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Abstract Background: The vertical facial growth pattern is one of the most important issue in the

orthodontic diagnosis and treatment. Previous studies investigated the association between inter-

dental bone thickness and facial divergence using mainly bidimensional analysis. When two-

dimensional dental radiographic views are not sufficient for diagnosis and measurements, cone-

beam computed tomography (CBCT) images should be used to assess the alveolar bone structure

three-dimensionally and with high accuracy and reliability.

The aim of the present study was to evaluate the correlation between alveolar bone thickness and

facial divergence in young adults untreated patients using a three-dimensional method analysis with

CBCT images.

Methods: Records of 30 untreated patients (mean age 16 ± 2 years) with Angle Class I and mild

to moderate crowding were analyzed. Subjects were classified as hypodivergent (<39�), normodiver-

gent (41 ± 2�), and hyperdivergent (>43�). according to the inter-maxillary angle between the sagit-

tal maxillary plane (ANS-PNS) and the mandibular plane (GN-ME). The alveolar bone thickness

measurements were taken for the buccal and palatal/lingual surfaces of maxillary and mandibular
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anterior teeth. Axial-guided navigation (AGN) was used to locate all landmarks using a specific

software (Horos 3.0).

Results: The statistical analysis showed a significant difference between the hypodivergent and

hyperdivergent group regarding buccal bone height (P = 0.005), buccal apical bone thickness

(P = 0.003) and palatal mid-root bone thickness (P = 0.006). Moreover, buccal bone height

(P = 0.006) was found to be statistically significant different in normodivergent compared with

hypodivergent individuals.

Conclusions: Facial types were found to be correlated with alveolar bone thickness. The hyper-

divergent subjects presented thinner alveolus bone in the anterior maxilla and at almost all sites in

the mandible. Clinicians should be aware of the possibility of thin cortical bone plates in hyperdi-

vergent patients, reducing antero-posterior movements to avoid fenestration and dehiscence.

� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The craniofacial morphology is a complex system with inter-
individual phenotypic variations determined by genetics, envi-

ronmental factors and functional demands. The growth of the
maxillo-mandibular region is closely related to the surround-
ing muscular system: the craniofacial structures, including oral
soft tissues and hard tissues, are strongly influenced by the

strains of masticatory forces (Weinmann, 1955; Ichim et al.,
2007).

According to the mechanostat hypothesis proposed by

Frost (1987, 1994), and the researches made by Currey
(Currey, 1968), a range of strain values are responsible for
determining the nature of bone adaptation: strains exceeding

this range induce bone production, whereas strains below
those values, lead to bone loss (Jee, 2000). Several animal
and human studies have investigated the relationship between

masticatory muscles force and craniofacial growth pattern
(Fields et al., 1984), showing associations between increased
facial divergence, with a hyper-divergent growth pattern, and
muscular hypofunction (Proffit and Fields, 1983; Garcia-

Morales et al., 2003); whereas individuals with strong muscles
are characterized by short face (Satiroglu et al., 2005).

Vertical facial morphology is important for the orthodon-

tist, influencing growth prediction, anchorage system, bite
force and functions. Since the vertical facial dimensions are
related to morphological bone changes controlled by genetics

and functions during childhood (Bresin, 2001, Mavropoulos),
it is reasonable to believe that maxillary and mandibular cor-
tical bone thicknesses might diverge too in patients with differ-

ent facial growth pattern (Tsunori et al., 1998; Chan et al.,
2008).

Several studies based on bidimensional analysis provided
evidence of a significant relationship between facial type and

the alveolar bone morphology. Dento-alveolar compensation
occurred in subjects with hyper- and hypo- divergent facial
growth mainly by adaptations in the alveolar thicknesses and

bone heights of the anterior sites (Janson et al., 2003). How-
ever, these data are based on two-dimensional (2D) imaging
whose limits have been widely demonstrated (van Vlijmen

et al., 2009; Farronato et al., 2010).
In recent years, cone beam computed tomography (CBCT)

has been specifically introduced and successfully used to eval-
uate 3D structures, volumes and the bony architecture and the

morphology of the cortical bone in the maxillary-mandibular
et al., Correlation between facial growth
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complex (Cossellu et al., 2015a, 2015b; Kapila and Nervina,
2015). Whereas muscle forces have been related to cortical
thickness and facial divergence, limited research has been con-
ducted correlating cortical bone thickness to facial divergence.

The purpose of this study is to investigate the correlation
between facial divergence and cortical bone thicknesses of
the maxillary and mandibular anterior tooth-bearing region

using CBCT images of young untreated adults.

2. Materials and methods

2.1. Sample selection

This study included records selected from a retrospective
screening of CBCT images archived at the Dental Clinic of
the Federal University of Goiás, Brazil, acquired from January

2011 to March 2014.
The 3D images were obtained using an I-CAT CBCT

(Imaging Sciences International, Hatfield, PA, USA) config-
ured for 0.25 mm volumetric reconstruction, 12-bit grayscale,

isometric voxel, 120kVp tube voltage, field of view (FOV) of
13 cm, 3.8 mA tube current and exposure time of 40 s. The
high definition and sensitivity of CBCT scans ensures that

the buccal and palatal/lingual cortical bone, together with
teeth, is visualized without any overlapping. The use of 12-
bit grayscale, as a standard parameter, strengthens the effec-

tiveness and the accuracy in evaluating the alveolar bone
structures.

From 220 patients, whose CBCT images were taken for

diagnosis and treatment plan of craniofacial, skeletal or patho-
logical abnormalities, 93 subjects (mean age of 16 ± 2 years)
meeting the following inclusion criteria were selected: no previ-
ous orthodontic treatment, Angle Class I malocclusion, per-

manent dentition and mild to moderate dental crowding.
Records showing decayed teeth, deciduous dentition,

impacted molars, periodontal disease with alveolar bone loss,

missing lower anterior teeth, traumatic dental injury and metal
restorations were excluded.

The resulting sample of 48 CBCT images was analyzed at

the Department of Biomedical, Surgical and Dental Sciences
(University of Milan, Fondazione IRCCS Ca’ Granda, Ospe-
dale Maggiore Policlinico) and classified in three groups
according to the facial growth pattern: hypodivergent

(<39�), normodivergent (41 ± 2�), and hyperdivergent
(>43�).
patterns and cortical bone thickness assessed with cone-beam computed tomog-
g/10.1016/j.sdentj.2020.01.009
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Categories were determined measuring the bi-dimensional
and the 3D inter-maxillary angle between the sagittal maxillary
plane (ANS-PNS) and right and left mandibular plane (GoDx-

Me and GoSx-Me), using the software Mimics Materialise
(Materialise HQ, Leuven, Belgium) as defined in Fig. 1.
Patients had to fit into a single category for the two different

resulting measurements, to be included in the study. 18 sub-
jects who fell into mixed groups were excluded from the
groups. The remaining selected CBCT images were 10 hypodi-

vergent subjects, 10 normodivergent and 10 hyperdivergent
ones.

Patients data were handled in accordance with the World
Medical Association Declaration of Helsinki of 1975, revised

in Tokyo 2004. This study was approved by the Research
Ethics Committee of the institution where CBCT scans were
performed (Brazil Platform, Federal University of Goiás, Bra-

zil #024439/2014).

2.2. Alveolar bone measurements

Vertical alveolar bone distances and horizontal thicknesses
around the maxillary and mandibular central and lateral inci-
sors and canines were measured by a single examiner (F.G.)

who had been trained. The images were analyzed using Horos
3.0 software (Horos Project, Annapolis, Maryland USA).

Axial-guided navigation (AGN) was used to locate the ref-
erence points (Castro et al., 2016) moving the axial cursor on

the sagittal or coronal multiplane reconstructions guided by
the axial plane along the axis of the dental root to achieve
an optimal visualization of the marginal bone in the chosen

view. Reference points, lines, and dimension variables are
described in Fig. 2.

Buccal Bone Height (BHb) and palatal/lingual Bone Height

(BHp), indicating the distances between the cement- enamel
junction (CEJ) and the alveolar bone crest (AC), were mea-
sured parallel to the long axis of the 12 teeth selected for the

research (the anterior region comprehending upper and lower
incisors and canines), on the sagittal reconstructed slice. These
measurements represent the amount of vertical alveolar bone
loss (Sharpe et al., 1987).

The buccal (aBTb, mBTb) and palatal/lingual (aBTp,
mBTp) bone thicknesses were measured at mid-root and root
apex level, perpendicularly to the long axis of the teeth. In

order to have a more accurate evaluation of the thickness val-
ues, we controlled each measure of anterior teeth both in the
coronal and in the sagittal slices.
Fig. 1 3D analysis to classify the different growth pattern using the 3D

PNS) and right and left mandibular plane (GoDx-Me and GoSx-Me),

Leuven, Belgium).

Please cite this article in press as: Gaffuri, F. et al., Correlation between facial growth p
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Measurements
inter-maxillary angle between the

by means of the software Mimic

atterns and cortical bone thickness assess
/10.1016/j.sdentj.2020.01.009
Definition
BHv
 Buccal bone height
BHp
 Palatal bone height
aBTv
 Apical buccal bone thickness
aBTp
 Apical palatal bone thickness
mBTv
 Mid-root buccal bone thickness
mBTp
 Mid-root palatal bone thickness
2.3. Error method

All CBCT were randomly ordered by one operator and the
identification was masked by a second operator before being

evaluated. The examiners who analyzed the records were blind
with regard to the divergence classification of patients. Alveo-
lar bone measurements were traced by a single principal inves-

tigator (F.G.) and checked by a senior orthodontist (G.C.) in
order to verify skeletal and dental landmarks location. Any
disagreements were resolved to the satisfaction of both obser-
vers (F.G., G.C.).

To ensure intra-examiner reliability, 5 CBCTs from each
group were randomly selected and all variables (both vertical
and horizontal bone distances) were recalculated two weeks

after the first data collection.
The Dahlberg’s values method error and the intra-class cor-

relation coefficients (ICC) were performed.

3. Statistical analysis

Statistical calculations were carried out using the Rstudio soft-

ware (Rstudio Version 1.1.383, Rstudio, Inc., Massachusettes,
USA). Descriptive statistics (mean and standard deviation)
were calculated for each variable. Subjects data were compared

using non-parametric tests for three independent samples
(Kruskal-Wallis test). Level of significance was set at 5% for
all statistical analyses; significance of post-hoc tests was cor-
rected after Bonferroni (p = 0.017).

4. Results

Horizontal and vertical alveolar bone thicknesses were

assessed in all patients according to their growth pattern. Sta-
tistical analysis is presented in Table 1. The Kruskal-Wallis
Test showed statistically significant differences among the
sagittal maxillary plane (ANS-

s Materialise (Materialise HQ,

ed with cone-beam computed tomog-
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Table 1 Descriptive statistics and statistical comparison of Bone Thicknesses in Iperdivergent, Ipodivergent and Normodivergent

subjects.

KW Test BONFERRONI POST HOC

IPER IPO NORMO hyper vs hypo vs Normo hyper vs Normo hyper vs hypo Normo vs Ipo

Bone Values Mean SD Mean SD Mean SD P values P values

BHv 2.65 1.81 1.34 0.56 1.77 0.66 0.001 0.041 0.005 0.006

BHp 2.09 1.48 1.18 0.54 1.52 0.63 0.060 0.135 0.024 0.034

aBTv 3.20 1.14 4.74 1.75 3.86 1.50 0.006 0.046 0.003 0.057

aBTp 4.54 1.68 5.71 2.10 5.37 2.02 0.054 0.067 0.025 0.339

mBTv 0.79 0.38 1.49 0.90 1.03 0.60 0.027 0.141 0.030 0.14

mBTp 1.42 0.86 2.31 0.89 1.90 0.83 0.029 0.101 0.006 0.091

Fig. 2 Reference lines and measurements for an upper central incisor using the Horos 3.0 software (Horos Project, Annapolis, Maryland

USA) DICOM images viewer. aBTb = buccal apical bone thickness; aBTp = palatal apical bone thickness; BHb = buccal bone height;

BHp = palatal bone height; mBTb = buccal mid-root bone thickness; mBTp = palatal mid-root bone thickness.
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groups for buccal bone height, buccal apical bone thickness
and buccal/palatal mid-root bone thickness measurements

(P < 0.05).
The Post-hoc analysis results showed a significant correla-

tion between growth patterns and themean alveolar bone values

considering the maxillary and the mandibular anterior region.
Buccal bone height (P = 0.005), buccal apical bone thick-

ness (P = 0.003) and palatal mid-root bone thickness

(P = 0.006) showed statistically significant differences in
hyperdivergent vs hypodivergent subjects, indicating that cor-
tical bone was thicker in the hypodivergent group.

Furthermore, buccal bone height (0.006) was found to be

statistically significant different in normodivergent vs hypodi-
vergent individuals, showing a shorter alveolar ridge vertical
thickness for the hypodivergent pattern.

5. Discussion

Previous researches, evaluating the association between facial

type and the morphological features, were based on bidimen-
sional analysis. Only few studies used CBCT images, but the
Please cite this article in press as: Gaffuri, F. et al., Correlation between facial growth
raphy in young adult untreated patients. Saudi Dental Journal (2020), https://doi.or
authors focused the investigation on different variables such
as the interdental alveolar ridge (Kuitert et al., 2006; Gracco

et al., 2010; Horner et al., 2012; Ozdemir et al., 2013; Sadek
et al., 2015), sites for the placement of mini-screews and the
presence of periodontal defects such as bone fenestration or

dehiscences (Farronato et al., 2013).
The novelty of our study was to evaluate the alveolar bone

thicknesses around anterior teeth by means of CBCT images,

in different vertical facial pattern.
The results demonstrated that the mean of the buccal and

lingual/palatal alveolar height of hypordivergent subjects was
lower than those with an hyperdivergent facial type. Concern-

ing the buccal and lingual/palatal bone thicknesses at mid-root
and root apex level, the hyperdivergent facial type was found
to be thinner than the hypodivergent facial type. Hyperdiver-

gent facial pattern group had buccal apical bone thickness
and lingual/palatal mid-root level significantly thinner than
hypodivergent facial pattern. The bone height, indicating the

vertical dimension deprived of alveolar bone between the
CEJ and marginal crest, in buccal side was significantly greater
in hyperdivergent than hypodivergent facial pattern.
patterns and cortical bone thickness assessed with cone-beam computed tomog-
g/10.1016/j.sdentj.2020.01.009
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The present study agrees with Sadek et al. (2015) that inves-
tigated differences in alveolar and skeletal dimensions among
subjects with different vertical facial dimensions using CBCT.

The authors concluded that high-angle group presented thin-
ner alveolus anteriorly in the maxilla and at almost all sites
in the mandible. Similarly, Kuitert et al. (2006) found that

the cortical bone height was statistically significant longer in
hyperdivergent faces than hypodivergent ones because of the
increased dento-alveolar compensation mechanism occured

in long-face patients (Klinge et al., 2017).
Horner et al. (2012) assessed inter-radicular cortical bone

thicknesses and alveolar ridge thicknesses of young adults to
provide reference data for miniscrew placement and concluded

that cortical bone tends to be thicker in hypodivergent than in
hyperdivergent subjects.

On the other hand, studies have reported contradictory

results for alveolar features when comparing patients with dif-
ferent facial growth patterns. Gracco et al. (2010) demon-
strated that no differences, considering alveolar bone,

between the facial types were found. However, the authors
used only one criteria to classify the facial types identified by
the 2D cephalometric radiographs.

Bidimensional analysis based on the Frankfort-mandibular
plane can provide bias. The deflection of cranial base modifies
the real vector of facial growth patterns. Thus, it is required
the use of other reference plans to evaluate the facial type.

Although some researchers use CBCT to define the charac-
teristics of alveolar bone height and thickness, different meth-
ods have been used. Most of these are taken in slices obtained

by the CBCT, which might lead to measurement errors. Statics
images on the CBCT reveal the thickness and height only in
that specific slice that are usually separated by at least 2 mm.

Real measurements have to be achieved directly on the 3D
reconstruction, with a dynamic process that requires specific
examiner skills.

The present study used the Axial Guided Navigation
(AGN) method (Castro et al., 2013). The measurements are
made by moving the axial cursor on the sagittal or coronal
view reconstructions guided by the axial one, with the goal

to find the exact confine of the structures. This strategy and
the software measuring tool ensured precise measurements
from crest edge to the root apex without the limiting factors

of two-dimensional radiographs and single slices. Despite the
differences in the previous studies, there is a general consensus
that among normo-, hypo- and hyper-divergent subjects the

alveolar height of the posterior area of the mandible became
greater toward the symphysis as well as the thickness of the lin-
gual side and in maxillary buccal side the thickness became
thinner from posterior to anterior (Swasty et al., 2011).

The present study evaluated the correlation between alveo-
lar bone thickness and facial divergence in untreated young
adult patients. Swasty et al. (2011) studied the cross-sectional

human mandibular morphology in subjects with different ver-
tical facial dimensions using CBCT and no significantly statis-
tically differences were found between genders although the

mandible was wider and taller in males than females (Foosiri
et al., 2018). Farnsworth et al. (2011) did not find differences
between males and females’ cortical thickness in both maxilla

and mandible. Studies related to the use of mini-implants,
mini-plates, screws and temporary anchorage devices (TAD’s)
showed that the bone support, the quality and thickness of
bone are important factors for the TAD’s installation and
Please cite this article in press as: Gaffuri, F. et al., Correlation between facial growth
raphy in young adult untreated patients. Saudi Dental Journal (2020), https://doi.or
treatment success (Fayed et al., 2010; Martinelli et al., 2010;
Farnsworth et al., 2011).

Martinelli et al. (2010) concluded that anterior sites require

even more careful planning to placing anchorage, including the
use of computed tomography records.

Furthermore, periodontal defects might be identified with-

out distortions in CBCT in contrast with 2D radiologic exams
like panoramic radiograph (Mengel et al., 2005).

Enhos et al. (2012) assessed dehiscence and fenestration in

patients with different vertical growth patterns with CBCT
and concluded that the prevalence of dehiscence was found
in all different vertical growth patterns. Hypo-divergent sub-
jects had less dehiscences than did the hyper-divergent and

normodivergent groups.
Inherent limitations of CBCT scanning as related to physical

spatial resolution of the image and limitations posedby the study

sample size should be considered. In using digital radiography
such as CBCT, the resolution of the voxel and the grayscale
are important to determining the accuracy ofmeasuring the ana-

tomic structures. The present study used voxel size 0.25 mm and
12-bit grayscale. The differences in the density of cortical bone
were not evaluated in this study. Further studies with higher res-

olution voxels can improve the accuracy of the measurements.
According with Ozdemir et al. (2013), the hyperdivergent

facial pattern group presented slightly narrower cortical bone
than the hypodivergent one, suggesting that subjects with this

facial type tend to have less-dense buccal cortical bone in the
maxillary and mandibular alveolar processes. Therefore, it is
recommended that the antero-posterior movements in hyperdi-

vergent patients should be reduced to avoid fenestration and
dehiscence.

6. Conclusions

This research showed a statistically significant relationship
between facial growth pattern and alveolar bone height and

thickness. Hyper-divergent subjects presented thinner cortical
bone anteriorly in the maxilla and at almost all sites in the
mandible.

The present study brings an important knowledge about the

characteristic of the anterior cortical bone suggesting new ref-
erence data for clinicians. These results provide information
that could be useful for the clinicians to prevent iatrogenic risk

of moving incisors beyond alveolar bone limits and preview the
ideal direction and position of orthodontic tooth movements.
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