Digital images obtained with
a digital camera are not
associated with a loss of
critical information -

a preliminary study
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IN BRIEF

® |n a digital, paperless era, clinicians need
to decide whether and how to store old
radiographs.

® Film radiographs can be digitised simply
by using a digital camera.

® Storing existing radiographs in a digital
medium does not cause loss of critical
information or alter treatment decisions.

Aim To investigate whether digital images obtained by a digital camera are deficient compared to the original radiographs.
Materials and methods Twenty pairs of bitewing radiographs of children and 40 anterior periapical radiographs were
photographed using a digital camera. Images were saved as JPEG files and loaded onto a laptop. Film radiographs and
digital images as scanned and after adjustments were evaluated for proximal caries and for periapical pathologies. Results
A not statistically significant higher number of proximal lesions were observed on plain-film and enhanced digital images
than on unenhanced images. Enhanced digital images resulted in significantly more diagnoses of external root resorption
compared with conventional radiographs. Pulp canals appeared significantly more abnormal (obliterated or enlarged) in
digital images compared with film radiographs. Conclusion Storing existing radiographs in a digital medium for space
saving purposes using a digital camera does not loose critical information. Clinical implication Clinicians can use digital
cameras to digitise and store radiographic images without losing important diagnostic information.

INTRODUCTION

Since its introduction in the early 1980s,
digital radiography has drawn consid-
erable interest in the clinical and the

research fields. Its main advantages
over conventional film radiographs are
speed, convenience, no darkroom pro-
cedures, image improvement tools, and
in some cases reduced radiation expo-
sure. Although the implementation of
digital radiography in a dental practice
provides a solution for future imaging
requirements, the transfer of existing
records (conventional radiographs) to a
digital form needs to be addressed for
reasons of uniformity and space saving.
There is a need to store radiographs in
patient charts and archives in a space
saving manner.
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Several researchers have claimed that
density and contrast values of digitised
radiographs would not be the same as
those of conventional film,"? although
they can be modified with image
processing tools.>® In one study that
compared four different film scanners
and addressed the possible loss of infor-
mation during scanning, the authors
concluded that the scanners could not
produce a reliable digital conversion of
plain film because of their density range
limitation.* These findings agree with
another study that indicated a signifi-
cant loss of information in scanned radi-
ographs, particularly in the dark zones.”

However, others have found no dif-
ferences in resolution between digitised
images and the film-based radiographs,®
although the digitised radiographs dem-
onstrated higher density. While scanned
digitisation of conventional radiographs
and their comparison with conventional
images has been reported, studies using
digital cameras as the means of digitisa-
tion are very rare.”'

There are several advantages of digital
camera technology producing images of
diagnostic quality. Digital cameras are

increasingly in use around the world;
the photographs are suited for immedi-
ate data transmission, eg via email to a
specialist, colleague, or dental labora-
tory, and instant integration into dental
practice software for storage; images
can be diagnostically enhanced in a
similar fashion to digital radiographs,
using existing camera software; in a
dental practice, it is a means of transfer-
ring patient records (conventional radio-
graphs) onto the practice database; and
digital photographs facilitate patient
education and acceptance of treatment.

A study to determine the proper scan-
ning resolution when using a flatbed
scanner for bitewing radiographs in the
diagnosis of the presence and depth of
approximal caries found that 300 dpi
provided the best results for caries detec-
tion at almost all lesion depths."

It has been claimed that the reason
digitising
using current high-grade digital cam-
eras or scanners does not produce images
of diagnostic quality is the need for
improved resolution of viewing moni-

conventional radiographs

tors.”” Another study found that pulp
areas within the crown molar were larger
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than indicated by radiographs, and there
may be a greater risk of mechanical pulp

Table 1 Presence of proximal caries, depth of lesions and treatment decision in the bitew-

ings, the digital images and on the enhanced digital images

exposure than revealed by the radio- Conventional radiograph | Digital image Enhanced digital
graphs.”® Therefore the need for accu- n (%) n (%) n (%)
racy in diagnosis is emphasised. Proximal caries

The purpose of the present study was Present 46 (17) 2 (15) 54(20)
to compare the diagnostic perform-
ance of plain-film intraoral radiographs MEE drEseEt 226 (83) 230 (85) 218 (80)
with digital images of these radiographs Total 272 272 272
obtalne.d with a hl.gh.—end digital ?amera Depth of lesion®
for caries and periapical pathologies.

<half enamel width 14 (30) 13 (30) 13 (30)

MATERIALS AND METHODS >half enamel width 32 (70) 29 (70) 41 (70)
The study examined retrospectively 20 Total 46 0 £4
pairs of bitewing radiographs (total of
272 surfaces), and 40 anterior periapi- Treatment;decision
cal radiographs of children (mean age Restoration 32 (70) 27 (64) 37 (69)
of 6.7 ?/ears, SD ]"8 years) ta.ken from’a Follow up and F application 14 (30) 15 (36) 17 (31)
collection of a private practice, used in
student teaching exercises in paediatric lozl e i o4

dentistry. There were 101 mesial sur-
faces and 101 distal surfaces of first and
second primary molars and first per-
manent molars (total of 202 surfaces),
and 34 mesial and 36 distal surfaces of
primary canines (total of 70 surfaces).

* Note: totals refer to the diagnosed caries lesions

Table 2 Periodontal ligament (PDL) enlargement, external root resorption and pulp canal

width in the anterior conventional periapical radiographs, on digital scanned images and
on enhanced digital images

The identity of the patients was blinded (n_‘o(r;/\;)entmnal radiograph EI?OI/E?I s 'En(l;z;\ced digital
to the investigators. The study was oDL ent "
approved by the Helsinki committee of <P ET
Tel Aviv University. Yes 14 (35) 20 (50) 23 (57.5)

Radiographs were taken using a Gen- No 26 (65) 20 (50) 17 (42.5)
dex Medical System X-ray machine (Ora-
lix 65S, Italy) operating at 10 mA and 65 Total <L 0 “L
kVp. These showed carious lesions and External root resorption
were standardised by using a Kwik-Bite

. Yes 14 (35)* 22 (55) 24 (60)*

film holder (Hawe Neos Dental, Biog-
gio, Switzerland). Radiographs were No 26 (65) 18 (45) 16 (40)
developed using a manual developing Total 40 40 40
box containing conventional developer
and fixer. Pulp canal width

All radiographs were placed in slide Enlarged/obliterated 4 (10)*% *x 17 (44)* 19 (49)**
hold light viewing b Magni

owders on a ight viewing box (Magni Normal 35 (90) 22 (56) 20 (51)
Viewer III, Proyrex, Tokyo, Japan) and
photographed using a Nikon D70S dig- Total 39 39 39

ital camera (Nikon Corporation, Tokyo,
Japan) with an AF Micro-Nikkor 60 mm
f/2.8D lens (ISO 200, F = 8, shutter speed
= 1/125). The Nikon camera features a

* Conventional radiograph vs enhanced scan, Chi square: p = 0.044

** Conventional radiograph vs scanned radiograph, Chi square: p = 0.002
*** Conventional radiograph vs enhanced scan, Chi square: p = 0.001

charge coupled device (CCD) of 5.47 mil-
lion pixels with a recording image of
3,008 x 2,000 pixels.

The Nikon camera images were taken
at the same camera-radiograph distance
with a camera-holder jig. Identical illu-
mination was used throughout with the
radiographs placed at the same location
on the light box. Digital camera images

were saved as Joint Photographic Experts
Group (JPEG) files.

Digital images were loaded directly
onto an IBM T43 ThinkPad laptop with
a 14 inch screen. Images were opened
using ACDSee software (Version 8, ACD
Systems, Victoria, BC, Canada). The full
screen was used with a black background
for each image. The following parameters

were evaluated for bitewing radiographs:
presence of proximal caries (yes/no);
depth of lesion (shalf of the enamel
width / >half of the enamel width); and
treatment decision (restoration/follow-
up). The latter was included because it
was agreed that a lesion of less than one-
half the enamel width would generally
not be restored but treated with fluoride
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and followed-up, where the lesion was
adjacent to a sound proximal tooth struc-
ture. When lesions less than one-half the
enamel width were adjacent to a lesion
of more than one-half the enamel width,
the smaller lesion was also restored.

For the periapical radiographs, the
following parameters were evaluated:
periapical pathology (yes/no); periodon-
tal ligament (PDL) enlargement (yes/no);
external and internal root resorptions
(yes/no); and pulp canal width: abnor-
mal (enlarged/obliterated) or normal.

Conventional radiographs were exam-
ined on the light viewing box and digital
images directly on the laptop monitor,
with each digital image approximately
eight (for the #2 size film) and 9.7 (for the
#0 size film) times larger than the origi-
nal radiograph (in diagonal distance).
After examining the digital images as
they were taken by the camera, they were
enhanced by manoeuvering the contrast
and brightness for further comparison
with the unenhanced images and the
original radiographs, and re-evaluated
for the same parameters.

Two experienced paediatric dentists
evaluated the plain-film radiographs
and the digital images, after calibration.
Calibration was carried out before the
study, with the examiners evaluating
five pairs of bitewings not included in
this study.

Image sequencing was the same for
both evaluators. Films and digital images
were examined on different days. Evalu-
ators used a magnifying glass or magni-
fying loupes, ranging from x2:5 to x3:5,
freely. Scores were recorded once con-
sensus was reached.

Statistical analysis for comparison
between scores for each image mode
(conventional, digital and enhanced dig-
ital) was carried out using JMP software
(Version 3.2.6., JMP Application Co.,
SAS Institute, Cary, NC, USA). The level
of significance for chi-square analysis
was set at p <0.05.

RESULTS

Distribution scores for presence of prox-
imal caries, lesion depth and treatment
decision in the bitewings, digital images
and enhanced digital images are shown

in Table 1. More proximal lesions were
observed on the plain-film radiographs

and on the enhanced digital images than
on the unenhanced digital images. How-
ever, these differences were not statisti-
cally significant.

The percentage of carious lesions
extending to one-half of the enamel
width was similar in the three image
modes, while the percentage of deci-
sions to restore the cavities was close.
No difference was found in the number
of proximal carious lesions or periapical
lesions in the anterior periapical radio-
graphs and their digital and enhanced
digital images.

Table 2 demonstrates the distribution
scores for PDL enlargement, external
root resorption and pulp canal width in
the anterior periapical radiographs, on
digital images, and on enhanced dig-
ital images. PDL enlargement was more
prevalent in the digital and enhanced
images than in the conventional radio-
graphs, although the scores did not
reach statistical significance. No signifi-
cant difference was found between the
conventional and digital images regard-
ing external root resorption. However,
enhanced digital images resulted in
significantly more diagnoses compared
with conventional radiographs. Pulp
canals were significantly more abnormal
(enlarged or obliterated) in the digital
and enhanced digital images compared
with conventional radiographs. No sig-
nificant differences appeared in the
distribution of abnormal/normal canals
between both digital imaging groups.

DISCUSSION

The present study did not show dif-
ferences

among plain-film bitewing
radiographs and digital images for the
diagnosis of caries, lesion depth and
diag-
noses of PDL enlargement, external root
resorption and pulp canal width were
more prevalent with digital images,
which may suggest more accuracy in the

treatment decision. However,

digitised images and computer-enhance-
ment procedures regarding root param-
eters. This shows a major advantage of
digitising radiographs over conventional
radiographs as previously reported.'®
However, the reason for the difference
may originate from another source. The
outcome of the digitisation of film-based
radiographs may be subject to a number

of variables, including the type of cam-
era and exposure resolution selected.™
A Nikon D70S camera was used in the
present study, and digitised pictures
stored in a JPEG mode.

Since images in JPEG form are com-
pressed by the camera, it is quicker to
save to memory and enables the opera-
tor to store more pictures. However, in
the process of image compression some
of the colour information may be lost.
For example, when the processor rec-
ognises large areas of similar colour, it
may choose an average of the pixels that
make up the colour to represent the entire
area, discarding some of the subtle hues
originally captured. Therefore, it is pos-
sible that the JPEG files may be respon-
sible for the difference in the diagnosis
of root parameters. A reduced dynamic
range (grey shades) could occur, which
could result in increased contrast of
the digitised images compared with the
plain radiographs.”'

The appearance of dental caries on a
radiograph is grey. Therefore, it contains
very limited dynamic range of colours.
Images enhanced by adjusting brightness
and contrast could overlook some subtle
hues of grey, placing the image into a
more dichotomised appearance of black
and white. This may explain why there
were nine more carious lesions diag-
nosed with enhanced digital images.

It is expected that higher scanning
resolution might result in a higher qual-
ity of digital images. However, in sub-
jective image evaluation this may not be
the case. In one study' where digitised
images of various scanning resolutions
were compared for subjective quality,
most of the observers rejected the higher
resolution (600 dpi) image. In the present
study, the
were also enhanced regarding contrast
and brightness.

The decision to keep the images in a
JPEG mode was based on the facts that
JPEG is a ‘universal’ file format, can be

camera-obtained images

viewed on almost any computer, and can
be written to memory more quickly than
other modes such as Tagged Image File
Format (TIFF) or RAW. Additionally, in
a RAW mode, although the full range of
data from the sensor can be achieved,
data must still be processed on the com-
puter before they can be used.
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The appearance of enlarged PDL or
pulp canal abnormalities that were more
prevalent in the camera-obtained images
compared to conventional radiographs
can be wunderstood considering the
nature of the JPEG storing mode. In these
structures, some of the data in these files
may have been lost. The dynamic range
of black, grey and white is prominent.
Here, images enhanced by adjusting
brightness and contrast could definitely
overlook subtle hues of grey, placing the
image into a more dichotomised appear-
ance of black and white. Images of the
proximal caries suffered less from this
fault, presenting more resemblance to
the conventional radiographs.

The present study has some limitations.
All images were subjectively evaluated
by two dentists and used the JPEG mode
of image storage. Further studies are
necessary using more advanced modes
of image storing. TIFF, unlike JPEG, can
be edited and resaved without compres-
sion loss, and RAW enables the optimal
mode of image storage.

Another issue was that although the
purpose of the present study was to
compare the information stored in two
modes of image storage, that is conven-
tional plain-film radiographs and their
digital images, there was no gold stand-
ard of diagnosis in this study. There-
fore, a comparative evaluation study for
images of normal anatomical structures
is required.

This study showed that clinicians
can use digital cameras to digitise and
store radiographic images without los-
ing important diagnostic information
when there is a need to store radio-
graphs in patient’s charts and archives
in a space saving manner. Profession-
als who move to digital imaging can
digitise their
radiographs using an single lens reflex

existing conventional
(SLR) digital camera. Further studies are
recommended to clinically confirm the
pathologies visually diagnosed in both
the film and two sets of digital images
(raw and enhanced), and to more accu-
rately determine the camera parameters
needed to preserve or improve the diag-
nostic quality of the film images.

CONCLUSION

Based on visual diagnosis of a set of
plain-film radiographs and their digi-

tised counterparts using the Nikon D70S
camera, no critical diagnostic informa-
tion was lost by digitising the images and
using brightness and contrast enhance-
ment. Treatment decisions did not differ
after interpreting film radiographs or
digital images. However, a more com-
plete study where the pathologies are
verified clinically is required.
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