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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EVALUATION OF DENTAL CHANGES AFTER MINI-IMPLANT ASSISTED RAPID 
MAXILLARY EXPANSION IN YOUNG ADULTS: CBCT STUDY

Suray W. Madeeh*, Saad S. Gasgoos.
Department of Paedodontic, Orthodontic, and Preventive Dentistry, College of Dentistry, University of Mosul, Iraq.

Abstract.
Objectives: This study was carried out to evaluate dental 

changes in young adult patients with maxillary transverse 
deficiency by the MSE II appliance, via cone beam computed 
tomography (CBCT).

Materials and Methods: A total of 24 patients (12 females 
and 12 males) with transverse maxillary deficiency were treated 
with MSE II (Biomaterials Korea, Inc., Seoul, Korea). They 
were aged 17 to 22. The MSE II device is composed of a central 
expansion screw and four tubes that guide the mini-implants. 
Mini implants measure 1.8mm in diameter and 13mm in length. 
The extended length of the mini-implants allows bicortical 
engagement of the palatal and nasal floor, reducing expansion 
force on the anchored teeth. Activation of the appliance varied 
with the patient's chronological age. We captured pretreatment 
CBCT scans (T1), and immediately post-expansion CBCT 
scans (T2). Measurements were performed to evaluate the 
dental effect after expansion.

Results: within the limits of this study there is a significant 
increase in intermolar and interpremolar distance (IMD-
IPD) and a significant change in the buccolingual inclination 
of maxillary first molar and maxillary first premolar for both 
sides right and left., however, the study shows there is no 
significant difference between males and females in the result 
for measurements after expansion.

Conclusion: MARPE appliances, such as the MSE II, can be 
used to manage transverse maxillary deficiency in young adult 
patients while causing minimal dentoalveolar side effects.

Key words. MSE II, Transverse maxillary deficiency, dental 
inclination, cone beam computed tomography.
Introduction.

Maxillary transverse deficiencies, found in 21% of children 
and 10% of adults, is a typical orthodontic finding ]1[. For 
expanding the maxilla and resolving the transverse discrepancy 
in children, RPE is a useful orthodontic technique. The rapid 
transverse force  applied to the maxillary teeth causes the 
midpalatal suture to become disturbed and separated. This 
enhanced cellular activity results in sutural bone remodeling ]2[. 
RPE's ability to respond to palatal expansion is less successful 
in adults because of  the zygomatic buttress's resistance and 
the midpalatal sutures' maturity. The RPE can cause unwanted 
side effects including arch expansion failure, bone dehiscence, 
root resorption, marginal bone loss, and inability to produce 
complete skeletal expansion in adults ]3[.

The therapeutic technique known as surgically assisted RPE 
(SARPE) aids in overcoming the zygomatic buttress and bony 
plates' greater resistance in adults ]4[. SARPE, however, has 
been shown to have a number of disadvantages, including high 
cost, surgical morbidity, and periodontal problems] 5[.

Mini-implant assisted RPE (MARPE) appliances can now 

be used to treat adults with maxillary constriction. These 
appliances can localize lateral forces to the midpalatal suture by 
using mini implants as anchorage] 6[. These devices have been 
reported to create resulting in less alveolar/dental tipping, and 
more skeletal expansion, while also providing more stability. 
Wilmes et al. suggested using the term hybrid expander for any 
device used for maxillary expansion that is both skeletally and 
dentally anchored ]7[.

The maxillary skeletal expander (MSE) is a MARPE appliance 
design that has been reported in the literature since 2014 ]8,9,10[. 
In recent years, there have been several studies on the use and 
success of MSE in adult patients. Cantarella describes the 
zygomaticomaxillary complex moving downward and outward 
in the coronal plane, with the fulcrum located slightly above 
the frontozygomatic suture ]11[. The aim of this pilot study 
was to evaluate the dental alterations in young adult patients 
with maxillary transverse deficiency by (MSE) appliance, using 
Cone Bean Computed Tomography (CBCT).
Materials and Methods.

A total of 24 patients were chosen for this prospective, 
uncontrolled intervention study  from the Department of 
Orthodontics at Al-Ramadi Specialist Dental Center in 
Anbar City, Iraq (12 females and 12 males). All the patients 
were diagnosed with  transverse maxillary deficiency by 
an orthodontist in a specialist dental center  and all will get 
maxillary expansion by MARPE between April 2022 and 
February 2023. CBCT images were taken before treatment 
(T1) and immediately after maxillary expansion (T2). The 
same CBCT device and technician were used. In both (T1) and 
(T2), The study was approved by the University of Mosul's 
Research Ethical Committee and Scientific Committee/College 
of Dentistry under the approval number UoM. Dent/H.65/22.

The Included criteria: Patients with maxillary transverse 
deficiency depending on Andrews’s analysis of six elements 
]12[. Young adult patient ages ranged from 17 to 22 years 
(males and females), absence of craniofacial syndromes, and no 
prior orthodontic treatment, were enrolled in the present study. 

The excluded criteria: Patients with developmental deformity.  
Patient with cleft lip and palate or patient with nasal surgery. 
In case of the existence of medical comorbidities such as 
congestive heart disease, pulmonary disease, and neurological 
disorders. 

Appliance design: The expansion device that was used is 
MSE type II (BioMaterials, Korea) as shown in Figure (1). 
The MSE appliance consists of a central expansion jackscrew 
which is available in three sizes (8mm,10mm, 12mm), and 
four arms soldered to orthodontic bands on the anchor teeth 
to facilitate it placing the appliance in position. Also has four 
parallel holes welded to the jackscrew  (1.8 mm in diameter) 
These holes serve as guides  for  the placement of the mini 
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implants. these 4 mini implants were Ø1.8 mm in diameter 
and 13 mm in length. The longer mini-implant to enabling 
bicortical engagement between the palatal and nasal floor. also, 
to reduce the force transferred to the anchored teeth during an 
expansion (OAS-T1511, Biomaterials Korea Inc.) ]9[.

CBCT machine: The cone beam computed tomography 
apparatus used in this study was Vatech i3D Co., Ltd, Korea. 
The scanning was at single jaw used for all patients at 90 kV, 
10mA, with voxel size 0.5mm, and the exposure time was 10 
seconds. The software used for picture capture was (Acquisition 
Interface), which was built and developed, especially  for the 
Vatech i3D.
The treatment procedure and laboratory Fabrication:

First visit: A full explanation of the processes to the patient, 
including all the information and technical limits, as well as a 
reminder that the procedure may fail. after that, the Separator 
elastics are initially applied to the permanent maxillary first 
molars on both sides.

Second visit: The separators were removed, and bands were 
placed on the first molars. An alginate transfer impression was 
made, and regular plaster was poured. Separator elastics were 
returned to the molars. Also, improved oral hygiene.

Laboratory procedures: First, based on the width of the 
palate, the greatest size that could be accommodated in the 
palatal vault while still allowing for close adaptation to the 
surface of the tissue has been used to choose the suitable size 
of MSE II (8, 10, or 12 mm). The appliance was positioned 
between the maxillary first molars, which permitted lateral force 
against the pterygomaxillary buttress bone, which acts as the 
main cause of resistance during skeletal maxillary expansion 
[13]. The lateral arms were shaped to follow the palatal shelves 
contour and soldered to molar bands. The central jackscrew 
expander was tight on the palate, and the arm that supported 
it was approximately 2 mm distant from the palate's side wall 

[9]. After that, finishing and polishing as shown in figure (2).
Third visit: Separators are removed, topical anesthetics 

are placed on the palate, the appliance is cemented by GIC 

(Takayama, Japan), and the vertical position in relation to the 
palate is checked. Local infiltrative anesthesia is given through 
mini implant holes, then self-drilling mini implant placement 
using a manual ratchet key for precise assessment of torque 
levels (Biomaterials Korea®, Seoul, South Korea), Before 
beginning the activation protocol, a CBCT was performed 
(T1), instructions about hygiene and activation, prescription of 
analgesic drug of choice for two days (optional), and no need 
for an antibiotic if the patient has good general health.

CBCT image: Prior begun with activation each patient 
was asked to take CBCT (T1) Image acquisition. The patient 
stood inside the CBCT unit and bit on the bite block presented 
with the machine, which was also covered by new, clear 
protective  sheaths. The head position is adjusted from the 
positioning panel such that the region of interest is centered in 
the beam (the patient midline will coincide with the machine 
midline). The head of the patient was stabilized with head 
and chin rest in position so that the Frankfort horizontal plane 
(which is the plane coinciding with the highest point of the 
external auditory canal to the lowest point of the lower margin 
of the orbit) is parallel to the floor. After that adjustment, 
the required field of view by the technician from acquisition 
interfere software (upper jaw 5*5 cm, parameters were selected 
of 90 Kv,10mA and exposure time 10 sec.)

The patient has been told that the machine would rotate during 
the scan, and this is a normal thing.

Activation protocol: The activation protocol varied depending 
on the patient's chronological age, as recommended by Moon et 
al. as shown in Table (1).

CBCT analysis: The CBCT images were analyzed by using 
Ez3D-i-3D software program. To decrease measurement errors 
resulting from nonstandard head positions, all images were 
oriented using a standardized procedure. the horizontal axis 
parallels the palatal plane (ANS-PNS), as seen in Figure (3A), 
and the vertical axis was aligned parallel to the nasal septum, as 
shown in Figure (3B). The angle of slicing would be changed as 
a result ]14[ (Table 2).
CBCT measurement:

Intermolar distance (distance between mesiolingual cusps 
of maxillary first molars): In the coronal slice, the mesiolingual 
cusp and palatal root apex of the maxillary first molar could be 
seen for the first time when the transverse section moved from 
the mesial to the distal side as shown in Figure (3C and D). 

Figure 1. The MSE II appliance consists of (1) Ratchet Wrench Driver, 
(2) an MSE expander, (3) Mini Hand Driver, (4) Short Engine Blade 
(Shaft), (5) Micro Implant (M.I.), (6) Activation Key, (7) Safety Leashes.

Figure 2. Fabrication of MARPE (MSE II) In laboratory.
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Figure 3. Radiological study of the tested groups 
(A)CBCT image shows the horizontal axis parallel to the palatal plane (ANS-PNS) 
(B)CBCT image shows the vertical axis parallel to the nasal septum.
(C) (IMD) Intermolar distance before expansion, 
(D) (IMD) Intermolar distance after expansion.
(E) Buccolingul  inclination (torque) of right and left maxillary first molars before expansion, 
(F) Buccolingual inclination (torque) of right and left maxillary first molars after expansion.
(G) Interpremolar distance before expansion (IPD), 
(H) Interpremolar distance after expansion (IPD).
(I) Buccolingual Inclination (torque) of right and left maxillary first premolar before expansion, 
(J) Buccolingual inclination (torque) of right and left maxillary first premolar after expansion.
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The distance before and after the treatment was compared. The 
difference in values was termed “the intermolar distance" at the 
upper first molar] 15[.

Buccolingual inclination (torque) of maxillary first molars: 
The torque of the first maxillary molar was defined as the angle 
between the line from the tip of the mesiolingual cusp to the top 
of the palatal root and the line of the horizontal plane as shown 
in Figure (3 E and F).

On the coronal slice, the torque was measured at the time 
when the cusp and apex were observed for the first time as 
the transverse section progressed from the mesial to the distal 
position ]16[.

Interpremolar distance (distance between palatal cusps 
of maxillary first premolars): In the coronal slice, the palatal 
cusp and palatal root apex of the maxillary first premolar could 
be seen for the first time when the transverse section moved 
from the mesial to the distal side as shown in Figure (3G and H) 
]15[. The distance before and after the expansion was compared.

Buccolingual inclination (torque) of maxillary first 
premolars: The torque of the first maxillary premolar was 
defined as the angle between the line from the tip of the palatal 
cusp to the top of the palatal root and the line of the horizontal 
plane as shown in Figure (3I and J). On the coronal slice, the 

torque was measured at the time when the cusp and apex were 
observed for the first time as the transverse section progressed 
from the mesial to the distal position] 15[.

Reliability of Measurement: Intra-examiner reliability was 
tested by comparing all measurements for 5 patients recorded 
from the first examination with the second examination repeated 
after 2 weeks by the researcher himself. After that, the method 
error was tested statistically by using the intraclass correlation 
coefficient as shown in Table (3), which was 0.95 for all 
variables measured in this study.

Statistical analysis: All measurements were tabulated in 
groups, and the statistical analysis was  performed using the 
SPSS software program (version 20, SPSS Inc., Chicago, IL, 
USA)

1. ShapiroWilk test proved that the data was normally 
distributed.

2. Descriptive statistical analysis for all measurements (Before 
& After).

3. paired sample t-test was used to compare all the 
measurements Before and After.
Results.

Among 24 patients treated by MARPE in the present study,3 
of them were excluded from the study as 2 patients exhibited 
failure of the opening of the midpalatal suture, and one of them 
suffer from severe inflammation around the mini-implant due to 
poor oral hygiene.

The Test of Normality Distribution for the Data: The 
normality test for all measurements (IMD, TMMR, TMML, 
IPD, TMPR, TMPL) before and after treatment is performed 
and shown in Table (4).

The Descriptive statistic for the data: The descriptive 
statistic for all measurements (IMD, TMMR, TMML, IPD, 
TMPR, TMPL) before and after treatment is performed and 
shown in Tables (5).

The Comparison Between the Before and the After for 
all data: The comparison between the before and after for all 
measurements by using paired samples t-test is shown in Table 
(6,7,8) and Figures (4).
Discussion.

Intermolar distance (distance between mesiolingual cusps 
of maxillary first molars): In this study the most significant 
changes after expansion occurred at the IM level, reflecting 
the combined skeletal and dental expansion, this finding agree 
with two studies with dental transverse maxillary expansion and 
found IM increase ]17,18[. Compared to other studies using 
the MARPE device, this increase in IM width is relatively less. 
The most probable reason might be related to the MSE's design, 
particularly its bicortical engagement with long implants that 
provide greater skeletal anchoring [15[. Also, when Compared 
to SARPE, the IM increase produced by SARPE was statistically 
greater but  did not differ clinically from  MARPE ]19[. 
According to Carlson et al., the play between the miniscrew and 
the insertion slot of the miniscrew may also be the cause of the 
crown tipping ]9[.

Buccolingual inclination (torque) of maxillary first molars: 
The buccal inclination of the right and left maxillary first 

Early teens 6X/ week (0.80 mm / week
Late teens 2X/ day (0.27 mm/day)
Early to mid-20’s 4~6 X / day (0.53 ~ 0.80 mm/ day)
Older Min. 4~6X / day
After Diastema 2X / day (0.27 mm/day)
* 6 Turns = 0.8mm (1 revolution)

Table 1. Activation protocol according to chronological age.

Landmark Description
IMD Intermolar Distance
TMMR Torque of Maxillary first Molar Right
TMML Torque of Maxillary first Molar Left
IPD Interpremolar Distance
TPMR Torque of Maxillary first Premolar Right
TPML Torque of Maxillary first Premolar Left

Table 2. Landmarks evaluation.

Before (T1) After (T2)
Interclass correlation Interclass correlation

IMD 0.997 0.998
TMMR 0.995 0.997
TMML 0.976 0.995
IPD 0.99 0.986
TPMR 0.998 0.999
TPML 0.999 0.998
results expressed as meab±SD (95%CI)
IMD=Intramolar distance, TMMR=Torque of Maxillary first Molar 
right, 
TMML= Torque of Maxillary first Molar left, IPD= Interpremolar 
Distance, 
TPMR= Torque of Maxillary first premolar right, 
TPML= Torque of Maxillary first premolar left

Table 3. Intra-examiner reliability by using Intraclass correlation 
coefficient test.
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Test Paired Test Sample Statistic df Sig.

IMD
Before Male 0.158 11 0.200

Female 0.147 10 0.200

After Male 0.126 11 0.200
Female 0.204 10 0.200

TMMR
Before Male 0.132 11 0.200

Female 0.165 10 0.200

After Male 0.133 11 0.200
Female 0.129 10 0.200

TMML
Before Male 0.187 11 0.200

Female 0.188 10 0.200

After Male 0.184 11 0.200
Female 0.177 10 0.200

IPD
Before Male 0.086 11 0.200

Female 0.183 10 0.200

After Male 0.173 11 0.200
Female 0.207 10 0.113

TMPR
Before Male 0.218 11 0.149

Female 0.301 10 0.111

After Male 0.207 11 0.200
Female 0.230 10 0.144

TMPL
Before Male 0.228 11 0.114

Female 0.219 10 0.190

After Male 0.212 11 0.230
Female 0.207 10 0.200

IMD: Intermolar Distance, TMMR: Torque of Maxillary first Molar Right, 
TMML: Torque of Maxillary first Molar Left, IPD: Interpremolar Distance, 
TPMR: Torque of Maxillary first Premolar Right, 
TPML: Torque of Maxillary first Premolar Left
All values are non-Significant, the value at p > 0.05,
 i.e., these experiments are normally distribution.

Table 4. The Tests of Normality.

Figure 4. Comparison between studied group before and after tested parameters, comparison between IMD before and after treatment; comparison 
between TMMR before and after treatment; comparison between TMML before and after treatment; comparison between IPD before and after 
treatment; comparison between TMPR before and after treatment; comparison between TMPL before and after treatment.



71

Test Paired Test N Minimum Maximum Mean Std. Deviation

IMD
Before 21 34.00 45.20 40.3476 3.03474
After 21 39.20 50.10 44.6810 3.02698

TMM R
Before 21 96.50 104.30 99.9286 1.95350
After 21 97.30 105.50 102.0381 2.00885

TMM L
Before 21 97.20 104.20 100.2762 1.79886
After 21 98.90 105.90 102.1286 1.93343

IPD
Before 21 26.70 40.90 35.1000 3.09322
After 21 26.90 43.40 38.1143 3.20114

TMP R
Before 21 91.00 100.30 95.2667 2.67625
After 21 90.40 100.00 94.6286 2.67921

TMP L
Before 21 92.20 103.60 96.1095 2.90498
After 21 91.80 102.80 95.4381 2.86033

IMD: Intermolar Distance, TMMR: Torque of Maxillary first Molar Right, 
TMML: Torque of Maxillary first Molar Left, IPD: Interpremolar Distance, 
TPMR: Torque of Maxillary first Premolar Right, 
TPML: Torque of Maxillary first Premolar Left.

Table 5. The Descriptive statistic for all the data (IMD, TMMR, TMML, IPD, TMPR, TMPL) before and after.

Mean N Std. Deviation Std. Error Mean

IMD Before 40.3476 21 3.03474 0.66223
After 44.6810 21 3.02698 0.66054

TMMR Before 99.9286 21 1.95350 0.42629
After 102.0381 21 2.00885 0.43837

TMML Before 100.2762 21 1.79886 0.39254
After 102.1286 21 1.93343 0.42191

IPD Before 35.1000 21 3.09322 0.67500
After 38.1143 21 3.20114 0.69855

TMPR Before 95.2667 21 2.67625 0.58401
After 94.6286 21 2.67921 0.58465

TMPL Before 96.1095 21 2.90498 0.63392
After 95.4381 21 2.86033 0.62417

IMD: Intermolar Distance, TMMR: Torque of Maxillary first Molar Right, 
TMML: Torque of Maxillary first Molar Left, IPD: Interpremolar Distance, 
TPMR: Torque of Maxillary first Premolar Right, 
TPML: Torque of Maxillary first Premolar Left
Paired Samples Statistics

Table 6. The Comparison between Before & After of the measured parameters for the studied groups.

Paired Samples Correlations 
N Correlation Sig.

IMD Before & After 21 0.947 0.000**
TMMR Before & After 21 0.816 0.019**
TMML Before & After 21 0.911 0.001**
IPD Before & After 21 0.879 0.000**
TMPR Before & After 21 0.995 0.000**
TMPL Before & After 21 0.995 0.000**
** Highly Significant at P ≤ 0.01.

Table 7. The Correlations between Before & After of the measured parameters for the studied groups.

molar was statistically significant in this study and ranged 
from 1.2° to 4.6° on the right side and 1° to 3.9° on the left 
side, which agrees with previous studies ]15,18,20[. This 
change in buccal inclination cannot be due to dental tipping 
only. Cantarella et al. described the MSE expansion because 
of  a skeletal rotation of the hemifacial structure with the 
fulcrum at the frontozygomatic suture ]21[. This kind of 
skeletal rotation would affect the buccal inclination of the 

molars because the landmarks further away from the fulcrum 
would change more. Paredes et al. were the first to describe 
this concept ]22[. Also, because the molars were the anchor 
teeth, the first molar might have tipped buccally as the micro-
implants tipped or shifted laterally inside the palatal bone 
during expansion. The molars exhibited greater tipping than 
the PM, which can be related to the stabilizing wire being 
unable to transfer expansion forces to the molars. Also, may 
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be the result of the buccal cortical bone's higher density in 
the maxillary first premolar areas ]23[.

 Interpremolar distance (distance between palatal cusps of 
maxillary first premolars): In this study, there was a significant 
increase in interpremolar distance, and the mean increase 
was 3.25 mm (1.82 mm–4.92 mm) which reflects the skeletal 
expansion. Several studies agree with the increase in IPD 
]15,17,20,24]. However, the amount of increase in IPD is less 
than IMD and this is related to the design of MSE in which 
the maxillary first premolar does not attach to the anchor 
wire. another cause may be related to the cortical bone around 
the premolar supplying more resistance during expansion, 
preventing buccal inclination ]25[. Palatal tipping of the 
maxillary first premolar during expansion will decrease the 
IPD which agrees with another study ]26[. When compared 
to SARPE, which revealed no difference in the dentoalveolar 
effects between premolars and molars ]27[.

Buccolingual inclination (torque) of maxillary first premolars: 
The palatal inclination of the right and left maxillary first 
premolar was statistically significant in this study and ranged 
from 0.1° to 0.9 ° on the right side and 0.1° to 1.1° on the left 
side, which agrees with previous studies ]26,28[. One probable 
reason for the palatal movement of the maxillary first premolars 
is the resistance force of the perioral muscles during expansion.  
The skeletal rotation by the MSE may have initially altered their 
inclination in the buccal direction, but the external force by the 
perioral muscles tilted them in the palatal direction, reversing 
and reducing the buccal inclinations of the first premolars. 
This effect appears to be greater in the anterior region and less 
severe in the posterior region ]29[. Other studies disagree and 
report either no changes ]16,30[ or buccally inclined maxillary 
first premolar ]18[ .A buccal inclination of the maxillary first 
premolars was observed when Ngan et al. positioned the MSE 
device in various palatal locations and used bands on the first 
premolars to stabilize it.
Conclusion.

The following is the conclusion from the present study:
1. Increase in the IMD due to the buccal inclination of the 

maxillary first molar during treatment and skeletal expansion.
2. TMMR and TMML changed in buccal inclination because it 

was stabilized by the MSE, preventing uprighting. 

3. Significant increase in the IPD during MSE II therapy
4. TPMR and TPML changed in the palatal direction, 

demonstrating that the teeth were uprighting, most likely due to 
perioral musculature and mastication forces.
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Paired Differences

t P
valueMean

95% Confidence Interval of the 
Difference
Lower Upper

IMD Before & After -4.333 -4.784 -3.882 20.036 0.000**
TMMR Before & After -2.109 -2.656 -1.562 8.042 0.000**
TMML Before & After -1.852 -2.216 -1.488 10.606 0.000**
IPD Before & After -3.014 -3.721 -2.307 8.890 0.000**
TMPR Before & After 0.638 0.519 0.756 11.257 0.000**
TMPL Before & After 0.671 0.538 0.804 10.545 0.000**
** Highly Significant at P ≤ 0.01, Paired Samples Test
IMD: Intermolar Distance, TMMR: Torque of Maxillary first Molar Right, 
TMML: Torque of Maxillary first Molar Left, IPD: Interpremolar Distance, 
TPMR: Torque of Maxillary first Premolar Right, 
TPML: Torque of Maxillary first Premolar Left

Table 8. The Comparison between Before & After for the upper and lower limits of the measured parameters for the studied groups.
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