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Abstract: Objective: Three-dimension (3D)-printing facilitates the understanding of the complex structures with an 
isometric and high simulation model. Here we aimed to discuss the efficiency using 3D-printing craniocerebral 
models in clinical education for the interns. Method: We randomly divided 124 clinical interns into two groups: 
the traditional education group (n = 62) and the 3D-printed model group (n = 62). The interns in the traditional 
education group were taught with oral teaching and imaging data, such as computed tomography (CT) and mag-
netic resonance imaging (MRI) scans. The interns in the 3D-printed model group received the education via the 
3D-printed model from the 4 selected clinical samples. Self-designed questionnaires for the subjective assessment 
of education styles and examinations for teaching contents were conducted to investigate the education efficiency 
between the 2 groups. Results: The interns in the 3D-printed model group had higher scores in the favor for the 
course contents, the concentration during clinical study, the degree of interest, the acquisition of the knowledge, 
and the memorable degree in comparison with that in the traditional education group. Furthermore, the test scores 
for the interns in the 3D-printed model groups were significantly higher than that in the traditional education group. 
Conclusion: Clinical education with the assistance of 3D-printed model significantly improved the learning efficiency 
for the clinical interns, acquiring more detailed knowledge about the anatomy or diseases in neurosurgery. 
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Introduction

The application of three-dimension (3D) print- 
ed technology has been widely used in the 
fields of clinical, nursing, pharmaceutical, me- 
dical imaging, teaching and scientific research 
[1]. The clinical applications of 3D-printed tech-
nology-based physiological/pathological mod-
els could simulate surgery, and will help the 
operator to locate the accurate position of the 
lesions. The highly simulated human hard tis-
sues manufactured by 3D-printed technology 
could be also used as temporary and perma-
nent implants [2-5]. Generally, it has an exten-
sive prospect for the 3D-printed model in clini-
cal applications.

Neurosurgery is a typically professionalized cli- 
nical specialty, which contains numerous com-
plicated terminologies on anatomic structures 
and neurological functions [6], such as brain 

structures, functional regions, cerebrovascular 
system, cranial nerves, and innervation of the 
never fibers. In the theoretical education, the 
majority of medical undergraduates might feel 
curious but confused about the brain, because 
the complicated theories about the brain won’t 
lead to a solid imagination about the brain 
structures, in spite of the plenty of two-dimen-
sion (2D) data, such as the computed tomogra-
phy (CT), magnetic resonance imaging (MRI) or 
other image data. These would lead to a block-
ade of the interests for the clinical interns. 
Given the complex and elusive characteristics 
of brain and neurosurgery, we would like to 
explore the motivation methods for improving 
both the interests and education efficiencies.

The application of the 3D-printed technology 
for cerebral structures could alter the 2D im- 
age data into an isometric 3D model. It could 
visually reflect the intracerebral complexities, 
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the lesion localizations and the relationships of 
the lesion with the surrounding nerves as well 
as the blood vessels. Additionally, 3D-printed 
technology could also selectively print the con-
tents which might be extracted from the inter-
esting areas on the image data. Traditionally, 
cadaver head specimens were used for pro- 
moting the teaching efficiency. However, as the 
donors of the specimens are limited, and the 
approval procedures for both the legislation 
and the ethics are tedious, consequently, in- 
terns usually could just receive clinical inter- 
pretations during their noviciate stage, which 
was similar to their theoretical educations. The 
3D-printed model substitute for the cadaver 
head specimens was more acceptable and 
meanwhile could arouse the interests for the 
interns [7, 8].

In this study, we applied 3D-printed model in 
the clinical education for the interns, and com-
pared the subjective assessments and educa-
tion efficiencies with the traditional education 
group. We hypothesized that the 3D-printed 
model would provide a vivid sense for the un- 
derstanding of the interns in brain and neuro-
surgical diseases. 

Materials and methods

Subjects

Total of 124 clinical interns were recruited  
from Anhui Medical University. All the students 
were at their fifth grade, having received theo-
retical educations from the college. The neuro-
surgery part in the theoretical education was 
taught by the same teacher. We randomly  
divided the interns into 2 groups according to 
the clinical teaching methods: the traditional 
education group and the 3D-printed model 
group. All the interns received 2-month clinical 
education in the department of neurosurgery. 
Informed consents were obtained from all indi-
vidual participants (included 124 clinical in- 
terns and 4 teaching volunteers) in the study. 
This study was approved by the Clinical Re- 
search Ethics Committee of Anhui Medical 
University of China. All procedures performed 
in the study involving human participants were 
in accordance with the ethical standards of  
the institutional and/or national research com-
mittee and with the 1964 Declaration of Hel- 
sinki and its later amendments or comparable 
ethical standards.

Investigation method

In the clinical education, three patients in the 
department of neurosurgery and a healthy vol-
unteer were recruited for the example presen-
tation. Clinical education was conducted by a 
senior neurosurgeon, who was also titled with 
associate professor. The education contents 
included the anatomical structures of nerves, 
related bones and representative neurosurgi-
cal diseases (details in Table 1). The interns in 
the traditional education group mainly received 
oral teaching, combined with imaging data (CT 
and MRI scan) and clinical pictures presenta-
tion. For another, the interns in the 3D-printed 
model group received the education via the 
3D-printed model from the 4 samples, except 
for the oral teaching.

3D-printed for cerebral model

Four volunteers from the neurosurgery hospi-
talization were selected, including three pati- 
ents with anterior skull base meningiomas, 
basilar aneurysms and skull defects, respec-
tively, as well as normal volunteers. First, ba- 
sed on the volunteer’s 3.0T MRI (layer thick-
ness 1 mm) and/or high-resolution thin-layer 
CT scan (layer thickness 0.5 mm) imaging DI- 
COM data, 3D reconstruction was performed 
via mimics 17.0 and 3-MATIC 9.0 software.  
The specific principle was to use the gray va- 
lue of the tissue to extract the tissue structure 
separately. The software automatically calcu-
lated and reconstructed it into a three-dimen-
sional image. If you needed to distinguish the 
tissue within the same gray value range, you 
should manually select layers to separate. The 
extracted tissues such as skulls, blood ves- 
sels, tumors, optic nerves, brainstem and oth- 
er structures output STL format files to a 3D 
printer (J750, Stratasys, USA), and different 
modules used different hardness, color and 
transparency of materials, using light-curing 
principle to print 1:1 ratio with photosensitive 
resin material, and used high-pressure water 
gun to remove supporting material after com-
pletion. The model preparation was provided  
by Guangzhou Medprin Regenerative Medicine 
Technology Co., Ltd. with technical support and 
3D printing. After the completion of the 3D 
printing model, two neurosurgery professors 
judged that the printed models were highly  
consistent with the actual image data of the 
patient and used for clinical teaching.
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Table 1. Clinical teaching of 4 representative cases
Patient Age (year-old) Gender Diagnosis Location On-site inspection for the interns (random 4 questions)
Case 1 53 Male Meningioma Anterior and middle cranial fossa Anterior basis cranii, olfactory sulcus, cribriform plate, optic nerve, olfactory nerve, middle basis cranii, 

greater and lesser wing of the sphenoid bone, sphenoid ridge, anterior clinoid process, optic canal, foramen 
lacerum, tumor, sella turcica, pituitary fossa, posterior cranial fossa, petroclival, anterior cerebral artery, 
anterior communicating artery, middle cerebral artery, internal carotid, anterior middle cranial fossa

Case 2 47 Female Intracranial aneurysm Apex of basilar artery anterior skull base, anterior clinoid process, posterior clinoid process, dorsum sellae, sella turcica, posterior 
cranial fossa, upper clivus, middle clivus, lower clivus, frontal bone, temporal bone, pterion, petrosal bone, 
apical petrous, oval foramen, spinous foramen, basilar artery, intracranial aneurysm superior cerebellar 
artery, posterior cerebral artery, middle cerebral artery, anterior cerebral artery, anterior communicating 
artery, posterior communicating artery, Willis circle

Case 3 28 Male Cranial defect Left frontal temporal parietal skull Frontal bone, temporal bone, sphenoid bone, parietal bone, occipital bone, arcus superciliaris superciliary 
arch, glabella, tubera frontale, key hole, zygomatic arch, supratemporal line, temporal squama, sphenoid 
ridge, external auditory canal, pterion, sagittal suture, coronal suture, lambdoidal suture

Case 4 36 Male Healthy volunteer Brain Frontal lobe, temporal lobe, parietal lobe, occipital lobe, lateral ventricles (frontal horns, occipital horns, 
body of lateral ventricle), corpus callosum, brainstem (midbrain, pons, medulla oblongata), foramen mag-
num, frontal pole, temporal pole, lateral fissure, interhemispheric fissure, cerebral falx, cerebella tentorium, 
central sulcus, anterior central gyrus, posterior central gyrus, sagittal sinus, transverse sinus, straight sinus, 
torcular herophili
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Observation indicators

The education efficiencies were judged ac- 
cording to 2 aspects: subjective and objective 
assessments. In the subjective assessment, 
we designed a questionnaire to analyze the 
degree of interest for all the interns, including 
the favor for the course contents, the concen-
tration during clinical study, the degree of in- 
terest, the acquisition of the knowledge and  
the memorable degree. Each item was self-

terns was 22.35±0.88 for the traditional edu-
cation group and 22.34±0.98 for the 3D-print- 
ed model group, respectively. No statistical dif-
ferences were found in both age (P = 0.92) and 
gender (P = 0.58) between the two groups. 
Additionally, as established theoretic knowl-
edge might influence the results in the clinical 
internship, we also retrospectively compared 
the scores of the theory courses, and the re- 
sults indicated no differences in the theoreti- 
cal scores between the two groups (P = 0.95).

Table 2. Comparisons of the basic data between the two groups

Variables 3D-printed model group 
(n = 62)

Traditional education group 
(n = 62) P OR 95% CI

Age (x ± s) 22.34±0.98 22.35±0.88 0.92
Gender (n) 0.58 0.81 0.39-1.68
    Male 37 40
    Female 25 22
Score of the theory course 76.32±5.49 76.26±6.05 0.95

Figure 1. Basic information of the participants in 3D-printed model group 
and traditional education group. A: Age; B: Score of the theory course.

evaluated with a scoring from 
0-100. At the end of the clini-
cal education, every interns 
should finish the paper exami-
nation in which 10 questions 
contained according to the 
education syllabus.

Statistical analysis

Photograph prism (Version 
8.0.1) software was applied 
for the data analysis. Data 
were calculated and express- 
ed as the mean ± standard 
deviation (SD). The statisti- 
cal comparisons for measure-
ment data between two gr- 
oups were evaluated using 
Student’s t tests. Binary data 
were analyzed by Chi-squared 
test. A value of P<0.05 was 
considered to be of statistical 
significance. 

Results

Comparison of basis informa-
tion between the two groups

The basic information of the 
two groups was summarized 
in Table 2 and Figure 1. The 
mean age of the clinical in- 

Figure 2. 3D-printed model for (A) decompressive craniectomy and (B) cra-
nioplasty (PEEK for the material).
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Establishment of 3D-printed models

The 3D-printed models of the 4 cerebral struc-
tures of high simulation were constructed ac- 
cording to the data extracted from the MRI or 
CT scans. 

As showed in Figure 2, the first patient was 
diagnosed with cranial defect due to decom-
pressive craniectomy after traumatic brain in- 
jury. The 3D-printed cranial model was con-
ducted by the data of high solution thin layer  
CT scan. We mainly introduced to the interns 

the 3D-printed model, we explained the clini- 
cal manifestation, the imaging characteristics, 
diagnosis, differential diagnosis and surgical 
options. With regard to the patient, the vision 
and visual field were damaged. However, the 
occurrence of the symptom could not be clear- 
ly explained by the imaging data exclusively. 
The 3D-printed model could illustrate the rela-
tionship of the tumor with the optic nerve, and 
therefore explained the causality.

The third patient suffered a basilar artery an- 
eurysm (Figure 4). As the complexity of the 

Figure 3. 3D-printed model for the huge meningiomas. T1-weighted MRI scan (A: Axial scanning; B: Coronal scan-
ning; C: Sagittal scanning), 3D digital reconstruction (D) and 3D-printed model (E).

Figure 4. 3D-printed model for the intracranial aneurysm. A: 3D digital re-
construction; B: 3D-printed model.

the structure of skull, the 
anatomy of basis cranii, the 
marking points of body sur-
face projection, the pathogen-
esis of cerebral hernia and  
the operation essentials for 
the decompressive craniecto-
my as well as cranioplasty. 

As for the case 2 (Figure 3), 
T1-weighted MRI scan sh- 
owed a huge meningiomas  
in the anterior middle skull 
base. With the application of 
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cerebrovascular anatomy, the 3D-printed mo- 
del could vividly exhibit the intracranial artery 
system, including basilar artery, middle cere-
bral artery, anterior cerebral artery, anterior 
communication artery, posterior communica-
tion artery, and Willis circle. Moreover, it could 
help illustrate the pathogenesis of intracranial 
aneurysms and hemodynamics changes.

Additionally, a normal MRI scan-derived 3D- 
printed model was obtained from a healthy  
volunteer to elaborate the physiological struc-
ture of brain. We could observe the structure, 
morphology, softness, color, sulci and gyri of 
the brain as well as the skull, explaining the 
functional brain areas (Figure 5A). On the oth- 
er hand, through the cerebrovascular bioprint-
ing, we also introduced the artery branching 
system, venous reflux system, lateral ventricle 
and third ventricle systems (Figure 5B).

Self assessment with the education

We designed a questionnaire for the interns  
to assess the acceptability of the education 
styles. Five contents were included in the  
questionnaire. In the results (Table 3 and 
Figure 7), we found the interns in the 3D- 
printed model group had higher scores in the 
favor for the course contents (93.57±5.38 vs. 
62.44±7.40, P<0.001), the concentration dur-
ing clinical study (93.44±6.13 vs. 72.28±9.49, 
P<0.001), the degree of interest (86.67±8.76 
vs. 64.51±7.18, P<0.001), the acquisition of 
the knowledge (87.15±5.67 vs. 67.25±7.13, 
P<0.001), and the memorable degree (94.75± 
4.51 vs. 64.75±4.60, P<0.001) in comparison 

del groups were significantly higher than that  
in the traditional education group (Table 4 and 
Figure 6). It indicated that the teaching meth-
ods with assistance of 3D-printed model might 
have better learning effects.

Discussion

The 3D-printed cerebral model had a great  
significance for the clinical education, alter- 
ing the abstract theories and 2D imaging to a 
vivid object for the interns [9]. The model pro-
vided solid details of the brain structures and 
the relationship between the lesions with the 
surrounding tissues. Meanwhile, it could also 
stretch the interns’ mind for more clinical  
questions which might exist in the theoretical 
education period [10].

In the traditional education for the neurosurgi-
cal interns, the cadaver head specimens were 
used for the interpretation of the details of  
cranial structures. However, the feasibility of 
the cadaver head specimen in the clinical edu-
cation was poor. Several reasons were listed.  
1) The acquisition of the cadaver head speci-
mens was limited. 2) The clinical internship  
was usually performed in the clinical depart-
ment, but it was improper or forbidden to ex- 
hibit the specimens in the presence of pati- 
ents. 3) The interns had relatively little under-
standing about the brain structures, but the 
cadaver head specimen was filled with brain 
tissues. Therefore the interns could not obser- 
ve the details of the brain comprehensively. 4) 
Legislation- and ethics-related problems in fre-
quent usee of the cadaver head specimens for 

Figure 5. 3D-printed model for the normal craniocerebrum. A: Skull and 
brain tissue; B: Intracranial artery (red), venous (blue) and ventricle (white) 
system.

with that in the traditional 
education group. The results 
indicated that the education 
style with the 3D-printed mo- 
del group might capture the 
interests for the clinical in- 
terns.

Objective assessment with 
the education efficiency

The interns had the examina-
tion for 10 random questions 
for each case which we had 
taught them during the intern 
period. The results showed 
that the test scores for the 
interns in the 3D-printed mo- 
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clinical internship. The 3D-printed model might 
be an ideal substitute overcoming the disad-
vantages which were discussed above. First, 
the fabrication of 3D-printed was based on the 
extracted data from CT or MRI scans, and the 
characteristics of high simulation and repeat-
ability allowed the visualization of the exposed 
targets. The advantage facilitated the observa-
tion and better understanding for the interns. 
Second, the application of the model was con-
ducive for the communication of doctors with 
patients at the bedside, enhancing the trust 
from the patients and the relatives. More im- 
portantly, the model could relieve the limita-
tions of both legislation and ethics which the 
application of the cadaver head specimen 
might have [10-12].

Additionally, the 3D-printed technology could 
also be applied to assist clinical treatment and 
scientific research. The doctors could directly 
communicate with the patients via the model  
of high simulation, interpreting the surgical 
methods and relieving the patients’ fear. Ad- 
ditionally, the general surgeon, who conducted 
the neurosurgery, could optimize the surgical 
approach to the lesion and distinguish the rela-
tionship between the lesion and the surround-

ing parenchyma, thus emaking the surgery 
more scientific and successful [8, 13-15]. 

Some limitation of the 3D-printed model sh- 
ould be aware. First, the 3D-printed technolo- 
gy was not time-effective. The processing time 
usually takes 3 to 7 days from the data extrac-
tion of CT or MRI scans to the model accom-
plishment. It was not suitable for the clinical 
studies about the emergency or confined oper-
ations. Thus, there was an urgent need for sh- 
ortening the processing time in clinical prac-
tice. Second, the costs of specialized printing 
machine and the bioinks were still too high to 
be affordable, especially for the underdevel-
oped areas. Distinguishing printing styles and 
applications of different bioinks according to 
the diverse diseases could reduce the manu-
facturing costs. Fortunately, the cost of 3D- 
printing for pathological models has been in- 
cluded in the health insurance in some prov-
inces of China. It will help ease the burden for 
the patients and promote the popularization 
and the application of 3D-printed technology 
[16-18].

In conclusion, clinical education with the as- 
sistance of 3D-printed technology significantly 
improved the learning efficiency for the clinical 
interns, acquiring detailed knowledge about 
the neurosurgery anatomy or related diseases. 
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Table 3. Self assessment with the education between the two groups

Variables 3D-printed model 
group (n = 62)

Traditional education 
group (n = 62) t P R 95% CI

Favor for the course contents 93.57±5.38 62.44±7.40 37.07 <0.001 0.96 29.45-32.81
Concentration during clinical study 93.44±6.13 72.28±9.49 25.13 <0.001 0.91 19.48-22.85
Degree of interest 86.67±8.76 64.51±7.18 26.25 <0.001 0.92 20.48-23.85
Acquisition of the knowledge 87.15±5.67 67.25±7.13 27.80 <0.001 0.93 18.47-21.33
Memorable degree 94.75±4.51 64.75±4.60 77.39 <0.001 0.99 29.22-30.78

Figure 6. Comparisons of the scores for the 4 sub-
jects between the 3D-printed model group and tradi-
tional education group. ***P<0.001.
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