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Abstract 

Aim: To compare palatal bone thickness in various 

median and paramedian regions and palatal cortical plate 

thickness in inter-radicular spaces for suitable micro-

implant placement between adolescents and adults, in both 

the genders using Cone Beam Computed Tomography 

(CBCT).  

Materials and Methods: CBCT scans of 100 patients 

were selected and divided into 4 groups: Group 1A: 25 

Adolescent male (11 to 17 years), Group 1B: 25 Adult 

female (11 to 17 years), Group 2A: 25 Adolescent male 

(21 to 30 years), Group 2B: 25 Adult female (21 to 30 

years). Palatal bone thickness was measured at 28 sites 

and Palatal cortical plate thickness were measured at 12 

sites by using InVivo Dental 5.0 software. The bony 

thickness was compared between the two groups (adults 

and adolescents) for differences using unpaired ‘t’ – test. 

To evaluate the effect of gender on the bone thickness in 

adults and adolescents was analyzed using analysis of 

covariance (ANCOVA) with age group as a factor and 

gender as a covariate. Adjusted means for bone thickness 

was estimated for adults and adolescents. All testing was 

done using two-sided tests at alpha 0.05.  

Results: Palatal bone thickness in the adults (P<0.05) 
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were significantly higher than those in the adolescents. 

Anterior palate had maximum thickness in all the groups. 

Gender comparison revealed that males had greater 

palatal; bone thickness than their male counterparts. No 

significant (P>0.05) difference was found for cortical plate 

thickness at inter-radicular sites between adults and 

adolescents. Palatal cortical plate thickness was maximum 

between fist molar and second molar.  

Conclusion: Bone thickness of the palate differs greatly 

depending on the measurement sites. 

Also individual variations were great. Palate constitutes a 

site of choice for insertion of micro-implant for anchorage 

reinforcement in orthodontic treatment. 

Keywords: Micro-Implant, Cone-Beam Computed 

Tomography, Palatal Bone, Cortical Plate, Inter-

Radicular, Median and Paramedian regions. 

Introduction 

Anchorage control plays a critical role in successful 

execution of orthodontic treatment because unwanted and 

unplanned tooth movement due to effect of counter 

movements of mechanics used results in undesirable 

consequences during orthodontic treatment. The forces used 

to retract anterior teeth will have an equal and opposite force 

on the posterior anchorage units. This tends to cause mesial 

movement of molars which is generally undesirable. In such 

situations, reinforcement of anchorage is necessary. 

Anchorage reinforcement methods include use of suitable 

intra-oral (teeth, bone and implants) and extra-oral 

(headgear and facemasks) adjunctive measures and/or 

appliances. Micro-implants in the recent years have been 

popularized as an alternative for stationary anchorage. It is a 

relatively new and developing clinical tool. The small size 

of micro-implants increases their clinical utility by allowing 

them to be placed in the bone between adjacent teeth. The 

anatomy of micro-implant placement site will influence the 

selection of the micro-implant in term of its dimensions, 

location and orientation. Factors contributing to placement 

of micro-implants are anatomic structures in the vicinity of 

the site of placement, bone quality, soft tissue thickness and 

patient comfort. Since the thickness of cortical bone differs 

in different parts of jaws in the same patient and cortical 

bone thickness plays an important role in achieving stability 

of the TADs, the purpose of this study was to compare the 

bone thickness of various palatal areas in the median and 

paramedian region and also palatal cortical plate thickness in 

inter-radicular regions among subjects between adolescents 

and adults in both the genders by using Cone Beam 

Computed Tomography (CBCT) for the most appropriate 

sites of micro-implant placement. The results of this study 

were expected to offer a valuable clinical guideline for 

adopting appropriate options and/or to confirm the basis of 

earlier studies on placing palatal micro-implants. 

Materials and Methods 

The study sample consisted of CBCT records of patients 

who visited Insight CBCT Centre, Vashi, Navi Mumbai. 

Permission was sought from the INsight CBCT centre for 

sharing of previous records. The sample consisted of 100 

CBCT records. Records with healthy palate with good 

bone quality were considered. 1. Group 1A: 25 Adolescent 

Male patients (Age group: 11 to 17 years) 2. Group 1B: 25 

Adolescent Female patients (Age group: 11 to 17 years) 3. 

Group 2A: 25 Adult Male patients (Age group: 21 to 30 

years) 4. Group 2B: 25 Adult Female patients (Age group: 

21 to 30 years). Patients with obvious pathologies in the 

palatal region on CBCT were excluded from the study. 

CBCT records were taken using i-CAT 17-19 CBCT 

scanner (Imaging Sciences International) with a spatial 

resolution of 10 line pairs per centimeter and an isotropic 

0.4-mm voxel size. The settings were120 kVp; 47.74 mA; 

field of view, 17 x 23 cm; exposure time, 07 seconds. 

Invivodental5.0, a volumetric imaging software, was used 

to measure bone thickness. The palate was divided in 
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paracoronal sections at 4, 8, 12, 16, 20 and 24mm from 

the incisive foramen. The palatal bone thickness was 

measured at 0, 2, 4 and 6 mm lateral to the mid palatal 

suture on either side.(Figure: 1 and 2) The measurements 

were made at the intersection points of the reference lines 

over a set of equally sized grids formed by 49 sites 

covering 288 mm2. The measurements were made at the 

intersection points of the reference. Palatal cortical bone 

thickness (in mms) was measured at interradicular 

locations on maxillary palatal area on either side at level 

of 4mm, 6mm and 8mm apical to the alveolar crest : 1. 

Between the canine and first premolar 2. Between first and 

second premolars 3. Between second premolar and first 

molar 4. Between first and second molars.(figure 3 and 4) 

Only one side of the palate was randomly measured 

because it was previously shown that there are no 

significant differences in cortical bone thickness between 

sides of jaw. Cortical bone measurement at 2, 4 and 6mm 

beyond alveolar crest. Total number of measurements that 

would be recorded: 28. In total measurements per patient: 

73. Sample size was not based on any calculations, 

assumptions and statistical computations and it is planned 

to include a total of 100 CBCT records on the study. All 

data were entered into a Microsoft Office Excel (version 

2013) in a spreadsheet which will be prepared and 

validated for the data form. Data will be entered and 

checked for errors and discrepancies. Data analysis will be 

done using windows based ‘MedCalc Statistical Software’ 

version 13.3.1 (MedCalc Software bvba, Ostend, Belgium; 

http://www.medcalc.org; 2014). The thickness of the bone 

(cortical and palatal bone) was expressed as means 

standard deviation (SD) and standard error of mean 

(SEM). 95% confidence intervals (CI) will be presented. 

The bony thickness was compared between the two groups 

(adults and adolescents) for differences using unpaired ‘t’ 

– test. To evaluate the effect of gender on the bone 

thickness in adults and adolescents was analyzed using 

analysis of covariance (ANCOVA) with age group as a 

factor and gender as a covariate. Adjusted means for bone 

thickness was estimated for adults and adolescents. All 

testing was done using two-sided tests at alpha 0.05. Thus, 

the criteria for rejecting the null hypothesis was a ‘p’ 

value of <0.05. 

 
Figure 1: Schematic diagram of the measurements that 

were made at the intersection points of the reference lines: 

(A) in paracoronal sections at 0, 4, 8, 12, 16, 20 and 

24mm from the incisive foramen and (B) at 0, 2, 4 and 6 

mm lateral to the mid palatal suture on either side  

 
Figure 2: Bone thickness measurement at 2mm from 

midpalatal suture at various coronal sites. 
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Figure 3: schematic representation of measurements done 

at interradicular locations in maxillary palatal side at level 

of 4mm, 6mm and 8mm apical to the alveolar crest 

  
Figure 4: Palatal cortical plate thickness measurement at 

interradicular locations on maxillary palatal side at the 

level of 4mm, 6mm and 8mm apical to the alveolar crest 

between the canine and first premolar. 

Results 

Bone thickness at various coronal sites on mid–palatal 

suture: Mean calculated by descriptive statistics indicated 

that mean for bone thickness at mid-palatal was maximum 

with Group 2A with SD (2.58168) followed by Group 1B 

with SD (2.74336) followed by Group 2B with SD 

(2.85935) followed by Group 1A with SD (3.35185). 

Analysis of variance (ANOVA) statistics showed 

significant (P<0.05) variation in bone thickness at various 

coronal sites at mid-palatal suture between adolescents 

and adults. (Table 1, graph A) Whereas, the gender 

comparison showed no dimorphism (P=0.283). (Table 2)  

Bone thickness at various coronal sites 2mm lateral to 

mid–palatal suture: Analysis of variance (ANOVA) 

statistics showed significant (P<0.05) variation in bone 

thickness at various coronal sites 2mm from mid-palatal 

suture between adolescents and adults and males and 

females (P=0.000, P=0.040). (Table 1 and 2) 

Bone thickness at various coronal sites 4mm lateral to 

mid–palatal suture: Analysis of variance (ANOVA) 

statistics in table 2.1, 2.2, 3.3 showed significant (P<0.05) 

variation in bone thickness at various coronal sites 4mm 

from mid-palatal suture between adolescents and adults 

and males and females (P=0.000, P=0.008). (Table 1 and 

2) 

Bone thickness at various coronal sites 6mm lateral to 

mid–palatal suture: Analysis of variance (ANOVA) 

statistics in table 2.1, 2.2, 3.4 showed significant (P<0.05) 

variation in bone thickness at various coronal sites 6mm 

from mid-palatal suture between adolescents and adults 

and males and females (P=0.000, P=0.047). (Table 1 and 

2) Palatal bone thickness in the Mid-palatal (median and 

paramedian) region decreased lateral to mid-palatal suture.  

Palatal cortical plate thickness between canine and 

premolar: Analysis of variance (ANOVA) statistics  

showed no significant (P=0.419) variation in palatal 

cortical plate thickness at 4, 6 and 8 mm between 

adolescents and adults. Whereas, cortical plate thickness 

between canine and premolar as shown in table 2.4, 3.5 

was significant(P=0.30) between males and females. 

(Table 3, 4 and Graph B) 

Palatal cortical plate thickness between first premolar 

and second premolar: Analysis of variance (ANOVA) 

statistics showed no significant (P=0.224) variation in 

palatal cortical plate thickness at 4, 6 and 8 mm between 

adolescents and adults and between males and 

females(P=0.859). (Table 3, 4) 

Palatal cortical plate thickness between second 

premolar and first molar: Analysis of variance 

(ANOVA) statistics showed no significant (P=0.453) 

variation in palatal cortical plate thickness at 4, 6 and 8 

mm between adolescents and adults. Whereas, cortical 
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plate thickness between second premolar and first molar  

was significant(p=0.012) between males and females. 

(Table 3, 4) 

Palatal cortical plate thickness between first and 

second molar: Analysis of variance (ANOVA) statistics 

showed significant (P=0.047, P=0.000) variation in palatal 

cortical plate thickness at 4, 6 and 8 mm between 

adolescents and adults and between males and females. 

Palatal cortical plate thickness was maximum between 

2nd premolar and first molar, followed by cortical plate 

thickness between 1st and 2nd molar. (Table 3, 4) Mean 

calculated by descriptive statistics indicated palatal 

cortical plate thickness was highest between 2nd premolar 

and 1st molar (SD= 0.54973, Mean=1.5738), followed by 

cortical plate thickness between 1st and 2nd molar 

(SD=0.53113, Mean=1.7319), followed by cortical plate 

thickness between 1st and 2nd premolar and between 

canine and 1st premolar (SD=0.60996,0.60045; 

Mean=1.9503, 1.0715).  

Discussion 

The use of micro-implants for anchorage reinforcement in 

orthodontic treatment has been examined both 

experimentally and clinically over the years.3,4 There are 

two phases of implant stability: (i) initial and (ii) late. 

Good mechanical interlocking between the implant and 

the bone provides initial stability. Therefore, the key to 

overall success of micro-implant anchorage is obtaining 

initial stability5,6. Bone quantity is one factor that 

influences initial stability. Micro-implants are used for 

molar distalization to prevent undesirable reciprocal effect 

and to eliminate patient’s co-operation.  Lack of 

appropriate bone thickness at the micro-implant site can 

compromise the stability and pose a risk of perforating 

into the incisive canal or the nasal cavity . As adequate 

bone thickness is required for micro-implant placement, 

bone quantity of several placement sites in palate was 

evaluated in different age groups and in both the genders 

in this study. Hence, Knowledge of palatal bone thickness 

can prevent nasal perforation during placement. 

Table 1: Comparison of palatal bone thickness in median and paramedian regions at various coronal sites between 

adolescents and adults. 

ANOVA 

    Sum of 

Squares 

 

df 

 

Mean Square 

 

F 

 

Sig. 

Midpalatal suture  

* Coronal (Palatal) 

Between 

Groups(Combined) 

2526.159 6 421.026 81.291 .500 

2 mm lateral to midpalatal suture 

 * Coronal (Palatal) 

Between 

Groups(Combined) 

4092.362 6 682.060 134.935 .400 

4 mm lateral to midpalatal suture  

* Coronal (Palatal) 

Between 

Groups(Combined) 

5903.475 6 983.913 223.423 .080 

6 mm lateral to midpalatal suture  

* Coronal (Palatal) 

Between 

Groups(Combined) 

7464.491 6 1244.082 247.059 .060 
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Table 2: Comparison of palatal bone thickness in median and paramedian regions at various coronal sites between males 

and females. 

 Sum of 

Squares 

 

df 

 

Mean 

Square 

 

F 

 

Sig. 

Midpalatal suture * 

Gender 

Between Groups(Combined) 10.114 1 10.114 1.156 .283 

2 mm lateral to 

midpalatal suture * 

Gender 

Between Groups(Combined) 45.752 1 45.752 4.230 .060 

4 mm lateral to 

midpalatal suture * 

Gender 

Between Groups(Combined) 91.059 1 91.059 7.170 .080 

6 mm lateral to 

midpalatal suture * 

Gender 

Between Groups(Combined) 61.758 1 61.758 3.958 .077 

 

Table 3: Comparison of palatal cortical plate thickness at various inter-radicular sites between adolescents and adults 

 Sum of 

Squares 

 

df 

 

Mean 

Square 

 

F 

 

Sig. 

Canine - Premolar * 

Coronal (Interradicular) 

Between Groups(Combined) .629 2 .315 .872 .419 

1 Premolar - 2 Premolar 

* Coronal 

(Interradicular) 

Between Groups(Combined) 1.114 2 .557 1.502 .224 

2 Premolar - 1 Molar * 

Coronal (Interradicular) 

Between Groups(Combined) .449 2 .225 .795 .453 

1 Molar - 2 Molar * 

Coronal (Interradicular) 

Between Groups(Combined) 1.840 2 .920 3.086 .047 
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Table 4: Comparison of palatal cortical plate thickness at various inter-radicular sites between males and females  

 Sum of 

Squares 

 

df 

 

Mean 

Square 

 

F 

 

Sig. 

Canine - Premolar * Gender  Between Groups

 (Combined) 

1.688 1 1.688 4.739 .030 

1 Premolar - 2 

Premolar * Gender 

 Between Groups 

(Combined) 

.012 1 .012 .032 .859 

2 Premolar - 1 Molar * 

Gender 

Between Groups 

(Combined) 

1.791 1 1.791 6.465 .012 

1 Molar - 2 Molar * 

Gender 

Between Groups 

(Combined) 

3.924 1 3.924 13.529 .000 

 

 
Graph –A 

 
Graph – B 

 

 

Graph: (A) Estimated Marginal Means of palatal bone 

thickness at various coronal planes; (B) Estimated 

Marginal Means of palatal cortical plate thickness at 

various inter-radicular sites of micro-implant on palatal 

side and aid in selecting the proper micro- implant length. 

Although inter-radicular sites in the buccal alveolar area is 

most commonly used for micro-implant placement, inter-

radicular spaces are limited by the proximity of 

neighbouring roots. The risk-factors associated with 

placement of micro-implant in inter-radicular spaces can 

be avoided by using “rootless area” such as palate, 

maxillary tuberosity, or inferior portion of zygomatic 

arches adjacent to the maxilla. Tuberosity is not 

considered as entirely safe site for micro-implant 

placement, as un-erupted third molars or thick gingival 

tissue may prevent successful insertion of micro-implant. 

And insertion of micro-implant into the inferior portion of 

the zygomatic arch carries a high risk of perforating the 

maxillary sinus. Therefore, palate is an ideal insertion site 

in the maxilla. 

In agreement with this present study, Kang et al7 and Ryu8 

et all

 

reported that palatal bone thickness was maximum in 

anterior palate and bone thickness decreased posteriorly in 
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adults. For adolescents, results of this study showed that 

bone thickness is greatest in median and paramedian 

regions of anterior palate. This was consistent with the 

study of King et al,9 who demonstrated sufficient vertical 

bone depth at 4 mm distal and 3 mm lateral to the incisive 

foramen to install a 3-mm-long implant in adolescents. 

But bone thickness at mid-palatal suture was not measured 

in their study. 

 In 1996, Wehrbein et al10 described a highly sophisticated 

implant system for the anterior palate three years later, this 

group reported a 100% success rate for en masse 

retraction of upper anterior teeth, a biomechanically 

demanding procedure. After the introduction of the 

orthosystem palatal implant by Wehrbein et al,10 the 

anterior hard palate has become one of the ideal insertion 

sites for micro-implant placement in orthodontics. Park 

has documented a 100% success rate for miniscrews 

inserted in the anterior palate.11 Wilmes and colleagues, 

using coupled miniscrews and a rigid miniplate in the 

anterior palate, demonstrated high stability and success 

rates. The anterior palate may also offer greater patient 

comfort and, thus, greater acceptance compared to other 

locations.12 Both Crismani et al13 

 

and Cousley14 

 

have 

published guidelines for safe insertion in the anterior hard 

palate, describing limitations and risks. On the other hand, 

Kim et al recorded a success rate of 88.2% for miniscrews 

placed in the palatal suture.15  

The present study showed significantly greater palatal 

bone thickness in anterior median and paramedian regions 

as compared to that of posterior palatal median and 

paramedian regions in all the groups. This could be due to 

difference in the amount of remodeling growth between 

anterior and posterior parts of the palate.16 

The study conducted showed significant difference in 

palatal bone thickness between adults and adolescents. In 

contrast, Gracco et al.17 found no significant difference in 

palatal thickness between adults and adolescents. 

Therefore, the clinician should not only consider site at 

which micro-implant is to be inserted but also age of the 

patient should be taken into account for successful 

application of the micro-plant in palate. Results of this 

study can provide a clinical guideline for proper 

placement in the palate to distalize molars in Class II 

adolescents.  

When stability and injury to the anatomic structure is 

considered, the minimum thickness of bone required for 

placement is still controversial. Results of this study 

showed highest bone thickness at plane 0 and 4 from 

incisive foramen. Kuroda et18 al concluded that the 

proximity of a temporary skeletal anchorage device to 

roots is a major risk factor for their failure. Also, Poggio 

et al19

 

suggested that 1 mm of bone should be around 

temporary skeletal anchorage devices for safe placement. 

When taken this into consideration, results of the present 

study indicates the palatal bone thickness is sufficient for 

high safety and stability of micro-implant placement 

anteriorly and posteriorly in all groups.  

The present study found significant gender differences 

only in the palatal cortical bone thickness. In accordance 

with Kang et al.7,

 

results  of this study showed greater 

palatal bone thickness in males than in females. However, 

Chun and Lim20 did not find any significant difference, 

suggesting that the presence of gender difference may be 

dependent on the specific sites being examined in the 

palate.   

Bernhart et al.21

  

reported that the most suitable area in 

adults for implant placement in the palate was located 6 to 

9 mm posterior to the incisive foramen and 3 to 6 mm 

para-median to the suture. However, results of this study 

indicated that the palatal cortical bone thickness extended 

16 mm posterior to the incisive foramen in the median and 

paramedian regions and 6 mm lateral to mid-palatal 
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suture. In clinical practice, it may be helpful to recognize 

that this area closely approximated the second premolar 

region in most of the cases.  

The palatal bone thickness of this study was consistent 

with the report by Wehrbein,22 who concluded that the 

density of the median palate was high enough to support 

mini-implants. He also suggested that the reported 10% 

failure rate of micro-implants inserted in the palatal area 

may be attributed to factors other than bone density.  

Since the number of micro-implants currently being used 

in adolescents is increasing, identification and selection of 

the greater palatal bone thickness in this younger age 

group should be worthwhile. The anterior palatal bone 

thickness in adolescents was comparably higher to those 

of the posterior area of the adults. Therefore, it could be 

recommended to focus placement of TADs in the anterior 

region if they are considered for adolescent patients. A 

case-report be Kook YA showed the application of a 

palatal plate to efficiently distalize the maxillary molars 

without invasive procedures in patients with late mixed 

and early permanent dentitions.23 The palatal bone might 

be significantly thin in the midsagittal area because of 

incomplete ossification of the midpalatal suture. 

Therefore, placement of temporary skeletal anchorage 

devices in the paramedian palatal area has been 

recommended because of its thin keratinized soft tissue 

and sufficient cortical bone.17,19,21,23-25  

There are two factors affecting the success of mini-

implants are the thickness of the cortical bone and root 

proximity. Results of this study showed no significant 

difference in palatal cortical plate thickness at inter-

radicular sites between adolescents and adults. 

A cortical bone thickness of at least 1 mm is necessary to 

achieve mini-implant stability as studied by Poggio et al.19  

They conducted a study to measure cortical bone thickness 

and found out there was a tendency for the superior part of 

the alveolar process to be thicker than the inferior part. 

Therefore, placement of micro-implant in the portion 

above the alveolar process is preferred whenever possible. 

They concluded that it was important to identify sites with 

a thickness of 1 mm or more in the portion farther down of 

the alveolar process as well, to assure safe placement. 

Results of this study showed palatal cortical plate 

thickness between 3-4, 4-5, 5-6, 6-7 was 1 mm or greater 

at 4, 6 and 8mm from alveolar crest. The highest cortical 

plate thickness being between first and second molar.  

Kurodo et al18 in 2007 reported that contact between the 

micro-implant and a tooth root can lead to implant failure. 

Because of this, it is important to ascertain the root 

proximity. Park et al.11 2001; Bae et al.26 2002; Kyung et 

al.27 2003; Deguchi et al.28 2006; Kuroda et al.18 2007 used 

Micro-implants with a  diameter of 1.3–1.5 mm. Taking 

the width of the periodontal membrane into consideration, 

they found out that it is necessary to assure root proximity 

of at least 2.5 mm. They concluded that root proximity 

increases in the direction of the root apex, so adequate 

root proximity can be assured at a site close to the root 

apex.11,26-28 Therefore, ideal site of micro-implant 

placement in the interradicular area would be 8mm from 

alveolar crest. 

A study done by Joorok park et al2 and Sawada et al29 

reported that the buccal cortical bone was thinner than the 

palatal cortical bone. Therefore, placement of micro-

implant in palatal aspect is an ideal site. However, when 

placement is necessary at a lower level, adequate root 

proximity can be assured in the lower portion at 4–5 and 

5–6. Because there is less interdental space at 3–4 and 6–

7, Particular caution is required concerning contact 

between the mini- implant and the tooth root when placing 

the mini-implant at these sites.29 
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Conclusion 

1. Palate constitutes a site of choice for insertion of 

micro-implant for anchorage reinforcement in 

orthodontic treatment.  

2. Palatal bone thickness was significantly higher in 

adults than in adolescents. 

3. Anterior palate in adults and in adolescents, in males 

and in females has maximum bone thickness. 

4. Posterior region of the palate also has appropriate 

thickness. Hence, posterior region of the palate is 

also a suitable site for micro-implant placement. 

5.  In all the groups bone thickness decreased laterally 

from midpalatal suture. 

6. There was significant gender difference in palatal 

bone thickness. Males had greater palatal bone 

thickness than females, in both adults and 

adolescents. 

7. Palatal inter-radicular cortical plate thickness 

increased from crest to base of alveolar process. 

8. Palatal cortical plate thickness was significant 

between second premolar and first molar, and first 

and second molar. Hence, the palatal alveolus 

between the roots of the second premolar and first 

molar may be considered as an alternative miniscrew 

location, with some limitations.  
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