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ABSTRACT

Statement of the Problem: After introducing digital radiography, practitioners
started reading radiographs from computer monitors; however, many still prefer
hard-copy radiographs.

Purpose: This study aimed to assess the possible superiority of either type of radi-
ograph recording media (computer monitor, film, or paper) in diagnosis and per-
ception of the depth of the cariogenic lesions.

Materials and Method: Twenty digital bitewing radiographs, obtained from 200
posterior extracted teeth, were displayed on an LG monitor and printed on paper
and film using Kodak printers. Two observers independently measured lesions
depth on the images. Serial sections of teeth were obtained and the sections were
evaluated by a stereomicroscope to determine the actual depth of cariogenic le-
sions. The efficacy of the each medium was assessed by determining its specificity
and sensitivity in comparison with those of histological images. Weighted kappa
coefficients and the ROC analysis were used for the statistical analysis.

Results: Strong intra- and inter-observer agreements (0.818 to 0.958, 0.77 to 0.85)
were found for all detection methods. The highest Az value was obtained with the
monitor-displayed images (Az: 0.879); however, differences between detection
methods were not statistically significant (p> 0.05).

Conclusion: Monitor-displayed bitewing radiographs, paper, and film prints used
in our study performed similarly in the detection of proximal caries.
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Introduction

studies have shown that all digital receptors are diagnos-

Among the various methods used today in the diagnosis
of caries, probing, visual examination, intraoral film,
and digital receptors are the most common in routine
clinical practice. [1-2] Radiographs are generally rec-
ommended for detection of proximal carious lesions [3-
4] and amongst them, bitewing radiographs has become
the most frequently used intraoral radiographic exami-
nation. [5] Currently, conventional film radiographs are
about to be replaced by digital imaging and previous
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tically comparable to conventional film images for de-
tecting proximal caries. [1, 6-9]

Different systems exist for transmitting diagnostic
information between offices, including Picture Archiv-
ing and Communication System (PACS) and hard cop-
ies; however, many dentists still prefer to use hard cop-
ies of radiographs in their working environment as they
are accustomed to reading radiographs and diagnosing
the problem on hard copy; [10] furthermore, many of
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them do not have access to monitors. [11] Besides, the
patients’ chair-side is not optimal for analyzing digital
images due to the rather bright and non-standardized
background light [12] and dentists will hardly ever ad-
just the window levels provided by the viewing soft-
ware. This can also be true for hard copies printed on
films. [13] Hard copy prints can be produced on either
film or paper; although, high-quality paper prints of
digital images can be produced at one-sixth to one-tenth
the cost of laser film production. [14-15] Moreover,
paper records are observed to be less affected by the
typical working environment. [13]

Few studies have evaluated the accuracy of dif-
ferent monitors [16-18] and printers [12, 19] in the
diagnosis of proximal caries. A study on five flat panel
monitors comparing their images with images ob-
served from the microscopic slides concluded that they
did not differ in overall accuracy for detection of prox-
imal caries. [17] Another study evaluated the diagnos-
tic quality of three inkjet printers for proximal caries
detection. The printers were able to reproduce radio-
graphs at an optimal quality in a dental office. [12] To
the best of our knowledge, there is no report compar-
ing these three interim recording media (monitor,
printed film, or paper) for proximal caries detection. A
previous study revealed few and inconsistent differ-
ences between printed images from Kodak 1200 ink-
jet printer on glossy paper and blue transparent film
and the original monitor-displayed images for third
molar assessment in panoramic images. [11] In another
study, it has been shown that while the diagnostic ac-
curacy of paper prints is similar to film prints and
monitor displayed images in musculoskeletal and ab-
dominal radiography, these paper prints are not rec-
ommended for chest radiography. [10] Studies com-
paring soft copy and hard copy mammograms showed
controversial results. While a study showed better per-
formance of digital images, [20] others showed no
significant difference between two modalities. [21-22]
Considering the controversies among previous studies
which compared these three media and taking into
account the need for better methods of proximal caries
diagnosis, this study was designed to verify if any ra-
diograph recording media (monitor, film, or paper)
performs superiorly in diagnosing caries and perceiv-
ing the depth of cariogenic lesions.

Materials and Method

Our study comprised 200 human canine, premolar, and
molar teeth with and without caries that had been ex-
tracted within three weeks for periodontal or orthodon-
tic reasons. Calculus and debris were removed using
Cavitron and the teeth were immersed in a 5% solution
of sodium hypochlorite for 20 min followed by rinsing
in normal saline for 20 min in order to decontaminate.
They were then stored in 10% formalin.

The teeth were randomly mounted in 40 acrylic
blocks at the level of CEJ in groups of five. Approxi-
mately, 10 mm acrylic resin was around the roots in
each block. The teeth were mounted so that the promi-
nent part of the proximal surfaces were in contact as
well as being at the same vertical level to simulate the
normal anatomical position. The two teeth at both ends
(canines, second, or third molars) were not included in
the evaluations. Of the 240 proximal surfaces, 37 sur-
faces had obvious cavities. The clinical appearance of
the remaining tooth surfaces ranged from sound to
chalky or brown discolored after cleaning.

The 40 tooth blocks were then numbered and
stored separately in 10% neutral buffered formalin solu-
tion. To mimic a bitewing radiograph, two tooth blocks
in occlusion, using a bitewing film holder, were exposed
together with a 1.0 cm thick acrylic block to simulate
soft tissue (Figure 1). [23-25]

Figure 1: Two tooth blocks in occlusion, using a bitewing
film holder, a 1.0 cm thick acrylic block, and a phosphor plate.

Digital intraoral images of the 40 block samples
were obtained using size 2 phosphor plate (PP) (Digor-
aOptime digital imaging system; Soredex, Helsinki,
Finland). The plates were stored in lightproof envelopes
during the exposure and scanned immediately after ex-
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posure using the DigoraOptime scanner and the manu-
facturer’s software and the files were exported and
saved in a tagged image file format (TIFF).

The x-ray unit used was a Planmeca Intra (Helsin-
ki, Finland) with a focal spot size of 0.7mm, 2-mm Al
filtration, and a constant nominal tube potential se-
lectable at either 60 or 70 KVP. The teeth were radi-
ographed with their long axes perpendicular to the cen-
tral ray and the operating distance between PPs and
focus was 35.0 cm. Visibility of the pulpal root canal,
dentine, and enamel was used as an indication of opti-
mal image quality for all images (Figure 2). [1, 26-27]

Figure 2: Digital bitewing radiograph obtained by photo stim-
ulable phosphor plate.

Twenty digital bitewing images were displayed on
a 19-inch LG monitor (Flatron E1960, LG, Seoul, Ko-
rea) with a resolution of 1,360x768 pixels and 32-bit
color. The display ratio of the images was 1:1. This
monitor had an initial luminance level of 250 cd/m? and
a contrast ratio of 5000:1. Maximum luminance was set
to 170 cd/m2 based on AAPM guidelines. The viewing
took place in a room with dimmed lights. The analog
brightness and contrast controls on the monitors were
permanently fixed during the reading sessions and fur-
ther adjustment of brightness and contrast was not al-
lowed. A cardboard simulating a black mask was at-
tached to the monitor, so that the image could be seen
by the observer corresponded to the real image size, and
shielding it from the light emitted by the screen. The
observers were not allowed to use the enhancement
tools while scoring the teeth. Viewing distance was kept
constant to about 50 cm for the observers.

Twenty digital bitewing radiographs were printed
on glossy paper (DMI Paper, 21.0x29.7cm, Eastman
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Kodak, Rochester, NY, USA) at 600 DPI using an ink
jet printer (1200 Distributed Medical Imager, Eastman
Kodak, Rochester, NY, USA). Moreover, film prints
were obtained using 8x10inch film (Carestream dry
view laser imaging film, Kodak, Rochester, NY, USA)
and laser printer (Carestream dry view 6950 laser im-
ager, Kodak, Rochester, NY, USA) at 650 PPI. Consid-
ering the design purpose of the printers, they were se-
lected by their availability and price.

The viewing conditions for digital images and
films were made as similar as possible. The films were
examined on an illumination box (50x75cm) with max-
imum luminance of 3000 cd/m? and masked viewing but
without magnification.

Two oral and maxillofacial radiologists who had
at least a 5-year experience in caries interpretation on
digital radiographs evaluated the images. Intra-observer
agreement was assessed by having each observer view
all images twice, with a 2-week interval to eliminate
memory bias. The mesial and distal aspects of the three
teeth located in the center of each block were assessed
for caries. Each observer evaluated only one group of
the test images at a time and the radiographs were se-
lected randomly.

The observers used the following 5-point rank
scale to record their level of confidence regarding the
presence of proximal carious lesions as (1) for definitely
no caries, (2) for probably no caries, (3) for questiona-
ble, (4) for probably caries, and (5) for definitely caries.
In addition, they were asked to determine the presence
or absence of proximal caries according to radiographic
criteria, using a scale defined as (0) for no caries de-
tected in the proximal surface, (1) for proximal radiolu-
cency in enamel (enamel caries), (2) for proximal radio-
lucency in enamel reaching to dentine enamel junction,
(3) for proximal radiolucency in outer half of dentine,
(4) for proximal radiolucency in inner half of dentine,
and(5) for proximal radiolucency extending to pulp
(Figure 3). In order to determine the actual depth of the
caries, the tooth crowns of the 120 teeth were sectioned
perpendicularly to the long axis of the tooth just lower
than the position of cemento-enamel junction. After
cleaning and drying, the tooth crowns were individually
embedded in polyacrylic resin. Each polyacrylic resin
block was then sectioned (700pum thick per slice) serial-
ly and mesiodistally in parallel with the long axis of the
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tooth crowns using Leitz 1600 saw microtome (Ernst.
Leitz Wetzlar GmbH, Wetzlar, Germany). The tooth
slices were observed with a 16x magnifying stereomi-
croscope BS-3060A (Changfang Optical Instrument
Ltd., Shanghai, China) by two observers, both experi-
enced in histological examination and were calibrated
before evaluation. Disagreements were settled by con-
sensus. The diagnoses were recorded based on the same
radiographic 6-point scale.

[

Figure 3: Images obtained by stereomicroscope, monitor,
paper, film print (from left to right), and stage O to 5 (top to
bottom)

Statistical Methods

Weighted kappa coefficients were calculated to assess
intra and inter-observer agreements for caries diagnosis
on the three different radiographic media according to
the following criteria: 0.10, no agreement; 0.10-0.40,
poor agreement; 0.41-0.60, significant agreement;
0.61-0.80, strong agreement; 0.81-1.00, excellent
agreement. [28] Scores were compared with the histo-
logical gold standard using receiver operating character-
istic (ROC) analysis to evaluate the observer perfor-
mance. The level of significance was set at 5%. The
areas under the ROC curves (Az values) for each medi-
um, observer, and reading were calculated using the
MedCalc statistical software and IBM SPSS statistics
22. The efficacy of the each medium for carious lesion

detection was assessed by determining its specificity
and sensitivity in comparison with those of histological
images. The sensitivity interpreted a lesion as being
present when its stage from the 6-point scale was de-
termined the same as the histological assessment. On
the other hand, the specificity interpreted a lesion when
it was not present.

Results

The Intra-observer weighted kappa coefficients calcu-
lated for each observer for each medium ranged be-
tween 0.8land 0.95 (Table 1). Considering the very
high intra-observer Weighted kappa coefficients sugges-
tive of strong and excellent intra-observer agreement,
inter-observer weighted kappa coefficient and Az value
calculations were based on the first readings only. Inter-
observer Weighted kappa coefficients agreement ranged
from 0.77 to 0.85, with strong and excellent inter-
observer agreement found for all media (Table 1).

Table 1: Intra and inter-observer weighted kappa coefficients
(SD) calculated for each medium

Paper Monitor Film

Observer 1 0.958(0.055) 0.887(0.052) 0.912(0.053)
Observer 2 0.916(0.056) 0.923(0.055) 0.818(0.056)
Inter-observer  0.852(0.055) 0.847(0.052) 0.778(0.054)

SD, standard deviation

The mean areas under the ROC curves (Az val-
ues), their standard errors, and significance levels for
the first readings are given in Table 2. The highest Az
value was obtained with the monitor-displayed images,
whereas the lowest Az value was obtained with film
printed radiographs. However, there were no significant
differences between any of the Az values obtained with
the different methods of caries detection (p> 0.05).

Table 2: Between-subjects mean Az values and signifi-
cance levels for the observers’ first reading

Paper Monitor Film
Az (SE)  0.867(0.029) 0.879(0.026)  0.829(0.030)
p Value <0.001 <0.001 <0.001

SE, standard error

Teeth with dentinal caries yielded the best diagno-
sis rates for all caries detection methods and the deeper
the caries lesion, the higher the sensitivity rate. The
lowest sensitivity rates were obtained from teeth with
enamel caries, with no significant difference between
stage 1 and 2. Table 3 shows the mean sensitivity indi-
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ces of the two observers obtained from the first readings
of different media.

Table 3: Sensitivity (Sn) and specificity (Sp) rates of each
medium in different caries-depth stages

Paper Monitor Film
0.0% (98.2%)" 9.2% (94.5%) 5.3% (98.1%)
2.6% (98.5%) 7.9% (98.3%) 0.0% (97.1%)
39.3% (98.1%) 34.5% (97.3%) 38.1% (95.7%)
76.6% (92.8%) 66.7% (93.0%) 60.0% (95.3%)
70.4% (98.0%) 75.0% (98.3%) 79.5% (98.5%)
Pooled rate* 37.7% (97.1%) 38.6% (96.3%) 36.5% (96.9%)

*Pooled rates were calculated by averaging the values of stage 1 to
58
+Sn (Sp)

abswnN -

Although the specificity rates in different stages
does not differ significantly, the highest rate in each
stage belongs to hard copies with the paper prints hav-
ing the higher specificity rates in lower stages (1, 2,
&3). Table 4 summarizes the histopathologic results of
the evaluated surfaces.

Table 4: Histological results; total of proximal surfaces

Stage Number of surfaces Percentage
0 85 35.4%
1 40 16.6%
2 24 10.0%
3 43 17.9%
4 22 9.1%
5 26 10.8%
Discussion

Although different systems exist for transmitting diag-
nostic information from one office to another, many
dentists still prefer hard copies of radiographs in their
working environment due to the non-optimal condition
for analyzing digital images or film prints and the lim-
ited access to monitors at the patient’s chairside. [8-9]
Paper records are a common, low-cost, and environmen-
tally friendly interim record of digital images. [10, 13]
They are significantly more cost-effective than their
film counterpart is and the typical working environment
is less degrading to its diagnostic quality. [13] The pre-
sent study compared the diagnostic accuracy of paper,
film print and monitor-displayed images in proximal
caries detection and no statistically significant differ-
ence was found between these modalities (p> 0.05).

In the current study, the intra-observer and inter-
observer agreements ranged from 0.81-0.95 and 0.77-
0.85, respectively. Although the least intra-observer
agreement of the first observer was obtained from moni-
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tor-displayed images (0.88), the second observer had the
weakest agreement on film images (0.81). This differ-
ence in intra-observers’ agreement may be due to the
type of media which they are accustomed to for caries
diagnosis. Furthermore the level of inter observer
agreement reported by previous studies examining the
use of different radiograph recording media in the detec-
tion of caries varies (0.396-0.850). [13, 16] These dif-
ferences in inter-observer agreement may be related to
the observer’s experience, study design, and study mate-
rial.

In the present study, the high ROC values sug-
gested that the certainty score achieved by the three
methods could distinguish carious lesions from intact
surfaces accurately. Although the highest Az value was
obtained from monitor-displayed images, there was no
statistically significant difference between the Az values
of the three technigques. On the other hand, the low sen-
sitivity rates (36.5-38.6%) shows that observers could
not determine the exact stage of lesions precisely which
is due to the fact that 40-60% tooth decalcification is
needed to produce radiographic image. [29]

Previous studies showed that there is no signifi-
cant deference between different digital receptors or
different phosphor plates for the accuracy of caries di-
agnosis. [1, 30] Concluding that using different digital
receptors does not affect our results, in the present
study, we used size #2 DigoraOptime phosphor plates.

The pixel size of these plates is 60 um (resolu-
tion=8000 PPI). A resolution of 300 PPI retains the di-
agnostic information in a digital bitewing radiograph as
viewed on a standard monitor. [16] Comparing five
different flat panel monitors with conventional film for
detection of proximal caries, Isidor et al. [17] found no
significant differences between the sensitivity rates (13-
17%). Resolution of monitors, which were used in their
study, ranged 1024x768 to 1400x1024. [17] The LG
monitor which we used in this study had resolution (1,
360%768) and showed a higher sensitivity rate (38.6%)
and a similar specificity rate (96%). The lower sensitivi-
ty rate can be explained by the fact that 94% of the sur-
faces which Isidor et al. [17] assessed had enamel caries
or no caries (comparing to the 52% in the current
study). It has been showed that lesion depth significant-
ly affects observer performance in diagnosis of caries on
radiographs. [30] This can also explain why the sensiti-
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vity rates in the current study are considerably lower in
the stage 1 and 2 comparing to stages 3-5.

A printer resolution of 600 DPI is the recom-
mended printer setting for a standard, high quality print-
er. [13] Both printers used in this study fulfilled this
requirement. Schulze et al. [19] compared three inkjet
and two thermo-sublimation printers to the monitor (as a
gold standard) for the evaluation of accuracy (interprox-
imal caries, apical radiolucency, length of root canal
fillings); In line with our study high diagnostic accuracy
was found for all printers (Az value:0.725-0.884). [19]

To the best of our knowledge, there has been no
study exclusively reporting the effect of viewing on the
monitor-displayed images, paper or film prints on the
diagnostic accuracy of proximal caries lesions in
bitewing radiographs. Otis and Sherman [13] digitized
15 bitewing radiographs, printed them on photographic
paper, and evaluated images for evidence of caries. Alt-
hough images did not differ significantly for diagnosing
dentinal caries, for caries limited to the enamel surface,
a decrease in sensitivity was noted for the printed imag-
es. [13] A drawback of this study is that they scanned
the conventional intraoral films and printed them on
paper. This scanning and printing process inherently
diminishes the details that can be seen on the radio-
graphs. Therefore, the decreased diagnostic accuracy of
papers cannot be contributed to its weakness in demon-
strating enamel caries.

Conclusion

Looking at the results of the present study in detail, it
can be concluded that although there was not a signifi-
cant difference between three methods, reproduction of
radiographic images on hard copy is not reasonable
whenever an interim soft copy record is available. How-
ever, when a hard copy is needed, a paper print will be a
better option than film prints.
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