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The objective of this study was to investigate the effect of different cone beam CT scan
parameters on trabecular bone microstructure measurements. A human mandibular cadaver
was scanned using a cone beam CT (3D Accuitomo 170; J.Morita, Kyota, Japan). 20 cone
beam CT images were obtained using 5 different fields of view (4X4cm, 6X6 cm, 8§X8 cm,
10X 10 cm and 10X 5 c¢cm), 2 types of rotation steps (180° and 360°) and 2 scanning resolutions
(standard and high). Image analysis software was used to assess the trabecular bone
microstructural parameters (number, thickness and spacing). All parameters were measured
twice by one trained observer. Intraclass correlation coefficients showed high intraobserver
repeatability (intraclass correlation coefficient, 0.95-0.97) in all parameters across all tested scan
parameters. Trabecular bone microstructural measurements varied significantly, especially in
smaller fields of view (p = 0.001). There was no significant difference in the trabecular
parameters when using different resolutions (number, p = 0.988; thickness, p = 0.960;
spacing, p = 0.831) and rotation steps (number, p = 1.000; thickness, p = 0.954; spacing,
p = 0.759). The scan field of view significantly influences the trabecular bone micro-
structure measurements. Rotation steps (180° or 360°) and resolution (standard or high)
selections are not relevant.
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Introduction

Bone quality is one of the essential factors in predicting
the success of implant treatment.! Because of the advan-
tages of cone beam CT (CBCT) over other CT systems,”
CBCT has been widely used to facilitate the pre-operative
evaluation of bone quality for dental implant treatment.’
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Until now, the application of CBCT in dental implant
assessment has been mostly based on linear measurements
of bone width and height,* density of the jaw bone>’
and applications in guided surgery.® However, it is rec-
ommended that the evaluation of bone quality should
not be based on bone density alone.”!® The mechanical
aspects such as trabecular bone microstructural charac-
teristics should also be assessed to aid in predicting the
success of a dental implant.®!°

Although the number of studies on the application of
CBCT in assessing bone quality has noticeably increased
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during the last few years, the validity of the measure-
ments produced by this technology remains questlon-
able.!" This is because image quality in CBCT is
influenced by the type of system used to acquire the im-
age data, the field of view (FOV) and the selection of scan
parameters.” It has been emphasized that FOV selection
has a significant influence on image quahty in CBCT and
the visibility of anatomical structures.” In addition,
CBCT has a low contrast-to-noise ratio compared with
multislice CT, a larger amount of scatter radiation owing
to the cone-beam geometry and several other 1mage
artefacts specific to CBCT.!'® It has been indicated in
studies that beam hardening artefacts and the relative
positioning of the structures in the scan volume also
1nﬂuence the validity of CBCT bone density measure-
ments.>'* Consequently, image segmentation, which is
required for the assessment of bone quality, may also be
influenced by these limitations.'> Different scanning
positions, FOVs and types of detector can produce
different levels of artefacts.'® Although image-processing
algorlthms could be used to filter and reduce these image
artefacts,'’ their application in CBCT remains limited as
they requires extensive computational technology.'®
The potential application of CBCT for trabecular
bone mlcrostructure assessment has been suggested in
earlier studies.' Recently, CBCT has been vali-
dated as a non-invasive imaging tool for trabecular
bone microstructure measurement at dental implant
sites.”! The effect of scanning parameters on microstruc-
tural measurements has been extensively studied in other
high-resolution systems, including micro- and multislice
CT.* % However, its influence on CBCT remains un-
known. Therefore, the aim of this study was to evaluate
the effect of scan parameters (FOV, rotation steps and
resolution) on trabecular bone microstructural measure-
ments using CBCT.

Materials and methods

Image acquisition and processing

A human mandibular cadaver was obtained from the
Department of Functional Anatomy, Academic Center
for Dentistry Amsterdam, Amsterdam, Netherlands,
and approved for research purposes. The mandible was
scanned using a CBCT system (3D Accuitomo 170; J.
Morita, Kyoto, Japan) at 90 kVp and at 5mA using 5
different FOVs (4X4cm, 6X6cm, 8X8cm, 10X10cm
and 10X5 cm), 2 types of rotation steps (180° and 360°)
and 2 scanning resolutions (standard and high), result-
ing in a total of 20 scans. All data sets derived from
CBCT were formatted as digital imaging and commu-
nications in medicine 3 files. An edentulous posterior
region was identified as the region of interest and
carefully compared among all images. The comparison
was conducted by creating three-dimensional (3D) iso-
surface data sets using image analysis software (Amira
v. 4.1; Visage Imaging Inc., Carlsbad, CA). The iso-
surfaces were manually matched and superimposed
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Figure 1 Two data sets from cone beam CT with a 4X4 cm field of
view (FOV) and 10X10cm FOV were matched in Amira v. 4.1
(Visage Imaging Inc., Carlsbad, CA)

onto each other to provide maximum alignment by
using the 4X4 cm FOV data sets as a reference standard
(Figure 1). For each image, a smaller volume of interest
(VOI) was identified within the boundaries of the cor-
tical bone (Figure 2). The selected VOIs were imported
into analysis software CTAn v. 1.11 (Skyscan, Kon-
tich, Belgium) as 16-bit images (65 536 Gy values). To

Figure 2 A smaller volume of interest of 4X4 cm field of view (FOV)
and 10X10cm FOV was cropped within the boundaries of cortical
bone in Amira v. 4.1 (Visage Imaging Inc., Carlsbad, CA)



compare the measurements obtained from different
scan parameters, the software was operated using
separate windows for matching and comparing the
slices obtained from using different CBCT scanning
parameters with the corresponding slice derived from
the 4X4 cm FOV as the reference model (Figure 3a). A
rectangular region of interest limited to trabecular
bone structure was manually selected on each data set
slice by slice (Figure 3b) and binarized (Figure 3c) to
allow the measurement process (Figure 3d). Because of
the different voxel sizes of the FOVs, the quantity of
trabecular bone on 10 consecutive slices of a small
FOV (e.g. 4X4 cm images, 80 pm) may correspond to
a quantity of 3 consecutive slices of a larger FOV (e.g.
10X 10 cm images, 250 wm). Therefore, to standardize
the amount of assessed trabecular bone, the measure-
ments were averaged in each image data set. The mea-
surement using CTAn software was performed twice with
a 1 week interval by one trained observer.

Statistical analysis

Three trabecular bone microstructural parameters were
considered to describe the trabecular characteristics.
These parameters were the trabecular number (Tb.N),
thickness (Tb.Th) and spacing (Tb.Sp). All parameters
were measured on the CBCT images obtained using the
20 different combinations of scan parameters. Data
were analysed using SPSS™ v. 20.0 (SPSS Inc., Chicago,
IL). The intraobserver reliability in reproducing the
measurements was analysed using intraclass correlation
coefficients (ICCs). Independent sample r-tests were
used to assess the difference in trabecular microstructure
parameters between the two scanning resolutions and
the two rotation steps. Finally, one-way ANOVA was
used to assess the difference between the five FOV
options of the microstructural parameters. The least
significant difference was used for the post-hoc analysis.
The level of significance was set at p = 0.05.

Results

Table 1 demonstrates the first and second measurements
across all tested scan parameters. The intraobserver re-
producibility of trabecular bone microstructure meas-
urements was excellent: the ICCs were 0.96, 0.97 and
0.95 for Tb.Th, Tb.Sp and Tb.N, respectively. The in-
dependent sample #-tests showed no significant differ-
ences in the trabecular microstructural parameters when
using different rotations and resolutions (Table 2).
However, significant differences in the measurements
were observed when using different FOVs (p = 0.001).
Post-hoc analysis (least significant difference) illustrated
generally that Tb.Th and Tb.Sp measurements de-
creased, whereas Tb.N increased when a larger FOV
was used (Table 2). This trend is observed among the
lower range of the FOVs (Table 2).
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Figure 3 (a) Data sets from 4X4cm and 10X10cm fields of view
(FOVs) were compared slice by slice using the 4X4 cm FOV data sets as
the reference model. (b) A rectangular region of interest limited to
trabecular bone structure was selected for each data set. (c) Images were
binarized and (d) processed to allow the microstructural measurements
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Table 1 The cone beam CT scan parameters and the repeated measurements of trabecular thickness (Tb.Th), spacing (Tb.Sp) and number (Tb.N)

Field of Resolution Exposure Voxel size Th.Thi Th.Th2 Th.Spl Tb.Sp2 Th.N1 Th.N2
view (cm) Rotation mode time (s) () (um) (m) (pum) (pum) (um™1) (um™!)
4x4 180° Standard 9.0 80 3.15 3.06 6.64 6.53 1.02 1.04
High 15.8 80 3.18 3.38 6.70 7.32 1.01 0.94
360° Standard 17.5 80 3.23 3.04 5.03 5.06 1.21 1.23
High 30.8 80 3.06 3.83 6.62 5.36 1.03 1.09
6X6 180° Standard 9.0 125 2.63 2.84 3.71 3.96 1.57 1.47
High 15.8 125 2.18 2.46 3.75 3.60 1.71 1.64
360° Standard 17.5 125 2.42 2.65 3.25 3.68 1.76 1.58
High 30.8 125 2.53 2.50 4.27 3.98 1.47 1.54
8x8 180° Standard 9.0 160 1.88 1.78 3.37 3.20 1.91 2.01
High 15.8 160 2.06 2.38 2.85 2.83 2.04 1.92
360° Standard 17.5 160 2.07 2.01 2.96 3.22 1.99 1.91
High 30.8 160 2.23 2.17 2.90 3.49 1.95 1.77
10x10 180° Standard 9.0 250 1.66 2.04 2.02 1.88 2.72 2.55
High 15.8 250 1.77 1.95 1.86 2.16 2.76 2.44
360° Standard 17.5 250 1.95 1.95 1.86 2.41 2.62 2.29
High 30.8 250 1.42 1.66 2.87 2.39 2.32 2.46
10X5 180° Standard 9.0 250 1.68 1.96 2.91 3.51 2.18 1.82
High 15.8 250 1.44 1.72 2.10 2.69 2.82 2.27
360° Standard 17.5 250 1.60 1.87 1.88 2.95 2.87 2.07
High 30.8 250 1.65 1.65 2.60 2.59 2.35 2.35
Discussion when using different FOVs. When a larger FOV was

The capacity of CBCT to display 3D images has in-
creased its value for bone assessment,'' including
linear bone measurements*?®*® and bone density
measurements.” ' Recently, its potential application
in structural analysis of trabecular bone has been
suggested'*?* and validated.?! Undeniably, different
CBCT applications require different image reso-
lutions.?’ For the assessment of the microstructure of
trabecular bone, the resolution of the CBCT images is of
paramount importance. Since CBCT image resolution is
directly influenced by the scan parameters,” a precise
scanning protocol is essential to obtain accurate image
resolution for fine bony structures.’’ The present study
observed the effect of different CBCT scan parameters
on trabecular bone microstructure measurements. CBCT
showed reproducible measurements for all tested scan
parameters (ICC, 0.95-0.97). Previous CBCT studies
mainly reported excellent reliability for linear man-
dibular measurements.”®>® In addition, recently, the
reliability of the use of CBCT for bone density
measurements has been studied.” To the best of our
knowledge, the present study is the first to report
the reliability of CBCT trabecular microstructure
measurements.

The size of the selected FOV has been described as an
essential factor in assessing maxillofacial structures when
using 3D surface models.'> Although recommended
for better structural visualization, the increased image
artefacts in a smaller FOV may decrease the image quality
more than in a larger FOV. This is because the image
reconstruction is heavily disturbed by the grey values of
structures outside the FOV, which contribute in relatively
greater extents when using smaller FOVs.'*!* Similarly,
the present study demonstrated that the trabecular bone
microstructure measurements were significantly different
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selected, the trabecular number increased, but the tra-
becular thickness and trabecular spacing decreased cor-
respondingly. Unlike in previous studies,”'*> Tb.N
increased when a larger FOV was selected. The voxel
sizes used in the present study were 80 wm, 125 pwm and
160 pm for the FOVs 4X4cm, 6X6cm and 8X8cm,
respectively. The 10X10 cm and 10X5 cm FOVs had the
same voxel size, ie. 250 pm. When evaluating fine
structures, a small voxel size is always recommended for
its high spatial resolution.>*** However, an image with a
larger voxel and a higher contrast-to-noise ratio (CNR)
may have a better visual resolution than an image com-
posed of smaller voxels with a lower CNR image.*
CNR is described as the ability to differentiate the con-
trast values of the diagnosed structures from the image
background.?* Thus, the current results might be related
to the higher CNR for larger CBCT voxel sizes. It would
be interesting if the outcome of the present study could
be extended to validate the significance of using a small
voxel size for trabecular bone microstructure assess-
ment by comparing the measurements from various
CBCT voxel sizes with a gold standard modality such
as micro-CT.

The 360° scan has more basis projections (resulting in
a larger data set) and, theoretically, should therefore
have a better image resolution than the 180° scan.®
However, the current measurements showed no differ-
ence between different rotation parameters (180° and
360°). Bechara et al’” also reported that the diagnostic
image quality derived from a 180° (half) rotation setting
was comparable to the 360° (full) rotation. In addition to
the rotation setting, the present study also demonstrated
that the trabecular microstructure measurements were
not different when the type of resolution was changed
from standard to high in the same FOV. This benefits
the patients, as the half-rotation and standard resolution
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Table 2 The mean and standard deviation (SD) of trabecular microstructural measurements analysed using independent #-test for different

resolutions (standard and high) and rotation steps (180° and 360°)

Trabecular thickness

Trabecular spacing Trabecular number

Scanning parameter n Mean SD p-value Mean SD p-value Mean SD p-value
Resolution
Standard 10 2.28 0.55 0.960 3.50 1.40 0.831 1.89 0.54 0.988
High 10 2.26 0.67 3.65 1.64 1.90 0.59
Rotation
180° 10 2.26 0.59 0.954 3.68 1.77 0.759 1.89 0.60 1.000
360° 10 2.28 0.64 3.47 1.23 1.89 0.52
FOV
4x4 4 3.25 0.16 6.15 0.86 1.07 0.10
6X6 0.001 0.001 0.001
8x8 0.001 0.001 0.001
10X10 0.001 0.001 0.001
10X5 0.001 0.001 0.001
6X6 4 2.53 0.17 3.78 0.28 1.60 0.09
4x4 0.001 0.001 0.001
8%8 0.001 0.001 0.001
10X10 0.001 0.001 0.001
10X5 0.001 0.001 0.001
8%8 4 2.07 0.18 3.10 0.19 1.94 0.53
4x4 0.001 0.001 0.001
6X6 0.001 0.060 0.003
10x10 0.030 0.014 0.001
10X5 0.005 0.198 0.001
10x10 4 1.80 0.18 2.19 0.31 2.52 0.12
4x4 0.001 0.001 0.001
6X6 0.001 0.001 0.001
8%8 0.030 0.014 0.001
10%5 0.382 0.175 0.084
10X5 4 1.70 0.10 2.66 0.38 2.34 0.24
4x4 0.001 0.001 0.001
6X6 0.001 0.004 0.001
8%8 0.005 0.198 0.001
10X5 0.382 0.175 0.084

FOV, field of view.

The differences among FOVs (4X4cm, 6X6cm, 8X8cm, 10X10cm and 10X5cm) were analysed using the post-hoc test. Mean difference is

significant at the 0.05 level.

setting reduces the exposure dose. The advantages for
the clinicians are that the lower number of images helps
to reduce the required storage space and shortens the
image reconstruction time. However, when metal arte-
facts are inevitable, a full rotation scan setting was rec-
ommended to increase the image quality.>® In short, the
present study highlights the role of scan parameters in
balancing the diagnostic image quality with radiation
dose when using CBCT specifically for the assessment of
the trabecular bone microstructure.

The 3D CBCT image contains a wide range of grey
values. Owing to the inconsistencies in the CBCT histo-
gram, it is difficult to identify the correct threshold value
to accurately separate different densities in CBCT sys-
tems. Although an automated threshold value was used in
our study, which should increase the reproducibility of the
segmentation process, CBCT grey values have also been
influenced by the so-called partial volume effect (PVE)."?
When images are binarized, voxels are assigned either as
bone or as marrow according to their grey values. The
voxels that contain both bone and marrow information
show a grey value between that of bone and marrow. It is
difficult to predict whether such a voxel is displayed as

bone or marrow as a result of the thresholding process.
When larger voxel sizes are used, the voxel values under
the influence of PVE can result in an image with thicker
trabeculae or suggesting loss of thin trabeculae.*> Unlike
other higher resolution modalities,”*?*-** the influence of
PVE on trabecular measurement has not yet been studied
in CBCT. Thus, future research on image diagnostic
quality should also report on the influence of PVE on
CBCT measurements as part of the thresholding
procedure.

The accuracy of the coregistration procedure in this
study was dependant on the accuracy with which the 3D
isosurfaces could be created and matched. In CBCT, 3D
surface segmentation is limited by spatial and contrast
resolution, which is determined by technical factors
such as modulation transfer function, the voxel size of
volume and the trilinear interpolation algorithm of grey
values between the voxels. All these factors limit the
accuracy of the visualized volume to 100-150 pm.*¢
Additionally, relevant scan settings, including FOV,
play an important role in setting the upper maximum
attainable geometric accuracy, thereby limiting the ac-
curacy of 3D surfaces. For CBCT 3D surfaces, this has

Dentomaxillofac Radiol, 42, 20130206
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ranged between 150 pm and 500 pwm depending on the
chosen system and scan protocol.’” In this study, the
registration and cropping of two volumetric data sets
(e.g. FOV, 4X4 cm and 8X8 cm) was performed man-
ually to obtain the requested region of interest. The reg-
istration process was dependant on the 3D isosurfaces in
providing coordinates of the original volumes of both
data sets. The smaller VOI was then confined in the
vertical and horizontal slice directions to the cortical
bone margins.

An automated voxel-based registration algorithm such
as maximization of mutual information is superior to
(semi)automated or manual 3D isosurface registration
methods because its results are insensitive to image res-
olution or the segmentation technique.*® Unfortunately,
it was not possible to perform voxel-based registration in
the present study owing to the technical limitations of the
analysis software used. As such, the two volumes could
not be automatically matched based on voxel data.
Therefore, a manual approach was chosen instead. To
ascertain the registration accuracy, the measurements
were repeated twice, and the ICC shows strong agree-
ment between the first and the second measurements
(ICC, 0.95-0.97). This means that the manual registra-
tion was reproducible. In addition, the two data sets were
carefully compared slice by slice using the CTAn soft-
ware to ensure that the images used for the analysis were
selected from the same region. The measurements were
then averaged to reduce the bias that may occur during
the manual registration procedure in Amira software.
This is also another effort to standardize the amount of
assessed trabecular bone on each image data set of both
compared systems.”!

In a previous study, the variability of the trabecular
microstructure was observed on 24 human mandibular
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