealed that RME has a great effect on the nasal valve area, which have a significant value for
rhinology.
Conclusion: Correlation was observed between AR and CT in anterior nasal cavity.
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INTRODUCTION
Nasal respiration contributes to the ideal development of the
nasomaxillary complex.Many reports relate the restricted nasal
function and its subsequent effects on dentofacial development
(Doruk, 2007). However, other studies reported no correlation
between mouth breathing and facial pattern or malocclusions
(Coelho, 2010 and Frasson, 2006). Since the maxillary
transverse deficiency is often found in children with abnormal
breathing (Oliveira de Felippe, 2008), therapid maxillary
expansion (RME)is an effective orthopedic procedure that has
been widely used by orthodontists to increase the maxillary
transverse dimensions and also increases nasal width and
volume (Cross, 2000; Cross, 2002; Chung, 2004; Cappellette,
2008; Haralambidis, 2009; Iwasaki, 2012; Cappelette, 2017
and Cappellette, 2017) of young patients (Iwasaki, 2012).
Because of that close relationship, some rhinologists referred
patients for RME to treat facial skeletal characteristics such as
a sharp nose or palatal hypoplasia based solely on the
knowledge that maxillary development had some relationship
*Corresponding Author: Lucia Nagai,
Department of Otolaryngology-head and Neck Surgery, Discipline of Pediatric
Otolaryngology Universidade Federalde São Paulo-UNIFESPRua Coronel
Lisboa 856, SãoPaulo-SP–Brasil CEP04020-041.

on the development of the nasal cavity (Cappellette, 2008;
Cappellette, 2017). The maxillary bones form part of the nasal
cavity’s anatomic structure; therefore, the RME would affect
the anatomy and the physiology of the nasal cavity (Oliveira
de Felippe, 2008 and Basciftci, 2002), and it promotes the
separation of the maxillary bones with a total increase in the
nasal cavity’s volume and could result in improvement in the
patient’s ability to breathe through the nose. More
controversial is the question of whether rapid maxillary
expansion can achieve a shift from oral to nasal breathing
modes. The examination of the upper airway plays an
important role in the evaluation of the growth and general
health of subjects with breathing disorders. Because of the
great complexity of airway anatomy and function, several
measurement methods have been proposed. These methods can
complement each other in the assessment of changesin
breathing function after RME (Eichenberger, 2014; Ghoneima,
2015). The anterior portion of the nasal cavity, the nasal valve,
is an extremely important site of maximum resistance along
the entire respiratory tract. Small changes in nasal valve size
result in large changes in airflow resistance, which in turn
affects nasal function (Miman, 2006; Lee, 2009). There is no
gold standard for measuring the nasal airway (Magnusson,
2011). For decades, rhinologists have been trying to find an
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objective means of assessing the nasal airway that can be
applied to a broad spectrum of patients. Airway changes
induced by RME treatment have been studied by means of
functional examinations such as rhinomanometry and acoustic
rhinometry (AR). These diagnostic procedures indicate a
significant decrease in nasal airway resistance with consequent
improvement in nasal breathing (Compadretti, 2006). The
anterior rhinoscopy risks distortion of the nasal vestibule and
misinterpretation of the nasal valve structure and function.
Nasal
resistance
as
measured
by
computerized
rhinomanometry is used to quantitate the effort in
breathingthrough the nose (White, 1989). Although function of
the valve can be evaluated by this technique, it does not
provide a description of its geometry. Hilberg et al. (1989)
introduced acoustic rhinometry (AR) as a useful tool for
measuring the dimensions of the nasal cavity. This is a quick,
painless, non-invasive, and reliable method that can be
performed easily and requires minimal patient co-operation21.
AR is suggested for characterizing the geometry of the nasal
cavity, quantifying the dimensions of nasal obstructions and
provides an objective measurement of the relationship between
the cross-sectional area and volume of the nasal cavity. The
method is based on the analysis of the sound reflection from
the nasal cavity, taking into account the properties of the
incident sound submitted to the nasal cavity along with
associated reflected sound waves. The purposes of this study
were to use 2 objective methodscomparing AR and computed
tomography (CT) data to evaluate nasal volume changes and to
propose an anatomical delimitation to evaluate the same
anterior region of the nasal cavity using the images obtained
through CT.

MATERIAL AND METHODS
The study sample comprised 50 patients (23female and
27male), regardless of malocclusion type or race with a mean
age of8.6 years ranging from 5 to 12 yearsselected from the
Pediatric Otorhinolaryngology Clinic. All patients were in
primary, mixed or permanent dentition, with a diagnosis of
mouth breathing and skeletal maxillary deficiencyby
otorhinolaryngology and orthodontic evaluation. In order to
check for the mouth breathing pattern, all patients were
clinically examined and the presence of an adequate nasal
cavity space was confirmed using anterior rhinoscopic
examination by a single qualified otolaryngologist. Potential
candidates foradenoidectomy or adenotonsillectomy, septum
desviation, complete occlusion of the nasal cavity by nasal
turbinates, anatomic alterations of the nasal septum, intranasal
tumors or polyps, adenoid occupying more than 70% of the
choanas, purulent secretions in the middle meatus or in the
floor of the nose were excluded from the study. Syndromic
patients or patients with craniofacial abnormalities such as
Pierre Robin and Treacher Collins, among others and children
who had been previously subjected to orthodontic treatment,
and patients with dental or periodontal changes were not
considered as part of the study. The orthodontic evaluation
observed the narrowing of the upper arch and the
incompatibility between maxilla and the WALA border of the
mandible with or without posterior crossbite. Parents/legal
guardians, for those who agreed to take part in the study,
signed an informed consent form after proper explanation of
the objectives, procedures, risks, discomforts and benefits of
the research.The study protocol was approved by the local
ethics committee and both the patient and parents were
informed about the general aims of the study(at the São Paulo

Hospital/Universidade Federal de São Paulo NR 885/98) From
the total of 50 patients of the sample whosewere evaluated by
AR, 10 patients were referred to CT scans according to
medical orientation. The subjects were divided into three
groups:
G1
The sample comprised 50 patients (22 female and 28male),
mean age of 8.6 years, maxillary hypoplasia clinically
confirmed, was evaluated byARanalyses sound waves which
are reflected within the nasal cavity. Acoustic pulses, which
are generated by a spark, pass through the wave tube and enter
the nasal passage through the nosepiece of the AR device. The
sound, which is reflected as a wave, impacts against structures
in its passage. These reflected waves are detected by a
microphone and are then amplified, lowpass filtered, and
digitized. The processed data are then converted into an area–
distance plot using a computer (Hilberg, 1989). The patient
was instructed to hold your breath for 3 s to perform nasal
measurement. The examination was performed following
standards set by the International Committee of Rhinometry
Standardization and Rhinometry (Hilberg, 2000 and Hilberg,
2002). The measurements were performed after a minimum of
20 minutes in an air-conditioned room at 20⁰ to 22⁰ Celsius
with relative humidity between 40% and 50% and background
noise that does not exceed 60 dB, as indicated in the
Standardization of Rhinometry Acoustics. The patients were
allowed to rest for 30 minutes before the recordings
commenced and the device was calibrated. Two area measures
were evaluated from each nasal cavity: minimum crosssectional area between 0 and 22 mm (MCA1) of the nostril and
minimum cross-sectional area between 22 and 54 mm (MCA2)
of the nostril. Similarly, two volume measures of each cavity
were evaluated: the volume between 0 and 22 mm of the
nostril corresponding to the nasal valve region (VOL1) and the
volume between 22 and 54 mm of the nostril corresponding to
the turbinate region (VOL2). The results were described in
centimeters squared and centimeters cubed, respectively. All
AR measurements were performed by the same
otolaryngologist at the following time periods: T1 and T2 (Fig
1). The front portion of the nasal cavity is the narrowest and
most resistant area to nasal airflow and comprises the inner
valve, the anterior part of the turbinate, and the isthmus nasi
(Nigro, 2005).
G2
The sample comprised 10 patients (6 female and 4 male), mean
age of 9.1 years, evaluated by CT. All CT scans were
performed in the Department of Diagnostic Imaging of the
Institution, using a multislice device (Philips® Brilliance CT
scanner 64 channels) in the supine position. The following
scan parameters were used: 16 3 0.75-mm detector collimation
(pitch, 0.6); 1mm slice thickness; 0.5mm increments; 0.75
second rotation time; 120 kV; 200 mAs. Both CT examination
files (before and after treatment) were converted into DICOM
(Digital Imaging Communication in Medicine) format, and
Dolphin® 3D software was used to read and evaluate patients’
upper airways. Volumetric measurements, comparisons
between images of groups T1 and T2, and the nasal
segmentation were carried out with the aid of Dolphin®
Imaging V. 11.7 using the "Airway Volume” tool. Within the
"Airway Volume" Tool, there is a default setting where you
can select the density of the structures which the computer will
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fill and calculate the volume. It works filling the structures in
another color according to the structure density or Hounsfield
Units (HU). The range inside the tool varies from 0 to 100 in
which the operator must decide what kind of structures would
be measured volumetrically. This is accessed through the
tissue density in the image. The one operator selected the best
threshold based on a visual analysis of the anatomical
structures in the axial, sagittal, and coronal slices (Fig 2). All
of the patients were analyzed with semiautomatic
segmentations with fixed threshold protocols defined at the
level 65 of 0 to 100 ranges, furthermore the level of 65 did not
color any bone structures or soft tissue structures. After
defining the tool at 65, the nasal cavity complex area was
delimited in sagittal, coronal and axial slices. The anatomic
boundaries and airway outlines used are identified in Table 1.

underwent a standardized protocol with RME in the form of
the tooth-anchored device activated by means of a Hyrax
expander with a soldered framework and orthodontic bands on
first molarsand extended forward to the palatal surfaces of the
deciduous canines only in the cases the first premolars were
insufficiently erupted or supported by bilateral maxillary first
premolars. After the expander was cemented, the 6 initial
activations of the appliance were applied by the orthodontist.
Subsequent activations were performed by the legal guardians,
who were instructed to make two daily activations, with no
interval between them. The degree of expansion was calculated
for each patient, including a general bilateral overexpansion
and buccal tipping of a half-cusp width and the reference was
the WALA border on the mandible arch. This procedure went
on until RME was achieved, within a period ranging from 15

Table 1. Definition of airway boundaries
Nasal cavity
Anterior portion of the
Nasal cavity

Anterior boundary
Line connecting the ANS to the tip of
the nasal bone
Line connecting the incisive canal to
the tip of the nasal bone.

Posterior boundary
Line extending from
Cli to the PNS
Line extending from
Na to incisive canal

Superior boundary
Line connecting Na to Cli
Line extending from Na to the
tip of the nasal bone

Inferior boundary
Line extending from ANS
to PNS
incisive canal

Table 2. Distribution of gender and age of children in the AR and CT groups
AR
CT
(N = 50)
(N = 10)
Gender
Female - n (%)
23 (44.0%)
6 (55.0%)
Male - n (%)
27 (56.0%)
4 (45.0%)
Age (years) Mean
8.6
9.1
Standard Deviation
2.0
2.2
Minimum
5
6
Maximum
14
14
(1)
Pearson’s Chi-square(2)Mann-Whitney Test.
AR= acoustic rhinometry CT=computed tomography.

P
0.405 (1)
0.381 (1)

Table 3. Measurements and difference of nasal volumes (cm3) post–pre-RME time interval for AR
VOLUMES

T1
(M±SD)

T2
(M±SD)

Difference
Mean (%)(1)

Volume 1
Total nasal cavity (right+left)
2.59± 0.55
2.72±0.50
0.13 (+5.1%)
Right nasal cavity
1.25±0.28
1.31±0.20
0.05 (+4.1%)
Left nasal cavity
1.34±0.28
1.42±0.33
0.08 (+6.1%)
Volume 2
Total nasal cavity (right+left)
6.69±1.74
7.96±1.50
1.28 (+19.1%)
Right nasal cavity
3.05±0.98
3.91±1.07
0.857 (+28.1%)
Left nasal cavity
3.63±0.95
4.05±1.06
0.42 (+11.5%)
Volume 1 + Volume 2
Total nasal cavity (right+left)
9.28±2.16
10.68±1.90
1.41 (+15.2%)
Right nasal cavity
4.31±1.18
5.22±1.15
0.91 (+21.1%)
Left nasal cavity
4.97±1.14
5.47±1.37
0.50 (+10.1%)
M= mean; SD=standard deviation;
(1)
p – difference between T1 and T2 means; (%) – perceptual variance of the means;
(2)
p – significance value of t test of Student for pared samples.

The next step to acquire the volumetric measurement was to
insert points inside every slice of every structure inside every
image where the measurement must be obtained. These points
will fill all the structures in pink color in that CT slice. This
operation is repeated in all sagittal, coronal and axial slices
along the nasal cavity complex. After filling the entire nasal
cavity complex with the all points, the operator must click the
button "Calculate Volume" and then the computer shows the
3D image of the volume calculated in cubic millimeters and
the operator can work with the new volume acquired. In order
to measure the anterior portion of the nasal volume, the
anatomic boundaries and airway outlines used are identified in
Table 1. Their first CT scans and RA were performed before
RME treatment. Pretreatment (T1) records, including CT scans
and AR were taken for G2and AR for G1. Each patient

p(2)

d of Cohen

0.276
0.494
0.201

0.25
0.21
0.27

0.006
0.018
0.166

0.78
0.84
0.41

0.010
0.026
0.140

0.69
0.78
0.40

to 20 days. After this period, the appliance was tied off with a
ligature wire and it was kept in place as a passive retainer for
at least 90 days (3 months), ranging from 91 to 106 days. This
period of retention allowed for reorganization and
reossification of the midpalatal suture after expansion. All
patients did not receive brackets or wires on the maxillary arch
until the T2 records were taken. Postexpansion (T2) CT scans
and AR was taken 3 months the expander was inactivated and
immediately after removal of the Hyrax appliance. The mean
interval between T1 and T2 was 98 days (range, 91-106 days).
Statistical Analysis
The AR device took a minimum of 10 successive mean
rhinograms automatically for each measurement. All
measurements were repeated three times for each patient by

58845

Mario Cappellette Jr et al. Computed tomography and acoustic rhinometry techniques for evaluation of the nasal volume
changes following rapid maxillary expansion

the same orthodontist and the mean value was used toreduce
any possible errors. Volume changes due to expansion with the
two methods were evaluated using a Wilcoxon matched signed
ranks test. Correlation analysis was used to determine the
correlation between the two methods. The statistical treatment
of the data was performed with the Statistical Package for the
Social Sciences (SPSS), version 22 for Windows®. Descriptive
statistics including the mean (M), standard deviation (SD), and
ranges were calculated for the measurements at T1 and T2.
The data were tested for normality with the Shapiro-Wilk test.
The Student paired t test was used to investigate the difference
between the measurements before and after treatment. The
evaluation of the dimension of the differences was made
through analysis of the percentage variation of the means and
the dimension measure of the Cohen's d effect size. For the
classification of the effect size, the values proposed by Cohen
(1992)25 were followed: d = 0.20 small effect; d = 0.50
medium effect; d = 0.80 large effect. The t-test for paired
samples and the Intraclass Correlation Coefficient (ICC) were
used to study the correspondence between tomography and
rhinometry measurements.

A non-significant Student's t-test (p> 0.05) and a CCI greater
than 0.75 (Fleiss, 1999) ensure matching between tomography
and rhinometry measurements.

RESULTS
The results showed that none of the variables had a normal
distribution (p <0.05). For this reason, non-parametric tests
were used: Mann-Whitney test for comparison between
independent groups and Wilcoxon test for comparison between
repeated measurements (pre-RME and post-RME comparison).
The analysis of the significance of differences when qualitative
variables was done with the Chi-square test (Table 2) Volumes
measured by rhinometry (Table 3): significant differences were
observed between T1 and T2 in volume 2 of the total nasal
cavity (right + left) (p = 0.006, d = 0.78), volume 2 of the right
nasal cavity (p = 0.018, d = 0.84), volume 1 + volume 2 of the
right nasal cavity (P = 0.026, d = 0.78), and volume 1 +
volume 2 of the total nasal cavity (P = 0.010, d = 0.69). In the
remaining variables, differences between T1 and T2 were not
significant (p> 0.05), with differences of small or medium size

Table 4. Measurements and difference of nasal volumes (cm3) post–pre-RME time interval for CT
VOLUMES

T1
(M±SD)
35.28±5.17
2.05±0.65
1.09±0.41
0.94±0.27

T2
(M±SD)
39.78±4.96
2.64±0.76
1.33±0.35
1.36±0.41

Difference
Mean (%)(1)
4.50 (+12.7%)
0.59 (+28.7%)
0.24 (+22.1%)
0.42 (+44.8%)

Total nasal cavity
Anterior nasal cavity (right and left)
Leftt anterior nasal cavity
Rightt anterior nasal cavity
M= mean; SD=standard deviation;
(1)
p – difference between T1 and T2 means; (%) – perceptual variance of the means;
(2)
p – significance value of t test of Student for pared samples.

p(2)

d of Cohen

< 0.001
0.006
0.003
0.005

0.89
0.84
0.63
1.20

Table 5. Correspondence between measurements of rhinometry and tomography (cm3) in T1 and T2 (n=10)
VOLUMES

T1
(M±SD)

T2
(M±SD)

Tomography– total anterior nasal cavity
Rhinometry - total nasal cavity (right+left) (volume 1)
Student t-test for pared samples

2.05±0.65
2.59± 0.55
0.048
0.239
2.05±0.65
6.69±1.74
< 0.001
0.038
2.05±0.65
9.28±2.16
< 0.001
0.060

2.64±0.76
2.72±0.50
0.700
0.509
2.64±0.76
7.96±1.50
< 0.001
0.223
2.64±0.76
10.68±1.90
< 0.001
0.252

CCI
Tomography– total anterior nasal cavity
Rhinometry - total nasal cavity (right+left) (volume 2)
Student t-test for pared samples
CCI
Tomography– total anterior nasal cavity
Rhinometry - total nasal cavity (right+left) (volume 1 + volume 2)
Student t-test for pared samples
CCI

Figure 1.
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(Cohen's d <0.40). Volumes measured by computed
tomography (Table 4): The main increase, 44.8%, occurred in
the right anterior nasal cavity: from 0.94 ± 0.27 in T1 to 1.36 ±
0.41 in T2 (p = 0.005; d = 1.20). The leftt anterior nasal cavity
increased 22.1%, from 1.09 ± 0.41 to 1.33 ± 0.35 (p = 0.003; d
= 0.63). The total anterior nasal cavity increased 28.7%, from
2.05 ± 0.65 to 2.64 ± 0.76 (p = 0.006; d = 0.84). The total nasal
cavity increased 12.7%, from 35.28 ± 5.17 to 39.78 ± 4.96 (p
<0.001; d = 0.89). The results of Table 5 show that there is no
correspondence between the volumes evaluated by tomography
and rhinometry. Only in the case of the total anterior nasal
cavity (tomography) and volume 1 of the total nasal cavity:
right + left (rhinometry) in T2, there were no significant
differences (p = 0.700). In all other cases tested, the Student's
t-test was significant (p <0.05), indicating significant
differences between the volumes, and the CCI was very low
(CCI <0.25).

Figure 2.

DISCUSSION
The relationship of nasal respiratory function with the
development of dentofacial complex is controversial and
genetic factors are likely to contribute to the presence of
deficiency (Sakai, 2016).Studies show that patients with more
severe deficiency showed lower airflow values and support the
theory that mouth breathers have impaired nasal breathing due
to the presence of transverse maxillary deficiency and
narrower nasal base (Luzzi, 2013; Trevisan, 2015). These
results suggest that RME for airway purpose alone is not
justified; Warren et al (Warren, 1987). States that nasal
respiration is subject to developmental considerations, both
physical and behavioral. In recent years, RME has been added
to the list of recommended procedures to improve nasal airway
respiration (Doruk, 2007). In the literature, many authors
(Compadretti, 2006; Sakai, 2016 and De Felippe, 2009), have
emphasized the ability of RME to produce lateral expansion of
the nasal cavity and to decrease nasal resistance.Small changes
in nasal valve size result in large changes in airflow
resistance,controversy in theliterature with regard to the
existence of a relationshipbetween nasorespiratory function
and dentofacialmorphology (Doruk, 2004). While some

authors supported RME as a means of reducing or eliminating
a mouth-breathing posture, others remain sceptical of the
influence of RME on the nasal airway. White et al. (White,
1989) found a statistically significant average reduction in
nasal airway resistance of 48.7% and affirmed that such
reduction was highly correlated to the nasal resistance level
prior to RME. The maxillary bones form approximately 50%
of the nasal cavity’s anatomic structure (Badreddine, 2017).
Therefore, treatment modalities that alter the morphology of
the maxillary dental arch, such as RME whose effects have
been noted in the midpalatal suture as well as in the
neighboring structures such as the internasal, nasomaxillary,
and frontomaxillary sutures (Cappelette, 2017), can affect the
geometry and function of the nasal cavity (El H, 2014 and
Babacan, 2016). The traditional explanation for the influence
of RME on nasal volume is based on the separation of the
lateral walls of the nasal cavity, which occurs concurrently
during dental arch expansion (Doruk, 2007). The increase in
the distance between the lateral walls of the nasal cavity
increases nasal volume and enlarges the cross-sectional area of
the nasal passage, facilitating breathing (Doruk, 2007). The
RME indirectly causes a widening at the anterior nares, which
contributesto reductions in nasal resistance (Warren, 1987 and
Hartgerink, 1987). However, Wertz (Wertz, 1968), reported
that no justification for airway enlargement existed for RME
unless an obstruction was present in the anteroinferior aspect
of the nose, the area mostfavorablyaffected by RME. Methods
for evaluating nasal airway volume have included twodimensional (2D) cephalometric radiographs (McNamara,
2015).
While these methods were useful in determining the
obstruction of the nasal and pharyngeal area, they have proved
inadequate for measuring nasal resistance, airflow or nasal area
(Doruk, 2004). Montgomery et al. (Montgomery, 1979), firstly
studied the nasal airways in human cadavers using CT and the
study related that the facial tissues and anatomic spaces
including the nasal airways can be assessed accurately in three
dimensions using CT. De Felippe et al. (De Felippe, 2009), by
means of 3D morphometric analysis and of acoustic
rhinometry evaluation under basal conditions, found an
increase in the minimal cross-sectional area of the nasal cavity,
concomitant with a 34% reduction in nasal airway resistance
immediately after RME. These authors also observed stability
of the results in a long-term follow-up (60 months after RME),
with values comparable to those of subjects with normal nasal
breathing conditions (De Felippe, 2009). Computer technology
has made measurement analysis easier but while a number of
methods have been used to evaluate the effects of RME, most
of these originate from departments of otolaryngology (Doruk,
2007 and Doruk, 2004), where AR has become an accepted
method (Wriedt, 2001 and Bicakci, 2005). Therefore, the one
of the aims of this study was to assess the reliability of AR by
comparing it with CT. The procedures to assess the geometry
of nasal cavities such as AR (Hilberg, 1989) which can
estimate the nasal cavity volumes by combining the measures
cross-sectional areas, the CT that can assess the volume of
nasal cavity in three dimensions, and the importance of the
effect of breathing on skeleton facial growth42motivated this
study. The CT scans represent a static moment in time that is
captured and this limitation could be because much of the
original work on the internal nasal valve was based on
cadaveric studies (Bloom, 2012). If the atrophied tissues of
those cadaver specimens were analyzed with CT scans, they
would not correlate with the results of an in vivo CT scan of
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healthy tissues in a living patient. When evaluating a patient by
AR, if it is asked to inspire nasally, often leading to a dynamic
collapse of their nasal airway or internal nasal valve. On the
other hand, the CT scans represent a moment in time that is
captured while the patient is asked to hold his or her breath or
breathe quietly. Therefore, this CT study considers the
measurements performed in the bone nasal valve that could be
more reliable since the sample was composed with children
whose inspire control is difficulty due to a lack of
cooperation.In this study, vasoconstrictor was not used in order
to evaluatethe volume changes without reduction of nasal
mucosa, moreover, it asked to hold your breath during AR
procedure. According studies (Oliveira de Felippe, 2008;
Parvez, 2000; Aras, 2010), the basal condition (no nasal
decongestant) is more realistic when evaluating anatomicfunctional variability. Several factors limit the accuracy of AR
measurements (Cakmak, 2001). The most widelyproblem with
acoustic-pulse analysis is the inability to accurately measure
areas beyond narrow apertures and the sound loss to the
paranasal sinuses may negatively affect the accuracy of AR
measurements of more distal segments (Cakmak, 2003).
Consequently, AR findings for the distal part of the nasal
cavity may not be sufficiently accurate for clinical
use.Djupesland and Rotnes (Djupesland, 2001), demonstrated
that AR is not able to detect correctly constrictions and
expansions shorter than 3-4 mm. The anterior part of the nasal
cavity is the site of most interest for the rhinologist and
orthodontist. The precision of AR in the anterior part of the
nose, especially for the nasal valve area, makes this method
valuable for rhinology (Cakmak, 2003). The limits proposed in
this study to evaluate the anterior nasal cavity using images
from CT, indicate that AR and CT findings for nasal valve area
are significantly correlated.
In this study,both measurement methods demonstrated an
increase of the anterior nasal cavityin the volume after RME,
of AR 15.2% (volume 1 + volume 2); 19,1% (volume 2) and
CT 28.7% (anterior nasal cavity).Therefore, the amount of
increasing accomplished was greater anteriorly,of CT 12.7%in
total nasal cavity. In the present study, significant increases of
total volume by RA and anterior volume by CT between T1
and T2 revealed that RME has a great effect on the nasal valve
area, which constitutes the greatest resistance while breathing.
This is coherent with the aim of the treatment and these
findings agree with others authors whose related significant
increase in nasal valve volume after RME (Babacan, 2006). In
their studies, Babacan et al (Babacan, 2006) reported a
significant increase of 14.09% for total nasal volume after
surgery RME and Wriedt et al (Wriedt, 2001) reported an
average of 21.2% in total nasal volume and 29.1% statistically
significant increases in nasal valve region. Nasal breathing is
also influenced by the condition of the nasal mucosa (Sakai,
2012; Aras, 2010), reported greater percentages for AR
measurements than this study, however, their study was carried
out in patients with partial or near total nasal obstruction,
showing that subjects who had greater nasal resistance, smaller
increase in the nasal volume could lead dramatic changes in
those parameters after RME. Several authors (Doruk, 2007;
Sakai, 2016 and Terheyden, 2009), reported significant
correlations between measurements by AR and CT in the
anterior region of the nasal cavity. Contrarily, Baraldi et al
(Baraldi, 2007), observed no statistically significant changes in
volume when pre- and post-RME values were compared,
nevertheless, their study was conducted on frontal
cephalograms and by AR measurements and probably there

was a lack of datewhen evaluating the increase in the anterior
region. Cankurtaran et al (Cankurtaran, 2007), undertook
experimental studies to test the reliability of AR in determining
nasal valve area and the results showed the technique to be
reliable in quantifying changes in the anterior portion of the
nasal cavity but not in relation to the cross-sectional area of the
posterior nasal cavity.Christie et al (Christie, 2010),
concluded, in their cone-beam computed tomography study,
that nasal cavity width increases significantly (2.73 mm) after
rapid maxillary expansion.According to Warren et al. (Warren,
1987), the dimensions of children’s airways increase
approximately 0.032 cm2/year and, in the current study, RME
did not exceed 20 days, which is a relatively rapid treatment
period and suggesting that the results would not be
contaminated by significant growth during that period.The
results show that volumes in the right side of the nasal cavity
are significantly different than left side after RME (Table 3)
This possibly could be caused bynasal anatomic variations in
the selected sample. These studiesdemonstrate that CT may be
a valuable tool in objectivelyassessing outcomes of functional
nasal operations; however, neither study correlated the
objective datato clinical findings. It is unclear whether the
measurements of the changes in volume reflect the subjective
sensations.
The literature is inconclusive (Magnusson, 2011): several
studies reported poor correlations between subjective
sensations and rhinometric measurements (Roithmann, 1975;
Sipilä, 1994), but others showed the opposite (Sakai, 2016;
Lam, 2006; Kjaergaard, 2008). However, in our study, a
respiratory improvement was referred by a considerable part of
the patients undergoing RME. Acoustic reflection provides a
non-invasive, easy, and valid method of measuring
nasalvolume.To be of significant value for rhinology, AR must
give accurate measurements of nasal valve area (Cakmak,
2003), and the results of AR showedhighly correlation with CT
in the volume 1 (Table 5). On the other hand, the anatomy of
the nasal cavity is complex, and the amount of space can vary
greatly. The accuracy of AR measurements is highly
dependent on nasal passage anatomy especially that of the
narrowest section. When the cross-sectional area and length of
the narrowest part of the passage are relatively small and short,
respectively, there is a higher probability of measurement
error. These findings support those of Hartgerink et al.
(Hartgerink, 1987), in which a group of 38 patients treated by
RME and compared with a control group not receiving the
expansion concluded that RME is not a predictable means of
decreasing nasal resistance due to the high individual response
variability.Every clinician who uses AR equipment should be
aware of the factors that affect the accuracy of these
measurements, because results from many patients may
include considerable error21. The method is potentially useful
in practice althoughthere is also risk of misinterpretation. In
this study, the rate between the increase of the anterior nasal
cavity volume was approximately 13.2% by CT. The results
are in according to Doruk et al. (Doruk, 2007), whoserelated
an average increase of the total nasal cavity of 13.28% and
Gorgulu et al. (Görgülü, 2011), that obtained a comparable
result of 12.14%after RME. Furthermore, according to the
results of this study, the anterior area was most favorably
affected by RME. The results show that otolaryngologists
should seek an orthodontic consultation for their patients with
upper airway problems and maxillary narrowness to improve
nasal breathing with RME (Babacan, 2016).
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Conclusion
Acoustic rhinometry showed good correlation in relation to the
proposed anterior delimitation of the nasal cavity on the CT
images. The significant improvement of the anterior volume
suggests that besides early orthopedic treatment with RME is
beneficial in the treatment of maxillary constriction associated
with mouth breathing in growing patients, the ERM treatment
could contributed for development of facial skeletal avoiding
both functional and structural imbalances.
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