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Abstract

Background: Preclude the accuracy of dimensional, and linear
measurements yielded from CBCT images, panoramic images
reformatted from spiral CT, and panoramic images reformatted
from CBCT in comparison to the measurements obtained from
the cross-sectional CT.

Methods: Twenty patients attending the Oral Maxillofacial Surgery
Department, for placement of dental implants in both jaws (10
subjects required mandibular and the other ten required 10
maxillary).

Results: A significant difference between the CT reformatted
panoramic and GS results. Meanwhile, a non-significant difference
was detected between both CBCT images in relation to the gold
standard.

Conclusions: CBCT could be a helpful reliable indispensible tool
for pre-surgical planning prior to dental implant insertion in the
orofacial region.
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Introduction

Radiography has been one of the frequently applied aids in
human biometric research. It is essential to check for the accuracy of
reproduction with respect to enlargement and projection. Without
this accuracy errors can be incorporated into the measurement.
Measurement is a vital aspect of interpretation, either of anatomical
structures or pathological entities [1].

More recently, an increasing demand for dental implants for
rehabilitation of edentulous jaws has raised an interest in the available
imaging techniques to perform an accurate preoperative planning.
It is essential to measure accurately the height of bone available for
implant placement to avoid compromising vital structures such as
the inferior alveolar nerve or maxillary sinus during placement of
implants [2].

Panoramic imaging provides visualization of many anatomic
features and is commonly available. Non-uniform horizontal
magnification, the possibility of positioning artifacts and the lack of
cross-sectional information are some of the limitations of panoramic
radiography in pre-implant assessment [1]. The inherent problems
with 2D imaging led to the need for 3D imaging which can overcome
the issues of superimposition, blurring and magnification as these
factors compromise measurement accuracy to a large extent [3].

Computed tomography which is a 3D imaging modality
had long been in use in medical radiology before its use in dental
implant imaging. The basic concept of CT includes measurement of
attenuation of the x-ray beam through a subject at many positions
around the subject and at a sufficient number of angles [3].

With modern multi detector CT imaging, multiple thin axial slices
of data are obtained through the area of interest and added together
to form a data volume. Cross sectional and panoramic images are
reconstructed from this data through the use of softwares. The
merits of CT images include uniform magnification, high contrast
images with minimum blurring, and simultaneous assessment of
multiple implant sites in a single study and multi planar images. The
disadvantages include the high cost, the high radiation dose and the
metallic streak artifacts if metallic objects such as dental restorations
are present [4].

The introduction of Cone Beam Computed Tomography (CBCT)
represents a radical change for dental and maxillofacial radiology.
CBCT is a technology that provides cross-sectional images without
superimposition or blurring [5,6]. And reduces the risk of radiation
significantly [7,8]. CBCT provides 3D imaging dedicated to the
maxillofacial region at low cost and low dose of radiation [1].

CBCT was developed as an alternative to conventional CT to
shorten the time of image acquisition of the entire FOV (Field of
View) with a comparatively less expensive radiation detector. The
lack of patient translational movement results in improved sharpness
of the image which is reduced in conventional CT imaging. The
reduced time of acquisition also reduces image distortion that may be
caused by internal organ movement [9,10].
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For successful bone surgery planning and simulation, it is
important that the geometric accuracy of the bone model is known.
While the accuracy of bone segmentation has already been studied
extensively for MSCT [11-15] so far only a few studies have assessed
the accuracy of CBCT [16-19].

CBCT allows 3D visualization of the oral and maxillofacial
complex. This imaging modality eliminates the shortcomings of 2D
imaging, produces a smaller radiation dose than that of conventional
CT and enables clinicians to make more accurate treatment planning
decisions, which should lead to more successful surgical procedures.
It helps to measure the quantity and the quality of the bone available
for the placement of implants [20].

Although the previous studies have shown CBCT to be accurate,
some of the accuracy may be due to the increase in contrast when soft
tissues are replaced by air, and decreased scatter due to absence of soft
tissues. It is important to determine if the accuracy of measurement
is maintained with soft tissues intact as this would simulate a clinical
situation more closely [20].

Consequently, this study was undertaken in an attempt to
demonstrate the validity of measurements yielded from CBCT in
assessment of dental implants.

Material and Methods
Study design

This study comprised twenty patients attending the Oral
Maxillofacial Surgery Department, Faculty of Oral and Dental
Medicine, Cairo University for placement of dental implants in both
jaws (10 subject’s required mandibular dental placement and the
other ten required 10 maxillary dental placement).

Methods of investigation
All patients were imaged using the following imaging protocols:-

1. Cone Beam Computed Tomographic scanning (cross sections
and reformatted panoramic images were obtained for every case).

2. Low dose MSCT (cross sections and reformatted panoramic
images were obtained for every case).

CBCT imaging: CBCT images were performed with an i-CAT
unit (Imaging Sciences International, Hatfield, PA). For the CBCT
imaging the following settings were used 120 KV; 5 mA; FOV 130mm
(mandible and maxilla); orientation landscape; exposure time 4 sec;
voxel dimension 0.3 mm with the patient in a seated position

MSCT imaging: CT images were performed using Toshiba
Activion™16 multislice CT system. For the MSCT scanning, the
following settings were used: tube voltage 120 kV; tube current, 50
mA, 1.5 second, 0.5 mm, and helical pitch 2.5. The reconstruction
interval was 1 mm. An acrylic trial denture base was constructed for
each patient containing round radiopaque markers (gutta-percha) at
the implant site to be used as a reference point during measurements.

Image analysis

I-All images were assessed by three oral radiologists with an
experience not less than 10 years in the field of oral and maxillofacial
radiology.

[I-Dimensional and linear measurements were performed on the
three images of every case following the protocol recommended by
[21-23].

Then the measurements were performed twice by each observer
at two different sessions with a two-week interval in between the
two sessions. The measurements were performed in a blind fashion.
Results from these two trials were statistically analyzed to reveal the
intra-examiner reliability and diagnostic performance (between each
observer and himself).

The inter-examiner reliability and diagnostic performance
(between the three observers) were also tested between the
measurements of the three observers (the repeatability of the

measurements).

All the measurement was performed using the software included
in each used unit. CBCT measurements were performed using the
i-CAT-vision software, and the CT measurements were performed
using eFilm Lite software.

III-From the 20 patients, readings for 30 implant sites were
recorded in millimeters, a standardized tangent of fixed length
drawn to the lower border of the markers at each investigated site
was considered as the reference line for all measurements; the
measurement were taken as the following:

Maxilla
Anterijor area: From the marker to the nasal cavity (M-NC)

Premolar molar area: From the marker to the maxillary sinus
(M-MS)

Mandible

Anterior area: From the marker to the inferior border (M-IB)
Premolar area

« From the marker to the mental foramen (M-MF), &

« From the marker to the inferior border (M-IB)

Molar area

« From the marker to the inferior alveolar canal (M-IAC)

« From the marker to the inferior border (M-IB)

All calculated measurements were recorded along lines drawn
perpendicular to the midpoint of that reference line.

Method of Statistical Analysis

Collected Data were analyzed using the Statistical Program for
Social Sciences (SPSS) version 19. Serial numbers (1- 220) was given
for each measurement. The technique in each measurement got a
numeric value (1-5) relevant to the radiographic technique used.

Descriptive statistics were performed using frequency count
and percentages. Independent t-tests were performed to determine
the difference between the five studied techniques at the 5% level of
significance.

Result

The current study involved twenty patients with 30 sites
planned for implant insertion. All patients were subjected to MSCT
scanning (cross-sectional and reformatted panoramic) and CBCT
scanning ((cross-sectional and reformatted panoramic). According
to evidence -based literature, measurements from CT cross-section
views are reliably acceptable as being the most accurate radiographic
measurements [24,25,26]. Consequently it was chosen as the gold
standard measurement in the current work.

According to the edentulous areas examined in every case, every
radiologist performed a total of 44 measurements on the different
anatomical sites. In total, 220 measurements were made. The
normal craniometrical anatomical distribution of the radiographic
measurements and the means of the measurements are illustrated in
Tables 1 & 2.

Table 1: Summary for the performed measurements according to the normal
anatomical radiographic locations.

Maxilla (N=15) Mandible (N=15)
(4 anterior, 11 posterior) (1 anterior, 14 posterior)
M-MS M-NC M-IAC M-IB M-MF
Count
Count Count Count Count
A P M
CcT* 11 4 8 1 5 9 6
CBCT* 11 4 8 1 5 9 6
RPCT* 11 4 8 1 5 9 6
RPCBCT* 11 4 8 1 5 9 6
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Table 2: The mean of the jaw measurements recorded by the 3 radiologists for
all cases.

Jaw
Maxilla Mandible
M-MS M-NC M-IAC M-IB M-MF
Mean+SD = Mean+SD Mean+SD = MeaniSD = MeanSD
CT 16.54 + 3.63 15.88 £ 0.37 13.51+2.36 20.36 + 4.49 14.70 + 3.66
CBCT 16.49 +3.38 15.77 £ 0.46 13.21+2.25 20.02+4.41 14.43 +3.93
RPCT 19.26 +3.75 18.13+ 0.50 14.64 +2.95 22.65+4.45 15.55+ 3.43

RPCBCT|18.91 £3.54/17.60 £ 0.65 14.09+2.91 20.97+3.95 14.21+3.79

Whole sample

1]

RPCT  RPCBCT

25

20

15 A
H Whole sample 20 |
5
0 4 T T
CT CBCT

Figure 1: Bar charts comparing the mean measurements of the 3
imaging modalities to the gold standard (CT) in the whole study sample.

CT: computed tomography

CBCT: cone beam computed tomography

RPCT: reformatted panoramic radiograph from CT
RPCBCT: reformatted panoramic radiograph from CBCT

Statistical Analysis of Measurements

Statistical analysis of the means of all recorded measurements
(whole study sample)

A significant difference between the CT reformatted panoramic
and GS results. Meanwhile, a non-significant difference was detected
between both CBCT images in relation to the gold standard. These
results are shown in Figure 1.

Statistical analysis of the mean maxillary measurements

The same results ass the whole sample was shown in the Maxillary
measurements. These results are shown in Figure 2.

Statistical analysis of the mean M and measurements

A non-significant difference was detected between the CBCT
and the RPCBCT in relation to the GS. In addition, there was a non-
significant difference between the RPCT and the GS; this finding
which was only detected in mandibular arch measurements. These
results are shown in Figure 3.

Discussion

Discussion of methodology

A preoperative radiographic evaluation aims to identify
pathological lesions, assess the quantity and quality of the alveolar
bone, identify critical structures at the potential implant sites, and
determine the orientation of the implants [25].

The development of computed tomography (CT) enabled three-
dimensional (3D) assessment of craniofacial structures. CT has
become a widely available mean for head and neck diagnosis [27, 28]
and various oral surgical procedures [29].

CT equipped with specific software designed for implantology

Means of Maxillary
25
Measurements

20
15 -+
10 -+
5 -
ﬂ L T T T T

CT CBCT RPCT RPCBLCT

Figure 2: Bar charts comparing the mean measurements of the 4
imaging modalities to the gold standard (CT) in the maxillary arch.

» __Mandibular Measuren

15

10 —
5 -
ﬂ 1 T T T T
CcT CBCT RPCT RPCBCT

Figure 3: Bar charts comparing the mean measurements of the 4
imaging modalities to the gold standard (CT) in the mandibular arch.

could be used to determine the suitability of bone and specific sites
for implant placement, the size of the implant that can be placed, and
the need for pre-implantation ridge surgery [29].

Due to all of the previous recommendations for the superiority
of the direct CT images in implantology, the measurements obtained
from the direct coronal CT cuts were considered the standard gold
results and were compared to the data obtained from the other
modalities investigated in the present work. However, CT is still not
ideal for the particular diagnostic task in dental applications, such
as impacted teeth or apical lesions. Excessive radiation exposure,
increased cost and limited availability impede the routine use of this
technology for dental applications. Cone Beam CT (CBCT) offers
a promising alternative approach since it provides sub-millimetre
resolution images of high diagnostic quality, with short scanning time
and reduced radiation dose up to 15 times lower than Multi-Slice CT
scans (MSCT) [9].

Discussion of results

Upon analyzing the calculated data in the current study, a non
- significant difference was detected between measurements yielded
from MSCT and CBCT cross-section views in either jaw as well as in
the whole study sample.

They reported similar results they concluded that the CBCT
unit provided satisfactory information about linear distances and
volumes [30]. Moreover, [31] assessed dry skulls the distances
between anatomic points and reference wires. Measurement accuracy
was expressed by average errors of less than 0.6% for dimensional
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measurement techniques. Again their findings are in agreement with
ours.

They worked with two different CBCT units: the New Tom QR
DVT 9000 and the Hitachi MercuRay [32]. Measurements were
made on human dry skulls using both these units and compared to
a gold standard of caliper measurements. They concluded that both
the CBCT systems provided highly accurate data with less than 1%
relative error.

The current results are also in concordance with those reported
by [33] who scanned a dry human mandible with five CBCT systems
and one MSCT scanner. From this study, the authors concluded that
clinically acceptable results are obtained for both MSCT and CBCT
regarding implant planning and placement.

On the other hand, a study was carried to evaluate the images of
a dental implant demonstrated that MSCT images had better quality
compared with CBCT images. Their findings differed from those of
the present study. These differences might be attributed to certain
variations between the two study designs; since their study was
performed on models lacking hard tissue around the implant in the
their study, hence a direct comparison with the present data should
be interpreted with caution. Variation in scanning protocol such
as voxel size and number of projection images may also influence
dimensional accuracy.

When the measurements of the reformatted CT panoramic
images were compared to the gold standard data, a significant
difference was detected between the maxillary measurements while
a non- significant difference was found between the mandibular
measurements. These variations in jaw measurements could be the
result of the interpretation of the location of vital structures.

On the other hand, the reformatted CBCT panoramic images
revealed equivocal data comparable to the gold standard. The accuracy
of these measurements could be attributed to the sub-millimeter
isotropic voxel for the CBCT which can reform a 2D image with high
accuracy.

From the present study, the following conclusions could be
conducted

o« CBCT demonstrated a comparable accuracy in linear
measurements in both jaws. Considering these results with low
radiation, short scanning time and appropriate image quality,
CBCT could be a helpful reliable indispensible tool for pre-
surgical planning prior to dental implant insertion in the orofacial
region.
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