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Abstract

Aim: To assess which slice inclination would be more accurate in measuring sites for implant
placement: the oblique or the orthoradial slice. Methods: Five regions of eight edentulous
mandibles were selected (incisor, canine, premolar, first molar and second molar). The mandibles
were scanned with a Next Generation i-CAT CBCT unit. Two previously calibrated oral radiologists
performed vertical measurements in all the selected regions using both the oblique and orthoradial
slices. The mandibles were sectioned in all the evaluated regions in order to obtain the gold
standard. The Wilcoxon signed rank test compared the measurements obtained in the oblique and
orthoradial slices with the gold standard. Results: The bone height measurements for the first and
second molar regions using the orthoradial slices were statistically different from the gold standard.
Conclusions: Using the orthoradial slices to obtain cross-sectional images may offer insufficient
accuracy for implant placement in the posterior region.
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Introduction

Cone beam computed tomography (CBCT) is a radiographic method that has
been used in several areas of Dentistry, because it shows three-dimensional images
of the dental structures with high contrast1. This image modality became commercially
viable and suitable in the dental practice given its small dimension, easy handling,
inherently fast image acquisition, relatively low cost and radiation doses1-3.

Dental implant placement depends remarkably on the estimation of the distance
between anatomical landmarks and bone dimensions, in which the surgeon uses
linear CBCT measurements. Inaccurate bone measurements can lead to a risky
relationship between the dental implant and important anatomical structures (e.g.
mandibular canal and mental foramen). It may result in injury to the neurovascular
bundle and cause some postoperative complaints such as neuroma, paresthesia,
anesthesia and hemorrhage4-5.

It has been stated that CBCT anatomical linear measurements are accurate
and reliable6-13. However, the inclination of the patient’s head during CBCT image
acquisition can cause distortion in measurements for preoperative implant
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planning14-17. On the other hand, there are several types of
software designed to assess CBCT images; some of them
allow the operator obtaining oblique slices while others do
not. The hypothesis of this study is weather the inclination
of the slices would be relevant for preoperative implant
planning. Therefore, this study aimed to assess which slice
would be more accurate in measuring sites for implant
placement: the oblique or the orthoradial slice.

Material and methods

This study was conducted after approval from the Ethic
Research Committee of UNICAMP’s School of Dentistry,
Brazil. Eight dry mandibles (totaling 16 hemi-mandibles)
with completely resorbed alveolar processes were selected
to the study.

The regions to be assessed were determined according
the criteria proposed by Neves et al. (2012)13: incisive (1 cm
distal from the median sagittal plane), canine (1 cm distal
from the incisive region), premolar (at the mental foramen
level), first molar (1 cm distal from the mental foramen) and
second molar (2 cm distal from the mental foramen) regions.
One of the investigators (TVV) draw perpendicular lines to
the base of the mandibles with a permanent marker pen (BIC,
Cajamar, SP, Brazil) and fixed a 0.7-mm sphere with a
radiopaque marker (gutta-percha point) in all extension of
the buccal cortical plate above each line (Fig. 1). These
procedures aimed at establishing controlled sites, i.e. standard
regions for measurements.

Fig. 1. Mandible with the radiopaque markers in the buccal cortical.

In order to simulate soft-tissue attenuation, each
mandible was placed in a polystyrene box filled with water
prior to the CBCT examination. The mandibles were scanned
with a Next Generation i-CAT CBCT unit (Imaging Sciences
International, Inc, Hatfield, PA, USA), under specific exposure
parameters: 8x8 cm field of view (FOV), full-scan mode
(360°), 37.07 mA, 120 kVp, 0.20 mm voxel size and 26.9 s
exposure time.

All measurements were performed in cross-sectional

images using the OnDemand3D®™ software (version 1.0,
CyberMed Inc., Seoul, South Korea) with both oblique and
orthoradial slices (Fig. 2). The investigator adjusted the
oblique slices by inclination of the cutting plane in the
multiplanar reconstruction (MPR) view, until the slice showed
all the gutta-percha point in the extension of the buccal
cortical plate. The orthoradial slices were obtained by using
the curved planar reformat tool of the software to create cross-
sectional images, without any adjustment to the gutta-percha
points. The investigator positioned the cutting lines at the
center of the radiopaque spheres for both the oblique and
orthoradial slices and saved the images as projects, so the
observers only had to open the projects to assess the images
without moving or adjusting any line. This procedure
guaranteed that all observers assessed the same regions.

Fig. 2. Schematic drawing showing the oblique and orthoradial CBCT images.

Under dim light conditions, two previously calibrated
oral radiologists with 5-years of CBCT experience assessed
independently the saved projects to obtain the measurements.
The observers obtained the bone height by measuring the
distance from the upper to the lowest point in the cortical
boundaries of the mandibular body in all the predefined
regions of the mandible. Additionally, they measured the
distance from the superior cortical ridge of the mental foramen
(premolar region) or the mandibular canal (molar regions) to
the highest point of the alveolar ridge (Fig. 2). The mandibular
canal could not be precisely located in six hemi-mandibles
so these measurements were not obtained.

After the observers measured all images, the mandibles
were sectioned using an electric saw in all the assessed
regions. The slices were done immediately before the drawn
lines, so the bone tissue in the site related to the tomographic
image was not lost. The investigator obtained the vertical
measurements for each site using a digital caliper (SC-6
digital caliper; Mitutoyo Corporation, Tokyo, Japan),
repeating three times the direct measurements. The means of
these measurements were considered the gold standard for
the study (Fig. 3).

Data were analyzed using the SPSS version 18.0 software
(Statistical Package for the Social Sciences, Chicago, IL, USA).
The variables and factors in study were the measurements
and post-processing view (oblique or orthoradial),
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Fig. 3. Direct measurement in the mandible section.

Gold standard Oblique images p value Orthoradial images p value
Incisive
Bone height 26.28 (3.76) 26.17 (3.87) 0.38 26.57 (3.90) 0.19
Canine
Bone height 24.85 (3.49) 25.00 (3.44) 0.91 25.17 (3.56) 0.15
Premolar
Bone height 23.47 (3.18) 23.43 (3.30) 0.55 23.78 (3.46) 0.07
Mental foramen height 10.55 (2.18) 10.63 (2.75) 0.55 10.37 (2.53) 0.61
First molar
Bone height 21.23 (2.51) 21.25 (2.64) 0.91 20.90 (2.63) 0.005*
Mandibular canal height 9.21 (0.97) 9.04 (1.31) 0.59 8.79 (1.11) 0.31
Second molar
Bone height 20.06 (1.93) 19.78 (2.13) 0.07 19.66 (2.00) 0.03*
Mandibular canal height 8.97 (2.28) 8.78 (1.44) 0.64 8.67 (1.54) 0.91

Table 1. Table 1. Table 1. Table 1. Table 1. Mean (S.D.) of the gold standard, oblique and orthoradial images in each region.

*Statistically significant difference according Wilcoxon test.

respectively. The intraclass correlation coefficient (ICC)
quantified the interobserver agreement. Descriptive statistics
were calculated as mean and standard deviation. The
Wilcoxon signed rank test compared the measurements
obtained in the oblique and orthoradial slices to the gold
standard. The null hypothesis considered that the orthoradial
and the oblique slices would not result in statistically
significant differences from the gold standard. The
significance level was set at 5%.

Results

The interobserver agreement found in the study was
excellent (ICC = 0.99; 95% confidence interval [CI] = 0.99
- 0.99).

Table 1 shows the mean and standard deviation values
of the measurements obtained using the digital caliper (gold
standard), the oblique and the orthoradial slices. The results
from the Wilcoxon test are also shown for the comparisons
of oblique and orthoradial slices vs gold standard. The null
hypothesis was only rejected after measuring bone height
for the first and second molar regions using the orthoradial
slice (p<0.05). These measurements were underestimated in
comparison with the gold standard.

Discussion

In this study, the oblique slices were obtained by
inclination of the cutting plane in the MPR view while the
orthoradial slices were obtained using the curved planar
reformat tool to create cross-sectional images. The MPR and
especially the cross-sectional images are the views that
clinicians mostly use when assessing CBCT images. In some
CBCT software – like the one that was used in the study –
while the MPR images allow tilting the cut plane along an
object of interest (represented in this study by the gutta-percha
point), the orthoradial images mostly do not. Therefore, it was
aimed at assessing which of the two slices was the most accurate
in determining measurements for implant placement.

The literature advises that implants should be placed
with their axis parallel to the oclusal forces. Therefore, implant
axial angulation should be planned to distribute the occlusal
forces vertically along the implant axis18. Considering the
Spee curve, where the maxillary posterior teeth are slightly
tilted distally, implants in the posterior region of the mandible
may require a mesio-inclined position. Also, the adoption of
tilted implants has been proposed to avoid injury to the
alveolar inferior nerve in edentulous maxilla/mandible cases19.
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Therefore, it was speculated if the use of orthoradial images
- which are very much used by clinicians – would be accurate
enough for preoperative planning of tilted implants. The
hypothesis was that the clinician should consider the
orientation of the implant axis in order to guide accordingly
the tomographic cutting plane.

The results demonstrated statistically significant
differences between the orthoradial slices and the gold
standard for bone height in the first and second molar regions.
The other regions and the oblique slice did not provide any
statistically significant differences from the gold standard,
which indicated that most of the measurements performed in
both slices were accurate. This is also demonstrated by the
mean values of the measurements performed with the digital
caliper (gold standard), the oblique and the orthoradial slices,
which were all close to each other.

The gutta-percha points fixed along the buccal cortical
plate of the mandibles aimed to set radiopaque marks in the
regions to be assessed by the observers. They represented the
inclination of hypothetically planned implants. As only the
oblique slices could be adjusted along the gutta-percha points,
they were more accurate in measuring both the bone and
mandibular canal height in the first and second molar regions.
It is important to consider that inferior alveolar nerve injury
can result in some postoperative complaints, and it is more
prone to occur when the length of the implant to be placed is
greater than the implant site4,13. This can lead to higher
morbidity and additional treatment costs for the patient.

Several studies have shown the influence of maxilloman-
dibular inclination in the bone measurements14-17. Variations
in the patient position during CBCT image acquisition can
lead to inaccurate bone height and width measurements in
different regions of the maxilla and mandible. When the
planning is incorrect, important anatomical structures may
be harmed, such as the nasal cavity floor and the incisor
branch of the inferior alveolar nerve. Dantas et al. (2008)14

and Visconti et al. (2013)17 evaluated the influence of
mandible positioning in bone height measurements taken in
CT and CBCT images, respectively. The authors reported that
for some slices in the orthoradial image, principally those in
the premolar region, at the site of what appeared to be the
anatomical repair corresponding to the studied area, the
radiopaque marker was not present. This confirmed that the
considered differences did not correspond to distortions in
the reformatted images, but to the performance of measurements
at different locations. In this format, the slices obtained would
not be perpendicular to the mandible base, but they rather
would be oblique in relation to the reference system. This
principle may be used in the present study, due to the fact
that the oblique and orthoradial slices are in different positions,
the radiopaque marker not being completely observed in the
orthoradial images.

In the present study, no statistically significant
differences were found in the anterior region of the mandible
comparing both the orthoradial and oblique slices with the
gold standard. This corroborates other authors14,15,17, because
they also did not find differences in the anterior region

comparing different positions of the skull with normal
position. This could probably be justified by the fact that
the anterior region of the mandible is straighter, remaining
more perpendicular to the horizontal plane when compared
with the posterior regions.

The observers could not locate the mandibular canal in
six hemi-mandibles, which is justified by the reduction of
mineral bone density caused by old age and teeth loss. Lindh
et al. (1995)20 found that the compact bone surrounding the
neurovascular bundle was missing in some histological
sections of edentulous mandibles, with the result that the
canal could not be identified in radiographs.

In conclusion, the preoperative planning for implant
placement in mandibles using CBCT orthoradial slices to
obtain cross-sectional images should be made with special
caution. These images may offer insufficient accuracy for
implant placement in the posterior region, especially when
planning tilted implants.
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