International Journal of Current Advanced Research TR

ISSN: O: 2319-6475, ISSN: P: 2319-6505, Impact Factor: 6.614 :... '..'.
. . . .o L L L
Available Online at www.journalijcar.org % B o2
Volume 8; Issue 09 (D); September 2019; Page No0.20004-20008 I -:.‘
DOI: http://dx.doi.org/10.24327/ijcar.2019.3894.20008 Teeett

[ Research Article ]

IDENTIFICATION OF IDEAL SITE OF PLACING MINI-IMPLANT IN PARA-MEDIAN PALATE: A
CONE BEAM COMPUTERIZED TOMOGRAPHY STUDY

Raj Parthdev, Akshai Shetty KR, Amarnath B C, Dharma R M and Prashanth C S

DAPM R.V Dental College & Hospital, Bangalore

ARTICLE INFO

ABSTRACT

Article History:

Received 4" June, 2019

Received in revised form 25" July, 2019
Accepted 18™ August, 2019

Published online 28" September, 2019

Key words:

Ideal site, Mini-implant, Paramedian Palate,
Computed Tomography

Introduction: Mini-implants have become an important part of Orthodontics for the
purpose of absolute anchorage.

Aim: To identify the ideal site of placement of mini-implant in para-median palate.
Materials and Methods: Cone beam computed tomographic scans of Twenty-Five
patients (Age 10-19years) were collected for pre-orthodontic records. From the distal of the
incisive foramen, three planes 4, 8, and 12mm and the distances 3, 6, and 9mm from the
midline were selected. The bone depth and density were measured at each of the
intersection of planes and distances using Galileos software.

Results: There was statistically significant difference in the bone depth and density at sites
four mm distal to incisive foramen and nine mm lateral to the midline (P,.9) and eight mm
distal to incisive foramen and nine mm lateral to the midline (Pyg.).

Conclusion: The ideal site for placement of palatal implants in adults (above 16years) is,
four mm distal to incisive foramen and nine mm lateral to the midline (P4.9) and eight mm
distal to incisive foramen and nine mm lateral to the midline (Pg.) and for young adults
(11-16years) is four mm distal to incisive foramen and nine mm lateral to the midline (P,.).

Copyright©2019 Raj Parthdev et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Mini-implants have much better advantages and can be used as
alternative to extraoral anchorage. In order to achieve an
absolute anchorage, mini-implants provide an easy, convenient
and relatively low-cost method with minimal patient
compliance.'

The reason for preferring palate as an implant site is because it
is easily approachable, relatively safe, increased blood flow
leading to less inflammation with good bone density. The
midpalatal area or the paramedian site is commonly used as a
site for absolute anchorage.”” 1In cases where the midpalatal
region cannot be used as implant site, the paramedian area is
prefferd.' The various biomechanics that can be carried out by
mini implant in the anterior palate includes Molar
mesialization, Molar distalization, Rapid maxillary expansion,
Intrusion and Disimpaction.**¢

As there are high chances of fracture during insertion of
miniscrew, the selection of the dimension is very important.’
The insertion site is an important factor in selecting the
dimension of the screw. When the screw is placed at the
desired site through the attached gingiva, a minimum of half of
the Sorew should be in the cortical bone with access to its
head.

*Corresponding author: Raj Parthdev
DAPM R.V Dental College & Hospital, Bangalore

The mini-implant should not hinder with any type of tooth
movement and should also allow any biomechanical changes if
required during the orthodontic treatment.” All these
requirements are fulfilled by the anterior palate with minimal
risk of iatrogenic injury as the blood-vessel density is
relatively low.”'*!" There are reports that the range of success
of mini-implants has been between 70% and 89% in general
and 100% for miniscrews inserted in the anterior palate.'>'*'*
Thus, it is important to have knowledge of osseous conditions
of the site of mini-implant placement.>>'>'® Therefore, the aim
of this study was to quantitatively evaluate bone depth and
density in the palate so as to find out an ideal site for mini-
implant placement.

MATERIALS AND METHODS

A total of 25 patients (13 female and 12 male) who were in the
age group of 10-19 years volunteered to participate, were
selected with their informed consent.

Inclusion Criteria

e Patients with good health between the age range of
10-19 years who came for treatment of malocclusion.

e Written informed consents were obtained from all
patients or the parents of those under 18 years of age.
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Exclusion criteria

e Patients with supernumerary teeth, cleft palate, or
previous orthodontic treatment were excluded from
the study.

METHODOLOGY

The methodology was divided into three main steps;

1. CBCT scan for the maxillary arch
2. Identification of the reference points
3. Measuring the bone depth and bone density

Step 1: CBCT scan for the maxillary arch

CBCT Machine: Sirona - Orthopos XG 3D model was used to
take maxillary CBCT with FOV of 8*§8 cm; images were
reconstructed into Axial, Coronal & Sagittal planes with
Galileos software.

Step 2: Identification of the reference points

In the Axial view of the Galileos software, midline of the
Maxilla was positioned and starting from the distal of the
incisive foramen, three planes 4mm, 8mm, and 12 mm and the
distances 3mm, 6mm, and 9 mm from the midline were
marked on the left side only. The intersections of distances and
planes resulted in 9 locations, described as the measuring
locations (Figure 1).

Relationship to the

Measuring incisive foramen
Location (mm distal, mm lateral)
Py 43

Pyg 4.6

Py 4.9

Pgs 8.3

Py 8.6

Pyy 8.9

Pis 123

Prag 12,6

P 12,9

Figure 1 Measuring locations in relation to incisive foramen (distal and
lateral) in Axial view.

Step 3: Measuring the bone depth and bone density

In the Tangential view of the Galileos software, the palate was
positioned from the anterior. The view was further navigated
towards the left by 3mm till the slice with the points P, Pg.,
P,,; were seen. The measurement tool was used to measure
the palatal depth of the bone followed by the bone density
measurement tool to measure the density of the bone at Py,
Pg3, Pp3 in mean grey value. The same procedure was
followed to measure the bone depth and density for the points
P46, Pg.s, P1og, Pao, Pgo & Ppyg (Figure 2 & 3).

Tangential

|

Figure 2 Measuring the bone depth at reference points in Tangential view.

PEENE s

Figure 3 Measuring the bone depth and density using Galileos software.

The mini-implants preferred in the palate are of 3.3mm and
3.75mm of diameter and 3mm and 4mm of lengths. A one-mm
buffer is needed for surgical placement of mini-screw implant
beyond these measurements.'” For this study, 4 mm length and
6 mm diameter (I-mm buffer on length and 1 mm on either
side of the diameter gives 5.75 mm, rounded to 6 mm for ease
of measurement) was the minimum bone volume required for
implantation.

Statistical analysis was done to describe the minimum vertical
bone volume available in the region of interest at each
measuring location using Student t-test, Fisher’s exact test &
Kruskal-Wallis test.

RESULTS

A total of nine sites were obtained for each patient with three
planes and three distances per plane for 25 patients. Thus, a
total of 225 measurements were obtained of which 13
measurements were removed from the analysis because of
contact with the unerupted teeth resulting in 212 measurements
for further analysis.

The association of gender showed no statistically significant
values with the mean vertical bone depth but it showed
statistically significant values at three regions for the mean
bone density. The regions Pg.g, P15.3 & Py, showed statistically
significant p-values (0.01, 0.02 & 0.03), indicating that the
bone density is significantly higher in females (Table 1 & 2).
The association of age (10-13years, 14-16years & 17-19years)
with the mean vertical bone depth showed no statistically
significant difference, while the mean bone density showed
statistically significant values at two regions. The increase in
the mean bone density from age group 10-13years to 14-
loyears & from 10-13years to 17-19years was statistically
significant (p-value 0.04 & 0.008) for the region Pg; and (p-
value 0.007 & 0.008) for the region Py, 4 (Table 3 & 4).

The comparison of vertical mean bone depth revealed that at
the plane four mm, the site P,q has statistically significant
bone depth (p-value 0.01), followed by the site Pgq (p-value
0.05) at the plane eight mm distal to the incisive foramen. The
comparison of mean bone density revealed that the sites Py
Pg 9 & P59 has the highest bone densities, but the value did not
show statistical significance (Table 5,6 & 7).
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Table 1 Mean Minimum bone depth measurements (in mm) in each ROI using Student unpaired t test.

Males Females
ROI Mean  SD 95% C1 Mean  SD 95% CI Difference P-Value
Lower Upper Lower Upper
Pss 10.86 3.94 7.74 14.08 796 442 4.32 10.62 2.90 0.10
Pus 11.77  4.51 9.78 15.02 8.69 343 6.26 11.67 3.08 0.09
Pyo 1452 531 13.24 18.28 1292 539 8.82 17.51 1.60 0.50
Pgs 5.95 2.23 3.68 6.56 6.36  3.25 3.56 8.06 -0.41 0.72
Pse 6.80  3.06 3.69 7.16 6.92 3.46 3.98 8.58 -0.12 0.93
Pso 840  3.29 5.49 9.64 7.95 2.69 6.01 10.27 0.45 0.73
Pi2; 3.98 2.08 1.98 541 423 3.51 2.3 4.36 -0.25 0.83
Pi2s 3.85 2.43 1.41 5.28 4.55 5.00 1.79 4.4 -0.70 0.65
Py 5.25 3.03 2.49 547 6.01 4.25 3.22 6.73 -0.77 0.60

Table 2 Mean Minimum bone density measurements in each ROI using Student unpaired t -test.

ROI Males Females Difference P-Value
Mean SD 95% CI Mean SD 95% CI
Lower Upper Lower Upper
Pys 1558.46 93.08 1500.2 1636.2 1596.64 91.29 1518.8 1666.1 -38.18 0.32
Pass 1611.17 110.02 1527.4 1696.3 1572.90 151.76 1452.2 1699.2 38.27 0.50
P 1617.27 128.20 1534.4 1720.7 1653.70 152.84 15344 1720.7 -36.43 0.56
Pss 1566.93 205.32 1457.5 1773.2 1614.60 153.63 1457.5 1773.2 -47.67 0.54
Ps.6 1549.21 147.24 1459.8 1678.7 1594.30 179.83 1459.8 1678.7 -45.09 0.51
Ps.o 1530.00 108.63 1463.7 1626.2 1656.10 98.06 1590.8 1741.8 -126.10 0.01*
P2 1454.43 195.47 1337.7 1591.4 1640.91 154.17 1578.9 1787.9 -186.48 0.02*
Pios 1486.36 167.39 1399.3 1609.8 1616.36 116.85 1539.5 1725.3 -130.01 0.04*
Pioo 1478.07 139.23 1445.9 1608.1 1538.09 150.81 1428.8 1677.3 -60.02 0.31

Note: *Statistically significant

Table 3 Age wise Comparison of Mean Minimum bone depth measurements (in mm) in each ROI using Kruskal Wallis test.

10-13 years Age 14-16 years Age 17-19 years Age
ROI Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI P-Value
Lower Upper Lower Upper Lower Upper
| 9.03 4.60 3.32 14.74 9.13 3.97 5.81 12.44 10.05 4.81 6.82 13.28 0.96
Pus 9.98 3.65 4.18 15.78 8.44 4.65 4.14 12.74 11.74 4.06 9.02 14.47 0.27
Pso 14.87 4.22 4.39 25.34 11.49 7.06 4.96 18.03 14.90 4.10 12.15 17.65 0.48
Pg; 7.93 2.76 4.50 11.37 5.51 1.47 4.28 6.74 5.74 3.07 3.67 7.80 0.25
Pg.6 9.28 3.03 5.52 13.04 6.59 2.41 4.58 8.61 5.94 3.36 3.68 8.20 0.15
Pgo 8.68 2.17 5.22 12.14 8.15 3.04 5.33 10.96 8.05 3.38 5.78 10.32 0.91
Piys 5.44 4.43 0.79 10.09 3.57 1.40 2.40 4.74 3.74 2.31 2.19 5.29 0.62
Pirs 5.90 6.63 -1.05 12.86 3.69 1.79 2.19 5.18 3.56 2.52 1.86 5.25 0.76
Piro 7.65 5.87 1.48 13.81 5.34 2.67 3.11 7.57 4.64 2.13 3.21 6.08 0.65

Table 4 Age wise Comparison of Mean Minimum bone height measurements (in mm) in each ROI using Kruskal Wallis test
fld by Mann Whitney Post hoc Analysis.

ROI 10-13years Age 14-16years Age 17-19years Age
95% Cl a5% Cl a5% Cl1 P- Sig.
Mean SD Lower Upper Mean SD Lower Upper Mean SD Lower Upper Value | Diff P-value

Pas 1509.60 | 111.44 | 1371.23 | 1647.97 | 1590.25 74.29 1528.14 | 1652.36 | 1595.73 89.30 1535.74 | 1655.72 0.24

Pas 1542.00 53.73 1456.50 | 1627.50 | 1601.14 | 106.26 | 1502.87 | 1699.42 | 1607.91 | 160.84 | 1499.85 | 1715.96 0.21

Pas 1712.67 | 244.698 | 1104.8 | 2320.53 | 1603.71 | 109.19 | 1502.73 | 1704.70 | 1633.00 | 128.55 | 1546.64 | 1719.36 0.69

1vs2, | 0.04*,
Pas 1411.60 | 85.45 | 1205.50 | 1517.70 | 1596.13 | 193.63 | 1434.25 | 1758.00 | 1659.64 | 164.18 | 1549.34 | 1769.94 | 0.02*
1vs3 0.008*

Pss 1479.2 86.106 | 1372.29 | 1586.11 | 1562.25 | 161.839 | 1426.95 | 1697.55 | 1612.55 | 176.126 | 1494.22 | 1730.87 0.33

Pso 1531.75 | 70.092 | 1420.22 | 1643.28 1550 106.964 | 1451.07 | 1648.93 | 1631.27 | 132.79 | 1542.06 | 1720.48 | 0.13

Piz3 | 1476.67 | 226.90 | 1238.55 | 1714.79 | 1498.38 | 185.95 | 1342.92 | 1653.83 | 1596.82 | 193.91 | 1466.54 | 1727.09 0.41

Pizs | 1517.67 | 137.91 | 1372.93 | 1662.40 | 1477.88 | 149.63 | 1352.78 | 1602.97 | 1605.45 [ 165.05 | 1494.58 | 1716.33 0.23

1vs3, | 0.007*,
Pizs | 1415.50 | 128.67 | 1280.47 | 1550.53 | 1433.25 | 134.21 | 1321.05 | 1545.45 | 1604.82 | 96.92 | 1539.71 | 1669.93 | 0.005*
2vs3 | 0.008*

Note: *Statistically significant
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Table 5 Comparison of Mean Depth & Density for Minimum
bone heights (in mm) at 4 mm using ANOVA fld by
Bonferroni post hoc Analysis.

Parameter ROI Mean SD 95% Cl P-value Sig. Diff P-Value
Lower  Upper
Pys 953 4.33 7.70 11.36 43Vs49  0.01*
Depth P,s 1037 426 8.48 12.26  0.009*
P,y 1376 528 11.36 16.16

Py 157596 9231 1536.98 1614.94
Density Py 1593.77 128.81 1536.66 1650.88  0.25 -- --
Py 1634.62 138.12 1571.75 1697.49

Note: *Statistically significant

Table 6 Comparison of Mean Depth & Density for Minimum
bone heights (in mm) at 8 mm using ANOVA fld by
Bonferroni post hoc Analysis.

95% Cl

Parameter ROl Mean SD ———————P-value Sig. Diff P-Value
Lower Upper

Pgs  6.12 265 5.00 7.24
Depth  Pgs 685 3.16 552 8.19
Pso 819 297 6.88 9.51
Pg3 1586.79 183.41 1509.34 1664.24
Pgs 1568.00 159.44 1500.67 1635.33  0.89 -- --
Pgo 1587.32 120.13 1534.05 1640.58

*
0.05 83 Vs 89 0.05*

Density

Note: *Statistically significant
Table 7 Comparison of Mean Depth & Density for Minimum
bone heights (in mm) at 12 mm using ANOVA fld by
Bonferroni post hoc Analysis.

95% Cl

Mean SD Lower Upper

Pias 4.09 2.73 2.96 5.22

Depth Pirs 4.16 3.71 2.63 5.69 0.21 -- --
Piaso 5.59 3.56 4.12 7.05
Pip3  1536.48 198.81 1454.42 1618.54

Density P 1543.56 158.76 1478.03 1609.09 0.38 -- --
Pipg  1504.48 144.57 1444.80 1564.16

DISCUSSION

Graber defined anchorage as the nature and degree of
resistance to displacement offered by an anatomic unit when
used for the purpose of affecting tooth movement. But as
indicated by Newton’s third law - “For every action there is an
equal and opposite reaction.” Hence, anchorage control is the
most important factor for a successful orthodontic treatment.

Parameter ROI P-value Sig. Diff P-Value

In conventional orthodontic treatment, the anchorage is
obtained from the molar region as it has the maximum surface
area in the bone; however, some amount of movement is
inevitable. In cases requiring absolute anchorage, devices such
as Headgear, Trans-palatal arch, Nance palatal button &
Chromosomal arch are used. These appliances need good
patient cooperation and are very technique sensitive in patients
with missing molars or those requiring distal movement of
molars.'®

Orthodontics has seen a paradigm shift with the introduction of
mini-implants & miniplates. Mini-implants provide absolute
anchorage leading to a very predictable and efficient tooth-
movement.'”?’ The success of mini-implants depends on the
quality of the surrounding bone. The success rate is less for
maxilla as it more porous than the mandible. However, the
palatal area has dense cortical bone, require minimal patient
compliance and doesn’t interfere with tooth movement which
makes it a favourable site.'”

The ossification of midpalatal suture and transverse palatal
growth cease, is extremely variable. Melsen (1975) found
obliterations of the suture already in 16year old females and
18year old males, butStockmannet al. (2009) found
ossifications in only half of the cases investigated in 15 to 20

year olds. In the study by Knauper al. (2004), earliest
ossification of the midpalatal suture was found in a 21 year-old
male, whereas the oldest unossified midpalatal suture was in a
54 year-old male. Schlegel ez al. (2002) observed complete
ossification in only 40 per cent of patients aged between 23
and 30. Thus the paramedian palate is a preferred site for
placement of implants.”'

In the present study, Cone beam computed tomographic scans
of the maxillary arch were obtained for 25 aged 10-19 years.
The images were reconstructed into Axial, Coronal & Sagittal
planes with Galileos software. The reference points were then
identified, followed by measurement of the bone depth and
density at nine different points for each patient.

The association of gender with the mean vertical bone depth at
each of nine locations showed no statistically significant
values, while the mean bone density was higher in females (p-
values 0.01, 0.02 & 0.03) showing statistically significance at
sites Pgg, P12.3& Pjo6 This was in accordance with the study
done by Hee Moon et al. (2010) in Korean population while
the study by Ghahroudi et al. (2014) in Iranian population &
King et al. (2006) in Canadian population, showed higher bone
densities in males.'"

The association of age (10-13 years, 14-16 years & 17-19
years) with the mean vertical bone depth at each of nine
locations showed no statistically significant values, while the
mean bone density was statistically significant (p-value 0.04 &
0.008) at the region Pg_; and (p-value 0.007 & 0.008) for region
P59, This was in accordance with the study done by King et al.
(2006) in Canadian population and Howell et al. (1981) who
reported an increase in palatal index from mixed to permanent
dentition while Ghahroudi et al. (2014) in Iranian population,
showed no significant difference.>"

The comparison of vertical mean bone depth revealed that at
the plane four mm, the site P, has statistically significant
bone depth (p-value 0.01), followed by the site Pgq (p-value
0.05) at the plane eight mm distal to the incisive foramen.
King et al. (2006) in Canadian population, demonstrated ideal
vertical bone depth at four mm posterior and three mm lateral
to incisive foramen. Hee Moon et al. (2010) in Korean
population, demonstrated ideal vertical bone depth at three mm
posterior and one to five mm lateral to the incisive
foramen."*'>  Lai et al. (2010) in Chinese population,
demonstrated that the ideal vertical bone depth is three mm
posterior, six mm lateral and six mm posterior, nine mm lateral
to the incisive foramen."" These differences in ideal vertical
bone depth may be because of the different races.

CONCLUSION
The conclusions drawn from the study were:

e The ideal site for placement of palatal implants in adults
(above 16years) is four mm distal to incisive foramen
and nine mm lateral to the midline P, (p-value 0.01)
and eight mm distal to incisive foramen and nine mm
lateral to the midline Pgg (p-value 0.05) and in young
adults (11-16years) is four mm distal to incisive
foramen and nine mm lateral to the midline (P4.o).

e Females have higher bone density than males (p-values
0.01, 0.02 & 0.03) showing statistically significance at
sites Pgo, P1p3& Py and similar bone depths in the
paramedian palate.
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e Bone depth and density increases with age at all the
measuring locations.
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