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Influence of basis images and skull position on evaluation of
cortical bone thickness in cone beam computed tomography
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Objectives. The aim of this study was to assess the influence of the number of basis images and the orientation of the skull on

the evaluation of cortical alveolar bone in cone beam computed tomography (CBCT).

Study Design. Eleven skulls with a total of 59 anterior teeth were selected. CBCT images were acquired by using 4 protocols,

by varying the rotation of the tube-detector arm and the orientation of the skull (protocol 1: 360�/0�; protocol 2: 180�/0�;
protocol 3: 180�/90�; protocol 4: 180�/180�). Observers evaluated cortical bone as absent, thin, or thick. Direct observation of

the skulls was used as the gold standard. Intra- and interobserver agreement, as well as agreement of scoring between the 3

bone thickness classifications, were calculated by using the k statistic. The Wilcoxon signed-rank test was used to compare the

4 protocols.

Results. For lingual cortical bone, protocol 1 showed no statistical difference from the gold standard. Higher reliability was

found in protocol 3 for absent (k ¼ 0.80) and thin (k ¼ 0.47) cortices, whereas for thick cortical bone, protocol 2 was more

consistent (k ¼ 0.60). In buccal cortical bone, protocol 1 obtained the highest agreement for absent cortices (k ¼ 0.61),

whereas protocol 4 was better for thin cortical plates (k ¼ 0.38) and protocol 2 for thick cortical plates (k ¼ 0.40).

Conclusions. No consistent effect of the number of basis images or head orientation for visual detection of alveolar bone was

detected, except for lingual cortical bone, for which full rotation scanning showed improved visualization. (Oral Surg Oral

Med Oral Pathol Oral Radiol 2017;123:707-713)
Cone beam computed tomography (CBCT) has become
a commonly used image modality for various applica-
tions in dentistry.1-3 The accuracy of CBCT compared
with intraoral radiography has justified its use for cases
requiring 3-dimensional (3-D) imaging.4 It can be of
benefit in orthodontics, such as for the evaluation of
cortical bone thickness in relation to different facial
types, evaluation of detrimental effects on the
supporting alveolar bone after orthodontic treatment,
and rapid maxillary expansion.1,4-6

In periodontics, CBCT images are important to
evaluate buccal bone thickness before and after recon-
struction of the alveolar buccal bone wall2,7 and for
follow-up of bone augmentation in cases of horizontal
bone defects.8 Moreover, the buccal and lingual cortical
bone regions are often evaluated to avoid the risk of
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resorption of cortical bone margin in cases of
immediate implant placement. This is especially
important for maxillary anterior teeth, where cortical
bone is thin, and aesthetics is a main factor for the
success of immediate implant placement.9-11

Recently, studies have demonstrated limitations of
CBCT in geometric measurements.12-14 Thickness and
height of cortical bone have been evaluated in prior
studies to find the most appropriate method for inter-
pretation and for understanding the limitations of
CBCT in the visualization of these structures.3,15,16

These measurements are often used to evaluate peri-
odontal health or the sequelae of orthodontic treatment.
In such cases, a measurement error could lead to a
misdiagnosis of bone loss.14,17,18

Evaluation of cortical bone is related to several image
quality factors.19,20 Several CBCT units are available
on the market, each one manufactured with individual
characteristics in relation to acquisition parameters and
image visualization. Most CBCT units offer various
exposure settings in terms of tube voltage, tube current,
exposure time, voxel size, and number of basis
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Fig. 1. Different cone beam computed tomography (CBCT) scanning protocols: Protocol 1: 360-degree rotation/Skull position 0�;
Protocol 2: 180-degree rotation/Skull position 0�, Protocol 3: 180-degree rotation/Skull position 90�; Protocol 4: 180-degree
rotation/Skull position 180�. The letter “F” represents frontal region of the skull (i.e., the location of the cortical bone
evaluated in this study).

ORAL AND MAXILLOFACIAL RADIOLOGY OOOO

708 Nascimento et al. June 2017
images.21 The effect of using a half-rotation scan (i.e.,
180-degree rotation of tube-detector arm), which pro-
vides an approximately 50% lower number of basis
images and a concordant reduction of the radiation
dose, on the evaluation of cortical bone is still un-
known.22 Furthermore, the effect of patient orientation
versus the X-ray tube and detector for 180-degree
rotation protocols has not yet been reported.

The aim of this study was to evaluate the effect of the
number of basis images (using full- and half-rotation
scanning) as well as the effect of the orientation of
the skull for evaluating buccal and lingual cortical bone
margins in CBCT.

MATERIALS AND METHODS
After obtaining ethical approval for the study (protocol
No. S55619), preserved dentate dry human skulls were
selected. A sample of 11 skulls with 59 intact anterior
teeth (23 central incisors, 21 lateral incisors, and 15
canines) was included, fulfilling the following selection
criteria: (1) adult skulls, (2) intact skulls with maxillae
and mandibles, (3) no metals that could cause artifacts,
and (4) no visible pathology. Teeth with different thick-
nesses of alveolar bone and natural bony dehiscences
were selected. A dehiscence was defined as a V-shaped
defect along the alveolar bone margin.16 Cortical
thicknesses were measured after taking the tooth out
and by using a caliper (Vernier caliper 150, Fujian,
China) to classify the cortex as absent (<0.10 mm),
thin (0.10-0.50 mm), or thick (>0.50 mm); these
measurements served as the gold standard.

Before scanning of the skulls, plastic beads were
glued on the lingual and buccal alveolar bone margins
to standardize the region to be evaluated. Three cervical
vertebrae were added to the skulls.23 The skulls were
then placed in a round plastic basket with a thickness
of 2 mm. A frontal support was used for
immobilization of the skull during scanning.
Image acquisition
Skulls were scanned using the 3D Accuitomo 170
CBCT (J. Morita, Kyoto, Japan). The scanning
parameters used were 90 kVp, 87.5 mAs (360� scan,
577 basis images) or 45 mAs (180� scan, 321 basis
images), 8 � 8 cm field of view, and a voxel size of
0.16 mm.

Four different scanning protocols were used
(Figure 1). A circular paper format divided in 4
quadrants with each row corresponding to a quadrant
angle (0, 90, and 180�) was placed on the surface of
the scanning platform to guide skull rotation. A
copper filter of 1.7 mm thickness was fixed on the X-
ray tube to compensate for the lack of soft tissue, as
the basket in which the skulls were placed did not
provide full simulation of the soft tissue in the head.
Selection and evaluation of images
Reconstructed CBCT images were exported as DICOM
(Digital Imaging and Communications inMedicine) files
and then imported into OnDemand 3D software (version
1.0.9 Cybermed, Seoul, Korea) for analysis. The 4
different CBCT protocols were displayed at the same
time; the fusion tool was chosen to allow selection of
sections at the same position (Figure 2). The images were
oriented with the tooth in the vertical position so that the
centers of both beads in the labial and buccal cortices
were displayed simultaneously on each image. A total
of 472 2-dimensional (2-D) sagittal views (59 teeth, 4
scanning protocols, 2 sides) were exported in TIFF (Tag
Image File Format). Fifteen images, classified according
to their thickness, were then selected from the sample for



Fig. 2. Tooth scanned using the four protocols according toFigure 1. Full-rotation (360�) with skull rotation of 0� (1), half-rotation (180�)
with skull rotation of 0� (2), half-rotation (180�) with skull rotation of 90� (3), half-rotation (180�) with skull rotation 180� (4).
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use in observer calibration. Three dentomaxillofacial
radiologists were included as observers. Calibration re-
sults were analyzed by using the k test to verify the ob-
servers’ ability to evaluate the images appropriately. The
observers evaluated the images by visual inspection and
classified the cortex adjacent to the buccal and lingual
beads in each image as absent, thin or thick, using scores
of 0, 1, or 2, respectively.

Images were evaluated individually and randomly
using ImageJ software (1.45 s version, NIH, Bethesda,
MD, USA). To standardize the visualization, the ob-
servers were not allowed to change the window level and
width, image magnification, and edge enhancement.
Observation sessions were performed under dimmed
ambient light, with a 22-inch, 2-megapixel clinical re-
view display (MDRC-2122; Barco, Kortrijk, Belgium).

After 15 days, 48 randomly selected images were
reexamined by each observer to calculate intraobserver
agreement.
Statistical analysis
Software used for statistical analysis was SPSS 22.0
(IBM, Armonk, NY, USA). Intra- and interobserver
agreement were calculated by using the k test. Observer
scores were compared with direct measurements on the
skulls, which served as the gold standard. The mode
value among the observers was calculated, and the
Wilcoxon signed-rank test was used to compare the 4
protocols. The k test was used to evaluate the scoring in
the 3 classifications.
RESULTS
In all protocols, the highest reliability values were
found for the diagnosis of absent cortical bone thick-
ness, and the lowest was observed for the diagnosis of
thin cortical bone. The results showed that some thin
cortices were diagnosed as having no presence of bone
and some thick cortices were diagnosed as thin for all
protocols, both for lingual and buccal cortical bone.

The results comparing protocols to the gold standard
are shown in Table I. Only protocol 1 (360-degree
rotation) for lingual cortical bone demonstrated no sta-
tistically significant difference between evaluations ob-
tained by CBCT images and the gold standard regardless
of the condition of cortical bone (absent, thin, or thick).

When evaluating lingual cortical bone, protocol 3
showed the highest agreement among the 4 protocols for
absent (k ¼ 0.80) and for thin cortices (k ¼ 0.47)
(Table II). However, for the detection of thick cortical
bone, agreement was highest for protocol 2 (k ¼ 0.60).
The least consistent among the 4 protocols were
protocol 2 for absent cortex (k ¼ 0.72), and protocol 1
for thin cortex (k ¼ 0.37) and thick cortex (k ¼ 0.51).
With regard to the diagnosis of buccal cortical bone,
protocol 1 demonstrated the highest value of correlation
among the 4 protocols for absent cortex (k ¼ 0.61),
while protocol 4 was more concordant for thin cortex
(k ¼ 0.38) and protocol 2 for thick cortical bone
(k ¼ 0.40) compared with the other protocols. The least
consistent protocols were protocols 2 and 3 for absent
cortex (k ¼ 0.53), protocol 3 for thin (k ¼ 0.32) and
protocol 1 for thick cortex (k ¼ 0.24).

Intraobserver agreement ranged from very high
(k ¼ 0.87) to moderate (k ¼ 0.50) (Table III)
considering different thicknesses. For interobserver
agreement, the k values ranged from substantial
(k ¼ 0.79) to moderate (k ¼ 0.56) (Table IV).24

DISCUSSION
In this study, because of the use of a varying numbers
of basis images and orientations of the skull, differ-
ences were found when evaluating buccal and lingual
anterior cortical bone. Although the 360-degree pro-
tocol showed no statistically significant difference in
direct measurements for lingual cortical bone, the ef-
fect of the number of basis images was inconsistent
when considering the different bone thicknesses that
were defined for buccal and lingual anterior cortical
bone.

Of the previous studies investigating CBCT
measurements, several have reported the importance
of CBCT on the evaluation of buccal and lingual cortical
bone thickness for mini-implant placement, to



Table I. Number and frequency (%) for each cortical bone classification of the buccal and lingual cortical bone, in
relation to the evaluation obtained from cone beam computed tomography (CBCT) images in each protocol

Cortical evaluation by CBCT

Gold standard (direct measurement)

Lingual cortical Buccal cortical

Absent Thin Thick Absent Thin Thick

Protocol 1: Arc 360 degrees/skull 0 degree Protocol 1: Arc 360 degrees/ skull 0 degree*

Absent 8 (100) 5 (17) 0 (0) 8 (100) 14 (38) 0 (0)
Thin 0 (0) 16 (57) 7 (30) 0 (0) 21 (58) 13 (86)
Thick 0 (0) 7 (25) 16 (69) 0 (0) 1 (2) 2 (13)

Protocol 2: Arc 180 degrees/skull 0 degree* Protocol 2: Arc 180 degrees/skull 0 degree*

Absent 8 (100) 4 (14) 0 (0) 7 (87) 13 (36) 0 (0)
Thin 0 (0) 21 (75) 8 (34) 1 (12) 22 (61) 12 (80)
Thick 0 (0) 3 (10) 15 (65) 0 (0) 1 (2) 3 (20)

Protocol 3: Arc 180 degrees/skull 90 degrees* Protocol 3: Arc 180 degrees/skull 90 degrees*

Absent 8 (100) 6 (21) 0 (0) 8 (100) 18 (50) 0 (0)
Thin 0 (0) 17 (60) 12 (52) 0 (0) 16 (44) 13 (86)
Thick 0 (0) 5 (17) 11 (47) 0 (0) 2 (5) 2 (13)

Protocol 4: Arc 180 degrees/skull 180 degrees* Protocol 4: Arc 180 degrees/skull 180 degrees*

Absent 8 (100) 5 (17) 0 (0) 8 (100) 17 (47) 0 (0)
Thin 0 (0) 20 (71) 10 (43) 0 (0) 19 (52) 13 (86)
Thick 0 (0) 3 (10) 13 (56) 0 (0) 0 (0) 2 (13)

For direct measurements, cortical bone was defined as absent if <0.10 mm, thin if 0.10-0.50 mm, and thick if >0.50 mm.
*Significant difference between classification from CBCT observation and direct measurement (P < .05 by Wilcoxon signed-rank test).

Table II. Kappa (k) values showing agreement between cortical bone classification (absent, thin, and thick) from
cone beam computed tomography (CBCT) images and direct measurements used as gold standard

Cortical evaluation
by CBCT

Gold standard (direct measurement)

Lingual cortical Buccal cortical

Absent Thin Thick Absent Thin Thick

Protocol 1: Arc 360 degrees/skull 0 degree Protocol 1: Arc 360 degrees/skull 0 degree

Absent k ¼ 0.73 k ¼ 0.61
Thin k ¼ 0.37 k ¼ 0.36
Thick k ¼ 0.51 k ¼ 0.24

Protocol 2: Arc 180 degrees/skull 0 degree Protocol 2: Arc 180 degrees/skull 0 degree

Absent k ¼ 0.72 k ¼ 0.53
Thin k ¼ 0.45 k ¼ 0.34
Thick k ¼ 0.60 k ¼ 0.40

Protocol 3: Arc 180 degrees/skull 90 degrees Protocol 3: Arc 180 degrees/skull 90 degrees

Absent k ¼ 0.80 k ¼ 0.53
Thin k ¼ 0.47 k ¼ 0.32
Thick k ¼ 0.53 k ¼ 0.29

Protocol 4: Arc 180 degrees/skull 180 degrees Protocol 4: Arc 180 degrees/skull 180 degrees

Absent k ¼ 0.74 k ¼ 0.58
Thin k ¼ 0.44 k ¼ 0.38
Thick k ¼ 0.57 k ¼ 0.26
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re-establish the buccal bonewall after immediate implant
placement, and to detect bone defects.2,3,13,17,25-28

However, the use of CBCT for these applications
should be optimized by balancing diagnostic image
quality with radiation dose. The current results show
that a 360-degree protocol may not show a distinct
advantage over a 180-degree protocol, implying that
the latter would be preferred because of its lower
radiation dose (approximately 50% reduction). The
main effect of a reduction in the number of basis im-
ages is an increase in image noise, but this may not
result in an unacceptable diagnostic image, especially
in smaller patients. Furthermore, in a clinical setting, a
180-degree rotation would have the additional



Table IV. Interobserver agreement results

Kappa (k) values

Protocol 1 0.64
Absent 0.77
Thin 0.56
Thick 0.61

Protocol 2 0.64
Absent 0.71
Thin 0.56
Thick 0.68

Protocol 3 0.70
Absent 0.79
Thin 0.63
Thick 0.66

Protocol 4 0.70
Absent 0.71
Thin 0.56
Thick 0.64

Table III. Intraobserver agreement results

Kappa (k) values

Observer 1 0.64
Absent 0.81
Thin 0.53
Thick 0.60

Observer 2 0.66
Absent 0.80
Thin 0.50
Thick 0.62

Observer 3 0.74
Absent 0.87
Thin 0.70
Thick 0.58
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advantage of faster scan times, thereby reducing mo-
tion blurring.

Although there is a lot of machine-specific variations,
some previous studies have shown that measurements on
CBCT were not as accurate as direct measurements of
skulls for small structures.3,5,16,29,30 Loubele et al.15 even
concluded that multislice computed tomography (MSCT)
offered better subjective visualization of cortical bone
compared with CBCT, although it can be noted that
current-generation CBCT models have improved
considerably in terms of image quality since then.

The thickness of cortical bone is variable. The
anterior maxillary and mandibular regions contain the
thinnest cortical bone of the dental arches, generally not
exceeding 2 mm, which can hamper its visualization
when using CBCT. Thorough analysis of cortical bone,
mainly in the aesthetic zone, is recommended to ensure
the most appropriate dental implant treatment
approach.31 In some cases, graft insertion may be
recommended.9,32 In this study, the highest k values
were associated with absent cortical bone, which means
that it is feasible to diagnose fenestration in cortical
bone with a reasonably high sensitivity. However, the
results showed that several thin cortices were diagnosed
as having no presence of bone and that several thick
cortices were diagnosed as thin, indicating that the
amount of bone tends to be underestimated. This un-
derestimation of bone thickness may be caused by the
partial volume effect, seeing that gray values in each
voxel represent the average attenuation of tissues pre-
sent in that voxel. Therefore, only voxels that exclu-
sively contain cortical bone appear bright, whereas
voxels containing a mix of cortical bone and soft or
other tissue will appear darker and may not be
perceived as cortical bone by an observer. This causes
the outer and inner edges of cortical bone to be blurred,
effectively thinning the appearance of cortical bone. It
is important to note the markers glued at the surface of
cortical bone resulted in a small space between the
beads and the cortices, therefore not giving an indica-
tion of the distance between the surface of cortical bone
and the tooth. A previous study has also reported that
measurements, particularly in areas of extremely thin
cortical bone, might suffer from some inaccuracy.3

Additionally, we should consider as an important
limitation of this study the fact that scatter radiation
produced by soft tissues of a patient or a cadaver in a
clinical situation is different from the experimental
setup used in this study, mainly when investigating
low contrast tissues, such as thin cortical bone.

A previous investigation showed that fenestration
in cortical bone was detected on CBCT 3 times more
often than on direct skull examination.16 However,
another study found no significant difference between
CBCT and direct buccal bone thickness
measurements.33 In the present study, discriminating
between bone thicknesses was not of importance, since
this would not be relevant from a clinical point of view.
Rather, the aim was to show visually if false-positive
fenestrations observed on images belonged to fine or
thick cortical bone. Accurate information regarding the
presence of cortical bone may prevent multiple aesthetic
and functional problems in the outcome of implant ther-
apy, independent of the bone thickness present.17

Many image quality factors should be considered to
explain the limitation of CBCT for this application. The
spatial resolution can be considered the minimum dis-
tance necessary to distinguish 2 objects located closely
together. Commonly, it is incorrectly defined as the
voxel size, since some factors, such as partial volume
averaging, noise, number of basis images, and artifacts,
may influence spatial resolution.20 CBCT is considered
to have a high spatial resolution in comparison to
multidetector CT, but its inherently high noise and
relatively low contrast resolution may limit proper
visualization of small structures. In addition, partial
volume averaging is an important factor that often can
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occur in cases of thin bone.34,35 This effect is directly
linked to the voxel size. When the voxel size is in the
same order of magnitude as the object, visualization is
hampered. A smaller voxel size could be more appro-
priate for these cases.20,34,36 The voxel size of 0.16 mm
used in this study can be considered “high resolution”
compared with the voxel sizes used for orthodontic and
implant cases, which typically range from 0.2 to
0.4 mm. When thin cortical bone is suspected, it may be
necessary to use a smaller voxel size than that used in
this study. However, smaller voxels may require a
higher radiation exposure (i.e., mAs) to compensate for
the concurrent increase in image noise, which would
lead to a higher radiation dose to the patient. Further
study on the combined effect of mAs and voxel size is
warranted to verify whether visualization of cortical
bone can be optimized.

Previous studies have shown that a half rotation
(180-degree) can reduce the radiation dose to the pa-
tient without adversely affecting the diagnosis of peri-
apical lesions, root resorption, and implant
planning.22,37,38 However, images involving both 360-
degree and 180-degree rotations of the X-ray source
were not able to properly show thin anterior cortical
bone in this study, except for images made with 360-
degree rotation for visualization of the lingual cortex,
which tends to be thicker than buccal cortical bone.

To the best of our knowledge, our study was the first to
evaluate the potential effect of skull orientation for
180-degree CBCT scans. Some authors observed that
changing the position of the skull did not influence linear
landmark measurements when using 360-degree rotation
in CBCT.26,39 In the present study, it was seen that the
geometric relationship between cortical bone in the
anterior region and the incidence of the X-ray beam does
not consistently influence diagnostic image quality.
Exposure protocols 2 and 3 (both with an arc of rotation
of 180�, involving no skull rotation, and with 90-degree
rotation of skull, respectively) showed the best agree-
ment results for lingual cortical bone and buccal cortical
bone classified as “thick.” Therefore, from a diagnostic
point of view, the current results provide no indication
for CBCT manufacturers to change the orientation of the
tube relative to the head for 180-degree scans. In terms of
radiation dose, it has been shown in a previous study that
the effect of anterior versus posterior tube movement for
a 180-degree rotation is relatively minor.40
CONCLUSIONS
CBCT showed considerable differences in terms of
cortical bone thickness compared with the direct visual-
ization of the skull for all protocols used. A 360-degree
arc rotation was, however, able to accurately visualize
lingual cortical bone. The orientation of the head versus
the start and end positions of the tube for a 180-degree
rotation did not show a consistent effect on image quality.
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