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             Abstract 
Three-dimensional (3D) printing technology has gained significant traction in the field of 

medicine, offering innovative solutions to enhance patient care and medical education 

across various disciplines. In this research abstract, we explore the diverse applications of 

3D-printed models in cardiology, neurosurgery, education and training, imaging, and 

urology. In cardiology, 3D-printed models generated from magnetic resonance angiography 

(MRA) images have emerged as indispensable tools for clinicians. These models aid in 

comprehending the intricate and unique vasculature of patients, proving vital for 

presurgical planning. Notably, they have proven exceptionally valuable in the management 

of congenital heart disease and have enabled the simulation of interventional cardiology 

procedures. Within neurosurgery, neurologists and neurosurgeons have utilized 3D-printed 

brain models as adjuncts during surgical planning, particularly for delicate conditions like 

intractable epilepsy. These models showcase the entire nerve tract in the brain by fusing 

multiple MRI contrasts into a single print, facilitating realistic and cost-effective simulations 

of challenging surgeries. Beyond surgical planning, 3D-printed models have become 

valuable educational tools, aiding medical staff, patients, and their families in 

comprehending anatomy more effectively than conventional medical imaging and virtual 

3D models. In the realm of medical imaging, 3D printing technology has been instrumental 

in determining optimal imaging sequences for MRI protocols, offering valuable insights for 

improved diagnostic accuracy and patient outcomes. Moreover, 3D-printed urologic cancer 

models have demonstrated their efficacy in urology by enhancing preoperative planning 

and patient comprehension of their condition. These models enable physicians to 

formulate better treatment strategies and empower patients to make informed decisions 

about their health. 
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Introduction 
Three-dimensional (3D) printing, commonly referred to as additive manufacturing, is a 

revolutionary process that bridges the gap between virtual designs and tangible reality. At its 

core, 3D printing enables the transformation of a digital 3D computer model into a physical 

object with astonishing accuracy and precision. The process involves the layer-by-layer 

deposition of materials, typically plastics, metals, ceramics, or composites, following the exact 

specifications provided by the digital model 1,2. This technology has opened up a myriad of 

possibilities across various industries, from aerospace and automotive to healthcare.  

Among the commonly used materials, durable nylon stands out as a versatile choice, valued for 

its strength, flexibility, and resistance to wear and tear. Its applications span across industries, 

from engineering and aerospace to consumer goods and fashion. Gypsum, another popular 

material, is favored for its ability to produce visually stunning and highly detailed prototypes. 

Its fine powder consistency allows for intricate layering, making it ideal for architectural models 

and artistic creations. 

Aluminum, with its lightweight and excellent mechanical properties, is the go-to material for 

industries seeking to fabricate strong, functional parts while minimizing weight. Aerospace and 

automotive sectors particularly benefit from its qualities, as it enables the production of 

components with superior strength-to-weight ratios. Textile materials, ranging from cotton and 

polyester to more specialized filaments, have found their place in 3D printing applications as 

well. These materials offer the potential to create customized clothing, flexible wearables, and 

even medical textiles for improved patient comfort. Polylactic acid (PLA), a biodegradable and 

plant-based thermoplastic, serves as an environmentally friendly option. Its ease of use, low 

toxicity, and ability to produce intricate designs make it a popular choice for educational 

settings, hobbyists, and eco-conscious manufacturers. 

When assessing the landscape of tissue engineering scaffolds and rapid prototyping technology, 

3D printing stands out with a multitude of distinct advantages that set it apart. One of its 

primary strengths lies in its high accuracy, allowing for the precise replication of intricate 

designs and complex geometries. This level of precision is paramount in tissue engineering, 

where scaffolds need to be tailored to match the specific needs of a patient's anatomy or to 

mimic the microstructure of natural tissues 3. 

Furthermore, 3D printing facilitates excellent integration between the scaffold and the 

biological environment, promoting successful tissue regeneration and minimizing the risk of 

rejection. The ability to customize scaffold properties and pore structures plays a crucial role in 

ensuring that the printed implant closely mimics the natural tissue, fostering better 

biocompatibility and tissue ingrowth. Another key advantage of 3D printing is its remarkable 

speed in reconstructing structures. Traditional methods of scaffold fabrication can be time-

consuming and labor-intensive, while 3D printing accelerates the process significantly, allowing 

for rapid production of personalized implants. This swift turnaround time is especially critical in 

medical applications, where timely interventions can greatly impact patient outcomes 4. 

Cost-effectiveness is yet another favorable aspect of 3D printing. While initial setup costs for 

3D printing equipment may be a consideration, the overall cost of producing custom-made 

implants is often lower compared to conventional techniques. The ability to use a variety of 

materials, including more affordable options, provides flexibility without compromising quality. 
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The advances in 3D printing, also known as additive manufacturing, have ignited significant 

interest in the healthcare industry due to their transformative potential in improving treatment 

for various medical conditions. This cutting-edge technology has opened up new possibilities 

for healthcare professionals, enabling them to create personalized and precise solutions for 

their patients. One remarkable application of 3D printing in healthcare is evident in the field of 

radiology, where radiologists can now generate exact replicas of a patient's complex anatomical 

structures. For example, a radiologist could create a lifelike model of a patient's spine, 

facilitating meticulous surgical planning. By having a physical representation of the spine in 

hand, surgeons can practice and strategize for the procedure, reducing risks and increasing the 

likelihood of successful outcomes 5. 

In dentistry, 3D printing has revolutionized the way dental products are designed and 

manufactured. Dentists can employ 3D scanning to capture accurate data of a patient's broken 

or damaged tooth, and then use this data to fabricate a custom-fitted crown that perfectly 

matches the unique anatomy of the patient's mouth. The precision afforded by 3D printing 

ensures that the dental restoration fits snugly and functions optimally, leading to improved 

patient comfort and overall oral health. 

What makes these applications truly groundbreaking is the ability to tailor medical products to 

an individual's specific anatomy. With traditional manufacturing methods, such personalized 

solutions would be impractical or even impossible to achieve. However, 3D printing technology 

breaks these limitations by allowing for intricate and patient-specific designs to be translated 

into tangible objects. As a result, patients can benefit from treatments and medical devices that 

are not only more effective but also significantly enhance their overall quality of life. 

Beyond surgical planning and dental applications, 3D printing has found its way into various 

other areas of medicine. It has been used to create patient-specific implants, prosthetics, 

hearing aids, and even intricate models for medical education and training purposes. As the 

technology continues to evolve and becomes more accessible, we can anticipate even more 

groundbreaking innovations in the healthcare field 6. 

Figure 1 illustrates the intricate steps involved in the fascinating process of cardiac 3D printing, 

a revolutionary technology that has revolutionized the field of medicine. The first crucial stage 

in this process is Image Acquisition 7. Highly detailed CT or MRI scans of the patient's heart are 

obtained to provide a comprehensive view of the cardiac anatomy. These scans serve as the 

foundation for the subsequent stages, ensuring that the 3D model accurately represents the 

patient's unique heart structure 8. 

Next comes Data Segmentation, where specialized software plays a pivotal role. Through 

intricate algorithms, the software meticulously isolates and defines the various cardiac 

structures from the acquired images. This step is crucial to delineate the heart's chambers, 

valves, blood vessels, and other vital components, enabling a comprehensive representation of 

the heart's complex anatomy. 
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Figure 1. Steps in the process of cardiac 3D printing 

 
 

Following Data Segmentation, the process moves on to 3D Reconstruction. Here, the digital 3D 

model of the heart is meticulously constructed based on the segmented data. This intricate 

digital representation provides an in-depth and precise visualization of the patient's heart, 

allowing clinicians to gain valuable insights into the individual's unique anatomy, identifying 

potential complications, and planning personalized treatment strategies 9. 

The fourth stage in the process is Preprocessing and Editing, a critical step that refines the 3D 

model to enhance its accuracy and smoothness. During this phase, medical experts can make 

adjustments to the digital model, ensuring it aligns seamlessly with the patient's specific cardiac 

anatomy. By refining the model, any potential inaccuracies or distortions are corrected, 

guaranteeing the most reliable representation of the patient's heart. 

Cardiology 

MR angiography (Magnetic Resonance Angiography) is a medical imaging technique used to 

visualize blood vessels in the body non-invasively, without the need for contrast agents or 

surgical procedures. It is based on the principles of magnetic resonance imaging (MRI) and is 

capable of producing detailed images of the vascular system. Magnetic Resonance Imaging 

(MRI): MR angiography utilizes the principles of MRI, a non-invasive imaging technique that 

uses a powerful magnetic field and radiofrequency pulses to create detailed cross-sectional 

images of the body's internal structures 10. 
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MR angiography is sensitive to the flow of blood in the vessels. By manipulating imaging 

parameters, the technique can highlight flowing blood, enabling the visualization of blood 

vessels and the detection of abnormalities like stenosis (narrowing) or aneurysms (ballooning). 

Two commonly used MR angiography techniques are spatial and TOF techniques. Spatial 

techniques involve the acquisition of high-resolution 3D images of blood vessels, while TOF 

techniques utilize the flow characteristics of blood to suppress the signal from stationary tissues 

and highlight the blood flow. In some cases, contrast agents may be used to enhance the 

visibility of blood vessels and improve the quality of the images. However, unlike conventional 

angiography (X-ray-based), MR angiography can often be performed without the need for 

contrast agents, which can be particularly beneficial for patients with allergies or kidney 

problems 11. 

Among the numerous applications of this technology, 3D-printed models based on MR 

angiography images have taken the spotlight, offering clinicians an unparalleled understanding 

of the intricate arrangement of patient vasculature. These anatomically accurate replicas 

provide tangible and detailed visualizations that surpass traditional 2D imaging, allowing 

healthcare professionals to explore and study patient-specific vascular structures with 

unprecedented precision. 

One of the most crucial areas where 3D-printed models have demonstrated their immense 

value is in presurgical planning. By enabling surgeons to hold, rotate, and examine a physical 

representation of the patient's vasculature, these models enhance comprehension and spatial 

awareness, leading to more informed decisions and improved surgical outcomes. This advance 

has proven to be especially beneficial in the realm of congenital heart disease management, 

where each patient presents a unique and complex set of vascular anomalies. Having a tangible 

3D model at their disposal empowers cardiologists and surgeons to strategize and refine their 

surgical approach with greater confidence and accuracy. 

The advantages of 3D-printed models are perhaps most remarkable in their contribution to 

interventional cardiology procedures 12. These minimally invasive procedures often require a 

precise understanding of the patient's vasculature to guide catheter placements and device 

implantations effectively. By using 3D-printed models based on MR angiography images, 

interventional cardiologists can rehearse and simulate the entire procedure, identifying 

potential challenges beforehand and devising optimal treatment strategies. This pre-procedural 

practice not only enhances safety but also reduces the risk of complications, allowing for a more 

seamless and efficient interventional cardiology practice. 

Moreover, 3D-printed models have proved invaluable in improving communication between 

healthcare professionals and patients and their families. Presenting a tangible model of a young 

patient's heart with congenital heart disease allows medical teams to better explain the 

condition, treatment options, and potential risks to the parents and the patient themselves. 

This visual aid fosters a deeper understanding and connection with the medical information, 

thus empowering patients and their families to make informed decisions regarding their 

healthcare journey. 

Neurosurgery 

Surgical planning for sensitive conditions presents a complex challenge for medical 

practitioners, demanding a meticulous approach that prioritizes patient safety and optimal 
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outcomes. Sensitive conditions encompass a wide array of medical issues, ranging from intricate 

neurosurgical procedures to highly delicate oncological interventions. The paramount 

consideration in these cases is to strike a balance between the necessity of the surgical 

intervention and the potential risks it entails. The process of surgical planning for sensitive 

conditions is intrinsically linked to the integration of cutting-edge technology and innovative 

medical strategies. Advanced imaging modalities, such as magnetic resonance imaging (MRI), 

computerized tomography (CT), and positron emission tomography (PET), have revolutionized 

diagnostic accuracy, enabling precise visualization of affected areas and aiding surgeons in 

devising targeted and minimally invasive approaches. 

 

APPLICATIONS OF 3D MODELS IN NEUROSURGERY 

APPLICATIONS Description 

SURGICAL 

PLANNING 

 Creation of accurate and patient-specific 3D models of the brain and skull. 

 
 Helps surgeons visualize complex structures and plan intricate surgeries more 

effectively.  
 Allows practice and optimization of surgical approach before the actual 

procedure, reducing the risk of errors and improving outcomes. 

CUSTOMIZED 

IMPLANTS 

 Enables personalized implants for patients with cranial defects or skull 

deformities.  
 Tailored to fit the individual's unique anatomy, leading to better cosmetic and 

functional results. 

PATIENT 

EDUCATION 

 Serves as a valuable educational tool for patients and their families. 

 
 Helps explain complex neurosurgical procedures in an understandable and 

visually engaging manner. 

INSTRUMENT 

PROTOTYPING 

 Creates prototypes of surgical instruments designed for specific patient needs. 

 
 Improves precision and safety in surgeries, especially for complex anatomies or 

hard-to-reach areas. 

TRAINING AND 

SIMULATION 

 Facilitates the training of neurosurgical residents and fellows. 

 
 Allows practice on realistic models, improving surgical skills before working 

on actual patients. 

TUMOR AND 

ANEURYSM 

MODELS 

 Allows creation of accurate replicas based on patient-specific imaging data. 

 
 Used to study pathology, simulate treatments, and develop optimal strategies for 

tumor resection or aneurysm clipping. 

GUIDANCE FOR 

DEEP BRAIN 

STIMULATION 

 Assists in DBS surgery for movement disorders like Parkinson's disease. 

 
 Helps guide electrode placement, enhancing accuracy and potentially 

improving clinical outcomes. 

PEDIATRIC 

NEUROSURGER

Y 

 Particularly beneficial in pediatric neurosurgery due to unique anatomies in 

children. 

 
 Allows planning of complex procedures tailored to each child's specific needs. 

NERVE 

REGENERATION 

AND REPAIR 

 Explored for creating nerve guidance conduits to aid nerve regeneration and 

repair. 

 
 Designed to bridge gaps in damaged nerves and support nerve growth, 

potentially aiding in recovery of neurological functions. 
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In recent years, the field of neurology and neurosurgery has witnessed a revolutionary 

advancement in surgical planning through the integration of 3D-printed brain models. These 

innovative models have emerged as a valuable adjunct in managing intricate neurological 

conditions, particularly intractable epilepsy. Neurologists and neurosurgeons are now able to 

harness the power of cutting-edge technology to generate detailed representations of the 

brain's nerve tracts, effectively fusing multiple MRI contrasts into a single print. This 

breakthrough capability has opened up new horizons for realistic and cost-effective simulations 

of complex surgical procedures, significantly impacting patient outcomes and improving the 

overall quality of care. 

The incorporation of 3D-printed brain models into surgical planning has brought about a 

paradigm shift in the way clinicians approach delicate and challenging surgeries. Traditionally, 

neurosurgeons relied on 2D images and computerized tomography (CT) scans to understand 

the complexities of the brain's anatomy. However, this limited perspective often hindered the 

accurate assessment of the intricate nerve tracts involved in conditions such as intractable 

epilepsy. With the advent of 3D printing technology, the ability to produce precise, patient-

specific brain models has provided a comprehensive and tangible representation, empowering 

surgeons to gain a deeper understanding of the anatomical nuances and develop well-informed 

strategies to optimize surgical outcomes 13. 

The potential impact of 3D-printed brain models on surgical planning extends beyond the 

realms of visualization. The interactive nature of these models allows neurologists and 

neurosurgeons to engage in a dynamic and hands-on experience, facilitating enhanced 

exploration and manipulation of anatomical structures before the actual surgery. This 

invaluable opportunity for preoperative rehearsal enables the identification of potential 

complications and challenges, which can be proactively addressed, thereby reducing operative 

risks and improving patient safety. As a result, patients undergoing surgeries for intractable 

epilepsy and other sensitive conditions may benefit from reduced surgical times and 

postoperative complications, ultimately leading to improved overall clinical outcomes 14. 

The development and utilization of 3D-printed brain models have also proved to be 

instrumental in advancing medical education and training in the field of neurosurgery. These 

models serve as invaluable teaching tools, offering medical students, residents, and fellows a 

tangible and interactive learning experience. Through hands-on practice with the 3D models, 

aspiring neurosurgeons can enhance their understanding of complex neuroanatomy, surgical 

techniques, and patient-specific considerations, fostering a generation of skilled and confident 

professionals. 15 Furthermore, as the technology becomes more accessible, interdisciplinary 

collaboration between neurologists and biomedical engineers has emerged, leading to 

continuous refinements in 3D-printed brain models and expanding their potential applications 

in the future. 

The accurate integration of various MRI contrasts and the inclusion of fine neural structures 

demand sophisticated imaging and printing techniques, which may not be readily available in 

all medical centers 16. Additionally, the cost of producing these models and the associated 

technology may present financial barriers for some healthcare facilities. 
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Imaging  

In recent years, various research groups and medical institutions have leveraged 3D printing to 

optimize MRI protocols and determine the most effective imaging sequences. This novel 

application of 3D printing technology has opened up new avenues for refining and personalizing 

MRI procedures, ultimately enhancing diagnostic accuracy and patient care 17. 

Traditionally, the selection of MRI imaging sequences for specific medical conditions relied on 

standard protocols and radiologist expertise. However, individual variations in patient anatomy 

and pathology often presented challenges in obtaining optimal imaging results. With the 

introduction of 3D printing, researchers have been able to create patient-specific anatomical 

models based on MRI data. These physical models replicate the unique characteristics of a 

patient's anatomy and serve as powerful tools for identifying the most suitable imaging 

sequences for accurate diagnosis and treatment planning 18. 

By examining 3D-printed anatomical models, radiologists and imaging specialists can test 

various MRI sequences in a controlled environment, simulating the scanning process and 

evaluating the resulting image quality. This allows for a comprehensive assessment of different 

parameters such as contrast, resolution, and scan time. The ability to fine-tune MRI protocols 

based on these simulations ensures that patients receive the most effective and efficient 

imaging studies tailored to their specific needs, reducing the need for repeated scans and 

potential complications 19. 

The utilization of 3D-printed models in optimizing MRI protocols has demonstrated particular 

value in complex cases where standard imaging sequences may not be sufficient. For instance, 

neurological conditions with intricate neural pathways or tumors located in challenging 

anatomical regions often require tailored imaging approaches. Through the exploration of 3D-

printed models, medical professionals can devise customized MRI protocols that offer 

enhanced visualization of critical structures, leading to more accurate diagnoses and treatment 

decisions 17. 

Urology 

Preoperative planning in urology refers to the systematic and thorough preparation conducted 

by urologists and their healthcare teams before performing surgical procedures on patients 

involving the urinary system and male reproductive organs. This planning process is essential to 

ensure the safety and success of the surgery, as well as to optimize patient outcomes and 

postoperative recovery 20. 

A growing number of healthcare institutions are becoming interested use of 3D-printed urologic 

cancer models to enhance preoperative planning and improve patient comprehension of their 

medical condition. These innovative models have proven to be invaluable tools, offering a 

comprehensive and tangible representation of complex urologic cancers, empowering both 

medical professionals and patients in the pursuit of better treatment outcomes 21. 
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Figure 2. Activity Diagram for Urologist with 3D printing lab 

 
 

Traditionally, preoperative planning for urologic cancer surgeries relied on 2D imaging 

techniques, such as computed tomography (CT) scans and magnetic resonance imaging (MRI). 

While these imaging modalities provide essential information, they often fall short in conveying 

the full spatial complexity of urologic tumors 22–24. With the advent of 3D printing, investigators 

can now create accurate and patient-specific urologic cancer models, replicating the intricacies 

of the tumor's location, size, and relationship to nearby structures. This newfound three-

dimensional perspective enables urologic surgeons to better comprehend the anatomical 

intricacies, facilitating more precise surgical planning and execution. 

Beyond the surgical benefits, 3D-printed urologic cancer models have also proven to be 

instrumental in patient education and understanding. A cancer diagnosis can be overwhelming 

for patients and their families, often leading to confusion and anxiety regarding the condition 

and potential treatment options. By presenting patients with physical replicas of their specific 

urologic cancer, medical professionals can demystify complex medical jargon and provide a 

visual aid that facilitates a deeper comprehension of the disease. Patients are thus better 
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equipped to actively participate in the decision-making process, leading to greater satisfaction 

and adherence to the recommended treatment plans. 

The interactive nature of 3D-printed urologic cancer models further enhances their value in 

preoperative planning and patient education. Medical professionals can manipulate and 

explore these physical representations, simulating different surgical approaches and evaluating 

potential challenges before the actual procedure. This proactive approach allows surgeons to 

anticipate and address potential complications, leading to improved surgical outcomes and 

reduced risks for patients undergoing urologic cancer surgeries. 

The activity diagram in figure 2 illustrates the key steps involved in using 3D printing in urology. 

The process begins with the urologist identifying a patient case and collecting imaging data (CT 

or MRI). The data is then processed and segmented to create a 3D model of the affected area. 

The urologist can design customized surgical tools and plan the surgical procedure using this 

model. The 3D printing lab prepares the 3D printer and selects a biocompatible material for 

printing the 3D model. The urologist receives the printed model and inspects its quality. If the 

quality is acceptable, the urologist proceeds to use the 3D model for surgical training and 

simulation. If adjustments are needed, the 3D printing parameters are modified, and a new 

model is printed. Finally, in the operating room, the urologist performs the actual surgery, 

utilizing the 3D model and customized surgical tools for enhanced precision 25. The 3D model 

aids in the visualization and understanding of the patient's anatomy during the surgery. 

Conclusion 
This research highlights the transformative impact of three-dimensional (3D) printing 

technology on the field of medicine. The diverse applications of 3D-printed models in 

cardiology, neurosurgery, imaging, and urology can help patient care and medical education 

across various disciplines. 

In cardiology, the utilization of 3D-printed models generated from magnetic resonance 

angiography (MRA) images has shown to be invaluable for clinicians. These models have 

provided an intricate understanding of patients' vasculature, significantly enhancing presurgical 

planning and leading to more successful outcomes, particularly in the management of 

congenital heart diseases and interventional cardiology procedures. Within neurosurgery, the 

incorporation of 3D-printed brain models has emerged as a critical tool for surgical planning, 

especially for complex conditions like intractable epilepsy. By showcasing the entire nerve tract 

in the brain through fusion of multiple MRI contrasts into a single print, these models enable 

realistic and cost-effective simulations of challenging surgeries, ultimately benefiting patient 

outcomes. 

Beyond their clinical applications, 3D-printed models have emerged as powerful educational 

tools. They facilitate more effective comprehension of anatomical structures for medical staff, 

patients, and their families, surpassing the limitations of conventional medical imaging and 

virtual 3D models. This enhanced understanding can lead to improved patient engagement and 

more informed medical decision-making. In the realm of medical imaging, 3D printing 

technology has played a vital role in determining optimal imaging sequences for MRI protocols, 

leading to improved diagnostic accuracy and, consequently, better patient outcomes. 

Moreover, in urology, 3D-printed cancer models have proven their efficacy by enhancing 

preoperative planning and patient comprehension of their condition. By providing a tangible 
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representation of their ailment, these models empower patients to actively participate in their 

treatment journey, resulting in more personalized and informed healthcare decisions. 

The process of creating these models based on MR angiography images can be time-consuming 

and resource-intensive, which may hinder their availability and accessibility in certain 

healthcare settings. Additionally, the accuracy and fidelity of the 3D-printed models heavily rely 

on the quality of the original imaging data, and any artifacts or inaccuracies in the MR 

angiography images may be replicated in the printed model, potentially leading to misleading 

or erroneous representations 26. Moreover, while 3D-printed models aid in presurgical planning 

and simulation, they cannot fully replicate the dynamic nature of the cardiovascular system 

during surgery, as they lack the ability to account for real-time changes in blood flow and tissue 

response. The intricate details of brain structures and nerve tracts demand extremely precise 

printing, which can be difficult to achieve with current technology. Moreover, while these 

models provide valuable insights into brain anatomy, they are static representations and cannot 

account for individual variations and dynamic changes that occur during surgery. As a result, 

while they can serve as helpful guides, neurosurgeons must still rely on their expertise and real-

time imaging data during actual surgical procedures. 

While 3D-printed models can aid in simulating and evaluating different sequences, the process 

often requires considerable expertise and time to design, print, and validate the models. 

Additionally, the cost associated with 3D printing and the need for specialized materials can be 

a barrier for some healthcare facilities, limiting access to this innovative approach. Moreover, 

the efficacy of 3D-printed models in predicting real-life patient responses to various imaging 

sequences remains an ongoing subject of investigation, requiring further research and 

validation. Urologic conditions, such as cancer, often involve intricate interactions between 

different structures and organs, which 3D-printed models may not be able to fully capture. 

Furthermore, the accuracy and precision of these models depend heavily on the quality of the 

original imaging data and the printing process, potentially leading to some discrepancies in the 

representation of the patient's anatomy. As with any novel technology, there may also be 

challenges related to cost, accessibility, and the need for specialized training among healthcare 

professionals to effectively integrate 3D-printed urologic cancer models into routine clinical 

practice. 
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