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ABSTRACT 

 

Simulation of miniscrew-root distance available for 

molar distalization depending on the miniscrew insertion 

angle and vertical facial type 

 

Ju-Hyun Yoon 

 

Department of Dentistry 

The Graduate School Yonsei University 

(Directed by Professor Kee-Joon Lee, D.D.S., M.S.D, Ph.D.) 

 

Buccal interradicular miniscrew has been used for molar distalization without loss of 

incisor anchorage in nonextraction treatments. In previous studies, it was recommended to 

increase the miniscrew-root distance by placing the miniscrew obliquely, but specific study 

was not conducted. The purpose of this study was to evaluate the effects of miniscrew 

insertion angle and vertical facial type on the interradicular miniscrew–root distance 

available for molar distalization.  
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Cone-beam computed tomography images of 60 adults with skeletal Class I occlusion 

exhibiting hyperdivergent (n=20), normodivergent (n=20), and hypodivergent (n=20) facial 

types were used. Placement of a 6-mm long, 1.5-mm diameter, tapered miniscrew was 

simulated at a site 4 mm apical to the cementoenamel junction, with insertion angles of 0°, 

30°, 45°, and 60° relative to the transverse occlusal plane. The shortest linear distance 

between the miniscrew and anterior root at four interradicular sites was measured: 

maxillary second premolar and first molar (Mx 5-6), maxillary first and second molars (Mx 

6-7), mandibular second premolar and first molar (Mn 5-6), and mandibular first and 

second molars (Mn 6-7).  

Miniscrew–root distance significantly increased as the insertion angle increased from 

0° to 60°. In the mandible, the distances significantly differed among vertical facial types, 

increasing in the following order: hyperdivergent, normodivergent, and hypodivergent. The 

minimum mean distance was found in the Mx 6-7 (30°; 0.86±0.35 mm), and the maximum 

mean distance was found in the Mn 5-6 (60°; 2.64±0.56 mm). The rates of miniscrews 

located buccally outside the root distalization path were up to 70% and 55% when the 

miniscrews were placed at 60° insertion angles in the Mx 5-6 and Mn 5-6 regions, 

respectively.  

 Miniscrew–root distance increased significantly with the increased insertion angle, 

and the amount of increase was affected by the miniscrew placement site and vertical facial 

type. To ensure adequate distalization of the posterior segment, the miniscrew should be 

inserted at an angle in the interradicular area between the second premolar and first molar. 
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Key words: Cone-Beam Computed Tomography, molar distalization, miniscrew, insertion 

angle, vertical facial type
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(Directed by Professor Kee-Joon Lee, D.D.S., M.S., Ph.D.) 

 

 

I. Introduction 

 

Miniscrews provide effective anchorage for molar distalization and are indicated 

for non-extraction treatments. It has been shown that maxillary incisors and molars can be 

simultaneously moved distally without loss of incisor anchorage, unlike with the 

conventional pendulum and distal jet (Park, Lee and Kwon, 2005; Yamada et al., 2009). 
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With respect to insertion sites, either the buccal interradicular area or palatal side has been 

proposed. In contrast to bone-borne palatal appliances, which often cause patient 

discomfort because of their complex structures, the buccal interradicular miniscrew is 

simple and reduces patient discomfort because the elastic chains are engaged directly on 

the archwire. However, extensive molar distalizations are difficult with buccal 

interradicular miniscrews because they can come in contact with the anterior roots with the 

distal movement of the teeth (Yamada et al., 2009). It has been reported that contact 

between the miniscrew and the root can cause miniscrew failure (Chen et al., 2008; Kuroda 

et al., 2007).  

Several studies have recommended oblique, rather than perpendicular, insertions 

of the buccal interradicular miniscrews (Chaimanee, Suzuki and Suzuki, 2011; Lee et al., 

2009; Poggio et al., 2006). Park (Park, 2001) and Park et al (Park et al., 2001) recommended 

oblique insertions of miniscrews at angles of 30–40° in the maxilla and 10–20° in the 

mandible to prevent root damage. When the miniscrew is placed obliquely, the tip of the 

miniscrew is directed toward the apical portion of the roots, where the interdental space is 

wider (Park, Hwangbo and Kwon, 2010), reducing the depth of penetration of the 

miniscrew into the buccal bone. As a result, the distance between the miniscrew and the 

root is increased, and molar distalization is rendered more favorable by the angulation of 

the miniscrew. However, these speculations have not been verified by research.    

When estimating the miniscrew–root distance, buccal bone thickness with 

interradicular distance should be considered. Alveolar ridge thickness, which is known to 
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be related to facial divergence, affects the distance between the miniscrew and the root in 

the buccolingual axis (Horner et al., 2012). Previous studies on facial divergence associated 

with miniscrew use have compared the success rates of miniscrews among vertical facial 

types (Moon et al., 2010); however, no study has compared the miniscrew–root distance 

among vertical facial types. 

Various in-vitro studies have investigated the effect of miniscrew angulation on 

primary stability (Raji, Noorollahian and Niknam, 2014; Wilmes, Su and Drescher, 2008; 

Woodall et al., 2011; Zhao et al., 2011). However, the effect of the miniscrew placement 

angle on the miniscrew–root distance has not yet been studied. In-vivo measurements of 

the miniscrew–root distances after the insertion of miniscrews at various angles at the same 

insertion point are difficult. In such cases, three-dimensional imaging simulation programs 

can analyze the effect of the miniscrew placement angles on root proximity, under control 

of other factors. 

The purpose of this study was to investigate the effects of the miniscrew insertion 

angle and vertical facial type on miniscrew–root distances available for molar distalization 

in the maxilla and mandible via simulated placement of interradicular miniscrews using 

patients’ cone-beam computed tomography (CBCT) images. 
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Ⅱ. Materials and methods 

 

1. Study group 

 

The sample used in this simulation study was selected by screening the CBCT 

images of 60 patients who visited Yonsei University Dental Hospital from January 2016 to 

February 2017. The inclusion criteria were a skeletal and dental Class I (premolar and molar) 

relationship, with minimal (< 2 mm) posterior crowding in both arches. The exclusion 

criteria were as follows: 1) severe skeletal or dental asymmetry, 2) posterior arch 

discrepancy, 3) severe root dilacerations or excessively short roots, 4) periodontal disease 

with vertical alveolar bone loss, 5) missing teeth (except for the third molars), 6) presence 

of prostheses, 7) severe sinus pneumatization, and 8) history of orthodontic treatment. 

Ethical approval was obtained from the institutional review board of Yonsei University 

Dental Hospital (approval number: 2-2018-0014). CBCT scans (Alphard 3030; Asahi 

Roentgen Inc., Kyoto, Japan) were performed to assess the presence and conditions of 

impacted third molars, supernumerary teeth, and/or other pathologies (e.g., cysts). The 

images were acquired in a single 360° rotation with a scan time of 17 seconds, 80 kVp, 10 

mA, 0.39 mm voxel size, and a field of view of 20.0  20.0 cm. 

Two-dimensional cephalometric images derived from the CBCT scans were used 

to classify CBCT images into one of three vertical facial groups. Patients were classified 
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into hyperdivergent, normodivergent, or hypodivergent groups using one angular (S-N/Go-

Me) and one linear (S-Go/N-Me) measurement. An S-N/Go-Me angle < 27° indicated 

hypodivergence, between 27° and 37° indicated normodivergence, and > 37° indicated 

hyperdivergence(Riedel, 1952). An S-Go/N-Me ratio < 61% indicated hyperdivergence, 

between 61% and 69% indicated normodivergence, and > 69% indicated 

hypodivergence(Horn, 1992). If angular and linear measurements indicated different group 

assignments for a particular patient, those images were excluded from subsequent analyses. 

A total of 60 CBCT images were obtained by applying all inclusion and exclusion criteria 

such that each facial group consisted of 20 patients. Since our study is an explorative pilot 

study, 20 subjects for each group were determined in consideration of sample numbers 

suggested as suitable for the pilot study (Isaac and MICHAEL, 1971; Julious, 2005; Van 

Belle, 2008). The total sample included 23 men and 37 women, and the average age was 

26.2  7.7 years (age range, 20–47 years). Patient characteristics are listed in Table 1. 
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Table 1. Patient characteristics 

Variable Hyperdivergent a Normodivergent b Hypodivergent c p value 

Age (y) 25.3±6.1 25.2±7.2 28.2±8.9 .213† 

Sex(M/F) 4/16 7/13 12/8 .032‡ 

Mandibular 

plane angle 

(S-N/Go-Me)(˚) 

42.5±3.7 33.6±2.3 23.9±3.7 <.001† 

a>b>c 

Facial height 

index 

(S-Go/N-Me)(%) 

58.7±1.9 66.8±1.8 75.3±3.5 <.001† 

c>b>a 

S, sella; N, nasion; Go, gonion; Me, menton 

†one-way ANOVA 

‡Chi-square test 
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2. Interradicular miniscrew insertions and miniscrew–root 

distance measurements 

 

 All CBCT images were first saved as Digital Imaging and Communication in 

Medicine files (slice thickness: 1.0 mm) and then reconstructed into three-dimensional 

images using the InVivo Dental software (version 5.4; Anatomage, San Jose, CA, USA).  

The reconstructed three-dimensional images were reoriented for performing 

measurements across three planes without inducing any measurement errors caused by non-

standardized head postures. The anatomic occlusal plane was aligned parallel to the 

horizontal axis of the software in the sagittal view. The transverse occlusal line connecting 

the mesiobuccal cusps of the maxillary first molars were aligned parallel to the horizontal 

axis of the software in the coronal view, and the line connecting the mesiobuccal cusps of 

the maxillary first molars were aligned parallel to the horizontal axis of the software in the 

axial view (Figure 1). 
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Figure 1. Image re-orientation using the InVivo Dental software. (A) In the sagittal view, the images are oriented 

using the occlusal plane as a reference. (B)(C) In the frontal and axial views, the images are oriented referring 

to a line passing through the mesiobuccal cusps of maxillary first molars.  

 

A simulated insertion of a miniscrew of a desired type, diameter, and length can be 

performed on reconstructed CBCT images using the InVivo Dental software. In this study, 

a tapered miniscrew of 1.5 mm diameter and 6 mm length was selected, as recommended 

in a previous study (Figure 2)(Deguchi et al., 2006). Miniscrews were inserted in the 

maxillary and mandibular buccal alveolar bone at four interradicular sites: between the 

maxillary second premolar and first molar (Mx 5-6), between the maxillary first and second 

molars (Mx 6-7), between the mandibular second premolar and first molar (Mn 5-6), and 

between the mandibular first and second molars (Mn 6-7). The insertion point was located 

4 mm apical to the cementoenamel junction (CEJ) of the adjacent teeth.  
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Figure 2. Schematic diagram of a miniscrew. Tapered miniscrew with 1.5 mm diameter and 6 mm length is 

reconstructed by the InVivo dental software. 

 

For the placement of the miniscrew, the long axis of the miniscrew was positioned 

parallel to the horizontal axis of the software in the coronal view. The head of the miniscrew 

was in contact with the cortical bone, and all threaded portions were placed in bone. The 

miniscrew was verified in the axial and sagittal views to be placed at the mesiodistal 

midpoint between the roots (Figure 3). The miniscrew was then vertically angulated at 0°, 

30°, 45°, and 60° relative to the horizontal axis of the software, which is parallel to the 

transverse occlusal plne, while maintaining the position of the midpoint between the roots 

(Figure 4). 
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Figure 3. Miniscrew placement. (A) The long axis of the miniscrew should be parallel to the horizontal axis of 

the software. (B) The miniscrew is then placed at the mesiodistal midpoint between the roots in the axial view. 

(C) The miniscrew is seen as a circular dot in the sagittal view. 

 

 

Figure 4. Miniscrew insertion angles. The miniscrews are placed at four different vertical angles relative to the 

horizontal axis of the software, which is parallel to the transverse occlusal plane. (A) 0˚; (B) 30˚; (C) 45˚; (D) 

90˚. 

 



 

１１ 

 

Two points (apex and neck) on the long axis of the miniscrew were determined on 

the coronal view for measuring the miniscrew–root distance. The distance was measured 

on serial CBCT axial images obtained by slicing the CBCT images in the axial plane at 0.1 

mm slice thicknesses between the apex and the neck. The line connecting the buccal cusps 

of the first and second molars was used as a reference. In each axial plane, the shortest 

linear distance from the mesial surface of the miniscrew to the distal surface of the root of 

the anterior tooth was measured on a line parallel to the reference line, and the smallest 

measured value between the apex and the neck was recorded as the miniscrew–root 

distance (Figure 5). 

 

 

Figure 5. Measurement of miniscrew–root distance. (A) Apex and neck of the miniscrew in the coronal view. 

(B) Axial slice at occlusal level: yellow line, reference line connecting the buccal cusps of first and second 

molars. (C) Axial slice at root level: green circular dot, axial cross section of the angulated miniscrew. (D) 

Magnified view of (C): dotted yellow line, line parallel to the reference line; a, shortest miniscrew–root distance. 
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Ⅲ. Statistical analyses 

 

All statistical analyses were performed using SPSS for Windows (version 20.0; 

SPSS Inc, Chicago, IL, USA). As paired t-tests revealed no statistically significant 

differences between measurements acquired from the left and right sides, the average of 

the bilateral measurements was used. All measurements were performed by the same 

examiner. Measurements for five samples of each facial type were repeated after 2 weeks 

to test the intra-examiner reliability. Intraclass correlations revealed statistically significant 

reliability (ICC [Intraclass Correlation Coefficient] = 0.99). 

In two cases, the miniscrew–root distances were categorized as non-measurable: a 

contact group, in which the miniscrews were directly in contact with the roots on miniscrew 

insertion, and a noncontact group, in which the miniscrews did not interfere with root 

movements because they were placed buccally outside the path of root distalization. 

Therefore, in descriptive statistics, means and standard deviations were calculated using 

only measurable values of miniscrew–root distances, and rates of non-measurable cases 

(contact group, noncontact group) were determined for each insertion site.  

For statistical analyses, all values of the miniscrew–root distance, including those 

of the non-measurable cases, were converted to categorical variables and were assigned 

values between 0 and 6 (Table 2). Generalized estimating equations (GEE) were formulated 

using ordinal logistic modeling and were used to determine differences among categorical 
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values. Sex, mandibular plane angle, and facial height index, which differed significantly 

among groups (Table 1), were used as covariates.  

 

Table 2. Categorization of miniscrew–root distance: measurable values and non-measurable values (contact 

group, noncontact group) 

Miniscrew–root distance (mm) categorization Count 

Contact group 0 26 

0 < distance ≤0.5 1 9 

0.5 < distance ≤1 2 163 

1 < distance ≤1.5 3 395 

1.5 < distance ≤2 4 195 

2 < distance 5 104 

Noncontact group 6 68 

p  <.001‡ 

Contact group: The miniscrew directly contacts the root upon miniscrew insertion.  

Noncontact group: The miniscrew does not interfere with root movement because it is located buccally outside 

the root distalization path. 

‡Chi-square test 
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Ⅳ. Results 

 

Means and standard deviations for measurable miniscrew–root distances at each 

insertion site are shown in Table 3. The average miniscrew–root distance at Mx 5-6, Mx 6-

7, Mn 5-6, and Mn 6-7 ranged from 1.08 to 2.16 mm, 0.86 to 1.17 mm, 1.04 to 2.64 mm, 

and 1.03 to 2.05 mm, respectively. At Mx 5-6, Mn 5-6, and Mn 6-7 miniscrew placement 

sites, the minimum mean of the measurable miniscrew-root distance (Mx 5-6: 1.08±0.25 

mm; Mn 5-6: 1.04±0.14 mm; Mn 6-7: 1.03±0.25 mm) was measured at a 0° insertion angle 

in hyperdivergent facial types, and the maximum mean of the measurable miniscrew-root 

distance (Mx 5-6: 2.16±0.33 mm; Mn 5-6: 2.64±0.56 mm; Mn 6-7: 2.05±0.61 mm) was 

measured at a 60° insertion angle in hypodivergent facial types. In exception, in the Mx 6-

7 region, the minimum mean of the measurable miniscrew-root distance (Mx 6-7: 

0.86±0.35 mm) was measured at a 30° insertion angle in hyperdivergent facial types, and 

the maximum mean of the measurable miniscrew-root distance (Mx 6-7: 1.17±0.48 mm) 

was measured at a 60° insertion angle in hypodivergent facial types (Table 3). 
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Table 3. The means and standard deviations of measurable miniscrew–root distance values (unit: mm) 

Jaw Site Angle Total Hyper Normo Hypo 

Mx 

5-6 

0˚ 1.14±0.23 1.08±0.25 1.15±0.20 1.19±0.22 

30˚ 1.50±0.40 1.37±0.34 1.46±0.44 1.67±0.38 

45˚ 1.73±0.37 1.62±0.34 1.69±0.36 1.90±0.37 

60˚ 1.91±0.43 1.84±0.57 1.84±0.28 2.16±0.33 

6-7 

0˚ 0.98±0.23 0.96±0.26 0.97±0.20 1.01±0.25 

30˚ 0.91±0.29 0.86±0.35 0.93±0.23 0.94±0.29 

45˚ 0.99±0.33 0.95±0.32 0.91±0.23 1.09±0.40 

60˚ 1.12±0.39 1.17±0.41 1.03±0.27 1.17±0.48 

Mn 

5-6 

0˚ 1.18±0.19 1.04±0.14 1.20±0.15 1.31±0.17 

30˚ 1.46±0.25 1.24±0.17 1.49±0.18 1.65±0.21 

45˚ 1.76±0.40 1.41±0.24 1.80±0.22 2.09±0.38 

60˚ 2.18±0.50 1.91±0.38 2.25±0.41 2.64±0.56 

6-7 

0˚ 1.18±0.26 1.03±0.25 1.21±0.20 1.32±0.27 

30˚ 1.35±0.38 1.11±0.33 1.37±0.27 1.57±0.4 

45˚ 1.50±0.49 1.21±0.39 1.47±0.31 1.84±0.54 

60˚ 1.66±0.55 1.27±0.35 1.69±0.41 2.05±0.61 

Mx, maxilla; Mn, mandible; 5-6, interradicular site between second premolar and first molar; 6-7, interradicular 

site between first and second molars; Hyper, hyperdivergent; Normo, normodivergent; Hypo, hypodivergent. 
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The rate of miniscrew–root distances > 2 mm were calculated in case of 

miniscrews placed at angles of 60°. The rates of Mx 5-6 and Mn 5-6 were 71.7% and 78.3%, 

respectively; the corresponding values of Mx 6-7 and Mn 6-7 were 15% and 25%, 

respectively (Table 4). 

 

Table 4. Rates of miniscrew–root distance > 2 mm (unit: %) 

 0° 30° 45° 60° 

Mx 5-6 0 10 30 71.7 

Mx 6-7 0 0 1.7 15 

Mn 5-6 0 0 31.7 78.3 

Mn 6-7 1.7 8.3 13.3 25 

Mx, maxilla; Mn, mandible; 5-6, interradicular site between second premolar and first molar; 6-7, interradicular 

site between first and second molars. 

 

Root contact occurred only in the Mx 6-7 region. The rate of root contact varied 

according to the miniscrew insertion angle and ranged from 0 to 25% (Table 5). 
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Table 5. The rates of non-measurable cases (contact group, noncontact group) at each miniscrew placement site 

and angle (unit: %) 

    Contact group (%) Noncontact group (%) 

jaw Site angle hyper normo hypo hyper normo hypo 

Mx 

5-6 

0˚ 0 0 0 0 0 0 

30˚ 0 0 0 0 0 0 

45˚ 0 0 0 5 5 15 

60˚ 0 0 0 50 45 70 

6-7 

0˚ 15 0 0 0 0 0 

30˚ 15 25 0 0 0 0 

45˚ 10 20 5 0 0 0 

60˚ 15 10 15 10 10 15 

Mn 

5-6 

0˚ 0 0 0 0 0 0 

30˚ 0 0 0 0 0 0 

45˚ 0 0 0 0 5 0 

60˚ 0 0 0 0 20 55 

6-7 

0˚ 0 0 0 0 0 5 

30˚ 0 0 0 0 0 5 

45˚ 0 0 0 0 0 5 

60˚ 0 0 0 5 5 15 
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Mx, maxilla; Mn, mandible; 5-6, interradicular site between second premolar and first molar; 6-7, interradicular 

site between first and second molars; hyper, hyperdivergent; normo, normodivergent; hypo, hypodivergent. 

Contact group: The miniscrew directly contacts the root upon miniscrew insertion.  

Noncontact group: The miniscrew does not interfere with root movement because it is located buccally outside 

the root distalization path. 

 

Cases that could be assigned to the noncontact group were found at all miniscrew 

placement sites, and the rates ranged from 0 to 70%. The highest rate was observed between 

the second premolar and first molar, 60° insertion angle, and in the hypodivergent facial 

type, with 70% in the maxilla and 55% in the mandible (Table 5).  

GEE analysis showed that the miniscrew–root distance significantly differed with 

facial type (p=0.021), jaw (p<0.001), interradicular site (p<0.001), and insertion angle 

(p<0.001). Among vertical facial types, the miniscrew–root distance increased from the 

hyperdivergent to the normodivergent, and finally to the hypodivergent facial type. As for 

placement site, the miniscrew–root distance was greater in the mandible than that in the 

maxilla, and the distance was greater in the interradicular site between the second premolar 

and first molar compared with the site between the first and second molars. The miniscrew–

root distance increased as the miniscrew placement angle increased (Table 6). The 

interaction between vertical facial type and jaw was also significant (p=0.016). In the 

mandible, there were significant differences among vertical facial types, with the 

miniscrew–root distance increasing from hyperdivergent to normodivergent, and then to 
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hypodivergent. However, in the maxilla, there were no significant differences among 

vertical facial types (Table 6). 
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Table 6. Results of Generalized Estimating Equations 

 p  

Facial type(F) .021 Hypo>Normo>Hyper 

Jaw(J) <.001 Mn>Mx 

Interradicular Site(IS) <.001 5-6>6-7 

Insertion Angle(IA) <.001 60°>45°>30°>0° 

F*J .016 Mn : Hypo>Normo>Hyper 

F*IS .785  

F*IA .339  

J*IS <.001 Mx : 5-6>6-7 

Mn : 5-6>6-7 

J*IA .001 Mx : 60°>45°>30°>0° 

Mn : 60°>45°>30°>0° 

IS*IA <.001 5-6 : 60°>45°>30°>0° 

6-7 : 60°>45°>30°>0° 

Sex .054  

Mandibular plane 

angle 

.450  

Facial height index .538  

Mx, maxilla; Mn, mandible; 5-6, interradicular site between second premolar and first molar; 6-7, interradicular 

site between first and second molars; Hyper, hyperdivergent; Normo, normodivergent; Hypo, hypodivergent. 
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Graphs showing the change in mean values of the categorized miniscrew–root 

distances according to the miniscrew insertion angles at each placement site are shown in 

Figure 6. 

 

 

Figure 6. Pictorial representation of miniscrew–root distances. Graphs of mean values of categorical 

miniscrew–root distances according to miniscrew insertion angles at the Mx 5-6, Mx 6-7, Mn 5-6, and Mn 6-7 

regions.  

Mx, maxilla; Mn, mandible; 5-6, interradicular site between second premolar and first molar; 6-7, interradicular 

site between first and second molars. 
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Ⅴ. Discussion 

 

Previous studies have suggested that the appropriate positions for miniscrew 

placement can be determined by measuring the mesiodistal distance between the roots (Lee 

et al., 2009; Poggio et al., 2006; Schnelle et al., 2004). However, since the three-

dimensional relationship between the miniscrews and roots is determined by the miniscrew 

insertion angle, diameter, length, and buccal bone thickness, it is difficult to estimate the 

miniscrew–root distance simply by determining the two-dimensional interradicular 

distances. Therefore, in this study, the miniscrew–root distances were assessed according 

to the miniscrew placement angle by a simulated placement of miniscrews with a regular 

shape and size. Furthermore, the differences in the miniscrew–root distance among 

hyperdivergent, normodivergent, and hypodivergent facial types were evaluated.  

In our study, the miniscrew–root distances increased as the miniscrew placement 

angle increased in the Mx 5-6, Mn 5-6, and Mn 6-7 regions, and decreased in the Mx 6-7 

region. This is because the interradicular distance increases from the cervical area to the 

apex in the Mx 5-6, Mn 5-6, and Mn 6-7 regions, as suggested in previous studies (Lee et 

al., 2009; Park, Hwangbo and Kwon, 2010). Park et al (Park, Hwangbo and Kwon, 2010) 

reported that in the Mx 6-7 region, unlike other molar areas, the interradicular space 

decreased from the cervical area to the middle part of the root and increased thereafter to 

the apex. In our study, the miniscrew–root distance in the Mx 6-7 region decreased when 
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the miniscrew was placed at 30° angulation rather than 0° and increased when it was placed 

at 45° and 60° insertion angles. This indicated that the miniscrews are close to the middle 

part of the root at a 30° insertion angle. 

The miniscrew–root distance was greater in the interradicular site between the 

second premolar and first molar than that in the site between the first and second molars, 

which could be attributed to the shape of the roots. As the roots of premolars are conical in 

shape and those of the first and second molars are mostly divergent, the interdental space 

between the second premolar and first molar is larger toward the middle and apical portions. 

Our study showed that the rate of miniscrew-root distances > 2 mm of Mx 5-6 and Mn 5-6 

regions was greater than that of Mx 6-7 and Mn 6-7 regions when the miniscrews were 

placed at angles of 60° (Table 4). Therefore, it is more advantageous to place a miniscrew 

for molar distalization in the interradicular space between the second premolar and first 

molar than in the site between the first and second molars. 

The Mx 6-7 region has traditionally been considered an inappropriate position for 

miniscrew placement because it offers an interradicular space of < 3 mm (Lee et al., 2009; 

Poggio et al., 2006). Recent three-dimensional studies using CBCT have suggested that Mx 

6-7 is the most ideal and safest zone for the placement of miniscrews for maxillary molar 

distalization because of the presence of thicker buccal bone in the Mx 6-7 region (Liou et 

al., 2007; Liu et al., 2017). However, in our study, which simulated miniscrew placement 

at 4 mm from the CEJ, the miniscrew–root distance in the Mx 6-7 was determined to be 

smaller than that in the Mx 5-6. Since Liu et al (Liu et al., 2017) measured the buccal 
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alveolar bone thickness at a distance of 5 mm above the alveolar crest and the thickest 

buccal bone was observed at the distance of 11 mm, the level of measurement was placed 

vertically higher than that used in our study. At a distance of 4 mm from the CEJ, the 

thickness of buccal bone was not adequate, and the miniscrew–root distance seems to be 

affected by the narrow interdental space. Since the height of attached gingiva ranges from 

4.3 to 5.4 mm (Lim et al., 2007), it is important to consider that placing the miniscrews 

above the attached gingiva will cause soft tissue irritation and gingival inflammation, which 

could result in miniscrew failure (Cheng et al., 2004). In addition, our study showed that 

root contact occurred only in the Mx 6-7 region (Table 5). Kuroda et al (Kuroda et al., 2007) 

reported that root proximity was a major factor for miniscrew failure, and it is known that 

root contact by miniscrews can cause external root resorption (Kim and Kim, 2011). Thus, 

we suggest that miniscrews should be placed in the Mx 5-6 region rather than Mx 6-7, 

within the range of attached gingiva, because the miniscrew–root distance is wider, and the 

probability of root contact is decreased.   

A change in the miniscrew insertion angle alters the bone penetration depth of the 

miniscrew and the distance between the miniscrew and the root in the buccolingual axis. 

The present evidence indicates that the thickness of alveolar bone may affect the 

miniscrew–root distance in the buccolingual axis. Previously, cortical bone thickness, 

cortical bone density, and alveolar bone thickness were found to be related to facial 

divergence (Horner et al., 2012; Masumoto et al., 2001; Tsunori, Mashita and Kasai, 1998). 

Horner et al (Horner et al., 2012) assessed the relationship between vertical facial type and 
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bone characteristics such as cortical bone thickness and total alveolar ridge thickness using 

computed tomography in the maxilla and mandible. They found that in the mandibular 

posterior buccal area, hypodivergent subjects showed increased cortical bone thicknesses 

and total alveolar ridge thicknesses than hyperdivergent subjects. However, in the maxillary 

posterior region, the difference among vertical facial types was not as prominent as in the 

mandible, and this difference was not statistically significant. In this study, the results of 

GEE were similar to those reported by Horner et al (Horner et al., 2012). When interactions 

between vertical facial types and the jaws were analyzed, significant differences among 

vertical facial types in the mandible, but not in the maxilla, were revealed.  

The difference among vertical facial types was more pronounced in the mandible 

than that in the maxilla because of the influence of the masticatory muscles (Sella-Tunis et 

al., 2018). According to the Wolff’s law, if the load on a particular bone increases, the bone 

remodels itself to resist this increase (Frost, 1994). In terms of functional anatomy, the 

mandibular area closest to the ramus, where the masticatory muscles are attached, resists 

forces applied from a buccal direction (Masumoto et al., 2001; Tsunori, Mashita and Kasai, 

1998). Multiple studies have reported that larger masticatory muscle forces are associated 

with a wider ramus, more rectangular body, flat mandibular plane, small gonial angle, and 

greater posterior facial height (Ingervall and Minder, 1997; Sella-Tunis et al., 2018). When 

comparing vertical facial types, differences in masticatory muscle forces lead to differences 

in bone morphology around the mandibular molar region (Cha, Kim and Baek, 2007), 

resulting in differences in the distance between the miniscrew and root surface (Figure 7). 
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Figure 7. Miniscrew–root distances in the three vertical facial types. Different relationships between roots and 

miniscrews in the three vertical facial types in the axial slice, demonstrating examples of hyperdivergent, 

normodivergent, and hypodivergent facial types. 

 

  An interesting finding of this study was that the observed rates of the noncontact 

group were up to 70% and 55% when the miniscrews were placed at 60° insertion angles 

in the Mx 5-6 and Mn 5-6 regions, respectively (Table 5). In this study, the shortest distance 

between the root and miniscrew was measured. The posterior occlusal line was used as a 

reference to measure the miniscrew–root distance for molar distalization, because the 

molars would be distalized along the posterior occlusal line. The miniscrew–root distance 

was measured on a line parallel to the reference line. Therefore, if the angulated miniscrew 

was placed buccally outside the molar distalization path, the miniscrew–root distance could 

not be measured, and such cases were categorized in the noncontact group. A clinical case 

study on molar distalization using miniscrews has reported that miniscrews did not fail 
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even when the miniscrew, initially located between the roots, was located directly on the 

buccal side of the anterior root as the molars moved distally (Choi et al., 2011). The reason 

could be that angulated miniscrews are located outside the root distalization path and do 

not interfere with root movement. In such cases, the orthodontist can perform extensive 

molar distalization without the need for relocating the miniscrew, thus increasing the 

treatment efficiency.  

When the periodontal ligament (PDL) was damaged by the miniscrew, extensive 

root resorption was observed if the miniscrew was not removed immediately (Chen et al., 

2008; Kim and Kim, 2011). In addition, Kim et al (Kim and Kim, 2011) reported that 

external root resorption occurs even after the miniscrew is placed < 1 mm from the PDL. 

This is reported to be due to compressive stresses in PDL activating osteoclastogenesis 

within the PDL (Albogha and Takahashi, 2019). Therefore, Maino et al (Maino et al., 2007) 

recommended a 1 mm clearance between the miniscrew and the root for periodontal health 

and miniscrew stability. However, in computed tomography images, the surface boundary 

of the lamina dura is difficult to identify, and the root surface is more clearly visible. 

Therefore, in this study, for the accuracy and reproducibility of the measurement, 

miniscrew-root distance was measured from the mesial surface of the miniscrew to the 

distal surface of the root of the anterior tooth.    

   In this study, the maximum angulation was regarded as 60°, which is in contrast 

to the more radical vertical angles suggested by other studies. Previous studies have 

reported that increasingly oblique placement of miniscrews increases the cortical bone 
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contact and placement torque, which positively affects their stability (Deguchi et al., 2006; 

Wilmes, Su and Drescher, 2008). However, more oblique placement of miniscrews has also 

been shown to increase bone stresses around the miniscrew and create a longer lever arm, 

which decreases anchorage resistance (Woodall et al., 2011). In particular, if the miniscrew 

placement angle is excessively steep, miniscrew slippage or maxillary sinus perforation 

can occur (Kravitz and Kusnoto, 2007). Therefore, excessive miniscrew angulation is not 

recommended. 

Despite the strengths of virtual simulation, this study also had some limitations that 

warrant discussion. First, it is difficult to accurately predict the amount of possible molar 

distalization using the results of this study. Since distal movement of molars is accompanied 

by molar tipping, the amount of possible molar distalization will be greater than the 

miniscrew–root distance measured at the root level (Yamada et al., 2009). In addition, 

molar distalization can be limited by anatomical structures such as maxillary tuberosity or 

mandibular lingual cortex even if the root does not come in contact with the miniscrew 

(Kim et al., 2014). Second, as it is difficult to delineate soft tissues in CBCT (Guerrero et 

al., 2006), soft tissues were not considered in this study, and the miniscrew head was placed 

directly on the bone surface. Placement of the miniscrews at certain distances from the 

cortical bone to compensate for the soft tissue thickness was considered, but it was less 

reproducible in several measurements. Third, in practice, optimal placement of a miniscrew 

in the midpoint between the roots at the desired insertion angle is difficult. Surgical guides 

developed using digital model imaging can be used for more accurate placement of the 
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miniscrews (Bae et al., 2013). Considering these points, further clinical studies with more 

refined designs are required to provide guidance for clinical practice.  
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Ⅵ. Conclusion 

 

The miniscrew–root distance was greater in the mandible than that in the maxilla. 

An increase in the miniscrew insertion angle was found to significantly increase the 

miniscrew–root distance, and the amount of increase was affected by the miniscrew 

placement site and vertical facial type. The effect of a vertical facial type was significant 

in the mandible, with the greatest miniscrew–root distance in the hypodivergent facial type, 

followed by the normodivergent facial type and the hyperdivergent facial type. However. 

this effect was not evident in the maxilla. Thus, placement of miniscrews in the 

interradicular site between the second premolar and first molar, rather than between the 

first and second molars, was found to be advantageous for molar distalization. 

 

 

 

 

 

 

 

 



 

３１ 

 

References 

Albogha, M., Takahashi, I. Effect of loaded orthodontic miniscrew implant on compressive 

stresses in adjacent periodontal ligament. Angle Orthod. 2019;89(2):235-41. 

Bae, M.J., Kim, J.Y., Park, J.T., Cha, J.Y., Kim, H.J., Yu, H.S., Hwang, C.J. Accuracy of 

miniscrew surgical guides assessed from cone-beam computed tomography and 

digital models. Am J Orthod and Dentofacial Orthop. 2013;143(6):893-901. 

Cha, B.K., Kim, C.H., Baek, S.H. Skeletal sagittal and vertical facial types and 

electromyographic activity of the masticatory muscle. Angle Orthod 

2007;77(3):463-70. 

Chaimanee, P., Suzuki, B., Suzuki, E. "Safe zones" for miniscrew implant placement in 

different dentoskeletal patterns. Angle Orthod. 2011;81(3):397-403. 

Chen, Y., Chang, H., Chen, Y, Lee, D., Chiang, H, Jane Yao, C. Root contact during 

insertion of miniscrews for orthodontic anchorage increases the failure rate: an 

animal study. Clin Oral Implants Res. 2008;19(1):99-106. 

Cheng, S, Tseng, I, Lee, JJ, Kok, SH. A prospective study of the risk factors associated with 

failure of mini-implants used for orthodontic anchorage. Int J Oral Maxillofac 

Implants. 2004;19(1). 

Choi, Y.J., Lee, J.S., Cha, J.Y., Park, Y.C. Total distalization of the maxillary arch in a 

patient with skeletal Class II malocclusion. Am J Orthod and Dentofacial Orthop. 

2011;139(6):823-33. 



 

３２ 

 

Deguchi, T., Nasu, M., Murakami, K., Yabuuchi, T., Kamioka, H., Takano Yamamoto, T. 

Quantitative evaluation of cortical bone thickness with computed tomographic 

scanning for orthodontic implants. Am J Orthod Dentofacial Orthop. 

2006;129(6):721 e7-12. 

Frost, H. Wolff's Law and bone's structural adaptations to mechanical usage: an overview 

for clinicians. Angle Orthod. 1994;64(3):175-88. 

Guerrero, M., Jacobs, R., Loubele, M., Schutyser, F., Suetens, P., van Steenberghe, D. State-

of-the-art on cone beam CT imaging for preoperative planning of implant 

placement. Clin Oral Invest. 2006;10(1):1-7. 

Horn, A. Facial height index. Am J Orthod and Dentofacial Orthop. 1992;102(2):180-6. 

Horner, K., Behrents, R., Kim, K.B., Buschang, P. Cortical bone and ridge thickness of 

hyperdivergent and hypodivergent adults. Am J Orthod Dentofacial Orthop. 

2012;142(2):170-8. 

Ingervall, B., Minder, C. Correlation between maximum bite force and facial morphology 

in children. Angle Orthod. 1997;67(6):415-24. 

Isaac, S., MICHAEL, W. Handbook in Research and Evaluation. San Diego, Californ4ia: 

ED: ITS Publishers, 1971 

Julious, S. Sample size of 12 per group rule of thumb for a pilot study. Pharmaceutical 

Statistics: J Appl Stat Pharma Industry 2005;4(4):287-91. 



 

３３ 

 

Kim, H., Kim, T.W. Histologic evaluation of root-surface healing after root contact or 

approximation during placement of mini-implants. Am J Orthod and Dentofacial 

Orthop. 2011;(6):752-60. 

Kim, S.J., Choi, T.H., Baik, H.S., Park, Y.C., Lee, K.J. Mandibular posterior anatomic limit 

for molar distalization. Am J Orthod and Dentofacial Orthop 2014;146(2):190-7. 

Kravitz, N., Kusnoto, B. Risks and complications of orthodontic miniscrews. Am J Orthod 

and Dentofacial Orthop. 2007;131(4):S43-S51. 

Kuroda, S., Yamada, K., Deguchi, T., Hashimoto, T., Kyung, H.M., Takano Yamamoto, T. 

Root proximity is a major factor for screw failure in orthodontic anchorage. Am 

J Orthod Dentofacial Orthop. 2007;131(4 Suppl):S68-73. 

Lee, K.J., Joo, E., Kim, K.D., Lee, J.S., Park, Y.C., Yu, H.S. Computed tomographic 

analysis of tooth-bearing alveolar bone for orthodontic miniscrew placement. Am 

J Orthod Dentofacial Orthop. 2009;135(4):486-94. 

Lim, W.H., Lee, S.K., Wikesjö, UM., Chun, Y.S. A descriptive tissue evaluation at 

maxillary interradicular sites: Implications for orthodontic mini‐implant 

placement. Clinical Anatomy: The Official Journal of the American Association 

of Clinical Anatomists and the British Association Clinical Anatomists. 

2007;20(7):760-5. 

Liou, E., Chen, P, Wang, Y., Lin, J. A computed tomographic image study on the thickness 

of the infrazygomatic crest of the maxilla and its clinical implications for 

miniscrew insertion. Am J Orthod and Dentofacial Orthop. 2007;131(3):352-6. 



 

３４ 

 

Liu, H., Wu, X., Yang, L., Ding, Y. Safe zones for miniscrews in maxillary dentition 

distalization assessed with cone-beam computed tomography. Am J Orthod 

Dentofacial Orthop. 2017;151(3):500-6. 

Maino, B., Weiland, F., Attanasi, A., Zachrisson, B., Buyukyilmaz, T. Root damage and 

repair after contact with miniscrews. J Clin Orthod. 2007;41(12):762. 

Masumoto, T., Hayashi, I., Kawamura, A., Tanaka, K., Kasai, K. Relationships among 

facial type, buccolingual molar inclination, and cortical bone thickness of the 

mandible. The Eur J Orthod. 2001;23(1):15-23. 

Moon, C.H., Park, H.K., Nam, J.S., Im, J.S., Baek, S.H. Relationship between vertical 

skeletal pattern and success rate of orthodontic mini-implants. Am J Orthod 

Dentofacial Orthop. 2010;138(1):51-7. 

Park, H.S., Bae, S.M., Kyung, H.M., Sung, J.H. Micro-implant anchorage for treatment of 

skeletal Class I bialveolar protrusion. J Clin Orthod. 2001;35(7):417. 

Park, H.S., Lee, S.K., Kwon, O.W. Group distal movement of teeth using microscrew 

implant anchorage. Angle Orthod. 2005;75(4):602-9. 

Park, H.S., Hwangbo, E.S., Kwon, T.G. Proper mesiodistal angles for microimplant 

placement assessed with 3-dimensional computed tomography images. Am J 

Orthod Dentofacial Orthop. 2010;137(2):200-6. 

Poggio, P., Incorvati, C., Velo, S., Carano, A. “Safe zones”: a guide for miniscrew 

positioning in the maxillary and mandibular arch. Angle Orthod. 2006;76(2):191-

7. 



 

３５ 

 

Raji, S., Noorollahian, S., Niknam, S. The effect of insertion angle on orthodontic mini-

screw torque. Dent Res J. 2014;11(4):448. 

Riedel, R. The relation of maxillary structures to cranium in malocclusion and in normal 

occlusion. Angle Orthod. 1952;22(3):142-5. 

Schnelle, M., Beck, F., Jaynes, R., Huja, S. A radiographic evaluation of the availability of 

bone for placement of miniscrews. Angle Orthod. 2004;74(6):832-7. 

Sella-Tunis, T., Pokhojaev, A., Sarig, R., O'Higgins, P., May, H. Human mandibular shape 

is associated with masticatory muscle force. Sci Rep. 2018;8(1):6042. 

Tsunori, M., Mashita, M., Kasai, K. Relationship between facial types and tooth and bone 

characteristics of the mandible obtained by CT scanning. Angle Orthod. 

1998;68(6):557-62. 

Van Belle, G. Sample size: Wiley Hoboken (NJ), 2008 

Wilmes, B., Su, Y., Drescher, D. Insertion angle impact on primary stability of orthodontic 

mini-implants. Angle Orthod. 2008;78(6):1065-70. 

Woodall, N., Tadepalli, S., Qian, F., Grosland, N., Marshall, S., Southard, T. Effect of 

miniscrew angulation on anchorage resistance. Am J Orthod Dentofacial Orthop. 

2011;139(2):e147-52. 

Yamada, K., Kuroda, S., Deguchi, T., Takano-Yamamoto, T., Yamashiro, T. Distal 

movement of maxillary molars using miniscrew anchorage in the buccal 

interradicular region. Angle Orthod. 2009;79(1):78-84. 



 

３６ 

 

Zhao, L., Xu, Z., Wei, X., Zhao, Z., Yang, Z., Zhang, L., Li, J., Tang, T. Effect of placement 

angle on the stability of loaded titanium microscrews: a microcomputed 

tomographic and biomechanical analysis. Am J Orthod Dentofacial Orthop. 

2011;139(5):628-35. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

３７ 

 

ABSTRACT (In Korean) 

 

미니스크류 식립 각도와 수직적 골격 패턴에 따른 

 구치부 후방이동 거리 추정을 위한 simulation 연구 

 

 

윤주현 

연세대학교 대학원 치의학과 

(지도교수: 이기준) 

 

비발치 교정치료에서 협측 미니스크류를 이용시 전치부 anchorage loss 없이 

전치부 구치부를 동시에 후방이동 가능하다. 이전 연구에서 협측 치간 사이에 

미니스크류를 경사 식립하여 미니스크류와 전방치근간의 거리를 증가시키는 

것을 추천하였으나 구체적인 연구는 이루어지지 않았다. 본 연구의 목적은 

미니스크류 식립 각도와 수직적 골격패턴이 구치부 후방이동에 이용가능한 

미니스크류와 치근간 거리에 미치는 영향을 평가하는 것이다.  
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본 연구는 hyperdivergent (20 명), normodivergent (20 명) and hypodivergent facial 

types(20 명)인 skeletal class I  60 명 성인의 cone-beam 전산화 단층촬영 

images 를 대상으로 시행되었다. 직경 1.5mm, 길이 6mm 의 tapered type 의 

미니스크류를 백악법랑경계에서 치근쪽으로 4mm 아래 위치에서 구치부 

교합평면에 대해 0,30,45,60 도 각도로 식립하는 것을 simulation 하였다. 치근간 

위치 4 곳 (상악 제 2 소구치와 제 1 대구치 사이 (Mx 5-6), 상악 제 1 대구치와 

제 2 대구치 사이 (Mx 6-7), 하악 제 2 소구치와 제 1 대구치 사이 (Mn 5-6), 

하악 제 1 대구치와 제 2 대구치 사이 (Mn 6-7)) 에서 미니스크류와 전방 

치근간의 가장 짧은 직선 거리를 측정하였다.  측정 가능한 미니스크류와 

전방치근간의 거리 데이터와 미니스크류가 치근에 닿거나 구치부 후방 이동 

경로 바깥에 위치하여 측정 불가능한 경우를 함께 구간화 하여 GEE 

(generalized estimating equations) 방법으로 통계 분석하였다.  

GEE 통계 분석 결과, 미니스크류 식립 각도가 0 도에서 60 도로 증가할수록 

미니스크류와 전방 치근간의 거리는 유의하게 증가하였다. 하악에서 

미니스크류와 전방 치근간의 거리는 수직적 골격 패턴 간에 유의한 차이가 

있었으며 hyperdivergent, normodivergent, hypodivergent facial type 순으로 

증가하였다. 최소 평균 거리는 Mx 6-7(30°; 0.86±0.35 mm)에서, 최대 평균 

거리는 Mn 5-6 (60°; 2.64±0.56 mm)에서 관찰되었다. 미니스크류를 60 도로 
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식립시 미니스크류가 치근이 후방이동하는 경로보다 협측으로 벗어나 위치한 

경우는 Mx 5-6 부위에서 70%, Mn 5-6 부위에서 55%에 이르렀다. 

본 연구의 결과를 통해서 볼 때, 미니스크류와 전방 치근간의 거리는 

미니스크류 식립 각도가 증가함에 따라 유의하게 증가하였고, 이것은 

미니스크류 식립 위치와 수직적 골격 패턴에 영향 받는 것으로 보인다. 

구치부 후방이동을 적절하게 이루기 위해 미니스크류는 제 2 소구치와 

제 1 대구치 사이에서 경사 식립하여야 한다. 
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