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ABSTRACT

Background Medical three-dimensional (3D) printing is play-
ing an increasingly important role in clinical practice. The use
of 3D printed models in patient care offers a wide range of
possibilities in terms of personalized medicine, training and
education of medical professionals, and communication with
patients. DICOM files from imaging modalities such as CT and
MRI provide the basis for the majority of the 3D models in
medicine. The image acquisition, processing, and interpreta-
tion of these lies within the responsibility of radiology, which
can therefore play a key role in the application and further de-
velopment of 3D printing.

The purpose of this review article is to provide an overview of
the principles of 3D printing in medicine and summarize its
most important clinical applications. It highlights the role of
radiology as central to developing and administering 3D mo-
dels in everyday clinical practice.

Methods This is a narrative review article on medical 3D print-
ing that incorporates expert opinions based on the current lit-
erature and practices from our own medical centers.
Results/Conclusion While the use of 3D printing is becoming
increasingly established in many medical specialties in Ger-
many and is finding its way into everyday clinical practice, cen-
tralized “3D printing labs” are a rarity in Germany but can be
found internationally. These labs are usually managed by radio-
logy departments, as radiology is a connecting discipline that
- thanks to the imaging technology used to produce data for
3D printing - can play a leading role in the application of me-
dical 3D printing. Copying this approach should be discussed in
Germany in order to efficiently use the necessary resources and
promote research and development in the future.
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Key Points

= 3D printing in medicine is a rapidly growing field.

= |mage acquisition and processing provides an important
basis for high-quality 3D models.

= Radiology, as the specialist discipline responsible for ima-
ging, has a crucial role to play.

= Radiology should play a leading role in the introduction of
3D printing in everyday clinical practice.

Citation Format

= Streckenbach A, Schubert N, Streckenbach F et al. Current
State and Outlook in Medical 3D Printing and the Role of
Radiology. Fortschr Rontgenstr 2024; DOI 10.1055/a-
2436-7185

ZUSAMMENFASSUNG

Hintergrund Der Einsatz von dreidimensionalen (3D) Druck-
modellen in der Patientenversorgung bietet eine Vielzahl von
Mdoglichkeiten sowohl in Hinblick auf personalisierte Thera-
pieansdtze als auch bei der Aus- und Weiterbildung von med-
izinischem Fachpersonal. Als Grundlage fiir die Mehrzahl der
3D-Modelle in der Medizin dienen DICOM-Dateien aus bildge-
benden Verfahren wie der CT und MRT. Die Erhebung, Bear-
beitung und Interpretation dieser obliegt vorwiegend der
Radiologie, der somit eine Schliisselrolle in der Ausiibung
und Weiterentwicklung des 3D-Drucks zukommt.

Diese Ubersichtsarbeit soll einen Uberblick iiber die Grundla-
gen des 3D-Drucks in der Medizin geben und seine wichtig-
sten Anwendungsgebiete zusammenfassen. Hierbei soll die
Rolle der Radiologie als Knotenpunkt bei der Entstehung und
Verwaltung von 3D-Modellen im klinischen Alltag beleuchtet
werden.

Methoden Dies ist ein narrativer Ubersichtsartikel zum
3D-Druck in der Medizin, der Expertenmeinungen auf der
Grundlage der aktuellen Literatur und Verfahren aus unseren
eigenen Zentren berticksichtigt.
Ergebnisse/Schlussfolgerung Wahrend sich die Anwendung
des 3D-Drucks in vielen medizinischen Fachrichtungen immer
weiter durchsetzt und Einzug in den klinischen Alltag erhalt,
sind sogenannte ,3D-Printing Labs“ in Deutschland bisher
eine Seltenheit, wihrend sie international bereits vielfach
zum Einsatz kommen. Diese 3D-Druck-Labore befinden sich
in der Regel unter der Leitung radiologischer Abteilungen, da
aufgrund der Bereitstellung der zugrunde liegenden Daten fir
den 3D-Druck durch bildgebende Verfahren die Radiologie ei-
nen verbindenden und zentralen Knotenpunkt bei der Anwen-
dung dieser Technologie darstellt. Um auch in Deutschland
verfligbare Ressourcen effizienter zu nutzen und die For-
schung und Entwicklungen voranzutreiben, sollte eine Uber-
tragung dieses Ansatzes diskutiert werden.

Kernaussagen

= Der 3D-Druck in der Medizin hat im letzten Jahrzehnt an
Bedeutung gewonnen.

= Eine hohe Expertise in der Bilderfassung und -verarbeitung
bildet eine wichtige Grundlage fiir hochwertige 3D-Modelle.

= Als fiir die Bildgebung verantwortliche Fachdisziplin fallt
der Radiologie eine zentrale Rolle zu.

= Die Radiologie sollte bei der Einfiihrung des 3D-Drucks in
den klinischen Alltag eine fiihrende Rolle einnehmen.

Introduction

Since its advent in the 19805, three-dimensional printing techno-
logy (3D printing) has also found its way into healthcare. Medical
applications with 3D printing include patient-specific extra- and
intracorporeal prostheses with complex reconstructions of the pa-
tient-specific anatomy, fabrication of models for training purpo-
ses, quality assurance, and interdisciplinary therapy planning. Ap-
plications using 3D printing of living tissue (known as bioprinting)
are also already in use [1, 2].

High-quality medical 3D printing requires high-resolution
diagnostic image data, and these data are collected mainly using
computed tomography (CT) or magnetic resonance imaging
(MRI) examinations. Radiology is playing an important role here.
The discipline holds the expertise needed to both generate and
administer high-resolution image data, as well as to create and
post-process complex 3D models.

The following article provides an overview of the basic proce-
dures and areas of application for 3D printing in medicine, and
highlights future developments and the formative role of radiolo-
gists.

Principles of 3D printing

3D printing is an additive manufacturing process and uses a digi-
tal model to produce a physical 3D model on a layer-by-layer ba-
sis. The multi-step process of 3D printing can be divided into three
main areas of activity: data collection, image processing, and the
actual 3D printing.

Data collection

The data record generated from the image is used as the basis for
the 3D printing manufacturing process. So it is important to take
into account the relevant examination parameters prior to image
acquisition for 3D printing. The parameters depend on both the
examination modality selected and the intended use for the mod-
el. As aresult, they can have a high degree of variability. Currently,
in both CT and MRI there are standard diagnostic imaging proto-
cols that mostly serve as the basis for 3D printing. However, to
print bony structures [3] and specifically for CT or MRI-based
printing of cardiac structures, special protocols are now used in
clinical practice [4, 5, 6, 7].
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» Fig.1 Post-processing of axial contrast-enhanced CT images of the abdominal aorta a. The initial segmentation b shows a common lumen of the
aorta and celiac trunk due to a close positional relationship (white arrow). After manual correction, anatomically correct visualization of the sepa-
rate lumina is shown (white arrow) c. Especially when planning patient-specific stents/vascular prostheses, an anatomically correct visualization of
the vessels must be ensured. Also, for training purposes it is necessary to visualize the exit of a vascular branch correctly when using 3D printing for
vessels.

If CT is used as the basis for 3D printing, the examinations
should have a high image contrast, a high signal-to-noise ratio,
and a high spatial resolution. Slice thickness of 1.25mm or less,
combined with a small field-of-view, are recommended to achieve
the lowest possible voxel size [8]. Lower slice thicknesses may be
necessary in individual applications, such as orbital reconstruc-
tions [9], but they also involve more post-processing. In addition,
the choice of computing kernel has an impact on the spatial reso-
lution and the image noise [10]. A bone kernel can have advanta-
ges when visualizing delicate anatomical structures, such as the
temporal bone. However, due to the lower image noise compared
to the bone kernel and the resulting anti-aliasing, a soft tissue ker-
nel is often preferred [11]. Modern CT techniques, such as itera-
tive or artificial intelligence-based techniques for reducing image
noise and artifacts, can additionally improve the quality of the im-
age data before further processing [12, 13].

For MRI-based printing of cardiovascular structures, ECG-trig-
gered 3D balance steady-state precession and contrast-enhanced
MRI angiography are the most commonly used techniques [14,
15]. This makes it possible to generate diagnostic image data
that can be used for 3D printing without ionizing radiation, even
in pediatric patients [4].

File formats

The internationally recognized Digital Imaging and Communica-
tions in Medicine (DICOM) format is the established standard for
storing and exchanging medical image files from sonography,
MRI, CT, and positron emission tomography (PET-) CT. However,
it is not yet suitable for direct communication with 3D printers.
These require a format that defines individual objects and surfa-
ces that enclose the target area of a room layer by layer. Two com-
monly used standard file formats are standard tessellation lan-
guage (STL) and object file (OBJ) format. These file formats break
the surface of the target object into a series of triangles in a Car-
tesian coordinate system (tessellation) [16, 17]. In recent years,
the additive manufacturing file format (AMF) has established itself
as an advanced file format that also allows the storage of features
such as surface texture, color, and material properties for a target
model [18].

Image processing

In order to convert the DICOM data into a format suitable for 3D
printing, the image data have to be segmented. Voxels that be-
long to an anatomical structure (region of interest) are assigned
to a volume or a mask. This process can be carried out manually
or using (semi-)automatic procedures. These include the expan-
sion to include neighboring voxels (region growing), the definition
of thresholds for assigning voxels (thresholding), or the detection
of object edges (edge detection). For this purpose, the DICOM
files are imported into software that is specifically engineered for
segmenting and designing 3D models. It is recommended that
radiologists review the results to confirm that the digital model
correctly represents the anatomical structures and meets the re-
quirements for 3D printing (> Fig.1).

The segmented data are then converted into a file format suit-
able for 3D printing. This data record is then processed further
using special 3D software known as computer aided design
(CAD) or computer aided manufacturing (CAM) software. This
allows further adjustments and error corrections to be made
specific to 3D printing. In this step, if necessary, additional sup-
port elements are added to the model to hold it in position during
printing or to be able to print overhangs [19]. Some basic image
processing functions, such as segmentation and conversion to
other file formats for creating a model for 3D printing can now
also be performed using advanced visualization software. These
are specialized computer programs for processing, analyzing,
and visualizing medical image data. Programs frequently men-
tioned in the literature are Vitrea (Canon Medical Systems Europe
B.V.; Netherlands), Mimics (Materialise; Belgium) and Syngo.via
(Siemens Healthineers; Germany).

Due to the complexity of 3D models and the enormous impor-
tance of the geometric accuracy of the models, especially for pa-
tient-specific implants, image processing can be very challenging.
This mainly concerns the compatibility of the data, the correction
of model errors, consideration of the printing materials and tech-
nologies, as well as the optimal settings for printing parameters.
This process therefore requires close cooperation between the de-
partments involved, as well as careful planning and testing of the
process chain. To ensure quality, the individual work steps have to
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Additive manufacturing processes

Aggregate state
of the
initial material

Fused Deposition
Modeling

be monitored and controlled by specially qualified experts. Due to
the technical demands of 3D printing, these experts are primarily
material scientists and engineers. Radiologists play a crucial role
in radiological imaging, its techniques, and in checking the anato-
mical correctness of the 3D model.

Printing the 3D model

3D printers create models from the 3D printing files, which are
usually applied as successive layers of material. When choosing
printing technology, other aspects must be taken into account be-
sides the availability and cost of the printer. These include the
time required for printing, the selection of materials that can be
used with the respective printer, in particular, the option to print
in color, biocompatibility, the sterilizability of 3D printing, the
temperature and humidity resistance of the material, and the
question of the need to be able to print different materials at the
same time. A variety of different printing technologies have been
developed in the meantime. The three basic and most commonly
used methods are presented below (> Fig.2). An overview can be
found in » Table1.

Selective Laser
Sintering

Laser
Liquid
Powder photopolymer

» Fig.2 lllustration of the additive manufacturing processes, that will be presented. In principle, the materials used for printing can be divided into
liquid and solid materials (middle row). In fused deposition modeling (FDM), a thermoplastic polymer is extruded through a heated needle. In
selective laser sintering (SLS), powdered material is melted by a laser. In stereolithography (SLA), a laser is used to cure a light-sensitive synthetic
resin.

Stereolithography

Printing methods

Fused deposition modeling

Fused deposition modeling is the most widely used method of 3D
printing. In this procedure, a thermoplastic polymer (solid) is ex-
truded through a heated nozzle and then placed on a heated print
bed to cool layer by layer. The models generated are easy, inex-
pensive, and relatively quick to create (> Table 1). Benefits include
the wide availability of thermoplastic polymers or mixtures of
these and similar plastics. In addition, these materials can be com-
bined and reinforced with other materials such as carbon fibers
during the printing process [21]. This technology also allows the
use simultaneously of several colors or alternating printing of
different materials in the same model. For example, supporting
structures can be integrated that can be dissolved water after
printing is completed [22].

The disadvantage, compared to other printing techniques, is
a lower spatial resolution and accuracy (> Table1). Therefore,
FDM printing is more likely to be used in feasibility studies and
in the production of cost-effective prototypes or simulation
models.
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Stereolithography/resin printing

Stereolithography (SLA or resin printing) uses light-sensitive, dis-
solved synthetic resins that are cured layer by layer using different
light sources with a specific wavelength spectrum, depending on
the design principle. The model is “hung upside down”, attached
to a base plate, and “pulled” layer by layer from the resin reservoir.
This process is called photopolymerization and provides a wide
range of usable materials. It is possible to add additional filler ma-
terials such as glass fiber or carbon fiber to the synthetic resins, for
example, to increase the strength or reduce the weight of the
workpiece [22]. In addition, biocompatible materials can also be
used to produce 3D models for extra- and intracorporeal use.
The geometric accuracy and the resolution of the components
created with this technique exceeds the FDM process in this re-
gard (> Table1).

One of the disadvantages of SLA printing is that post-proces-
sing the components is more time-consuming, because they are
usually washed with isopropyl alcohol after removal from the resin
tank and then they have to be cured under UV light.

Nevertheless, stereolithography has become established in the
medical field because it produces highly accurate models and the
manufacturing step is relatively fast (> Table 1).

This makes SLA printing very suitable for making prototypes of
medical devices with tight geometric tolerances and smooth sur-
faces, as well as for functional end-user parts and detailed anato-
mical models [23].

Selective sintering (SLS, DMLS and SLM)

In the selective sintering process, a powdered substrate, e.g. ny-
lon or metal powder, is fused using a high-power laser. In addition,
in contrast to the other processes, no supporting structures are
necessary, as the non-fused material powder surrounds and sup-
ports the 3D model during printing. A further benefit of this pro-
cess is the possibility of using metallic alloys for high-strength and
sterilizable components with, in some cases, excellent biocom-
patibility.

Disadvantages include the high acquisition costs of special
printing equipment and materials. As a result, use in everyday
clinical practice is still rare.

This method has been used primarily in the manufacture of im-
plants, e.g. in trauma or tumor treatment or to make dental im-
plants [24].

Application areas in medicine

At the start of the 21st century, 3D printers were not widely avail-
able. So their medical applications were limited. At first, they were
used mainly in orthopedics and traumatology. Steady improve-
ments in print quality have made it possible to open up new appli-
cation areas in medicine. Below are examples of the most impor-
tant applications from our institution’s 3D printing center.

Neurosurgery and neuroradiology

In neurosurgery and neuroradiology, cerebrovascular 3D models
are used to plan complex surgical or endovascular procedures, as

» Fig.3a+b 3D rotational angiography of an aneurysm of the left
posterior communicating artery (asterisk) at its origin from the in-
ternal carotid artery (arrow) of a patient. ¢ 3D rendering of the an-
eurysm using Meshmixer (Autodesk) including connecting adapter
for anatomical neurointerventional simulator; d 3D model printed
with a stereolithography 3D printer from Formlabs.

well as to train medical staff. As part of this process, anatomical
spatial relationships, as well as special anatomical features, are
visualized pre-interventionally. This means that appropriate cath-
eter and embolization materials can be tested in advance [25, 26].
A training model of an aneurysm of the posterior communicating
artery is shown in » Fig.3 (> Fig. 3).

In addition, 3D models can also be used to test new and inno-
vative therapy options and to conduct comparative studies of
different intervention options [27].

New treatment options are offered by 3D printing of patient-
specific skull reconstructions, e.g. in the form of titanium plates,
for complex traumatic defects or after tumor resection, and per-
sonalized 3D implants or osteosynthesis screws in spinal surgery
[28, 29].

Oral and maxillofacial surgery

In oral and maxillofacial (OMF) surgery, 3D printing is also used for
aesthetic considerations, especially for patient-specific implants,
e.g. for jaw or orbital floor reconstruction (> Fig.4) or for creating
splints in orthognathic surgery [30, 31]. In cases of congenital fa-
cial deformities or traumatic defects, the healthy opposite side of
the face can serve as a mirror-image template for a side-symme-
trical reconstruction using 3D models. Various complex planes are
aligned on the skull model created by segmentation. The healthy
side is then mirrored along a facial midline onto the traumatically
altered side [32, 33].
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» Fig.4a lllustration of a complex left orbital floor fracture after a traffic accident in a 73-year-old female patient with digital volume tomography
(DVT). b Green: Orbital floor mirrored from the right side. Gray implant: Virtually designed patient-specific implant. ¢ Patient-specific implant

manufactured using selective laser sintering (SLS).

» Fig. 5a Segmentation of the blood pole phase of a heart and the adjacent great vessels (red) using contrast-enhanced CT. The reconstruction was
performed using the open-source tool Slicer, as described by Fedorov [36]. A hypoplastic left heart syndrome (HLHS) is present. The aortic arch is
hypoplastic. There is also a persistent foramen ovale and a persistent left superior vena cava. The head and neck vessels originate regularly from the
transverse aortic arch, which is supplied with blood retrogradely in the case of aortic valve and mitral valve atresia. 3D imaging and the 3D print
created from silicone were used to assist in the diagnosis and planning of the therapy. The 3D printing was produced using a 3D printer from

Formlabs b+c.

Cardiovascular surgery

In cardiovascular surgery, 3D printing is used in connection with
heart diseases. It is mainly used to visualize congenital complex
structural heart defects or tumor pathologies and thus to develop
preoperative strategies (> Fig.5). Here, too, research into the
production of patient-specific implants is being carried out in or-
der to achieve, for example, improved coordination between the
patient-specific anatomy and the aortic prosthesis when treating
aortic aneurysms, which can lead to improved hemodynamics and
consequently better long-term patency of the inlay prosthesis.
(34, 35].

Musculoskeletal applications

With the 3D printing of patient-specific prostheses, orthopedics
represents one of the largest sales markets in medical 3D printing.
In addition, individual fastening plates, surgical osteotomy tem-
plates, and implants can be generated from 3D data [37]. Another
area of application is the 3D printing of complex fractures for
planning subsequent surgical treatment (> Fig.6) [38].

In patients with a unilateral disease, e. g. in the context of com-
plex fractures, tumor resections, or osteotomy operations, the
software can be used to mirror the normal anatomy of the unaf-
fected side in order to obtain a 3D model for the affected side as a
template for a side-symmetrical reconstruction. Even after tumor
resection, 3D models can be used for the precise cutting of trans-
plants to cover resection defects [39].

Radiotherapy

There is an increasing use of 3D printing in radiotherapy to pro-
duce phantoms for radiation planning, quality assurance, and re-
search. One example of this is the mouse phantoms made with
SLA that are used in preclinical radiation planning (> Fig.7). This
application helps to ensure the quality of the procedures and
training of staff, and it leads long term to fewer experimental ani-
mals [40]. In addition, 3D printing can be used to create anatomi-
cal molds for phantoms that can be used in multiple disciplines
[41]. Indirect manufacturing has the benefit of being able to use
not only printing materials but also a wide range of fabric-equiva-
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» Fig. 6a Segmentation of a multifragmentary, displaced tibial fracture using non-contrasted CT for 3D printing of the fracture model using
the FDM method. b+c 3D fracture model of a complex multifragmentary bicondylar tibial plateau fracture for preoperative; printed with a fused

deposition modeling 3D printer from UltiMaker.

» Fig.7 Example for the application of 3D printing in radiotherapy using a mouse phantom: a Data collection using CT imaging of a mouse.
b Segmentation of the most important internal organs. c Creation of the 3D model. d Phantom produced using SLA. e Application of the mouse
phantom in radiation planning. f Measurement of the radiation dose for the verification of preclinical experiments.

lent materials. In addition, the successful 3D printing of applica-
tors for brachytherapy was also described [42].

Bioprinting
Bioprinting describes a 3D printing process in which cells, growth
factors, and biomaterials are used as printing materials [43]. The
biostructures created in this way can replace parts of organs or
even entire organs with increasing complexity.

Bioprinting now allows the printing of skin substitutes, which are
used, for example, to treat burn victims. In special procedures, print-
ing can even be done directly on the pre-treated skin defect [44].

Personalized heart valves, which not only take individual pa-
tient morphology into account but also use bioprinting to incor-
porate physiologically active tissue, are another application area
(» Fig.8) [45].

One goal of bioprinting is to print entire human organs. Only
recently, the first transplantation of cardiac replacement tissue,
known as cardiac patches, was carried out. Omental tissue from
the peritoneum was coated with pluripotent, reprogrammed
stem cells to replace functional heart tissue [48].
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» Fig. 8a Bio-3D printer based on the principle described by Tash-
man et. al. to modify a fused deposition modeling 3D printer [46].
b-d Heart valve model 3D printed from alginate (27 mm diameter);
printed with a bioprinter using the freeform reversible embedding
of suspended hydrogels method described by Lee et al [47].

Future opportunities for radiology

Compared to other countries, the distribution of roles in medical
3D printing in Germany is still very heterogeneous and lies in the
hands of individual, often non-radiological departments. It is not
uncommon for individual departments/institutes, e.g. orthope-
dics and radiotherapy, to have their own 3D printer systems and
work independently. However, in order to use the 3D printing
methodology with its wide range of applications more efficiently
and cost-effectively, it would be preferable to pool the individual
expertise and resources. In the future, radiology could play a cen-
tral role in the further development and implementation of 3D
printing. In particular, essential steps preparing for printing are
covered by radiological core competencies, such as knowledge of
image acquisition, visualization, and image data processing, as
well as handling image artifacts, knowledge of clinical context,
and communication with requesters [20, 49].

A qualitative preliminary screening of the image data is neces-
sary because, for example, CT image data already obtained from
outpatient radiology cannot simply be used for an endoprosthetic
3D model. In the outpatient sector, the ALARA principle (as low as
reasonably achievable) is often applied to examinations using
X-rays as part of radiation protection, e.g. by using a tin/silver fil-
ter. This leads to higher image noise, especially in the T mm thin-
slice reconstructions recommended for a 3D model [29, 36, 50].
In addition, in the outpatient setting, only thin-layer reconstruc-
tions in the bone kernel are often performed as standard. When
creating a 3D model, a soft tissue kernel is preferable, and is usual-
ly only reconstructed in a layer thickness of 2-3 mm by default,
which results in staircase artifacts [29, 36]. To create a suitable
3D model, the relevant examination often has to be repeated.
For this reason, a connection to a 3D printing center would be
preferable for these patients.

A high level of expertise in creating 3D renderings for 3D print-
ing helps to ensure that sources of error are selectively avoided.
For example, when creating 3D renderings, artificial smoothing
of anatomical structures, such as vascular irregularities, can often

occur. During segmentation and rendering, some smaller vascular
branches, e. g. branches of the ophthalmic artery or anterior chor-
oidal artery from the internal carotid artery in the head and neck
area, are also automatically removed to simplify 3D printing.
Whether such changes and adjustments are relevant for the re-
spective application area, e.g. for a training course on a simulator
or for patient-specific implants/stents, can only be assessed by ex-
perienced medical professionals with radiological expertise. How-
ever, radiological expertise in the field of segmentation can also
be used to provide an assessment of the potential feasibility of
successful 3D printing in advance, e.g. in complex neurosurgical
or neuroradiological vascular interventions. For example, complex
AV malformations with a small nidus are difficult to reconstruct
and print in detail using the techniques currently developed.

To address such problems more efficiently, 3D printing centers
with interdisciplinary structures would be useful. Particularly with
regard to the challenges of imaging and as a link between the in-
dividual work steps, including quality assurance and testing, radi-
ology can play a crucial advisory role alongside its role as strictly a
service provider.

Despite the great potential for innovation, there are, in addi-
tion to legal hurdles such as liability issues, currently no medical
guidelines that recommend the use of 3D printing. Furthermore,
the funding of 3D printing in the clinical and outpatient sectors
has not yet been regulated fully and is not currently covered by
health insurance companies in Germany. For this reason, in every-
day clinical practice 3D printing is primarily carried out only as
part of clinical studies and, due to the high time expenditure, seg-
mentation is often carried out by non-medical personnel and only
under partial medical supervision.

Currently, both radiological and non-radiological professional
societies are increasingly addressing the challenges that still exist.
For example, the Society for Manufacturing Engineers (SME) has
set up a working group for medical 3D printing and the Radiolog-
ical Society of North America (RSNA) has established the 3D Spe-
cial Interest Group (SIG) to promote education and training in this
area and to advance research into the feasibility and benefits of
3D printing applications. [46, 47].

Summary

When implemented correctly, medical 3D printing promises im-
proved personalized patient care. In addition to creating individ-
ual anatomical prostheses and models, the bioprinting approach
has a promising future.

Accurate image acquisition with detailed visualization of the
anatomical target region is required for 3D printing today, which
is why radiological expertise is taking a central role. Because 3D
printing in medicine is based largely on anatomical data, radiology
is responsible for correctly acquiring and interpreting this infor-
mation. As a result, it is playing a key role in the production of
medical 3D models.

To promote the integration of 3D printing in everyday medical
practice in German-speaking countries and to expand research in
this field, it would make sense to create a central organizational
structure to manage resources from a range of different disci-
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plines. As a hub for the many 3D printing steps in medicine, radi-
ology holds an ideal central position, and it can play an increasing-
ly cross-disciplinary, networking role to support medical collea-
gues, as well as supporting the design and engineering sectors in
ways beyond image interpretation.

Despite current legal obstacles and a lack of funding, as well as
its lack of consideration in medical guidelines, 3D printing is
already widely used and offers opportunities for future develop-
ments in medicine.
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