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Chapter 13
Three-Dimensional Medical Printing 
in Urology

Mehmet Ezer and Emre Huri

13.1  Introduction

Three-dimensional (3D) printers are devices that make 3D designs prepared in 
computer- aided design (CAD) programs into real 3D objects using various materi-
als. Additive manufacturing (AM) is another name frequently used in the literature 
for 3D printer technology. It was the first known step in 3D printers to polymerize a 
photosensitive resin by ultraviolet light for the first time in 1986 by Charles W. Hull 
[1]. In their early years, they used it widely in architecture, automotive, and aero-
space industries. It created a technological revolution by giving engineers, archi-
tects, and designers a chance to transform a model they designed in a fully virtual 
environment into a real three-dimensional object. Although the photosensitive resin 
was originally used for production; many new materials, from ceramics to various 
polymers, from metal types to wax and even human cells, can be used in production 
with new technological developments [2]. Today, 3D printers have become an 
accessible technological product with the developing technological infrastructure, 
where individual users can make their own installations and create their own 3D 
models and products.

In the absence of medical imaging techniques, information about the patient’s 
body was limited only by physical examination. The anatomical conditions of the 
sick organs were an enigma, and perhaps their real condition had a chance to be 
detected only intraoperatively. When German physicist Wilhelm Conrad Roentgen 
announced that he discovered X-rays with his article “Ober eine neue Art von 
Strahlen” on December 28, 1895; one of the first big steps was taken for medical 
imaging [3]. Following this big step, X-ray radiographs became the most important 
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imaging method in the field of medicine used for a long time. With the advancing 
technology, new imaging techniques such as computed tomography (CT), 
Ultrasonography (US) and magnetic resonance imaging (MRI) have led to revolu-
tionary results in diagnostic algorithms. The ability of clinicians to use cross- 
sectional imaging when trying to diagnose patients has enabled the organs to be 
evaluated in detail, thereby making it easier to diagnose correctly. Although the 
cross-sectional imaging methods provide much more anatomical details than classi-
cal radiographs, it may be inadequate to enable us to understand the interrelation-
ships of organs and tissues that are making important neighborhoods with each 
other in a 3D space. The unique contribution of 3D modeling in the field of medical 
imaging helps exactly to illuminate this “blind spot”.

Awareness of the use of 3D printers in the medical field has been on the agenda 
in the last few decades [4]. In general, it is noticed that this new technology, which 
has led to groundbreaking results in the sectors it has been used to date, can be used 
in many fields of medicine. For each patient, 3D models can be created for surgical 
planning, and these 3D models can be used both to inform the patient and to under-
stand the treatment process. At the same time, using these models, education can be 
given in the field of medicine, or research assistants who are undergoing surgical 
training can be given the chance to undergo surgical training without the risk of 
harming the patient. With this novel technology, customized medical equipment and 
prosthesis can be produced for the patient.

In this book section, it is aimed to review the applications of 3D printer technol-
ogy in the field of urology, to evaluate its potential benefits and limitations, and to 
evaluate our future expectations.

13.2  How 3D Printing Is Work?

13.2.1  Creation of 3D Models

In order to print in 3D printers, a 3D model ready to be printed must be prepared 
first. Although the 3D modeling process is described in detail in a separate chapter 
in this textbook; it is deemed necessary to give a brief information about the process 
in this chapter. With an overall perspective, the production of organs from a real 
patient or a cadaver as a 3D model involves a process consisting of multiple stages 
(Fig. 13.1). The cross-sectional views of the patient, which is obtained in DICOM 
format in 2D, are converted to 3D with the help of CAD programs. The artifacts that 
occur when converting to 3D are taken to an edit and repair process to obtain a more 
realistic model. At the end of all these processes, a 3D model is created in “.stl” 
format suitable for printing on a 3D printer. The format called “the Standard 
Tessellation Language” or “Standard Triangle Language” abbreviated as STL is the 
standard software format used by CAD programs. Only the surface anatomy is 
defined to consist of small triangles, with no color or pattern in the STL format. 
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Unlike other common formats, OBJ contains color or pattern information different 
from STL format, while PLY format can contain additional data such as transpar-
ency [5]. After the 3D models are ready to be printed, the printing phase can be 
started by selecting the appropriate 3D printer, which differs according to the 
intended use and the type of material desired to be printed.

13.2.2  3D Printing Technology

In the introduction part of this chapter, we have stated that there are many different 
3D printer technologies and many materials from resin to various metals can be 
used as printing material. A brief summary of 3D printing technologies is important 
to higher perceive the present and potential applications of 3D printing technologies 
in the medical field. Although the technological options we have are very diverse, 
four basic 3D printing technologies are used more. These can be listed as fused 
deposition modeling (FDM), inkjet printing, powder-based printing, and stereo-
lithography (SLA) [6].

13.2.2.1  Fused Deposition Modeling

FDM technology is the most widely used and low-cost 3D printing technology 
today [7]. The FDM method is one of the subtypes of extrusion-based printing tech-
nology. It works on the principle of heating and melting a thermoplastic filament to 
form three-dimensional layers [8]. Overlapping layers create a 3D model when the 
writing phase is complete. An important limitation of FDM technology is that it can 
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be printed using only one color, except for models that allow double filament to be 
used. Also, when the printing phase is completed, the layer marks forming the 
model can be selected with the naked eye when viewed from the outer surface of 
the model.

13.2.2.2  Inkjet Printing (Material Jetting)

Inkjet-based (or droplet-based) printing technology occurs by placing the droplets 
on top of each other in a form that creates a 3D model [7]. An interesting and promi-
nent feature in these printing technologies is the ability to print by combining scaf-
folds with live cells or using bioinks containing living cells. Inkjet-based technologies 
are the common names for subgroups such as multijet modeling (MJM), wax depo-
sition modeling (WDM), binder jetting (BJ), and laser-induced forward transfer 
(LIFT) [9–11].

In MMJ, liquid acrylic polymers are layered on a building platform using a print 
head with one or more nozzles. Cured by exposure to UV lamps after layering. 
Melted wax is also used to provide a support structure with acrylic polymer to 
ensure structural durability during the process. The wax around the 3D model is 
cleaned with the melting process after printing [7].

In WDM technology, wax is first melted and deposited on a building platform 
layer by layer through a print head. The melted wax cools down on this platform to 
become solid and takes its final shape [7].

In the technology called BJ, a 3D model is created by connecting an adhesive 
substance sprayed from the print head and various powder materials such as ceram-
ics, metals and polymers. Therefore, BJ technology can be considered as a kind of 
powder based technology [12].

Since laser light is used in LIFT technology, it does not require a printhead [13]. 
After the laser absorbent layer is covered with ink material, the laser light focuses 
on this layer and turns the metal into gas-plasma state. The vapor pocket formed at 
this time, extracts a droplet from the ink material. This technology, which was used 
only for metals when it was first used, has recently been used for cell-laden 
hydrogels.

13.2.2.3  Powder-Based Printing

Although the source of energy used and the types of powder materials differ, the 
logic in all of the powder-based 3D printer technologies relies on heating to ensure 
the integrity of the powder materials. Selective laser sintering (SLS), direct metal 
laser sintering (DMLS), selective laser melting (SLM) and electron beam melting 
(EBM) can be classified under the heading of powder based printing technolo-
gies [14].

Although there are technological similarities between the sintering process and 
the melting process, there are some important differences in terms of the resulting 
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product. In the sintering process, the resulting material has a porous internal struc-
ture and a rough surface, since the powders are not completely melted. In the melt-
ing process, the powders are completely melted and combined so that a higher 
density and more solid 3D printing can be obtained [15].

In SLS, SLM and DMLS methods, laser beams directed with the help of mirrors 
are used for heating. Although SLS and DMLS methods are roughly similar tech-
nologies, a wide variety of materials can be used for printing in the SLS method, 
while only metal material can be used in DMSL.

In EBM technology, high energy electron beam is used through electromagnetic 
coils. For this system to work, a vacuumed working environment is required, and 
the cost increases compared to other powder-based printers.

13.2.2.4  Vat Polymerization-Based Printing

In the technology called vat photopolymerization printing, light waves focus on a 
wat which is filled with a UV-sensitive resin material. The focused ultraviolet light 
hardens one layer at a time, forming layers in a row [7]. Vat Polymerization-based 
Printing technology includes stereolithography (SLA), direct or digital light pro-
cessing (DLP) and continuous directlight processing/continuous liquid interface 
production (CDLP/CLIP).

The first 3D printer technique found by Charles W. Hull in 1986 was a SLA 
method [1]. In SLA technique, an ultraviolet (UV) light sensitive resin is polymer-
ized with UV and converted into a solid state. It is the most commonly used 3D 
printer technology in the surgical planning stage today because it gives very close 
results to the reality [16].

The DLP method is very similar to the SLA, but uses a shallower resin container. 
It provides the opportunity to print faster because it uses a digital light projector that 
is under the resin container and cures the entire layer at once [17].

In addition to DLP method in CDLP (or CLIP) method, the build plate moves in 
the Z-direction continuously [7]. This additional feature allows the printing time to 
be shortened thoroughly.

13.3  Using of 3D Medical Printing in Urology

13.3.1  Pre- and Intraoperative Surgical Planning

An important issue in which three-dimensional medical technologies can be benefi-
cial is the pre-surgical planning stage. The data obtained by the patient’s imaging 
methods can be made three-dimensional in the virtual environment, and the neigh-
borhoods of the tissues and organs and the anatomical location of the structure to be 
intervened can be evaluated in detail before surgery, and a more realistic assessment 
opportunity can be obtained while planning in the preoperative period.

13 Three-Dimensional Medical Printing in Urology
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Surgical treatment of kidney stone diseases is one of the urological study areas 
where technology is developing rapidly. In addition to the developed laser systems, 
ultrasonic lithotripters and flexible instruments, the use of 3D technologies seems to 
increase this development rate.

In 2017 Ghazi et al. kidney including the pelvicaliceal system and relevant adja-
cent structure models were created using polyvinyl alcohol hydrogels and three- 
dimensional- printed injection molds [18]. All steps of a percutaneous 
nephrolithotomy (PCNL) were simulated including percutaneous renal access, 
nephroscopy, and lithotripsy steps. Five experts with >100 caseload and 10 novices 
with a previous <20 caseload from both urology (performing the full procedure) and 
interventional radiology (performing access only) departments completed the simu-
lation. Face and content validity were calculated using model ratings for similarity 
to the real procedure and usefulness as a training tool. The similarity and conformity 
of the prepared models to the real procedure were evaluated by the participants as 
very successful.

Atalay et al. used 3D replicated models which has been previously created with 
usage of preoperative images of five patients during pre-operative training [19]. The 
trainees had progression with a range of 60–88% in understanding of calyceal local-
izations and determination of axcess side. More, the same authors informed the 
patients preoperatively with their pre-printed models [20]. Surveys were fulfilled by 
patients and the results relieved that there an increase of patient knowledge of stone 
localization, kidney anatomy and possible complications during the procedures by 
aid of informative printed models.

Models obtained with 3D printer technology can be used by offering in vitro 
work environment for different studies besides preoperative planning, medical edu-
cation and patient information. Antonelli et al. described usage of a polythene sac 
‘’The PercSac” in order to prevent migration of stone fragments during the PCNL 
procedure performed on 3D printed kidney models [21].

In 2019, Xu et al. evaluated the effectiveness of usage of 3D printed models for 
optimal calyx selection and stone free rate among staghorn stones [22]. According 
to their results, 3D printed models may be used to achieve better stone free rates 
with most suitable axcess side selection during PCNL procedures among patients 
with staghorn stones [22]. Similarly at same year Bianchi et  al. evaluated the 
improvement of axcess sides during PCNL with aid of 3D kidney models [23]. 
According to their evaluation of 3D-guided approach on PCNL of a 25 × 15 mm left 
kidney stone, the preoperative planning of the puncture with better knowledge of 
the renal anatomy and may be helpful to reduce operative time and improve the 
learning curve [23]. Canat et al. also declared that stone volume calculation using 
CT based 3D-reconstructed algorithm improves the accuracy of stone volume esti-
mation and this measurement is superior to ellipsoid formula [24].

Besides from PCNL as considering the ureteroscopic lithotripsy Kuroda et al. 
demonstrated a case of allograft ureteral stone which has been treated with ante-
grade approach with usage of a 3D printed model to determine the ideal approach 
[25]. Due to the anatomical difficulty regarding the patients allograft kidney, they 
had prepared a 3D image and model for selecting the best percutaneous approach [25].
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The “partial nephrectomy” procedure, also called nephron-sparing surgery, is the 
primary treatment for small kidnet masses with suspected renal cancer. Factors such 
as the location of the mass on the kidney, the depth of invasion closely affect the 
parameters such as the duration of surgery, the amount of bleeding, the possibility 
of complications. One of the most common uses of 3D modeling in the field of urol-
ogy is the preoperative planning of the surgeries of the masses detected on the kid-
ney. In a study carried out by Smektala et  al. in Poland, patient images were 
processed, mold modeling was made, casting molds were created, and silicone rep-
licas were produced through these molds, in which five cases planned to undergo 
laparoscopic partial nephrectomy surgery with suspicion of renal carcinoma [26]. 
The models obtained in this low cost study were first used for surgical planning 
before partial nephrectomy, and in the later period, they were used in laparoscopic 
surgery training.

Wake et al. created personalized replicated kidneys through 3D printers in the 
preoperative period, by processing the MRI of a series of 10 cases with a nephrom-
etry score between 6 and 10 [27]. Three surgeons whom have been experienced in 
the field of urooncology completed a questionnaire about their surgical approach 
plans without replica models first and then with replica models [27]. It was interest-
ing in the results of the research is that the transperitoneal or retroperitoneal surgical 
approach plans made without seeing the model change at a rate of 30–50% after the 
model is seen [27]. 3D replicas of the mass to be surgically caused serious changes 
in the decision of the surgeons making plans by looking at MRI.

Westerman et al; In a study comparing the use of 3D printer material replicated 
kidneys when performing surgical planning with the use of CAD programs for sur-
gical planning in cases of challenging nephron-sparing surgery, they obtained data 
indicating that models produced using a 3D printer provide more successful surgical 
planning [28].

Golab et al. performed preoperative planning with cardiovascular surgery via a 
3D model of a renal cancer case with a thrombus extending to the right atrium 
where multidisciplinary approach is required during surgery [29]. So, the 3D mod-
els produced specifically for the patient can facilitate joint preoperative planning in 
complex cases where teams with different specialties will enter together.

An interesting study was performed considering the 3D printing assisted laparo-
scopic cryoablation of small renal tumors [30]. The 3D reconstruction was used to 
mimic cryoablation procedure. The results showed that the 3D printing technology 
assisted laparoscopic cryoablation is a feasible method to treat renal tumors, which 
maybe a better way to preserve nephrons, especially for those elderly and/or comor-
bid patients [30].

There also exists different interesting cases of renal tumors which has been suc-
cessfully treated surgically with help of 3D printing technology. As an example, 
Mercader et al. reported the aid of 3D printed modelling during the surgical plan-
ning of a patient with horseshoe kidney [31].

According to a study that evaluating the 3D printed modelling on laparoscopic 
partial nephrectomy(LPN), 3D models supplied a shorter ischemia time but longer 
surgery waiting time [32]. The patients with RENAL score ≥8, the 3D-LPN group 
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had significantly shorter warm ischemic time and less intraoperative blood loss than 
the traditional LPN group. Intra- and postoperative hospital complication rates were 
similar for 3D-LPN and traditional LPN groups (8.7% vs. 13.7%) [32]. Similarly, 
Kyung et  al. also evaluated the application of 3D printed kidney models during 
partial nephrectomy to predict surgical outcomes [33]. The translation of 2D images 
of CT or MRI data to a 3D model helps surgeons improvements regarding tumor 
localization [34].

Moreover, recent studies also investigated 3D printed models among bladder, 
prostate and retroperitoneal tumors in urology [35–37]. Laparoscopic radical cys-
tectomy with an introcorporeal neobladder is one of challenging cases in urooncol-
ogy. Bejrananda et al. described the patients Y pouch neobladder in a 3D printed 
model during the follow-up in order to help the patient to understand the morphol-
ogy and neobladder capacity after the initial surgery [35]. In order to improve the 
validation considering the prostate cancer diagnosis and treatment plan, Rutkowski 
et al. suggested a MRI-based cancer lesion analysis with 3D printed patient specific 
prostate cutting guides [36]. According to their study 10 patients with prostate can-
cer were evaluated with Prostate Specific Membrane Antigen (PSMA) Positron 
Emission Tomography (PET)/MRI both before and after chemohormonal treatment. 
Post-treatment images were used to design patient-specific prostate cutting guides 
that were used to create uniform thickness sections of surgically removed prostates. 
So that The prostate cutting guides were used to successfully section the prostate for 
histopathogical evaluation and slice-by-slice MRI comparison [36]. Effectiveness 
of 3D printing modelling to plan a retroperitonel tumor was investigated among 24 
surgeons [37]. Regarding a single case all the surgeons were asked to compare the 
CT and 3D models. Especially junior surgeons declared that the 3D models provide 
greater help for preoperative planning and confidence building than using CT in 
resection of retroperitoneal tumor [37].

Besides urooncology and endourology there are special subgroups of urological 
interventions where 3D printing models may also take place. Renal transplantation is 
one of the urological study areas where the use of 3D printers is applied. In a study 
conducted in 2015, the donor kidney and the pelvic cavity of the recipient patient 
were rendered in 3D by imaging the patients before the renal transplantation, and 
printed as replica models [38]. During the study, it was aimed to decrease the vascular 
clamp time and bleeding amount in the intraoperative period by evaluating the pelvic 
vascular structures and their neighbors, the pelvic location and location of the kidney 
to be transplanted, and the vascular lengths required for anastomosis [38]. Urethral 
injury is an important problem among patients with pelvic fractures. Posterior ure-
thral anastomosis during urethroplasty may be a challenging intervention. Joshi et al. 
conducted a study consisted of 3D printed models composed of pelvic fracture 
patients with urethral injuries [39]. A total of 10 models were printed which were 
obtained by 3D CT images. According to their results 3D printing can be applied to 
pelvic fracture urethral injury to understand the anatomy of the posterior urethra and 
its relations with peri neighbouring important anatomical structures [39]. Even, indi-
vidualized 3D printed extravascular titanium stents have been shown to be used as a 
minimally invasive treatment option among patients with nutcracker syndrome [40].
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13.3.2  Education and Training

The “primum non nocere”, namely the “do not harm first” principle of the Ionian 
Physician Hippocrates, who is known as the founding father of medicine, is a basic 
principle that is taught to every physician candidate who is preparing to embark on 
his career. The methodology used in classical medicine education is based on the 
“see, do, teach” algorithm of William Stewart Halsted, who is accepted as the 
founder of modern surgery. In an education system based on Halsted methodology, 
it will run parallel with the number of patients with access to education and experi-
ence that the person can obtain. It is also obvious that using the human body, which 
is the main object of the medical education process, as training material in processes 
with potential for harm, will create ethical, moral and legal problems due to the 
indispensable and indisputable importance of human life. Cadavers have been used 
as the most important educational tools of medical education for many years in 
order to overcome various problems caused by the trainings given on the patient’s 
body. However, difficulties in cadaver supply, limitations such as not being able to 
observe physiological changes in a living organism and religious prejudices brought 
new searches [41]. Although various animal models used in medical education 
make important contributions to education, education remains far from the targeted 
quality due to the physiological and anatomical differences between the living body 
used as educational material and the human body. All these limitations and difficul-
ties in medical education require the use of applications such as simulation, aug-
mented reality and virtual reality in the medical education process.

In 2019, Tatar et al. published an important review considering the importance 
and validity of 3D medical printing and virtual reality on urology training with 
‘MedTRain3DModsim’ Erasmus + European Union Project [42]. At the same year 
Guliev et al. evaluated the use of a 3D printed segmented collapsible model of pel-
vicalyceal system during urology training [43]. According to their study the deter-
mination of the anterior and posterior calyces of the upper group was improved by 
61% and 69%, the difference in the determination of the calyces of the middle group 
was 60% and 51%, and the answers regarding the number of the anterior and poste-
rior calyces of the lower group became better by 67% and 74%, respectively 
(p < 0.001). The ability to select the optimal calyx for the primary and the second 
access became better by 60% and 55%, respectively (p < 0.001) [43].

There exists an increase in the usage of ultrasound guidance during recent years 
on both endoscopic and percutaneous interventions. Aro et al. developed 3D printed 
kidney models especially ultrasound-compatible ones in order to be used during 
training [44]. Day by day there is an increasing interest and studies go on. Recently, 
Melynk et  al. published a technical report that indicates the usage of perfused 
hydrogel kidney model created using 3D printed injection moldings for RAPN 
simulation and training [45]. Anatomically correct, tumor-laden kidney models 
were created from 3D-printed casts designed from a patient’s CT scan and injected 
with poly-vinyl alcohol (PVA). A variety of testing methods quantified Young’s 
modulus in addition to comparing the functional effects of bleeding and suturing 
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among fresh porcine kidneys and various formulations of PVA kidneys. It was the 
first study that utilize extensive material testing analyses to determine the mechani-
cal and functional properties of a perfused, inanimate simulation platform for 
RAPN, fabricated using a combination of image segmentation, 3D printing and 
PVA casting [45].

The predominant use of 3D printers in the area of   prostate diseases is the diagno-
sis and treatment of prostate cancer. There are studies in the literature that support 
the combination of multiparametric prostate MRI (mpMRG) and 3D prostate model 
to increase the success rates in the diagnosis of prostate adenocarcinoma. In a study 
conducted by Wang et al. Published in 2015, all of the 16 patients with suspected 
prostate cancer had 3.0 Tesla mpMRG, and STL files obtained from the processed 
images were created in 3D with prostate models. Cognitive fusion prostate biopsy 
was performed on patients by evaluating mpMRG and 3D prostate models together. 
When evaluating the results, the researchers stated that they performed higher rates 
of prostate cancer detection compared to cognitive fusion biopsies in the current 
literature and argued that the combination of mpMRG and 3D model will increase 
the diagnostic value of prostate biopsy [46].

If the dorsolateral neurovascular bundles cannot be distinguished and preserved 
during radical prostatectomy, which is the gold standard treatment of non- metastatic 
prostate adenocarcinoma, erectile dysfunction may develop permanently in the 
postoperative period [47]. Intraoperative discrimination of dorsolateral neurovascu-
lar bundles is a problem that forces surgeons. In a study conducted by Jomoto et al. 
In a combination of magnetic resonance angiography and patient-specific 3D pros-
tate models, the use of the 3D prostate model made it easier to find neurovascular 
bundles intraoperatively, thus facilitating radical prostatectomy with a nerve- sparing 
technique [48].

Apart from urological surgery, there are several studies in the literature that dem-
onstrate the advantages of custom made 3D prostate models during the application 
of different treatment modalities such as cryotherapy, HIFU (High Intensity 
Focused Ultrasound) and brachytherapy used in the treatment of prostate cancer 
[49, 50].

As we take a look to very recent studies, Choi et al. described a phantom model 
for simulation and quantitative evaluation of transurethral resection of the prostate 
[51]. The phantom mirrors the anatomy and haptic properties of the gland and per-
mits quantitative evaluation of important surgical performance indicators. Mixtures 
of soft materials are engineered to mimic the physical properties of the human tis-
sue, including the mechanical strength, the electrical and thermal conductivity, and 
the appearance under an endoscope. Electrocautery resection of the phantom closely 
resembles the procedure on human tissue. Quantitative criteria for performance 
assessment are established and evaluated by automated image analysis. According 
to their results surgery on the phantom was accepted to be useful for medical train-
ing [51].

Witthaus et  al. incorporated and validated the clinically relevant performance 
metrics of simulation (CRPMS) in to a novel full-immersion simulation platform 
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for nerve-sparing robot-assisted radical prostatectomy (NS-RARP) utilizing 3D 
printing and hydrogel technology [52]. Anatomically accurate models of the human 
pelvis, bladder, prostate, urethra, neurovascular bundle (NVB) and relevant adjacent 
structures were created from patient MRI by injecting polyvinyl alcohol (PVA) 
hydrogels into three-dimensionally printed injection molds. The steps of NS-RARP 
were simulated: bladder neck dissection; seminal vesicle mobilization; NVB dis-
section; and urethrovesical anastomosis (UVA). Five experts (caseload >500) and 
nine novices (caseload <50) completed the simulation. Force applied to the NVB 
during the dissection was quantified by a novel tension wire sensor system fabri-
cated into the NVB. Post-simulation margin status (assessed by induction of chemi-
luminescent reaction with fluorescent dye mixed into the prostate PVA) and UVA 
weather tightness (via a standard 180-mL leak test) were also assessed. Objective 
scoring, using Global Evaluative Assessment of Robotic Skills (GEARS) and 
Robotic Anastomosis Competency Evaluation (RACE), was performed by two 
blinded surgeons. GEARS scores were correlated with forces applied to the NVB, 
and RACE scores were correlated with UVA leak rates. The correlation of validated 
objective metrics (GEARS and RACE) with our CRPMS suggests their application 
as a novel method for real-time assessment and feedback during robotic surgery 
training [52].

In another study, in a patient who tried to preserve the functions of adrenal hor-
mone secretion in the long term by performing partial adrenalectomy on one side 
and partial adrenalectomy on the other side, a case presentation was performed 
preoperatively, the 3D adrenal gland model was produced, and the adrenal gland 
volume to be used in the patient was calculated and used as a guide during surgery 
[53]. In a study conducted by Cheung et al. In 2014, a simulator for pediatric pyelo-
plasty surgery was created with a 3D model produced using silicone material from 
a model created by processing images of a pediatric patient with ureteropevic junc-
tion stenosis with CAD programs [54].

As considered for andrology training Pinto et al. described an artificial model 
composed of two vas deferens made with silicone tubes, covered by a White resin, 
measuring 10 cm in length and internal and external diameters of 0.5 and 1.5 mm, 
respectively [55]. The holder of the ducts is made by a small box developed with 
polylactic acid, using a 3D print [55].

13.3.3  Patient Counseling

Today, with the developing technology, patients can easily access most information 
about their diseases. However, many patients do not have the level of knowledge to 
understand the current state of the disease, to evaluate different treatment methods 
that can be applied together with their physician and to decide what is appropriate 
for their condition. Materials embedded thanks to 3D printer technology can also 
help clinicians inform patients.
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13.3.4  Other 3D Printers Applications in Urology

Del Junco and colleagues made flow dynamics measurements using double j stents 
(DJS) produced using a 3D printer and a saline solution in a pig model [56]. In 
another study conducted in 2015, Park and his friends made pressure measurements 
with DJS produced with a 3D printer that showed anti-reflux feature thanks to the 
polymeric valves [57]. More, Russo et  al. described the new perspectives of 3D 
printing in andrology [58].

13.4  Future Aspects of 3D Medical Printing in Urology

The area where 3D printer technology is expected to cause the biggest changes in 
medicine may be the field of tissue engineering. The rabbit urethra, produced by 
Zhang et al. using organic materials and living cells, can be considered as a step 
closer to the point that human beings dream of producing living tissues and organs 
in the laboratory environment and transplanting them to patients [59].

Kim et al. published a very important study that considering the structure estab-
lishment of 3D cell culture printing model for bladder cancer [60]. They constructed 
a 3D cell scaffold using gelatin methacryloyl (GelMA) and compared cell survival 
in 3D and 2D cell cultures. 3D cell cultures showed higher cancer cell proliferation 
rates than 2D cell cultures, and the 3D cell culture environment showed higher cell- 
to- cell interactions through the secretion of E-cadherin and N-cadherin. The effects 
of drugs for bladder cancer such as rapamycin and BCG showed that the effect in 
the 2D cell culture environment was more exaggerated than that in the 3D cell cul-
ture environment. They fabricated 3D scaffolds with bladder cancer cells using a 3D 
bio printer, and the 3D scaffolds were similar to bladder cancer tissue [60]. So the 
technique can be used to create a cancer cell-like environment for a drug screening 
platform.

13.5  Conclusions

When the current technology is evaluated, it is an indisputable fact that training with 
models obtained with 3D printers cannot replace the clinical training given on a real 
case. However, the use of this new technological application in the education of less 
experienced people, especially at the beginning of the training curve; Reducing the 
possible complications that may be encountered due to inexperience at the begin-
ning of the training process may be beneficial in terms of increasing patient safety. 
The use of 3D printed models produced with the help of 3D technologies during 
preoperative evaluation in many diseases provides a better evaluation of anatomical 
structures, increases surgical success rates and, reduces complication rates. 3D 
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printing models are among the most powerful assistants who strengthen the hand of 
physicians in informing patients and their relatives about the disease and treatment 
processes. In the future, it is thought that 3D printer technologies will be used more 
widely in the field of medicine with decreasing costs and increasing prevalence.
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