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Accuracy of CBCT images in the assessment of buccal marginal
alveolar peri-implant defects: effect of field of view
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Objectives: To investigate the reliability and accuracy of cone beam CT (CBCT) images
obtained at different fields of view in detecting and quantifying simulated buccal marginal
alveolar peri-implant defects.
Methods: Simulated buccal defects were prepared in 69 implants inserted into cadaver
mandibles. CBCT images at three different fields of view were acquired: 403 40, 603 60 and
1003 100mm. The presence or absence of defects was assessed on three sets of images using
a five-point scale by three observers. Observers also measured the depth, width and volume of
defects on CBCT images, which were compared with physical measurements. The kappa value
was calculated to assess intra- and interobserver agreement. Six-way repeated analysis of variance
was used to evaluate treatment effects on the diagnosis. Pairwise comparisons of median true-
positive and true-negative rates were calculated by the x2 test. Pearson’s correlation coefficient was
used to determine the relationship between measurements. Significance level was set as p, 0.05.
Results: All observers had excellent intra-observer agreement. Defect status (p, 0.001) and
defect size (p, 0.001) factors were statistically significant. Pairwise interactions were found
between defect status and defect size (p5 0.001). No differences between median true-positive
or true-negative values were found between CBCT field of views (p. 0.05). Significant
correlations were found between physical and CBCT measurements (p, 0.001).
Conclusions: All CBCT images performed similarly for the detection of simulated buccal
marginal alveolar peri-implant defects. Depth, width and volume measurements of the defects
from various CBCT images correlated highly with physical measurements.
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Introduction

Success of dental implant treatment mainly depends on
the sustainable long-term health of soft and hard peri-

implant tissues. Assessment of mobility, pain, infection,
inflammation and marginal alveolar bone loss are all
considered as useful implant success criteria.1,2 Specific
attention has been directed towards post-operative
radiographic assessment of marginal alveolar bone loss
around implants by serial intraoral radiographs.3–7

Vertical marginal bone loss at the peri-implant surfaces
should not exceed 1–2 mm during the first year of
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function and 0.2 mm thereafter.6 A decrease in bone
level vertical height due to perioperative surgical trauma
and\or occlusal overloading can be associated with
a loss in the implant’s bony anchorage.7

Post-insertion radiographic assessment of implant fix-
tures is usually performed using intraoral periapical
projections.7 These images demonstrate the mesial and
distal aspects of the alveolar bone/fixture interface and
marginal alveolar bone tangential to the X-ray beam.
However, initial post-insertion bone loss occurs mostly
on the facial or buccal aspect of the dental implant, since
bone is thin on these sides of the implants.8 Periapi-
cal images not only are limited in detecting initial peri-
implant bone loss but also underestimate the actual size of
the defect as well as being unable to provide volumetric
information about the status of such defects, which is
important in monitoring progression or resolution after
therapy.7,8 Moreover, inter- and intra-observer variability
in the interpretation of two-dimensional images is
high.9–14 Given these limitations, there is a clinical need
for objective and quantitative methods for detecting
marginal alveolar peri-implant status.
Maxillofacial cone beam CT (CBCT) is a volumetric

acquisition technique providing accurate and reliable
submillimetre resolution images in all spatial dimensions,
which shows promise in the detection of peri-implant
defects.15–18 However, unlike intraoral radiography, if
metallic objects such as amalgam or titanium implants
are present in the CBCT scan, two artefacts can be
produced degrading image quality. Streak artefacts
due to the presence of scatter radiation as linear
hyperdensities radiating from the metallic object might
extend to the entire width of the field, affecting even
the visualization of areas on the opposite side of the
jaw.15,19 Beam hardening artefacts appear as dark
voids adjacent to high-density structures, such as ti-
tanium implants, and are due to the differential ab-
sorption of low-energy X-ray photons by high-density
materials.19,20 The severity of these artefacts produced
by dental implants on image quality has been reported
to be greater for CBCT than for multislice CT,21 to
be CBCT unit dependent,22 to influence the reliability of
linear measurements of adjacent marginal bone23 and to
vary depending on the implant surface, with increasing
Gray values occurring on buccal and lingual aspects.24

Field of view (FOV) is the term used to refer to the
scan volume of a particular CBCT unit. FOV is de-
termined by detector size and shape, beam projection
geometry and beam collimation, which limits radiation
exposure to a particular region of interest. A “voxel”
describes the smallest distinguishable box-shaped part
of a three-dimensional image. In CBCT imaging, voxels
are isotropic, and images can be constructed in any
plane with high fidelity. The availability of different
FOVs makes it possible to select the most appropriate
FOV for a specific application. Because larger FOVs
result in higher effective radiation doses, as a rule,
smaller FOVs are recommended for imaging a quadrant
or single tooth. Selection of FOV and voxel size can be

detrimental in the diagnosis of peri-implant defects. It is
possible to obtain smaller voxel sizes with smaller FOVs.
CBCT can improve the spatial resolution of high-
contrast structures in any chosen viewing plane. This
superior spatial resolution, that is, the ability to dis-
criminate objects of different attenuation separated by
very small distances, is one of the most attractive quali-
ties of CBCT imaging.15,25 However, no general protocol
is currently defined for CBCT examination of specific
diagnostic tasks in dentistry taking into consideration
voxel size variation.26

Using ex vivo mandibular bone, the purpose of this
study is two-fold: (1) to compare the reliability and
detection rates of simulated buccal peri-implant defects
by CBCT images obtained with various FOVs; and (2)
to compare the accuracy and reproducibility of linear
(depth and width) and volumetric measurements of
simulated buccal peri-implant defects by CBCT images
to actual physical measurements of the simulated defects.

Methods and Materials

Sample and implant placement
Approval of the use of cadaver mandibles (n5 5) was
obtained through the Department of Anatomy, Gülhane
Military Medical Academy, Ankara, Turkey (Local
Ethical Committee Review No. 1491-304-12/1539-605).
A total of 69 (n5 69) dental implants were used from
two manufacturers; 31 (n5 31) were MIS (MIS
Implants Technologies Ltd., Shlomi, Israel) (diameter
range, 3.75–4.20 mm; length range, 10–13mm) and 38
were (n5 38) Oxy Implants (Biomec SRL, Colico, Italy)
(diameter range, 3.75–4.25 mm; length range, 9–13mm)
with aggressive thread design. Implants were randomly
inserted into pre-molar and molar regions of denuded
cadaver mandibles by an experienced operator. Implants
were placed close to the buccal aspect of the mandible to
facilitate creation of artificial defects in the buccal cor-
tical marginal alveolar bone. Mandibles were then sep-
arated by a bone saw into equal smaller sections, each
one comprising two or three implants, and 1.5 cm of wax
was applied to the mandibular sections as a soft tissue
equivalent material. Each section was flattened, levelled
and placed on a putty impression material for stabili-
zation (Figure 1a).

Simulated defect creation
After implant placement, mechanical cavities of various
sizes and dimensions simulating localized peri-implant
marginal defects were prepared on the buccal aspect of
the marginal alveolar cortical bone using round and
cylindrical dental burs to their full depth. Dimensional
measurements of the maximum width and depth (from
the top of the fixture to the bottom of the bone loss
margin) of the defects were performed twice by an
anatomist using an electronic digital calliper (Allendale
Electronics Ltd., Hertfordshire, UK) with fine-pointed
jaws and measuring range of 0–200 mm (0–8.0 inch) and
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a resolution of 0.01 mm (0.0005 inch). The average of
both measurements was considered as the reference
standard (Figures 1b, 2a). Defects were classified
according to their depths and widths as small [defects
with depth and/or width between 1 and 3mm (,3 mm)],
medium (defects with depth and/or width between 3 and
5mm) or large (defects with depth and/or width .5mm).
There were 29 small, 24 medium and 16 large defects.
In addition, a non-deformable light flow silicon impres-
sion material (Variotime®; Heraeus-Kulzer, Hanau,
Germany) was injected into 21 randomly selected well-
defined defects (Figure 2b), and volumes of the impres-
sion models were measured by a “water displacement
technique”. This technique uses the following principle:
lost volume of the water in the cylinder2 initial volume
of the water in the cylinder5 defect volume. Volumetric
measurements of the impression models were made using
a SCALTEC SBC 21 balance (Denver Instrument,
Bohemia, NY) by an external independent researcher
(physiologist). The average volume was considered
the reference standard. All physical measurements
were then compared with CBCT image measurements.

Imaging
Images of the implants inserted in the mandibles were
obtained using a complementary metal-oxide semi-
conductor flat panel detector, variable FOV CBCT unit
(3D Accuitomo 170; J Morita Mfg. Corp., Kyoto,
Japan) operating at 90 kVp, 5.0 mA and an exposure
time of 17.5 s to image each specimen before and
after defect preparation at three different FOVs and
voxel sizes [nominal cubic millimetre resolution (mm3)]: (1)
40340mm FOV, 0.080mm3 (FOV40); (2) 60360mm
FOV, 0.125mm3 (FOV60); and (3) 1003100mm FOV,
0.250mm3 (FOV100).

Data collection
A total of three image sets were obtained: (1) FOV40; (2)
FOV60; and (3) FOV100. Images were viewed by three
experienced observers in a dimly lit room on a 15.6-inch
laptop monitor (Qosmio® F75 5-3D350; Toshiba,
Tokyo, Japan) at a screen resolution of 19203 1080 pixels
and 32-bit colour depth. Image sets were viewed at 1-week
intervals, and repetitions were performed 1 month after
the initial viewings. For CBCT evaluations, proprietary
manufacturer software (i-Dixel 2.0/One Data Viewer/One
Volume Viewer; J Morita Mfg. Corp.) was used.

All implants were randomly evaluated for the pres-
ence or absence of buccal defects, and observers were
instructed to use a 5-point scale: 15 defect definitely
present; 25 defect probably present; 35 uncertain or
unable to tell; 45 defect probably not present; and 55
defect definitely not present. When a defect was detec-
ted by an evaluator on CBCT observations, he/she was
asked to use the i-Dixel to provide quantitative linear
measurements. Maximum width and depth measure-
ments of defects for CBCT images were measured twice,
and the average was calculated (Figure 3). Only meas-
urements obtained from detected true-positive defects
were included in the analysis. CBCT measurements
were then compared with calliper measurements.

For volumetric measurements, axial CBCT scans taken
at each acquisition parameter of 21 well-defined defects
were exported as digital imaging and communications in
medicine files and then imported into a volumetric ren-
dering software capable of measuring vector-based seg-
mentation technology (3D-DOCTOR�; Able Software
Corp., Lexington, MA). This software allows defect seg-
mentation on consecutive axial slices, enabling defect vi-
sualization at each level apico-coronally. This ensured
detailed slice-by-slice segmentation of the defect borders
manually using a mouse with colour delineation. Auto-
mated calculation of the total volume from the areas
outlined on each slice of known thickness (0.4mm) was
performed by the software. This was performed twice by
two of the three observers, and the average was compared
with the physical volume calculated from the impression
material (Figure 4).

Statistical analyses
As reference standard categories were dependent, kappa
values were calculated to provide an index of intra- and

Figure 1 Representative mandibular section with two implants. (a) A
mandibular section with two implants covered with wax material and
placed on a putty impression; (b) an implant with prepared buccal
marginal alveolar peri-implant defect showing measured width using
a digital calliper.

Figure 2 Representative implant with prepared buccal marginal alveolar
peri-implant defect showing (a) measured depth by a digital calliper and
(b) impression of corresponding buccal marginal alveolar peri-implant
defects.
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interobserver agreements for each dichotomous situa-
tion (defect present vs no defect present). Six-way re-
peated analysis of variance (ANOVA) was used to
evaluate the effects of defect status, observer, reading,
FOV, implant brand and defect size on the diagnosis
with pairwise comparisons. Defect status, observer,
reading and FOV were measured as a within-subject
effect, whereas implant brand and defect size were
measured as a between-subject effect in the model. Only
statistically significant effects were included in the
ANOVA table. Bonferroni adjustment was used for
pairwise comparisons. True-positive (TP) and true-
negative (TN) rates were calculated as an index of ac-
curacy. For TP rate calculations, categories one and
two and for TN rate calculations, categories four and
five were collapsed. Pairwise comparisons of TP
and TN rate values were derived from each observer
and each reading using the x2 test statistics. The Type-I
error rate was set at an a priori value a5 0.05. The
Pearson’s correlation coefficient was used to display the
relationship between actual measurements and depth,
width and volume measurements for each observer.

Results

Excellent intra-observer agreements were found for all
observers and image sets (Table 1). In general, good and
excellent interobserver agreement values were obtained.

Table 2 shows the interobserver agreement values
according to defect status. Effects of defect status, ob-
server, reading, FOV, implant brand and defect size by
using six-way repeated ANOVA are shown in Table 3.
Defect status (p, 0.001) and defect size (p, 0.001)
factors were statistically significant. Pairwise inter-
actions were found between defect status and defect size
(p5 0.001) and defect status, reading and defect size
(p5 0.017). The defect size alone and pairwise com-
parison of small and medium defects (p5 0.021) and
small and large defects (p, 0.001) provided statistical
differences for the defect present status. The comparison
of TP and TN values of various FOVs for each observer
and their reading according to size and crosswise com-
parison between FOVs are given in Table 4. TP values
ranged from 0.449 to 0.594, and TN values ranged from
0.855 to 0.957 for overall size and for CBCT images
obtained with different FOVs. No differences between
overall median TP or TN values were found between
CBCT FOVs (p. 0.05). Also, for small, medium and
large defects, there were no differences with respect to TP
and TN values between different CBCT FOVs (p.
0.05). Table 5 shows the comparison of actual mean
depth, width and volume dimensions with CBCT
measurements. The Pearson’s correlation coefficient was
high, and actual defect size correlated highly with depth

Figure 3 Cone beam CT images from a scan obtained at a 403 40mm
field of view of an implant with a buccal marginal alveolar peri-implant
defect shown in Figures 1, 2. (a) A coronal section providing the width
of the defect, (b) a cross-sectional section providing the depth of the
defect and (c) an axial section.

Figure 4 Representative images from 3D-DOCTOR� analysis
software (Able Software Corp., Lexington, MA) illustrating the
segmentation process for volume quantification. Each axial slice of the
region containing the defect was delineated by a border using the
mouse cursor.
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(range, 0.931 and 0.970), width (range, 0.860 and 0.956)
and volume (range, 0.913 and 0.977) measurements.

Discussion

The choice of an accurate and reliable imaging modality
in the assessment of peri-implant marginal alveolar
bone status is clinically important in terms of post-
operative monitoring of stability and selection of re-
medial treatment. Accurate determination of marginal
alveolar defect size and volume might also assist in the
selection of appropriate surgical correction procedures
including grafting.

In this study, for overall and varying defect sizes,
observers using CBCT images taken at three acquisition
parameters using different FOVs and resolutions per-
formed similarly in the detection of simulated buccal
marginal peri-implant defects with no distinction be-
tween the type of CBCT acquisition mode. However, it
should be noted that higher median TP values were
found for FOV40 and FOV60 than for FOV100 without
statistical significance. Detection ability improved with
increasing defect size for CBCT images, with small
defects being the most difficult to read. We found higher
TN than TP values, suggesting better visualization of
disease-free implants when compared with diseased
implants by observers. In addition, implant type had no
effect on observer performance in this research. We
could obtain two different implant brands from two
different companies. Further studies should be con-
ducted to compare different implant brands in assessing
defect visibility around implants. A recent study19 found
that there was no difference in the detection of simu-
lated buccal peri-implant defects among CBCT images
obtained with and without the artefact reduction modes
of the Planmeca ProMax® 3D Max CBCT unit (Plan-
meca Oy, Helsinki, Finland). In this study, we did not
use any artefact reduction filter as the CBCT unit chosen
for this study does not offer different artefact reduction
modes.

Depth, width and volumetric measurements of the
defect obtained by different CBCT FOVs were accurate
and correlated highly with actual dimensions and among
observers. Volumetric measurements also showed high
correlation with the physical measurements that were

considered as the gold standard. We speculated that
beam hardening and scatter artefacts from titanium
implants would limit the utility of CBCT for buccal
marginal alveolar defect detection; however, we found
relatively good detection rates for CBCT images, spe-
cifically for large and medium defects. This finding
could be attributable to our experimental setup in that
we imaged only small mandibular sections instead of
a full head, the absence of motion artefacts, differential
image quality of the CBCT system used and/or the use
of experienced clinicians as observers.

Our results differ from those of Schliephake et al,8

who investigated the ability of different analysis of
images from periapical radiography and CT in mea-
suring the marginal peri-implant bone levels at implants
with buccal bone defects. They found that both tech-
niques underestimated actual bone loss. In addition,
they reported poor correlation of buccal bone meas-
urements with actual bone height and concluded that
they are not suitable to provide reliable information on
the peri-implant bone level on this surface. Schliephake
et al8 used a CT device with much lower spatial reso-
lution than that of this study (0.6 mm reconstruction
increment). This dimension corresponds to the thickness
of a thread flank of the implants used and therefore has
inherent limitations in imaging the implant/bone in-
terface properly.

A study by Mengel et al16 compared the accuracy of
intraoral radiography, panoramic radiography, medical
CT (Prospeed® SX Power; GE Medical Systems, Sol-
ingen, Germany) and the same CBCT as used in this
present study (3D Accuitomo) to measure the simulated
peri-implant defects created similar to the technique
used in our study. Their results are in concordance with
ours in that they found a mean deviation of 0.17–0.11mm
for the CBCT and 0.18–0.12 mm for the CT scans.
Similarly, Corpas Ldos et al17 compared radiographic
and histological findings and found significant correla-
tions (R range, 0.61–0.7) between bone defect depth
on intraoral radiography and on CBCT images, leading
the authors to suggest that measurements from both
radiographic modalities are accurate and reliable for
post-operative implant assessment. We found higher
mean deviation from the defect status for depth than
that for width measurements. This may be owing to
the difficulty in determining the exact location of

Table 1 Intra-observer agreement calculated for each observer by image type according to defect status

Defect present status No defect status

First observer Second observer Third observer First observer Second observer Third observer

Field of view
Weighted
kappa; SE

Weighted
kappa; SE

Weighted
kappa; SE

Weighted
kappa; SE

Weighted
kappa; SE

Weighted
kappa; SE

CBCT (FOV40) 0.941; 0.097 0.903; 0.092 0.988; 0.089 0.911; 0.090 0.878; 0.075 0.881; 0.078
CBCT (FOV60) 0.904; 0.090 0.879; 0.093 0.982; 0.088 0.983; 0.098 0.841; 0.080 0.908; 0.091
CBCT (FOV100) 0.910; 0.095 0.938; 0.090 0.963; 0.090 0.921; 0.089 0.749; 0.065 0.913; 0.092

CBCT, cone beam CT; FOV40, 403 40mm field of view; FOV60, 603 60mm field of view; FOV100, 1003 100mm field of view; SE, standard
error.

birpublications.org Dentomaxillofac Radiol, 43, 20130332

Assessment of buccal marginal alveolar peri-implant defects by CBCT
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reference points for depth measurements when using
CBCT software. Cavities prepared with burs are
normally shaped and well defined, and this could have
increased observers’ detection ability in this study.
We did not use panoramic radiography because of the
inability to locate the mandibular sections in the focal
trough.

A similar study by Sirin et al18 compared the de-
tection of peri-implant crestal bone defects of increasing
diameter using periapical radiography, direct digital
radiography, panoramic radiography, CBCT and multi-
slice CT. They found similar intra- and interobserver
agreement levels and lower detection rates for multislice
CT with comparable rates for all other modalities. Unlike
the Sirin et al18 study, we did not assess decision-making
speed or image quality of different radiographic modal-
ities as these variables are relatively subjective and ob-
server dependent. In addition, observers in the above
mentioned study18 assessed circumferential defects,
whereas we investigated buccal defects only, which are
clinically more difficult to detect.

Razavi et al27 compared the ability of two different
CBCT systems [i-CAT Next Generation (NG); Imaging
Sciences International, Hatfield, PA and Accuitomo 3D
60 FPDs; J Morita Mfg. Corp.] in determining the
cortical bone thickness adjacent to dental implants and
found the system with the lower resolution (i-CAT) to be
less accurate. Considering the reduced visibility of subtle
bone structures when CBCT units using .0.3mm3 are
used, we preferred an acquisition parameter less than this
apparent threshold. The validity of this approach for
subsequent clinical protocols is substantiated in that our
CBCT linear and volumetric measurements correlated
highly with the direct physical measurements.

The validity and accuracy of the water displacement
technique and image segmentation methodology that
we used to measure volume from direct impressions
and on images, respectively, have been previouslyT
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Table 3 Effects of defect status, observer, reading, field of view,
implant brand and defect size by using six-way repeated analysis of
variance

Source df F p-value
Defect status 1 73.875 ,0.001
Defect size 2 9.405 ,0.001

Pairwise comparisons Small Medium 0.021
Small Large ,0.001

Defect status3 defect size 2 8.014 0.001
Pairwise comparisons
Defect present Small Medium 0.012

Small Large ,0.001
Defect status3 reading3
defect size

2 4.325 0.017

Defect present
Reading 1 Small Medium 0.007

Small Large ,0.001
Reading 2 Small Medium 0.023

Small Large ,0.001

Only statistically significant effects were included.
df, degrees of freedom
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demonstrated.28 The concordance of our CBCT meas-
urements with actual dimensions validates the use of
this methodological approach. However, in applying
our results to clinical situations, it should be made
clear that it is more difficult to segment unclear buccal
peri-implant defects. Indeed, as reported by Agbaje
et al,28 volumes calculated using this approach on
CBCT images are smaller than the actual volumes.
This is invariably due to inherent difficulties in seg-
menting the borders of such small defects accurately
on CBCT images. Marginal defect calculations on
CBCT images have also been performed by Shiratori
et al,29 and compared with measurements from plaster
casts. Similar to our study, beam hardening or scatter

artefact did not have a significant negative influence on
accuracy.

Recent guidelines published by the American Acad-
emy of Oral and Maxillofacial Radiology30 recommend
cross-sectional imaging be used for the assessment of all
dental implant sites and that CBCT is the imaging
method of choice for gaining this information. How-
ever, in the absence of clinical signs or symptoms, only
intraoral periapical radiography is advised for the post-
operative assessment of implants. Cross-sectional im-
aging (particularly CBCT) is advised only immediately
post operatively if implant mobility or altered sensation
is reported.30 This recommendation is based on evi-
dence that generally CBCT delivers far greater effective
doses than does intraoral imaging. The reported effec-
tive dose for the CBCT unit used in this study is in the
range of 43–50 mSv.31 This is higher than the effective
doses from periapical radiography taken with E-speed
film with rectangular (1–3 mSv) round collimation
(1–5 mSv).32

A common treatment for peri-implant alveolar
defects is the use of guided bone regeneration techniques
using synthetic membranes. We found that the CBCT
unit used in our study can be useful in determining the
presence and dimensions of buccal marginal alveolar
defect when a peri-implant defect is suspected. We be-
lieve that the CBCT systems that offer restricted FOVs,
resolutions ,0.3 mm3 and voxel size low doses may be
considered a safe and effective imaging modality pref-
erable to intraoral radiography for use in the assessment
of buccal marginal peri-implant defect status in cases
where adequate information cannot be obtained by

Table 4 Comparison of true-positive and true-negative values of different cone beam CT field of views (FOVs) for each observer and their
reading for small, medium, large and overall sizes

Observer and reading
Accuracy
rates

Small Medium Large Overall

FOV40 FOV60 FOV100 FOV40 FOV60 FOV100 FOV40 FOV60 FOV100 FOV40 FOV60 FOV100

First observer–first reading TPR 0.594 0.565 0.478 0.667 0.667 0.583 0.875 0.875 0.750 0.594 0.565 0.478
TNR 0.913 0.855 0.899 0.958 0.833 0.875 0.813 0.813 0.875 0.913 0.855 0.899

First observer–second
reading

TPR 0.594 0.580 0.536 0.667 0.667 0.667 0.813 0.813 0.750 0.594 0.580 0.536
TNR 0.942 0.855 0.913 0.958 0.833 0.875 0.875 0.813 0.875 0.942 0.855 0.913

Second observer–first
reading

TPR 0.565 0.551 0.464 0.625 0.625 0.542 0.938 0.750 0.713 0.565 0.551 0.464
TNR 0.913 0.928 0.870 0.917 0.917 0.833 0.938 0.938 0.938 0.913 0.928 0.870

Second observer–second
reading

TPR 0.565 0.551 0.493 0.667 0.625 0.583 0.813 0.875 0.750 0.565 0.551 0.493
TNR 0.942 0.942 0.957 0.958 0.875 0.917 0.938 0.938 0.938 0.942 0.942 0.957

Third observer–first reading TPR 0.565 0.507 0.449 0.625 0.625 0.542 0.875 0.875 0.813 0.565 0.507 0.449
TNR 0.913 0.913 0.899 0.917 0.917 0.917 0.938 0.938 0.875 0.913 0.913 0.899

Third observer–second
reading

TPR 0.565 0.507 0.464 0.625 0.625 0.583 0.875 0.875 0.813 0.565 0.507 0.464
TNR 0.913 0.913 0.913 0.917 0.917 0.958 0.938 0.938 0.875 0.913 0.913 0.913
Median
TPR

0.565 0.551 0.471 0.646 0.625 0.583 0.875 0.875 0.750 0.565 0.551 0.471

Median
TNR

0.913 0.913 0.906 0.938 0.896 0.896 0.938 0.938 0.875 0.913 0.913 0.906

Comparison of median of
TPR’s derived from each
observer and reading

(FOV40) 1.000 .0.050 .0.050 1.000 .0.050 .0.050 1.000 .0.05 .0.05 1 .0.050 .0.050
(FOV60) 1.000 .0.050 1.000 .0.050 1.000 .0.05 1.000 .0.050
(FOV100) 1.000 1.000 1.000 1.000

Comparison of median of
TNR’s derived from each
observer and reading

(FOV40) 1.000 .0.050 .0.050 1.000 .0.050 .0.050 1.000 .0.050 .0.050 1.000 .0.050 .0.050
(FOV60) 1.000 .0.050 1.000 .0.050 1.000 .0.050 1.000 .0.050
(FOV100) 1.000 1.000 1.000 1.000

FOV40, 403 40mm field of view; FOV60, 603 60mm field of view; FOV100, 1003 100mm field of view; TPR, true-positive rate; TNR,
true-negative rate.

Table 5 Comparison of actual mean depth, width and volume
dimensions with cone beam CT measurements

Actual
measurements Field of view n Mean

Standard
deviation

Actual depth 69 2.97 1.41
Depth (mm) FOV40 41 3.38 1.31

FOV60 39 3.44 1.40
FOV100 33 3.50 1.39

Actual width 69 2.56 1.07
Width (mm) FOV40 41 2.57 1.02

FOV60 39 2.64 0.99
FOV100 33 2.61 0.91

Actual volume 42 24.59 11.73
Volume (mm3) FOV40 42 21.42 10.55

FOV60 42 21.60 10.69
FOV100 42 21.06 10.66

FOV40, 403 40mm field of view; FOV60, 603 60mm field of view;
FOV100, 1003 100mm field of view.

birpublications.org Dentomaxillofac Radiol, 43, 20130332

Assessment of buccal marginal alveolar peri-implant defects by CBCT
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clinical information alone, especially in cases where one
to three implants are to be assessed.

Conclusion

All CBCT images obtained at different FOVs with voxel
resolutions ,0.3mm performed similarly in the detection
of simulated buccal marginal alveolar peri-implant defects.

In addition, depth, width and volume measurements of the
defects from CBCT images correlated highly with actual
physical measurements. The results of this study are to be
considered specific to the one CBCT system evaluated and
to situations where streak and beam-hardening artefacts
from heavy restoration of the adjacent teeth as well as an-
atomic noise from the contralateral and opposing jaw
structures do not obscure the information sought.
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7. Kamburoğlu K, Gulsahi A, Genç Y, Paksoy CS. A comparison
of peripheral marginal bone loss at dental implants measured
with conventional intraoral film and digitized radiographs.
J Oral Implantol 2012; 38: 211–19. doi: 10.1563/AAID-JOI-D-09-
00147

8. Schliephake H, Wichmann M, Donnerstag F, Vogt S. Imaging of
periimplant bone levels of implants with buccal bone defects. Clin
Oral Implants Res 2003; 14: 193–200.

9. Laurell L, Lundgren D. Marginal bone level changes at dental
implants after 5 years in function: a meta-analysis. Clin Implant
Dent Relat Res 2011; 13: 19–28. doi: 10.1111/j.1708-8208.2009.00182.x

10. Bittar-Cortez JA, Passeri LA, de Almeida SM, Haiter-Neto F.
Comparison of peri-implant bone level assessment in digitized
conventional radiographs and digital subtraction images. Dento-
maxillofac Radiol 2006; 35: 258–62. doi: 10.1259/dmfr/84778143

11. Finne K, Rompen E, Toljanic J. Clinical evaluation of a pro-
spective multicenter study on 1-piece implants. part 1: marginal
bone level evaluation after 1 year of follow-up. Int J Oral Max-
illofac Implants 2007; 22: 226–34.

12. Piao CM, Lee JE, Koak JY, Kim SK, Rhyu IC, Han CH, et al.
Marginal bone loss around three different implant systems: ra-
diographic evaluation after 1 year. J Oral Rehabil 2009; 36:
748–54. doi: 10.1111/j.1365-2842.2009.01988.x

13. Cochran DL, Nummikoski PV, Schoolfield JD, Jones AA, Oates
TW. A prospective multicenter 5-year radiographic evaluation
of crestal bone levels over time in 596 dental implants placed in
192 patients. J Periodontol 2009; 80: 725–33. doi: 10.1902/
jop.2009.080401
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