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Objective: This study aimed to investigate how the radiographic processing method affect the radiographic density of
two types of film. Methods: Radiographs from non-cavitated occlusal caries lesions obtained in a previous study were
used. We analyzed 28 films from 12 patients that were obtained with the same X-ray device. Seven Ektaspeed (Kodak
Eastman Kodak Co, Rochester, NY, USA) and seven Ultraspeed (Kodak Eastman Kodak Co) films were manually pro-
cessed, while seven Ektaspeed and seven Ultraspeed films were automatically processed. The angle of incidence of the
X-ray beam and the distances between the apparatus, the tooth and the film were standardized. Therefore, the study
comprised four groups: GE1: Ektaspeed manually processed; GE2: Ektaspeed automatically processed; GU1: Ultras-
peed manually processed; and GU2: Ultraspeed automatically processed. The images were digitized (G40450 Scan Jet
C/T, Hewlett-Packard) and analyzed using Digora for Windows 2.7 (Soredex Medical Systems) to obtain the average ra-
diographic density, and data were analyzed using Student’s t test for paired data (Bioestat 5.3). Result: Only the Ektas-
peed film showed statistically significant differences among radiographic densities with different processing methods
(p = 0.0037). Conclusion: The Ektaspeed film automatically processed is better suited for the early diagnosis of caries
lesions.
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Influéncia do tipo de filme e método de processamento na densidade radiografica para diagnostico de carie oclusal °
Objetivo: Este estudo tem como objetivo estudar a influéncia do método de processamento na densidade radiografica de dois tipos de
filmes. Métodos: Foram utilizadas radiografias de lesdes de cérie oclusais nao cavitadas obtidas em estudo prévio. Foram analisados
28 filmes obtidos de 12 pacientes cujas radiografias foram realizadas com o mesmo aparelho radioldgico. O mesmo niimero de filmes
(n=7) Ektaspeed (Kodak Eastman Kodak Co, Rochester, NY, USA) e Ultraspeed (Kodak Eastman Kodak Co) foram processados manu-
almente e automaticamente. Desta forma, o estudo compreendeu quatro grupos: GE1: Ektaspeed processado manualmente (n=7); GE2:
Ektaspeed processado automaticamente (n=7); GU1: Ultraspeed processado manualmente (n=7) e GU2: Ultraspeed processado auto-
maticamente (n=7). As imagens foram digitalizadas (G40450 Scan Jet C/T, Hewlett-Packard) e analisadas utilizando o programa Digora
for Windows 2.7 (Soredex Medical Systems) para obter a média da densidade radiografica. Os dados foram analisados através do teste T
de Student para dados pareados (Bioestat 5.3). Resultado: Apenas o filme Ektaspeed mostrou diferencas estatisticamente significantes
entre as densidades radiograficas com os diferentes métodos de processamento (p = 0.0037). Conclusdo: O filme Ektaspeed processado
automaticamente é mais apropriado para o diagndstico precoce de lesoes de carie oclusal.
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INTRODUCTION

The diagnosis of dental caries using imaging
has evolved significantly, and a detailed analysis of
images using appropriate software facilitates the
early diagnosis of dental caries. The use of direct
and semi-direct digital systems or conventional ra-
diography (indirect digital radiography) associated
with specific software programs provides detai-
led information that can be used for diagnosis. By
using these resources, density and contrast can be
changed to improve the interpretation of images.!
The use of dedicated software, such as Digora for
Windows 2.7, Image Tool, or Vix Win, enables the
measurement of degrees of grey in the images, whi-
ch may be quantified and translated to numerical
values of image density. The 8-bit system display a
range of 256 degrees of gray on a scale from zero,
fully radiolucent, up to fully radiopaque.*2

Regardless the method used to evaluate a radio-
graphic exam, many factors contribute to a suitable
radiographic image, including exposure time, pro-
cessing method, angle of incidence of the radiation
beam and type of film used.'s

Therefore, this research aims to verify the
effect of the processing method, either manual or
automatic, with two types of film, Ektaspeed and
Ultraspeed, on the radiographic density values of
occlusal, non-cavitated caries lesions using Digora
for Windows 2.7®.

METHODS AND MATERIALS

Radiographs were used from non-cavitated oc-
clusal caries lesions obtained in a previous study
by Silveira®. Twenty-eight radiographs obtained
from 12 patients at the same time were analyzed
using Spectro II (Dabi Atlante, Ribeirdo Preto, SP,
Brazil) at 50 kV, 10 mA, and an exposure time of
0.5 s. Seven Ektaspeed (Kodak Eastman Kodak
Co, Rochester, NY, USA) and seven Ultraspeed
(Kodak Eastman Kodak Co, Rochester, NY, USA)
films were processed manually according to the

Pellegrini HA « Silveira A ¢ Lascala CA ¢ Costa C ¢ Luz VMIAAC

temperature/time table provided by the manufac-
turer, while seven Ektaspeed and seven Ultraspeed
films were processed in a Peri-Pro III nonroller au-
tomatic processing machine (Air Techniques, New
York, NY, USA). Radiographs were taken with a
standardized angle of incidence of the X-ray beam
and at a standardized distance between the ap-
pliance and the tooth film, which was determined
using an acrylic resin bite guide.® Therefore, the
radiographs could be repeated with the same dis-
tance from the film source (40 cm) and the same
vertical and horizontal angulations. Two types of
radiographic films and the same X-ray device were
used for each patient.

This study comprised four groups: GEi:
Ektaspeed manually processed; GE2: Ektaspeed
automatically processed; GU1: Ultraspeed manu-
ally processed; and GU2: Ultraspeed automatically
processed.

Radiographs were digitized at a resolution of
75 dpi using a scanner with a transparency rea-
der (ScanJet G40450 C/T, Hewlett-Packard, Palo
Alto, CA, USA). The images were stored in JPG
format with maximum quality, without image
manipulation. The digitized radiographic images
were analyzed using Digora for Windows® 2.7
(Soredex Medical Systems, Tuusula, Finland) to
obtain the average radiographic density. These va-
lues were tabulated and analyzed using Student’s
t test for paired data to determine whether the-
re was a significant difference between groups
(Bioestat 5.3).

RESULTS

Results were obtained by correlating the radio-
graphic density and processing method (automatic
or manual) for the two types of films.

Statistical analysis of the digitized radiogra-
phs showed a statistically significant difference
in radiographic density between processing me-
thods with the Ektaspeed film (p=0.0037). The
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films are shown in Table 1, and Graphic 1 shows the
distribution of the radiographic density values for

Ultraspeed film showed no statistically significant
difference between processing methods. Mean va-

lues and confidence intervals for the two types of the four groups.

Table 1 | Mean radiographic density according to the processing method for Ektaspeed and Ultraspeed films using Student’s t test (means,
standard deviation (SD) and 95% confidence interval of differences).

Film Manual Automatic Paired Differences
Lower Upper
Ek(tnajfz;a ’ (ﬁg:gi (J_r11;.667) (;%%Z) 4872 -10.99 0.0037

Note: Paired difference values were obtained by subtracting the initial value from the final value; therefore, negative values indicate an increase in the

coefficient after 12 months of follow-up. 1 Significance level
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Graphic 1 | Radiographic density of both types of films using manual processing (MP)

and automatic processing (AP).

DISCUSSION

This study originated from the study of
Silveira,® which evaluated the effect of different
pit and fissure sealing materials in the treatment
of non-cavitated occlusal caries lesions. In this
study, the radiographs used for the control tre-
atment were obtained in a standardized manner
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using a positioner customized for each patient. In
addition, the X-ray device, film type and proces-
sing method were standardized. The current lack
of standardization in the chemical processing of
radiographs is common in different types of den-
tal care. According to Costa,” professionals do not
follow quality control programs. The difficulties in



obtaining high-quality radiographs are related to a
lack of adequate facilities, the use of visual proces-
sing methods, incomplete chemical processing, and
a lack of knowledge about the characteristics of the
processing solutions.”

Generally, the progression of a lesion in dentin
causes a partial collapse of the enamel, resulting
in color changes and/or translucency of the tis-
sue. On a radiographic examination, these initial
tissue changes produce radiolucent images below
the amelodentin junction. However, recent studies
have reported the possibility of lesion progression
in dentin under apparently intact surface enamel
that are difficult to detect in grooves and pits using
conventional clinical methods; these studies show
the necessity of radiographic examinations to help
to diagnose these lesions.®*° In addition to aiding
in the diagnosis, the radiographic examination
can be useful for clinical monitoring and it is the
preferred method for progression analysis of these
lesions.2115

Regarding the quality of radiographic exami-
nations, continuous studies should be performed
with different types of film, chemical solutions and
processing methods to improve the accuracy of the-
se examinations and, consequently, the diagnosis
and/or monitoring of carious lesions in their initial
stages of development. Early diagnosis can make
conservative and/or minimally invasive treatments
possible. Worldwide, 60-90% of schoolchildren
and nearly 100% of adults have tooth decay.*® This
fact made this disease a focus of those who prac-
tice conservative dentistry and prioritize minimal
intervention to maintain the integrity of dental
elements over conventional restorative treatments
that require a more invasive approach to caries le-
sions and weaken the dental elements.”

According to Lotto,"® the use of radiographs in
the diagnosis of carious lesions is possible becau-
se of differences in radiolucency among tissues.
More mineralized tissue appears as a white area or
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radiopaque on a radiographic examination, while
softened tissue appears dark or radiolucent. In a
radiographic exam, an injury in dentin below an
apparently sound enamel appears as a radiolucent
line between the enamel (more radiopaque) and the
sound dentin (middle radiolucency). Special care
must be taken to avoid misinterpreting this line
as the “mach band” effect, i.e., an optical illusion
due to the adjacency of a dark area to another li-
ght area, giving the impression of an intermediate
area between the two that could be confused with
dentine lesions.®® The film quality and activity of
processing solutions are important for obtaining a
good-quality image that can assist in the diagnosis
and may be assessed using the sensitometric me-
thod, which measures characteristic curves of such
properties as contrast, sensitivity and latitude.
Two factors may be responsible for the variation
in the results: the latitude and the sensitivity of the
films. Sensitivity is the response of a film to electro-
magnetic radiation (light or X-rays) and is verified
after radiographic processing to obtain optical den-
sities.*2° Latitude is the larger or lesser ability of a
film to be under-exposed or over-exposed and still
produce images of adequate quality for interpreta-
tion.'>?° Manual and automatic processing resulted
in statistically significant differences for Ektaspeed
film images, which can affect clinical diagnosis
when using this type of film. This film is more sen-
sitive, which can be attributed to its lower proces-
sing latitude and may be explained by Graphic 1, in
which there is a visible difference in radiographic
density between manual and automatic processing.
The Ultraspeed film has increased processing lati-
tude, probably because its radiographic density va-
ries less between different types of processing.
Regarding the use of films in dental clinics, a film
with a small latitude would have a greater capacity
to show an incipient carious lesion than a film with
a greater latitude, which, in turn, would be less sen-
sitive. This is a critical choice in community dental
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health clinics, in which early diagnosis is critical,*
but controlling such variables to obtain good radio-
graphic images may be very difficult. However, as
we consider that the processing techniques should
be controlled as much as possible to obtain optimal
image quality, the more suitable film for auxiliary
diagnosis exams of incipient dental caries lesions is
the E group of sensitivity (Ektaspeed), which also
exposes patients to lower radiation doses. In cli-
nical practice, it is important to observe the pro-
cessing type (manual or automatic) and the type
of film used to obtain the best possible image and,

consequently, make the correct diagnosis.

CONCLUSION

E films (Ektaspeed), which are more sensitive,
are more suitable for auxiliary diagnosis exams in
the early diagnosis of caries lesions, particularly if
they are processed automatically for better control
of the image quality. However, when practitioners
are less experienced and automatic processors are
not available, or when undergraduate students are
interpreting images, less sensitive films such as the

Ultraspeed are indicated.
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