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Abstract: The objective of this study was to identify the change in incisive canal (IC) morphology and
tooth–canal relationship after mini-implant-assisted rapid palatal expansion (MARPE). Pretreatment
and posttreatment cone-beam computed tomography images of 30 subjects were retrospectively
evaluated. The dimensional and volume changes of the IC after MARPE treatment were evaluated,
and the tooth–canal relationship and positional relationship between the maxillary central incisors
were additionally compared in the group where the root apex of the maxillary central incisors was
higher than the IC oral opening. The mediolateral and labiopalatal widths of the IC were significantly
increased in all three levels after MARPE treatment (p < 0.01). The amount of increase was greater
in the mediolateral direction than in the labiopalatal direction. The anteroposterior distance from
the mesial point of the maxillary central incisors to the anterior margin of the IC was significantly
decreased only in the oral opening level in the samples where the apices of the maxillary central
incisors were located more superior to the oral opening of the IC (p < 0.05). The mediolateral distance
between the mesial points of the maxillary central incisors and the distance between the root apex of
the maxillary central incisors significantly increased after MARPE (p < 0.001). However, the distance
between the crown tips of the maxillary central incisors did not significantly increase, even after
MARPE treatment (p > 0.05). The volume of the IC significantly increased after MARPE treatment
(p < 0.001), and the average increase in the total volume of the IC was about 65%. MARPE increased
the width and volume of the IC and did not result in a clinically significant change in the root–canal
relationship.

Keywords: incisive canal; mini-implant-assisted rapid palatal expansion; cone-beam computed to-
mography

1. Introduction

Innovative materials and technologies that improve treatment outcomes while re-
ducing morbidity and biological and surgical times are contentious issues in dentistry [1].
Endosseous implants are used in a variety of ways, from the restoration of missing teeth to
the absolute anchor in the orthodontic field. In particular, the intraosseous mini-implant in
the field of orthodontics broadened the treatment range of non-surgical orthodontics and
increased the effectiveness of orthopedic treatment.

Maxillary transverse deficiency is a common orthodontic condition that may cause
posterior crossbite and unstable occlusion [2,3]. Various tooth-borne appliances have been
created to correct maxillary constriction since the introduction of the Hass-type rapid
palatal expander [4–6]. Young, growing patients with a maxillary transverse deficiency
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can be treated with various tooth-borne appliances because the midpalatal suture is not
heavily interdigitated in these people [4,5,7]. However, in non-growing patients, it is
difficult to obtain sufficient maxillary expansion with this type of appliance, and it can
cause undesirable side effects, including unwanted buccal tipping, root resorption, buccal
bone dehiscence, diminished skeletal effects of the expansion, loss of long-term stability
and gingival recession [8–10].

In order to correct the transverse maxillary deficiency in skeletally mature individuals,
surgically assisted rapid palatal expansion was proposed [11]. However, a lot of patients
turned down surgical intervention due to high expenses, dangers, and complications, as
well as surgical complexity and morbidity.

Lately, mini-implant-assisted rapid palatal expansion (MARPE) has been suggested as
an alternative to surgically assisted rapid palatal expansion [12], and many studies have
reported successful maxillary skeletal expansion in young adults using MARPE [13–16].

Orthodontic mini-implants have been recommended as a skeletal anchorage for RPE in
order to offer greater orthopedic expansion while minimizing unwanted side effects [15,17].
Due to this, good skeletal expansion can be obtained even in adults with mature sutures.

According to its shape, MARPE can be divided into a bone-borne type that uses only
a skeletal anchor and a hybrid type that uses both a skeletal anchor and a tooth anchor.

A maxillary skeletal expander (MSE) is one of the hybrid-type MARPE devices with
four mini-implants positioned more posteriorly to maximize the possibility of bicortical
engagement into the palatal bone and nasal floor [18]. MARPE increases the possibility
of non-extraction treatment by creating extra space [19]. However, in the case of severe
crowding or lip protrusion, a significant amount of retraction of the maxillary incisors may
be required along with MAPRE.

Recent studies have reported the increased risk of external apical root resorption when
roots contact the incisive canal (IC) [20–22]. A strong cortical bone surrounds the IC, which
is situated posterior to the roots of the central incisor on the median plane of the palatine
process of the maxilla [23,24]. It carries the maxillary artery, branches of the trigeminal
nerve’s maxillary division, and nasopalatine arteries and nerves [24,25]. The palatal cortical
plate is thought to be the anatomical limit of maxillary incisor retraction. The IC, another
anatomical component, runs parallel more closely than the palatal cortical plate to the
maxillary incisor roots between the central incisor roots in the median plane. Due to its
closeness to the maxillary incisors, there is a chance that the IC may be invaded during
dental treatments.

Although the dental and skeletal effects of MARPE have been variously studied [15,26,27],
there is no study confirming the effects on the IC morphology and tooth–canal relationship.

We hypothesized that if the distance between the maxillary central incisor and IC
decreases after MARPE treatment, more attention should be paid to root resorption of the
maxillary central incisor due to contact with the IC during maximum anterior retraction
after MARPE. Therefore, the specific aim of this study was to identify the change in the IC
morphology and tooth–canal relationship after MARPE.

2. Materials and Methods
2.1. Subjects

This retrospective study was approved by the institutional review board of Wonkwang
University Dental Hospital (approval no. WKUDHIRB202206-02). A total of 30 patients
aged 12 to 55 years (mean age, 20.45 ± 9.49 years, 12 males, 18 females) and treated in
Wonkwang University Dental Hospital were included in this study. The inclusion criteria
were as follows: (1) patients presenting transverse discrepancy of maxilla and mandible:
less than 5 mm difference in maxillary and mandibular intermolar width or less than
−2 mm difference in first molar center of resistance distance in maxillary and mandibular
arches. (2) MSE as the initial step in therapy, (3) successful midpalatal suture opening, and
(4) available cone-beam computed tomography (CBCT) images taken before (T0) and at
least 6 months after expansion (T1). The exclusion criteria were as follows: (1) past trauma
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to the craniofacial region, (2) craniofacial syndrome patients, (3) a history of orthognathic
surgery or (4) orthodontic and dentofacial orthopedic therapy in the past, (5) simultaneous
facemask treatments and (6) the intermolar widths of the mandible and the maxilla vary by
more than 6 mm [18].

2.2. Materials and Treatment Protocol

MSE appliances (MSE II expander, BioMaterials Korea, Seoul, South Korea) and four
mini-implants (1.5 mm diameter and 11.0 mm length) were used for maxillary expansion in
this study [28] (Figure 1). Type II appliances expand by 0.8 mm in 6 turns, and the body size
is 13.5 × 14.5 mm. It is located between the maxillary first molars in the paramidsagittal
region. MSE contains four holes and four arms that are soldered to the bands of the
maxillary first permanent molars. Four 1.5 × 11.0 mm mini-implants are applied to
fenestrate the palatal and nasal floor in order to create higher expanding skeletal stresses.
The appliance used in this study had a maximum expansion of 8.0 mm.
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Figure 1. (A) MSE II appliances. (B) Initial state. (C) After expansion.

The MSE treatment protocol applied in our clinic is as follows (Figure 2). To fabricate
the MSE device, a separation ring is inserted anteriorly and posteriorly to the maxillary
first molars. If the separation ring cannot be inserted well due to tight interdental contact,
a brass wire is inserted. A band is fitted 7 days after separation. After taking a pickup
impression, an MSE is placed as close to the palate as possible on the working model. The
MSE arm is soldered to the maxillary first molar band. The activation rate is 1 turn per day
for early teens (under 15 years), 2 turns per day for late teens (over 15, under 20 years), and
4 turns per day for adult patients (over 20 years) until diastema appears. Once a diastema
was observed, the number of activations was halved, and the expansion continued until
sufficient expansion was obtained. After implantation, the patient was asked to visit the
clinic every 7 to 10 days to observe whether a diastema had occurred. After the diastema
occurs, the number of expansions is reduced by half. Existing opinions on palatal expansion
are mainly described based on the cusps of the maxillary and mandibular teeth, and it is
recommended to expand enough to overcorrection. Similarly, in adult patients, the amount
of expansion can be recommended based on the cusp, but it is necessary to balance the
width of the maxilla with a narrow palatal arch and the width of the mandible, which is
relatively normal when viewed from the frontal face of the patient.

Active expansion is usually performed for about a month, and thereafter, the MSE is
maintained so that bone deposition can occur at the expansion site. It has been reported that
sufficient new bone is deposited in the expanded area 3 to 6 months after palatal expansion,
and clinically, when observing the median palatine suture using CT in some patients, the
new bone generated between the expanded median palatine sutures was reported. It is
expected that it will take several months to fully mature. Therefore, unless there is a special
reason, it is recommended to maintain the MSE for 6 months to 1 year. Six months after the
end of the expansion, a CBCT is taken to check whether the expansion is well maintained
and if there is sufficient bone formation.
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Figure 2. MSE treatment protocol.

During CBCT imaging, all patients were instructed to sit upright with their imagined
Frankfort horizontal plane parallel to the floor. To ensure their position during the CBCT
scan, their heads were secured with a chin cup and ear rods. The CBCT scanner was
adjusted to 80 kVp and 7.0 mA for adults and 80 kVp and 3.0 mA for adolescents (Alphard-
3030; ASAHI Roentgen IND, Kyoto, Japan). The scan time was 17 s, and the voxel size was
0.39 mm. INFINITT PACS software was used to import the images as digital imaging and
communications in medicine files after they had been taken (INFINITT Healthcare Co, Ltd.,
Seoul, Korea).

2.3. CBCT Landmarks, Reference Planes and Measurements

CBCT multiplanar reconstruction images were reoriented using nasion, right porion
and right and left orbitale and were examined using OnDemand 3D software (Cybermed,
Seoul, South Korea). Landmarks around the IC and maxillary central incisors were traced
on the T0 and T1 CBCT images of each subject. The Frankfort-horizontal (FH) plane served
as a horizontal reference plane for the axial plane. It was found that the sagittal plane was
parallel to the plane that passed across the anterior and posterior nasal spines and that it
was perpendicular to the axial plane.

The landmarks and measurements used in this study are described in Figure 3A and
Table 1 [22]. When the position of the root apex of the left and right central incisors was
vertically different, L3 was set based on the apex located further below.

Table 1. Measurements used in this study (summary of abbreviations).

Measurement Definition

#11Rm-#21Rm Mediolateral distance between #11Rm and #21Rm (mm)

#11Rm-Cat Anteroposterior distance between #11Rm and anterior margin of IC (mm)

#21Rm-Cat Anteroposterior distance between #21Rm and anterior margin of IC (mm)

IC LP width Labiopalatal width of IC (mm)

IC ML width Mediolateral width of IC (mm)

#11Rt-#21Rt Mediolateral distance between root apices of #11 and #21 (mm)

#11Cr-#21Cr Mediolateral distance between crown tips of #11 and #21 (mm)

IC volume Volume of IC from oral opening to nasal bifurcation (px, cm3)

In ten of the samples, the root apex was located lower than the oral opening of the
IC. Therefore, the IC level through the root of the maxillary incisor was not available for
these samples. Therefore, in this case, we used another method using ANS and IC nasal
bifurcation to measure the IC dimension (Figure 3B, bottom) [29]. The anteroposterior
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distances between the IC and the maxillary central incisor were not measured. The IC
ML width, IC LP width, and the distance between the crown tip of the maxillary central
incisors and the distance between the apex of the maxillary central incisors were measured
regardless of the vertical level setting.
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Figure 3. Assessment of incisive canal (IC) and central incisor relationship. Landmarks and linear
measurements. (A). #11Rm, the most medial point of the right maxillary central incisor root; #21Rm,
the most medial point of the left maxillary central incisor root; IC Lt, the most lateral point of the left
contour of the IC; IC Rt, the most lateral point of the right contour of IC, IC Ant, the most anterior
point of the incisive canal; IC Post, the most posterior point of IC; #11Rm-#21Rm, mediolateral
distance between #11Rm and #21 Rm; #11Rm-Cat, anteroposterior distance between #11Rm and
anterior margin of IC; #21Rm-Cat, the anteroposterior distance between #21Rm and anterior margin
of IC; IC LP width, labiopalatal width of IC; IC ML width, mediolateral width of IC (B). Three
vertical levels of the incisive canal: L1, the level at which the IC begins on the oral side; L2, midlevel
between L1 and L3; L3, root apex level; IC Bi, the level at which the IC bifurcates in the nasal cavity;
ANS mid, midlevel between L1 and the level passing ANS. All levels were parallel to the Frankfort
horizontal plane.

In the previous study by Cho [22], three indices for measuring the anterior–posterior
distance between the maxillary central incisor and the IC were established: Rm–Cat, the
distance from Rm to the tangent line through the most anterior point of the incisive canal;
Rm–Canal, the distance from Rm to the anterior border of the incisive Canal; and IC Lt (or
Rt)–Root, the distance from Cl to the posterior border of the maxillary central incisor root.
As a result of the measurement, these three values did not show a significant difference
according to the vertical level. Therefore, in our study, Rm–Cat was set as a representative
value for measuring the anteroposterior distance between the maxillary central incisor and
the IC in consideration of the convenience and accuracy of measurement.

The IC was segmented using semi-automatic 3D segmentation and image analysis
software (Medilabel, Ingradient, Seoul, Korea), and 3D volumetric models of the IC were
generated from these segmentations (Figure 4). The volume of the IC was automatically
calculated in pixels and cubic centimeters.
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2.4. Statistical Evaluation

All measurements were re-measured after 2 weeks by the same investigator (UR C).
Intraclass correlation coefficients (ICCs) were calculated for reliability analysis. Most of
ICCs were over 0.93 (excellent reliability), except for #11Cr-#21Cr (0.787, fair reliability).
Kolmogorov–Smirnov and Shapiro–Wilk tests were performed to assess the normality of the
data. T0 and T1 data were compared using paired t-tests in parametric data and Wilcoxon
signed-rank test in non-parametric data. p < 0.05 was judged to be statistically significant.

3. Results
3.1. Changes in IC Dimensions and Tooth–Canal Relationship before and after MARPE Treatment

Samples in which the apices of the maxillary central incisors were located more
superior to the oral opening of the incisive canal are analyzed in Table 2 (n = 20).

Table 2. Changes in IC dimensions and tooth–canal relationship after MARPE treatment (mean ±
standard deviation).

Measurements
(n = 20)

L1 L2 L3

T0 T1 p Value T0 T1 p Value T0 T1 p Value

IC ML width 3.64 ± 1.47 5.82 ± 1.04 0.000 *** 3.71 ± 1.04 5.73 ± 1.46 0.000 ***† 3.45 ± 0.84 5.77 ± 1.27 0.000 ***

IC LP width 3.27 ± 0.69 3.60 ± 0.73 0.008 ** 3.09 ± 0.65 3.61 ± 0.50 0.001 ** 2.90 ± 0.57 3.38 ± 0.62 0.004 **

#11 Rm-Cat 4.48 ± 1.34 4.03 ± 1.17 0.008 ** 4.13 ± 1.47 3.95 ± 1.50 0.218 4.11 ± 1.47 3.94 ± 1.45 0.299

#21 Rm-Cat 4.53 ± 1.25 4.02 ± 1.15 0.013 * 4.18 ± 1.54 3.90 ± 1.31 0.129 4.07 ± 1.55 3.87 ± 1.44 0.182

* p < 0.05, ** p < 0.01, *** p < 0.001. † Wilcoxon signed-rank test.

Mediolateral and labiopalatal widths of the IC were significantly increased in all
three levels after MARPE treatment (p < 0.01), and the amount of increase was greater
in mediolateral direction than labiopalatal direction. Anteroposterior distance from the
mesial point of maxillary central incisors to the anterior margin of the IC was significantly
decreased only in L1 level (p < 0.05).

Ten samples where the root apex of maxillary central incisors was vertically separated
from the IC are analyzed in Table 3 (n = 10). Similar to the other 20 samples, the mediolateral
and labiopalatal width of the IC significantly increased after MARPE treatment (p < 0.05),
except for IC LP width in the L1 level.
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Table 3. Changes in IC dimensions after MARPE treatment in samples where the maxillary central
incisors and the IC were vertically separated (mean ± standard deviation).

Measurements
(n = 10)

L1 ANS mid IC Bi

T0 T1 p Value T0 T1 p Value T0 T1 p Value

IC ML width 3.97 ± 2.18 5.97 ± 1.10 0.028 * 3.52 ± 1.52 5.70 ± 1.28 0.000 *** 4.85 ± 1.53 6.73 ± 1.56 0.000 ***

IC LP width 2.89 ± 0.72 2.98 ± 0.63 0.712 2.59 ± 0.71 2.93 ± 0.88 0.004 **† 3.09 ± 1.109 3.37 ± 1.13 0.047 *†

* p < 0.05, ** p < 0.01, *** p < 0.001. † Wilcoxon signed-rank test.

3.2. Change in the Positional Relationship between the Maxillary Central Incisors after MARPE
Treatment (Table 4)

Mediolateral distance between mesial points of maxillary central incisors was signifi-
cantly increased in all three levels (p < 0.001). The distance between the root apex of the
maxillary central incisors significantly increased after MARPE (p < 0.001), but the distance
between the crown tips of the maxillary central incisors did not significantly increase, even
after MARPE treatment (p > 0.05).

Table 4. Change in positional relationship between the maxillary central incisors after MARPE
treatment (mean ± standard deviation).

Measurements T0 T1 p Value

#11Cr-#21Cr (n = 30) 9.74 ± 1.44 9.43 ± 0.80 0.258

#11Rm-#21Rm(L1) (n = 20) 2.88 ± 1.06 4.86 ± 1.84 0.000 ***

#11Rm-#21Rm(L2) (n = 20) 3.25 ± 1.15 5.44 ± 1.75 0.000 ***

#11Rm-#21Rm(L3) (n = 20) 3.95 ± 1.12 5.84 ± 1.66 0.000 ***

#11Rt-#21Rt (n = 30) 7.17 ± 1.55 8.94 ± 1.68 0.000 ***
*** p < 0.001.

3.3. Volume Change in the IC after MARPE Treatment

The volume of the IC was measured for all samples, and the results are described in
Table 5. The volume of the IC significantly increased after MARPE treatment (p < 0.001),
and the average increase in the total volume of the IC was about 65%.

Table 5. Volume change in the IC after MARPE treatment (mean ± standard deviation).

Measurements T0 T1 p Value

IC volume (px) 2269.6 ± 838.7 3765.8 ± 1096.8 0.000 ***

IC volume (cm3) 0.13 ± 0.050 0.22 ± 0.064 0.000 ***
*** p < 0.001.

4. Discussion

The purpose of this study was to investigate whether there was a change in the shape
of IC and the relationship between the maxillary central incisor and IC after MARPE
treatment.

MARPE has been reported to induce not only maxillary transverse expansion but also
three-dimensional changes in the zygomaticomaxillary complex [30]. We hypothesized that
the morphology of the IC existing between the left and right maxilla would be changed
through MARPE, which would affect the tooth–canal relationship.

Using CBCT images, the regional morphologic changes of the IC in response to
MARPE therapy were identified. These changes are comparable to the remodeling pattern
and changes of the hard and soft tissues to different stimuli, including orthodontic tooth
movement [31–35].
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The resolution of reconstructed CBCT images may vary based on a number of factors,
including kVa, mA, scan time, reconstruction algorithms, the measurement location of
the phantom, etc. [36,37]. A 0.3-mm voxel size is often used with a considerably longer
scan time for CBCT images with a broad field of view covering the whole face, as in our
CBCT images, to provide higherquality images. CBCT images obtained for orthodontic
reasons have been utilized as a reliable method to study orthodontically caused apical root
resorption and changes in surrounding tissues, even if the limit of distance measurement is
indicated to be twice the voxel size. Overall morphologic alterations, interroot distance,
root canal distances, and the volume of the IC following MARPE treatment were all reliably
detected in the research.

The mediolateral, labiopalatal width, and volume of the IC increased clearly in all
participants who received the MARPE treatment. It is notable that, to our knowledge, this
is the first research to identify the remodeling possibilities of IC in response to MARPE
treatment.

Since the relationship between the IC and the teeth is more clinically important than
the morphological change of the IC itself, the level was set using the roots of the maxillary
central incisors. However, in a third of the total samples, IC was positioned at a different
vertical level from the maxillary central incisors. Therefore, the plane was set based on the
skeletal landmarks in these samples. That is, in about one-third of the patients, there was
no risk of root-incisive canal contact due to retraction of the maxillary arch unless intrusion
of maxillary anterior teeth was planned.

CBCTs taken 6 months after completion of the expansion were compared with T0 to
provide sufficient time for remodeling of the ICs and ossification of the midpalatal sutures.
However, some of the samples had an irregular and ambiguous margin in the anterior
and posterior area of the IC due to insufficient ossification of midpalatal sutures. In these
cases, an imaginary ellipse was created along the lateral wall of the IC, and the anterior
and posterior points were marked. The labiopalatal width of the IC was possibly slightly
changed due to the cortical ossification of the IC progress.

The mean increase in mediolateral width of the IC was about 2 mm, similar to the
interdental distance increase between the maxillary central incisors. This suggests that
MARPE did not increase the likelihood of contact between the IC and the roots of the max-
illary central incisors by expanding the IC laterally. In patients with maxillary transverse
deficiency, most of the central incisors were inclined distally. Therefore, unless the amount
of expansion was large, there was little chance that the distance between the roots of the
teeth would decrease significantly during orthodontic treatment.

According to our findings, the biological anteroposterior distances between the roots
of the central incisors in the maxilla and the incisive canal were about 4–5 mm, which is a
little smaller than Cho’s study. Although not statistically significant, the distance between
the maxillary central incisor and IC showed a tendency to decrease slightly after treatment
compared to before MARPE treatment.

Taking into account the morphologic aspects of the incisive canal, the central incisor
roots, the L1 or L2 apical third’s posterior-median aspect of the roots as opposed to the root
apex itself is most likely to approximate with the canal after retraction and root movement
of the maxilla [22]. However, anterior intrusion occurs in a variety of clinical circumstances,
increasing the potential for approximation along the tooth movement. As a result, 3D
images may be useful in determining the distance between the incisive canal and the
dimensional properties when a substantial maxillary incisor retraction with vertical control
is planned.

After MARPE, the anteroposterior distance between the maxillary central incisor and
the IC decreased only at the L1 level. One of the most apparent changes related to rapid
Maxillary expansion is the formation of a diastema between the maxillary central incisors.
The incisors are anticipated to separate roughly half the distance the expansion screw has
been extended during active suture opening. Following this separation, the crowns of
the incisors converge and make proximal contact. The elastic rebound of the transseptal
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fibers causes the crowns to mesially tip. The persistent pull of the fibers enables the roots
to converge toward their original axial inclinations after the crowns make contact. This
cycle takes approximately 4 months [38]. Considering that the distance between the crown
points of the maxillary incisors did not increase after MARPE means that the maxillary
central incisors moved mesiopalatally toward the diastema. As a result, the decrease in the
anterior–posterior distance between the maxillary central incisor and the IC was about 0.5
mm, which was statistically significant but not clinically significant.

The application of maxillary expansion has been extended to nasal obstruction since it
has been hypothesized that RME increases nasal breadth and volume [39]. Likewise, con-
sidering the effect of rapid maxillary expansion on the surrounding anatomical structures,
MARPE may affect the IC volume. The volume of the IC was significantly increased after
MARPE. If the increased volume was comprised of fibrous tissue and blood vessels similar
to the midpalatal suture in rapid palatal expansion, additional morphological changes
would be possible during the remodeling process. Further histological examination is
required to confirm this part. It is also worth noting that transient paresthesia of the lower
lip was recorded in the mandibular canal in relation to tooth root when in touch with
the canal wall after orthodontic tooth movement [40]. Does a temporary or long-lasting
loss of sensitivity near the incisal foramen occur as a result of the median dissection of
the nasopalatine channels at their point of unification? To fully address this question,
additional research is required.

In this study, 30 subjects were divided into a group in which the root and IC of the
maxillary central incisor vertically overlap and a group in which they were separated. It
would also be worthwhile to investigate the differences between the two types of subjects,
such as differences in skeletal patterns, through further research.

There were several limitations in this study. (1) The amount of MSE expansion varied
depending on the patient’s orthodontic condition. (2) The age of the patients ranged from
the early teens to the 50 s, so the suture maturity was probably different. (3) Due to the
wide age distribution of the samples, different expansion protocols were used. (4) Since
the alignment of maxillary incisors was initiated between T0 and T1 in many samples for
aesthetic reasons, it is not clear whether the treatment outcome was just due to MARPE.

5. Conclusions

In one-third of the samples, the maxillary central incisor root and IC did not overlap
vertically. MARPE increased the ML, LP width and volume of the IC but did not result in a
clinically significant change in the root–canal relationship.

MARPE did not increase the contact between the maxillary central incisor root and
the IC during maximum retraction of the anterior teeth.
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