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Hardcopy quality parameters to ensure structures detection
at digital mammography*

Identificagdo de pardmetros de qualidade de impresséo para a garantia da detecgéo de estruturas presentes
na mamografia digital

Rafael Eidi Goto?, Silvio Ricardo Pires?, Regina Bitelli Medeiros®

Objective: To develop procedures to ensure consistency of printing quality of digital images, by means of hardcopy
quantitative analysis based on a standard image. Materials and Methods: Characteristics of mammography DI-ML
and general purpose DI-HL films were studied through the QC-Test utilizing different processing techniques in a FujiFilm®-
DryPix4000 printer. A software was developed for sensitometric evaluation, generating a digital image including a gray
scale and a bar pattern to evaluate contrast and spatial resolution. Results: Mammography films showed maximum
optical density of 4.11 and general purpose films, 3.22. The digjtal image was developed with a 33-step wedge scale
and a high-contrast bar pattern (1 to 30 Ip/cm) for spatial resolution evaluation. Conclusion: Mammaographic films
presented higher values for maximum optical density and contrast resolution as compared with general purpose films.
The utilized digital processing technique could only change the image pixels matrix values and did not affect the printing
standard. The proposed digital image standard allows greater control of the relationship between pixels values and optical
density obtained in the analysis of films quality and printing systems.
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Objetivo: Desenvolver procedimentos que garantam a constancia e qualidade de impressao das imagens digitais, mediante
andlise quantitativa das imagens impressas utilizando um padrao de imagem. Materiais e Métodos: Foram estudadas
as caracteristicas dos filmes mamograficos (DI-ML) e de uso geral (DI-HL) por meio do teste QC-Test sob diferentes
processamentos utilizando a impressora FujiFilm®-DryPix4000. Foi criado um software para avaliagdo sensitométrica
que gera uma imagem digital contendo uma escala de niveis de cinza e um padrao de barras para avaliagao das reso-
lugdes de contraste e espacial. Resultados: Filmes mamograficos apresentaram valores de densidade éptica maxima
4,11, enquanto os comuns apresentaram valores 3,22. A imagem digital foi desenvolvida com 33 passos de enegreci-
mento e um padréao de barras de alto contraste (1 a 30 pl/cm) para avaliagdo da resolucdo espacial. Conclusao: Ve-
rificou-se que o filme mamografico apresenta um maior valor de densidade méxima e maior indice de contraste, com-
parado ao filme de uso geral. O processamento digital utilizado apenas alterou os valores da matriz de pixels da imagem
e nao influenciou o padréo de impressao. O padrao de imagem digital proposto permite maior controle da relacao entre
os valores de pixel e densidade ética obtida na verificagdo da qualidade dos filmes e do sistema de impresséo.
Unitermos: Impressao; Controle de qualidade; Sensibilidades de contraste; Mamografia.
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INTRODUCTION

Digital radiology is aredlity in Brazil,
alowing a range of possibilities concern-
ing acquisition and processing of images
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which ultimately interferein the generation
of accurate diagnoses. In order to ensurethe
quality of radiologic images regardless of
the utilized technology, it is of utmost im-
portanceto ensurethequality of suchimages
presentation on films, by means of wet film
processing control and dry film printing
process control, aswell as on monitors, by
meansof specific monitor quaity control®.

The utilization of digital techniquesand
image processing isonethe branchesinthe
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field of computational sciencesin constant
development and has aided radiologists to
achieve greater accuracy in diagnoses.
Image processing methods play a second-
ary role, among them those which provide
contrast enhancement with edges identifi-
cation, adjustmentsin the brightness scale,
energy subtraction and others®. Such pa-
rameters generate a grading of the image
caledlookuptable (LUT), whichisdefined
for eachimaging modality by the manufac-
turer of the processing system.

The current dry printers are based on
two technologies, as follows:

1) Without laser — Equipment with re-
duced contrast and spatial resolution, which
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can be divided into thermal printers and
inkjet or waxjet printers. However, such
systems are not the focus of this study.

2) With laser beam — Equipment with
greater capacity to demonstrate small struc-
tureswith greater spatial and contrast reso-
[ution. Such equipment can bedivided into:
a) thermal systems — equipped or not with
thermal print heads, and operating by
means of dye-sublimation or by means of
thermal energy absorption in the rotation
cylinders; b) photosensitive media — pho-
tothermal systems such as the Kodak®
DryView, Fuji® FM-DP L and Konika®
DryPro models.

Photothermographic systemsrely onin-
frared laser diodes (810 nm), with ex-
tremely small focal spots of approximately
40t0 80 micra, alowing aresolution of 400
to 800 dpi, which arevery stablelight emit-
ting sources with modulated and accurate
emission power with awide dynamic range
(severa gray levels) and extremely high
image production speed. Figure 1 shows a
generic laser modulation model.

The device emits a laser beam into the
acousto-optic modulator where such beam
scanstherolling cylindersin lines through
polygona mirrors, F-thetalensesand cylin-
drical mirrors.

Figure 2 representsthelaser printer film
construction structure, as well as the dry
processing structurein theimagerecording.

The film comprises three layers as fol-
lows: the antiscattering layer, coating layer
and photothermographic layer composed of
silver crystal halides where the image for-
mation occurs by means of the transforma-
tion of silver ionsinto silver metal. A poly-
ester plastic base sustains the film.

Photothermographic printersrely onin-
frared laser radiation to createakind of “la-
tent image” on the sensitive layer of the
film, transforming the silver metal Ag* into
silver metal Ag® which will be converted
into visible image by means of a thermal
process with modulated densities of black
silver meta particles. The thermal energy
actson thelatent imageto be developed by
means of a catalytic process, which trans-
formsthe“silver behenate crystals’ neigh-
boring the silver metal atoms.

According to the manufacturers, print-
ing quality control tests should be per-
formed at every change of film box, aswell
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Figure 2. Laser printer film construction structure, as well as the dry processing structure in the image
recording. Representation of laser printer specific radiographic film and model of silver metal formation
after exposure to laser photons by means of catalytic heat process.

as after equipment maintenance interven-
tions, and periodically, according to user in-
stallations. In general, such tests utilize a
digitally modulated non-linear step wedge
scale to reproduce a pattern similar to the
Hurter & Driffield (H&D) curve.
Comparative studies of film processors
and dry printers have been undertaken with
the purpose of identifying technological ad-

vantages in image acquisition®. A study
utilizing digital dental images has com-
pared hardcopy images produced in profes-
siona thermal equipment, plain inkjet
printersand images visualized on displays,
and concluded that there are significant
differences between such images®.
Comparative tests of digital mammog-
raphy imageswere performed with dry and
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wet laser printers, concluding that both sys-
tems can correctly represent the evaluated
structures, but preference should be given
to dry printers which avoid the liquid
chemical waste®®. Other studies have dem-
onstrated that radiographs should not be
directly exposed neither to the sun or heat
> 35° C, since changes in the film optical
density may occur; soitisadvisablethat ra-
diographs are stored in envelopes in order
to minimize such effect®”. In digital mam-
mography, the accurate reproduction on
film of the image observed on the display
isessential to ensurethat tiny structuresthat
may be present can be visualized®?.

The present study is aimed at develop-
ing proceduresto ensure printing constancy
and quality of digital radiological images,
by means of subjective and objective analy-
sis of printed images using an image stan-
dard containing a gray scale according to
international recommendations.

MATERIALSAND METHODS

In the present study, the following ap-
paratuses were utilized: a CIRS® 011A
phantom; aPhilips® MD4000™ mammog-
raphy system; aCR FujiFilm® FCR Profect
One™ system equipped with aHR-BD 18
X 24 cm? imaging plate; a Drypix 4000™
printer; a specific Clinton® DL-3000, 3.0
M pixels monitor; and a Konex® KO-NM4
film viewer were utilized. Initially, anim-
age of the CIRS® phantom was acquired
and submitted to three different processing
procedures frequently utilized for the CR
Fuji system, generating three hardcopy im-
ages. Concomitantly, asoftwarewas devel-
oped in the Delphi 7® (Borland®) which
generates a new image standard in order
evaluate hardcopy quality. Both mammog-
raphy-specific films and general-purpose
films were utilized. The images analysis
was performed on the monitor and on the
film viewer.

The following processing techniques
were utilized: the one recommended by the
manufacturer as the Japanese standard for
breast imaging (P1); the most utilized by
specialistsin Brazil for contrast enhance-
ment with edgesidentification (P2); and the
procedure that provides increased contrast
(P3). Such digital filterswere applied to the
previously selected image and printed un-

158

Digital mammography printing quality

der three LUT curve adjustment levels, with
the purpose of evaluating the LUT influence
on each processing. Thequality of thesimu-
lated images was evaluated under different
printing patterns obtained with the utiliza-
tion of different digital filterswith different
LUT curves of the printers, automatically,
by means of the test recommended by the
manufacturer, named QC-Test. Such atest
consistsin evaluating the degree of thefilm
darkening, based on a standard established
by the manufacturer, where acurve similar
to the sensitometric curve of conventional
radiologic filmsis reproduced. The values
=3, 0, 2 and 4 of adjusted maximum opti-
cal density were available on the printer
control pad, and the results of the printed
imageswere measured with aVictoreen 07-
443 optical densitometer (Nuclear Associ-
ates) for comparative purposes.

On the monitor, the mean pixel values
and standard deviations were measured on
theregions of interest (ROI) with arectan-
gular area of 50 + 5 mm? of the structures
14t0 18, and acircular areaof 30 + 3 mm?
on thereference zone of the phantom. Such
areas could encompass practically the en-
tire structure of interest. For the printed
images, the optical densitiesweremeasured
five times at each corresponding point
where it was possible to find a relation
between optical density, pixel value and
luminous intensity. The images were
printed on DI-HL films (general purpose
films) and DI-ML (specific for mammog-
raphy) which allows the acquisition of im-
ages with greater contrast and maximum
density. The hardcopy quality was evalu-
ated by three medical physicists and two
radiology technologists who visually ana-
lyzed the quantity and size of the smallest
structures visualized on the printed images
from the phantom.

Concomitantly, a software was devel-
oped for sensitometric evaluation which
generates a standard image containing a
gray scale and a bar pattern for evaluation
of spatial and contrast resolutions. Suchim-
agemay beeither inthe TIFF format (tagged
imagefileformat) or DICOM format (digi-
tal imaging and communications in medi-
cine format) of 8 or 16 bits, witha2.5k x
2 k matrix, and 33-step wedge (base plus
32 levels) and a bar pattern with two line
pairs per centimeter (pl/cm) up to 30 pl/cm

Figure 3. Computer generated image by the Delphi
software. ROI selection on the image with ImageJ.

in the two directions of the film, for spatial
resolution evaluation, as shown on Figure
3. Such proposed image standard was com-
pared with theinternationally recommended
test image standards recommended by in-
ternational organizations such asAmerican
Association of Physicists in Medicine
(AAPM), National Electrical Manufactur-
ersAssociation (NEMA) and I nternational
Atomic Energy Agency (IAEA), besides
the manufacturer’s standards. All the im-
ages were printed according to the LUT
curve determined by the manufacturer,
where the optical density of each step
wedge on thegenerated standard image was
read and compared with the optical density
values observed on the monitor.
Theimage devel oped for printersevalu-
ation contains horizontal and vertical high
contrast bars, ranging between 1 and 30 pl/
cm, where a ROI can be selected on each
one of the image intervals. The same
method was utilized for the contrast scale.

RESULTS

Table 1 presents the results obtained on
the images printed on DI-HL (genera pur-
pose) films and DI-ML (mammography
specific) films. No interobserver disagree-
ment was observed in relation to size and
number of visualized structures.
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Table 1 Structures visualized for different combi-
nations of processing and LUT on Fuji DI-HL and
DI-ML films.

Smallest

Vizualized vizualized

Film P LUT structures  structures
1 29 3,22,29

PL 2 27 4,22, 28

3 29 3,22,29

1 29 3,22,29

DI-ML | P2 2 30 3,22,30
3 30 3,22,30

1 30 3,22,30

P3 2 30 3, 22,30

3 30 3,22,30

1 28 3,22,28

P1 2 28 3,22,28

3 29 3,22,29

1 29 3,22,29

DI-HL | P2 2 29 3,22,29
3 30 3,22,30

1 30 3,22,30

P3 2 30 3,22,30

3 30 3,22,29

P, processing type.

Resultsfrom the QC-Test recommended
by the manufacturer for maximum densities
of =3, 0, 2 and 4 are presented on Figure 4.

The maximum density value was
changed on the printer and the test recom-
mended by the manufacturer, the QC-Test,

Digital mammography printing quality

was performed, with evaluation of the op-
tical density values for each image. Simi-
lar results were observed for the different
adjustments. The printer utilizesa process-
ing method that is similar to the classical
result of the H& D curve.

The results from the comparison be-
tween the HL and ML films are presented
on Figure5.

Oncethe QC-Test result wasknown, the
ML (mammography specific) film and the
HL (general purpose) film responses were
compared. An adjustment wasperformedin
the linear region in order to determine the
differencein the contrast ratio between HL
and ML films.

Figure 6 presentsthe result with the pat-
tern utilized for printing tests recom-
mended by AAPM (PQC-Pattern), which
allows for the evaluation of contrast and
spatial resolutions of the printing system.
It showsthe behavior of the optical density
variation asafunction of the steps proposed
by TG-18-PQC, whereit ispossibleto per-
form an adjustment in the linear region in
order to track variationsin the contrast ra-
tio along time.

The sensitometric parameters of the
films obtained with the proposed image
standard (Figure 3) and the AAPM image

were evaluated according to the IAEA rec-
ommendations. The results are shown on
Table 2.

DISCUSSION

Thegainsin terms of perception of tiny
structures of interest with great differences
in contrast, or of structureswith equivalent
contrast, are examples of the increasing
preoccupation inimproving the technology
involved in the quality of radiological im-
ages'’®1, Asthe radiological image print-
ing technology is considered, studiesindi-
cate that dry imaging films have different
chemical reagents on their surface when
compared with wet (conventional) films®.
In practice, one observesthat if such films
get wet either by sweat from hands or by
excess air moisture, imaging artifacts may
be generated, which calls for strict control
of ambient temperature, relative air mois-
ture, storage and manipulation, according
to the manufacturer’s recommendations.

Practically most of the dry printers for
radiology have sometype of quality control
or calibration test. In the case of the Drypix
4000™ printers, the QC-Test demonstrated
to be useful only for comparative analysis
of the radiographic films response. It was
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Figure 4. QC-Test calibration curves utilizing different values for maximum density.
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I QC-Test (HL x ML)

Table 2 Results from evaluation according to IAEA
with images from AAPM and images generated with
Delphi.

D.O.

4,00

3,00

2,00 +

1,00 +

e @ @

y =0,2805x-1,7204
R?=0,9983

y=0,2321x-1,4829
R?=0,9975

H
0 2 4 6 8 10 12 14 16 18 20 22 24
e HL = ML Passos

Parameter Delphi AAPM
Dinax 4.05 + 0.01 4.07 = 0.01
DD 1.71 £ 0.01 1.64 = 0.01
MD 1.22 + 0.01 132 +£0.01

Base + fog 0.31 = 0.01 0.29 = 0.01

Figure 5. Comparison of performance between mammaography specific printing film and general purpose

film.
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Figure 6. Behavior of optical density variation as a function of steps proposed by TG-18 PQC and

computationally built with Delphi. Steps versus optical density of the PQC image of AAPM.
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Diaxy Mmaximum density; DD, density difference; MD,
mean density.

observed that the DI-ML filmindicated for
printing of mammography images pre-
sented an inferior response as compared
with that of the DI-HL film in terms of
detected structures in the case of the com-
bination P1 with LUT 1 and 2, but the re-
sponsewas superior in the cases of P2 with
LUT 2 and P3 with LUT 3 combinations.
Thisindicatesthat microcalcifications rep-
resented at LUT 2 were missed on the
hardcopy. On the other hand, on the pro-
cessed images observed on the monitor
screen, there was no compromise of the
information detection, suggesting that the
contrast scaleis not affected by the digital
processing, but is affected by the LUT se-
lected inthe printing process. Additionaly,
depending on the utilized processing tech-
nique, noise may be added or increased,
generating printed image degradation. It
was observed that that varying the maxi-
mum density level for the -3, 0, 2 and 4
values does not cause any significant im-
pact on the QC-Test response, indicating
that such function is blocked by the manu-
facturer, so that adjustments are not al-
lowed. However, it was observed that the
DI-ML film presents higher maximum op-
tical density than that of the DI-HL film, as
well as greater inclination in the linear re-
gion, suggesting ahigher contrast index by
analogy with the sensitometric analysis on
conventiona films. However, it was pos-
sibleto observethat thelinear zone consid-
ered as the usable region of the film for
imaging contrast levels remains un-
changed, indicating that there is no varia-
tion regarding latitude.

Following the recommendations of
NEMA, the proposed quality control pro-
cedureisonly visual, therefore subjective;
on the other hand, the evaluation accord-
ing to the IAEA recommendations allows

Radiol Bras. 2013 Mai/Jun;46(3):156-162
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a quantitative evaluation based on refer-
ence values adopted at the beginning of the
utilization of the printing system. The pro-
cedure was performed with the gray scale
proposed by |AEA and aso with theimage
generated by the Delphi 7® software cre-
ated for the present study, producing differ-
ent results, which leadsto the establishment
of new acceptable variation intervals for
intervention. Following the example of the
AAPM results, which indicates the re-
sponsein film darkening with change of the
pixel value at each step of the gray scalel”,
the chart obtained image proposed in the
present study also indicates such response,
alowingitsutilizationinthe |AEA recom-
mended test. Thus, onerealizesthat the test
proposed in the present study is very simi-
lar tothetest proposed by AAPM, however,
the greater number of image darkening
steps provide amore accurate basis for the
control of the printing system variables.
Additionaly, it was observed that AAPM
attemptsto obtain linear incrementsat each
image darkening step and, from the step
with pixel value equal zero, there are 17
increments up to the highest pixel value, in
atotal of 18 darkening steps. The curves
presented by the AAPM image and by the
proposed image are also similar to the
GSDF (gray-scale standard display func-
tion) curvethat isthe response in monitors
luminosity to each pixel associated with the
image. Thus, it is possible to observe that
an approximation between the printing sys-
tem and the image presented on the moni-
tor screenisattempted with the selection of
LUT.

It is possible that with some calibration
of the printing system, the hardcopy image
becomes very similar to the image visual-
ized on the monitor screen and, once such
objectiveisachieved, no differenceswould
be observed in the detection of signals,
provided that the professionals were duly
trained.

Breast cancer is one of the most fre-
quent types of cancer, with higher preva-
lence among women?. Despite the high
incidence of such disease over the past
years, a decrease in breast cancer mortal-
ity has been observed as aresult of thein-
crease in early detection and in the avail-
ability of new imaging technology re-
sources™®*¥), The diagnostic performance

Radiol Bras. 2013 Mai/Jun;46(3):156-162
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of digital mammography in the detection of
breast cancer has demonstrated to be com-
parable or superior to that of conventiona
mammography®. The Ministry of Health
Ordinance No. 531 dated March 03, 2012
established that digital mammography re-
porting isto be carried out on monitors, and
that hardcopy images or recordings on
magnetic mediaare to be made availableto
the patients. Thisvalidatesthe relevance of
quality control to guarantee the reliability
of printed digital images. The screening for
breast lesions by meansof digital filesmay
present a better performance as the typical
limitations of the radiographic films uti-
lized for printing such images are consid-
ered™,

Finally, another point that should be
highlighted isthe fact that the Brazilian ra-
diology literature has recently emphasized
the significant role played by imaging
methods in the improvement of breast di-
agnosis®>19),

CONCLUSIONS

The present study corroborated the un-
derstanding of the featuresand operation of
digital radiology printers, and allowed the
development of asoftwarewhich generates
a new image standard for assessment of
constancy and quality of hardcopy images.
Such new image parameters were com-
pared with theimage standards proposed by
NEMA, AAPM and IAEA by means of
subjective and objective analyses. Such
new parameters allow a greater control of
therel ation between the pixel value and the
obtained optical density valueinthe evalu-
ation of the quality of films and printing
system.

The DI-ML (mammography specific)
film presented a higher maximum density
value and higher contrast index as com-
pared with the general purpose DI-HL film,
but it did not present a better performance
in the detection of structures of interest in
the mammography phantom with the im-
ages processing and printing techniques
utilized in the present study.

Thevalidation of printing systemsqual-
ity presented constancy over the whole pe-
riod of evaluation, demonstrating compli-
ance with international standards. How-
ever, because of the great difference ob-

served in the results of the tests proposed
by the competent bodies and those pro-
posed by the manufacturer, the QC-TEST
must be performed and analyzed only for
comparative purposes as the conventiona
and sensitometric evaluation methods do
not have the same meaning in the evalua-
tion of digital images.

The quality evaluation based on the
NEMA standard isqualitative and relative,
asit dependson theinterpretation of thein-
vestigator who makes the analysis of the
hardcopy image. Such type of analysisis
certainly subjective andisnot sufficient for
medical applications, differently from the
IAEA recommendations, which rely on
imagesfromAAPM or any other gray scale,
where there is method of quantitative
evaluation which may indicate the need for
intervention. Therefore, one concludesthat
the image generated in the present study
can be utilized for quantitative analysis.

It is also possible to conclude that the
digital processing only changes the values
of the pixel matrix of the digital image and
doesnot influencethe printing standard. As
the darkening is related with the pixel val-
ues, theideal LUT curve for utilization by
the printing systems should be that whose
response in tests of the pixel value versus
optical density is closer to GSDF, provid-
ing a printed image faithful to the image
visualized on the monitor screen.
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