
RESEARCH

Accuracy of zoomed digital image in the detection
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Objectives: (1) To evaluate the intraobserver agreement related to image interpretation and (2) to
compare the accuracy of 100%, 200% and 400% zoomed digital images in the detection of simulated
periodontal bone defects.
Methods: Periodontal bone defects were created in 60 pig hemi-mandibles with slow-speed burs
0.5 mm, 1.0 mm, 1.5 mm, 2.0 mm and 3.0 mm in diameter. 180 standardized digital radiographs
were made using Schick sensor and evaluated at 100%, 200% and 400% zooming. The intraobserver
agreement was estimated by Kappa statistic (k). For the evaluation of diagnostic accuracy receiver
operating characteristic (ROC) analysis was performed followed by chi-square test to compare the
areas under ROC curves according to each level of zooming.
Results: For 100%, 200% and 400% zooming the intraobserver agreement was moderate
(k ¼ 0.48, k ¼ 0.54 and k ¼ 0.43, respectively) and there were similar performances in the
discrimination capacity, with ROC areas of 0.8611 (95% CI: 0.7660–0.9562), 0.8600 (95% CI:
0.7659–0.9540), and 0.8368 (95% CI: 0.7346–0.9390), respectively, with no statistical significant
differences (x2-test; P ¼ 0.8440).
Conclusions: A moderate intraobserver agreement was observed in the classification of
periodontal bone defects and the 100%, 200% and 400% zoomed digital images presented similar
performances in the detection of periodontal bone defects.
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Introduction

Radiographic examinations are considered a useful diag-
nostic aid to detect bone loss originating from periodontal
disease. However, there are limitations due to the two-
dimensional imaging representation of the alveolar bone.1

Although radiographic imaging is very often used to verify
the existence, extent and location of periodontal disease,2

there also needs to be substantial amount of mineral loss
(30–50%) before bone loss can be detected.3

The advance of digital imaging in dentistry has been an
alternative to film-based imaging. Digital processing and
image manipulation may enhance diagnostic interpret-
ation. One advantage of digital imaging is the ability to
manipulate the image using brightness and contrast
control, colorization, inversion and zooming tools in

order to enhance the diagnosis for detection of lesions
during interpretation.4 – 7

The zooming function comes in a software for image
magnification or reduction8 and in some studies has been
shown to provide improvement of the diagnosis efficacy of
initial caries lesions9,10 and detection of small endodontic
files in relation to the radiographic apex.11 However, the
digital magnification did not affect the detection of root
fractures12 and both Moystad et al13 and Scaf et al9 showed
the limitation of zoomed digital function for radiographic
interpretation of caries lesions.

In order to determine the improvement of periodontal
bone defect detection by this digital tool, the aims of
this study were: (1) to evaluate the intraobserver
agreement related to image interpretation and (2) to
compare the accuracy of 100%, 200% and 400%
zoomed digital images in the detection of simulated
periodontal bone defects.
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Materials and methods

Sample size
Sixty hemi-mandibles from different pigs were used.
Initially 240 images were obtained where 60 images
were zoomed at each of the following levels: 100%, 200%,
400% and 804%. However, the level at 804% zooming was
excluded from the analysis due to a limitation in the
detection of periodontal bone defect. Thus, the material
consisted of 180 zoomed images at 100%, 200% and
400%.

Bone defects
Periodontal bone defects were created in the most coronal
portion of the interproximal buccal cortical plate between
first and second premolar area in the lingual direction by
removal of bone with slow-speed round burs correspond-
ing to 0.5 mm, 1.0 mm, 1.5 mm, 2.0 mm and 3.0 mm in
diameter, adapted from Stassinakis et al.14 Sixty period-
ontal defects were created, 12 of each diameter. For the
purpose of the diagnostic accuracy analysis, due to a
tendency for images of periodontal bone defect of 2.0 mm
and 3.0 mm to score better for the presence of defect than
0.5 mm, 1.0 mm and 1.5 mm, they were classified as “bone
defect” and “no bone defect”, with prevalence of 24/60 and
36/60, respectively.

Image acquisition
Digital images were acquired using Schickw equipment
(Schick Technologies Inc., Long Island, NY) version 2.0.
The sensor and hemi-mandible were stabilized with a
fixing device. The digital radiographs were taken with the
vertical long axis of the hemi-mandible fixed perpendicular
to the central ray and parallel to the sensor at 70 cm focal-
spot to object distance, including a 2.0 cm wooden block to
simulate soft tissue. The X-ray unit (GE 1000; General
Electric, Milwaukee, WI) was operated at 70 kVp, 10 mA
and 18 impulses (Figure 1).

The image resolution was 635 ppi as size of the image
was 900 £ 641 dpi and the size of the pixel was 40 mm.15

The images were stored in the TIFF format (Tagged Image
File Format) without compression (8 bits with resolution of
600 dpi, a file of about 700 KB).

Image manipulation
The images were manipulated with the aid of Schickw

software version 2.0 running in a PC with 550 mHz
processor (Pentium III; Intel, USA) 512 K, 129 Mb and
Windows 98 operating system (Microsoft, USA) displayed
on a 17" S-VGA flat screen monitor (1024 £ 768 pixel
resolution). Before zooming procedure, the brightness and
contrast of all images were automatically adjusted.

Image interpretation
A radiologist experienced in using pig mandibles as
experimental model did the radiographic interpretation.
In order to minimize bias the radiologist was calibrated
prior to undertaking the project. The readings were done
twice on two different occasions independently and under
blind conditions. The interval between the two readings

was 15 days. The sequence of image interpretation was
done at random. The images were scored using a 5-point
confidence scale to assess the periodontal bone defect as:
1 ¼ definitely absent; 2 ¼ probably absent; 3 ¼ uncertain;
4 ¼ probably present; 5 ¼ definitely present. The obser-
ver read the images under reduced room light and viewing
distance from 50 cm to 70 cm from the screen.

Statistical analysis

The intraobserver agreement was assessed using measures
of observed agreement, expected agreement, Kappa
statistic (k) and 95% confidence interval.16 Kappa value
(k) was classified according to the standards proposed by
Landis and Koch.17 In order to evaluate diagnostic
procedures related to zoomed digital function for image
interpretation, ROC analysis was performed on the basis of
the datasets on the confidence rank scale, resulting in three
ROC curves, and the differences in the areas were
evaluated by x2-test for correlated data.18 As reference-
standard examination the defect sizes of 0.5 mm, 1.0 mm
and 1.5 mm were considered as “no bone defect” while
sizes of 2.0 mm and 3.0 mm as “bone defect”.

STATA statistical software, release 8.0 (Stata Corp.,
College Station, TX) was used to evaluate intraobserver
agreement in the assessments on the confidence scale and
to test whether the areas under ROC curves related to
100%, 200% and 400% were all equal.

Figure 1 (a) Bone defect in dry pig hemi-mandible created with 3.0 mm
round bur and (b) digital radiograph of the specimen

Accuracy of zoomed digital imageAccuracy of zoomed digital image
JAND de Morais et al140

Dentomaxillofacial Radiology



Results

Table 1 shows the intraobserver agreement analysis for
diagnosis of the periodontal bone defect using kappa value
(k), and its confidence interval (95% CI) for 100%, 200%
and 400% zoomed digital image.

According to the kappa values, k ¼ 0.48, k ¼ 0.54 and
k ¼ 0.43, respectively, for 100%, 200% and 400% zoomed
digital images, the strength of agreement was considered as
moderate. Considering the results of intraobserver agree-
ment by 95% CI, there were no statistical significant
differences for the diagnostic performance using 100%
(0.32–0.64), 200% (0.38–0.70) and 400% (0.29–0.57)
zoomed digital images.

The accuracy of zoomed digital image can be seen in
Figure 2, using the ROC curves for the different zooming
levels. In addition, Table 2 reports summary statistics and
provides a test for the equality of the areas under the
curves.

The areas under the ROC curve for 100%, 200%, and
400% zoomed digital images were 0.8611 (95% CI:
0.7660–0.9562), 0.8600 (95% CI: 0.7659–0.9540), and

0.8368 (95% CI: 0.7346–0.93903), respectively; the x2-
test yielded a probability of 0.8440, suggesting that there
were no significant differences in the areas under the ROC
curves.

Discussion

The results of this study showed a moderate intraobserver
agreement for 100%, 200% and 400% zoomed digital
images, which could be explained by the limitations of pig
anatomical landmarks such as foramen and canals with
similar shape as the periodontal bone defect. The moderate
agreement values can be an acceptable finding considering
this experimental model.

Initially the 804% zoomed digital images were
included in the study, but the same classification
(uncertain) was reached for each one of the defect
sizes, on two different occasions, leading to a perfect
agreement because the observer was not able to define
the lesions’ limit. This zooming was not included in the
results because it is a non-useful magnification for the
clinical task, thus 400% was considered the upper limit
of image zooming.

In a previous study about caries lesions a positive
relationship between increased zooming and improvement
of diagnostic efficacy was observed with an upper limit of
zoomed digital image of 4 £ .9 This finding was similar to
our results, although another study also determined the
upper limit of zoomed digital image to be 12 £ ,13 greater
than the results of this study. The comparison between the
present study with these papers is limited, however,
because they are related to different tasks and the software
used for capture and imaging interpretation is also
different. When the images are interpreted in different
digital systems it is useful to know the software zooming
scale.

Regarding accuracy, the results showed that different
levels of zooming had similar performances in the
detection of periodontal bone defects. The comparative
analysis of our results with other papers has been
impaired because there are no solid studies that carry
out an analysis of the influence of different zooming in
detecting periodontal bone defects. Other studies have
shown that periodontal bone defects can be detected
when there is 30–50% of the mineral bone loss.3 Thus,
small percentages of mineral bone loss cannot be
detected by zoomed digital images. On the other hand,
in the present paper the simulated lesions were done
with round bur and the biggest sizes burs (2.0 mm and
3.0 mm) probably removed the buccal cortical plate and
reached the trabecular bone. This fact could explain the
detection of the bone defects.

It has been reported that although the zoomed digital
image can facilitate the radiographic interpretation, this
tool does not add any information.12 We agree with this
statement based on our results, which presented the same
areas under ROC curves for 100%, 200% and 400%
zoomed digital images.

Table 1 Observed agreement (po), expected agreement (pe) and kappa
statistic by point (k) and by 95% confidence interval (95% CI) according
to diagnosis of periodontal bone defects at three levels of zooming

Zooming po pe k 95% CI

100% 0.65 0.33 0.48 0.32–0.64
200% 0.68 0.31 0.54 0.38–0.70
400% 0.58 0.26 0.43 0.29–0.57
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Figure 2 Receiver operating characteristic (ROC) curves for 100%,
200% and 400% zoomed digital images

Table 2 100%, 200% and 400% zooming images and area under
receiver operating characteristic (ROC) curves with 95% confidence
interval (95% CI)

Zooming Observations ROC area Standard error 95% CI

100% 60 0.8611 0.0485 0.7660–0.9562
200% 60 0.8600 0.0480 0.7659–0.9540
400% 60 0.8368 0.0522 0.7346–0.9390

x2-test (2) ¼ 0.34; prob . x2 ¼ 0.8440
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Another relevant aspect is that the radiographic
interpretation of artificial lesions with sharp edges does
not correspond to the natural bone loss, leading to a
limitation of this study. Further studies are suggested to
increase the understanding of zoomed digital images in
cortical and trabecular bone.

In conclusion, a moderate intraobserver agreement was
observed in the classification of periodontal bone defect

and the 100%, 200% and 400% zoomed digital images
presented similar performances in the detection of period-
ontal bone defects.
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