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ARTICLE INFO ABSTRACT

Aims: To compare image quality and visibility of anatomical structures in the mandible between five Cone
Beam Computed Tomography (CBCT) scanners and one Multi-Slice CT (MSCT) system.
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Accepted 24 March 2009 Materials and methods: One dry mandible was scanned with five CBCT scanners (Accuitomo 3D, i-CAT,
NewTom 3G, Galileos, Scanora 3D) and one MSCT system (Somatom Sensation 16) using 13 different scan
Keywords: protocols. Visibility of 11 anatomical structures and overall image noise were compared between CBCT
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and MSCT. Five independent observers reviewed the CBCT and the MSCT images in the three orthographic
planes (axial, sagittal and coronal) and assessed image quality on a five-point scale.
Results: Significant differences were found in the visibility of the different anatomical structures and image
noise level between MSCT and CBCT and among the five CBCT systems (p=0.0001). Delicate structures
such as trabecular bone and periodontal ligament were significantly less visible and more variable among
the systems in comparison with other anatomical structures (p=0.0001). Visibility of relatively large
structures such as mandibular canal and mental foramen was satisfactory for all devices. The Accuitomo
system was superior to MSCT and all other CBCT systems in depicting anatomical structures while MSCT
was superior to all other CBCT systems in terms of reduced image noise.
Conclusions: CBCT image quality is comparable or even superior to MSCT even though some variability
exists among the different CBCT systems in depicting delicate structures. Considering the low radiation
dose and high-resolution imaging, CBCT could be beneficial for dentomaxillofacial radiology.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction [1,2]. However, 2D radiographic images are difficult to interpret
because of the overlapping of complex osseous structure. Anatomic
structures such as the lingual foramen and incisive canal, which
contain neuro-vascularisation can hardly be defined. Also, the lin-
gual cortical bone of the mandible and width of the alveolar ridge
cannot be accurately assessed [3-7]. The development of computed

tomography (CT) enabled three-dimensional (3D) assessment of

Digital two-dimensional (2D) intraoral and panoramic radiog-
raphy have been widely adopted by dentists in the last decade
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craniofacial structures. CT has become a widely available means for
head and neck diagnosis [8,9] and various oral surgical procedures
[10].

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
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Table 1
Overview of the CT devices and the selected scan protocols.

CT device Option kv mA Scanning time (s) FOV? (cm) Pixel resolution (mm) Slice thickness (mm)
Accuitomo 3D 0.5 mm ST? 80 4 175 4x3 0.125/0.125 0.5
1 mm ST? 17.5 4x3 0.125/0.125 1
Scanora 3D MSR® 85 10 20 10x 7.5 0.3/0.3 0.3
MHR4 20 10x 7.5 0.2/0.2 0.2
SHR® 20 6x0 0.15/0.15 0.15
NewTom 3G h-HRf 110 3 36 10 x 10 0.18/0.18 0.1
HR# 36 15x 15 0.18/0.18 0.4
SRP 36 20 % 20 0.4/0.4 0.6
i-CAT Full 120 Sth) 20 16 x 13 0.4/0.4 0.4
MaxRes! 40 16x 6 0.2/0.2 0.2
Galileos HCM! 85 5 14 15 x 15 0.3/0.3 0.3
Somatom Sensation 16 H70h 120 90 20 259 0.28/0.28 03
HGOs 120 80 20 25x7.6 0.48/0.48 0.5

FOV: imaging filed of view (diameter x height).

ST: slice thickness.

MSR: (Scanora) Medium field Standard Resolution.
MHR: (Scanora) Medium field High Resolution.
SHR: (Scanora) Small field High Resolution.

h-HR: (NewTom) very High Resolution,

HR: {(NewTom) High Resolution.

SR: (NewTom) Standard Resolution.

MaxRes: (ICT) Maximum Resolution.

HCM: (Galileos) High Contrast Mode.

T - )

since it provides sub-millimetre resolution images of high diag-
nostic quality, with short scanning time and reduced radiation
dose up to 15 times lower than Multi-Slice CT scans (MSCT) [11].
CBCT has been used for several important oral and maxillofacial
surgery applications including implant placement [12-16], bone
and tooth fractures [17,18], temporomandibular joint examination
[19], orthodontic cases (cleft, tooth impaction, and position of
osteosynthetic screws)[20], third molar removal [21] and endodon-
tic cases (root canal evaluation, apical lesions and root resorption)
[22,23]. All former reports revealed sufficient image quality and
information acquired with CBCT devices for different anatomical
structures.

Previous studies comparing MSCT and CBCT demonstrated con-
siderable variability in image quality expressed through different
capability to depict anatomical structures in the maxillofacial
region [24]. Most previous reports on CBCT image quality were
limited, however, to only one or few systems [25-27]. In the mean-
while, various CBCT machines have been introduced or upgraded,
making a standardized comparison of various CBCT machines con-
trasted to a MSCT machine mandatory. The aim of this study is to
compare the subjective image quality and visibility of anatomi-
cal structures in the mandible between five CBCT and one MSCT
scanners.

2. Materials and methods

One dry human mandible was obtained with approval from
Institute for Biomedical Research (BIOMED of University Hasselt,
Belgium). The mandible was placed in a plastic container and
immersed in water to simulate soft-tissue [28] and then scanned
with five Cone Beam CT scanners: NewTom 3G® (Quantitative
Radiology, Verona, Italy), Accuitomo® 3D (Morita, Kyoto, Japan), i-
CAT® (Imaging Sciences International, Hatfield, Pennsylvania, USA)
and Galileos® (Sirona, Bensheim, Germany), Scanora® 3D (Sore-
dex, Tuusula, Finland) and one MSCT-scanner Somatom Sensation®
(Siemens, Erlangen, Germany).

Thirteen scans protocols with different field of views (FOVs)
were selected for the six devices. Machine specification and scan-

ning protocol for each scanner are shown in Table 1. All scans
were exported in DICOM 3 file format. Eleven anatomical struc-
tures were included in the analysis (Table 2). A five-point rating
scale (1=excellent, 2=good, 3 = acceptable, 4=poor, 5 =very poor)
was used to assess the visibility of the 11 anatomic structures and
overall image noise. Five observers assessed all images twice inde-
pendently in different sessions with at least one week separation
between the two sessions. The observers were all dentists who
followed an advanced master programme in dental radiology. All
observers were calibrated by training them in the software tool used
in this study prior to conducting the observations. Observers were
blinded to the type of CT machine and the selected scan protocol.
Two experiments were conducted:

Experiment 1 The 13 DICOM datasets from the six systems were
imported in VolView visualization software (v.2.0, Kitware Inc.,
Clifton Park, New York) on a 19” flat panel screen (1280 x 1024,
Philips Brilliance 200WP, Brussels, Belgium). The observers were
asked to identify the anatomical structures and evaluate image
noise by going through the dataset on three orthographic tomo-
graphic reconstructions (axial, frontal and sagittal). Observers

Table 2
General linear mixed models (GLMs) estimates of the visibility of anatomical struc-
tures on the six CT machines in experiments (1 and 2) on axial slices.

Anatomical structure Estimate’ p value
Mental foramen -0.1027 0.8218
Mandibular canal -0.3482 0.4447
Cortical bone —0.6598 0.1482
Pulp —0.7941 0.1686
Dentin —-1.5715 0.9513
Incisive canal -1.7078 0.4625
Enamel —1.8258 0.1291
Lingual canal —1.9394 0.3614
Periodontal ligament —2.5574 0.0001
Trabecular bone -2.7193 0.0001
Lamina dura -4,04 0.0001

" The higher the estimate, the better is the visibility of the anatomical structure,
Notice that trabecular bone, periodontal ligament and lamina dura structures were
less visible and statistically different (p<0.0001) from other structures.
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Fig. 1. One of the axis slice selections was standardized based on lingual canal identification showing identical lingual canal, cortical and trabecular bone in corresponding
locations for the different scanners (1 = NewTom 3G very High Resolution; 2 = Galileos High Contrast Mode; 3 = Somatom Sensation 16 H60s; 4= Accuitomo 3D/1 mm thickness;
5=Somatom Sensation 16 H70h; 6=i-CAT Full view; 7 =i-CAT Maximum Resolution; 8=Scanora 3D Medium field Standard Resolution; 9=NewTom 3G High Resolution;
10=Scanora 3D Medium field High Resolution; 11 = Accuitomo 3D/0.5 mm thickness; 12 = NewTom 3G Standard Resolution; 13 =Scanora 3D Small field High Resolution).

Fig. 2. One of the sagittal slice selections on mandibular canal identification showing the better image quality of mandibular canal, but less visible on enamel, trabecular
bone, periodontal ligament space and lamina dura structures. Image No. 4 and No. 11 showed superior image quality in comparison with other images. These are two images

from Accuitomo 3D.

were allowed to adjust the brightness and contrast settings for
best display. This observation design was selected to mimic the
routine diagnostic approach in which clinicians are permitted to
adjust image display settings.

Experiment 2: One investigator who did not participate in making
the measurements selected 13 images of each anatomical struc-
ture (one for each scan protocol) in each reconstruction plane
(axial, frontal and sagittal). A total of 429 slices were selected
(11 anatomical structures x 13 FOV selections x 3 reconstruction
planes). Slice selection was standardized based on anatomical
landmark identification depicting identical anatomical structures
in corresponding locations for the different scanners (Figs. 1 and 2).
To standardize viewing conditions, image brightness and contrast
were calibrated by a light meter (PeakTech® 5025, Diirr Dental,
Germany). Observers were not allowed to adjust the brightness
and contrast settings or the reconstruction views to ensure a stan-
dardized comparison.

Statistical analysis

Inter- and intra-observers’ agreements were quantified by
weighted Kappa statistics using MedCalc (MedCalc® Version
9.3.9.0, Mariakerke, Belgium). Generalized linear mixed models
(GLMs) (PROC NLMIXED, SAS® Institute Inc., Cary, New Caledo-

nia) were applied to analyse (1) overall variation in the visibility
of anatomical structures (per structure) among the six CT sys-
tems, (2) variation in overall image quality (including all anatomical
structures) among the six systems, (3) influence of image slice ori-
entation (axial, sagittal or coronal) and (4) inter- and intra-observer
variability. Kruskal-Wallis test was used to assess significant dif-

Table 3

General linear mixed models (GLMs) estimates of the capability of the six CT
machines in visualizing anatomical structures on axial slices. The higher the esti-
mate, the better is the overall capability of the system to visualize anatomical
structures.

CT system Estimate p value
Accuitomo 3D 1 mm ST 3.5606 0.0001
Accuitomo 3D 0.5mm ST 2.6436 0.0001
Somatom Sensation 16 H70h 1.5866 0.0001
i-CAT MaxRes 0.77 0.0161
NewTom 3G HR 0.367 0.2469
Scanora 3D MH 0.2901 0.37
Somatom Sensation HG60s 0.2405 0.4467
Scanora 3D SH 0.1363 0.0001
i-CAT full —0.3215 0.3043
Scanora 3D MSR —0.8898 0.0052
NewTom 3G H-HR —1.0106 0.0015
NewTom 3G SR —-1.7451 0.0001
Galileos HCM —2.9497 0.0001
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Table 4

Kruskal-Wallis test results ranking the different CT devices by their ability to visualize the trabecular bone, periodontal ligament and lamina dura. PN is the number of

significant p value.

Anatomical structure

Image noise

Trabecular bone PN* Periodontal ligament PN Lamina dura PN Noise level PN
Accuitomo 3D 0.5 mm ST 5 Accuitomo 3D 1 mm ST 6 Accuitomo 3D 1 mm ST 7 Somatom Sensation 16 H70h 8
Accuitomo 3D 1 mm ST 5 Accuitomo 3D 0.5 mm ST 5 Accuitomo 3D 0.5mm ST 5 Somatom Sensation HG60s 0
Somatom Sensation 16 H70h 3 Somatom Sensation 16 H70h =) Somatom Sensation 16 H70h 4 Accuitomo 3D 1 mm ST 0
i-CAT MaxRes 3 Scanora 3D SH 5 Scanora 3D MH 4 i-CAT full 0
NewTom 3G HR 3 NewTom 3G HR 2 Scanora 3D SH 3 i-CAT MaxRes 0
Scanora 3D MH 3 i-CAT MaxRes 0 NewTom 3G HR —1 NewTom 3G SR =
Scanora 3D SH 3 Scanora 3D MH 0 i-CAT MaxRes -1 Galileos HCM =7l
Scanora 3D MSR 1 Scanora 3D MSR -1 Scanora 3D MSR -1 Scanora 3D MSR —1
Somatom Sensation HG0s -2 NewTom 3G h-HR —4 i-CAT full -2 NewTom 3G HR -1
i-CAT full -2 Somatom Sensation H60s -4 NewTom 3G SR —4 Scanora 3D MH -1
NewTom 3G h-HR -7 NewTom 3G SR -4 NewTom 3G h-HR -5 Accuitomo 3D 0.5 mm ST -1
Galileos HCM -7 Galileos HCM -5 Galileos HCM -5 NewTom 3G h-HR =1
NewTom 3G SR -8 i-CAT full -5 Somatom Sensation HG60s -5 Scanora 3D SH -1

PN presents the number of significantly different CT devices from each other. Positive number means this CT device had significantly better image quality than the (PN)
number of others (e.g. trabecular bone, Accuitomo 0.5 mm ST, PN =5 means that the Accuitomo 0,5 mm ST scan had significantly better visibility of the trabecular bone than
other five CT devices or settings). Negative number means the CT device was significantly worse on image quality than the number of others.

ferences among the six systems for depicting identical anatomical
landmarks. .

3. Results

Inter- and intra-observer agreement using weighted Kappa
statistics was moderate for both experiment 1 and experiment 2
(k=0.48 and 0.51), respectively. There was no significant difference
in the measurements results hetween experiment 1 and experi-
ment 2. GLMs estimates results for overall image quality of the
six systems and visibility of the different anatomical structures are
summarized in Tables 2 and 3. The trabecular bone, periodontal
ligament and lamina dura were significantly less visible in compari-
son with other structures (p=0.0001). Visibility of other anatomical
structures was not significantly different (Table 3). There was no sta-
tistically significant influence of slice orientation on the visibility of
landmarks among the six systems (p=0.6931).

When ranking the visibility of trabecular bone, periodontal liga-
ment and lamina dura per system and scan protocol, the Accuitomo
system yielded the best results (Table 4 and Fig. 2). The MSCT was
second to the Accuitomo in visualizing those structures. However,
MSCT was superior to all CBCT system in terms of image noise
(Table 4).

4. Discussion

Several scanning and reconstruction settings directly influence
image quality of the acquired image, which in turn affects the radio-
graphic visibility of anatomical structures and image noise level,
Results from previous studies comparing two CBCT systemms or one
CBCT and one MSCT showed that CBCT image quality was compa-
rable to that of MSCT [24]. The purpose of the present study was
to compare the subjective image quality and hard tissue anatomic
structures visibility of five CBCT systems with one MSCT system
using different scanning FOV settings and reconstruction orienta-
tions (axial, coronal and sagittal),

The results of this study show that the image quality of five CBCT
systems is comparable to that of MSCT and in one system (Accuit-
omo 3D), image quality was actually superior. This is clinically
significant since CBCT delivers reduced dose to the patient in com-
parison with MSCT and it is also less expensive and widely available.
These results, however, are only limited to hard tissue structures.

Because of the difference in design and clinical indication, all
CT systems should not be treated equally and not one machine can
be scored as optimal for all diagnostic procedures. However, the

results from both experiments show that all systems could visualize
the mental foramen, mandibular canal, cortical bone, incisive canal
and pulp space clearly irrespective to the scan or reconstruction
setting. For lingual canal a high-resolution setting was needed to
improve visibility with all machines.

The enamel and the dentine were moderately influenced by
scanner type and the FOV settings. The trabecular bone, periodontal
ligament space and lamina dura are relatively small and were the
least visible anatomical structures with all machines and with all
FOVs selections. Small FOV Accuitomo 3D and MSCT were superior
to other systems in showing those structures. This corroborates pre-
vious findings [24,26]. In general, it could be stated that small FOV
and high-resolution scans are optimal for detailed diagnostic tasks
(e.g. endodontics), while large volume scans will be able delivering
better 3D models. In that respect, it should be said that spiral CT
remains superior for segmentation accuracy [24].

FOV selection is specific to each system. In several systems, the
scanning volume can be adapted according to the clinical demands
(e.g. Scanora, NewTom 3G and i-CAT). In others, only a single FOV
selectionis present (e.g. Galileos). FOV selection determines the size
of the voxel used, which can be defined by the pixel resolution in the
‘xy' plane and slice thickness in the 'z’ plane. Image voxel size, which
is highly correlated with spatial resolution, plays important role in
the resulting quality of the image. Accuitomo 3D, for instance, had
a very small voxel size (0.125 mm).

It is noteworthy, however, that spatial resolution is also highly
correlated with image noise and contrast to noise ratio. The
NewTom 3G high-resolution (NewTom h-HR) reconstruction, for
example, had a nominal slice thickness of 0.1 mm and it had also a
significantly higher level of noise in comparison with the standard
reconstruction (NewTom SR). As such, a small FOV selection with
a thin slice setting does not necessarily directly translate to better
image quality or higher spatial resolution because the noise level
can also be substantially increased. Although image noise in CBCT
was higher than with MSCT, the influence of image noise from all
CBCT systems was deemed ‘tolerable’, which correlates with earlier
findings by Mozzo et al. [29].

5. Conclusions

The image quality of the CBCT systems included in this study was
largely comparable to that of MSCT at different scan and reconstruc-
tion settings. Coupled with low radiation dose and short scanning
time, CBCT system can play a vital role in the diagnosis of hard tissue
structures of the dentomaxillofacial region.
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