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BSTRA T .

Effects of mini-implant assisted rapid palatal expansion on the deviated nasal septum
and inferior nasal meatus: A CBCT study

Ho-Yeon Sim, Nu-Ri Ha, Sung-Kwon Choi, Kyung-Hwa Kang
Department of Orthodontics, School of Dentistry, Wonkwang University, Iksan, Korea

Objective: The purpose of this study was to evaluate the effects of the mini-implant assisted rapid palatal expansion on the
nasal septum and the inferior nasal meatus (INM) in the patients with nasal septal deviation. Methods: The CBCT images
were taken before (TO0), after (T1), and more than 5 months after (T2) MARPE in 17 patients who had NSD. According to the
direction of the NSD, the concave side was set as group 1 and the convex side was set as group 2 by patient. The volume of
the INM, nasal septal tortuosity ratio were calculated. Also, to evaluate 3-dimensional changes of the nasal septum, distance
between C point (The junction of perpendicular plate of ethmoid bone and vomer) and three vertical planes were calcu-
lated. And distance between C point and lateral wall of nasal cavity was measured. Results: The total volume of the INM
increased significantly after MARPE (p < 0.001). The distance from the C point to the vertical plane increased significantly
after MARPE (p <0.01). Also, there was a significant difference between the groups in the distance between the C point and
the lateral wall of nasal cavity (p < 0.001) before and after treatment. But there was no significant difference in the increase
ratio. Conclusion: After MARPE, the volume of INM was significantly increased. The nasal septum was more displaced to
the deviated side without a significant morphological change. But the increase ratio of both group was similar.
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L. Introduction

The nasal septal deviation (NSD) is the most com-
mon cause of nasal obstruction”. Although the
prevalence of NSD depends on the race, age, and
diagnostic method, a study had found that it ranges
from 34% to 89.2%”, and the prevalence of NSD in
Korea was reported to be 22.4%”.

The nasal concha is a skeletal structure in nasal
cavity. The resistance of nasal airflow during inspi-
ration is affected by the anterior part of the inferior
nasal concha (INC) by two third or more®”. Among
the three (superior, middle, inferior) nasal conchas,
the inferior nasal concha (INC) is the most eas-
ily enlarged”. The hypertrophy of the INC on the
concave side of the NSD is called ‘compensatory
hypertrophy®. Hypertrophy of the INC significantly
increases nasal airflow resistance and contributes to
nasal obstruction”. Various conservative treatments
had been used to treat the nasal obstruction caused
by NSD, but these treatments often failed, which re-
quired surgical intervention®. Septoplasty is a com-
mon surgical procedure to treat NSD and is usually
performed together with turbinoplasty®.

Mini-implant assisted rapid palatal expansion
(MARPE) was introduced to ensure the expansion
of the underlying basal bone to treat the maxillary
transverse deficiency®'?. MARPE is a modification
of the conventional rapid palatal expansion (RPE)
incorporating the mini-implant in the palatal jack
screw.

11~13)

Previous studies showed the increase of the

nasal cavity width and volume after conventional

RPE in growing children. Likewise, MARPE not only
separates the mid-palatal suture but also affects the
entire midfacial structures. Song et al'¥. reported
that after MARPE, zygomaticomaxillary complex
including nasal structure expanded in a pyramidal
shape on coronal view. And other studies”® re-
ported increase of nasal cavity width and volume
after MARPE. These changes were well retained and
it had the potential to improve nasal airflow.

Also, there were some literatures reviewing the
effect of the conventional RPE and surgically as-
sisted rapid palatal expansion (SARPE) on the nasal
septum. The effect of RPE on the nasal septum in
children was controversial'>?. In adults, there was
no change in the nasal septum before and after
S ARPE22~24)'

There was no literatures studied the volume
changes of the inferior nasal meatus (INM) and
changes in the nasal septum after MARPE in relation
to NSD. Therefore, the purpose of this study was to
evaluate the effect of the MARPE on INM volume
and morphological changes of NS in patients with
NSD.

II. Material and Methods

1. Subjects

This retrospective study was approved by the in-
stitutional review board (IRB) of the Wonkwang Uni-
versity Dental Hospital (WKDIRB202109-01). Data

for 17 patients (11 women, 6 men) who were treated
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with MARPE to correct maxillary transverse defi-
ciency at the Wonkwang University Dental Hospital
in Iksan were used for this study. The mean age of
the patients was 22.3 (range, 13-29; SD, * 7.9) years.
The inclusion criteria were: nasal septal deviation
angle 5 ° or higher, 25 cervical vertebrae maturation
index (CVMI) stage 5 or 6%, without previous orth-
odontic treatment, successful expansion of midpal-
atal suture, and availability of CBCT images taken
before treatment (T0), immediately after expansion
(T1), more than 5 months after expansion (T2) with
no invasion of palatal mini-implants on interest site.
The patients who had surgical intervention on the
maxilla or nasal area including Le Fort I osteotomy,
septoplasty etc., and craniofacial disease or systemic
disease were excluded.

In this study, MARPE was carried out by maxillary
skeletal expander (MSE, BioMaterials Korea, Seoul,
Korea) to all patients. The body size of the MSE is
13.5 mm x 14.5 mm and is positioned in the mid-
sagittal zone of the hard palate between the max-
illary first molars. There are four mini-implant in-
sertion holes and four arms to be soldered to the
maxillary first molar bands. The length of the mini-
implant is 11.0 mm for bicortication (cortical bone
fenestrate; palatal and nasal base) which facilitates
maxillary expansion. There are 2 types of MSE with
difference expansion rate per pitch (0.8 mm for 4
turns, 0.8 mm for 6 turns). Both of them were used
in this study.

The protocol for activating the MSE was based on
the manufacturer's instruction. When the diastema

was clinically recognized, the activation protocol

was modified to one or two turns per day. The mean
expansion period was 2.3 (+ 2.1) months. The ex-
pansion amount was 3.8 mm on average based on
the center of resistance of the first molar (CR). And
the mean retention period (T2 - T1) was 12.1 (+
10.4) months.

2. Measurements of variables

Cone-beam computed tomography (CBCT)

The CBCT was taken before treatment (T0), after
expansion (T1), and more than 5 months reten-
tion (T2) for all patients with Alphard-3030 (ASAHI
Roentgen IND, Kyoto, Japan), which was set at 80
kVp and 7.0 mA. All patients were instructed to sit
upright to make a Frankfort horizontal plane (FH
plane) parallel to the floor with the head fixed by
chin cup and ear rod. CBCT images (voxel size 0.39
mm) were imported as digital imaging and commu-
nication in medicine (DICOM) format on INFINITT
dental PACS (INFINITT healthcare Co., Ltd, Seoul,
Korea).

The CBCT images were reoriented according to
FH plane using the OnDemand 3D software (Cy-
bermed, Seoul, Korea) and superimposed based on
the frontal cranial base. After that, the landmarks
were traced. The landmarks and planes used in
this study are summarized in Table I. Figure 1 and 2

shows the landmarks used in this study.

Inferior nasal meatus (INM) volume
The INM was defined as the region anteriorly by
the plane including left and right orbitale and per-
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Table 1. The definition of landmarks and planes used in this study

It 2 Rlyly IRER hio

Landmark Definition
Nasion (N) The most antero—superior point on the nasal bone at the middle of fronto-nasal suture Lo
Orbitale (Or) The most inferior point of the lower border of the bony orbit OéNF
Right porion (RPo) The most superolateral point of the external entrance to the right auditory meatus S'E'
Anterior nasal spine (ANS) A pointed projection at the anterior extremity of the intermaxillary suture E
Posterior nasal spine (PNS) Medial end of the posterior border of the horizontal plate of palatine bone (J)T}i
Basion (Ba) Most inferior point of anterior border of foramen magnum in the middle. ”c')%
. . L . =
Crista gali (Cg) Izsrir%c;rs; ;Japizrgrtigr; k?:n ;[;ée ggicei{an ridge of bone that projects upward from the E
C point (C) The junction of perpendicular plate of ethmoid bone and vomer g
P point (P) The middle point of ANS and PNS (|;|9|—
Centor of resistance (CR) The center of resistance of the maxillary first molar o
Plane Definition %
Frankfort horiozontal plane (FH plane) ~ The plane formed by bilateral Or and RPo 5
Midsagittal plane The plane perpendicular to the FH plane and passing through the N -
Ba-ANS-PNS plane The plane formed by Ba, ANS, PNS
Cg~ANS-PNS plane The plane formed by Cg, ANS, PNS

Figure 1. The landmarks used in this study.
ROr: Right orbitale, LOr: Left orbitale, RCR: Right CR, LCR: Left CR.
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Figure 2. The coronal, axial, and sagittal views for crista galli (A, B, and C), and C point (D, E, and F).
The landmarks are indicated by white arrows.
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pendicular to the FH plane, posteriorly by the plane
including the PNS and perpendicular to the FH
plane, inferiorly by the nasal floor, superiorly by the
inferior border of the bony structure of INC and me-
dially by the centor of bony structure of INC (Figure
3). Since it has a complex anatomical structure, the
volume was measured using point counting method,
which is based on the Cavalieri principle. Fiji, which
is a distribution of the popular open-source Java-
based image processing program, was used to mea-
sure the volume of the INM using the coronal view
of the reconstructed CBCT images.

The interval per slice of coronal images was set
to 1 mm, and a grid was formed using ‘Cavalieri
estimator macro’ (Aleksandr Mironov, version 1.2),
and the points of the INM regions were marked in
each slice manually (Figure 4). The program auto-
matically calculates the volume. The volume mea-
surement was performed by dividing the right and
left INM. Also, 2 groups were formed by direction
of septal deviation by patient; group 1 was concave
side of the NSD and group 2 was convex side of the
NSD (Figure 4). And it was examined whether there
was a difference between the groups in the volume

changes.

Tortuosity ratio (TR) measurement

The tortuosity ratio (TR) was used for NSD evalua-
tion. The TR is defined as the ratio of the actual dis-
tance between two points, including any curves en-
countered, divided by the distance in a straight line.
Thus the formula is as follows: TR = actual length /
ideal length. The ‘Measuretool function (Jan Neg-

gers, GitHub. Retrieved October 20, 2021.) was used
in MATLAB (MathWorks R2021a, Natick, Massachu-
setts) for the analysis of NSD TR. Among the recon-
structed coronal CBCT images, a slice including Cg
and C was imported into the ‘Measure tool’, and the
actual length and the ideal length of the nasal sep-

tum were measured to obtain TR (Figure 5).

Three dimensional (3D) nasal septum evaluation

The OnDemand 3D software was used to assess
three-dimensional changes in nasal septum. The
distance between C point and three vertical planes
were determined. The vertical planes were the mid-
sagittal plane, N~ANS-PNS plane and Cg-ANS-PNS
plane. After expansion, ANS and PNS were spliced

so T1 images were abandoned.

Linear measurement between the nasal septum (C
point) and the lateral wall of nasal cavity

In the reconstructed CBCT coronal images, the lin-
ear distance between the C point and the lateral wall
of the nasal cavity was measured on Ondemand 3D
software. The linear measurement was performed
parallel to the FH plane (Figure 6). Increase ratio was
also calculated by followed formula; increase ratio =
(T1 or T2 - TO) / TO.

3. Statistical analysis

A power analysis using G*power (version 3.1.9.7,
Franz Faul, Christan-Albrechts-Universitat, Kiel,
Germany) was used to determine the sample size.

The 17 subjects would be needed to provide a pow-
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Figure 3. The anterior (&) and posterior (B) border of INM volume measurement. Measurements of the INM volume
were performed in the coronal view between A and B, which is marked with an X form by white line.

Figure 4. Point counting method for volume calculation on Cavalieri estimator macro in Fiji. The right INM was marked
by yellow points. The left one was marked by purple points. In the above image, the right side was allocated
to the concave group and the left side was allocated to the convex group.
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Figure 5. Measurement of tortuosity ratio in Measure tool. The thick arrow is ideal length and thin
arrow is actual length.

Figure 6. Linear measurement between the C point and the lateral wall of nasal cavity. C point is
marked by white point.
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er of 0.82 and 2-tailed @ value of 0.05.

Statistical analysis were performed using SPSS ver-
sion 25 (SPSS Inc., Chicago, IL, USA). All measure-
ments, including the INM volume, TR, 3D NS evalu-
ation, linear measurement between C point and
lateral wall of nasal cavity were taken by 1 examiner
(SH.Y). To evaluate the intraclass reliability, 6 ran-
domly selected CBCT images were measured again
after 3 weeks. The intraclass correlation coefficient
was between 0.876 and 0.999, which was considered
to be excellent.

To verify the normality of the data, Shapiro-Wilk
test was performed. The total volume, tortuosity ra-
tio and distance between C and vertical plane were
showed normal distribution. The other variables
had no normal distribution. Therefore, the non-
parametric tests were mixed. The paired t test and
Wilcoxon signed rank test was used to compare the
changes from TO to T1, T1 to T2, and TO to T2. The
independent t-test and the Mann-Whitney test were
used for group comparison. The analysis of variance
(ANOVA) was used to compare mean value of TR
in coronal view of CBCT images at different time.
Significance of the results were evaluated at the level
of p€0.05.

I1I. Results

The volume changes of the inferior nasal meatus
between each time interval
Table II shows the means and standards deviation

of total volume of INM in TO and changes in the

volume between TO to T1, T1 to T2, and TO to T2.
There was a significant increase in volume between
TO and T1 (p < 0.001), and TO and T2 (p < 0.001)
There was no significant difference between T1 and
T2. This indicates that the volume increase has been
well retained.

The intra- and intergroup comparison is summa-
rized in Table III. Group 1 shows the significant in-
creased in volume after MARPE (TO to T1, p < 0.001;
TO to T2, p € 0.05). Group 2 show the significant in-
crease in volume only in TO to T2 (p  0.01).

Tortuosity ratio (TR) changes on coronal view of
CBCT images

The TR did not show a significant difference
between all time intervals, so there was almost no
morphological changes of the nasal septum after
MARPE.

Distance changes between C point and vertical
plane from TO to T2

Table IV shows the mean distance between the
three vertical planes and the C point at TO and T2.
There was no significant difference in distance in
the midsagittal plane. However, a significant chang-
es were observed in the other two planes (p { 0.05).
This means that the C point moved toward the

curved direction.

Linear measurement between the nasal septum (C
point) and the lateral wall of nasal cavity
Linear measurement between C point and the lat-

eral wall of the nasal cavity was performed for each
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Table Il. Changes in the volume of INM before (T0), immediately after (T1), and after more than 5 months retention (T2) of

It 2 Rlyly IRER hio

MARPE
n=17 TO AT1-TO AT2-T1 AT2-TO m
Mean volume (mm?) 1071.78 436.01 157 44358 °§
Standard deviation (SD) +372.32 +352.54 +450.54 +293.36 S-I_‘.j-
p-value 0.000*** 0.946 0.000*** ria
T
The means and standard deviations of each value are presented. o
Paired t-test was performed to compare the changes from T0 to T1, T1 to T2, TO to T2. J}é
*** 5 0.001. ”c')—ll
=
H'|
=2
=
Table lll. Intra and inter group comparison of INM volume %’
. INM volume (mm3) p-value 8&
rou T
P TO T1 T2 AT1-TO AT2-T1 AT2-TO @
582,55 875.25 842.12 9
1 0.000%** 0.777 0.011* re
+298.78 +347.32 +420.59 -
489.23 632.55 673.24
2 0.062F 0.868F 0.004** ¥
+203.45 124532 +263.00
p-value 0.052 0.06+ 0.174t

The means and standard deviation were presented.
Independent t-test and Mann-Whitney test T were performed for group comparison at each time.

Paired t test and Wilcoxon signed rank test ¥ were performed to compare the changes from TO to T1, T1 to T2, T0 to T2.

Group 1: concave side: Group 2: convex side.
* p{0.05, ** p<0.01, **p{0.001.

Table IV. The distance (mm) between the three vertical planes and C point at TO and T2

Plane 70 T2 AT2-T0 p-value
Midsagittal 2441156 2.67+1.58 0.23:0.47 0.056
Cg-ANS-PNS 2.28+1.64 2.50£1.70 0.21£0.28 0.006**
N-ANS-PNS 2.40+1.56 2.64+1.63 0.23:0.26 0.002**

The distances were measured in mm.
The means and standard deviations were presented.
Paired t-test was performed for comparison of the distance value beweetn T2 and T0.
*%
0<0.01.
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group (Table V). The distance increased significantly
after MARPE (TO-T1, TO-T2, p € 0.001), and Group
1 increased significantly more than group 2 (p ¢
0.001). However, when the increase ratio was com-
pared, there was no significant difference between
the groups (Table VI).

IV. Discussion

In this study, we investigated the change of the
INM volume and the nasal septal deviation after
MARPE in a patient with a deviated nasal septum.
In the coronal view of the reorientated CBCT im-
ages, the nasal septal deviation angle (between the
midsagittal plane and the line connecting the most
superior point of the nasal septum and the most
prominent point of the nasal septum) was more
than 5 degrees for inclusion criteria. This angle was
determined by Periyasamy et al®. It is the minimum
value (mild) in which nasal septal deviation exists.
Classification based on the severity of the septal de-
viation was not performed due to a lack of samples,
which is one of the limitations of this study. Further
study is needed to compare the changes according
to the severity of NSD.

Park & Yu™ suggested that the growth of the
length of the maxilla and length of the nasal cavity
floor increased up to CVMI 2 in boy and up to CVMI
4 in girl. So, in this study, patients sample was lim-
ited to CVMI 5 or 6.

In the literatures which is studied the structrue of

the inferior nasal concha (INC) in a deviated nasal

septum, it was reported that the mucous membrane
and the bony structure of the inferior nasal concha
were larger on the concave side (opposite to devia-
tion). Orhan et al®’. reported that in the patients with
NSD, the compensatory hypertrophy of INC in con-
cave side is caused by both hypertrophy of mucous
membrane and INC bone. Shetty et al””. also sug-
gested that INC width was larger in the concave side.
This may lead to nasal obstruction.

The conservative treatments had been used to
treat the nasal obstruction caused by NSD, including
intranasal sprays, antihistamines, and mast cell sta-
bilizers. However, these conservative treatments are
limited in reducing the volume of the nasal concha,
and generally result in a slight improvement, and the
treatment often fails, which requires surgical inter-
vention like septoplasty, turbinoplasty®. Kim et al?®.
reported that the nasal cavity volume was increased
from 17.48 cm? to 24.08 cm?® measured by acoustic
rhinometry after septoplasty and turbinoplasty. This
represents a volume increase approximately 37.75%.

The total volume of the left and right INM showed
asignificant increase after MARPE, and the increased
volume was also well retained (Table II). Skeletal ex-
pansion by MARPE appeared in a pyramidal shape,
and the amount of expansion decreased as it moves

1415 Tn the nasal structure, the

away from the palate
INM is located inferior and largest structrue, it can
be said that it mainly contributes to the increase of
nasal volume. The INM volume increased by 41.47%
(T2-T0) in this study. The MARPE, like surgical inter-
vention, showed an increase in INM volume.

This expansion on the nasal cavity is also known
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Table V. The distance between C point and lateral wall of nasal cavity
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Distance (mm) p-value
Group
TO T AT1-TO AT2-T1 AT2-TO Jton
0zl
1 15.62£3.05 16.71£3.13 16.79£3.17 0.000%** 0.905F 0.000*** ¥ kS)
=}
2 12.24+2.10 12.97+2.22 13.02+2.33 0.000***F 0.672F 0.000%*** 5'|-]
il
p-value 0.000%** 0.000%** 0.000%** o
The means and standard deviation were presented. 3@
The Mann-Whitney test was performed for group comparison at each time. wo
The Paired t test and Wilcoxon signed rank testT were performed to compare the changes from TO to T1, T1 to T2, TO to T2. el
Group 1: concave side ; Group 2: convex side. %
#%5 ¢ 0.001. =2
[
>
rir
08
Table VI. The increase ratio of distance between C point and lateral wall of nasal cavity oo
e
Increase ratio (%) S
Group re
T0-T1 TO-T2 I
1 7.34+3.91 7.73+4.35
2 6.053.62 6.32£3.54
p-value 0.908 0413

The means and standard deviations were presented.

The independent t-test and Mann-Whitney test were performed for group comparison.

Group 1: concave side ; Group 2: convex side.

in several other literatures. Kim et al'”. reported that
nasal volume and cross-sectional area increased af-
ter MARPE treatment and maintained after 1 year.
Shivam et al'®. also reported an increase in nasal
volume after MARPE. However, there was no litera-
ture comparing the volume changes of the each side
of the nasal cavity. In this study, groups were divided
according to the NSD by patients. The INM volume
shows significant increase in both groups, but there
is no significant difference between groups. This
may be due to a lack of samples for each group, but

a more probable reason was the fluidity of the na-

sal mucosa called the Nasal cycle’. The nasal cycle
is the spontaneous congestion and decongestion of
the left and right nasal mucosa during the day. When
the congestion occurs on the one side than the de-
congestion occurs on the other side, but the total
volume of the nasal cavity is constant”. Therefore,
one of the limitations of this study is that there was
no control for nasal mucosa when taking the CBCT.
Further study with intervention in the nasal mucosa
is needed for accurate intergroup comparison.

To the best of our knowledge, this study is the
first study to examine the effect of MARPE on the
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nasal septum. There was a literature reviewing the
effect of conventional RPE and SARPE on the na-
sal septum. About SARPE, Jensen & Rodrigo-Do-

22 showed that there was no difference in the

mingo
nasal septum measured by septal deviation angle
between the group with and without releasing the
septum. Reinbacher et al®. showed that there was
no change in the nasal septum before and after ex-
pansion in the same way. Dias et al*”. performed
linear measurements from the zygomatic arch to the
nasal septum, and showed no change in septum and
bilateral symmetry. However, the patients in these
literatures did not had a NSD, so the results of these
studies may differ from ours.

About RPE, the results of the literature were con-
troversial. Aziz et al'?. used CBCT images and tor-
tuosity ratio for NSD evaluation after maxillary ex-
pansion in adolescent patients. They said that there
was no effect on NSD after RPE treatment. Gokce
et al®”. also used CBCT images and tortuosity ratio
for evaluation of RPE effect on NSD. They said that
there was a significant difference in TR value after
expansion. Maspero et al*”. said that RME treatment
made nasal septum length increased and reduced
septum deivation, so RME had a potentially positive
effect on the nasal septum deviation during child-
hood.

We also used TR to determine whether there was
a morphological change in the nasal septum itself.
The actual length and ideal length were therefore
measured from each nasal septum rather than from
the plane or reference line. TR showed no signifi-

cant change before treatment, after expansion, and

after more than 5 months of retention. This is con-
sistent with Aziz et al'”. However, we found that the
C point, which is one point of the nasal septum,
moved significantly toward the curved side of na-
sal septum from the vertical planes (Table IV). But
the amount of displacement was very small with an
average of 0.2 mm, and the increase ratio in the dis-
tance between C point and the lateral wall of nasal
cavity did not show a significant difference between
groups (Table VI), this change may not be clinically
significant.

The reason for this change can be found in the lit-
erature that studied correlation between the devia-
tion of the nasal septum and the shape of the nasal
floor. Koo et al®. reported that nasal floor deviation
was more prominet in the group with NSD than in
the group without NSD (Figure 7). Because of this,
it can be assumed that the base of the septum is
closer to the deviated side, so the base moves to the
deviated side as the midpalatal suture widen during
MARPE. However, since the change was observed
only at one point of the nasal septum, additional
study is needed to investigate the three-dimensional
change.

Although this study focuses on the skeletal effect
of MARPE in the nasal cavity, the skeletal changes in
the nasal area also affect on soft tissue. Lee et al’’.
measured the changes in nasal soft tissue before
and after MARPE through a facial scan. It showed
that the nose was widened and changed forward
and downward. Sara et al®”. showed that soft tis-
sue changes were maintained even after expansion.

Since these soft tissue changes can be unfavorable
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—

Figure 7. lllustration of nasal septal deviation and nasal floor deviation. Nasal septal deviation angle
was formed by red lines, nasal floor angle was formed by blue lines.

for some patients, it will be necessary to consider it
before MARPE.

V. Conclusions

In this study, we investigated the effect of MARPE
on the inferior nasal meatus and nasal septum in
nasal septal deviation. After MARPE, the inferior
nasal meatus was significantly increased and this
increase was retained well. The nasal septum was

more displaced to the deviated side without a signif-

icant morphological change measured by tortuos-
ity ratio. However, this displacement is not clinically
significant because the amount of displacement was
very small and there was no significant difference in
the increase ratio in the distance between the lateral
wall of the nasal cavity and the nasal septum. So,
MARPE effectively increases the volume of the infe-
rior nasal meatus without significantly affecting the

deviated nasal septum.
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