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Influence of object location in different FOVs on trabecular bone
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The aim of this study was to assess the influence of different object locations in different fields
of view (FOVs) of two cone beam CT (CBCT) systems on trabecular bone microstructure
measurements of a human mandible. A block of dry human mandible was scanned at five
different locations (centre, left, right, anterior and posterior) using five different FOVs of two
CBCT systems (NewTom™ 5G; QR Verona, Verona, Italy and Accuitomo 170; Morita,
Kyoto, Japan). Image analysis software (CTAn software v. 1.1; SkyScan, Kontich, Belgium)
was used to assess the trabecular bone microstructural parameters (thickness, Tb.Th; spacing,
Tb.Sp; number, Tb.N; bone volume density, BV/TV). All measurements were taken twice by
one trained observer. Tb.Th, Tb.Sp and Tb.N varied significantly across different FOVs in
the NewTom 5G (p < 0.001) and the Accuitomo 170 (p < 0.001). For location, a significant
difference was observed only when measuring BV/TV (p = 0.03) using the NewTom 5G. The
trabecular bone microstructural measurements obtained from CBCT systems are influenced
by the size of FOVs. Not all trabecular bone parameters measured using different CBCT
systems are affected when varying the object location within the FOVs.
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Introduction

The three-dimensional (3D) images of cone beam CT
(CBCT) have been widely used to assess bone quality.
Trabecular bone microstructures are amongst the sug-
gested bone quality parameters that may predict the
success of a dental implant.' This is because it deter-
mines not only bone strength? but also the implant-
bone integration, bone healing and primary implant
stability.”* However, clinical application of CBCT in
microstructural assessment is still rare owing to the
limitations of the system.’
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Previous studies have reported the inconsistencies of
CBCT measurements. The location of an object within
the field of view (FOV),®” technical specifications of
individual systems and imaging parameters have been
described as part of the underlying factors.”® Addition-
ally, X-ray scattering and image artefacts™'® in CBCT
systems may influence density assessments.'"!? The in-
herent artefacts of the system, such as object truncation
in a limited FOV, could also result in deviations of the
measurements. These factors introduce overestimation
of image density'? and increased linear measurement at
the per'lphery than the central region of the FOV of the
CBCT."*'* The verification of the measurement derived
from CBCT images is therefore important to ensure


http://dx.doi.org/10.1259/dmfr.20130329
mailto:N.Ibrahim@acta.nl
http://dmfr.birjournals.org

Influence of object location on CBCT microstructural measurements
N Ibrahim et a/

accurate pre-surlgical analyses'> such as in implant-
guided surgery.'® Thus, clinicians should be well
informed about the magnitude of measurement devi-
ations when using CBCT as an image diagnostic tool.

Recently, the reliability and accuracy of CBCT for
trabecular microstructural assessment has been repor-
ted.'” However, studies on the influence of scanning
parameters (FOVs, object locations and scanning pro-
tocols) on trabecular microstructural assessment are
suggested before advocating CBCT for clinical prac-
tice. Unlike the trabecular microstructural measure-
ments, the influence of the location of an object in the
FOV of CBCT on bone density’ and linear measure-
ments'* has been largely studied. Therefore, this study
aims to assess the influence of different object locations
within different FOVs of two CBCT systems on the
trabecular bone microstructure measurements of a hu-
man mandible.

Methods and materials

Image acquisitions

A dry human mandible was obtained from the De-
partment of Oral and Maxillofacial Radiology, Aca-
demic Center for Dentistry Amsterdam, Amsterdam,
Netherlands, and approved for research purpose. A bone
block of 1-cm thickness was sectioned from the edentu-
lous first left molar region (Figure 1). The block was
scanned by two CBCT systems (NewTom™ 5G; QR
Verona, Verona, Italy, and Accuitomo 170; Morita,
Kyoto, Japan) using the exposure protocols set by the
manufacturer of each system for each selected FOV. The
Accuitomo system operated at 90 kVp and 5 mA with an
exposure time of 17.5s. The selected scan protocol used
was standard resolution mode and full rotation steps to
reduce the scan time while maintaining adequate image
quality. The block was scanned at five different locations
(centre, left, right, anterior and posterior), as shown in
Figure 2. Five different scan FOVs were used. The voxel
size for 4 X 4cm, 6 X 6 cm and 8 X 8 cm FOV was 80 pum,

Figure 1 A bone block was fixed and placed on a platform parallel to
the horizontal plane for cone beam CT scans.
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Figure 2 The bone block was scanned at five different locations
within the field of view of the cone beam CT system. A, anterior; C,
centre; L, left; P, posterior; R, right.

125 pm and 160 pm, respectively. The voxel size was
constant at 250 wm when a bigger FOV was used (10 X
10cm and 14 X 5cm). For NewTom 5G, the system
operated at 110 kVp and 0.57 mA with an exposure time
of 18 s. The selected scan protocol for NewTom 5G was
normal resolution mode, regular scan time and standard
dose. High-resolution mode is the only option for 6 X 6 cm
FOV scan view (0.95 mA). The bone block was again
scanned at five different locations (centre, left, right,
anterior and posterior) using five FOVs (6 X 6 cm, 8 X 8 cm,
12X 8cm, 15X 12cm and 18 X 16 cm). The voxel size
was 150 pm for the 6 X 6 cm FOV, 250 pm for 8§ X 8§ cm
and 300 pm for the 12 X 8 cm and the rest of the tested
FOVs. The block was fixed and placed on a platform
parallel to the horizontal plane for all scans. To avoid
any artefact from partial object effects, the block was
positioned within the FOV. In total, 50 scan data sets
were produced.

Image processing

The resultant images were formatted as Digital Imag-
ing and Communication in Medicine 3 files and
exported into Amira® analysis software (Amira® v.
4.2.1; Visage Imaging Inc., Carlsbad, CA). In Amira
software, 3D isosurfaces were created and saved as
Standard Triangulation Language files. All 3D data
sets were superimposed on a reference standard data set
(4X4cm or 6 X 6cm FOV) to provide maximum
alignment for cropping and matching of the original
volumes (voxel data) of all compared images (Figure 3).
For images obtained by Accuitomo 170, the selection of
the region of interest (ROI) corresponded to the centre
region of the 4 X 4 cm FOV. For NewTom 5G, the ROI
corresponded to the centre region of the 6 X 6 cm FOV.
All ROIs were exported as 16-bitmap image files to
CTAn trabecular bone analysis software v. 1.11 (Sky-
Scan, Kontich, Belgium) to compare the measurements
for trabecular thickness (Tb.Th), trabecular spacing
(Tb.Sp), trabecular number (Tb.N) and bone volume
density (BV/TV).
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Figure 3 Accuitomo 170 (Morita, Kyoto, Japan) data set obtained
from two different fields of view was superimposed in Amira®
software (Visage Imaging Inc., Carlsbad, CA).

To ensure that the measurements are derived from the
same “anatomical slice”, the 4 X 4 cm (Accuitomo 170)
and 6 X 6cm (NewTom 5G) FOV images were used as
the reference standard to select a smaller ROI confined
only to trabecular bone in the CTAn software. An au-
tomated thresholding value based on histogram analysis
was used to separate bone trabeculae from marrow
spaces and image background. Subsequently, the images
were binarized to allow the trabecular measurement
process (Figure 4). All measurements in CTAn were
performed twice with a 1-week interval by one trained
maxillofacial radiologist with more than 5 years’

a b

Figure 4 A region of interest was selected (a) and binarized (b) prior
to trabecular microstructure measurement in CTAn software (Sky-
Scan, Kontich, Belgium).
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experience in evaluating CBCT images. In addition,
the observer had 3 years’ experience in assessing tra-
becular microstructure using the tested CBCT systems
and image analysis software.

Statistical analysis

The parameters that were used to observe the effect of
different locations on the trabecular bone microstruc-
tural measurements were Tb.Th, Tb.Sp, Tb.N and BV/
TV. Intraclass correlation coefficients (ICCs) were used
to analyse the intraobserver reliability in reproducing
the measurements. One-way ANOVA was conducted to
compare the microstructure parameters among the five
FOVs and among the five locations. Bonferroni tests
were used as a post-hoc procedure. Finally, Pearson’s
correlation coefficient was used to observe the relation
between the parameters. A significance level of 1% was
used.

Results

The intraobserver reliability for trabecular bone micro-
structure measurements was excellent for the NewTom 5G
(ICC for Tb.Th was 0.95; Tb.N, 0.96; and Tb.Sp, 0.95) and
Accuitomo 170 (ICC for Tb.Th was 0.97; Tb.N, 0.96; Tb.
Sp, 0.89; and BV/TV, 0.87). However, the reliability was
moderate when measuring BV/TV using NewTom 5G
(ICC, 0.79). Hence, the average measurement was used for
the next analyses. Table 1 shows the mean and standard
deviations of microstructural measurements in different
sizes of FOVs. Table 2 shows a significant difference in
Tb.Th [F = 73.20, degrees of freedom 1 (df1) = 4, df2 = 20,
p =0.000], Tb.Sp (F= 14.87, df1 = 4, df2 = 20, p = 0.000)
and Tb.N (F=23.90, dfl =4, df2 = 20, p = 0.000) for
the NewTom 5G between different FOVs. The difference
was also significant for the Accuitomo 170 in Tb.Th
(F=45.09, dfl = 4, df2 =20, p = 0.000), Tb.Sp (¥ = 7.16,
dfl =4, df2 = 20, p = 0.000) and Tb.N (F = 11.86, df1 = 4,
df2 = 20, p = 0.000). There was no significant difference
when measuring BV/TV (p =0.289) by both systems
using different FOVs. Table 3 shows the microstructures
measured at different locations within the FOVs of
CBCTs. There was a significant difference for the
NewTom 5G in BV/TV (F=348,dfl =4,df2=20,p =

0.03) between different scanning locations. Pearson’s
correlation coefficients are strong and statistically signifi-
cant (Table 4) between Tb.Th, Tb.Sp and Tb.N in the
NewTom 5G (r > £0.85). For Accuitomo 170, the corre-
lation between the microstructural parameters was mod-
erate (r> *0.57). BV/TV was correlated with Tb.N
(r=0.59, p = 0.002) for the NewTom 5G but also correlated
with Tb.Sp for the Accuitomo 170 (r = —0.67, p = 0.003).

Discussion

The evaluation of trabecular microstructure can only
be achieved by means of high-resolution modalities
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Table 1 The mean and standard deviations (SDs) of the trabecular microstructural parameters in different fields of view (FOVs) of cone beam CT

(CBCT) systems

Tb.Th Tb.Sp Tbh.N BVITV

CBCT system FOV (c¢m) Voxel size (uni’) Mean SD Mean SD Mean SD Mean SD

NewTom 5G™ 6X6 150 7.83 0.09 13.23 0.28 0.38 0.01 30.52 0.67
X8 250 9.33 0.16 14.48 0.57 0.31 0.01 29.53 0.84
12X 38 250 11.15 0.10 18.27 0.95 0.26 0.01 29.33 1.44
15x 12 300 11.51 0.23 20.29 1.26 0.24 0.02 26.22 2.02
18 X 16 300 11.91 0.33 20.45 0.90 0.25 0.01 29.92 1.77

Accuitomo 170 4x4 80 6.08 0.26 12.73 0.29 0.47 0.03 28.32 2.88
6X6 125 6.72 0.18 13.86 0.46 0.45 0.05 23.27 2.17
8 X8 160 7.55 0.25 14.18 0.32 0.36 0.02 25.39 1.93
10 X 10 250 9.82 0.22 15.98 0.56 0.25 0.03 22.08 2.19
14 X5 250 9.74 0.35 17.34 1.28 0.24 0.03 23.20 3.12

The trabecular microstructural parameters: BV/TV, bone volume density; Tb.N, trabecular number; Tb.Sp, trabecular spacing; Tb.Th, trabecular

thickness.

NewTom 5G is manufactured by QR Verona, Verona, Italy and Accuitomo 170 by Morita, Kyoto, Japan.

(100-500 wm).'® In this study, CBCT systems with scan-
ning resolutions ranging from 80 to 300 wm were used to
evaluate the variations of trabecular parameters of a hu-
man mandible. The present study replicates a clinical sit-
uation when a CBCT scan is used to evaluate bone quality
of multiple implant sites on a human mandible. Different
locations of the ROIs (anterior, posterior, left and right)
were simulated by placing the bone block at the centre and
the periphery regions within the FOV of the CBCT
(Figure 2).

The FOV of the CBCT has been reported as one of the
scanning parameters that affect the measurement accu-
racy of 3D surface models,'? linear bone measurements'*
and bone densities.”® In this study, measurement varia-
tions were observed using five FOV sizes in NewTom 5G
and Accuitomo 170 separately. Similar to high-resolution
peripheral CT?° and multislice CT?' studies, microstruc-
tural parameter variations were also observed in this study
(Table 1). There was a significant difference in the meas-
urements according to the FOV size specific to the type of
system (Table 2). Among the technical factors that asso-
ciate with the FOV size are the voxel size,'” contrast-to-
noise ratio (CNR)** and image artefacts. A small voxel
size” in a small FOV?* is generally recommended to im-
prove diagnostic accuracy. Previous studies have de-
scribed that measurement variations can be owing to the
increased image artefacts specifically in the smaller

FOV.'"*? Also, an image with a bigger voxel and a higher
CNR can have a higher resolution than an image com-
posed of smaller voxels with a lower CNR.>* Conse-
quently, while the selection of FOV is dependent on the
interest of the diagnostic task, the clinician should be alert
on the deviation of trabecular measurements when using
different FOV sizes.

A pattern of measurement fluctuations was observed
between the centre and the periphery regions (Table 3),
which are subject to the type of system. The increased
scattering radiation at the centre region of the FOV of
the CBCT was suggested to be because of the increased
beam intensity in this region.”> The non-uniformity of
the beam intensity caused inconsistency of grey values
within the CBCT FOV, in which it was relatively higher
at the centre than the periphery regions. The combina-
tion of these artefacts was further described as compro-
mising the effective resolution of the system.?® Likewise,
the present study observed an inconsistency in measuring
BV/TV when using NewTom 5G. The images in large
FOVs of the NewTom 5G (voxel size of 300 wm) are
more pixelated than those from the large FOVs of the
Accuitomo 170 (voxel size of 250 wm). Thus, some
deviations occurred when reproducing the ROI on
ima%es of larger FOVs in the NewTom 5G. Bouxsein
et al*’ described that the trabecular bone volume of the
ROI that is closer to the cortical bone may be higher than

Table 2 Results of the post-hoc procedure testing the differences in fields of view (FOVs)

Tb.Th Tb.Sp Tb.N

NewTom™ 5G Accuitomo 170 NewTom 5G Accuitomo 170 NewTom 5G Accuitomo 170
Fov 1 2 3 4 5 1 2 3 4 5 1 2 3 4 1 2 3 4 5 1 2 3 4 5 1 2 3 4
1 * % * * % * * % * * _ _ o= * * * * * % *
2 * * * * _ _ * * _ _ * * _ * * _ * % _ _ * *
3 * * o o * * * * o o o . o * * o o o o o o o
4 * * . _ * * * _ * * _ . * _ _ _ * * _ _ * * _ _
5 * * _ _ * * * _ * * _ _ * * * _ * * _ _ * * _ _

*_ Difference is significant at p < 0.05; —, no significant difference; Tb.N, trabecular number; Tb.Sp, trabecular spacing; Tb.Th, trabecular thickness.
NewTom 5G is manufactured by QR Verona, Verona, Italy and Accuitomo 170 by Morita, Kyoto, Japan.

NewTom 5G: FOV1=6X6,2=8xX8,3=12X8,4=15X12,5=18 X 16.

Accuitomo 170: FOV 1 =4X4,2=6X6,3=8X8,4=10X10,5=14X5.
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Table 3 The mean and standard deviations (SDs) of the trabecular microstructural parameters measured at different object locations in the field
of views of cone beam CT (CBCT) systems

Tb.Th Tb.Sp Tb.N BVITV

CBCT system Object location Mean SD Mean SD Mean SD Mean SD

NewTom™ 5G Centre 9.87 0.62 14.47 0.82 0.32 0.03 31.69 0.98
Left 10.48 0.85 18.59 1.66 0.29 0.03 29.63 1.56
Right 10.45 0.87 18.02 1.85 0.28 0.03 27.59 1.70
Anterior 10.72 0.86 18.24 1.69 0.29 0.02 30.67 0.64
Posterior 10.23 0.69 17.40 1.51 0.26 0.03 25.94 1.05

Accuitomo 170 Centre 7.62 0.66 15.59 1.51 0.39 0.08 23.52 3.48
Left 7.78 0.82 15.11 0.78 0.32 0.05 21.71 2.04
Right 8.15 0.93 14.32 0.92 0.37 0.05 24.61 2.75
Anterior 8.10 0.80 14.09 0.94 0.35 0.05 26.93 2.75
Posterior 8.27 0.79 14.99 0.84 0.34 0.06 25.51 3.09

The trabecular microstructural parameters: BV/TV, bone volume density; Tb.N, trabecular number; Tb.Sp, trabecular spacing; Tb.Th, trabecular

thickness.

NewTom 5G is manufactured by QR Verona, Verona, Italy and Accuitomo 170 by Morita, Kyoto, Japan.

the ROI that is a few pixels away from the cortical surface.
Despite the challenge, only reliability of BV/TV in the
NewTom 5G was moderate (ICC, 0.79), whereas other
parameters showed strong reliability (ICC = 0.87). In ad-
dition, the truncation artefact in CBCT systems increases
the grey value of the periphery regions (i.e. near to the
object that was placed outside of the FOV).® These
artefacts occur when the scanned object is larger than
the size of the FOV. Clinically, the image diagnostic
accuracy may be compromised when a small FOV is
selected for a high-resolution image and low-exposure
dose. Therefore, although CBCT has been reported as
a reliable tool for assessing bone quality (linear measure-
ment'* and trabecular microstructure'’), the measurement
deviation caused by the inherent limitations of the systems
should be well acknowledged.

The trabecular parameters correlate differently in
different systems (Table 4). The correlations within and
between the systems are expected to differ because of the
differences in the selected scanning protocols®® and
the technology utilized in each system.?® Similar to
the previous studies,!”? Tb.N was negatively correlated
with Tb.Th and Tb.Sp. However, this could also be be-
cause of the automatic thresholding method that was
applied in this study, which could possibly overestimate
one parameter (e.g. Tb.Th) while underestimating the
other parameter (e.g. Tb.N). Thresholding is in turn af-
fected by the histogram distribution of grey values, which,
as has been previously established, dependent on scanning

locations and voxel size.”'* To reduce the bias derived
from various bone densities,' ' only one bone block was
used to evaluate the effect of scanning FOV and locations.
Since only one measurement was obtained from each
combination protocol (FOV and object location), the in-
teraction between the two variables could not be statisti-
cally analysed and is a limitation of the present study.
When multiple implant sites are pre-operatively assessed
for quantity and quality of the available bone, it should be
emphasized that the obtained measurements could vary
according to the location of the implant site in the selected
scan FOV.

In this study, an average of 30 min was spent to an-
alyse bone quality of multiple implant sites on one
CBCT scan. The procedure includes exporting the data
set to the database and importing them to the analysis
software to perform the segmentation and trabecular
analysis. In the near future, the ubiquitous availability
of advanced analysis software and increased computing
power might shorten the time to less than 5min to
complete the trabecular microstructural analysis.

Conclusion

This study suggests that the trabecular bone micro-
structural measurements obtained from CBCT sys-
tems are influenced by the size of the FOV. However,
the trabecular bone parameters are affected differently

Table 4 Correlation coefficients and p-values (bracketed) of the trabecular bone microstructural parameters in cone beam CT (CBCT) systems

CBCT systems Parameters Tb.Sp Tb.N BVITV

NewTom™ 5G Tb.Th 0.93 (0.001)* —0.89 (0.001)“ —0.19 (0.354)
Tb.Sp —0.88 (0.001)“ —0.38 (0.061)
Tb.N 0.59 (0.002)“

Accuitomo 170 Tb.Th 0.58 (0.002)* —0.71 (0.001)“ —0.55 (0.793)
Tb.Sp —0.78 (0.001)“ —0.67 (0.001)“
Tb.N 0.57 (0.003)“

The trabecular bone microstructural parameters: BV/TV, bone volume density; Tb.N, trabecular number; Tb.Sp, trabecular spacing; Tb.Th,

trabecular thickness.

NewTom 5G is manufactured by QR Verona, Verona, Italy and Accuitomo by Morita, Kyoto, Japan.

“Correlation is significant at the 0.01 level.
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when varying the object location within the FOV of dif-
ferent CBCT systems. Consequently, the FOV, location of
the scanned object and the type of the CBCT system
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