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Abstract: The National Cancer Institute (INCA) estimated approximately 74,000 new 
cases of breast cancer in Brazil in 2023, making it the second most common cancer among 
women. Mammography is the most effective method for early diagnosis, capable of 
detecting lesions as small as 2 mm before symptoms or dissemination. To ensure its 
effectiveness, mammography systems must comply with Brazilian standards, such as RDC 
nº 611 and IN nº 92 from Anvisa, through quality control testing. One of the primary 
quality tests is the Modulation Transfer Function (MTF) analysis, which evaluates system 
performance in the spatial frequency domain to ensure diagnostic accuracy. This study 
assessed the performance of three software tools — ATIA, COQ, and MAMMOQC — 
in analyzing the MTF of digital mammography systems, focusing on Retrofit DR and CR 
technologies. Images were acquired using a Siemens Mammomat 3000 NOVA analog 
mammograph equipped with a Retrofit DR detector and a CR plate. Digital images were 
analyzed using ATIA, which automatically positions Regions of Interest (ROIs), and the 
COQ and MAMMOQC plugins in ImageJ, where ROIs were manually selected. MTF 
values at 10%, 20%, and 50% were compared between the software using paired t-tests 
with a 5% significance level. Results showed that ATIA and MAMMOQC exhibited 
higher agreement for 50% MTF, while COQ often produced higher resolution values, 
particularly at 10% and 20% MTF, highlighting methodological differences among the 
tools. Statistical analysis revealed significant discrepancies between software results, 
particularly for the CR system. For the Retrofit DR system, significant variability was 
observed in comparisons between COQ and MAMMOQC (p = 0.030). For the CR 
system, all software comparisons showed significant differences, suggesting greater 
sensitivity to noise and methodological variations at lower MTF percentages. These 
findings underscore the importance of understanding the strengths and limitations of each 
software for mammography quality control and emphasize the need for further validation 
of ATIA as a reliable tool in this field.  
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Intercomparação da resposta de 
softwares de controle de qualidade na 
medição da função de transferência de 
modulação em mamografia  

Resumo: O Instituto Nacional de Câncer (INCA) previu cerca de 74.000 novos casos de 
câncer de mama no Brasil em 2023, tornando-o o segundo mais comum entre mulheres. 
Diante disso, a mamografia é o método mais eficaz para diagnóstico precoce, detectando 
lesões de até 2 mm antes de sintomas ou disseminação. Dessa forma, para garantir sua 
eficiência, os mamógrafos devem atender às normas brasileiras, como a RDC nº 611 e a 
IN nº 92 da Anvisa, por meio de testes de controle de qualidade. Um dos principais testes 
de qualidade é a análise da Função de Transferência de Modulação (MTF), que avalia o 
desempenho do sistema no domínio da frequência espacial, assegurando diagnósticos 
precisos. Dessa forma, este estudo avaliou o desempenho de três ferramentas de software 
— ATIA, COQ e MAMMOQC — na análise da MTF em sistemas de mamografia digital, 
especificamente nas tecnologias Retrofit DR e CR. A aquisição das imagens foi realizada 
utilizando um mamógrafo analógico Siemens Mammomat 3000 NOVA com detector 
Retrofit DR e uma placa CR. As imagens digitais foram analisadas com o ATIA, que 
posiciona automaticamente as regiões de interesse (ROIs), e com os plugins COQ e 
MAMMOQC no ImageJ, onde as ROIs foram selecionadas manualmente. Os valores de 
MTF em 10%, 20% e 50% foram comparados entre os softwares por meio de testes t 
pareados com nível de significância de 5%. Os resultados mostraram que ATIA e 
MAMMOQC apresentaram maior concordância para a MTF de 50%, enquanto o COQ 
frequentemente apresentou valores de resolução mais elevados, especialmente em 10% e 
20% de MTF, destacando diferenças metodológicas entre as ferramentas. A análise 
estatística revelou discrepâncias significativas entre os resultados dos softwares, 
particularmente no sistema CR. Para o sistema Retrofit DR, foi observada variabilidade 
significativa na comparação entre COQ e MAMMOQC (p = 0,030). Para o sistema CR, 
todas as comparações entre os softwares mostraram diferenças significativas, sugerindo 
maior sensibilidade ao ruído e variações metodológicas em porcentagens menores de 
MTF. Esses achados ressaltam a importância de compreender os pontos fortes e as 
limitações de cada software para o controle de qualidade em mamografia, além de destacar 
a necessidade de validação adicional do ATIA como ferramenta confiável nesse campo.  

Palavras-chave: Função de Transferência de Modulação, Mammography, Quality 
Control, ATIA. 
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1. INTRODUCTION  

The National Cancer Institute (INCA) predicts that, between 2023 and 2025, breast 

cancer will be the second most common type among women in Brazil, with an estimated 

74,000 new cases in 2023 alone [1]. In this context, mammography is considered the most 

effective method for early disease diagnosis, as it can detect lesions as small as 2 mm before 

symptoms appear or the disease spreads [2]. To ensure the efficiency of this exam, it is 

essential that mammographs and their components comply with current standards, 

regulatory agency guidelines, and applicable resolutions. In Brazil, these include the 

Collegiate Board Resolution nº 611 and Normative Instruction nº 92, both from the National 

Health Surveillance Agency (Anvisa) [3,4]. Among the tests that evaluate equipment quality, 

the analysis of the Modulation Transfer Function (MTF) stands out, measuring system 

performance in the spatial frequency domain [5]. 

MTF quantitatively assesses the ability of an optical or imaging system to preserve 

contrast in details as it transfers information from a scene to the formed image. This function 

graphically represents the relationship between the spatial frequency of the observed object 

and the contrast in the final image, as shown in Figure 1. The image includes six sinusoidal 

waves with spatial frequencies ranging from 0.5 to 3.0 line pairs per millimeter (lp/mm). 

Initially, the amplitude (or contrast) is 100%, but as spatial frequency increases (details 

become smaller), the amplitude decreases, showing how contrast is lost. In the graph on the 

right, this is represented by the curve dropping as frequency increases, indicating a loss of 

quality at higher frequencies due to "blurring" [6]. 
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Figure 1: Representation of spatial frequencies in relation to the MTF of a system. 

 
Source: Bushberg et al., 2001. 

 

Simplified, MTF analyzes how the system maintains or reduces contrast across 

different spatial frequencies. Additionally, it provides insight into the system's response to 

specific frequencies, making it useful for determining spatial resolution. Systems with higher 

MTF values exhibit less blur and greater ability to identify fine details, such as 

microcalcifications in breast tissue. MTF is generally calculated using the edge method, where 

software analyzes the equipment's response to a sharp edge pattern, determining the quality 

of the generated image [6,5]. Equation 1 is used for MTF calculation [6,7]. 

𝑀𝑇𝐹(𝑓) = |∫ 𝐿𝑆𝐹(𝜒)𝑒−2𝜋𝑖𝑓𝑥  𝑑𝜒
∞

𝜒=−∞
|                                   (1) 

Where, 𝑀𝑇𝐹(𝑓) represents the Modulation Transfer Function as a function of spatial 

frequency, ∫ 𝐿𝑆𝐹(𝜒)
∞

𝜒=−∞
  it indicates that the integration is performed over the entire extent 

of space in the integration variable (χ), LSF(χ) is the Line Spread Function and measures the 

dispersion of light intensity around this line due to aberrations and diffraction, and 

𝑒−2𝜋𝑖𝑓𝑥  represents the basis of the Fourier Transform, used to convert the spatial function 

LSF(χ) into the frequency domain, while dχ indicates the integration along the entire spatial 

coordinate χ. 
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ImageJ, using the COQ and MAMMOQC plugins, is a commonly used software for 

this analysis, allowing manual insertion of regions of interest and obtaining MTF and 

resolution values. To automate this task and provide more precise results, the International 

Atomic Energy Agency (IAEA) developed the Automated Tool for Image Analysis (ATIA) 

in 2021, as described in Human Health Series No. 39. This open-source and free software is 

designed for quality control in mammography and radiography and is available on the IAEA 

Human Health Campus website [7]. However, as this methodology is relatively recent, there 

are still few studies focused on mammography that compare the IAEA software's response 

with other established tools for analyzing diagnostic imaging equipment. 

So far, there is only one study, by Fogagnoli et al. (2022) [8], that compares the 

responses obtained for various metrics in mammography, including MTF, between the 

ImageJ software with the COQ Plugin and ATIA. In addition to this, there are two other 

studies related to the use of ATIA in mammography equipment. The study by Mora et al. 

(2021) [9] proposed and validated the methodology described by the IAEA, conducting a 

pilot project for its implementation, although it does not compare the responses with other 

quality control software. The study by Fitton et al. (2024) [10] investigated the impact of two-

dimensional (2D) mammographic acquisition techniques on image quality and radiation dose 

in the presence of silicone breast implants, using the IAEA standard simulator and ATIA 

software, but, like the study by Mora et al. (2021), it did not compare the results with other 

quality control software.  

Therefore, this study aims to analyze the accuracy of the ATIA software in evaluating 

the Modulation Transfer Function (MTF) in horizontal and vertical orientations in 

mammography. For this purpose, a comparison will be conducted between ATIA and the 

COQ and MAMMOQC plugins from ImageJ, based on MTF values at 10%, 20%, and 50%, 

providing a detailed assessment of each software's performance.   
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2. MATERIALS AND METHODS 

Firstly, to use the ATIA software, a mammography phantom was fabricated according 

to the IAEA's methodological requirements. It consisted of two parts, as shown in Figures 2 

and 3. The first part includes four uniformly attenuating polymethylmethacrylate (PMMA) 

plates, each measuring 24 x 30 x 1 cm. The second part comprises a PMMA target plate with 

dimensions of 24 x 30 x 0.5 cm, containing a square copper (Cu) piece measuring 5 x 5 cm 

and 1 mm thick, along with an aluminum (Al) piece measuring 1 x 1 cm and 0.2 mm thick [7]. 

Figure 2: Dimensions of the standard mammography simulator/phantom developed by the IAEA. 

 
Source: IAEA, 2021. 

Figure 3: Standard phantom/simulator manufactured according to the IAEA methodology. 

 
Source: Author's archives. 
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The images were acquired using a digital detector and a computed radiography (CR) 

imaging plate. A Shimadzu Retrofit DR digital detector, model RoseM (RSM 2430C), 

designed for digital X-ray imaging in mammography and compatible with general-purpose 

analog systems, was employed [11]. The CR system used was the Kodak Direct View [12]. 

Both detectors were attached to a Siemens analog mammography system, model Mammomat 

3000 NOVA [13]. The images were acquired using a molybdenum-molybdenum (MoMo) 

target-filter combination, with a voltage (kVp) of 28 and a constant load of 63 mAs on both 

systems [12,14,15]. 

Subsequently, the digital images (in DICOM and Raw Data formats) were input into 

the ATIA software, which automatically positioned the Regions of Interest (ROIs) and 

performed automated measurements. The images were then processed using the COQ and 

MAMMOQC plugins in the IMAGEJ software, where the same ROIs used in ATIA were 

manually positioned in both vertical and horizontal orientations, with dimensions of 50 x 25 

mm for COQ and 40 x 40 mm for MAMMOQC. All MTF percentages present in the image 

were obtained. For cases where the values of interest at 10%, 20%, and 50% were not found, 

interpolation was performed to determine the most precise value [7,9]. 

Figure 4 (a) shows the image input into ATIA, with ROIs 1 and 2 corresponding to 

MTFs for vertical and horizontal edges, using Fourier transform on sharp-edged images, and 

4 (b) displays the image input into the COQ plugin of ImageJ with manually positioned 

ROIs. Figure 5 shows the image input into the MAMMOQC plugin of ImageJ with the ROI 

on the edge of interest [14, 16].  
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Figure 4: Raw Data image input into ATIA (a) with automatically positioned ROIs and Raw Data image 
input into the COQ plugin of ImageJ with manually positioned ROIs. 

    (a)                                                                                   (b) 

       
Source: Almeida et al., 2024b.  

Figure 5: Raw Data image input into the MAMMOQC plugin of ImageJ with manually positioned ROI. 

 
Source: Author's archives. 
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For data comparison, Minitab version 18 statistical software was used to perform 

paired T-tests with a 5% significance level. The null hypothesis stated that there was no 

significant difference between population means, while the alternative hypothesis suggested 

insufficient evidence to conclude that the mean difference between paired observations was 

statistically significant. Additionally, the means and standard deviations of the differences 

between the software were analyzed [17]. 

3. RESULTS AND DISCUSSIONS 

The following MTF values were obtained for the Retrofit DR and CR systems (Tables 

1 and 2). Based on these data, the necessary statistics were constructed. 

Table 1: MTF values obtained for the Retrofit DR system across different quality control software. 

MTF (%) 
Resolution (mm-1) 

ATIA COQ MAMMOQC 

50% Horizontal 2.08 2.19 1.78 

20% Horizontal 4.21 4.76 4.00 

10% Horizontal 5.61 4.97 2.39 

50% Vertical 2.06 2.12 1.73 

20% Vertical 3.11 4.12 3.25 

10% Vertical 5.52 5.47 4.50 

 

Table 2: MTF values obtained for the CR system across different quality control software. 

MTF (%) 
Resolution (mm-1) 

ATIA COQ MAMMOQC 

50% Horizontal 1.18 1.90 0.90 

20% Horizontal 2.91 3.89 2.00 

10% Horizontal 3.99 4.99 2.59 

50% Vertical 1.00 1.83 0.85 

20% Vertical 2.90 3.69 1.75 

10% Vertical 3.95 4.59 2.54 
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The presented data show that the Retrofit DR system exhibits higher MTF values 

compared to CR across all directions and spatial frequencies, highlighting its greater ability 

to capture fine details. The lower resolution of the CR system can be explained by several 

technical factors. This system uses photostimulable phosphor plates to store the image, 

which is later read by a laser beam. This process causes light dispersion, reducing image 

sharpness. Additionally, CR detectors are larger and less efficient in directly converting 

radiation into a digital signal, whereas DR employs smaller and more precise sensors. 

Another limitation of CR is the need for multiple stages to convert light information into a 

digital signal, which can increase noise and reduce the final image quality [5,6]. 

The superiority of DR is particularly evident at higher spatial frequencies, where 

contrast and definition are essential for detecting small structures such as 

microcalcifications in mammography. This more efficient performance makes Retrofit DR 

a better choice for high-precision examinations, while CR, due to optical losses and 

limitations in the image capture and conversion process, has lower resolution and a reduced 

ability to highlight fine details [5,6]. 

3.1. Graphical Analysis 

Figure 6 (a) presents a scatter plot of the MTF results for the Retrofit DR plate image. 

It can be observed that the three software analyzed exhibited a response variability of less 

than 0.5 in spatial resolution for 50% MTF (in both horizontal and vertical directions). 

However, at lower percentages, the results showed greater variation between them, with 

differences of up to 2.5. 

For the 20% MTF (horizontal and vertical), the values obtained by the ATIA and 

MAMMOQC software were similar, while COQ showed higher resolution values, diverging 

from the others. For the 10% MTF (horizontal and vertical), the differences between the 

software were even more significant, except for the vertical MTF, where ATIA and COQ 

showed almost identical responses. 
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These data indicate differences in precision and agreement between the software, 

depending on the modulation level analyzed. Moreover, the higher variation observed at 

the 10% MTF can be explained by the concepts of Bushberg et al. (2011), as this metric 

indicates the minimum resolution limit that a system can generate, making it more 

susceptible to image noise [6].  

Figure 6 (b) presents a scatter plot of the MTF results for the CR plate image, 

demonstrating variability differences between the analyzed software. For 50% MTF 

(horizontal and vertical), the results of the ATIA and MAMMOQC software showed 

relatively good agreement, with little variation in spatial resolution values, while COQ 

exhibited relatively higher values. 

However, at lower modulation percentages, such as 20% MTF (horizontal and 

vertical), greater dispersion was observed among the results, with COQ showing the highest 

resolution values, while MAMMOQC displayed the lowest. At 10% MTF (horizontal and 

vertical), the differences between the software became even more evident, with COQ again 

standing out with the highest resolution values, while ATIA and MAMMOQC showed lower 

and more divergent values. 

Figure 6: Scatter plot of MTF, horizontal and vertical, for a Retrofit DR plate (a) and for a CR system (b).  

  (a)                                                                            (b) 

 
Source: Author's archives.  
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These results, for both systems, align with the findings of Fogagnoli et al. (2023), where 

the calculated MTFs differed from the values provided by ATIA, especially for higher spatial 

frequencies [8]. It is important to note that the same edge method was used in all the 

software; however, these differences can be attributed to the data processing method. In the 

ImageJ software, it is necessary to input the detector's linearized response function (especially 

if it is a system with a logarithmic response, such as the CR system) for the MTF to be 

correctly calculated. On the other hand, the ATIA software performs the calculations 

automatically without data linearization. This directly implies a change in the results.  

3.2. Analysis of Paired Difference Estimates and p-Values 

The analysis of Paired Difference Estimates provides the mean differences between 

measurements from the three software and the standard deviation, allowing for 

understanding the direction and magnitude of the differences. The "p" values indicate the 

probability that the observed differences are due to chance. Thus, "p" values below 0.05 are 

considered statistically significant, rejecting the null hypothesis. This means that the 

difference between the population means is not equal to the hypothesized difference, 

indicating significant response differences among the software. Table 3 presents the analysis 

of paired differences and "p" values among the three software tools. 

Table 3: Analysis of Paired Differences and p-Values among the software. 

                   Technology 
Softwares 

  Retrofit DR CR 

  
Mean ± Standard 

Deviation 
p-value 

Mean ± Standard 
Deviation 

p-value 

ATIA-COQ  -0.175 ± 0.561 0.479 -0.828 ± 0.141 0.000 

ATIA-MAMMOQC  0.822 ± 1.232 0.163 0.822 ± 0.551 0.011 

COQ-MAMMOQC  0.997 ± 0.811 0.030 1.710 ± 0.587 0.001 

 

The table analysis allows us to conclude that the highest standard deviation values 

were observed in comparisons between ATIA-MAMMOQC (Retrofit DR) and COQ-

MAMMOQC (CR), with values of 1.232 and 0.587, respectively. On the other hand, the 
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lowest variability was recorded in comparisons between ATIA-COQ for both technologies, 

being 0.561 for the Retrofit DR and 0.141 for the CR. 

Regarding p-values, the results indicate that, for the Retrofit DR system, a statistically 

significant difference was found in the comparison between COQ-MAMMOQC (p = 0.030). 

For the CR system, all comparisons showed statistically significant differences in responses, 

highlighting relevant discrepancies among the analyzed methods. 

4. CONCLUSIONS 

Based on the results found, it can be inferred that, in the evaluation of the metric, the 

Retrofit DR system presents a higher MTF compared to CR, capturing finer details, especially 

at higher spatial frequencies, which are essential for detecting microcalcifications. The lower 

resolution of CR is due to light dispersion in the phosphor plates and the indirect signal 

conversion process, while DR uses more precise sensors, making it more effective for high-

precision examinations.  

The graphical analysis showed variations between the software analyzed for both 

systems, especially at higher spatial frequencies. For 50% MTF, there was good agreement 

between ATIA and MAMMOQC, while COQ frequently showed higher resolution values. 

However, for 20% and 10% MTF, the divergence between the software increased, with COQ 

demonstrating higher resolution. These discrepancies align with the findings of Fogagnoli et 

al. (2023) and can be attributed to differences in data processing methods. While ImageJ 

requires the insertion of the detector's linearized response function, ATIA, being designed 

for full automation, does not request this function, directly impacting the results and 

potentially providing erroneous values in quality control practice, as it does not take into 

account the detector's response type for final analysis.  
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The analysis of Paired Differences revealed significant variations between the 

software, especially for the CR system, where all comparisons showed "p" values below 0.05, 

indicating statistically significant differences in responses. For Retrofit DR, the greatest 

discrepancy was observed between COQ and MAMMOQC (p = 0.030). The largest standard 

deviations occurred in the ATIA-MAMMOQC (Retrofit DR) and COQ-MAMMOQC (CR) 

comparisons, while the lowest variability was recorded between ATIA-COQ for both 

systems. Therefore, due to the observed discrepancies, further studies are necessary to 

evaluate the accuracy of the ATIA software under different parameters. 
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