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Background: Radiography is as a part of periodontal examination. Early detection of periodontal disease is important in the prevention 
of tooth loss and patient’s general health.
Objectives: The objective of this study was to compare diagnostic accuracy of cone-beam computed tomography (CBCT) with digital 
direct intraoral radiography, in assessment of periodontal osseous lesions.
Materials and Methods: Fifty interproximal bone losses were evaluated in this study. First, direct digital intraoral radiography (Sopro-
La Ciotat-France) was taken, and then CBCT (Newtom 3G, Verona. Italy) was carried out. Periodontal flap surgery was done to achieve 
the gold standard. The distance between cementoenamel junction (CEJ) and the bottom of the vertical pattern of bone loss or the most 
coronal level of bone in horizontal pattern was measured. These measurements were analyzed by paired t test. The intraclass correlation 
coefficient (ICC) was used to evaluate the degree of agreement between observers.
Results: Accuracy is higher with CBCT in evaluating vertical dimension of periodontal bony defects (0.53 ± 0.59 to 0.56 ± 0.45) (P < 0.001). 
ICC shows high level of agreement between observers in two image modality.
Conclusions: We conclude that CBCT and digital images can be used in periodontal bone assessments; each modality should be chosen 
based on defect type and patient’s specific characteristics.

Keywords:Periodontal Bone Loss; Cone-Beam Computed Tomography; Dental Digital Radiography

Copyright © 2014, Hamadan University of Medical Sciences; Published by Hamadan University of Medical Sciences. This is an open-access article distributed under 
the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy 
and redistribute the material just in noncommercial usages, provided the original work is properly cited.

1. Background
Nowadays, it is obvious that early detection of the peri-

odontal disease is important in the prevention of tooth 
loss and accordingly, patient’s general health (1). The 
goals of periodontal therapy are to preserve the natu-
ral dentition and to maintain and improve periodontal 
health (2). Radiography is valuable in diagnosis, sever-
ity estimation, evaluation of prognosis, and treatment 
outcome. Radiography is a part of periodontal examina-
tion (3). Although radiography is a proper way to detect 
calculus and defective restorations, main goal of radio-
graphic examination is to evaluate alveolar bone height 
considering cementoenamel junction (CEJ), which helps 
us in periodontal diagnosis (4, 5). However, radiography 
has some shortcomings. It usually underestimates the 
amount of bone loss (3). Superimposition of anatomic 
structures in 2D images often hides true dimensions be-
tween buccal and lingual cortical plates, especially in in-
traosseous lesions (4).

In conventional radiographic methods, (because of X-

ray angulation) only interproximal bone surfaces are 
detectable with different levels of assurance (5). Achiev-
ing high quality by chemical compounds and processes 
are proved to be problematic in dentistry radiography. 
These reasons directed the system of conventional ra-
diography toward digital systems. Digital radiography 
eliminates dangerous waste agents in the form of pro-
cessing chemical materials and lead foils. Digital radiog-
raphy provides electronic transfer and reduces exposure 
(6). It has several other advantages over conventional 
radiography, including faster image acquisition and im-
age enhancement (7).

When clinical examination raises concerns, CBCT (cone-
beam computed tomography) can add to the diagnostic 
value. CBCT lacks the problems of geometric superimpo-
sition and unpredictable magnification (3). CBCT is much 
cheaper than medical CT units, imparts a relatively low 
dose to the patient and is rapidly becoming available 
to the dental profession (8). Dentists usually use linear 
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measurements such as distances between anatomic 
landmarks or thickness of the bone to facilitate diagno-
sis and determination of presurgical strategies (9). CBCT 
overcomes the problems by axial cuts, but it has some 
disadvantages such as high radiation dose, high cost, and 
low resolution (10). 

Nowadays, we see increased demand for dental im-
plants, and many advances have occurred in diagnosis 
and treatment. Diagnostic imaging helps the team for 
implantology to provide a perfect and comprehensive 
treatment plan. Radiography has applications in presur-
gical, surgical and postsurgical stages; it evaluates the 
amount of bone, its relation with anatomic structures 
and amount of crestal bone loss. Amount of crestal bone 
loss after implant insertion, is important in determina-
tion of the implant failure (11). Although there are few 
studies about application of CBCT in the evaluation of 
periodontal defects, its combination with 2D digital in-
traoral radiography may improve periodontal diagnosis 
and treatment plan (12, 13).

Radiography is so valuable in the diagnosis and treat-
ment of periodontal diseases that outweighs its limita-
tions and innate shortcomings. Considering rapid advanc-
es and availability of the new imaging technologies, it is 
obvious that we need studies to compare efficacy, accuracy, 
and application of them in measuring lesion dimensions 
and overcome limitations of anatomic structures.

2. Objectives
In this study, we compared accuracy of CBCT with direct 

digital radiography; the achieved result can be used as an 
aid in different clinical diagnosis or treatments like im-
plant dentistry. It is useful to mention that our aim was 
not to determine the defects depth.

3. Materials and Methods

3.1. Patients Selection
The participants were selected from the patients re-

ferred to the Periodontology Department of Hamadan 
Dental School. We evaluated 50 sites of osseous defects. 
The patients who had all the inclusion criteria were se-
lected. Inclusion criteria were as follows:

1) Interproximal osseous defects (horizontal or 3 wall 
vertical),

2) Indication for periodontal surgery at the site of the 
defect,

3) No contraindication of periodontal surgery,
4) No contraindication to radiography.

3.2. Radiographic Evaluation
After enrolling the patients in the study, direct digital 

intraoral radiography (Sopro CCD- France) and CBCT 
(Newtom 3G- Verona CBCT Italy) were taken at the site of 
the bone defect. De Gotzen dental radiography machine 

was used to take intraoral direct digital radiography (kvp 
= 60, mA = 7, s = 0.2). In direct digital intraoral radiogra-
phy, one technician took all the radiographies to reduce 
interfering factors. Images were seen and measured by 
Sopro software and saved as JPEG format. We calibrated 
the machine before taking images using a human skull 
mandible to estimate the measurement bias. Therefore, 
the machine was calibrated and reliable (Figure 1).

For CBCT radiographs, images were taken by New Tom 
3G (Verona, Italy) at kvp = 110, mAs = 10.65, FOV = 6 and 
pixel size of 200 μm. NNT software was used in coronal 
and sagittal plans to reconstruct observation images.

3.3. Radiographic Measurements
CCD images were saved as JPEG files to measure by ob-

servers, and then by CCD machine special software ruler. 
These specifications were considered for CBCT: slice inter-
val = 1 mm, slice thickness = 0.5 mm, and step = 0.5 mm. Re-
garding these two radiographic modalities, two persons 
evaluated images at 2-week intervals. A 14-inch monitor 
(Sony corporation flat 7 panel-LCD) was used to see imag-
es. Vertical dimension of the periodontal bone defects was 
measured under standard conditions and constant envi-
ronment (same monitor, without changes in contrast and 
resolution, same lightness of room, and equal distance 
from the monitor). Distance from CEJ to depth of the de-
fect was measured by ruler tool of the software (Figure 2).

3.4. Surgical Treatment
Periodontal flap surgery was performed for the patients. 

For selection of appropriate technique, we considered 

Figure 1. Calibrating Charge-Coupled Device Exposure Machine

Figure 2. Vertical Dimension Measurement of Periodontal Defects

A) CBCT measurement, B) CCD measurement; (CBCT: cone-beam comput-
ed tomography; CCD: charge coupled device).
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observation and access to the alveolar crest and depth of 
the defect. After incision, flap was elevated and granula-
tion tissue was removed to increase the access; scaling 
and root planning was done if necessary. CEJ to defect 
depth was measured as the gold standard by Williams 
probe (Hu-Friedy, Chicago, USA). Rubber stop was used in 
probe measurements. This rubber stop marked dimen-
sion was measured by digital caliper (Mitutoyo-Japan). 
After measurements, bone restorative steps were done 
if necessary. We considered distal tooth to the defect as a 
rule in our measurements (both radiographic and surgi-
cal gold standard). The line angle was considered as the 
reference line for measurement.

3.5. Data Analysis
Registered amounts with minimal difference of ± 0.5 

mm in comparison with gold standard were recorded. Af-
ter collecting all the data, paired t-test and ICC (intraclass 
correlation coefficient) were used to analyze the data. We 
used SPSS 19 software in our analysis.

4. Results
According to ICC, agreement degree was high between 

clinicians who evaluated images (P > 0.05) (Table 1).
Paired t-test was done in three steps:
Step 1, comparing overall data from two radiography 

modalities with gold standard,
Step 2, comparing data based on defects location (ante-

rior sextants or posterior),
Step 3, comparing data based on defects type (horizon-

tal or vertical).
According to overall analysis of the data in step 1, dis-

crepancy from the mean of the gold standard was lower 
in CBCT (0.53 ± 0.59 to 0.56 ± 0.45) (P = 0.000). It means 
that accuracy was higher with CBCT in evaluating vertical 
dimension of periodontal bony defects.

In step 2, samples were divided into two groups (ante-
rior and posterior) according to their location. Twenty-
eight percent of the defects were in the anterior region, 
while 72% were in the posterior region of jaw. The descrip-
tive statistics show a smaller deviation range and the 
mean error for the CBCT measurements compared with 
CCD was 0.24 ± 0.31 to 0.43 ± 0.17 (P = 0.000) in the ante-
rior region. This reveals that a difference was found com-
paring the intraoral CBCT bone level measurements with 
those on the CCD; however, CBCT is slightly better (Table 
2, Figure 3).

Table 1.  Intraclass Correlation Coefficient in Cone-Beam Computed Tomography and Charge Coupled Device Evaluationa

Variables Compared Intraclass Correlation Coefficient 95% Confidence Interval
CBCT 0.94 0.82 to 0.98
CCD 0.95 0.84 to 0.98
a Abbreviations: CBCT, cone-beam computed tomography; CCD, charge coupled device.

Figure 3. Accuracy Comparison of Radiography Modalities Based on Defect Location

GS, gold standard; CBCT, cone-beam computed tomography; CCD, charge coupled device
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Also in posterior regions, the descriptive statistics 
showed a smaller deviation range and mean error for the 
CBCT measurements compared with CCD (0.41 ± 0.64 to 
0.60 ± 0.52). Here, it can be concluded that despite signif-
icant differences between the CBCT bone level measure-
ments with those of the CCD, CBCT showed a better accu-

racy, and it was better in the anterior region of the jaw.
In Step 3, one-third of defects were vertical and the rest 

were horizontal. Considering deviation from the mean, 
no significant difference was found in horizontal bone 
loss patterns (P > 0.05). CBCT showed better accuracy 
than CCD in evaluating vertical defects (Table 3, Figure 4).

Table 2.  Accuracy Comparison of Radiography Modalities Based on Defect Locationa

Pairs of Variables Compared Mean Differences ± SD t value P value
Overall

CBCT and GS 0.53 ± 0.59 6.27 0.000
CCD and GS 0.56 ± 0.45 8.64 0.000

Anterior
CBCT and GS 0.25 ± 0.09 9.77 0.000
CCD and GS 0.43 ± 0.17 9.38 0.000

Posterior
CBCT and GS 0.41 ± 0.64 3.87 0.000
CCD and GS 0.60 ± 0.52 6.97 0.000

a Abbreviations: CBCT, cone-beam computed tomography; GS, gold standard; CCD, charge coupled device.

Table 3.  Accuracy Comparison of Radiography Modalities Based on Defect Typea,b

Defect Type GS CBCT CCD
Horizontal 2.6 ± 0.6 2.52 ± 0.4 2.5 ± 0.42
Vertical 4.72 ± 1.21 4.3 ± 1.1 3.8 ± 1.18
a Abbreviations; GS, gold standard; CBCT, cone beam computed tomography; CCD, charge coupled device.
b Data are presented as mean ± SD.

Figure 4. Accuracy Comparison of Radiography Modalities Based on Defect Type

GS, gold standard; CBCT, cone beam computed tomography; CCD, charge coupled device
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5. Discussion
Nowadays, nothing has captured the dentist’s imagi-

nation like CBCT. Its process differs from that of tradi-
tional medical CT scanners in that the image is gathered 
in a voxel format, and the radiation dose absorbed by 
the patient is substantially lower. CBCT makes clinical 
decision-making easier and more precise. Dentistry is 
moving away from “radiographic interpretation” into 
“disease visualization” (14). Study of radiographs in as-
sessing linear distances between a reference point such 
as the CEJ and alveolar bone crest or the apical border of 
a vertical defect is common (15). Linear measurements 
are usually used in periodontology such as distances 
between anatomic landmarks or thickness of the bone 
to facilitate diagnosis and determination of presurgical 
strategies (9).

The advantages of CBCT in visualizing the alveolus in 
3D and making precise measurements before surgery 
are obvious in the field of implant dentistry. It reduc-
es the likelihood of the need to change the treatment 
during the operation (14). In our study, ICC was greater 
than 92% in evaluating CBCT in comparison with the 
gold standard, and greater than 84% in evaluating CCD 
images in comparison with the gold standard. There-
fore, there was a high agreement between observers in 
evaluating CBCT and intraoral direct digital images. Our 
agreement result is similar to what Corpas (16) and Van-
denberghe (13) concluded. They stated that the reliabil-
ity among observer measurements and classifications 
on CCD and CBCT results in ICC. Confidence intervals 
(CI) of %95 show high reliability for all observations (13).

Nevertheless, Mol used kappa statistics representing 
intraobserver agreement for bone loss assessment, and 
his overall results showed slight agreement, with only 
two observers showing fair agreement (17). Zybutz as-
sessed observers agreement based on the defect type 
and stated that the differences in ICC between all defects 
and the combination of 1 and 2 defects vs. probing at-
tachment level measurements indicated better reliabili-
ty for PAL studies of 3 wall defects than for the combined 
1 and 2 wall defects by PAL. The reliability by radiograph-
ic changes was good (ICC = 0.61) (15). Nowadays, there 
is a tendency towards digital images. Khocht compared 
full mouth digital with parallel film based radiography, 
and achieved more accuracy with digital images (18). Ac-
cording to our results, accuracy was higher with CBCT 
in evaluating vertical dimension of periodontal bony 
defects, but it was not statistically significant (P > 0.05). 
But, both of them were under estimated measurements 
rather than the surgical gold standard.

This result is similar to Vandenberghe et al. study (13). 
They found no significant differences (P = 0.165) be-
tween the two methods. However, on cross-sections of 
0.4 mm thickness, the mean error was 0.29 mm, and the 
Wilcoxon signed-rank test indicated a significant differ-
ence when compared with the CCD (P = 0.006). There-
fore, CBCT is better for the assessment of defect mor-

phology and CCD for detailed information (13). Noujeim 
et al. found statistically significant differences between 
CBCT and 2D method. CBCT has perfect diagnostic ac-
curacy in diagnosis of periodontal interradicular bony 
defects (19). Grimard compared bone level alterations 
after regenerative treatments used CBCT and periapi-
cal radiography, and concluded that CBCT was more 
accurate; thus, CBCT was suitable for regenerative treat-
ments instead of re-entry surgery (20). Also, Vasconcelos 
found no significant differences (21). Misch et al. found 
significant differences between F speed film (mean er-
ror = 0.27 mm) and cross sectional CBCT (mean error = 
0.41 mm). But they reported no significant linear mea-
surement differences (12). Mol stated better diagnostic 
and quantity accuracy with CBCT (1 mm cross sections) 
compared with PSP (17). Despite all of these factors, Don-
ald stated that CBCT is better than 2D radiographies in 
the assessment of architecture and topography of peri-
odontal defects (22).

All of the mentioned studies were in vitro, except bone 
regeneration study; however, we conducted an in vivo 
study. In our study, significant differences were found 
between CBCT bone level measurements and those of 
the CCD. CBCT showed better accuracy than CCD and 
it was better in the anterior region of the jaw. Also, we 
found significant difference between radiography mo-
dalities in horizontal bone loss patterns. Thus, CBCT 
showed better accuracy than CCD in evaluating verti-
cal defects. The better results in the anterior region of 
the jaw can be attributed to the defect type (horizon-
tal). Mol found limited accuracy of CBCT in the anterior 
region; this finding is not in agreement with ours (17). 
Tyndall et al. study resulted in better accuracy of two-
dimensional radiographies in the assessment of vertical 
dimension of bone (22). Zybutz et al. evaluated vertical 
bone loss patterns during flap surgery and compared 
it with radiographic finding. Radiographs were reli-
able but with expected underestimation (1.4 mm) (15). 
The result of this study can be useful in different con-
ditions as follows. It can be concluded that CBCT and 
digital images can be used in periodontal bone assess-
ments; each modality should be chosen based on the 
defect type, extent, frequency, and patient’s specific 
characteristics (radiation dose, cost, conformance, and 
so on). We recommend CBCT for generalized or severe 
periodontitis, complicated implant cases, and extended 
reconstruction treatment; while digital images are bet-
ter for smaller and fewer defects or bone regenerations, 
implants with no anatomic limitations, follow-up peri-
ods, and annual implant bone loss evaluation.
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