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To propose a method of establishing the reference
mandibular plane (MP), which could be reestab-
lished according to the coordinates of the reference
points, and then facilitate the assessment of anterior
alveolar morphology using cone beam computed
tomography (CBCT), sixty patients with bimaxillary
protrusion were randomly selected and CBCT scans
were taken. The CBCT scans were transferred to
Materialism’s interactive medical image control
system 10.01 (MIMICS 10.01), and three dimensional
models of the entire jaws were constructed. Refer-
ence points determining the reference MP were po-
sitioned in the coronal, axial, sagittal windows, and
the points were exactly located by recording their
coordinates in the interfaces of software. The ref-
erence MP provided high intra-observer reliability
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(Pearson’s r 0.992 to 0.999), and inter-observer reli-
ability (intra-class correlation coefficients (ICCs)
0.996 to 0.999).

Key words: Reference Plane, Cone beam computed
tomography, Alveolar morphology

1 Introduction

The position of lower incisors is an important
factor in orthodontic treatment planning, as well as in
determination of treatment outcome (Aasen and Es-
peland, 2005). The initial position of lower incisors
and morphology of the supporting bone affect not
only the choice of therapeutic maneuvers, but also the
designation of the ways for incisor movement. It is
widely accepted that tooth movement is limited by the
alveolar bone (Handelman, 1996; Garib et al., 2010),
where excessive incisor retraction or incisor root apex
moving against the cortical plate may cause bone
fenestration, dehiscence, root resorption, and gingival
recession (Bimstein et al., 1990; Vardimon et al., 1998;
Simten et al., 2002; Guo et al., 2011). Therefore, it is
important to evaluate the anterior alveolar morphology
before starting orthodontic treatment. However, it was
suggested that the evaluation of alveolar morphology
might be interpreted differently using different
reference landmarks on either two-dimensional (2D)
or three-dimensional (3D) cephalometry. Searching
for a stable reference is equally important and
necessary for cephalometric analysis.

Alveolar bone morphology assessment has been
extensively done for conventional 2D cephalometric
radiographs. Yet Dbecause of the projected
magnification and tracing error, it is almost
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impossible for cephalometric radiographs to
investigate the thickness and the labiolingual
inclination of the alveolar bone in the lower central
incisor region. Thus, many investigators chose 3D
analysis to evaluate mandibular anterior alveolar
morphology, especially the latest development of
cone beam computed tomography (CBCT) which
could help to provide better image resolution, shorten
acquisition time, reduce the radiation dose, and lower
costs (Maki et al., 2003). Although CBCT enables
viewing the lower incisors and supporting alveolar
bone in multiple-planes without distortion and mag-
nification, problems associated with the difficulties in
selecting reference points and the questionable re-
producibility still persecute many investigators.

The thickness of the anterior alveolar bone has
been investigated using CBCT (Chen et al., 2010;
Menezes et al., 2010; Nowzari et al., 2012), yet few
studies have assessed the height and inclination of
alveolar bone, which might be the result of difficulty
in selecting reference lines on 2D sections that gen-
erated from 3D CBCT scans. The lower mandibular
line (LML) defined as the bisecting line of the right
and left tangent lines to the lower border of man-
dibular angles and the mandibular symphysis (Downs,
1948; Yamada et al., 2007), and another line passing
through the point menton and tangent to the most
superior point in inferior border of the mandibular
body (Yu et al., 2009), have been used to assess
the inclination of the lower incisors and the overly-
ing alveolar bone. Nevertheless, reference planes
used in the previous studies were not particularly
clarified. Moreover, reproducibility is indispensable
for every investigation, and results can vary ac-
cording to the reference determination. The accurate
localization of reference planes is therefore essential
for 3D cephalometry.

This study focused on describing a method of
establishing the reference mandibular plane (MP),
which could be reestablished according to the coor-
dinates of the reference points on 3D models of
mandibles. The establishment of 3D reference plane
enabled the corresponding 2D reference line to be
formed in the sagittal sections of lower central inci-
sors, and then facilitated the investigation of lower
anterior alveolar morphology using CBCT.

2 Materials and methods
2.1 Subjects

This study was reviewed and approved by the
Research Ethic Committee of Shandong University
Dental School. Sixty randomly selected patients were
recruited and consented to participate in this investi-
gation. The selection criteria for these subjects were
as follows: (1) bimaxillary dentoalveolar protrusion;
(2) clinically symmetric; (3) no centric relation/
centric occlusion (CR/CO) discrepancy; (4) A
point-Nasion-B point (ANB) angle (range 0° to +5.0°,
mean +3.2°); (5) female adults (age ranged 18 to 25
years, mean 22.5 years); (6) no previous orthodontic
treatment; (7) reasonably aligned upper and lower
incisors without severe crowding; (8) no congenitally
missing incisors; (9) acceptable oral hygiene without
obvious periodontal disease.

2.2 CBCT acquisition

All the images were acquired using the Galileos
CBCT scanner (Sirona, Bensheim, Germany) at the
Stomatology Hospital of Shandong University at
85kV,7mA, and 14 s per revolution, which provided
resolution accurate enough to 0.15 mm. During image
acquisition, patients were required to close their
mouth with teeth in maximum intercuspation and the
scanning planes were parallel to the Frankfort hori-
zontal plane. The CBCT images were then saved as
digital imaging and communications in medicine
(DICOM) file.

2.3 Establishment of 3D reference planes

The steps of the method introduced in this article
were adjusted for Materialism’s interactive medical
image control system (MIMICS). After the CBCT
scans recorded in DICOM format were transferred to
MIMICS 10.01, 3D models of mandibles were con-
structed based on the threshold from 400 hounsfield
units (HU) to 3070 HU. In the interface of MIMICS
10.01, there are four windows, which represented the
coronal (x), the axial (y), the sagittal (z) sections, and
the 3D models, respectively. One CBCT data from the
60 scans was taken for example in the subsequent
image analysis. Table 1 shows the definitions of ref-
erences used.
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Mandibular mid-sagittal plane, which was de-
fined as a plane passing through the center point of
the mental process, inner contour of the cortical plate
at the labial border of the mandibular symphysis,
midpoint between bilateral most medio-inferior
points of the open site of the mandibular foramen
(Yamada et al., 2007), was selected first and the co-
ordinate (z=71.37) was recorded. By using the
mid-sagittal window (z=71.37), the cursor was ideally
positioned at gnathion (Gn), slight readjustment was
done in the axial window (Fig. 1), and then its coor-
dinates (115.73, 13.65, 71.37) were recorded. Sub-
sequently the cursor was placed on the right gonion
(RGo) on the right lateral projection of the 3D model
preliminarily, and the position of the intersection
point could be slightly readjusted in the axial window
(Fig. 2). Localization and readjustment of the left
gonion (LGo) was done in the same way with the
RGo. In the procedures of localization, the coordi-
nates (x, y, z) of RGo and LGo were put down. Finally,
the MP plane could be drawn in the axial window by
using the “MedCAD-Plane-Draw” routine. In the
axial window, point Gn was drawn first according to
its coordinates (115.73, 13.65, 71.37). Subsequently,
by clicking on the slide bars in the right sides of the
coronal, axial, and sagittal windows, the RGo and LGo
were readjusted to their previously recorded coordi-
nates separately, and the latter two reference points
were drawn successively at the intersection points.

As a result, the reference MP on the 3D model
was exactly drawn and the recorded coordinates ac-
curately localized the reference points. The size and
color of the reference plane could be readjusted by its
attribute.

Based on the establishment of the 3D reference
MP, corresponding 2D reference MP line for mandi-
ble was formed in the sagittal window (Fig. 3).
Evaluation of anterior alveolar morphology in sagittal
sections of lower central incisors could be done
subsequently.

Fig. 1 Localization of gnathion (Gn)
By using the mid-sagittal window (z=71.37), the cursor was
ideally positioned at Gn, and slight readjustment could be
done in the axial window in order to adjust the coronal posi-
tion of Gn. Then the coordinates (115.73, 13.65, 71.37) were
recorded
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Fig. 2 Localization of the right gonion (RGo)
The cursor was placed on RGo on right lateral projection of
the 3D model preliminarily, and the axial position of RGo
could be fixed resultantly. Then readjustment of the sagittal
and coronal positions of RGo could be done in the axial
window. Finally the coordinates (52.89, 44.64, 21.61) were
recorded
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Fig. 3 Effect of reference plane establishment
After that MP plane was drawn on the 3D model, reference
MP line was formed in the sagittal section of mandibular
central incisor region

Table 1 Definitions of references (reference points and plane) used in this study

Reference Abbreviation Definition
Gnathion Gn The midpoint between the most anterior and inferior points on the outline of the man-
dibular symphysis
Gonion Go The point on the inferior surface on the mandible that lies midway along the curvature

between the ramus and the body. RGo represents the right gonion and LGo represents

the left gonion
Mandibular plane MP

A plane that passes Gn and the both gonions (RGo and LGo)
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2.4 Data analysis

The samples of the 60 CBCT scans were ana-
lyzed for reliability assessment in this study. Meas-
urements were taken on the mid-sagittal sections of
the right mandibular central incisors. The landmarks
identified on the mid-sagittal section were: root apex
(Ra), incisor crown edge (ICE), labial alveolar ridge
crest (LAC), lingual alveolar ridge crest (LIC), the
most posterior point of labial alveolar bone (LAP),

the most posterior point of lingual alveolar bone (LIP).

The variables were defined as follows:

LaH: height of the labial alveolar bone, the
shortest distance between LAC and MP.

LiH: height of the lingual alveolar bone, the
shortest distance between LIC and MP.

Ra-RP: shortest distance between Ra and MP.

Inc ax/RP: inclination of central incisor, angle
between ICE-Ra and MP.

Inc LaC/RP: inclination of labial alveolar bone,
angle between LAC-LAP and MP.

Inc LiC/RP: inclination of lingual alveolar bone,
angle between LIC-LIP and MP.

To avoid landmark identification errors of the
variables, the coordinates (x, y, z) of all landmarks
used and the mid-sagittal sections of all lower central
incisors were exported into Excel (Microsoft, Red-
mond, Wash), and saved for the subsequent repeated
measurements.

2.5 Statistical analysis and measurement reliability

The reference MPs of all the 60 CBCT scans were
reestablished two weeks later by the same observer and
another observer separately. The landmarks of all
variables and the mid-sagittal sections of the lower
central incisors used in the first measurement were
selected according to the coordinates recorded before.
Repeated measurements were taken subsequently.

Thus in the repeated measurements, the parameters
were duplicated with the parameters in the first
measurement, and the only difference was that, the
observers localized the reference points again and the
MPs were reestablished.

The statistical analysis was carried out with
SPSS (Version 9.0, SPSS, Chicago, USA). The intra-
observer reliability for the measurements was deter-
mined by calculating Pearson’s correlation coeffi-
cients (7). Intra-class correlation coefficients (ICCs)
were performed to determine the inter-observer
reliability. The method error (ME) was calculated
according to Dahlberg (1940)’s formula: s=

Z:(a’)2 /2n (s for the ME; d for the deviation be-

tween the first and second measurements; n for the
number of comparisons performed). The maximum
ME of linear measurements was 0.34 mm, while for
angular measurements was 0.74°.

3 Results

The reliability coefficients of the repeated
measurements are displayed in Table 2. Pearson’s r
(intra-observer reliability) of mandibular linear
measurement (MLM) was 0.995, and that of man-
dibular angular measurement (MAM) was 0.992 (all
significant at the 0.01 level two-tailed). The average
ICC (inter-observer reliability) was 0.997 for MLM,
and 0.996 for MAM.

4 Discussion

The results of this study implied that both the
intra-observer and the inter-observer reliabilities were
high. Since the landmarks of all variables and the

Table 2 Intra-observer and inter-observer reliabilities (n=60)

ICC (inter-observer)

Measurement (inI::::—r(f}());leiV};r) Average measure 95% confidence interval F test with true value 0
(Cronbach’s a) Lower bound Upper bound Value Significance
MLM 0.995" 0.997 0.995 0.999 371.900 0.000
MAM 0.992"" 0.996 0.991 0.998 224.661 0.000

ICC: intra-class correlation coefficient; MLM: mandibular linear measurement; MAM: mandibular angular measurement. * Correlation is

significant at the 0.01 level (two-tailed)
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measuring sections in the repeated measurements
were repositioned according to their coordinates re-
corded in the first measurement, the results indicated
that the method of establishing reference MP pro-
vided high reliability.

Cephalometric error generally arises from the
geometry of radiographic and random errors (Dahl-
berg, 1940). The random errors involve tracing,
landmark identification, and measurements (Chen et
al., 2004). Landmark-identification errors have been
considered the major source of cephalometric error
since computer-aided cephalometric analysis has
eliminated the mechanical errors in drawing lines
between landmarks and in measurements with a pro-
tractor (Major et al., 1994; Leonardi et al., 2008).
This type of error is influenced by many factors such
as the quality of the radiographic image, the precision
of the landmark definition, and the reproducibility of
the landmark location.

In 3D cephalometric analysis, another important
source of cephalometric error is from the precision
and reproducibility of reference planes. Although the
application of 3D computed tomography (CT) en-
ables the visualization of facial structures, measure-
ments that assess alveolar morphology still are mainly
taken on 2D sections generated from 3D scans. Then
problems such as difficulty in selecting reference
planes and poor reproducibility occur.

This study presented a method of selecting ref-
erence planes for anterior alveolar morphology
evaluation. In order to assess the reliability of the
reference plane establishment, landmarks of all pa-
rameters and the measuring sections were accurately
relocalized by their coordinates. On the other hand, if
we were to investigate the mandibular anterior al-
veolar morphology, the reference MP could only be
determined by the reference points, which could also
be precisely repositioned according to their coordi-
nates in repeated measurements. This can provide
high reproducibility of the reference plane and reduce
the chance of cephalometric error generated from the
reference plane reestablishment.

Reliability of the reference MP establishment
described in this article has been assessed. Future
well-designed studies that evaluate the accuracy of
the reference plane are required.

5 Conclusions

This method of establishing reference MP on 3D
models enabled the MP line formed in the 2D sagittal
sections for the lower central incisors. The method of
reference plane establishment showed high reliability.
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Abstract: Objective: The purpose of this study was to evaluate three-dimensional (3D) dehiscence of upper
anterior alveolar bone during incisor retraction and intrusion in adult patients with maximum anchorage.
Methods: Twenty adult patients with bimaxillary dentoalveolar protrusion had the four first premolars ex-
tracted. Miniscrews were placed to provide maximum anchorage for upper incisor retraction and intrusion. A
computed tomography (CT) scan was performed after placement of the miniscrews and treatment. The 3D
reconstructions of pre- and post-CT data were used to assess the dehiscence of upper anterior alveolar bone.
Results: The amounts of upper incisor retraction at the edge and apex were (7.64+1.68) and (3.91+2.10) mm,
respectively, and (1.34+0.74) mm of upper central incisor intrusion. Upper alveolar bone height losses at labial
alveolar ridge crest (LAC) and palatal alveolar ridge crest (PAC) were 0.543 and 2.612 mm, respectively, and
the percentages were (6.49+3.54)% and (27.42+9.77)%, respectively. The shape deformations of LAC-labial
cortex bending point (LBP) and PAC-palatal cortex bending point (PBP) were (15.37+5.20)° and (6.43+3.27)°,
respectively. Conclusions: Thus, for adult patients with bimaxillary protrusion, mechanobiological response of
anterior alveolus should be taken into account during incisor retraction and intrusion. Pursuit of maximum
anchorage might lead to upper anterior alveolar bone loss.




