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Comparison of the Buccal Cortical Bone Thickness
in Growing Thai Patients with Unilateral Cleft Lip
and Palate Using Cone-Beam Computed Tomography
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Abstract
Objective: The purpose of this study was to

compare the buccal cortical bone thickness at the
infrazygomatic (IZ) crest site between non-cleft and
cleft sides in growing Thai patients with unilateral
cleft lip and palate (UCLP), using cone-beam com-
puted tomography (CBCT).

Materials and Methods: Pre orthodontic
treatment CBCT images of 40 IZ crest sites obtained
from 20 non-syndromic Thai patients with UCLP

were measured. Using the DentiPlan professional
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Introduction

Cleft lip and palate is a well-known congenital
facial deformity involving with impairment of
maxillary growth. Many factors affect the impair-
ment, including variations intrinsically associated
with cleft malformation, other variations associated
with functional adaptation and surgical intervention.
Patients with unilateral cleft lip and palate (UCLP)
are usually characterized by retrognathic maxilla.(13)

Skeletal discrepancy between the maxilla and man-
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V. 3.0 (NECTEC, Thailand) viewer program, five
cutting lines of 1.2 mm vertical interval from 6.0
mm to 10.8 mm from the buccal cemento-enamel
junction (CEJ) of the maxillary first molar to the
root apex were created for the measurements. The
paired t-test was used to assess the differences in
buccal cortical bone thickness between non-cleft
and cleft sides.

Results: The buccal cortical bone thickness
ranged from 1.08+0.30 mm to 2.16+1.17 mm
on the non-cleft side, and from 1.19+0.3 mm to
3.36+2.80 mm on the cleft side. The greatest values
were along the distobuccal (DB) root of the max-
illary first molar, increasing from the buccal CEJ
to the apex. Statistically significant differences in
the measurements between the non-cleft and cleft
sides were discovered at p < 0.05.

Conclusions: All the buccal cortical bone
thickness measurements were greater than 1.0
mm on both non-cleft and cleft sides. The values
increased from the CEJ level towards the apical
area. Moreover, most measurements on the cleft side

were significantly greater than those non-cleft side.

Keywords: cleft lip and palate, bone thickness,
CBCT

dible often creates class III malocclusion. Growth
modification using maxillary advancement appliances
is a treatment modality in growing patients.®)
Recently, protraction headgear with skeletal anchor-
age has been reported to minimize unwanted effects
such as proclination of the maxillary incisors.®-)
Non-interradicular sites for miniscrew place-
ment have been suggested to be safer than interra-
dicular sites.®) Palatal sites for miniscrew placement

are not appropriate in patients with UCLP to the
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cleft in the palate. Recently, the IZ crest has been
used for single miniscrews. The 1Z crest has two
cortical plates, the buccal cortical plate and the sinus
floor. This anatomical advantage allows for bicortical
fixation and possibly contributes to better primary
stability of the miniscrew.>'? Liou® suggests that
the placement site is located between the maxillary
second premolar and first molar in young patients,
but above the maxillary first molar in adults. Baum-
gaertel and Hans11 also reported that the greatest [Z
crest bone depth is located 11.48 mm apical to the
buccal CEJ of the maxillary first molar in adult dry
skulls.

The success rate of miniscrews depends greatly
on primary stability.('?) Cortical bone thickness is
a crucial factor in the primary stability of mini-
screws.(1317) Recently, Khamsarn, et al.('®) reported
that the greatest buccal cortical bone thickness in
Thai patients with Class I skeletal pattern is between
the first and second molars at a height of 10 mm
from the CEJ. In Class II patients, the greatest buccal
cortical bone thickness is between the first and
second premolars 10 mm from the CEJ.(®

Cone-beam computed tomography (CBCT)
has been shown to be an accurate tool for quan-
titative measurements of the buccal bone thick-
ness.!”) Numerous studies have assessed the cor-
tical bone thickness in the maxilla using CBCT
software.(17:18.2021)

Up to date, evaluation of the buccal cortical bone
thickness at the [Z crest area in growing patients with
clefts is scarce if available. Therefore, this study was
designed to compare the buccal cortical bone thick-
ness at the IZ crest site between non-cleft and cleft

sides in growing Thai patients with UCLP.

Materials and Methods

Subjects and image acquisition
This study was approved by the Human Exper-

imentation Committee, Faculty of Dentistry, Chiang
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Mai University (NO.59/2016). The samples consist-
ed of the CBCT images of 40 1Z crest sites obtained
from 20 non-syndromic Thai patients with UCLP
aged seven to 13 years. The images were produced
using a DentiScan (NSTDA, Bangkok, Thailand)
CBCT unit at 90 kVP, 6 mA and a voxel size of 0.4
mm. Inclusion criteria were 1) history of primary lip
and palate surgery at the age of 3 months to 2 years;
2) Class III skeletal relationship due to maxillary
deficiency (ANB<0°, SNA<80°); 3) no posterior
teeth missing, excluding third molars, or large metal
restorations; 4) no previous orthodontic treatment;
5) no bone-altering medication or disease and 6)
full eruption and complete root formation of the
maxillary first molar.

Measurement of the buccal cortical bone
thickness

Using the DentiPlan professional V. 3.0 (NECT-
EC, Bangkok, Thailand) viewer program, the CBCT
images were oriented in all three planes of space.
For coronal slice orientation (Figure 1, A), the
CBCT image was oriented until the maxillary molar
occlusal plane (a plane between the mesiobuccal
cusp and mesiolingual cusp of the maxillary first
molar) was parallel to the yellow horizontal line. For
sagittal slice orientation (Figure 1, B), the CBCT im-
age was oriented until the functional occlusal plane
was parallel to the yellow horizontal line, and the
long axis of the mesiobuccal root of the maxillary
first molar was parallel to the blue vertical line. For
axial slice orientation (Figure 1, C), the CBCT image
was oriented to ensure that the blue horizontal line
was superimposed to the mesiobuccal root of the
maxillary first molar.

On the coronal slice orientation, five cutting
lines with 1.2 mm vertical intervals from 6.0-10.8
mm from the buccal CEJ of the maxillary first molar
to the root apex were created. On the sagittal slice
orientation, three mesiodistal sections, including the

mesiobuccal root axis (MB), the middle of the buccal
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Figure 1  Three views of the CBCT image orientations of the left maxillary first molar: A, coronal slice orientation, with the yellow
horizontal line being parallel to the maxillary molar occlusal plane; B, sagittal slice orientation, with the blue vertical
reference line being superimposed along the long axis of the mesiobuccal root of the maxillary first molar and the func-
tional occlusal plane being parallel to the yellow horizontal line; C, axial slice orientation, with the blue horizontal

reference line being superimposed along the mesiobuccal root axis of the maxillary first molar:

istal sections

Vertical cut levels

2 swmdsiiadzuuvuadremslnedugadnszniudaudaluunde 5 :zAunnTeere AR UTLLAzIARDUTINTI
(6.0, 7.2, 8.4, 9.6, 10.8 ux.) unzaudauuilagnawlnana 3 dwu [dun dwdnduudulasnas sausafonaivey
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Figure 2 Measurement sites in a grid pattern at five vertical cut levels from CEJ (6.0, 7.2, 8.4, 9.6 and 10.8 mm) and three
mesiodistal sections, including mesiobuccal (MB) root axis, middle of buccal furcation and distobuccal (DB) root axis

of the maxillary first molar. The measurement site marked “x” was named MB 9.6.
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furcation (B) and the distobuccal root axis (DB) of
the maxillary first molar, were created. Then a grid
pattern of measurements was produced (Figure 2).
Each measurement site was named according to the
mesiodistal sections and the vertical cut levels. For
example, the measurement site marked “x” in Figure
2 would be named MB9.6.

Then on the axial slice orientation at each
vertical level of cutting bone, the buccal cortical
bone thickness, or the distance (in mm) between the
internal and external aspects of the buccal cortex,
were measured at the mesiobuccal (MB) root, the
middle of the buccal furcation (B) and the disto-
buccal (DB) root of the maxillary first molar (Figure
3). All measurements were repeated after a 4-week
interval by the same examiner and average values
were calculated.

Statistical analysis

Data were analyzed using SPSS 17.0 (SPSS
Inc., Chicago, Ill., USA). All data were tested for
normality using the Shapiro-Wilk test. Intraclass
correlation was used to assess intra-examiner variation.

Means and standard deviations of the buccal cortical

CM Dent J Vol. 40 No. 3 September-December 2019

bone thickness were investigated. The paired #-test
was used to assess the differences in bone thickness

between non-cleft and cleft sides.

Results

The intra-examiner reliability test for measure-
ment of the buccal cortical bone thickness showed
high intraclass correlation (r = 0.96). The buccal
cortical bone thickness measurements were normally
distributed. The buccal cortical bone thickness on
the non-cleft side ranged from 1.08+0.30 mm to
2.16£1.17 mm. The thinnest was found at the MB
4.8 site, the thickest at the DB 10.8 site. On the cleft
side, the measurements ranged from 1.19+0.37 mm
to 3.36+2.80 mm. The thinnest was found at the MB
4.8 site, the thickest at the DB 10.8 site. The mean
and standard deviations of all measurements are
shown in Table 1.

The buccal cortical bone thickness in the max-
illary first molar region on the cleft side was signifi-
cantly greater than that on the non-cleft side at MB
7.2,MB 9.6, MB 10.8, B 7.2, B 9.6, B 10.8, DB 9.6
and DB 10.8 sites at p < 0.05, as shown in Table 1.

jl/ﬁ' 3
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Figure 3 At each vertical cut level, the buccal cortical bone thickness was measured parallel to the horizontal reference plane

(red line) at the mesiobucal root, the middle of the buccal root furcation and the distobuccal root.
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Table 1  Means (mm) and standard deviations of the buccal cortical bone thickness at the mesiobuccal (MB) root, the middle of
the buccal furcation (B) and the distobuccal (DB) root of the maxillary first molar for each vertical level on the non-cleft
and cleft sides.

Vertical MB root of 13 molar Middle of buccal furcation DB root of 1% molar
cut level | Non-cleft Cleft P Non-cleft Cleft P Non-cleft Cleft P
6 1.08+0.30 | 1.19+0.37 NS 1.21+0.26 | 1.26+0.31 NS 1.21+0.35 | 1.23+0.32 NS
7.2 1.16+0.38 | 1.43+0.38 ** 1.314+0.32 | 1.53+0.42 * 1.32+0.44 | 1.52+0.44 NS
8.4 1.41+0.51 | 1.63+0.66 NS 1.55+0.45 | 1.71+0.64 NS 1.57+0.59 | 1.81+0.87 NS
9.6 1.48+0.55 | 1.86+0.82 ** 1.76+0.65 | 2.09+0.94 * 1.74+0.47 | 2.28+1.05 kK
10.8 1.89+0.84 | 2.31+1.18 * 2.014+0.65 | 2.86+1.82 * 2.16+1.17 | 3.36+2.80 *

NS: Not significant, *: p < 0.05, **: p < 0.01

Discussion

Cortical bone thickness is a fundamental factor
in the primary stability of miniscrews. Previous
studies have demonstrated that the cortical bone
thickness should be at least 1.0 mm for adequate
primary stability and clinical success.?>?® In our
study, the buccal cortical bone thickness at all mea-
surement sites was greater than 1.0 mm. This find-
ing is consistent with the findings of several studies
which found that the buccal cortical bone thickness
in the posterior region of the maxilla of adult patients
was greater than 1.0 mm.(16-20-2D)

This study discovered that the thickness
increased from the mesial aspect of the maxillary
first molar to the distal, a finding which agreed with
that of a non-cleft adult study by Ono ez al.('>) In this
study, the greatest values were along the DB root of
the maxillary first molar, increasing at higher vertical
levels. The result is consistent with that reported by
Park and Cho'®, showing that the buccal cortical
bone thickness tends to increase from the buccal
CEJ to the apex. Nonetheless, Hu et al."” claimed
no significant difference in that aspect. Baumgaertel
et al. ") revealed that the bone thickness in the
posterior area of the maxilla decreased at the 4-mm
vertical cut level, and then increased again at the

6-mm vertical cut level from the alveolar crest.

Statistically significantdifferences in the measure-
ments between the cleft and non-cleft sides were
discovered. Most measurements were greater on the
cleft side. No other studies were found with which
to compare these outcomes. The characteristics of
malocclusions of patients with UCLP at the mixed
dentition stage should be considered. Disthaporn
et al.*» measured the mediolateral arch width on
the cleft and non-cleft sides and declared that arch
contraction on the cleft side was more severe at the
maxillary first permanent molar. Temple ez al.?>
also suggested that the position of the tooth root was
a significant determinant of buccal plate thickness.
Those discoveries may imply that the palatal position
of the maxillary first molar on the cleft side relates to
the greater buccal plate thickness and buccal cortical
bone thickness.

This study found that minicrew placement in
the maxillary first molar area on the cleft side con-
sidering the buccal cortical bone thickness provides
adequate primary stability as same as on the non-
cleft side. However, the clinical success of minicrew
placement is also affected by other factors.(>6-2%)
The causes of miniscrew implant failure include
surgical factors and host factors. Surgical factors
include improper surgical technique such as root

contact, heavy load and overheating during place-
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ment. Host factors include bone quality, systemic
disease such as diabetes, parafunctional habits and
poor oral hygiene. In addition, several studies have
revealed that non-keratinized mucosa is also a risk
factor for miniscrew implant failure. Miniscrews
should be placed in keratinized gingiva because a
lower survival rate has been found in the movable,
non-keratinized mucosa area.*%) Plakwixz, et al. 30
studied the periodontal status in growing patients
with UCLP and found that keratinized gingiva was
statistically significantly narrower on the cleft side.
Therefore, the width of attached gingiva should like-
wise be considered before determining the proper

miniscrew implant placement site.®31-3%

Conclusions

All the buccal cortical bone thickness measure-
ments were greater than 1.0 mm at the [Z crest site on
both non-cleft and cleft sides. The values increased
from 6 mm from the buccal CEJ level towards the
apical area. The cortical bone on the cleft side was
significantly thicker than on the non-cleft side in

most of all measurements.
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