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Abstract: This study aimed to analyze the treatment effects of miniscrew-assisted rapid palatal
expansion using dental cone-beam computed tomography (CT) in adolescents. The study group
comprised 20 patients who underwent cone-beam CT before and after miniscrew-assisted rapid
palatal expansion (MARPE). Paired t-test and analysis of variance were used to analyze significant
differences before and after treatment. Skeletal and dentoalveolar measurements indicated highly
significant differences, with these expansions increasing progressively in the downward direction.
The extent of anterior midpalatal suture expansion was significantly greater than that of the posterior
part. Significant expansion was observed at the nasal width and inter-zygomaticomaxillary suture
distance. MARPE can expand the craniofacial skeletal structure to the uppermost nasal bone and
lateral to the zygomaticomaxillary sutures. The expansion was greater in the lower maxillary part,
demonstrating an overall triangular maxillary expansion. The midpalatal suture opening was greater
in the anterior than in the posterior side, whereas the posterior suture opening proportion was higher
than that of the conventional rapid palatal expansion previously reported.

Keywords: miniscrew-assisted rapid palatal expansion; cone-beam computed tomography; cranial

sutures; palatal expansion technique; miniscrew

1. Introduction

Among the many factors contributing to malocclusion, anatomical factors can be
broadly categorized as skeletal and dental. Skeletal elements include the relative antero-
posterior, vertical, and transverse positioning of the maxilla and mandible. The diagnostic
and treatment methods for defining and determining these elements have been the subject
of much research and discussion. A constricted maxilla is one of the most frequent skeletal
components of malocclusions. Narrow maxilla can cause arch length discrepancy resulting
in crowding of the dentition and also can cause functional problems resulting from deficient
posterior overjet or even posterior crossbite [1]. It is said that narrow maxilla is not only
limited to transverse dimensional problem but is also related to the sagittal (i.e., Class II
malocclusion) component of malocclusion [1]. Clinicians can resolve this skeletal malocclu-
sion by applying a rapid palatal expander (RPE) in young patients and surgical options
in adult patients. The treatment effect of a conventional RPE incudes skeletal and dental
expansion with more tendency of dental expansion [2]. To increase the skeletal expansion
effect of the RPE, a combination of skeletal anchorage to the RPE has been proposed and is
now widely accepted in clinical orthodontics [3].
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Skeletal anchorage-assisted RPE has two types: tooth-bone-borne and bone-borne.
The tooth-bone-borne type RPE is not only assisted by skeletal anchorage but also sup-
ported by teeth [3]. Meanwhile, the bone-borne RPE type receives support solely from
skeletal anchorage and is expected to exert only skeletal effects [4,5]. Although results
among studies and arguments among clinicians are conflicting, tooth-bone-borne expander
treatment effects are mainly skeletal with some dental effects [3,6,7]. The tooth-bone-borne
type is the addition of skeletal anchorage, mostly the miniscrew type, to the conventional
RPE design and may be more familiar to clinicians who are used to it. Most types of tooth-
bone-borne RPE use miniscrews for skeletal anchorage, which is called miniscrew-assisted
RPE (MARPE).

Reports on the treatment effect of MARPE have demonstrated its capability of more
skeletal expansion of the maxilla than conventional RPE [8]. Furthermore, some reports
have claimed that the mode of expansion is different from that of conventional RPE in
that MARPE results in more parallel expansion between the palatal processes of the max-
illa, whereas conventional RPE expands the maxilla more anteriorly than posteriorly [9].
Moreover, the age limitation has been extended using MARPE [10]. The age limitation of
conventional RPE was considered 15 years after long-term clinical experience and anatomi-
cal studies; however, several reports have indicated that MARPE is capable of opening the
palatal sutures in adults [11].

Despite the increasing popularity of MARPE in clinical orthodontics and published
studies, more data are needed to elucidate its therapeutic effects. However, no consensus
on the activation mode of MARPE, its optimal design, assisted miniscrews, or retention
protocols has been established. The reported treatment effects of MARPE differ between
studies, which may be because of different MARPE designs, numbers, and sizes of minis-
crews used as well as different modes of activation among clinicians. More data should be
accumulated to establish the application method of MARPE and understand and predict
the results of MARPE applications. Therefore, the purpose of this study was to investigate
the skeletal and dental effects of miniscrew-assisted rapid palatal expansion (MARPE) in
adolescents using cone-beam computed tomography (CBCT). Changes in zygomatic width
and nasal bone deviation were also evaluated.

2. Materials and Methods

This retrospective study was approved by the Institutional Review Board of Kyung
Hee University Hospital at Gangdong (KHNMC 2023-01-031). Patients who underwent
orthodontic treatment at the Department of Orthodontics, Kyung Hee University Hospital
at Gangdong from 1 March 2017 to 31 December 2022 and in whom MARPE was used as
the first treatment device were enrolled in this study (Figures 1 and 2). Based on previous
studies, the number of participants per group should be 15-20 [9,12]. A minimum sample
size of 15 patients was required (G*Power 3.1.9.6, Dusseldorf, Germany), considering an
alpha of 0.05, power of 80%, and effect size of 0.80 to detect differences in palatal expansion
using a paired t-test [13].

Figure 1. Clinical application of miniscrew-assisted rapid palatal expansion (MARPE). (A) before
MARPE expansion; (B) after RPE expansion; (C) removal of dental connections after a month of
expansion completion.
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Figure 2. Flowchart of participant recruitment.

The inclusion criteria were as follows: (1) CBCT was performed before expansion (T1)
and after palatal expansion treatment (T2); (2) adolescent patients aged 12-19 years; and
(3) four miniscrews without failure during treatment were used with the same MARPE
appliance. The exclusion criteria were as follows: (1) craniofacial deformity, such as a cleft
palate; (2) palatal expansion that did not occur as planned after MARPE; and (3) history of
orthodontic treatment and/or orthognathic surgery.

The study group comprised 20 patients (7 male and 13 female patients) with a mean
age of 15.40 = 2.07 years. In this study, the same type of MARPE appliance was used in all
patients for rapid palatal expansion. The MARPE device (MSE; BioMaterials Korea, Seoul,
Republic of Korea) has four screw holes in the jackscrew body and four retention arms
soldered to the maxillary first molars. Following MARPE cementation, four self-drilling
bone screws (1.5 mm diameter and 9-11 mm length) were inserted perpendicularly under
local infiltration anesthesia, and the miniscrew lengths were determined considering the
palatal bone depth for fenestration of the palatal bone to facilitate greater expansion forces.
The 9-11 mm length was selected by considering the 2 mm height of the insertion slots,
1-2 mm space between the appliance and the palatal surface, 1-2 mm gingival thickness,
and 5-6 mm bone engagement. The antero-posterior position of the MARPE was set the
same as the maxillary first molar in all patients. Activation was two turns per day for
2 weeks or one turn per day for 4 weeks. Patients below age 12 received one turn per
day activation protocol. Additionally, with the patients who complained about much
pain when activating MARPE, one turn per day activation protocol was applied even
though the patient was older than the age 12. In our samples, only one patient received
one turn per day expansion protocol while all the other patients received two turns per
day expansion protocol. Both one turn and two turns per day activation protocols fall in
rapid expansion, and it was assumed that there might be no significant difference between
the two protocols. The expansion continued until the palatal cusps of the maxillary first
molars were in contact with the buccal cusps of the mandibular molars. If there was hard
resistance against activation, a 2-week rest was provided, and activation was resumed.
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After completion of the expansion, the expansion screw was fixed with flowable resin to
secure its expanded state. One month after the completion of the expansion, four dental
connections of the MARPE were removed, and CBCT was taken to ensure the expansion
of the midpalatal suture. In this study, the mean duration of expansion was 22 + 3.1 days
(range, 13-63 days). The mean duration from completion of palatal expansion to CBCT
taking at T2 stage was 44.6 & 4.0 days (range, 27-97 days).

All CBCT scans were performed using CS9600 (Carestream Dental LLC, Atlanta,
Georgia) before treatment (T1) and after expansion (T2); it was set at 100-150 kVp, and
the slice thickness was 0.3 mm in the cranial mode. Digital Imaging and Communica-
tions in Medicine file image reconstruction and analysis were performed with InVivo5®
(Anatomage, San Jose, CA, USA).

2.1. Reference Planes and Measurements

All CBCTs were aligned in InVivo5® (Anatomage, San Jose, CA, USA) so that the
plane through the nasion, basion, and anterior nasal spine (ANS) was the midsagittal
plane, and the transverse plane was perpendicular to the midsagittal plane and through
the posterior nasal spine (PNS). The coronal plane was perpendicular to the mid-sagittal
and transverse planes.

Skeletal (ANS-Ex, amount of expansion of the midpalatal suture at the ANS site;
Mx6-Ex, amount of expansion of the midpalatal suture at the maxillary first molar area;
PNS-Ex, amount of expansion of the midpalatal suture at the PNS site; UNW, anterior
nasal width at the level of the buccal bone vertically; IZW, inter-zygomatic width; NSdev,
nasal septum deviation; NW-lower, lower nasal width; NW-upper, upper nasal width;
MxBBW, maxillary basal bone width), and dentoalveolar (Mx6W, maxillary intermolar
width; Mx6Ax, maxillary first molar axis) measurements were analyzed. The landmarks,
reference planes, and measurements used for CBCT in this study are depicted in Table 1
and Figures 3-5.

Table 1. Definition of landmarks, reference planes, and measurements used in this study.

Re.ference Definitions

Points
Anterior Nasal Spine, the tip of the body anterior nasal spine in

ANS .
the median plane.

PNS Posterior Nasal Spine, the process formed by united projecting ends of the posterior borders of the palatal
process of the palatal bone.

Mx6 Maxillary first molar

Definitions Acquired CBCT slice

Transverse plane

ANS-Ex Amount of expansion of the midpalatal suture at the ANS
(Figure 3) site (mm).
. . - Measurements are taken from a slice of the
Mx6-Ex Amount of expansion of the midpalatal suture at the maxillary .
. . root apex of the palatal side of the left
(Figure 3) first molar area (mm). . . . .
maxillary first molar in cross-section.

PNS-Ex Amount of expansion of the midpalatal suture at the PNS
(Figure 3) site (mm).
UNW Anterior nasal width at the level of the buccal bone
(Figure 4) vertically (mm).

— - - Measurements are taken from a slice of the
IZW Inter—.zygomatlc Wldth; length of the .hne connecting the . zygomaticomaxillary suture in cross-section.
(Figure 4) anterior outer points of the left and right zygomaticomaxillary

sutures (mm).
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Table 1. Cont.

Reference
Points

Definitions

Coronal plane

NSdev Nasal septum deviation; the angle between the top and bottom
(Figure 5) of the nasal septum (°).
Lower nasal width; width of the lower nasal cavity, length of
NW-lower . ) . . .
. the line connecting the maximum convexity of the left and right
(Figure 5) s
nasal cavities (mm).
NW-upper Upper nasal width; length of the line connecting the uppermost
(Figure 5) points of the left and right nasal cavities (mm).
Maxillary basal bone width; distance from the line connecting
MxBBW the roots of the left and right maxillary first molars to the
(Figure 5) tangent of the outer surface of the cortical bone of the left and
right basal bones (mm).
Mx6W Maxillary intermolar width; length of the line connecting the
(Figure 5) palatal cusps of the left and right maxillary first molars (mm).
Maxillary first molar axis; the medial angle (°) between the line
Mx6Ax extending the long axis of the palatal root of the maxillary first
(Figure 5)

molar and the MxBBW (°).

Measurements are taken from a slice of the
root apex of the palatal side of the left
maxillary first molar in the coronal plane.

Figure 3. Measurements in a cross-sectional slice of the palatal root apex of the maxillary left first

molar: ANS-Ex, amount of expansion of the midpalatal suture at the anterior nasal spine (ANS) site;

Mx6-Ex, amount of expansion of the midpalatal suture at the maxillary first molar area; PNS-Ex,

amount of expansion of the midpalatal suture at the posterior nasal spine (PNS) site.
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Figure 4. Measurements in a cross-sectional slice of the zygomaticomaxillary suture: UNW, anterior
nasal width at the level of the buccal bone vertically; IZW, inter-zygomatic width.

NW-upper

NW-lower
MxBBW

2 Mx6w

AN

Figure 5. Measurements in a slice of the root apex of the palatal side of the left maxillary first molar
in the coronal plane: Nsdev, nasal septum deviation; NW-lower, lower nasal width; NW-upper,
upper nasal width; MxBBW, maxillary basal bone width; Mx6W, maxillary intermolar width; Mx6Ax,
maxillary first molar axis.
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2.2. Statistical Analysis

All statistical analyses were performed using the IBM SPSS Statistics software for
Windows (version 15.0; IBM Corp., Armonk, NY, USA). Descriptive statistics were used
to analyze the variables. The Shapiro-Wilk test was used to confirm the normality of the
data distribution. An independent ¢-test was performed to assess age differences according
to sex. A x? test was performed to evaluate sex differences in the measurement before
palatal expansion at T1 stage. Paired t-tests or Wilcoxon signed-rank tests were used to
compare differences before and after expansion within each group. A one-way analysis
of variance (ANOVA) with Bonferroni post-hoc test was performed to compare the three
groups (ANS-Ex, Mx6-Ex, and PNS-Ex).

Significance was set at p < 0.05. The orientation and measurements were performed
by a single experienced examiner (H.R. Kim). The same examiner remeasured 20 randomly
selected CBCTs scans after a 2-week interval to determine intra-examiner reliability. The
resulting intraclass correlation coefficient (ICC) indicated a high reliability (ICC > 0.98).

3. Results

This study group comprised 20 patients (7 male and 13 female patients) with a mean
age of 1540 £ 2.07 years (Tables 2 and 3). No significant differences in age and sex
distributions were observed between patients in the study group. Descriptive statistics
and comparisons between mean values are listed in Table 2. The x? test revealed no
significant differences in the pre-treatment measurements between sexes (Table 3). None of
the miniscrews were failed during expansion, but several miniscrews’ axes were found to
be changed after expansion (miniscrew head to the lateral side).

Table 2. Demographic features of the subjects.

Variables Male Female Total p-Value
o ____Number 7 1 _____20_
R Meanage (year)* 1500+216  1562+214  1540+207 = 052
,,,,, Rangeofage (year) __ 13-18 1219 12219
,,,,, Mean YTl value ™ —42  -2% -3
2 quarter
Activation ~ turns/day (N) z 7777777 1? 7777777 1797 o
frequency 1 quarter 0 1 1
turns/day (N)

Values are presented as number only or mean + standard deviation. * Independent f-tests were performed.
** Yonsei Transverse Index: degree of transverse discrepancy [14].

Skeletal (ANS-Ex, Mx6-Ex, PNS-Ex, UNW, NW-lower, NW-upper, MxBBW, and IZW)
and dentoalveolar (Mx6W and Mx6Ax) measurements demonstrated highly significant
differences (p < 0.001 ***). Only the NSdev indicated no significant difference. Significant
basal bone expansion was observed in the NW-lower, NW-upper, and MxBBW groups
(p < 0.001) (Table 3).

After expansion (T2-T1), the amount of expansion of ANS-Ex in the left maxillary
first molar region was significantly higher than that of Mx6-Ex and PNS-Ex in the ANOVA
(p < 0.01). Post-hoc tests showed no differences between the Mx6-Ex and PNS-Ex groups.
The amount of expansion was 4.41 + 1.34 mm in the anterior region (ANS-Ex) and
3.44 + 0.94, 3.55 &+ 0.98 mm in the posterior region (Mx6-Ex and PNS-Ex), respectively
(Table 3).

Significant dentoalveolar expansion was noted at the Mx6W and Mx6Ax (p < 0.001).
The amount of expansion was 5.25 & 1.81 mm at the Mx6W, and a significant increase of
2.97 + 2.49° at the Mx6Ax was observed. Therefore, the buccal tipping of the maxillary
molars was observed (Table 3).

Significant expansion was observed at the NW-upper (0.47 £ 0.36 mm), NW-lower
(3.0 = 1.16 mm), MxBBW (3.58 &+ 1.18 mm), and Mx6W (5.25 = 1.81 mm), with these expan-
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sions increasing progressively in the order listed above, suggesting an overall triangular
maxillary expansion (Table 3 and Figure 6).

Table 3. Comparison of the skeletal and dental changes during the treatment period.

Variables T1 T2 AT2-T1 p-Value*  p-Valuet p-Valuett  p-Value ttt
__ANS-Ex(mm)*t 0+£0 439+135 4394135  <0001™ ~ 0012* - 040
| MX6-Ex(mm)*t 0+£0 339+£09 339409 <0001 - 04

PNS-Ex (mm) *t 0£0 3.54 +0.98 3.54+098  <0.001*** - 0.33
o UNW(mm)* 25824332 28224379 2404119 <0001 040 027

IZW (mm) * 122.69 £+ 6.17 124.18 + 6.34 149 +1.01 <0.001 *** 0.40 0.40
__N5dev()™ 1429345446 1414245447 1514494 015 040 040
_ NW-lower (mm) * -~ 3162+283 34564326  29+116 <0001** 040 040
_ NW-upper (mm)* 424135 473+139 =~ 0524033  <0001** 040 040
__MxBBW (mm)* 62984350 6654438 3564118 <0001* 040 040
__MX6W (mm)** - 4001+298 45464357  S44+177  <0001* 040 040

Mx6Ax (°) * 97.47 £7.16 10048 £7.17  3.01£256  <0.001 *** 0.40 0.40

Values are presented as mean =+ standard deviation. * Paired t-tests were performed to compare before and after
palatal expansion since the normality test was satisfied. ** Wilcoxon signed-rank test was used to evaluate changes
according to the nonnormal distribution. + One-way analysis of variance (ANOVA) with Bonferroni post hoc
tests for differences between three groups. Post hoc tests showed no difference between groups Mx6-Ex and
PNS-Ex. 11 x2 test was performed to evaluate gender differences in the data before palatal expansion. t11 x2 test
was performed to evaluate gender differences between before and after palatal expansion. * p < 0.05, ** p < 0.01,
*** p < 0.001. See Figures 3-5 and Table 1 for definitions of each landmark.

NW-lower
3.0

45.2

Figure 6. Diagram of transverse change of the left maxillary first molar in the coronal section. Values

are the mean differences (mm); red line, T1, before treatment (red); T2, after expansion (blue); AT2-T1,
difference between before and after expansion (green).
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4. Discussion

Dental clinicians frequently encounter the need for palatal appliances for transverse
maxillary correction. The use of RPE or MARPE can promote skeletal and alveolar bone
changes, with the most studied aspects being the opening of the midpalatal suture, changes
in the position of the basal bone, and tilting of the molars [15-17]. One of the objectives
of miniscrew-assisted maxillary expansion is to secure alveolar bone coverage along with
lateral expansion of the maxillary buccal segment for proper transverse maxillary dimen-
sions. According to a previous study, MARPE has demonstrated favorable skeletal and
dentoalveolar expansion even in young adults, thus expanding the age limit for nonsurgical
maxillary expansion [10]. This study aimed to analyze the effects of miniscrew-assisted
rapid palatal expansion using dental cone-beam CT in adolescents who, as they age, are
likely to receive orthodontic treatment the most. A comprehensive three-dimensional
view of the maxilla is required to analyze the changes during the expansion period, and
evaluating the changes using CBCT is important.

In this study, the expansion pattern was triangular in both the coronal and axial planes.
Extension of the entire craniofacial structure can be depicted in the coronal plane as a
triangular pattern based on the maxillary dental arch. In our study, significant expansion
was observed at the NW-upper (0.47 £ 0.36 mm), NW-lower (3.0 £ 1.16 mm), MxBBW
(3.58 £ 1.18 mm), and Mx6W (5.25 +£ 1.81 mm), with these expansions increasing progres-
sively in the order listed above. Hence, we observed a decreasing amount of upward and
skeletal expansion ranging from 25% to 61%, which is consistent with that reported in
previous research [7,18,19]. This triangular expansion pattern enlarges the alveolar bone
area to a greater extent, thereby allowing greater alveolar bone enlargement relative to the
basal bone. Although not reported in the Sections 2 and 3, correlation analysis between the
amounts of hard tissue expansion and patients’ characteristics (sex and age) was performed.
The results of this analysis showed no significant correlation between the amounts of hard
tissue expansion and patients’ characteristics (sex and age). This can be interpreted as
MARPE being able to expand hard tissues to similar extents regardless of age and sex.
However, it is important to note that only successfully expanded patients were enrolled in
this study, so this interpretation should be accepted with caution. Additionally, the small
sample size of the study makes the correlation analysis result less reliable.

Buccal tipping of the anchor teeth owing to the maxillary expansion is consistent with
the results in previous studies [5,7,18]. Inclination of the maxillary first molars increased
significantly after expansion (2.97° & 2.49°) in this study. Although MARPE was designed
to maximize skeletal expansion while keeping the teeth in the original alveolar bone
position, the current results indicate some expansions in the anchored posterior teeth. This
mean increase in buccal inclination may be clinically insignificant. The largest change
identified in our sample was 9.6°, which was clinically significant. Clinicians must be
aware of the possibility of significant buccal tipping of the anchored maxillary molar, even
when MARPE is used. This buccal tipping may cause loss of the buccal alveolar bone in the
corresponding maxillary molar [5]. The whole palatal segment may possibly rotate after
expansion, resulting in buccal tipping of the alveolar bone and posterior teeth in a mass
without the so-called sole dental expansion. However, this hypothesis should be evaluated
using more sophisticated measurements in these areas, which was beyond the scope of
this study.

Several studies have reported on the parallel expansion of the midpalatal suture with
MARPE [9]. The current study identified a greater expansion in the ANS area than in the
posterior (first molar and PNS) area. This inconsistency may be due to the differences
in the position of the MARPE jackscrew, length of the anchor screws, age of the study
participants, etc. [20,21]. In this study, the mean expansion in the ANS and PNS regions
was 4.41 & 1.34 mm and 3.55 £ 0.98 mm, respectively. The percentage ratio of posterior to
anterior expansion was approximately 80%. Compared to the conventional RPE without
skeletal anchorage reinforcement, which demonstrated expansion in the anterior region
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by 2.42 to 4 mm while the expansion in the posterior region was 0.84 to 2.88 mm, the
percentage of posterior suture opening is still larger with the MARPE in this study [22].

Cantarella et al. have reported that MARPE can alter the zygomaticomaxillary com-
plex by rotating the zygomatic process [8]. Their study demonstrated that the extent of
skeletal changes in the craniofacial complex after MARPE was significantly greater than
that after conventional RPE. Similarly, we attempted to determine any change in the inter-
zygomaticomaxillary suture distance for maxillary expansion which may cause changes in
this distance. The statistical results indicated a significant increase in the zygomaticomaxil-
lary suture distance, with a mean of 1.49-mm increase. All the participants in this study
demonstrated an increase in this measurement at T2 compared to that at T1. Thus, the
expanding ability of MARPE reaches the zygoma. However, many of the participants were
growing adolescents, and establishing control groups with the same age range is necessary
to fully confirm this expansion effect in the zygomaticomaxillary suture. Although we can-
not fully rule out the possibility of a growing effect on the inter-zygomaticomaxillary suture
distance, the time differences between T1 and T2 were relatively short (4.4 &+ 2.1 months),
and little growth effect was expected.

Increased nasal airway dimensions after palatal expansion have been reported in pre-
vious studies [23,24]. The current study results demonstrated increased dimensions of the
nasal width not only in the lower part, which is structurally near the palate, but also in the
upper nasal width, which was significantly increased. These results indirectly support the
hypothesis that the nasal airway volume increases with MARPE treatment. We also evalu-
ated changes in nasal septum deviation after palatal expansion. Nasal septal deviation is
associated with nasal obstruction, which leads to nasal breathing difficulties [25]. Therefore,
relieving nasal septum deviation after MARPE would be another explanation for better
nasal breathing after palatal expansion as reported in the literature [23,26,27]. However,
few studies have been conducted on this issue, and the results are conflicting [28,29]. Mean-
while, no significant change in the nasal septum deviation angle measured before and after
palatal expansion was observed in this study, indicating that the nasal septum deviation
did not improve after MARPE expansion. However, this measurement represented only
the coronal plane and did not evaluate the horizontal plane. Furthermore, this study did
not evaluate long-term changes. Further investigation is required to address this issue.

5. Conclusions

The CBCT images of the 20 patients who underwent MARPE were investigated to
detect the skeletal and dental effects of MARPE.

e  Significant skeletal expansion in the palate and nasal bones and dental expansion of
the anchored maxillary first molars were observed.

e  Splitting of the midpalatal suture was greater in the anterior than the posterior region.
However, the midpalatal suture splitting pattern of the MARPE was more parallel
than that of the conventional RPE, as reported in previous studies.

e  Asignificant inter-zygomaticomaxillary suture width was identified, but this needs to
be interpreted carefully because of possible growth effects.

e Changes in the nasal septum deviation were not observed in this study; however,
further studies are needed to fully address this issue.
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