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Abstract

3D printing has emerged as a game-changing technology in medical imaging, offering a tangible and
personalized approach to patient care. This comprehensive review explores the revolutionary impact of
3D printing on radiology and its diverse applications in healthcare. By converting radiological data into
patient-specific 3D models, 3D printing has enabled enhanced precision in surgical planning, improved
preoperative visualization, and personalized medical device development. The review highlights the
benefits of 3D printing in tackling complex cases, such as cranial reconstructions and intricate organ
tumours, and its utility in patient communication and education. While acknowledging challenges such
as cost and regulatory considerations, the review emphasizes ongoing advancements and future
prospects in 3D printing technology, including bio printing and integration with artificial intelligence.
Through standardization efforts, multidisciplinary collaboration, and continuous research, 3D printing
holds the potential to revolutionize radiology, transforming medical imaging and ultimately improving
patient care.

Keywords

3D (Three-dimensional), MRI (Magnetic Resonance Imaging), CT (Computed Tomography) and STL
(Standard Tessellation Language)

DOI: 10.48047/ecb/2023.12.8.640

Introduction

Additive manufacturing or 3D printing, has become popular. Revolutionary technology in various
industries including healthcare and radiology. In radiology, 3D printing involves creating physical
models or replicas of patient-specific anatomical structures, generated from medical imaging data, such
as computed tomography (CT) scans or magnetic resonance imaging (MRI) scans. These 3D-printed
models provide tangible and accurate representations of a patient's internal anatomy, enabling
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healthcare professionals to visualize and interact with the structures in ways not possible with traditional
2D imaging " 7.

Principle of 3D printing:-

3D printing, also known as additive manufacturing or rapid prototyping, is a method used to create solid
3D objects based on a digital model. It became popular in the 1990s and is now widely used in various
fields, including radiology.

In radiology, 3D printing involves creating physical models of organs or structures seen in medical
images like CT scan. However, 3D printers cannot directly process medical images. Instead, a standard
file format called STL (Standard Tessellation Language) is used to define the surfaces of the object,
represented by a collection of triangles that fit together like puzzle pieces.

To create a 3D-printed model, radiologists first identify the structures of interest in the medical images
and convert them into STL format. This step involves separating tissues and defining the region of
interest based on the anatomy and pathology observed in the images.

1. Image Acquisition: Medical images, such as CT scans, are acquired from the patient to capture
detailed information about the internal structures.

2. Image segmentation and Post-Processing: Radiologists use specialized software to segment
and define the structures of interest in the medical images and convert them into STL format.

3. 3D Printing: The STL data is then sent to a 3D printer, which constructs the physical model
layer-by-layer based on the digital information " */,

‘ Data Acquisition w Image Segmentation m 3D Printing
Usually CTA/CMR and Post Processing
CTA Segmentation 3D printing

3D solid model

Fig — 1. Steps for producing 3D-printe models of the hearts. CTA stands for cardiac
tomography, and CMR stands for cardiac magnetic resonance. Reprinted with permission under
the open access from Sun et al ©°',

Applications
1. Preoperative Planning: Surgeons can use 3D-printed models to better understand the patient's

unique anatomy before complex surgeries. This allows for more precise planning, reducing
surgical risks and improving outcomes.
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2. Medical Education: 3D-printed models help medical students and professionals learn. They
offer hands-on learning experiences and enhance understanding of complex anatomical
structures and pathologies.

3. Patient Education: 3D-printed models improve patient involvement and understanding by
making medical issues and treatment options more accessible and visual among professionals.

4. Customised Implants and Prosthetics: 3D printing enables improved fit and effectiveness of
patient-specific implants and prosthetics based on anatomy.

5. Research and Innovation: Researchers can use 3D printing to develop and test new medical
devices, surgical techniques, and treatment approaches in a controlled environment before
implementing them on patients

Other applications

3D printing has found extensive applications in various healthcare fields, including Cardiology,
Cardiothoracic Surgery, Critical Care, Gastroenterology, General Surgery, Interventional Radiology,
Neurosurgery, Ophthalmology, Oral and Maxillofacial Surgery, Orthopaedic Surgery, Otolaryngology,
Plastic Surgery, Podiatry, Pulmonology, Radiation Oncology, Transplant Surgery, Urology, and
Vascular Surgery

Advantages of 3D printing

Improved Visualization: Traditional 2D medical imaging, such as CT scans and MRI, provides valuable
diagnostic information, but it can be challenging for healthcare professionals and patients to fully grasp
complex anatomical structures from these images alone. 3D printing takes this visualization to the next
level by producing physical, tangible models that accurately represent a patient's unique anatomy. This
enhanced visualization enables doctors to better understand the patient's condition and plan
interventions with greater precision.

e Personalized Treatment Planning: Each patient's anatomy is unique, and 3D printing allows for
the creation of patient-specific models. This customization is especially valuable in complex
cases, where traditional imaging may not provide enough detail. With 3D-printed models,
surgeons can analyse and simulate surgical procedures before entering the operating room,
tailoring treatment plans to the patient's specific needs. This personalized approach enhances
the effectiveness and safety of medical interventions.

e Surgical Simulation and Training: 3D-printed models offer a hands-on tool for surgical
instruction and simulation. These models allow surgeons to practise difficult procedures before
performing them on patients. This practice can lead to reduced surgical errors, shorter operating
times, and improved patient outcomes.

e Improved Communication: 3D-printed models facilitate better communication and
collaboration between healthcare teams, leading to more effective decision-making

e Prosthetics and Implants: 3D printing has revolutionized the creation of custom prosthetics and
implants. By using 3D printing technology, prosthetics and implants can be tailored precisely
to fit a patient's unique anatomy. This ensures better comfort and functionality, leading to
enhanced quality of life for patients with limb loss or requiring implants

e Preoperative Planning and Collaboration: In complex cases that involve multiple medical
specialists, 3D printing facilitates collaboration and interdisciplinary decision-making.
Surgeons, radiologists, and other healthcare professionals can review 3D-printed models
together, discuss treatment strategies, and reach a consensus on the most appropriate approach.

¢ Reducing Surgery and Recovery Time: Through precise preoperative planning and practice on
3D-printed models, surgical procedures can be streamlined, leading to reduced surgery and
recovery time for patients. This, in turn, may decrease the risk of complications and improve
patient outcomes
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o Patient and Caregiver Education: 3D-printed models make it easier for healthcare providers to
describe medical diseases, treatments, and surgeries to patients and their families. Visualizing
a physical model provides a clearer. Understanding of the patient's condition, improving patient
education and engagement in the decision-making process

Challenges and Limitations:-

While 3D printing in radiology offers tremendous potential, it also faces several challenges and
limitations that need to be carefully addressed for its widespread adoption and effective implementation.
Some of the key challenges and limitations include:

1. Cost: 3D printing technology can be expensive, from acquiring high-quality 3D printers to the
cost of materials and maintenance. The initial investment and ongoing expenses can pose a
significant financial burden for healthcare institutions, especially smaller facilities with limited
budgets

2. Time-consuming process: Creating accurate 3D printed models or medical devices from
radiological data can be time-consuming. The process involves several steps, including image
segmentation, model design, and printing, which can delay preoperative planning or patient-
specific device fabrication

3. Material selection: The choice of materials for 3D printing medical devices is critical to ensure
biocompatibility and long-term safety for patients. Identifying suitable materials that meet the
specific requirements of each application and comply with medical device regulations can be
challenging

4. Regulatory considerations: In medical practice raises regulatory concerns, especially when 3D
printed models or devices are directly used in patient care. Ensuring the safety and effectiveness
of these applications requires adherence to strict regulatory standards, such as FDA (Food and
Drug Administration) approval, which can be a complex and lengthy process

5. Standardization and quality control: 3D printing accuracy and quality rely on various factors,
including image resolution, printer calibration, and post-processing techniques. Establishing
standardized protocols for image acquisition and processing, as well as quality control
measures, is essential to ensure consistent and reliable results

1. Image artifacts and distortions: During the conversion of radiological images to 3D models,
image artifacts and distortions can occur. These inaccuracies can potentially lead to errors in
surgical planning or device design if not carefully addressed

2. Data privacy and security: Radiological images contain sensitive patient data, and the transfer
of this information to external 3D printing facilities or cloud services for processing can raise
privacy and security concerns. Ensuring compliance with healthcare data protection regulations
is crucial to prevent unauthorized access or data breaches.

3. Limited access to expertise: Utilizing 3D printing effectively in radiology requires a
multidisciplinary approach involving radiologists, surgeons, engineers, and technicians.
However, accessing professionals with expertise in both radiology and 3D printing may be
challenging, particularly in smaller medical facilities.

4. Workflow integration: Integrating 3D printing seamlessly into the existing radiology workflow
can be complex. Incorporating the technology into the clinical routine requires adjustments to
staff training, equipment management, and coordination between different departments.

Despite these challenges and limitations, ongoing advancements in 3D printing technology and
increased awareness of its benefits are likely to drive further improvements and solutions. Collaborative
efforts among healthcare professionals, regulatory bodies, and industry stakeholders will be crucial in
overcoming these obstacles and unlocking the full potential of 3D printing in radiology and medical
practice
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Comparison of 3D printing with traditional imaging techniques:-
1. Accuracy:

e CT Scans: CT scans are known for their high-resolution, cross-sectional imaging capabilities,
providing detailed information about the internal structures of the body. They are particularly
useful for visualizing bones, dense tissues, and detecting various abnormalities like fractures or
tumours.

¢ MRIs: MRIs offer excellent soft tissue contrast and are well-suited for imaging organs, muscles,
ligaments, and the brain. They are valuable in diagnosing neurological disorders,
musculoskeletal conditions, and soft tissue tumours.

e 3D Printing: 3D printing produces physical, tangible models based on radiological data,
allowing clinicians to interact with patient-specific anatomical structures. While not a direct
imaging technique, 3D printed models can augment the visualization provided by CT scans and
MRIs, especially in complex cases requiring tactile understanding and surgical planning. In this
regard, 3D printed models offer enhanced accuracy and tactile feedback, which traditional
imaging techniques cannot provide

2. Utility:

e CT Scans and MRIs: Both CT scans and MRIs are essential tools for diagnosis and treatment
planning in a wide range of medical conditions. They are non-invasive imaging modalities that
help clinicians understand the nature and extent of various diseases and injuries.

e 3D Printing: 3D printing complements traditional imaging technigues by transforming digital
data into physical models. These models enhance communication between medical teams,
assist in surgical planning, improve patient education, and aid in the development of
personalized medical devices. 3D printed models are especially valuable in complex surgical
cases, preoperative planning, and anatomical education

3. Cost-effectiveness:

e CT Scans and MRIs: CT scans and MRIs are commonly used imaging technigues in healthcare,
and their cost-effectiveness is well-established for diagnostic purposes. While the upfront cost
of acquiring and maintaining the imaging equipment can be significant, their widespread use
and diagnostic capabilities justify the expense.

e 3D Printing: 3D printing can be more expensive compared to traditional imaging techniques,
especially considering the costs of 3D printers, materials, and post-processing. However, in
specific applications like complex surgical cases or medical device development, the added
value and potential for improved patient outcomes may outweigh the initial investment

Future prospectus:-

The future of 3D printing in radiology shows immense potential, with numerous developments and
advancements on the horizon. Key trends include enhanced printing speed and efficiency through
continuous printing and multi-material techniques, making 3D printing more accessible for routine
clinical use. The integration of artificial intelligence (Al) will optimize the process by automating image
segmentation and enabling predictive modelling for personalized treatment planning. Bio printing and
tissue engineering are rapidly advancing fields that may revolutionize regenerative medicine and aid in
simulating complex surgeries

As 3D printers become more compact and accessible, point-of-care 3D printing is expected to grow,
allowing for real-time model creation in surgical planning and medical device production. Customized
implants and prosthetics will become more prevalent, offering improved biocompatibility and patient
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comfort. 3D printing will facilitate remote collaboration and telemedicine, enabling virtual
consultations and model sharing even in areas with limited medical resources

Integration with advanced imaging modalities, such as functional MRI, could lead to hybrid models
combining anatomical and functional information for better treatment decisions. The emergence of 4D
printing will introduce dynamic simulations, assessing organ movements during different physiological
processes. Ongoing research into new biocompatible materials will drive medical device development
and tissue engineering, leading to improved patient outcomes

Furthermore, integrating 3D printed models with augmented reality (AR) and virtual reality (VR)
technologies will enhance surgical training, preoperative planning, and intraoperative navigation,
guiding surgeons during complex procedures. Overall, the future of 3D printing in radiology holds great
promise and will undoubtedly revolutionize medical practices and patient care

Conclusion

The integration of 3D printing technology in medicine has brought about numerous transformative
benefits. The enhanced precision and surgical planning capabilities provided by 3D printed models have
significantly improved patient outcomes and reduced surgical risks. Personalized medical devices,
designed to fit each patient's unique anatomy, have increased comfort and long-term effectiveness.
Additionally, the use of 3D printed models has improved patient communication and education, leading
to greater satisfaction and compliance.

The technology's contribution to preoperative planning has streamlined procedures, resulting in reduced
anaesthesia exposure and shorter recovery times. Furthermore, 3D printing has proven to be invaluable
in tackling complex medical cases, giving medical teams increased confidence and precision in their
approaches.

Looking ahead, the future of 3D printing in medicine appears promising, with ongoing advancements
promising even more innovative applications. Bio printing, 4D printing, and the integration of artificial
intelligence hold the potential to revolutionize tissue engineering, drug development, and personalized
medicine. Embracing these future prospects and innovations will undoubtedly continue to propel the
medical field forward, ultimately benefiting patients worldwide.
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