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Abstract 

Objective: To provide STL files for 3D printing of enhanced anthropomorphic breast 

simulators, including various tumour sizes, to improve mammography quality and breast 

cancer diagnosis accuracy. 

Methods: This study involved a bibliographical review encompassing breast 

classifications, focusing on the most common and challenging in mammography. Breast 

tissue density data was collected to select similar 3D printing materials. Manipulation of 

breast models from a repository was carried out in the 3D Builder software with defined 

skin and adipose tissue thicknesses. Tumors were sized in eleven different dimensions.  

Results: The importance of selecting dense and high glandular density breasts, which 

represent a significant portion of the population at high risk of breast cancer, was 

highlighted. Literature data on breast tissue densities and the choice of suitable 3D 

printing materials were crucial in creating realistic breast simulators, resulting in models 

of dense and fatty breasts as well as tumours of different sizes. The final files are available 

on the OneDrive platform for public access, providing a simulator with densities similar 

to real ones, contributing to the assessment of mammography image quality and enabling 

future tests with artificial intelligence in the detection of minimal tumours. 

Conclusion: The availability of anthropomorphic breast models in STL format for 3D 

printing offers a valuable tool in the field of radiology, enabling more objective 

assessments of image quality in mammography. These simulators allow for more rigorous 

testing, potentially enhancing diagnostic accuracy. Furthermore, in the future, they can 

be used to assess the limits of microcalcification detection by artificial intelligence, 

contributing to advancements in breast cancer detection. 
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Introduction 

Cancer is a condition characterized by uncontrolled cellular growth in various areas 

of the body, which can result from genetic predisposition related to cancer or cumulative 

damage to genetic material caused by physical, chemical, or biological factors [1]. The 

incidence of this disease has become increasingly common, with projections indicating 

approximately 704,000 new cancer cases in Brazil from 2023 to 2025, with breast cancer 

representing a significant portion, accounting for around 73,000 new cases. This presents 

a considerable challenge to public health, especially due to limited access to early 

diagnosis technologies for this type of cancer, which could impact survival rates [2], [3]. 

Among the various technologies available for breast cancer detection through 

medical imaging, mammography stands out as a crucial examination for the early 

identification of this disease. Mammography is an imaging procedure that uses X-rays to 

capture images of the patient's breast and axilla to identify potential abnormalities, such 

as nodules or microcalcifications, which may indicate the presence of breast cancer [4]. 

This examination is often uncomfortable and, in some cases, painful due to the need to 

compress the breast to ensure uniform penetration of radiation into breast tissue, resulting 

in more homogeneous images. This compression also minimizes patient movement to 

avoid blurriness in the image, enhances image sharpness, reduces tissue overlap, and 

provides a clearer image of the breast, identifying nodules or other abnormalities even 

before they are palpable during a physical examination [5]–[7]. Nonetheless, 

mammography is not infallible and can lead to false positives, where an abnormal 

examination is identified, but there is no cancer, or false negatives, where a normal 

examination is identified, but cancer is present [8]. According to studies, the rate of false 

negatives in mammography examinations can reach up to 35% [9]. However, despite 

these limitations, mammography remains the most critical examination in population 

screening for early breast cancer detection. 

Due to the diagnostic significance of this procedure, mammography machines are 

subject to quality control programs, which encompass regular tests to ensure proper 

functioning and produce accurate and reliable images [10]. These tests include tube and 

image quality tests, as well as other essential evaluations such as radiation dose 

assessments and overall equipment performance tests. Tube quality tests are conducted 

to ensure that the X-ray tube is producing X-rays within the correct energy range and that 

the tube is functioning correctly. Image quality tests, on the other hand, are performed to 

ensure that the images generated by the mammography machine are sharp, clear, and 

accurate [11]. These image quality tests use a simulator object (phantom) to assess image 

quality in terms of spatial resolution, contrast, and noise [12], [13]. Thus, they are 

important tests to ensure that the mammography machine is producing images of 

sufficient quality to aid in breast cancer diagnosis [14]. 

There are different types of simulators used in the quality control of mammography 

devices, with notable examples employed by the Brazilian College of Radiology - CBR, 



the American College of Radiology - ACR, and the Mammo FFDM phantom from CIRS. 

The CBR simulator reproduces a compressed breast with a thickness of 40 to 50 mm, 

internally presenting microcalcifications, fibres, low-contrast disks, and tumour masses. 

In turn, the ACR phantom simulates a compressed breast of 42 mm, containing nylon 

fibres, microcalcifications, and tumour masses. Finally, the Mammo FFDM Phantom 

Simulator from CIRS is a simulator with a thickness of 42 mm, composed of 

microcalcifications, fibres, and tumour masses varying in dimensions from 0.20 to 1 mm. 

In addition to these simulators, there is the Patricia Mora simulator in collaboration 

with the IAEA – International Atomic Energy Agency, with a thickness of 50 mm, 

composed of Cu and Al plates. The NORMI MAM digital simulator from PTW, with a 

thickness of 40 mm, is composed of an Al plate, and the CDMAM 3.4 simulator from 

Capintec, with a thickness of 40 mm, is composed of gold disks arranged in a matrix. 

These simulators assess contrast and resolution, thus testing the imaging system's ability 

to detect density differences between normal breast tissue and suspicious lesions, such as 

tumours. Additionally, they evaluate the imaging system's ability to distinguish between 

small details in an image, which can affect the ability to detect early-stage breast 

lesions[15]–[17]. 

Thus, this work aims to contribute to the field of radiology by providing easy access 

to anthropomorphic breast simulator models for 3D printing, including different physical 

formats, compressed, and natural. This is particularly relevant due to the unavailability of 

3D printing materials with sufficient flexibility to be compressed in the mammography 

equipment. It also includes suggestions for printing materials with the aim of subsequent 

validation. 

Material and Methods 

A bibliographical review was conducted, addressing the various classifications of 

breast types, with a focus on the type with the highest incidence of cancer and those that 

present the greatest challenge in visualizing tumours in mammograms due to their specific 

characteristics. Additionally, an investigation into the density of breast tissues, such as 

adipose tissue, glandular tissue, tumour tissue, and skin, was carried out to use this data 

for the selection of 3D printing materials and fill materials that closely approximate the 

natural densities of a standard breast, thereby providing greater fidelity to the 

anthropomorphic breast simulator. 

Following the results of these bibliographical studies, the "Repository of 

Anthropomorphic Numerical Breast Models" [18] where the authors constructed models 

based on acquisitions from 3 Tesla Magnetic Resonance Imaging, employing a 3D 

modelling methodology comprising three phases: 3D breast mask generation, 3D 

segmentation based on clustering, and mapping of these clusters to the dielectric 

properties of breast tissues. This process resulted in models that provide information 

about the spatial distribution of tissues in the breast, enabling the breast's shape and 

complexity to be reconfigurable. The models available in this repository come in various 

formats such as raw data, mat, and STL. However, we exclusively utilized the folder 



containing solid models, which includes STL files featuring diverse mammary 

complexities, including the presence of a tumour. Among the array of available mammary 

complexities, we selected the two most relevant and common types, as indicated by 

literature, for subsequent manipulation. 

For the manipulation of these selected files, Microsoft's 3D Builder software was 

employed. During the manipulation process, dimensions such as skin and adipose tissue 

thickness, as per the literature, were defined to create a shell with skin thickness and a 

second STL file with adipose tissue thickness, allowing for proper fitting after printing. 

Furthermore, the tumour file was resized into eleven different sizes, namely 0.75, 0.60, 

0.50, 0.45, 0.40, 0.35, 0.30, 0.25, 0.20, 0.15, and 0.10 mm. The initial size of 0.75 mm 

was chosen following Regulatory Instruction No. 92 [19], which regulates mammography 

equipment in Brazil for the evaluation of image quality. For both selected breast types, 

two distinct forms were created: one representing the compressed breast, a necessary 

positioning for the proper application of mammographic technique, and another 

simulating the breast in its natural shape. 

With the prepared STL files, the next step involved researching commercially 

available 3D printing materials that had densities close to those of the tissues that would 

be printed in the future. This included the search for materials that could be used in resin 

form, with a density similar to fibroglandular tissue, to fill the phantom after printing, to 

obtain a simulator that encompasses all the tissues that constitute a diseased breast in their 

respective tissue-equivalent materials, including tumours of different sizes. 

Results 

According to the reference, dense breasts, characterized by high glandular density, 

affect approximately 43% of the general population [20]. This type of breast presents the 

greatest complexity in distinguishing between healthy tissue and potentially diseased 

areas during mammographic examinations. Furthermore, this breast type carries a high 

risk of cancer [21]. On the other hand, according to another reference, fatty breasts, 

characterized by low glandular density, are the most common and are associated with 

various factors, including high Body Mass Index (BMI) values [22]. Therefore, the choice 

to provide STL files for 3D printing focused on these two breast types. 

In the literature review, we found density values for each of the tissues that make 

up the breast, which are detailed in Table 1. As mentioned in the literature, skin density 

is considered equivalent to the density of fibroglandular tissue, justified by the density 

measurement procedures for the skin, which involve freezing and thawing of samples, 

which can compromise measurement reliability [23]. Therefore, for reasons of safety and 

accuracy, the same density as fibroglandular tissue was chosen to represent the skin. Table 

1 also presents a variety of commercially available materials for 3D printing, along with 

their respective densities, which are close to the densities of breast tissues. This work 

recommends printing a test specimen to measure the density of these materials post-

printing. In the case of fibroglandular tissue, an appropriate liquid resin option was sought 



to fill the simulator after printing, as the file provided by the repository was excessively 

complex, making its printing unfeasible. 

 

 

Tissues D(tis) [g/cm³] Material  
D(mat) 

[g/cm³] 

Adipose 

0,932[23] Sensitive Resin 0,8 a 0,9[24] 

0,928[25] 
TangoPlus 

1,12 a 

1,13[26], [27] 

Fibroglandular 1,066[23] Resina 4230 Epoxi 1,05[28] 

Tumour 
1,044[25] HIPS 1,03[29] 

1,044[23] ABS 1,04[30] 

Skin 
Fibroglandular[23] ASA 1,05[31] 

1,066[23] - - 

Table 1: Densities of breast tissues and commercially available 3D printing materials 

found in the literature. 

As highlighted by Alexander & Miller [32], the thickness of the skin varies from 

0.82 mm to 1.19 mm. Therefore, we chose to use the average of these values, which 

corresponds to approximately 1 mm in thickness to represent the skin. As for the amount 

of fat, a study conducted by Diniz ALD et al. [33], revealed a subcutaneous fat thickness 

of approximately 26.4 mm. This measurement was adopted for the breast phantom with 

higher fat content, while for the dense breast phantom, half of this value was selected, 

equivalent to 13.2 mm of adipose tissue thickness. 

With the skin and fat thicknesses defined, the STL files provided by the repository 

were manipulated as explained in the methodology, resulting in what can be seen in 

Figures 1, 2, and 3, which depict the dense breast at thicknesses of 45 mm and 100 mm, 

the fatty breast at a thickness of 45 mm and 100 mm, and a tumour, respectively. 

 

 

 

 

 

 

 

 



 

 
Figure 1: STL files of breast skin and fat with high glandular density, manipulated with 

thicknesses of 45 mm and 100 mm. 

 

 
Figure 2: STL files of breast skin and fat with low glandular density, manipulated with 

thicknesses of 45 mm and 100 mm. 



 

Figure 3: STL file of the breast tumour. 

The location and further explanation of the dataset are described in the supplementary 

materials section.  

Discussion 

Given the importance of using simulators in evaluating the image quality of 

mammography, it would be beneficial to create a device with equivalent tissue material 

to achieve a more realistic simulation. Additionally, a 3D-printed anthropomorphic 

phantom would allow for control over the position and dimension of its tumour masses, 

which traditional commercial simulators do not permit. Tumour masses in traditional 

simulators are always in the same location, sometimes causing biased assessments. With 

control over the tumour mass dimensions, we can also identify the equipment's spatial 

resolution limit and use images obtained by this anthropomorphic simulator as training 

material for AI algorithms. 

Based on the results from the literature, which point to the prevalence of breasts 

with high glandular density, posing a challenge in distinguishing healthy tissue from 

diseased tissue, and the higher incidence of breasts with low glandular density and more 

adipose tissue, we chose to focus on manipulating files that met these criteria among other 

options available in the central repository of this study. 

During the process of manipulating these files for 3D printing, it was noted that the 

STL file containing information about fibroglandular tissue had a complexity that made 

precise printing difficult. In this regard, we sought alternatives in the literature and 

identified the 4230 Epoxy resin, with a density of 1.05 g/cm³, which closely approximates 

the density of real fibroglandular tissue, which is 1.066 g/cm³. To overcome this 

challenge, we geometrically adapted the STL files representing the skin and adipose tissue 

so that they could be properly fitted after printing, and the 4239 Epoxy resin will be used 

to fill the phantom representing fibroglandular tissue. In the case of the STL files 

representing tumours, each was scaled according to its real scale and varied dimensions, 

allowing for post-print insertion into the phantom. 



During the development of these files, we also considered practical limitations 

related to tumour dimensions. The issue of the availability of printers with the necessary 

resolution to print a tumour of 0.10 mm deserves attention. If this resolution is not 

available, we suggest printing the tumour to the maximum dimension possible with the 

printer. It is relevant to note that, following national regulatory standards, the minimum 

size of a tumour that should be visualized is established at 0.75 mm, which is the initial 

size of the tumours to be inserted into the phantom developed in this work. Additionally, 

for informational purposes, the IAEA document - TECDOC-1958 states that the 

minimum visibility limit of structures should be per the one established by the phantom 

manufacturer. In contrast, the European Guide for Quality Control in Mammography 

requests a comparison of structure visibility with the baseline obtained during equipment 

acceptance evaluation. Finally, the American College of Radiology indicates that the 

minimum visibility limit for masses is 0.60 mm [34]-[36]. Printing tumours at minimum 

dimensions is justified by the potential future use of the images acquired by this phantom 

to test the ability of artificial intelligence algorithms to detect tumours that may not be 

perceptible to the human eye. 

By considering the information obtained in the literature regarding breast tissue 

densities and the availability of commercial materials, we have successfully produced a 

phantom with densities closer to real conditions. This approach fills an important gap, as 

the reference phantoms developed by the ACR for mammography do not include this 

characteristic. With our realistic and anthropomorphic simulator, it becomes feasible to 

assess the accuracy of equipment under conditions closer to those encountered in clinical 

practice. 

This approach represents a significant advancement in improving the accuracy 

and quality of mammography exams. It fosters the development of more effective 

technologies for the early diagnosis of breast cancer, enabling an in-depth analysis of 

human visualization capabilities, particularly concerning extremely small 

microcalcifications. Furthermore, the possibility of testing the capabilities of artificial 

intelligence algorithms in the recognition of minimal tumours opens up new prospects in 

the quest for even more precise and efficient diagnoses, thereby reducing the rate of false 

negatives in mammography exams. 

Conclusion 

In this work, we provided a realistic anthropomorphic breast model based on 

tumour incidence and breast type classifications, that can be 3D-printed and used for 

further characterization of mammography devices and data production for artificial 

intelligence model development and testing.  
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Supplementary Materials 

The dataset has been stored in the Zonedo platform under the DOI 

(10.5281/zenodo.10852818). In this platform was possible to provide the manipulated stl 

files for free and openly to the public. On this platform, uploaded a zip file with folders 

named 'Breast_Phantom,' which is subdivided into three subfolders: 

'High_density_breast,' 'Low_density_breast,' and 'Tumors,' as shown in Figure 4. Within 

the ''High_density_breast ' subfolder, there are two additional subfolders: 

''High_density_breast_45' and ''High_density_breast_100.' These subfolders represent, 

respectively, the breast in the compressed format (for mammography simulation) with a 

total thickness of 45 mm and in the natural format with a thickness of 100 mm. In each 

of these subfolders, there are two stl files: 'Fat_high_density_45' and 

'Skin_high_density_45' or 'Fat_high_density_100' and 'Skin_high_density_100.' These 

files represent, respectively, adipose tissue and skin. Within the 'Low_density_breast' 

subfolder, as demonstrated in Figure 5, we have adopted a similar organization to the 

'High_density_breast' subfolder. However, the files in this subfolder represent a breast 

with low glandular density. In the 'Tumors' subfolder, all stl files are available in various 

dimensions ranging from 0.75 to 0.10 mm in their largest dimension, as illustrated in 

Figure 6. 

 



 

Figure 4: Folders arrangement for high glandular density breast on the platform. 



 

Figure 5: Folders arrangement for low glandular density breast on the platform. 



 

Figure 6: Folders arrangement for tumors of different dimensions on the platform. 

 

 


