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Improvement of nasal airway ventilation after
rapid maxillary expansion evaluated with
computational ﬂuid dynamics
Tomonori Iwasaki,a Issei Saitoh,b Yoshihiko Takemoto,c Emi Inada,c Ryuzo Kanomi,d Haruaki Hayasaki,e
and Youichi Yamasakif
Kagoshima, Himeji, and Niigata, Japan

Introduction: Rapid maxillary expansion is known to improve nasal airway ventilation. However, it is difﬁcult to
precisely evaluate this improvement with conventional methods. The purpose of this longitudinal study was to
use computational ﬂuid dynamics to estimate the effect of rapid maxillary expansion. Methods: Twenty-three
subjects (9 boys, 14 girls; mean ages, 9.74 6 1.29 years before rapid maxillary expansion and 10.87 6 1.18
years after rapid maxillary expansion) who required rapid maxillary expansion as part of their orthodontic
treatment had cone-beam computed tomography images taken before and after rapid maxillary expansion.
The computed tomography data were used to reconstruct the 3-dimensional shape of the nasal cavity. Two
measures of nasal airﬂow function (pressure and velocity) were simulated by using computational ﬂuid
dynamics. Results: The pressure after rapid maxillary expansion (80.55 Pa) was signiﬁcantly lower than before
rapid maxillary expansion (147.70 Pa), and the velocity after rapid maxillary expansion (9.63 m/sec) was slower
than before rapid maxillary expansion (13.46 m/sec). Conclusions: Improvement of nasal airway ventilation by
rapid maxillary expansion was detected by computational ﬂuid dynamics. (Am J Orthod Dentofacial Orthop
2012;141:269-78)

R

apid maxillary expansion has been widely used by
orthodontists to increase the maxillary transverse
dimensions of young patients. Recent studies
have suggested that rapid maxillary expansion also
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increases nasal width and volume.1-4 Therefore, rapid
maxillary expansion has been generally considered to
diminish the resistance of nasal airﬂow.5-8
Timms9 reported that 82% of patients had fewer upper respiratory infections after expansion. Gray10 reported that, after expansion, the incidences of colds,
respiratory illnesses, allergic rhinitis, and asthma were
reduced by half. Therefore, rapid maxillary expansion
has been suggested as a treatment option for rhinostenosis caused by septal deformity, nasal infection, allergic
rhinitis, and obstructive sleep apnea.9-12 However, rapid
maxillary expansion should not be encouraged as
a treatment option for improvement of nasal airway
ventilation conditions without an orthodontic
indication.13
Previous methods of evaluating nasal airway ventilation include x-rays,3 computed tomography,14,15
rhinomanometry,16,17 and acoustic rhinometry.18-20
However, it is difﬁcult to take precise measurements of
nasal airway ventilation with these methods because of
the complicated form of the nasal airway lumen.
Therefore, there is not enough evidence that nasal
airway ventilation improves with rapid maxillary
expansion.21
To better evaluate the relationship between respiratory function and nasal morphology, a 3-dimensional
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(3D) model of each subject’s nasal cavity was constructed from computed tomography data and used to
create computational ﬂuid dynamics models of respiratory status during quiet respiration.22 Unlike some
conventional methods that cannot separate nasal
airﬂow from nasopharyngeal airﬂow, computational
ﬂuid dynamics can evaluate airﬂow in the nasal cavity
alone, giving a more accurate evaluation of the effect
of rapid maxillary expansion. The purpose of this study
was to use computational ﬂuid dynamics to more
precisely evaluate and clarify the amount of the nasal
airway ventilation improvement after rapid maxillary
expansion.
MATERIAL AND METHODS

A total of 23 patients, who visited the Kanomi Orthodontic Ofﬁce (Himeji, Japan) for orthodontic treatment,
participated in this longitudinal study (9 boys, 14 girls).
Their mean ages before and after rapid maxillary
expansion treatment were 9.74 6 1.29 years and
10.87 6 1.18 years, respectively. They included 10 patients with paranasal mucosa hyperplasia, 1 with adenoid tonsillar hypertrophy, and 3 with tonsillar
hypertrophy. None of these subjects received surgical
treatment for these conditions during the rapid maxillary
expansion treatment.
All patients in this study required approximately 5 mm
of maxillary expansion as part of their orthodontic treatment. Those who had previous orthodontic treatment or
craniofacial or growth abnormalities were excluded. The
study was reviewed and approved by the Ethics Committee of the Kagoshima University Graduate School of
Medical and Dental Sciences, Kagoshima, Japan.
Each subject was seated in a chair with his or her
Frankfort horizontal plane parallel to the ﬂoor. A conebeam computed tomography scanner (CB MercuRay, Hitachi Medical, Tokyo, Japan) was set to maximum 120 kV,
maximum 15 mA, and exposure time of 9.6 seconds. No
subject had used a nasal decongestant at the time of the
cone-beam computed tomography scan. The data were
sent directly to a personal computer and stored in digital
imaging and communications in medicine format.
For the evaluation of nasal and intermaxillary molar
widths, a 3D coordinate system and 3D images were
constructed with a medical image analyzing system
(ImagnosisVE, Imagnosis, Kobe, Japan).23 From the 3D
reconstructed images, the 3D nasal width (distance
between the most lateral points of the nasal cavity)
and the intermaxillary molar width (distance between
the most medial points of the constricted part of
the maxillary ﬁrst molars) were measured to evaluate
the changes produced by rapid maxillary expansion
(Figs 1 and 2).
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For the evaluation of the nasal airway ventilation
condition, morphologic evaluation, volume-rendering
software (INTAGE Volume Editor, CYBERNET, Tokyo,
Japan) was used to create the 3D volume data of the nasal cavity. To construct an anatomically correct 3D
model of each subject’s nasal cavity, approximately
150 slices from a computed tomography image were
used. The images were obtained at intervals of 0.377
mm from the frontal sinus to the inferior nasal meatus.
Because the nasal airway is a void surrounded by hard
and soft tissues, inversion of the 3D-rendered image is
required, converting a negative value to a positive value
and vice versa. Threshold segmentation was used to select the computed tomography units in the nasal airway.
Because the inverted air space has a signiﬁcantly greater
positive computed tomography unit than the denser surrounding soft tissue, the distinct high-contrast border
produces clean segmentation of the nasal airway. By
modifying the threshold limits, an appropriate range deﬁned the tissues of interest in the volume of interest for
a particular scan. By using this concept, a threshold of
computed tomography units was selected to isolate all
empty spaces in the nasal airway region, which also included other cavities such as the paranasal sinuses.24
Subsequently, by using an appropriate smoothing algorithm with a moving average, the 3D model was
converted to a smooth model without losing the
patient-speciﬁc character of the upper airway shape.25
The rendered volume data were in a 512 3 512 matrix
with a voxel size of 0.377 mm. Examples of the 3D
form of extracted nasal cavities (from the external nares
to internal nares) and the paranasal sinuses are shown in
Figure 3. When the continuity of the bilateral nasal
meatus was broken, a complete obstruction was
assumed (Fig 3, A).
For the functional evaluation, computational ﬂuid
dynamics were used to estimate the airﬂow pattern of
just the nasal airway (Fig 4).22 The constructed 3D images for the nasal airway were exported to ﬂuiddynamic software (PHOENICS, CHAM-Japan, Tokyo,
Japan) in stereolithographic format. This software can
simulate and evaluate various kinds of computational
ﬂuid dynamics under a set of given conditions. In our
simulation, air ﬂowed from the choana horizontally,
and air was exhaled through both nostrils. The ﬂow
was assumed to be a Newtonian, homogeneous, and incompressible ﬂuid.26 Elliptic-staggered equations and
the continuity equation were used in the study.27 The
computational ﬂuid dynamics of the nasal airway were
performed under the following conditions by using
PHOENICS: (1) the volume of air ﬂowed with a velocity
of 200 mL per second,28 (2) the wall surface was nonslip,
and (3) the simulation was repeated 1000 times to

American Journal of Orthodontics and Dentofacial Orthopedics

Iwasaki et al

271

Fig 1. Measurement of 3D nasal width: A, locating the widest portion of the nasal aperture in a 3D computed tomography reconstruction to set the measurement points in the B, coronal and C, sagittal section images.

Fig 2. Measurement of 3D intermaxillary molar width: A, locating the intermaxillary molar width at the
narrowest portion in a 3D computed tomography reconstruction to set the measurement points in the B,
horizontal and C, coronal section images.

calculate the mean values. Convergence was judged by
monitoring the magnitude of the treatment residual
sources of mass and momentum, normalized by the respective inlet ﬂuxes. The iteration was continued until all
residuals fell below 0.2%.
The simulation estimated airﬂow pressure and velocity. In subjects whose 3D morphologic evaluation indicated a nasal airway obstruction, computational ﬂuid

dynamics were not performed. When computational
ﬂuid dynamics indicated a maximum pressure of more
than 100 Pa (with an inﬂow rate of 200 mL/sec) and
a maximum velocity of more than 10 m per second, an
obstruction was assumed in that subject.22
The patients were classiﬁed into 3 groups by their
ventilation conditions both before and after rapid maxillary expansion: (1) those in whom an obstruction was
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Fig 3. Evaluation of nasal airway obstruction from the 3D nasal cavity forms in 3 subjects (top image,
superior view; bottom image, lateral view): A, obvious complete obstruction; B, rhinostenosis, but the
presence or absence of complete obstruction cannot be determined; C, no rhinostenosis or obstruction.

Fig 4. Steps in the evaluation of nasal cavity ventilation by computational ﬂuid dynamics: A, conebeam computed tomography instrument; B, extraction of the nasal cavity data; C, volume rendering
and smoothing; D, construction of the stereolithographic model and numeric simulation; E, evaluation
of the nasal cavity ventilation condition.

detected in the 3D morphologic evaluation, (2) those in
whom an obstruction was detected with computational
ﬂuid dynamics but not with the 3D morphologic evaluation, and (3) those in whom no obstruction was detected with either method (Fig 5).
Statistical analysis

A paired t test was used to compare both the nasal
and the intermaxillary molar widths before and after
rapid maxillary expansion. The Mann-Whitney U test
was used to compare nasal airway ventilation conditions

March 2012  Vol 141  Issue 3

before and after rapid maxillary expansion. Spearman
correlation coefﬁcients were calculated to evaluate the
relationships between transverse dimensions and nasal
airway ventilation conditions. The McNemar test was
used to clarify the improvement of obstruction before
and after rapid maxillary expansion. Statistical signiﬁcance was set at P \0.05.
To assess the measurement error, 10 randomly
selected computed tomography images from among
the 46 had the nasal and intermaxillary molar widths
measured twice by the same operator (T.I.) in 1 week.
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Fig 5. Three conditions (3D obstruction, computational ﬂuid dynamics obstruction, and no obstruction)
of the nasal airway with 3D models and computational ﬂuid dynamics. (yellow arrow, 3D obstruction;
red arrow, computational ﬂuid dynamics obstruction). CFD, Computational ﬂuid dynamics.

Table I. Changes of nasal and intermaxillary molar

widths before and after rapid maxillary expansion
Before RME
(n 5 23)
Nasal width (mm)
Intermaxillary
molar width (mm)

Mean
21.39
32.18

SD
1.51
2.42

After RME
(n 5 23)
Mean
23.48
36.07

SD
1.83
2.74

Paired
t test
P
\0.001
\0.001

RME, Rapid maxillary expansion.

A paired t test detected no statistically signiﬁcant differences. Dahlberg’s error of method (double determination
method) was computed, and the results were 0.055 mm
for nasal width and 0.072 mm for intermaxillary molar
width.29 According to all repeated analyses, the method
error was considered negligible.
RESULTS

Nasal width after rapid maxillary expansion
(23.48 6 1.83 mm) was signiﬁcantly greater than before

rapid maxillary expansion (21.39 6 1.51 mm) (Table I).
Figure 6 shows a typical subject before and after rapid
maxillary expansion. Intermaxillary molar width after
rapid maxillary expansion (36.07 6 2.74 mm) was also
signiﬁcantly greater than before rapid maxillary expansion (32.18 6 2.42 mm) (Table I).
Before rapid maxillary expansion, 18 of the 23
patients (78%) had an obstruction detected by either
3D reconstruction or computational ﬂuid dynamics. After rapid maxillary expansion, only 6 patients (26%) had
a detectable obstruction (Table II). The change in the
number of patients with obstruction after rapid maxillary expansion was statistically signiﬁcant according to
the McNemar test (Table II). A typical patient whose
nasal airway ventilation improved after rapid maxillary
expansion is shown in Figure 7. Twelve of the 18 patients (66.7%) who had an obstruction before rapid
maxillary expansion had no obstruction after rapid
maxillary expansion.
Among the 22 patients without a morphologic
obstruction, the pressure after rapid maxillary expansion
(80.55 6 76.59 Pa) was signiﬁcantly lower in 18 of them
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Fig 6. Cone-beam computed tomography images of a patient with a nasal width expansion of 2 mm
(A, before rapid maxillary expansion; B, after rapid maxillary expansion): A, the greatest width of the
nasal cavity was comparatively narrow; B, the greatest width of the nasal cavity was expanded approximately 1 mm. This was enough expansion of nasal cavity area; however, evaluation of nasal airway
ventilation improvement was difﬁcult with the morphologic data alone.

than before rapid maxillary expansion (147.70 6 94.87
Pa). Similarly, the velocity in these 22 patients after rapid
maxillary expansion (9.63 6 6.67 m/sec) was signiﬁcantly lower in 18 than before rapid maxillary expansion
(13.46 6 5.99 m/sec).
Table III shows the correlations between transverse
dimensions and ventilation conditions. Before rapid
maxillary expansion, the transverse dimension was not
signiﬁcantly correlated with the ventilation condition.
After rapid maxillary expansion, the transverse dimension was negatively correlated with the ventilation condition, and the intermaxillary molar width showed the
only signiﬁcant negative correlation with maximum
pressure. The treatment change in the transverse dimension was not signiﬁcantly correlated with the treatment
change in ventilation condition.
DISCUSSION

The main purpose of this study was to precisely evaluate the improvement of nasal airway obstruction by
rapid maxillary expansion by using computational ﬂuid
dynamics. Many studies have found that rapid maxillary
expansion improves nasal airway ventilation.6,7,21,30-33
However, the extreme complexity of the nasal airway
form makes reliable evaluation of the ventilation
condition difﬁcult, and it has not been possible to
establish the improvement after rapid maxillary
expansion. Because computational ﬂuid dynamics can
evaluate the ventilation condition in the nasal cavity in
isolation from the nasopharynx, a more accurate
assessment of changes induced by rapid maxillary
expansion is possible.22
Christie et al34 concluded, in their cone-beam computed tomography study, that nasal cavity width
increases signiﬁcantly (2.73 mm) after rapid maxillary
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expansion. Their rapid maxillary expansion of 8.19 mm
was greater than in our study (approximately 5 mm),
and their reported increase in nasal cavity width was correspondingly greater than ours (2.09 mm) (Table I). We
conﬁrmed previous reports that the transverse increase
at the level of the nasal ﬂoor corresponds to one third
of the amount of rapid maxillary expansion.34,35 Based
on reconstructed computed tomography models,
clinically signiﬁcant long-term maxillary molar width increases of 3.7 to 4.8 mm can be achieved with rapid
maxillary expansion.36 This increase in intermaxillary
molar width (3.89 mm) was slightly smaller than that
reported by Lagravere et al.36 Because this expansion
was smaller in this study than conventional expansion
(ie, 5-10 mm), it was expected that the improvement
of the ventilation condition would also be less.
Functional evaluation of nasal airway ventilation improvement after rapid maxillary expansion requires measurement of nasal cavity airﬂow alone. Because the nasal
cavity has a complicated lumen, evaluation of the nasal
airway is extremely difﬁcult with morphologic data
alone. One must evaluate not only the cross-sectional
area but also the cross-sectional form and the continuity
of the lumen. Because computational ﬂuid dynamics
simulate the magnitudes of air pressure and velocity,
the function of the entire nasal airway can be evaluated
more precisely than would be possible with morphologic
evaluation alone.
Xiong et al,37 in a computational ﬂuid dynamics
study, reported an increased distribution of paranasal
airﬂow after functional endoscopic sinus surgery, and
that nasal airway resistance decreased. Paranasal
mucosa hyperplasia was observed in half of our subjects.
Therefore, we included the paranasal sinuses in our
computational ﬂuid dynamics to reﬂect it.

American Journal of Orthodontics and Dentofacial Orthopedics

Iwasaki et al

275

Table II. Changes of ventilation conditions before and after rapid maxillary expansion
Before RME
Ventilation
condition
3 3D
3 CFD
B
B
3 CFD
3 3D
3 CFD
3 3D
3 CFD
3 CFD
3 CFD
B
3 CFD
B
3 CFD
3 CFD
3 CFD
3 CFD
3 CFD
3 3D
B
3 3D
3 CFD

Patient
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
Mean
SD
P
No obstruction 5
Obstruction
18
Improvement
ratio

Maximum
pressure
(Pa)
131.5
76.4
56.7
335.2
158.8
117.9
186.0
156.6
25.8
327.7
69.9
107.4
106.3
250.2
130.5
105.1
31.5
285.2
147.70
94.87
0.008y

After RME
Maximum
velocity
(m/sec)
14.0
11.0
14.3
15.4
11.5
10.4
14.1
15.4
5.4
18.8
8.1
13.3
11.4
23.2
12.2
12.0
2.8
29.1
13.46
5.99
0.017y

Ventilation
condition
3 CFD
B
B
B
B
B
3 CFD
B
B
3 CFD
B
B
B
B
B
B
3 CFD
B
B
3 3D
B
B
3 CFD

17
6

Maximum
pressure
(Pa)
320.8
9.9
67.5
7.8
68.4
75.5
118.8
30.7
35.2
197.8
53.4
27.7
64.4
30.2
59.1
63.8
175.9
49.6
43.6
8.8
75.6
187.6
80.55
76.59

Maximum
velocity
(m/sec)
29.0
2.2
8.7
2.4
8.4
9.9
12.7
8.1
7.1
18.0
5.3
3.7
10.7
7.5
10.9
8.1
18.1
3.7
3.4
2.9
11.6
19.8
9.63
6.67

Ventilation
improvement
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No

Palatal
expansion
(mm)*
2.87
4.70
3.06
3.04
3.96
4.04
3.15
4.54
5.05
2.78
4.93
4.81
5.45
4.21
4.54
3.14
2.40
5.02
3.52
3.02
4.48
4.03
2.69
3.89
0.91

66.7% (12/18)z

RME, Rapid maxillary expansion; B, no obstruction; 3, obstruction; 3D, morphologic complete obstruction; CFD, obstruction detected only in
computational ﬂuid dynamics.
*Change of intermaxillary molar width; yStatistically signiﬁcant at P \0.05 vs after RME; zMcNemar test: P \0.001.

Figure 3 shows representative examples of 3 types of
3D form before rapid maxillary expansion. In one,
complete obstruction of the nasal cavity (Fig 3, A) is
easily observed. In a more difﬁcult case (Fig 3, B), it is
not possible to determine the presence of an obstruction
from the 3D form. Nevertheless, a nasal airway obstruction was detected by computational ﬂuid dynamics
(Fig 5). These 2 subjects illustrate how the nasal airway
ventilation condition can be evaluated more precisely
with computational ﬂuid dynamics, regardless of the
complexity of the form.
With computed tomography images, no discontinuity of the nasal cavity image was seen in 18 children before rapid maxillary expansion and in 22 children after
rapid maxillary expansion. However, with computational
ﬂuid dynamics, only 5 children had no obstruction before rapid maxillary expansion and only 12 after rapid

maxillary expansion (Table II). In other words, the
incidence of detected functional obstruction was much
higher with computational ﬂuid dynamics.
By using a conventional method, it was reported that
rapid maxillary expansion decreases 45% to 61.3% of
the incidence of nasal airway obstruction.6,21,31
Crouse et al38 reported that nasal airway resistance in
9- to 10-year-old normal children ranged from 3.0 to
5.0 cm of water per liter per second. So, in this study,
airway-resistance values of more than 5.0 cm of water
per liter per second were considered to indicate obstruction with 100 Pa of pressure at an inﬂow of 200 mL per
second.22 However, these criteria for obstruction are arbitrary. Other thresholds could produce different results.
Still, our study with computational ﬂuid dynamics might
have found a higher incidence of nasal obstruction before and after rapid maxillary expansion, and reduction
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Fig 7. Example of change in the ventilation condition after rapid maxillary expansion in a patient
(A, before rapid maxillary expansion; B, after rapid maxillary expansion): A, stenosis of the nasal cavity
can be seen, but the presence of an obstruction cannot be determined from the 3D form (yellow arrow);
nevertheless, computational ﬂuid dynamics shows that the maximum pressure and maximum velocity
were both high (red arrow), indicating an obstruction. B, The 3D form indicates improvement of the stenosis, but it cannot determine whether the obstruction was reduced (yellow arrow). On the other hand,
computational ﬂuid dynamics show that both pressure and velocity decreased (blue arrow), and the
obstruction was reduced.

of nasal airway obstruction in 66.7% of the patients. According to our 3D computed tomography images, 5 patients had an obstruction before rapid maxillary
expansion, but only 1 patient after rapid maxillary expansion had an obstruction (Table II). This is an improvement rate of 80%. However, the improvement
rate with 3D computed tomography images and computational ﬂuid dynamics (66.7%) was lower than that of
3D computed tomography images alone (80.0%). This
is because computational ﬂuid dynamics, which can account for the complicated shape of the nasal airway, are
more sensitive to nasal airway obstructions both before
and after rapid maxillary expansion.
Computational ﬂuid dynamics can evaluate the ventilation conditions in the nasal cavity alone, without the
effects of the adenoids, palatine tonsils, and soft palate.
Moreover, it is possible to identify any obstruction of the
nasal airway by using computational ﬂuid dynamics with
a 3D model of the morphology.
Previously reported decreases in nasal airway resistance after rapid maxillary expansion range from

March 2012  Vol 141  Issue 3

33%39 to 45%6 measured by rhinomanometry, and
from 31.6%31 to 35.0%21 measured by acoustic rhinometry. Using computational ﬂuid dynamics, we found
a decrease of 46.5% for pressure. This decrease in nasal
airway resistance was greater than in previous reports.
Because different methods were used, a precise comparison was not possible, but computational ﬂuid dynamics
might have detected improvements of nasal airway ventilation more precisely after rapid maxillary expansion.
Kobayashi et al40 reported normal nasal airway resistance of fourth grade elementary school children
(approximately 10 years old) to be 0.38 Pa per cubic centimeter per second. This resistance value was considered
76 Pa of pressure at in ﬂow of 200 mL per second. Also,
they reported that the resistance value of the children
with nasal airway obstruction was 0.57 Pa per cubic centimeter per second (114 Pa). We found a somewhat
higher pressure with nasal airway obstruction before
rapid maxillary expansion (147.70 Pa) and a somewhat
lower pressure after rapid maxillary expansion (80.55
Pa) than did Kobayashi et al.
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Table III. Spearman rank correlation coefﬁcients and P values (in parentheses) between transverse dimension and

ventilation condition
Before RME

Before RME
Nasal width
Intermaxillary molar
width
After RME
Nasal width
Intermaxillary molar
width
Absolute change
Nasal width
Intermaxillary molar
width

After RME

Absolute change

Maximum
pressure

Maximum
velocity

Maximum
pressure

Maximum
velocity

Maximum
pressure

Maximum
velocity

0.046 (0.855)
0.350 (0.155)

0.017 (0.948)
0.186 (0.460)

-

-

-

-

-

-

0.302 (0.173)
0.458 (0.032)*

0.242 (0.278)
0.344 (0.177)

-

-

-

-

-

-

0.215 (0.397)
0.340 (0.168)

0.096 (0.710)
0.121 (0.633)

RME, Rapid maxillary expansion.
*Statistically signiﬁcant at P \0.05.

Because nasal airway resistance is variable for some
time after rapid maxillary expansion, measurement of
the effect of rapid maxillary expansion on nasal airway
ventilation should be taken several months later.6,7,9,10
Our posttreatment computed tomography data were
taken more than 7 months after rapid maxillary
expansion and after 4 months of retention, when nasal
airway ventilation should be stable.41
Palatal expansion inﬂuenced nasal airway resistance
(Table II). However, the amount of expansion did not
show a clear relationship between transverse dimension
and nasal airway resistance (Table III). There were great
individual differences in ventilation conditions before
rapid maxillary expansion (Table II). Furthermore, individual differences in nasal cavity shape and nasal mucosa thickness are thought to be large. For these
reasons, a clear relationship might not be shown between transverse dimension and nasal airway resistance.
One limitation of our study was that nasal airway ventilation can also be inﬂuenced by growth changes.42 Ideally, an age-matched control sample should have been
compared with the rapid maxillary expansion patients.
For the age range in our study, the reported growthrelated decrease in nasal airway resistance was only 0.1
cm of water per liter per second per year (5 Pa).42 Because
this change is only about 7% of the change observed with
rapid maxillary expansion, we concluded that expansion
was responsible for most of the change.
In addition, we had no clinically measured airﬂow
resistance in our subjects to compare with their airﬂow
resistance determined by computational ﬂuid dynamics.
In the future, we intend to compare our subjects’ clinical
examination data, such as polysomnography and

rhinomanometry, with computational ﬂuid dynamics
analysis of their airﬂow resistance of the nasal cavity.
CONCLUSIONS

Because computational ﬂuid dynamics can evaluate
airﬂow in the nasal cavity alone, it might give a more accurate evaluation of the effect of rapid maxillary expansion. Therefore, computational ﬂuid dynamics might be
a more useful method for evaluating the ventilation
condition of the nasal airway than conventional
methods.
We thank Gaylord Throckmorton for reviewing this
article for English usage.
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