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The growth of 3d printing in 
biomedicine: applications in radiology
Three dimensional printing (3DP) has rapidly become an accessible method for 
the production of physical objects for use in many biomedical and clinical applica-
tions. The technology has progressively become available to consumer end-users 
thanks to a reduction in the cost of printers and print materials as well as  to the 
development of simple print software.

This article summarizes the principles behind  the  main 3 D printing techniques 
and describes some of the many medical applications of 3-D printed objects

Today, three-dimensional-printing (3DP) has become a 
relatively inexpensive technology that allows the build-
ing of physical three-dimensional objects, in a layer-by-

layer fashion, from their respective original, virtual models [1]
3DP may be used to rapdily generate physical models or pro-

totypes, directly from different virtual datasets. the most com-
mon of which are those from computer-aided design (CAD), 
magnetic resonance (MRI) and computed tomography (CT) [2]. 

By using dedicated open-access post-processing algo-
rithms, it is possible to extract a spatial model from such 
determined image datasets and export it in a machine-read-
able data format. Subsequently, data associated with this spa-
tial model can then be used by specific and dedicated printers 
to generate a final product, the 3D object [3].

The relative simplicity and cheapness of this approach  
means that the possibility of printing physical objects is hav-
ing increasingly significant implications in both biomedical 
and clinical applications.

Thus, 3DP has become  progressively more available to 
consumer users thanks not only to a reduction in the cost of 
3D printers and print materials but also to the development 
of simple, object-oriented, print software [4]. 

CURRENTLY AvAILABLE TECHNoLoGIES
Today, thanks to the availability of advanced digital tech-

nology, the accuracy and efficiency of 3DP has reached 
remarkable heights.  3D scanning technology is used to obtain 
tissue surface data of a primary impression. Several different 
manufacturing processes have been developed over the years. 

The most important and widespread both in biomedical and 
clinical context are briefly described below:

Stereolithography (SLA): 

This method works by focusing an ultraviolet (UV) laser 
on to a photosensitive liquid resin vat.  By using a com-
puter aided manufacturing (CAM) or computer aided design 
(CAD) software, the UV laser is able to draw a pre-pro-
grammed design or shape on to the surface of the photopoly-
mer vat. The photosensitivity of the photopolymers under 
ultraviolet light results in the formation of a single layer of the 
desired 3D object, thanks to the solidification of the resin. The 
process is then repeated for each layer of the design until the 
3D object is complete [5-6]

One of the advantages of SLA is the high quality of the 
printing process [7]. However, on the other hand, the  SLA 
process is time-consuming and costly [8]

Selective Laser Sintering (SLS):  

In this process, the particles of a powder bed are heated 
until they sinter, or melt, together. The heating is carried out 
through the use of lasers with powerful thermal capabilities 
(for example, CO2 lasers). By altering the height of an adjust-
able table containing the powder bed, it is possible to build 
a 3D object. After the melting or sintering of one layer has 
occurred, a new layer of powder is then applied to the surface 
of the structure. The process is repeated, layer after layer, until 
the device is complete. Once the 3D structure is complete, the 
excess, un-used  powder is removed [9]

A particular, advantageous feature of SLS is the possibility 
to use materials such as titanium and nylon to carry out the 
production of 3D structures with complex features [10]. 
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“ ..The radiologist plays a key role in 
medical applications of 3D Printing..”
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However, the materials that can be processed by SLS have high 
porosities and consequently have surface roughness; in addition, 
the mechanical resistance of the finished product is frequentrly 
lower than that of the raw material [9].

Digital light processing (DLP):
 
This  is a relatively fast top-down process, in which a digital mirror 
device (DMD) consisting of an array of micro-mirrors, which can 
rotate independently of each other is used to control the curing 
laser beam in on/off states [11]. DLP-based printers build objects 
using liquid photopolymer resins, which are selectively hardened 
by a light pattern for each cross-sectional slice of the object until 
the entire model is complete.

DLP is faster than SLA thanks to the fact that an entire layer 

can be cured at once [11].  
 The fast processing time of DLP is one of its most significant 

advantages, as well as its high accuracy and good resolution (voxel 
size: up to 30 μm versus 100 μm with conventional SLA print-
ers),  which results in high quality, smooth surfaces of the printed 
structures. These features make DLP an optimal technology for 
the rendering of geometry tissue engineering scaffolds [12].

However, a support structure is always needed in the technique. 
This is a disadvantage of this innovative technique [13]’

 Plaster-based 3DP (PP);

This process uses a mixture of dry powder and water to form 
a paste, which is then hardened by the application of heat and/
or air to evaporate a certain amount of water. In the PP process 
sections are printed first. An inkjet print head moves across a 
bed of powder, depositing a binding material (generally a liquid). 
Thus the part to be printed is obtained by the cross-sections of 
many thin layers of the model. During the process, thin layers 
of powder are progressively spread across the complete previous 
layer, and adhere to it, in order to obtain the desired shape in the 
sections until the object is complete. At this point, unused powder 
is removed. PP is capable of color printing each successive layer 
using normal inkjet cartridges, with no need for support materials. 

However, PP always requires post-curing.

Fused deposition modeling (FDM);

This method is the most commonly used consumer 3D print-
ing technology that is available currently. The method  consists 
in extruding a series of  thermoplastic materials, layer-by-layer, 
through two heated print nozzles. The process involves melting  
a thermoplastic polymer into a semi-liquid state (small drops).  
The head then extrudes the material onto the build platform. The 
process continues,  fusing one layer with the next, until the entire 
3D object is complete.

Two important benefits of FDM are its high porosity due to the 
laydown pattern and good mechanical strength [6-14]. 

In addition, FDM printers are much more common and inex-
pensive than other RP types.

A disadvantage for FDM is that it is limited to the use of ther-
moplastic materials with good melt viscosity [15]. 

EvALUATIoN oF THE ACCURACY oF pRINTING 
In order to evaluate the accuracy of low-budget workflows 

based on the use of  consumer commercially available 3D printers, 
we  use FDM technology.

A group of test objects was scanned with a 64-slice CT in order to 
build 3D copies. CT datasets were worked up using a software chain 
based on three free, open -source softwares. Objects were printed out 
with a commercially available 3D printer. Overall, the mean absolute 
difference between the test objects and printed 3D copies was 0.23 
mm. The mean relative difference amounted was 0.55 %. 

These results suggest that  an FDM-based 3D printer is a suitable 
and reasonable choice for a hospital that wants to provide 3D print-
ing services independently of external commercial services [14]. 

MEDICAL AppLICATIoNS oF 3D pRINTED MoDELS
The radiologist plays a key role in medical applications of 3D 

Printing.
Both CT and MRI datasets can be used to develop 3D-manu-

facturing processes to build accurate, realistic 3D models or copies 
of anatomical structures and devices. These  can provide reliable 
and sufficient anatomic information, and can be essential tools to 
better understand individual anatomy and to carry out experi-
mental model testing devices [16]. 

The radiologist optimizes the CT scanning protocol to ensure 
the qualitatively best 3DP result, while avoiding, if possible  an 
excessive use of X-rays, especially with pediatric patients. 

“ ... A 3D printed patient-matched model 
is an extremely useful tool for surgical 

planning and reconstruction ...”

FigUre 1. Left panel. real object, Right panel 3D copy: measurement shows that 
the mean relative dimensional difference amounts to 0.55 %.

FigUre 2. segmentation of meniscus from MRI datasets.
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As for MRI, the radiologist  should 
choose  and optimize MRI sequences to 
obtain the best isolation and segmentation 
of the structures to be printed, especially if 
these are affected by the proximity of many 
other anatomical structures. 

A 3D printed patient-matched model 
is an extremely useful tool for surgical 
planning and reconstruction, helping to 
validate surgical approaches and objects 
such as  implants. The surgeon can then 
simulate surgery on the basis of the 3D 
printed replica, and can choose the best 
technique or equipment (for example by a 
pre-modelled metallic plate), thus improv-
ing the accuracy and clinical outcome of 
the intervention and reducing the length 
of time of the surgical procedure. 

The finished model can also be steril-
ized and used for intraoperative guidance. 
A mold of an implant can help the surgeon 
shaping bone grafts or plates during surgery.

The principal use of 3DP in orthopedic 
surgery is in the  manufacture of patient-
specific implants and spinal  and other 

devices.
A 3D printed fracture replica allows the 

surgeon to understand the features of the 
fractures before the actual surgical proce-
dure and also results in a better visualiza-
tion of possible bone gaps. The result is to 
increase the possibility of optimal patient 
treatment with quicker patient recovery  
and minimising chronic pain.  

Liu et al., presented a modeling and 
visualizing system to assist surgeons in 
correct registration in closed long bone 
fracture reduction surgery, involving a vir-
tual plate pre-bending based on axis pre-
alignment. The system pre-operatively uses 
CT datasets and the geometric parameters 
measured on the plate models [17]. 

The production of patient-specific 
implants, which closely conform to the 
physical dimensions and mechanical 
requirements of the region of implanta-
tion, has eliminated the constraints of 
shape, size and mechanical properties that 
exist with standard implants. In particular, 
custom implants for the reconstruction of 
craniofacial defects have recently gained 

importance thanks to their improved per-
formance compared to their generic coun-
terparts [18]. 

Lee et al. successfully tested in sheep a 
3D-based therapeutic procedure to replace 
damaged menisci. They used a custom 3D 
printed scaffold to replace the meniscus, 
in conjunction with the infusion of stem 
cells,  so at the same time stimulating the 
body’s spontaneous natural re-growth of  
the damaged tissue and regeneration of the 
torn lining [19]. 

Again, 3D-models have recently 
become more and more useful to study 
cardio-vascular pathologies, in particular 
to simulate surgical approaches and test 
new experimantal treatment devices. 

For example, Capelli et al. developed 
a detailed finite element (FE) model of 
transcatheter aortic valve implantation 
(TAVI), to investigate the effects of the 
implantation phases on the mechanical 
performance of the device and to estimate 
possible clinical outcomes, in order to eval-
uate the usefulness of the approach and so 
potentially increase  the patient population 
which could benefit from this less invasive 

FigUre 3. Left panel: pelvic fracture, Middle panel 3D segmentation of the fragments, Right Panel: printed fragments.

FigUre 4. Left Panel: fracture reduction, Right panel: pre-modeled plates on the basis of 3D printed patient-matched model.
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surgical treatment [20]. 
An experimental model of the internal carotid artery (ICA) 

has also been made for the research and testing of neurovascular 
devices [21]. In this approach images of ICA aneurysms from 
angio-CT datasets enabled computer simulation of the blood 
flow and improved the understanding of intraaneurysmal hemo-
dynamics [22]. 

By using 3D-printing technique, a virtual surgical field can 
also be achieved. Zhen et al. represented in 3D several anatomical 
structures around the horizontal segment of the petrous region 
of the internal carotid artery, to facilitate the anatomic study and 
help the surgeon preoperatively identify the safe drilling area.[16]. 

 Schievano et al. demonstrated that FE analysis of a percutane-
ous pulmonary valve implantation (PPVI) device into a realistic 
anatomical implantation site could be used to improve patient 
follow-up and monitoring through analysis of the likelihood of 
stent fracture [23].   

Finally, Park et al. used chest CT and 3D virtual modeling to 
assess whether a Total Artificial Heart (TAH) device would fit in 
patient’s anatomy as a pediatric cardiac assist in decompensated 
heart failure, in patients who are waiting for a transplant, as well as 
minimizing eventual postoperative complications.[24]. 

This model could even allow implant design adjustments 
in realistic anatomy, which has not been altered by a surgical 
approach (e.g., thoracotomy) [25]. 

CoNCLUSIoNS
Nowadays, as shown in the studies cited above, there is easy  

availability of accurate and low budget 3DP systems, which can 
be employed in different ways.

A 3D printed patient-matched model represents a useful tool. It 
provides reliable anatomic information, which is essential to better 
understand individual anatomy and perform experimental model 
testing of devices. Moreover, the surgeon can simulate surgery 
on the basis of the 3D printed replica, in order to preoperatively 
validate the implants and surgical approaches and to improve the 
accuracy and clinical outcome of the procedure.

The radiologist plays a leading role in 3DP by helping to opti-
mize the CT and MRI scanning protocol, to obtain adequate 
datasets and so to ensure the qualitatively optimal  3DP result.

It is clear that close cooperation between the radiologist and 
the other medical specialists involved, is  an essential factor and 
an added value for the hospital.
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FigUre 5. better visualization of a bone gap (black outline surrounding a missing 
fragment of the acetabulum).
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