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�ree-dimensional (3D) printing has been increasingly used in various �elds of medicine, such as in auxiliary diagnosis and
treatment, medical teaching, and regenerative medicine. Most operations performed by neurosurgeons and associated patho-
logical examinations involve complex, microscopic anatomical structures that cannot be observed outside. 3D-printed models can
reproduce anatomical structures, pathological tissues, and cells with high accuracy, enhancing our understanding of complex
aspects of anatomy and pathology. �ey can also assist in preoperative planning and simulation, help in surgical or interventional
surgery precision medicine, and improve the e�ectiveness of treatments. �is review comprehensively summarizes and discusses
its current application progress and problems, including treatments for common diseases (e.g., intracranial tumors, intracranial
hemorrhage, intracranial aneurysms, skull repair, and neural prosthetics), clinical training, and preoperative plans. With its
widespread applications, 3D printing as an innovative tool will provide new directions for developing imaging, strategies, and
interventions in neurosurgical diseases.

1. Introduction

American scientist Chuck Hull �rst proposed the concept of
3D printing in 1983. 3D printing, also known as additive
manufacturing (AM), refers to transforming digital infor-
mation into physical models [1]. In this process, 3D objects
are generated via depositing material in successive layers
based on geometric structure parameters collected by
computer-aided design (CAD) software or 3D scanners [2].
3D printing is a fast and relatively economical way to
transform a conceptual prototype based on data into a �nal
usable product without the use of expensive molds or tools
and can help achieve greater �exibility for creating complex
shapes than is possible with the use of traditional
manufacturing techniques [3]. �is technology has many
advantages, including a simple operation method, cus-
tomizable design, high reliability, high cost-e�ectiveness,
and diversity of compatible materials [4, 5]. In the past 30
years, 3D printing has developed rapidly and has shown
considerable advantages in the �elds of energy [6, 7],

aerospace science and technology [8, 9], and machinery
manufacturing [10, 11]. 3D printing technology can freely
produce various complex 3D biological structures, such as
multilayer tubular structures [12], micro�brous structures
[13], cellular structures [14], and internal and external an-
atomical structures [15, 16]. With the development and
progress of materials science, medical imaging, and tissue
engineering, 3D printing technology has gradually come to
be applied in the medical �eld, including for auxiliary di-
agnosis and treatment, medical teaching, and regenerative
medicine research [17].

Most surgical operations and related pathological ex-
aminations carried out by neurosurgeons involve complex
and microscopic anatomical structures, such as the brain,
blood vessels, intracranial nerves, the skull, and other
structural relationships that cannot be observed externally
[18]. �e success of surgery largely depends on the neuro-
surgeon’s understanding of the anatomical structure. Ad-
vances in imaging technology [19], such as multidetector
computed tomography (MDCT), magnetic resonance
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imaging (MRI), X-rays, and computed tomography (CT),
have enabled us to obtain high-resolution two-dimensional
images. However, it is difficult to describe complex 3D
structures accurately based on the limited 2D data gained
through the above tools. 3D printing provides a practical
solution to the rules of virtual two-dimensional image
analysis [20]. +rough 3D printing, anatomical structures
can be reconstructed.+en physical models can be created to
prepare various surgical models, tumor models, vascular
models, neural prostheses, and skull repair materials re-
quired by neurosurgeons for clinical practice and surgical
simulation training [21–24].

+is review aims to provide an overview of 3D-printed
models in medical applications, focusing on their value in
neurosurgery and highlighting future research directions.
Figure 1 shows an abstract of the application of 3D printing
in neurosurgery.

2. Overview of 3D Printing

3D printing can be described as an additive manufacturing
process by which freeform 3D structures can be formed layer
by layer from 3D computer models. Constructing physical
3D models from anatomical imaging data (MRI/CT) takes
place in three steps: (1) image acquisition, (2) image data
processing, and (3) 3D printing.

+e accuracy and repeatability of 3D-printed models
depend on the reliability of the images obtained. +is can be
affected by imaging, tissue segmentation, and any subse-
quent processing of segmented tissue stored in the STer-
eoLithography (STL) model using computer-aided design
software [25]. Additionally, the accuracy of the models
produced and processed by different 3D printers can also
improve when using the same STL model. A comparative
study found that dental tool models could be printed using
two printer technologies: continuous-liquid interface pro-
duction (CLIP) and digital light processing (DLP) printers.
Whether the base of the print model is solid or hollow, the

CLIP technology printer used to generate the model is closer
to that used in reference [26].

Rapid prototyping is a common method used for con-
verting computational data into 3D solid models [27]. Rapid
prototyping is a 3D model manufacturing method that uses
CTor MRI data sets to create virtual 3D surface models. +e
virtual model is first decomposed into thin layers. A rapid
prototyping machine then builds a solid model layer by layer
to produce a complete solid model. In biomedicine, 3D
printing techniques such as fused deposition modeling [28],
stereolithography [29], polyjet processing [30], selective
laser sintering [31], 3D inkjet printing [32], and digital light
processing [33] are the most common processes used. +e
printing method applied for the final physical model may
depend on the clinical purposes and requirements, the
availability of 3D printers, the printing materials used, and
the associated costs. Table 1 summarizes the bioprinting
process, comparing different types of bioprinting processes,
printing materials, and other features.

3. Applications of 3D Printing in the
Neurosurgical Clinic

3D printing has shown excellent prospects for many medical
applications. It is widely used and can be varied according to
application requirements in terms of the lesion type, loca-
tion, severity, etc. In neurosurgery, 3D-printed models are
mainly applied to guide surgical procedures, including
preoperative simulation or planning, intraoperative guid-
ance and positioning [35–37]. 3D bioprinting can also be
employed to improve the understanding of tumor biology
and investigate new therapeutic approaches [38–41]. It can
also apply to the research and application of new nerve and
skull repair materials [42–45]. 3D-printed models are also
used for simulation training to increase learning and
practice opportunities, improve doctor–patient communi-
cation, increase the confidence of neurosurgeons in per-
forming complex surgical procedures, and improve surgical
skills [46, 47].
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Figure 1: Flowchart of 3D printing applications in neurosurgery.
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3.1. Intracranial Space-Occupying Lesions. Due to the
complex structure of the human brain, the location of in-
tracranial space-occupying lesions is closely related to brain
nerves and the cerebrovascular system. +erefore, the sur-
gical treatment of intracranial space-occupying lesions is
complex and requires accurate preoperative and surgical
trajectory planning. Before the surgical treatment of com-
plex intracranial space-occupying lesions can take place, 3D
printing can be used to accurately print a model of the
intracranial tumor and the blood vessels and nerves around
the cancer according to the imaging data. +e scope of the
resectioning needed can be accurately determined during
surgery to reduce the damage to the blood vessels and
nerves, improve the accuracy and safety of the surgical
treatment, and promote the recovery of postoperative pa-
tients [48]. Materials of different colors can also be used to
mark the skull, blood vessels, nerves, tumors, and other

structures to help ensure the better protection of nerve and
blood vessel tissues and the adequate exposure and removal
of tumors [49]. Huang et al. [50] used 3D printing tech-
nology to assist an endoscopic transnasal approach for the
treatment of large adenoma, which reduced vascular and
nerve damage, shortened surgical time, and significantly
decreased blood loss compared with traditional surgery. +e
incidence of postoperative complications was relatively low
(Figure 2).

Glioma is one of the most common intracranial
placeholders, accounting for 81% of all malignant brain
tumors [51]. As one of the most common histological
gliomas, glioblastoma accounts for about 45% of all glio-
mas, and the 5-year survival rate is about 5% [52]. Gliomas
destroy cortical and subcortical structures with invasive
progression [24]. Specific structures surrounding the deep
tumor, such as fibers, perforators, and ventricles, need

Table 1: Characteristics of 3D bioprinting processes.

Types of
bioprinters Biomaterials Cell viability/

resolution
Bioprinting

speed Cost Advantages Disadvantages

Inkjet-based
bioprinting

Low-viscosity
suspension of living
cells; biomolecules;
growth factors

∼90%
20–100 μm

Fast (<10,000
droplets/s) Low

Wide availability; low
cost; high resolution;
high printing speed;
ability to introduce

concentration
gradients in 3D

constructs

Poor vertical structure
clogging characteristics;
thermal and mechanical
stress to cells; limited
printable materials

(liquid only)

Pressure-assisted
bioprinting

Hydrogel; melt; cells;
proteins and ceramic
materials; solutions,
pastes, or dispersions

of low to high
viscosity; poly lactic-

co-glycolic acid
(PLGA); tricalcium
phosphate (TCP);

collagen and chitosan;
collagen alginate-silica
composites coated

with HA; and agarose
with gelatin

40–80%
200 μm Slow Medium

Numerous materials
that can be printed
with any dimensions;
mild conditions (room
temperature); use of
cellular spheroids;

direct incorporation of
cells; and homogenous
distribution of cells

Limited mechanical
stiffness; critical timing
of gelation time; specific

matching of the
densities of the material
and the liquid medium
to preserve shapes; low
resolution and viability

Laser-assisted
bioprinting

Hydrogel, media, cells,
proteins and ceramic
materials of varying

viscosity

>95%
>20 μm Medium High

Nozzle-free,
noncontact process;
cells are printed with
high activity and high

resolution; high
control of ink droplets
and precise delivery

High cost; cumbersome
and time consuming;
requires a metal film
and thus is subject to

metallic particle
contamination

Stereolithography

Light-sensitive
polymer materials;
curable acrylics and

epoxies

>90%
∼1.2–200 μm

Fast
(<40,000mm/s) Low

Solid freeform and
nozzle-free

technology; highest
fabrication accuracy;
compatibility with an
increasing number of

materials; light-
sensitive hydrogels can
be printed layer by

layer

Applicable to
photopolymers only;
lack of biocompatible
and biodegradable
polymers; harmful
effects from residual
toxic photo-curing

reagents; possibility of
harm to DNA and
human skin by
ultraviolet (UV)

Reprinted with permission under open access by Li et al. [34].

Advances in Materials Science and Engineering 3



special attention during tumor resection in patients with
glioma. 3D printing can intuitively reflect the spatial re-
lationship between the tumor and the adjacent white
matter region [53]. +e glioma stem cell model can also be
printed by 3D bioprinting technology for long-term in vitro
culture to simulate the brain tumormicroenvironment.+e
model can not only express its biomarkers but also reveal
its potential function when needed. In addition, 3D bio-
printed brain tumor models are more resistant to che-
motherapy drugs than 2D models. +is indicates that 3D
bioprinted brain tumor models are of great help to glioma
stem cell biology and the study of susceptibility to anti-
tumor drugs [40]. Heinrich et al. [51] used 3D bioprinting
technology to print a miniature brain composed of glio-
blastocytes and macrophages to explore the interaction
between the two cell types and the treatment methods
needed for such interaction. +e strategy proposed by the
authors is based on a two-step bioprinting process. In the

first step, a smaller brain model of a mouse macrophage
line containing a cavity is printed. +e second step is to fill
the mouse glioblastoma cells embedded with biological ink
as well as photocrosslinked constructs. Bricks made from a
mixture of 3% W/V gelatin methylacryl and 4% W/V
gelatin are then printed at the optimum concentration. In
this way, 3D bioprinted miniature brains can be created
with two cell types, demonstrating that the inhibition of the
interaction between macrophages and tumor cells leads to
reduced tumor growth and a greater sensitivity to che-
motherapy. +is 3D bioprinted tumor model is used to
improve the understanding of tumor biology and evaluate
new cancer therapies.

3.2. Intracranial Vascular Disease. Intracranial vascular-
related surgery is a risky and challenging operation in
neurosurgery, with a high disability rate and mortality.

(a) (b)

(c) (d)

Figure 2: (a) MRI of the sella turcica region showing tumor lesions. +e yellow arrow points to the tumor. (b) CTof the sphenoidal sinus.
+e yellow arrow points to the sphenoidal sinus. (c, d) Frontal and lateral views. SF, sellar floor; SS, sphenoid septation; CP, carotid
protuberance; A1, A1 segment of the anterior cerebral artery; BA, basilar artery; PCA, posterior cerebral artery; A2, A2 segment of the
anterior cerebral artery; Ch, chiasm; T, tumor; ON, optic nerve; AcoA, anterior communicating artery; MCA, middle cerebral artery;
reprinted with permission under open access from Huang et al. [50].
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Intracranial blood vessels have highly complex courses.
Many branches of basilar arteries and variable traffic
branches require doctors to analyze the imaging data
thoroughly and have a solid spatial imagination and ana-
tomical foundation [54].

Intracerebral hemorrhage (ICH) is an acute and severe
neurosurgical disease. It is a widespread neurosurgical disease
with poor prognosis and outcomes. Hematoma is usually
located in the brain parenchyma—for example, near the basal
ganglia [55]. In recent years, the use of endoscopic surgery for
hematoma evacuation has gradually replaced craniotomy to
minimize brain injury [56]. In endoscopic surgery for basal
ganglia hemorrhage, the use of 3D-printed head and face
model guidance can enable surgeons to safely achieve a higher
resection rate than is possible using traditional digital imaging
data. +is new method is suitable for treating basal ganglia
bleeding, which is usually elongated and oval in shape. Path
assistance by 3D printing has the advantages of only leading to
minor trauma and sound effects. Postoperative imaging results
have shown a significant reduction in hematoma volume
without recurrent bleeding [57].

+e brain stem has long been considered a no-go area in
neurosurgery. Despite advances being made in microsur-
gical techniques, craniotomy can be used to remove the
brain stem hematoma. However, the success rate is low, and
patients with unstable vital signs cannot tolerate this type of
surgery. Craniotomy hematoma removal and puncture
drainage are the primary surgical treatment used for brain
stem bleeding [58, 59]. +erefore, hematoma puncture and
drainage have been increasingly applied for the surgical
treatment of intracerebral bleeding due to its minimally
invasive nature, low cost, and short operation time [60],
especially for patients experiencing severe brainstem hem-
orrhage. However, the main factors limiting the puncture
drainage of brainstem hematoma are localization and
navigation problems. +ese technical problems can be
solved using stereotactic technology. +is technique is less
invasive and takes less time to complete but requires ex-
pensive equipment, limiting its use in primary hospitals.
+erefore, a puncture positioning tool with a low cost and
high precision is needed. However, 3D printing technology
can construct navigation models to achieve the personalized
and precise puncture and drainage of brainstem hematoma
[61]. +e purpose of 3D printing navigation mold tech-
nology is to improve the precision of puncture positioning
and reduce the operation time and cost compared to that of
unguided puncture and drainage. +e accuracy of this
technique is slightly lower than that of the stereotactic
course. However, stereotactic equipment is expensive and
requires a fixed head frame. As a result, it is risky for severely
ill patients to undergo surgery and they will require general
anesthesia. In contrast, 3D-printing puncture techniques are
inexpensive and do not require a fixed headrest, thereby
reducing pain and allowing surgery to be performed under
local anesthesia [62].

+e prevalence of saccular unruptured intracranial an-
eurysms (UIAs) in the adult population was recorded as 3%,
but due to the increase in intracranial imaging quality and
inspection frequency they are being found more and more

often [63]. Aneurysm location and previous history show
that the risk of rupture within five years is 0–50% [64]. At
present, the surgical treatments for ruptured intracranial
aneurysms can be roughly divided into craniotomy aneu-
rysm clipping and endovascular embolization [65]. 3D-
printed model technology has certain advantages in neu-
rovascular and endovascular surgery [66]. Multimode image
reconstruction was carried out using 3D printing technology
to fabricate a 3D hollow aneurysm model and perform
clipping to simulate surgical operation. Many simulated
operations were performed under a microscope to gain a
more complete understanding of the spatial location of the
aneurysm and the adjacent blood vessels and nerves. +e
surgical injury was significantly reduced in subsequent
operations and the operation time was shortened [67]. Color
paint can also be used to 3D print aneurysmmodels to create
realistic hemodynamic models or provide the advanced
visualization of these vascular lesions [68]. Similarly, 3D
printing can assist microcatheter plasticity in performing
aneurysm embolization for patients. In this way, intracranial
aneurysm embolization is more safe, stable, and effective
[69]. Jang [70] et al. carried out the 3D printing of the
vascularized tissue structure of aneurysms using gelatin-fi-
brin hydrogel (Figure 3). In vitro devices can directly
measure flow through a particle image velocimeter, thus
allowing the direct assessment of vascular flow dynamics
through comparison with the 3D computational fluid dy-
namics model (Figure 4). +is in vitro aneurysm model is a
promising method for testing the biocompatibility and
hemostatic efficiency of embolization devices. Moreover, it
can provide hemodynamic information and help to predict
aneurysm ruptures.

3.3. Cranioplasty. Clinically, patients with high intracranial
pressure and cerebral hernia due to intracerebral hemor-
rhage, brain trauma, large-scale cerebral infarction, and
other diseases often need decompression with bone flap
removal, resulting in postoperative local skull loss [71]. Skull
defects can usually be repaired with autologous bone or
allogeneic bone. However, the size and shape of skull loss in
each patient can differ, leading to great difficulties and
challenges occurring in skull repair. 3D printing technology
can be based on the patient’s CTand other imaging data and
be carried out according to the patient’s specific situation to
prepare skull repair materials. +e repair material used is
generally a biocompatible material, such as polymethyl
methacrylate (PMMA) or knitted polypropylene polyester
[72–75] (Figures 5 and 6). +e 3D modeling technique has
several advantages: it can help to develop a specific un-
derstanding of bone morphology, accurately and directly
plan the preoperative bending of the plate, and improve the
accuracy of bone acquisition by using negative imprints of
the space that needs to be reconstructed. +e use of 3D
printing technology to prepare new molds for cranioplasty
can significantly lower medical costs without affecting the
prognosis of patients [77, 78]. In addition, 3D printing is
used to customize heat-cured PMMA, an economical and
time-saving solution comparable to patient-specific titanium
or PEEK prosthetics [79].
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3.4. Neural Prosthetics. Peripheral nerve injury is a wide-
spread nervous system disease. It is usually caused by
trauma, surgical injuries, sports injuries, accidents, and
violence [80, 81]. It seriously affects the quality of daily life,
such as sensory and motor dysfunction, nerve palsy pain,
and muscle atrophy [82]. +e ability of peripheral nerves to
repair themselves depends on the patient’s age and the
mechanism of injury. When the peripheral nerve ruptures,
the two distal extremities retract apart, and lose the nutri-
tional supply to the neuron’s cell body, causing synapses and
myelin sheaths to degenerate and eventually disappear al-
together. At present, the clinical treatment for nerve fracture
less than 1 cm is fine surgical suture through tension-free

neural tube suture, which helps promote axis regeneration
and restore nerve function [83]. However, if the length
exceeds 5mm, suture repair cannot be performed. In such
cases, autologous nerve transplantation is the most com-
monly used method. But this method requires the trans-
plantation of healthy nerves, which can damage the donor
site andmay lead to the formation of neuroma [84].With the
development of 3D printing technology, multiple bio-
printed catheters for peripheral nerves become an available
approach to promote the healing of broken nerves. A study
using cell-free artificial implants of electrospun fibers for
sciatic nerve injury showed a significant increase in func-
tional nerve recovery when the 3D collagen tubes were filled

Media flow

(a) (b)

Figure 3: Flowchart showing 3D printing applications in neurosurgery and the in vitro living cerebral aneurysm. (a) Illustration of the 3D-
printed aneurysm bioreactor. (b)+e in vitro aneurysm vessel structure perfused with red fluorescent beads, demonstrating the formation of
the patent vessel postevacuation of sacrificial ink; reprinted with permission under open access by Jang et al. [70].

300 µL/min

(a)

20 mL/min

(b) (c)

Figure 4: Particle image velocimetry (PIV) analysis and 3D computational flow model simulations. (a) (Above) PIV measurement at the
back of the aneurysm dome showing no detectable flow at a 300-µl min−1 flow rate. (Middle) A 3D flow simulation of the same geometry and
flow rate at z� −0.66mm. (Below) PIV measurements within the parent and daughter vessels captured with a 2× objective at the same flow
rate. (b) (Above) PIV measurement gathered at the back of the aneurysm dome showing circular flow patterns and captured with a
4× objective at a 20-ml min−1 flow rate. (Below) Simulation of the same geometry and flow rate demonstrating that fluid motion only occurs
within the dome at high flow rates. (c) High-fidelity geometric reconstruction of the printed living aneurysm constructed from image stacks
gathered via confocal microscopy; reprinted with permission under open access by Jang et al. [70].
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with biodegradable poly-ε-caprolactone (PCL) and/PCL (c/
PCL) blends containing collagen [85]. It is also possible to
print catheters that contain neurotrophic or other factors.
+ey construct the directionally aligned chitosan nanofiber
hydrogel grafted with RGI/KLTpeptide mixture (ACG-RGI/
KLT). ACG-RGI/KLT targets Schwann cells and promotes
their proliferation and secretion of neurotrophic factors
(Figure 7). In the early stage of injury, ACG-RGI/KLT
promotes nerve regeneration and vascular penetration. After
12weeks, ACG-RGI/KLT promotes nerve regeneration and
functional recovery in rats [86].

3.5. Clinical Training andPreoperativePlanning. +e brain is
the most complex and precise organ in the human body. Its
internal lesions are diverse and complicated, causing great
difficulties and challenges in the clinical treatment of neu-
rosurgery. Surgical training is traditionally conducted
through the apprenticeship model, in which trainees per-
form operations in surgical theatres under the supervision of
experts. Still, neurosurgery remains complex and risky [87],
meaning there are few opportunities for young surgeons to
practice [88]. +erefore, establishing a mature and effective
simulation training system will be conducive to improving
the success rate of surgery and reducing surgical injuries
[89]. At present, animal models, cadaver specimens, and
simulators account for most of surgeons’ training. Still,
cadaver specimens without blood flow and animal models
that have significant differences in anatomical structure
cannot provide a natural operation simulation environment
[90]. At present, 3D printing technology is widely used in
clinical training and is able to overcome the above short-
comings [91–93].

3D printing offers a unique method of replication for
patients with specific pathological structures. It can identify
anatomical variations and quickly generate trainable 3D
models for trainees and experienced neurosurgeons,
allowing them to perform preoperative simulate surgery
[94, 95]. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) image data can be transformed into

CT before Cranioplasty Mirroring Spline Creation Prosthesis Defect Reconstruction

Imaging
before initial
Craniotomy

CT before
Cranioplasty CAD/CAM 3D-Printing

of Prosthesis

Formation of
mold using
Prosthesis

Sterilization
of the Mold

PMMA-
Cranioplasty
using Mold

Figure 5: Workflow of the production of implantable patient-specific PMMA implants. +e upper row shows the CAD/CAM (computer-
assisted design/computer-assistedmanufacturing) of the prosthesis that is printed out using a 3D printer.+e prosthesis is then used to form
the heat-resistant silicone mold, which is sterilized and intraoperatively used to form the patient-specific PMMA implant. 3D, three-
dimensional; CT, computed tomography; PMMA, polymethyl methacrylate; reprinted with permission under open access by Schön et al.
[76].

Figure 6: (Left) Ready-to-implant sterile PMMA implant after
removal from the silicone mold. (Right) Biocompatible and ster-
ilized 3D-printed template (Med610) used to reconstruct the pa-
tient’s bone defect; reprinted with permission by Schön et al. [76].
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Figure 7: Preparation and characteristics of aligned chitosan fiber hydrogel. (a) Illustration of the electrospinning and mechanical
stretching setup. A voltage of 3–5 kVwas applied between the spinning solution and collector. Chitosan polymer chains became increasingly
aligned as the chitosan hydrogel was extruded from the needle (box 1) and stretched during entry (box 2) into a rotating bath. As the
chitosan hydrogel entered the rotating bath (box 3) containing sodium tripolyphosphate (STPP; black dots) under mechanical stretching,
chitosan chains were further aligned and crosslinked by STPP in the bath (box 4), thus forming a stable chitosan nanofiber hydrogel.
(b) Proton nuclear magnetic resonance (NMR) spectroscopy of RGI and KLT. (c) Gross view and light microscopic images of an aligned
chitosan hydrogel bundle. Polarized light microscopic images show optical extinction in the crossover region of two chitosan fiber bundles.
(d) Scanning electron microscopy (SEM) images of aligned chitosan fiber hydrogel (ACG) showing hierarchically aligned structures under
different magnifications. (e) Test of the mechanical properties of aligned chitosan hydrogels. (f ) Elastic modulus of aligned chitosan
hydrogels; reprinted with permission under open access by Rao et al. [79].

8 Advances in Materials Science and Engineering



3D printing information and printed out in a structural
model of the skull that is as close to the human body as
possible.+e ventricle and the lesions in the ventricle system
can also be reconstructed and printed in 3D, providing an
ideal model for endoscopic intraventricular operation
training [46, 96–98]. Zhu et al. [99] used 3D printing
technology to make skull models and simulated endoscopy
and the endoscopic removal of intracerebral hematoma
(ICH) with tubular retractors. With the increase in training
times, operation proficiency and assessment scores have
been significantly improved. Gomez-feria et al. [53] reported
a case of a 42-year-old woman who was a bilingual Spanish
and English teacher with aphasia that affected both lan-
guages simultaneously. MRI showed a large lesion in the
right temoral insula, suggesting the presence of low-grade
astrocytoma. Neurosurgical planning using fMRI language
mapping identified two functional areas in the right
hemisphere’s frontal lobe and temporal cortex in both

languages, located 8.8mm and 2.2mm from the glioma,
respectively. A DTI study revealed the partial invasion of the
right inferior longitudinal tract (Figure 8). Awake craniot-
omy was recommended, but the patient was reluctant to
undergo this treatment. As a result, she was placed under
general anesthesia and did not undergo cortical mapping
during the surgery. Neurosurgeons used 3D-printed models
to perform adequate preoperative simulations to complete
the surgery. +e patient recovered well after the surgery
without her use of language and other functions being
affected.

4. Conclusion and Future Perspectives

+e use of 3D printing technology is a new and promising
development in the field of neurosurgery. +e application of
3D printing technology has shown promising prospects in
neurosurgery. However, the use of 3D printing in clinical

(a)

(b)

Figure 8: +ree-dimensional (3D)-printed model. (a) +e printed model of the skull was employed to plan the surgical approach for this
patient. (b) 3D-printed model of the intracranial structures of interest: glioma (in red), the corticospinal tract (CST) (in blue), the arcuate
fasciculus (AF) (in green), and Wernicke volume of activation (WA) (in purple); reproduced with permission by Gomez-Feria et al. [53]
(copyright 2020, Elsevier Ltd.).
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practice still has some limitations. Firstly, the resolution and
accuracy of CT, MRI, and other types of images have
somewhat hindered the development of 3D printing tech-
nologies. Compared to other techniques such as MRI,
multislice spiral CT can provide high-contrast images.
However, patients will also be exposed to ionizing radiation.
+erefore, inventing or finding an imaging method that can
reduce radiation exposure and improve image resolution
would be of great value. Secondly, the high cost of this
technology is another issue that needs to be addressed before
3D printing can be incorporated into routine clinical
practice. It is believed that 3D printing will become a
technology that will be acceptable to both patients and
clinicians as the cost of 3D printers and printing materials
decreases [100]. +irdly, despite the high accuracy and
quality of 3D-printed models, most are static at present.
Even when polychromatic materials are used, they do not
fully represent the actual characteristics of normal tissue.
Although 3D printing technology has made significant
progress, the use of 3D printing to create soft tissue
structures still needs to be further explored. Few attempts
have been made to capture the mechanical properties of soft
tissue and high-resolution anatomical details. In addition, in
the field of neurosurgery, a combination of hard and soft
materials must be used to simulate the skull and underlying
brain tissue accurately. +is combination approach could be
helpful in other areas of surgery as well. +e wetting
properties of hydrogels can increase the realism of the feel of
biological tissue in printed models, making them excellent
for use in soft-tissue surgery simulations. Although 3D-
printed hydrogel materials are widely used in tissue engi-
neering at present [101, 102], these technologies have not yet
been applied to the manufacture of surgical simulation
anatomical models. Surgeons may also encounter conditions
such as bleeding during surgery that cannot be simulated by
models made from ordinary materials. With the develop-
ment of 3D printing technology and materials, the next
generation of surgical simulations will be more realistic,
significantly improving surgical training and preoperative
planning and thus increasing surgical success rates.
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