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ABSTRACT

Background: Undetected and untreated peri-implantitis may lead to implant failure in terms of implant loss, and early
detection of peri-implantitis is paramount. Radiographic examination has thereby become a standard for the evaluation of
the peri-implant bony conditions.
Aim of Study: To compare the diagnostic potentials and practical advantages of panorama and cone beam computed
tomography imaging systems in detecting mechanically simulated defects around dental implants with different sizes.
Materials and Method: Forty implants (n=40) were placed in bovine ribs and divided into two groups: (1.) control group
(n=8) and (2.) test group (n=32). The test group was divided into two subgroups: T1 (0.45 mm peri-implant space), T2 (0.7
mm peri-implant space). Cone beam computed tomography (CBCT) and panorama (PAN) radio-graphical images were
acquired. One oral and maxillofacial surgeon and two oral and maxillofacial radiologists evaluated the presence of defects,
and their findings were compared with direct visual evaluation. Confidence in diagnosing the presence or absence of a periimplant radiolucency was recorded on a five-point scale. Sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (LR+), negative likelihood ratio (LR-) and accuracy of the apparatus were
calculated.
Results: CBCT were better at diagnosing a peri-implant bone defect when the compared with PAN. Accuracy of CBCT
(71.88%) was better than PAN (65.62). The sensitivity of PAN (80%) is better than CBCT (73.33%). Specificity and positive
predictive value of CBCT better than PAN. The negative predictive value of PAN was higher than CBCT.
Conclusion: Within the limitations of this study, CBCT are a reliable and valid method of detecting circumferential periimplant bone defects and performed significantly better than PAN.
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INTRODUCTION
Specific attention has been directed towards postoperative radiographic assessment of marginal alveolar
bone and tissue around dental implants under functional
loading [1]. The success of an implant also can be
evaluated by the appearance of normal bone surrounding
it and its apposition to the surface of the implant body. The
development of a thin radiolucent area that closely follows
the outline of the implant usually correlates to clinically
detectable implant mobility; it is an important indicator of
failed osseointegration [2].
Peri-implant diseases can only be detected at an early
stage (three-dimensional morphology with a bowl-shaped
outline), if the diagnostic systems applied are sufficient.

This involves a clinical examination and, if required,
additional microbiological and immunological diagnostics.
To make concealed anatomic structures (e.g., alveolar
bones) visible, radiological scans are absolutely essential.
This is the only way to make a safe assessment of the
available bone and adjacent anatomical structures such as
the maxillary sinus and mandible nerve [3]. The radiologic
follow-up of dental implants is a standard procedure in
daily clinical practice.
However, knowledge concerning the comparative
performances of the modern devices available for this task
is limited [4].
AIM OF STUDY
The purpose of the present study was to compare the
diagnostic potentials and practical advantages of PANO,
CBCT, imaging systems in detecting bone defect around
dental implants with different sizes.

Journal of Research in Medical and Dental Science | Vol. 7 | Issue 1 | February 2019

222

Ahmed R Naje et al

J Res Med Dent Sci, 2019, 7 (1):222-225

MATERIALS AND METHODS
Bovine rib preparation
Fresh bovine ribs obtained from a local slaughterhouse
were prepared by removing the soft tissues and cutting
them into 10 blocks measuring approximately 45 × 16 ×
12 mm (length/height/thickness) to simulate the size of
the posterior region of the human mandible [5]. The ten
rib blocks were divided into five groups of two blocks
each. Individual acrylic supports were made to stabilize
two blocks simultaneously and simulate the spatial
positioning of the mandible body (Figure 1). The ribs
were frozen to maintain the moisture and integrity of the
bone marrow.

Figure 2: Panorama and CBCT scan (GENDEX DP-800)

The presence/absence of bone defects was diagnosed by
a 5-point scale:
1.
2.
3.
4.
5.

Peri-implant radiolucent space definitely not
present.
Peri-implant radiolucent space probably not
present.
Unsure if peri-implant radiolucent space
present or not.
Peri-implant radiolucent space probably
present.
Peri-implant radiolucent spaces definitely
present (Figure 3).

Figure 1: Ribs on the support with dental implants placed

Bone defect and implant placement
Forty implants (dentium company) were divided into two
groups: (1.) control group (n=8) and (2.) test group
(n=32). The test group was divided into two subgroups:
T1 and T2. All the implant sites were to receive a 3.6 × 10
mm implant. The defect sites were randomly assigned to
the groups. Bone defect were created in two stages. The
first osteotomy prepared all the implant sites to 3.6 mm
diameter and 10 mm length. The second osteotomy
prepared the coronal 5 mm to 4.5 mm diameter (to
create a 0.45 mm peri-implant space T1) and to 5 mm
diameter (to create a 0.7 mm peri-implant space T2).The
drill diameters (4.5 mm and 5 mm) were chosen as they
were readily available drill sizes for use with wider
diameter implants. The apical 5 mm was maintained at
3.6 mm diameter in all osteotomy sites to help stabilize
the implants in a central position when the coronal 5 mm
was increased in diameter. Prior to imaging, the bone
blocks were hydrated by soaking in warm soapy water.
The mixture served to reduce the surface tension of the
bone thereby increasing its water absorption [6].
Radiographic image evaluation
The criterion for the analysis was as follows: CBCT and
PAN radiograph versus gold standard (direct visual
analysis of the rib blocks) (Figure 2). The detailed
settings for these devices were as follows:
•

•

CBCT scan (GENDEX DP-800); 90 kV and 6.3 mA,
acquisition time 4.5 s, FOV 8 × 15 cm (X: 0.0 mm, Y:
0.6 mm, Z: 5.0 mm)
Panorama device (GENDEX DP–800): (KV 66, MA 10,
Exposure time 16 s)

Figure 3: Show peri-implant radiolucent space definitely present

Interpretation time was unlimited, and the same images
were analyzed repeatedly after a 2-week interval. Two
oral and maxillofacial radiologists (OMRs) and one oral
and maxillofacial surgeon (OMS) analyzed the whole
CBCT volume of each sample. They were blinded to any
information about the procedures performed and the
conditions of the sample. The examiners were asked to
assess the images and confident they were regarding the
presence or absence of a peri-implant radiolucent space
in the coronal half of the implant. All observation
sequences were randomized and the images were viewed
in a quiet, darkened room on a 15.6-inch laptop monitor
(Lenovo V110) at a screen resolution of 16.9 (1.366 ×
768 pixels).
Statistical analysis
Data subjected to analysis using IBM SPSS Statistics
(Statistical Package for the Social Sciences) version 22.0
(2009). Diagnostic evaluation to apparatuses analyzed by
using Descriptive statistics to calculate the Sensitivity,
specificity, positive and negative predictive values (PPV
and NPV), Positive and Negative likelihood ratio (LR+ and
LR-) and Accuracy of three apparatuses versus gold
standard (direct visual analysis of the rib blocks were
determined based on the presence of bone defects were
diagnosed by a 2-point scale:
•

Probably present.
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Definitely present.

Or, absence of bone defects was diagnosed by 3-point
scale:
•
•
•

Definitely not present
Probably not present
Uncertain present or not

The accuracy of CBCT (71.88%) higher and significantly
better than PAN (65.62%) (Figure 4).
Table 3: Accuracy of apparatus
Apparatus

Sensitivity Specificity
(%)
(%)

PPV
(%)

NPV
(%)

LR+

LR-

Accuracy
(%)

PAN

80.00

14.29

76.9
2

16.67

0.93

1.4

65.62

CBCT

73.33

50.00

95.6
5

11.11

1.47

0.5
3

71.88

RESULTS
Diagnostic evaluation
Table 1 shows the diagnostic evaluation of PAN apparatus
when compared with direct visual examination as a gold
standard, in which there is 20 true positive results, 6
false positive results, 5 true negative results and 1 false
negative result.
Table 1: Diagnostic pan apparatus × Gold standards cross
tabulation
Golden standard
Test

+

-

Total

+

20

5

25

-

6

1

7

Total

26

6

32

PAN

Table 2 shows the diagnostic evaluation of CBCT
apparatus when compared with direct visual
examination as a gold standard, in which there is 22 true
positive results, 1 false positive result, 8 true negative
results and 1 false negative result.
Table 2: Diagnostic CBCT apparatus × Gold standards cross
tabulation
Golden standard
Test

+

-

Total

+

22

8

30

-

1

1

2

Total

23

9

32

CBCT

Accuracy of apparatuses
The Table 3 present the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (LR+), negative likelihood ratio
(LR-) and accuracy, in which the sensitivity of PAN (80%)
better than CBCT (73.33%) while specificity of CBCT
(50%) better than PAN (14.29%).
The PPV of CBCT (95.65%) higher than PAN (76.92%)
while NPV of PAN (16.67%) higher than CBCT (11.11%).
The positive likelihood ratios of CBCT (1.47) higher than
PAN (0.93) while the negative likelihood ratio of PAN
(1.40) higher than CBCT (0.53).

Figure 4: Bar chart representation of relationship between CBCT
and PAN

DISCUSSION AND CONCLUSION
In the present in vitro study, we used a bovine rib model.
This model has been used in similar papers because the
bone density and the relationship between cortical bone
and bone marrow are similar to those of the human
mandible [5,7,8].
In our study, we compared between CBCT and PAN for
detection of mechanically simulated peri-implant bone
defect, Bone defects measuring 0.45 mm and 0.7 mm, on
average, were used to simulate two sizes of crystal periimplant bone defects.
In this study, good values of, specificity and accuracy,
positive predictive value, positive likelihood ratio were
found for the CBCT analysis while PAN show good value
of sensitivity, negative predictive value and negative
likelihood ratio. Some studies [1,3,4,7,9-11] have sought
to examine peri-implant bone defects using CBCT images.
Among these, four studies [3,4,7,10] also compared CBCT
with peri-apical radiography. Only the studies by Dave et
al. [7] and Sirin et al. [4] have reported that periapical
radiographs had a better performance than CBCT images.
A study by Sirin et al. [4] compared the detection of periimplant crystal bone defects of different diameters using
peri-apical radiography, direct digital radiography,
panoramic radiography, CBCT and multi-slice CT. The
authors measured the duration of diagnosis in each
image modality. They concluded that direct digital
radiography may provide a faster and more reliable
diagnostic option that is as accurate as panoramic
radiography in detecting peri-implant radiolucencies.
CBCT has a diagnostic potential comparable to that of
these intraoral systems, but with slower decision-making
capabilities and lower image quality, whereas panoramic
radiography and multi-slice CT become more reliable
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when bone defects have a diameter that is at least 1.5
mm larger than that of the implant. In our study, we did
not set a time for the analysis, since these factors were
subjective and observer dependent, the quality of the
analysis is more important than speed.
In another in vitro study, conducted by Dave et al. [7], the
authors tested the diagnostic accuracy of conventional
peri-apical radiography versus that of CBCT in detecting
peri-implant bone defects. They concluded that digital
long-cone periapical radiographs performed significantly
better than CBCT. However, this study had some
problems, e.g. defect size was large, which may have
favored the detection by periapical radiographs at any
horizontal angulation. Another important issue was that
the authors failed to observe the CBCT images correctly
(presentation of CBCT images was static (signal) (rather
than dynamic). Therefore, the CBCT results found by
Dave et al. may have been underestimated [7].
In another study by Kamburoglu et al. [11], the authors
investigated the reliability and accuracy of CBCT images
in detecting of simulated buccal marginal alveolar periimplant defects using different fields of view. Mechanical
cavities of various sizes and dimensions simulating very
large localized peri-implant defects were prepared on the
buccal aspect of the marginal alveolar cortical bone using
round and cylindrical dental burs. The authors concluded
that all CBCT images performed similarly in the detection
of simulated buccal marginal alveolar peri-implant
defects, when compared with direct visual examination.
Their results are in concordance with ours. In a study by
Ritter et al. [10], the authors state that CBCT provides
usable information about bone in all dimensions around
implants with varying accuracy. According to the authors,
intra-oral radiography and CBCT perform similarly in
assessing both mesial and distal bone levels, but, within
its limitations, CBCT can also access lingual and buccal
bone. The CBCT results of those authors are in
concordance with ours.
In our opinion, cross-sectional imaging is used for the
assessment of all dental implant sites and that CBCT is
the imaging method of choice for gaining this
information. However, in the absence of clinical signs or
symptoms, only intraoral peri-apical radiography is
advised for the postoperative assessment of implants.
Cross-sectional imaging particularly (CBCT) is advised
only immediately post operatively if implant mobility or
altered sensation is reported. This recommendation is
based on evidence that generally CBCT delivers far
greater effective doses than does intraoral imaging. The
main limitation of our study is that it can be used as an in
vitro setup. In real clinical situations, multiple
interferences (e.g. prosthetic metal artifacts, implant
position, and the risk of the patient moving during the
acquisition time) may hinder the diagnosis. Furthermore,
we used only one CBCT apparatus; a single OMS analyzed
the samples.
It can be concluded that, within the limitations of this
study, Dependent on these results the CBCT are a reliable
and valid method of detecting circumferential peri-
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implant bone defects and performed significantly better
than PAN.
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