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Abstract
Three-dimensional (3D) printing with highly flexible fabrication offers unlimited 
possibilities to create complex constructs. With the addition of active substances 
such as biomaterials, living cells, and growth factors, 3D printing can be upgraded to 
3D bioprinting, endowing fabricated constructs with biological functions. Urology, 
as one of the important branches of clinical medicine, covers a variety of organs 
in the human body, such as kidneys, bladder, urethra, and prostate. The urological 
organs are multi-tubular, heterogeneous, and anisotropic, bringing huge challenges 
to 3D printing and bioprinting. This review aims to summarize the development of 
3D printing and bioprinting technologies in urology in the last decade based on 
the Science Citation Index-Expanded (SCI-E) in the Web of Science Core Collection 
online database (Clarivate). First, we demonstrate the search strategies for published 
papers using the keywords such as “3D printing,” “3D bioprinting,” and “urology.” 
Then, eight common 3D printing technologies were introduced in detail with their 
characteristics, advantages, and disadvantages. Furthermore, the application of 
3D printing in urology was explored, such as the fabrication of diseased organs for 
doctor–patient communication, surgical planning, clinical teaching, and the creation 
of customized medical devices. Finally, we discuss the exploration of 3D bioprinting 
to create in vitro bionic 3D environment models for urology. Overall, 3D printing 
provides the technical support for urology to better serve patients and aid teaching, 
and 3D bioprinting enables the clinical applications of fabricated constructs for the 
replacement and repair of urologically damaged organs in future.
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1. Introduction
Three-dimensional (3D) printing, also known as additive manufacturing (AM), has 
been developed and improved over the last few decades[1-4]. Traditional 3D printing 
technology uses a planar layer printing strategy with a process originally developed for 
rapid prototyping. Digital models are sliced by it along the Z-axis to produce a set of 
digital models with horizontal build layers in the X–Y plane. These layers are then stacked 
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sequentially from bottom to top to create a physical replica 
of the digital model. With the reform and innovation of 3D 
printing technology, several types of 3D printing techniques 
with different characteristics have been developed, such as 
the conventional fused deposition modeling (FDM) for 
hot melt extrusion deposition of polymer materials, digital 
light processing (DLP) for photo-crosslinking molding, 
and bioprinting/biofabrication for processing biomaterials 
and cellular bioink[2,5,6].

3D bioprinting, also known as biofabrication and 
biomanufacturing, is developed from 3D printing by 
adding cells, proteins, growth factors, and biomaterials 
to the printing ink, and its purpose is to create samples 
with specific biological functions. The development of 
3D bioprinting can be divided into five stages based on 
the nature of products[7]: (1) biomedical in vitro devices 
without requiring biocompatibility; (2) biocompatible but 
non-degradable products; (3) biocompatible, degradable, 
and absorbable products; (4) cells as ink components; 
and (5) cellular microspheres and micro-organs[7]. In this 
review, we define that 3D printing includes stages 1 to 3, 
and 3D bioprinting includes stages 4 and 5.

3D printing and bioprinting have been used in a variety 
of applications including architecture, flexible electronics, 
tissue engineering (such as bone, meniscus, and blood 
vessels), and manufacturing of mechanical devices[8-15]. 
However, the application of 3D printing and bioprinting 
in urology is relatively rare[16-18]. The urological system, as 
one of the important systems of the body, plays a vital role 
in maintaining normal life activities. Urological organs are 
multi-tubular, heterogeneous, and anisotropic. 3D printing 
and bioprinting, as well as non-traditional subtractive 
manufacturing methods, offer flexibility in designing and 
fabricating complex scaffolds. Urological organ damage 
would directly or indirectly affect human life and health, so 
it is necessary to explore the potential of 3D printing and 
bioprinting in addressing urological disorders. Overall, 
this paper reviews the research progress of 3D printing 
and bioprinting technology in urology in the past 10 years 
(2013–2022), covering urological reconstruction models for 
preoperative planning, surgical teaching, medical devices 
for sizing customization and reducing medical costs, and 
tissue-engineered bioscaffolds for mimicking urological 
organs. It is believed that 3D printing and bioprinting have 
broader application prospects in urology in the future and 
have the opportunity to solve urological diseases.

2. Search strategy
All publications used in this study were obtained by 
performing searches on the Science Citation Index-
Expanded (SCI-E) in the Web of Science Core Collection 

online database (Clarivate). The searches were conducted 
to find high-quality articles published in English between 
January 1, 2013, and December 31, 2022. Three search 
strategies were conducted for “3D printing” (search strategy 
#1), “3D printing in urology” (search strategy #2), and “3D 
bioprinting in urology” (search strategy #3), respectively, as 
shown in Table 1. These three search strategies yielded only 
research articles, and other publication types, including 
review papers, conference papers, conference abstracts, 
editorial materials, book chapters, etc., were not included 
unless they overlap with research papers. The topic subject 
(TS) term “3D printing” and its near-synonyms (such as 
“three-dimensional printing” and “direct ink writing”) 
were used to retrieve publications on 3D printing. The 
TS term “3D bioprinting” and its near-synonyms (such 
as “biofabrication” and “biomanufacturing”) were used to 
retrieve publications on 3D bioprinting. The title (TI) and 
abstract (AB) terms including “urology” and its involved 
organs including nephrology, prostate, kidney, ureter, 
bladder, urethra, penile, penis, and “adrenal gland” were 
placed in the search strategies for urology. This research 
was conducted following the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
statement, as illustrated in Figure 1.

Search results (“3D printing” in search strategy #1) 
show that, as shown in Figure 2A, 3D printing has received 
increasing attention and has been widely researched in recent 
years. Moreover, Figure 2B further demonstrates the level of 
attention 3D printing has received, by means of the number 
of highly cited papers in the Essential Science Indicators 
(ESI) of the Web of Science Core Collection. Other search 
results (“3D printing and urology” in search strategy #2, 
Figure 3A; “3D bioprinting in urology” in search strategy 
#3, Figure 3B) indicate that the research and exploration 
of 3D printing and bioprinting in urology is increasing. 
However, the use of 3D printing in the field of urology 
accounts for only about 1/5000 of its overall use in various 
fields. There are no highly cited papers on 3D printing in 
urology. Therefore, the application of 3D printing in urology 
remains a research gap awaiting to be addressed.

3. Characteristics of various 3D printing 
technologies
In recent years, the rapid development of 3D printing 
provides the technological basis for building a bridge 
between engineering, biology, materials science, and 
clinical medicine. 3D printing technology is one of the 
crucial elements of multi-disciplinary integration to solve 
clinical problems. The working process of 3D printing 
is shown in Figure 4. First, a target object is scanned 
by instruments such as micro-computed tomography 
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(micro-CT) or magnetic resonance imaging (MRI). Then, 
the 3D digital model of the target object is obtained by 
reconstruction, design, and repair using computer-aided 
design (CAD) software and exported in STL or IGES file 
format for subsequent 3D printing. Next, the appropriate 
3D printer and printing materials are selected based on the 
part’s purpose and processing accuracy. Finally, the digital 
model is imported into the 3D printer for fabrication. It 
is important to note that some printing methods require 
post-processing for printed samples. 3D printing can be 
divided into different categories according to its working 
principle and applicable materials, mainly including 
stereolithography (SLA)[19-21], DLP[2,11,22], FDM[11,23,24], direct 
ink writing (DIW)[25-31] (through which the printed material 
is a series of lines or droplets), material jetting (MJ)[32],  
binder jetting (BJ)[33-35], selective laser sintering (SLS)[36,37], 
and selective laser melting (SLM)[38-41] (Figure 5). The 
characteristics, materials, advantages, and disadvantages 
of these different types of 3D printing technologies are 
demonstrated in Table 2.

In detail, SLA technology uses an oscillating mirror system 
to control the ultraviolet (UV) laser (355 nm or 405 nm)  
spot scanning crosslinking to achieve the curing of resin 
materials, which has better mechanical properties but less 
applicable materials, poor processing accuracy, and slow 
processing speed (Figure 5A). Moreover, the incomplete 
crosslinked resin is toxic, which is a shortcoming. Based on 
SLA technology, scientists developed a DLP system based on 
a digital mirror device and photosensitive polymers liquid, 
which has high precision and fast fabrication (Figure 5B). 
Moreover, with the rapid development of DLP, it is able to 
perform biofabrication of organs and tissues, such as heart 
and blood vessels, for potential future applications. In 
contrast to the previous two 3D printing technologies that 
employ liquids, FDM technology, one of the most widely 
used 3D printing technologies, utilizes solid polymer 
wire as the raw material (e.g., polylactic acid [PLA], 
acrylonitrile butadiene styrene [ABS], poly-ε-caprolactone 
[PCL]), which is melted by heating and then stacked 
layer by layer to build 3D-printed samples (Figure  5C). 
The common heating temperature of this technology is 
50–280°C, which can generally melt most of the polymers. 
PCL, which has been approved by the US Food and Drug 
Administration (FDA), is used in tissue engineering areas 
including bone tissue engineering and meniscal tissue 
engineering. Although this technology is widely used in 
crafts, polymer parts, tissue engineering scaffolds, etc., its 
biggest limitation is that it cannot be bioprinted because of 
its high-temperature molten heating process, which is fatal 
to cells. DIW technology (Figure 5D) has a great advantage 
in bioprinting because of its technical simplicity and the 
wide range of available ink materials, such as hydrogel, Ta
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gelatin, and gelatin methacryloyl (GelMA), which can be 
easily printed with live cell ink. The ink extruded from the 
nozzle can be divided into two states: fiber (Figure 5D-i)  
and droplet (Figure 5D-ii). The DIW technology with 
continuous uniform diameter fiber state is widely applied 
to print various bioink applications. Especially, it has been 
widely adopted in the last decade for use in research. The 
greatest advantage of DIW technology is that it allows the 
biofabrication of widely available materials (various types 

of hydrogels) incorporating cells at room temperature, and 
the greatest disadvantage is the generally poor mechanical 
properties of the scaffolds obtained. In the future, high-
strength hydrogels can be studied in-depth to further 
develop and popularize the adoption and acceptance of 
DIW technology in biofabrication. In addition to the 
DIW technology that uses droplet state, there are two 
other 3D printing technologies that we know of through 
droplets, and they are MJ (Figure 5E) and BJ (Figure 5F). 

Figure 1. Flow chart of the literature search used in this study based on the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 
method.

Figure 2. The number of published papers with “3D printing” as the topic subject (TS) term in the Science Citation Index-Expanded (SCI-E) (A) and the 
Essential Science Indicators (ESI) (B) of the Web of Science Core Collection between January 1, 2013, and December 31, 2022.
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The difference between these two technologies is that MJ 
executes 3D printing by spraying droplet materials (e.g., 
liquid polymer or metal materials) and then crosslinking 
them with UV light for polymers or cooling them at 
room temperature for metal materials (Figure 5E), while 
BJ executes 3D printing by spraying binder on a bed of 
granular powder by bonding the particles (Figure 5F). A 
prominent representative of MJ technology is Stratasys, 
which has developed a variety of inkjet 3D printers 
(e.g., J750TM DAP, J8 SeriesTM) that can handle multiple 
transparent or opaque materials for high-fidelity processing 
3D models. The technologies that use powder bed fusion 
(PBF) are SLS (Figure 5G) and SLM (Figure 5H), which, 
unlike BJ, employ a laser to selectively heat-specific areas of 

powdered granular material for 3D printing. The difference 
between these two technologies (SLS and SLM) is the 
laser power used. SLS mainly heats and melts polymer 
materials with low melting point, which are used as binder 
to paste ceramic or metal materials (Figure 5G), while 
SLM uses high power laser to completely melt polymer or 
metal materials at high temperatures, resulting in higher 
precision and better mechanical properties, but consuming 
more energy and reducing processing speed (Figure 5H).

In summary, each 3D printing technology has unique 
characteristics and specialized applications, and applicable 
materials vary from method to method, as shown in Figure 5 
and summarized in Table 2. Notably, 3D printing has been 

Figure 3. The number of publications with “3D printing” and “urology” (A) and “bioprinting” and “urology” (B) as the topic subject (TS) terms in the 
Science Citation Index-Expanded (SCI-E) database of Web of Science Core Collection between January 1, 2013, and December 31, 2022.

Figure 4. Design and fabrication workflow for 3D printing (Designed with macrovector/Freepik).
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widely explored and applied in many areas, especially in the 
medical field which has received more attention compared 
to other fields, as evidenced by the continuous publication 
of research articles regarding 3D printing in medicine in 
prestigious journals such as Nature and Science[42-47]. The 
applications in urology can be divided into two main areas: 
3D printing and bioprinting. The working environment 
of the printing method determines whether it is available 
to process cell-loaded bioinks. Therefore, 3D printing 
technologies (including SLA, FDM, BJ, SLS, and SLM) 
are used to process non-cellular urological samples, and 
3D bioprinting technologies (including DLP, DIW, and 
MJ) are used to fabricate biological scaffolds with specific 
biological functions.

4. Clinical applications of 3D printing in 
urology
Urological disorders seriously affect human health, some of 
which can be managed with standard treatments that can 
alleviate patient suffering, but many are in dire need of new 
therapeutic strategies. Based on some studies, 3D printing 
gives a silver lining in tackling certain diseases that can be 
addressed with the use of tissue engineering, particularly 

those related to bone and cartilage[9], and it is believed that 
3D printing can make a difference in urology in the future. 
3D printing has gained wide interest in different fields due 
to its high application flexibility in many areas, including 
aerospace, automotive, food, architecture, batteries, flexible 
sensors, robotics, etc. The application of this technology 
in urology could be mainly divided into preoperative 
planning, surgical simulation, and preclinical application.

4.1. Preoperative planning
3D-printed urological models can facilitate interactions, 
including preoperative doctor–patient communication, 
surgical planning, and clinical teaching. To improve 
the accuracy of robot-assisted radical prostatectomy 
(RARP) surgery, Saba et al. reconstructed a digital model 
(Figure  6A-ii) of the prostate lesion site based on the 
patient’s prostate MRI data (Figure 6A-i) and obtained the 
3D-printed model (Figure 6A-iii) before the surgery[48]. 
The results demonstrated that the preoperative 3D-printed 
sample could provide urologists with more accurate and 
effective information for RARP surgery compared to 
continuous 2D MRI data, as shown in Figure 6A. Chandak 
et al. employed 3D printing to assist in the understanding 
of RARP surgery, indicating that visualization via 3D 

Figure 5. Schematic diagram of different types of 3D printing technologies. (A) Stereolithography (SLA)[83,84]. (B) Digital light processing (DLP)[85,86]. 
(C) Fused deposition modeling (FDM)[10]. (D) Direct ink writing (DIW)[28-30]. (E) Material jetting (MJ)[8]. (F) Binder jetting (BJ)[34,35]. (G) Selective laser 
sintering (SLS)[37,87]. (H) Selective laser melting (SLM)[38,88,89].
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means for simulation is more effective than using only 
2D flat data[49]. The use of 3D-printed prostate models 
can achieve better understanding than the current gold-
standard multi-disciplinary team meetings (MDT) 
sessions, providing medical students and clinicians with 
better guidance on surgical positioning[50].

Further, researchers have conducted 3D printing of 
kidneys to facilitate doctor–patient communication and 
clinical teaching[51]. Researchers from the University of 
California Irvine (USA) printed kidney samples with antler-
shaped stones for preoperative planning (Figure 6B)[51]. 
Researchers from Camargo Cancer Center (Brazil) printed 
diseased kidneys for doctor–patient communication and 
preoperative planning (Figure 6C)[51]. 3D printing offers Ta

bl
e 

2.
 A

 su
m

m
ar

y 
of

 th
e 

ch
ar

ac
te

ri
st

ic
s, 

m
at

er
ia

ls
, a

dv
an

ta
ge

s, 
an

d 
di

sa
dv

an
ta

ge
s o

f v
ar

io
us

 3
D

 p
ri

nt
in

g 
te

ch
no

lo
gi

es

M
et

ho
d

C
ha

ra
ct

er
is

tic
M

at
er

ia
l

A
dv

an
ta

ge
D

is
ad

va
nt

ag
e

R
ef

.
SL

A
U

V
 cr

os
sli

nk
in

g 
of

 p
ho

to
se

ns
iti

ve
 li

qu
id

 re
sin

 to
 

so
lid

 b
y 

la
se

r b
ea

m
Ph

ot
os

en
sit

iv
e 

liq
ui

d 
re

sin
H

ig
h 

m
ec

ha
ni

ca
l p

ro
pe

rt
ie

s, 
hi

gh
 re

so
lu

tio
n,

 
an

d 
th

e 
ab

ili
ty

 to
 p

ro
ce

ss
 la

rg
e 

siz
es

To
xi

c, 
tr

ou
bl

e 
cl

ea
ni

ng
, l

es
s a

pp
lic

ab
le

 
m

at
er

ia
ls,

 p
oo

r p
ro

ce
ss

in
g 

ac
cu

ra
cy

[1
9-

21
]

D
LP

Se
co

nd
-g

en
er

at
io

n 
lig

ht
-c

ur
in

g 
te

ch
no

lo
gy

 b
as

ed
 

on
 p

ro
je

ct
or

 c
ur

in
g 

of
 p

ho
to

se
ns

iti
ve

 m
at

er
ia

ls
Ph

ot
os

en
sit

iv
e 

po
ly

m
er

 li
qu

id
, 

hy
dr

og
el

H
ig

h 
m

ec
ha

ni
ca

l p
ro

pe
rt

ie
s, 

hi
gh

 re
so

lu
tio

n,
 

fa
st

er
 p

ro
ce

ss
in

g 
sp

ee
d,

 a
nd

 b
io

pr
in

tin
g

Li
m

ite
d 

m
at

er
ia

ls 
av

ai
la

bl
e

[2
,1

1,
22

]

FD
M

W
ire

 m
at

er
ia

l i
s h

ea
te

d 
at

 h
ig

h 
te

m
pe

ra
tu

re
 a

nd
 

th
en

 e
xt

ru
de

d
Po

ly
m

er
s o

r c
om

po
sit

es
H

ig
h 

m
ec

ha
ni

ca
l p

ro
pe

rt
ie

s a
nd

 th
e 

ab
ili

ty
 to

 
pr

oc
es

s l
ar

ge
 si

ze
s

H
ig

h 
te

m
pe

ra
tu

re
[1

1,
23

,2
4]

D
IW

Ex
tr

us
io

n 
of

 v
isc

oe
la

st
ic

 m
at

er
ia

ls 
fo

r s
ta

ck
in

g 
an

d 
m

ol
di

ng
Va

rio
us

 m
at

er
ia

ls 
(e

.g
., 

G
el

M
A

)
A

 w
id

e 
ra

ng
e 

of
 av

ai
la

bl
e 

m
at

er
ia

ls,
 ro

om
 

te
m

pe
ra

tu
re

, a
nd

 b
io

pr
in

tin
g

Lo
w

 m
ec

ha
ni

ca
l s

tr
en

gt
h

[2
5-

31
]

M
J

Li
qu

id
 m

at
er

ia
ls 

(d
ro

pl
et

s o
r l

in
es

) a
re

 sp
ra

ye
d 

an
d 

st
ac

ke
d.

O
rg

an
ic

 so
lu

tio
ns

 a
nd

 
po

ly
m

er
s

H
ig

h 
re

so
lu

tio
n

O
rg

an
ic

 re
ag

en
ts

 o
r h

ig
h 

te
m

pe
ra

tu
re

[3
2]

BJ
Th

e 
bi

nd
er

 is
 in

je
ct

ed
 in

to
 th

e 
po

w
de

r b
ed

 to
 

bo
nd

 th
e 

pe
lle

ts
 in

to
 sh

ap
e

Pa
rt

ic
le

s a
nd

 co
m

po
sit

es
A

 w
id

e 
ra

ng
e 

of
 av

ai
la

bl
e 

m
at

er
ia

ls
Lo

w
 m

ec
ha

ni
ca

l s
tr

en
gt

h 
an

d 
lo

w
 

re
so

lu
tio

n
[3

3-
35

]

SL
S

Si
nt

er
in

g 
po

w
de

r c
om

pa
ct

s u
sin

g 
a 

la
se

r a
s a

 h
ea

t 
so

ur
ce

M
et

al
, c

er
am

ic
s, 

an
d 

co
m

po
sit

es
Si

nt
er

in
g 

of
 p

ow
de

r b
ill

et
s w

ith
 v

ar
io

us
 

m
at

er
ia

ls
H

ig
h 

te
m

pe
ra

tu
re

, c
om

pl
ex

 p
ro

ce
ss

, 
an

d 
hi

gh
 co

st
[3

6,
37

]

SL
M

M
el

tin
g 

an
d 

st
ac

ki
ng

 o
f m

et
al

lic
 m

at
er

ia
ls 

us
in

g 
la

se
r a

s a
 h

ea
t s

ou
rc

e
M

et
al

 a
nd

 co
m

po
sit

es
H

ig
h 

m
ec

ha
ni

ca
l p

ro
pe

rt
ie

s a
nd

 m
et

al
lic

 
m

at
er

ia
ls

H
ig

h 
te

m
pe

ra
tu

re
, c

om
pl

ex
 p

ro
ce

ss
, 

an
d 

hi
gh

 co
st

[3
8-

41
]

A
bb

re
vi

at
io

ns
: B

J, 
bi

nd
er

 je
tti

ng
; D

IW
, d

ire
ct

 in
k 

w
rit

in
g;

 D
LP

, d
ig

ita
l l

ig
ht

 p
ro

ce
ss

in
g;

 F
D

M
, f

us
ed

 d
ep

os
iti

on
 m

od
el

in
g;

 G
el

M
A

, g
el

at
in

 m
et

ha
cr

yl
oy

l; 
M

J, 
m

at
er

ia
l j

et
tin

g;
 S

LA
, s

te
re

ol
ith

og
ra

ph
y;

 
SL

M
, s

el
ec

tiv
e 

la
se

r m
el

tin
g;

 S
LS

, s
el

ec
tiv

e 
la

se
r s

in
te

rin
g.

Figure 6. 3D-printed urological kidney models for enhancing interactions 
and surgical simulation. (A) MRI data (i), reconstructed digital model (ii) 
and 3D-printed sample (iii) of the diseased prostate[48]. Reprinted with 
permission from ref.[48]. Copyright 2021 Elsevier. (B) A kidney with antler-
shaped stones[51]. (C) A kidney with Von Hippel–Lindau syndrome[51]. 
(D) A kidney silicone sample for surgical training[51]. Reprinted with 
permission from ref.[51]. Copyright 2019 Elsevier.
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the opportunity and convenience for in vitro visualization 
of diseased urological organs, and its application in urology 
is expected to significantly facilitate doctor–patient 
communication and reduce the current doctor–patient 
conflicts in China due to miscommunication.

4.2. Surgical simulation
Researchers from the University of California Irvine (USA) 
printed a silicone kidney sample for surgical training 
(Figure 6D)[51]. This provides samples for in vitro anatomy 
learning and surgical simulation. In addition, other 
researchers have developed a 3D-printed kidney simulation 
platform. It can be used by urologists for rehearsal testing 
before formal surgery for kidney tumor removal. In the 
rehearsal, the surgeon is allowed to use various methods 
to remove the tumor and examine the model after each 
simulation and thus modify the surgical plan accordingly. 
The 3D-printed models effectively simulated the texture, 
anatomy, and perfusion of the kidney, providing a platform 

for a fully immersive experience in conducting a surgery. 
As shown in Figure 6E, the actual surgery and simulated 
images are displayed on the left and right, respectively[52]. 
In summary, the application of 3D printing in urology can 
help improve urologists’ surgical skills, enhance surgical 
protocols, increase surgical success, and predict surgical 
outcomes based on model simulation results.

4.3. Preclinical application
Here, some applications of 3D-printed medical devices 
for urology were reported. del Junco et al. designed and 
fabricated laparoscopic punctures and ureteral stents using 
CAD software and 3D printing technology, and in vivo 
puncture experiments in pigs showed that the resulting 
devices are feasible and could be used in clinical settings 
in the future[53]. Buote et al. created and trained a variety of 
3D-printed PLA scaffolds, and the surgical results showed 
that the use of their stents was successful, and there were 
no postoperative complications (Figure 7A–C)[90]. Further, 

Figure 7. Design and fabrication of the laparoscopic trocar[90] and extraluminal anti-reflux diodes[55]. (A) Drawing of cannula and trocar. (B) 3D-printed 
cannulas. (C) Photograph of the cannula after surgery. Reprinted with permission from ref.[90]. Copyright 2022 John Wiley and Sons. (D) Schematic 
diagram of the extraluminal anti-reflux diode (EAD) in urinary organs. (E) Working principle of the EAD. (F) 3D-printed EADs with different shapes. 
(E) Working principle. (F) Different shapes. Reprinted with permission from ref.[55] under the Creative Commons Attribution 4.0 International License.
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Park et al. fabricated a polymeric anti-reflux flap valve via 
3D printing technology, which can be attached to a ureteral 
stent and can effectively resist reflux[54]. To improve anti-
reflux, Lee et al. created extraluminal anti-reflux diodes 
with various shapes, which can be used in ureteral stents[55], 
as shown in Figure 7D–F.

5. 3D bioprinting in urology
3D bioprinting is commonly defined as the process of 
fabricating cell-loaded biological materials into tissue-
engineered scaffolds. Although 3D printing provides 
technical support for the construction of urological 
tissue-engineered scaffolds with similar shapes, only 3D 
bioprinting can endow them with biological functions by 
incorporating biomaterials, live cells, and growth factors. 
The essence of bioprinting is the processing of living cells, 
which requires that the whole process of 3D printing 
should be friendly or non-invasive to living cells. Common 
3D bioprinting technologies include extrusion-based 
bioprinting (single-, multi-, and coaxial-nozzle), inkjet-
based bioprinting (piezoelectric and thermal), and light-
based bioprinting (UV light and laser light)[13]. Although 
current technologies are not feasible to reconstruct organs 
in vitro that are fully capable of normal human activity 
for clinical transplantation, 3D bioprinting offers the 
possibility to reconstruct biologically active and functional 
urological organs.

Our search revealed a total of 73 research papers 
on bioprinting in urology based on search strategy #3. 
Of these, 19 research articles were selected for detailed 
study[56-74] (as shown in Table 3) after excluding literature 
reported works that used only urological cells, or some 
review articles that were incorrectly categorized as 
research article. Among these articles, 11 are about the 
kidney[56-58,62,63,65,67,69-72], 6 about the bladder[59-61,64,66,73], 1 
about the glomerular[68], and 1 about the urinary tract[74]. 
Of these papers, extrusion bioprinting is the most widely 
used 3D bioprinting technology, due to its advantages such 
as low device cost, a wide range of applicable materials, and 
cell-friendliness. To present the advances of 3D bioprinting 
in urology, we divide this section into four parts: bioinks, 
cell types, structure design, and urological scaffolds, as 
shown in Figure 8.

5.1. Bioinks
Bioink is the raw material for 3D bioprinting, which is 
processed into samples according to the structure design 
with the aid of printing equipment. Currently, there are 
various formulations of bioink, which is mainly composed 
of basic biomaterials and bioadditives. The 3D bioprinting 
method determines the type of basic biomaterial required. 
The commonly used biomaterials include natural and 
synthetic materials. Generally, natural materials have 

excellent biocompatibility, but their mechanical properties 
are poor compared to synthetic materials. The popular 
biomaterials are mainly hydrogels, gelatin, alginate, 
decellularized extracellular matrix (dECM), and their 
mixtures. As the most widely used synthetic material in 
3D bioprinting[75-79], hydrogel can mimic the extracellular 
matrix (ECM) and provide a physiologically similar 
environment for cell growth. Gelatin, alginate, and dECM 
are acceptable natural materials. The basic biomaterials 
provide carriers for the placement of live cells, and they 
can undergo biological reactions. Viscoelastic bioinks are 
usually processed using an extrusion strategy and can 
be handled equally well using a light-curing strategy by 
adding a photoinitiator.

5.2. Cell types
Bioprinting revolves around the processing and 
manufacturing of cell-loaded bioink. The cells represent 
one of the keys to bioprinting, and their selection endows 
the sample with specific functions. To mimic the biological 
microenvironment of natural urological organs in vitro 
as much as possible, cells from the target organ, such as 
human urothelial cells (HUCs) from urinary tract[74], 
human renal progenitor cells (hRPCs) and human 
embryonic kidney 293 cells (HEK293) from the kidney[63], 
human bladder smooth muscle cells (HBSMCs) and T24 
cell from bladder[59,60], are usually used, according to the 
reviewed literature. In addition, stem cells are one of 
important cells for 3D bioprinting in urology due to their 
ability to differentiate into other cells, such as human bone 
marrow-derived mesenchymal stem cells (hBMSCs)[61].

5.3. Structure design
The printing method determines the strategy of structure 
design and the type of bioinks. The most widely accepted 
3D bioprinting technology is the extrusion strategy, which 
relies on bioink deposition to form fibers to build the 
sample layer by layer. In addition, the extrusion strategy 
is carried out with the help of a three-coordinate printer 
or a six-degree-of-freedom robot arm to control the 
nozzle movement, and the viscoelastic bioink extrusion is 
achieved by screw, pneumatic, or piston.

According to the fluid process of the ink flow through 
the nozzle, we can get D = 2×(Q/πv)0.5, where D, Q, and v 
are the ideal diameter of the fiber, bioink flow, and printing 
speed, respectively[80]. It can be obtained that there is a 
functional relationship between the printing speed and 
the ideal diameter of the deposited fibers. Specifically, 
with a fixed print head size and printing parameters, the 
printing speed determines the size of the ideal diameter 
of the fiber and the printability of the bioink. During 3D 
bioprinting, a very high printing speed will result in fiber 
breakage and discontinuity, while a very low speed will 
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result in serious ink accumulation and make it difficult to 
achieve high-fidelity manufacturing of large-size samples. 
Accurate control of extrusion air pressure is one of the keys 
to ensuring the survival rate of bioprinted cells; if the air 
pressure is set too high, it will result in the cells receiving 
large shear stresses and dying. The use of low extrusion 
pressure requires hydrogel bioinks with low shear thinning 
properties. In addition, the innovation of nozzle structure 
also provides new ideas and inspiration for structural 
design. Specifically, single nozzle is the most widely 
used in extrusion printing and can handle one bioink[81]. 
Developed from single-nozzle printing[3], multi-nozzle 
extrusion printing technology can utilize multiple bioinks 
and enable to mimic the multi-material and multi-cellular 
composition of natural urological organs. Coaxial-nozzle 
printing allows a single nozzle to print two bioinks[75,82], 
where the core and shell are usually the sacrificial and 
scaffold body materials, respectively. It is particularly 
suitable for the fabrication of tubular samples, such as 
blood vessels within the kidney, as shown in Figure 8C-ii.  
The goal of bioprinting is to mimic one or more of the 
biological functions of a urological organ in vitro as much 

as possible. As illustrated in Figure 8, which shows the 
kidney bioprinting process, the blood vessels of varying 
diameter are expected to mimic the vascular distribution 
within the kidney and provide structural mimicry for 
achieving reabsorption in an in vitro kidney model.

5.4. Urological scaffolds
The kidneys, ureter, bladder, and urethra together constitute 
the urinary system of the body, and they are also the organs 
mainly involved in urology. The kidneys are paired lentil-
shaped organs and are one of the important organs of the 
body, whose basic function is to remove metabolic products 
from the body. The kidneys are one of the key representatives 
of bioprinted urological organs. We conclude that the stages 
of bioprinting development of urological organs, using the 
kidneys as an example, can be divided into three stages: (1) 
realization of simple physical and mechanical properties, 
such as urination of the kidney; (2) replacement, repair, and 
reconstruction of the kidney urethra; and (3) multi-cellular 
bionic kidneys with multiple biological functions. Lawlor 
et al. conducted extrusion bioprinting of kidney organoid 
samples using human pluripotent stem cells (hPSCs) with 

Figure 8. Key factors for 3D bioprinting in urology: (A) design and bioprinting of a kidney scaffold, (B) bioinks, (C) cell types, and (D) structure design.
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targeted differentiation, offering promise for drug screening, 
disease modeling, and kidney organ transplantation 
(Figure  9A–C)[67]. They also found that tissue thickness 
could be precisely controlled by varying the ink extrusion 
rate and nozzle movement speed (Figure 9A and B), and 
the results showed that organoids with elongated lengths 
had a larger total glomerular area than small and thick ones 
stained by the MAFB gene promoter (MAFBmTagBFP2) reporter 

line (Figure 9C)[67]. Sämfors et al. designed and fabricated 
kidney scaffolds with interconnected macro porosity 
and vascular-like structures using extrusion printing 
and sacrificial template method (Figure 9D and E)[69].  
Blood vessels play a vital role in the proper functioning 
of the body’s organs, providing nutrients and oxygen for 
cellular activity and transporting waste products. Therefore, 
it is particularly important to construct vascular channels 

Figure 9. High-throughput extrusion bioprinting of kidney organoids holding promise for drug screening, disease modeling, and kidney organ 
transplantation (A–C)[67], and extrusion and sacrificial template method (D, E)[69]. (A) Schematic diagram of extruded samples at different nozzle movement 
speeds. (B) Fluorescence imaging of printed samples at different print speeds using MAFBmTAGBFP2 reporter line. (C) Immunofluorescence of printed 
samples. Reprinted with permission from ref.[67]. Copyright 2020 Springer Nature. (D) Freeze-casting method for the fabrication of porous structures. 
(E) Kidney scaffolds with vascular-like channels. Reprinted with permission from ref.[69] under the Creative Commons Attribution 3.0 International License.
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in 3D-bioprinted urological tissue scaffolds. Lin et al. 
prepared complex vascular patterns using single-nozzle 
extrusion 3D printing and then obtained vascular channels 
by sacrificial template method (Figure 10A and B)[71]. 
Their results showed that the obtained vascular channels 
exhibited active reabsorption of albumin and glucose over 
time, providing a 3D platform for studying kidney function. 
In addition, Pi et al. designed and fabricated annular multi-
layer tubular samples by coaxial-nozzle printing technology 

(Figure 10C–F)[74]. Their proposed coaxial nozzle has three 
inlets, which are the central material, inner layer material, 
and outer layer material from inside to outside (Figure 10C). 
The fabricated triple-layer samples are UV-crosslinked 
and cleaned to obtain a bilayer material tube scaffold with 
a hollow structure (Figure 10E). This proposed coaxial 
strategy conceived by Pi et al.[74] provides new insights into 
the design and fabrication of tubular tissues such as ureters 
and urethra.

Figure 10. Design and fabrication of vascular samples by single-nozzle extrusion printing and sacrificial template method (A, B)[71], and coaxial-nozzle 
extrusion printing (C–F)[74]. (A) Flow chart of sample fabrication. (B) Vascular samples with different patterns. Reprinted with permission from ref.[71] 
under the Creative Commons Attribution 4.0 International License. (C) Schematic diagram of coaxial-nozzle structure. (D) Flow chart of tubular scaffold 
fabrication. (E) Top and (F) cross-sectional views of stained images of tube samples (green, inner layer; red, outer layer). Reprinted with permission from 
ref.[74]. Copyright 1999–2023 John Wiley & Sons.
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6. Conclusion and outlook
In this review, we summarize the applications of 3D 
printing and bioprinting in urology. 3D printing of 
diseased urological organs effectively facilitates doctor–
patient communication, preoperative planning, and 
surgical teaching in urology. Furthermore, 3D printing 
provides urologists with custom-sized medical devices and 
reduces medical costs. 3D bioprinting offers new insights 
for creating urological tissue-engineered scaffolds from 
biomaterials, living cells, and growth factors. In conclusion, 
the integration of 3D printing and bioprinting with urology 
offers new ideas and dynamics for urologists and patients.

In the future, for 3D printing and bioprinting in urology, 
the following five directions should be explored in-depth:

 (i) Novel 3D printing. Currently, extrusion printing 
is one of the most widely used technologies for 3D 
printing and bioprinting. The development of new 
3D printing technology is expected to significantly 
boost fabrication speed and accuracy, sample 
mechanical properties, and multi-material printing.

 (ii) Novel structures. Urological organs have a complex 
structure (e.g., kidneys with vessels of varying 
diameter). The pore structure can facilitate the 
growth of blood vessels in tissue regeneration. Based 
on the characteristics of 3D printing technology and 
materials, the development of new bionic structures 
is a topic worthy of research.

 (iii) Novel biomaterials. Biomaterials are the primary 
matter for 3D printing and bioprinting. Newly 
formulated materials can hopefully promote the 
development of 3D printing and bioprinting in tissue 
engineering, including urology.

 (iv) Novel bioadditives. Bioadditives are drug triggers 
(such as live cells, growth factors, mRNA) for 
tissue regeneration and repair and can initiate and 
accelerate biological processes.

 (v) How to balance 3D printing and bioprinting, 
biomimetic structures, biomaterials, and bioadditives 
to obtain urological organ scaffolds with near-natural 
biological functions is a tricky problem.
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