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Resumo

Introdugao: Com a preocupagdo em antecipar o acesso ao resultado de radiografias intrabucais, o processamento
radiografico é muitas vezes negligenciado, comprometendo a qualidade da imagem. Objetivo: O objetivo deste
trabalho foi avaliar a influéncia da interrupgdo do processo de fixa¢do no contraste radiografico e na densidade
base e velamento (DBV) em 3 marcas comerciais de filmes periapicais. Material e método: Foram realizadas
90 radiografias de um stepwedge de aluminio e uma placa de chumbo para cada marca, e as mesmas foram divididas
de acordo com o tempo de imersdo inicial no fixador em: grupo controle (sem interrup¢ao na fixa¢do), 5, 10, 20,
30 e 40 segundos. Durante o processamento, os filmes tiveram a fixa¢ao interrompida e foram expostos a luz de
um negatoscopio por 1 minuto, e entdo completaram o tempo de fixagdo de 10 minutos. As radiografias foram
digitalizadas e analisadas no software Image Tool 3.0. Resultado: O filme Kodak® ndo apresentou diferencas
estatisticas significantes entre os grupos, enquanto que o filme Agfa® apresentou diferenca na DBV em relagédo
ao grupo de 5 segundos, e o filme Dentix® apresentou diferenca estatistica em todos os grupos comparando-os ao
grupo controle. Conclusio: Sob as condi¢des estudadas, o filme Kodak® ndo sofreu influéncia da interrupgdo da
fixacdo na DBV e no contraste da imagem, possibilitando o acesso antecipado ao resultado do exame radiografico,
enquanto que o filme Agfa®necessita de pelo menos 10 segundos de fixagdo inicial e o filme Dentix® obtém melhores
resultados quando néo interrompido o processo de fixagéo.

Descritores: Intensificacdo de imagem radiografica; radiografia dentaria; filme para raios X.

Abstract

Introduction: With the interest in anticipating access to the result of intraoral radiography, the radiographic
processing is frequently neglected, compromising image quality. Objective: The aim of this study was to evaluate
the influence of interrupting the fixation process on the radiographic contrast and base-plus-fog density (BPFD) in
three brands of periapical films. Material and method: Ninety radiographs were taken of an aluminum stepwedge
and a lead plate for each brand, and they were divided according to the time of initial immersion in the fixative
in: control group (without interrupting the fixing), 5, 10, 20, 30 and 40 seconds. During processing, films had the
fixing stage stopped and were exposed to a negatoscope for 1 minute, then the fixation time of 10 minutes was
completed. The radiographs were digitized and exported to Image Tool 3.0.software. Result: Kodak® film showed
no statistically significant differences between groups, while Agfa® film presented difference in BPFD compared
with Group 5 seconds, and Dentix® film showed statistical difference in all groups in comparison with the control
group. Conclusion: Under the conditions studied, Kodak® film is not influenced by disruption of fixation as regards
BPFD and image contrast, enabling early access to the results of radiographs, whereas Agfa® film requires at least
10 seconds of initial fixation, and Dentix® film obtains better results when the process of fixation is not interrupted.

Descriptors: Radiographic image enhancement; radiography, dental; x-ray film.
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INTRODUCTION

A good quality radiographic exam is fundamental for
correct diagnosis in various situations in clinical dentistry'. It
allows detection of the presence of pathologies, anomalies, in
addition to confirmation of the integrity of dental structures®*.
For adequate radiographic interpretation, strict quality control
of image capture is fundamental®. This consists of continued
evaluation of the energy factors related to exposure to X-rays,
image processing, patient protection and gain of working time.
Command of all the stages of the radiographic exam and a careful
technique may diminish the time of attending patients, as these
factors prevent unnecessary repetitions®.

Therefore, adequate contrast and base-plus-fog density
(BPFD) are fundamental criteria for correct interpretation of the
images obtained, since radiographic contrast is translated by the
graduation of the different densities of films in different areas of
a radiograph" and BPFD represents the optical density inherent
to the radiographic film®, which may result from the quality of
the emulsion and its interaction with the processing solutions,
secondary radiation, and safety light™".

Continuing studies must be conducted to evaluate different
brands of films with regard to their respective BPFDs, with a
view to quality control in dental radiography®’, bearing in mind
that with technological advancement, new commercial brands of
films are introduced into the market.

Moreover, it has been noted that many professionals
neglect the radiographic processing procedure in daily practice,
particularly the stage of fixation, although they are aware that in
order to obtain a quality image, it is important for all the stages
of the radiographic exam to be performed correctly, starting with
film storage and through to its final drying. This is mainly due to
the need for reducing the working time and the apparent ease of
performing the technique.

As a result of this, and concern about anticipating access
to intraoral radiographic results, without compromising their
quality, the aim of this study was to make a digital evaluation of
the influence of interrupting the fixation process on radiographic
contrast and base-plus-fog density (BPFD) of 3 commercial
brands of periapical films.

MATERIAL AND METHOD

For this research a stepwedge (aluminum equivalence
scale)®’, made of a specific and internationally standardized
alloy (aluminum alloy 2026, ABNT), consisting of eight steps
measuring 1 mm in height each, in addition to a lead plate with
an area of lcm? 30 Kodak® Insight periapical films, sensitivity
F (Eastman Kodak Company, Rochester, USA), 30 films Agfa®
Dentus M2 Comfort periapical films, sensitivity E (Agfa-Gevaert,

* Goaz PW, White SC. Processing X-ray film. In: Goaz PW, White SC. Oral
radiology, principles and interpretation. St. Louis: Mosby-Year Book; 2009.

** Dezotti MSG. Avaliagdo de filmes radiogrificos periapicais em diferentes
condigdes de processamento pelos métodos sensitométrico, digital e
morfométrico [tese doutorado]. Bauru: Faculdade de Odontologia da USP; 2003.
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Mortsei, Belgium) and 30 Dentix® periapical films, sensitivity
E (Foma Bohemiaspol. s R.O, HradecKralové, Czech Republic)
(Figure 1), totaling 90 radiographic films for the study.

The films were exposed to radiation under standardized
technical conditions, on the same day and by the same operator,
using the DabiAtlante® (Model Spectro 70x electronic) intraoral
radiographic appliance, with mechanical calibration previously
verified, and with the technical factors of exposure fixed at 70 kVp
and 8 mA, for the time of 0.4 seconds determined by a previous
pilot test, containing a lead plate and a stepwedge. The main X-ray
beam fell perpendicularly on the film/stepwedge/lead plate, at a
distance of 40 cm (Figure 2).

In the act of processing, a random subdivision was performed
for each commercial brand of films, to group them according
to the times of initial immersion in the fixer, with the following
groups being obtained: Control (without interrupting fixation),
05, 10, 20, 30 and 40 seconds.

Each film was individually processed by one and the same
examiner, by the temperature-time method, in a portable VH®
dark chamber (Essence Dental, Araraquara, Brazil), using the
ready-to-use Kodak® (Eastman Kodak Company, Rochester,
USA) solutions that were at a temperature of 22 °C. According
to the tables provided by the film manufacturers, the immersion
time in the developer was 4 minutes, intermediate washing for
20 seconds, complete fixation time of 10 minutes, in addition to
final washing for another 20 minutes. To control the method,
a thermometer for liquids and a stopwatch were used. So that
the deterioration of the solutions due to the quantity of films
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Figure 1. Radiographic Films of three different brands.

Figure 2. Image of the stepwedge, lead plate and radiographic film,
positioned for the radiographic exam.
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processed and oxidation would not interfere in the processing
quality of the following radiographs, the processing liquids were
changed for each commercial brand.

In accordance with the previously described standards,
the radiographs were processed individually. The films of the
experimental groups were immersed in the fixer, and when the
initial immersion time was up, the stop-watch was stopped, the
films were removed from the fixer solution, and then exposed
to the light of a negatoscope without coming into direct contact
with it, for a period of 60 seconds. Without returning to the
receptacle with water, fixation of the films was resumed until the
time of 10 minutes was up, then they were immersed in water
for 20 minutes. After complete drying, the radiographs were
digitized in a scanner with a transparency reader, of the HP®
Scanjet G4050 brand, with an optical digitization resolution of up
to 4800 d.p.i. (dots per inch). All the images were captured with
a fixed resolution of 300 d.p.i., saved in TIFF (Tagged Image File
Format) format and sent to the Image Tool 3.0 software program
for analysis of the image of the first and last step of the stepwedge,
for the purpose of calculating the contrast and measuring the
DPED.

It is important to point out that for the measurement of the
contrast and base-plus-fog density, a scale that ranges from 0 to
255 is used, with 0 being equivalent to black and 255 to white. The
intermediate numbers represent the various gray tones present in
the image, with the high-density values corresponding to lighter
images, and the lower values to darker images’.

The data were inserted in the Excel 2010 and SPSS 11.0
software programs, and submitted to the analysis of variance
(ANOVA) and Tukey statistical tests, at a 5% level of significance.

RESULT

For presentation of the data, two graphs were constructed
of mean BPFD and contrast values, in which equal letters
correspond to no statistically significant difference at a level of
5% between the studied means, with the purpose of evaluating
the homogeneity between the groups.

When the contrast in the different radiographic films was
analyzed, the Kodak® and Agfa® brands presented no statistically
significant differences between the different groups with
interruption of fixation. However, the films in the experimental
groups of the Dentix® brand presented considerable difference
in comparison with the control group, with this difference being
more significant in the group of interruption for 5 seconds
(Figure 3).

When analyzing the BPFD, constant values were observed
for Kodak® film. The Agfa® brand presented values close to
those of the Kodak® brand, however, in the group in which there
was an interruption of 5 seconds, a difference was observed in
comparison with the control group and other groups. When the
results with reference to the Dentix® film were analyzed, it was
observed that all the groups presented differences in comparison
with the control, with these being more significant in the groups
with interruptions of 5 and 10 seconds (Figure 4).
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Figure 3. Mean value of contrast for the different radiographic films.
Equal letters correspond to no statistically significant difference at
the level of 5%.
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Figure 4. Mean value of BPFD for the different radiographic films.
Equal letters correspond to no statistically significant difference at
the level of 5%.

DISCUSSION

Daily dental practice demands the use of radiographs with
speed, with a view to reducing the time of work. Both in specialized
procedures and those in the general clinical, the professional
encounters situations in which there is a need for obtaining good
quality radiographs quickly. However, interrupting the fixation
of the radiograph, frequently done by clinicians for this purpose,
results in the loss of details in the radiographic image. Over time,
the poorly fixed radiographs present a yellowed color and the
image formed tends to disappear, by virtue of the absence of an

effective protective barrier®.

Moreover, the use of good quality radiographs is
imperative for making a correct diagnosis and treatment in
the various situations of the dental clinic, and particularly for
documentation®”. Therefore, the dentist must use means that
optimize processing, but continue to guarantee a satisfactory
result. Knowing the importance of the use of radiographs as an
auxiliary diagnostic method, there is the challenge of reducing the
risk offered by radiation doses, avoiding unnecessary repetitions,

and diminishing the clinical working time®, and nevertheless
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continue to obtain radiographs rich in details by means of a well
performed technique.

In seeking better results and greater speed, some authors have
suggested the use of careful automatic processors with respect to
all the stages and conditions of processing®. However, in Brazil,
the low flow of patients or high cost of acquiring an automatic
processor make it unfeasible for all the private dental offices
or those of the national health system to purchase such a unit.
Therefore, all that remains is to carefully comply with all the
steps involved in obtaining a high quality radiograph, and this
is classified as such when it presents the maximum amount of
details, medium contrast and density and minimal distortion’.

These criteria may be influenced by various factors, among
them the choice of radiographic film used and the radiographic
processing technique. Although radiographic processing is
considered an easy-to-perform procedure, it is responsible
for a large portion of imaging errors'®!'. There continues to be
controversy about the ideal time of immersion of the radiographic
film in the fixation liquid®, however, it is recommended that the
time demanded by the radiographic film manufacturer should
be respected, which suggests a mean of 2 to 4 minutes, while
the literature recommends the time corresponding to double
the amount of time necessary for the milky image to become
transparent, which occurs in around 8 to 10 minutes®.

The quality of radiographs largely depends on their correct
manipulation in accordance with the film manufacturer's
instructions. Casanova et al.’ and Lourenco et al.’ have made
reference to various factors, such as the type of film, types of
solutions, forms of processing, development temperature, final
washing, drying, sensitivity, contrast and BPFD, as factors
potentially responsible for the poor quality of radiographs.

Among the means of processing most commonly used by
dentists, the manual inspection method has been observed to be
the most frequently used. However, some researches have shown
thatunder-processing occursin alarge portion of dental offices'® ™4,
which may undoubtedly induce diagnostic errors. Lemke et al.'®,
in their research, verified that the majority of professionals
evaluated were performing radiographic overexposure, in order
to under-process the radiographs afterwards, with the aim of
reducing working time.

In seeking image quality we may use the BPFD as a means
of measurement. The BPFD is the specific density of the film
itself, and may be influenced by the processing solutions,
secondary radiation and safety light, which interact with this
film. Costa et al.* mentioned that studies analyzing BPFD of the
different radiographic films should be continually conducted in
order to obtain quality control of dental radiographs.

According to Lourengo et al’, literature on the subject is
scarce, however, as has been mentioned, it is fundamental to
maintain radiographic quality within the dental office. In view of
the foregoing, the present study sought to evaluate the BPFD of
three commercial brands (Kodak®, Agfa®and Dentix®), as well as
the contrast of films by means of using a digital software program
that enabled richer details to be obtained. The Kodak®and Agfa®
brands were chosen because they have been on the market for
many years, and Dentix® because it is a relatively new brand in
Brazilian industry.
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In the present research, no statistically significant differences
were observed as regards BPFD and contrast in the group of
Kodak® films, however, there was evidence of some variations
when analyzing films of the Agfa® and Dentix® brands, with these
results being in agreement with the above-mentioned literature.
However, it is pointed out that films with different sensitivities
were used (Kodak® sensitivity F, Agfa® sensitivity E and Dentix®
sensitivity E), due to the restricted availability on the market,
and we do not discard the hypothesis that this fact may have
contributed to the different performance of the radiographic
brands with reference to contrast and BPFD.

Some studies have investigated the interruption of fixation
of the radiograph by the automated'®"” and manual method of
processing, and when they used the automated method with
Kodak® films, they observed acceptable BPFD values for all the
types of films. Araujo et al.2 (2009), when interrupting manual
processing, did not observe interference in BPFD and contrast
of the radiographic image, provided that the films were returned
to the solution for complete fixation. However, the study of
Kaugars et al.', analyzing different types of films, showed
evidence of a trend towards increase in BPFD as a result of type
of film and processing condition.

Lourengo et al.?, in their study, observed that the interruption
of fixation followed by reading in the negatoscope did not
interfere in the base-plus-fog density and contrast of the
radiographic image, even after a period of six months of filing
the films, a fact that differs from the finding of the research here
presented. According to this same author, the results found by
them suggest the involvement of two factors: the fixing solution
remaining on the film during the period of reading in the
negatoscope, which allows continuation of the action of sodium
hypochlorite in removal of the silver grains, and the return to the
fixer for conclusion of fixation after the time the film stayed in the
negatoscope. Even if this hypothesis is sound, in the present study
these suppositions could not be confirmed, bearing in mind the
discrepancy in the result found for the Dentix® film.

Although there are reccommendations from the manufacturers
that fixation should be performed in an uninterrupted manner,
in this search it was found that suspension of fixation for a few
seconds could be indicated for the films from the manufacturers
Kodak®and Agfa®, provided that for the latter, a minimum time
of 10 seconds of initial fixation is respected, and that both return
to the fixer to complete the pre-determined time of 10 minutes.
On the other hand, the results of this study point out that the
processing of the Dentix® films must be carried out faithfully in
accordance with the manufacturer's instructions.

CONCLUSION

According to the conditions studied, it could be concluded
that:

o For Kodak® film there was no influence of the interruption of
fixation on BPFD and contrast of the image, making it possible
to anticipate access to the result of the radiographic exam;

o Agfa® film needs a minimum time of 10 seconds of initial
fixation in order to have no interference in the BPFD;

« Dentix® film obtained satisfactory results only when the
fixation process was not interrupted.
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