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Assessment of Root Surface Areas
of Maxillary Permanent Teeth in Thai Patients
with Complete Unilateral Cleft Lip and Palate
Using Cone Beam Computed Tomography
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Materials and Methods: Two hundred
and sixteen cone beam computed tomographic
images of maxillary permanent teeth from 20 Thai
patients with unilateral cleft lip and palate (mean
age: 10.50 £+ 2.24 years) were used to construct
three-dimensional tooth models with the Mimics
Research 15.01 software. The cemento-enamel
junction was identified, and the root surface areas
of each tooth type was calculated automatically by
the 3-Matic Research version 7.01 software. The
median root surface areas of each tooth type from
the cleft and non-cleft sides were compared using
the non-parametric Wilcoxon matched pairs signed
rank test (p < 0.05).

Results: The median root surface areas of
maxillary central incisors, maxillary canines, first
premolars, second premolars and first molars
on the cleft side in Thai patients with complete
unilateral cleft lip and palate were significantly
less than those on the non-cleft side. The median
root surface area of the four remaining maxillary
lateral incisors on the cleft side was less than on
the non-cleft side but the difference was not statis-
tically significant.

Conclusions: The root surface areas of the
maxillary permanent teeth were less on the cleft
side than those on the non-cleft side in Thai
patients with complete unilateral cleft lip and

palate.

Keywords: cleft lip and palate, cone-beam
computed tomography, root surface area, three-

dimensional



Uy, WA U7 41 aufi 3 n.e.-5.m. 2563

Introduction

Orofacial cleft is a common congenital craniofa-
cial malformation of the craniofacial region.(l'3 ) The
etiology of cleft lip and palate (CLP) is multifactorial,
involving environmental and genetic factors.(!->)
CLP affects not only craniofacial growth, but also
the dentition. Previous studies have revealed a higher
prevalence of dental anomalies, such as anomalies
in number, shape, size, developing time, eruption,
and root formation in children with cleft lip (CL),
cleft palate (CP), or both, than in other children.*-”
A common dental anomaly in patients with CLP is
tooth agenesis, particularly congenital absence of the
maxillary lateral incisors.*"” Delayed tooth develop-
ment in patients with CLP has also been reported.-19)
Studies on root development have focused on root
length and volume; however, few studies have
focused on the root surface area (RSA).(S’”'IS) Root
surface area reflects the root morphology, includ-
ing root length, root size and root shape. It has an
impact on the management of anchorage and on
optimal force magnitude.(!®!”) The assessment of
RSA has been conducted using various methods,
e.g., the membrane method, weighting conversion,
division planimetry and computerized image analy-
sis of two-dimensional (2-D) radiographs.(1%1%)

Nowadays, cone beam computed tomography
(CBCT) has become widely used in dentistry,
because it provides numerous advantages in compar-
ison with conventional CT images. Also, the CBCT
images are obtained at a faster rate and require
less radiation dose, because this technology allows
customized settings.?!) Moreover, it enables the
construction of accurate three-dimensional (3-D)
images, and can be applied with other software to
create 3-D mathematical models of teeth. As a result,
CBCT has been used to determine the RSA of vital
teeth.(>22%) The objective of this study was to assess
the effect of the CLP anomaly on root development

and to compare the RSA of the maxillary permanent
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teeth between the cleft and the non-cleft sides in
patients with complete unilateral cleft lip and palate
(UCLP).

Materials and Methods

Subjects and image acquisition

This study was approved by the Human Exper-
imentation Committee of the Faculty of Dentistry,
Chiang Mai University, Thailand (No. 46/2018).
Informed consent was obtained from all patients and
their parents before CBCT images were recorded.
The sample consisted of 216 images of maxillary
permanent teeth from 20 CBCT images of Thai pa-
tients with complete UCLP (12 male and 8 female:
age range, eight - 15 years: mean age: 10.50 + 2.24
years), categorized by tooth type: central incisor,
lateral incisor, canine, first premolar, second pre-
molar, and first molar. The second and third molars
were excluded because of their root variation. The
pre-treatment CBCT images were recorded using a
Sirona XG 3-D CBCT unit (ORTHOPHOS® XG 3D,
Bensheim, Germany) at 90 kV, 12 mA, a 12.5x12.5-
cm field of view, and a voxel size of 0.1 mm. All pa-
tients required CBCT imaging before bone grafting
and had met the following inclusion criteria: 1) Thai
patients with complete ULCP aged from eight to 15
years; 2) mixed or permanent dentition; 3) history
of previous lip repair and palatal closure treatment
and exclusion criteria 1) history of trauma, systemic
disease or previous orthodontic treatment; 2) no root
restoration, marked caries, severe attrition or periapi-

cal lesions

Measurements of the root surface areas

Following the method of Tasanapanont, et al.*®)
the digital imaging and communications in medicine
(DICOM) files of all subjects obtained from CBCT
were imported and converted to the stereolithogra-
phy (STL) format, using Mimics Research 15.01

software (Materialise, Leuven, Belgium). The thresh-
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old values for the tooth regions were predefined to
reconstruct only the areas of interest. A new mask
was created and cropped in all three planes. Details of
tooth morphology in the 3-D images were manually
defined, slice by slice, for segmentation to separate
the tooth from the surrounding structures (Figure 1).
Intentional extension spine markings were con-
structed at the cemento-enamel junction (CEJ) on
each slide to facilitate the visualization of the CEJ
location on the 3-D dental models (Figure 2). The
3-D dental model was created when the “Calculate
3-D” icon (Figure 3) was selected. The 3-D dental
model was then imported into the 3-matic Research
7.01 software (Materialise). The CEJ of each tooth
was identified, and the RSA of each tooth was cal-

culated automatically. (Figure 4).
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Statistical analysis

The Statistical Package for Social Sciences
(SPSS) version 22.0 for Windows (SPSS Inc.,
Chicago, Illinois, USA) was used to calculate the
results. Method reliability was tested by randomly
selecting CBCT images of six maxillary permanent
teeth of each tooth type (except second and third
molars) and re-measuring by the same examiner
(General dentist has much experience for assess
CBCT) after a four-week interval. The intra-examiner
reliability was assessed using the intra-class correla-
tion coefficient (ICC). The Shapiro-Wilk test was
used to test the normality of all data. The differences
in RSA of maxillary permanent teeth between the
cleft side and the non-cleft side were compared using
the non-parametric Wilcoxon matched pairs signed
ranks test. The results were considered statistically

significant at p<0.05.
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Figure 1 Identification of tooth morphology on 3-D images of each slice orientation using Mimics Research 15.01 software.

(4) Coronal view; (B) Axial view, and (C) Sagittal view,
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7.01 software.
Results

An intra-examiner reliability test for measure-
ment of the RSA showed a high intra-class correla-
tion (r=0.998), indicating a high level of reproduci-
bility in the RSA measurement.

The prevalence of the maxillary lateral incisor
with congenital absence, bilateral congenital
absence, and unilateral congenital absence were
80.0%, 40.0%, and 40.0% respectively. as shown
in Table 1

The medians of the RSA of the maxillary central
incisor, canine, first premolars, second premolar, and
first molars on the cleft side were significantly less
than those on the non-cleft side, as shown in table
2. The median RSA of the four remaining maxillary
lateral incisors on the cleft side was also less than on
the non-cleft side but the difference was not statisti-
cally significant. (p = 0.068), (n=4)
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The CEJ was identified on the 3-D dental model and the RSA of each tooth was calculated, using the 3-matic Research

Discussion

The most common dental anomaly in patients
with CLP reported in numerous previous studies is
tooth agenesis, particularly the congenital absence
of the maxillary lateral incisors on both cleft side
and non-cleft sides.+710:13:2427) 1y this study, the
prevalence of congenitally absent maxillary lateral
incisors was 80.0%, a finding which agrees with the
findings of other studies.(->42%)

The results demonstrate that the RSAs of max-
illary permanent teeth of each tooth type on the cleft
side were less than those of their counterparts on the
non-cleft side in patients with UCLP. The asymmetri-
cal root development was also previously mentioned
by other authors who used different comparative
methods, such as the predefined root development
rating systems>!22839 measured root length from
2-D radiographs®!), measured crown height, root
length and full length from CBCT!'> and measured
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Table 1 ~ Number (N) and prevalence (total the subjects) of congenital absence of the maxillary lateral incisor located by region
Cleft region Prevalence
N Percentage
Bilateral congenital absence 8 40.0%
Unilateral congenital absence Cleft side 8
Non-cleft side 0 40.0%
Total 16 80.0%
i 2 AlsaguazmnSeudisuiiiia et oA iitamzhau s induas i sniuye st
foginsutraluduiliinnzthauniswalng
Table 2 The comparisons of the RSA of the maxillary permanent teeth on the cleft side and those of its counterpart on the non-

cleft side in Thai patients with complete UCLP.

Cleft side Non-cleft side
Group - - p value ?
Median (IQR) Median (IQR)
Central incisor 181.48 (29.77) 192.28 (34.76) <0.001*
Lateral incisor 123.50 (119.61) 168.42 (49.84) 0.068
Canine 198.29 (59.85) 201.71 (83.07) 0.007*
First premolar 176.67 (83.77) 202.76 (82.44) 0.005*
Second premolar 146.05 (65.44) 165.12 (98.21) 0.040%
First molar 369.56 (79.73) 392.79 (67.23) <0.001%

Differences between groups was derived from the root surface area of Non-cleft side group minus that of the cleft side group.

# Significance levels: * p<0.05

(Wilcoxon matched pairs signed ranks test)

root volume from CBCT.(!D Many previous studies
revealed that the root development of permanent
maxillary anterior teeth next to the cleft area was
more delayed than on the non-cleft side, especially
the lateral incisor, followed by the central incisor
and canine respectively.!'%!33%) However, this study
has limitation in the calculation of the validity of the
RSA measurement for the maxillary lateral incisors
due to congenital missing of this tooth which was
detected in 80 per cent of the total subjects lead to not
statistically insignificant and the maxillary central
incisor on the cleft side was the most delayed. This
finding might not imply that the CLP anomaly did
not affect the RSA of the maxillary lateral incisors,
because the CLP anomaly was so affected that this
tooth missed. Besides, asymmetric root development

was likewise involved with maxillary posterior teeth

that were far from the cleft region. Delayed root de-
velopment of premolars and molars on the cleft side
has also been demonstrated in other studies.(!?3?)
Nevertheless, the small size of the subjects was
limitation which had an impact on being unable
to divide the age range to find the relation of RSA
in each tooth of maxillary teeth on both sides. The
patients with CLP especially who had the permanent
dentition and were qualified by the inclusion and
exclusion criteria without orthodontic treatment history
were a rare case. As a result, for explicit result in this
patient group, further study should be performed.
Etiological factors in the agenesis of the lateral
incisor and in delayed dental development are not
well understood but such factors could be associated
with the same etiological factors in the development

of the cleft.3233) Genetics is such an etiological
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factor®*3032) " as are prenatal damage, maternal
factors associated with a defective genotype!!%*9),
postnatal environmental factors such as postnatal
surgery(230) (32)

support.3)

, nutritional factors'”“’, and lack of bone

In many theories, the agenesis of the lateral
incisor on the cleft side may be caused by several
factors, especially adjacency to the cleft fissure and
the effect of post-surgical palatal cleft closure.33-3%)
Lack of alveolar bone in the cleft area may cause
the absence of the lateral incisor and the division
of its bud in the cleft area. The cleft appears before
formation of the dental lamina. The cleft may include
the precanine section of the oral epithelium and the
extension of the dental lamina. Therefore, the cleft
may damage the dental lamina, which, normally,
should develop into tooth germs. Severe deficiency
of mesenchymal mass and blood supply at the cleft
site may lead to insufficient mesenchymal support to
the tooth bud.®7*® In term of, surgical treatment for
palatal cleft closure seems to be have impact on the
agenesis of the lateral incisor on the cleft side than
does lack of alveolar bone in the cleft because the
procedure is performed at one year of age in patients
with CLP, which is during the period of dental hard
tissue formation in the permanent teeth, including the
maxillary lateral incisor.3%4!)

Ribeiro, et al.¥) confirmed that lack of maxillary
anterior alveolar bone support on the cleft side as
well as scar formation and blood supply deficiency
likely to be affected by the postnatal surgery may
cause deficient root development of the maxillary
anterior teeth adjacent to the cleft. Zhou, et al.®V
revealed that a deficient blood supply might decrease
cell differentiation and proliferation in the develop-
ing root, which could affect root dentine organiza-
tion during tooth development.

Vastadis, et al. (42) however, revealed that agen-
esis in patients with CLP seems to be controlled

by homeobox Msx-1 genes, which are expressed

CM Dent J Vol. 41 No. 3 September-December 2020

approximately four times more frequently in patients
with CLP and tooth agenesis than in patients without
clefts. This finding agrees with the findings of previous
studies in which both maxillary and mandibular
teeth also demonstrated delayed root development,
possibly implying that some genetic factors seem to
be more important in delayed and asymmetric root
development in patients with CLP than are postnatal
environmental factors, such as postnatal surgery. (121>
Thus, further investigations are essential.

This study found decreased RSA in maxillary
permanent teeth on the cleft side. Root surface area is
an important factor in determining anchorage during
tooth movement and is related to optimal orthodontic
force magnitudes. Moreover, decreased RSA is related
to short root, leading to an increased incidence of
root resorption during orthodontic treatment.*)
Decreased RSA also influences the mobility and
center of resistance of teeth.*?) Therefore, the find-
ings imply that application of low force magnitudes
during tooth movement should be considered, in par-
ticular, in patients with CLP, to avoid further feasible

complications.

Conclusions
The RSA of maxillary permanent teeth on the
cleft side in Thai patients with complete UCLP was

less than on the non-cleft side.
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