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for the anatomical understanding and the pre-operative 
planning of the scheduled procedure were addressed.
Results The visual and tactile inspection of 3D mod-
els allowed the best anatomical understanding, with faster 
and clearer comprehension of the surgical anatomy. As 
expected, less experienced medical students perceived 
the highest benefit (53.9% ± 4.14 of correct answers with 
3D-printed models, compared to 53.4 % ± 4.6 with virtual 
models and 45.5% ± 4.6 with MDCT), followed by sur-
geons and radiologists. The average time spent by partici-
pants in 3D model assessing was shorter (60.67 ± 25.5  s) 
than the one of the corresponding virtual 3D recon-
struction (70.8 ± 28.18  s) or conventional MDCT scan 
(127.04 ± 35.91 s).
Conclusions 3D-printed models help to transfer complex 
anatomical information to clinicians, resulting useful in the 
pre-operative planning, for intra-operative navigation and 
for surgical training purposes.
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High-quality radiological imaging is a fundamental require-
ment for pre-operatory planning in every surgical field. The 
currently available computer-based MDCT scanning tech-
nology allows medical users to gather a significant range 
of information about patient’s anatomy displayed on flat 
screens. To overcome the limit of bi-dimensional imaging 
visualization, virtual 3D reconstructions of target anatomy 
can be generated by means of dedicated software starting 
from a standard medical image dataset [1]. These digital 
3D models represent a valid step forward compared to con-
ventional radiology, able to effectively increase detail’s per-
ception to some extent [2]. However, sense of touch, essen-
tial for proper comprehension of any three-dimensional 

Abstract 
Background In a preliminary experience, we claimed the 
potential value of 3D printing technology for pre-operative 
counseling and surgical planning. However, no objective 
analysis has ever assessed its additional benefit in transfer-
ring anatomical information from radiology to final users. 
We decided to validate the pre-operative use of 3D-printed 
anatomical models in patients with solid organs’ diseases 
as a new tool to deliver morphological information.
Methods Fifteen patients scheduled for laparoscopic sple-
nectomy, nephrectomy, or pancreatectomy were selected 
and, for each, a full-size 3D virtual anatomical object was 
reconstructed from a contrast-enhanced MDCT (Multi-
ple Detector Computed Tomography) and then prototyped 
using a 3D printer. After having carefully evaluated—in a 
random sequence—conventional contrast MDCT scans, 
virtual 3D reconstructions on a flat monitor, and 3D-printed 
models of the same anatomy for each selected case, thirty 
subjects with different expertise in radiological imaging 
(10 medical students, 10 surgeons and 10 radiologists) were 
administered a multiple-item questionnaire. Crucial issues 
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object, is completely missing in 3D virtual models whereas 
it can be fully restored when the object is reproduced in its 
physical state such as by the use of a 3D printer [3–10].

3D printing technology is rapidly spreading all around 
the world and still broadening its range of application, even 
in the surgical field [4–10] where a solid object reproduc-
ing patient-specific anatomy in detail offers great potential 
both pre-operatively and intra-operatively. Abdominal sur-
gery lists fewer applications with respect to other surgical 
fields (i.e., vascular or orthopedic surgery), since the 3D 
reconstruction of the anatomy of interest is not simple [11, 
12]. In a previous pilot study on surgical employment of 
3D-printed models [13], we assessed their expected useful-
ness for pre-operative counseling with patients and for sur-
gical planning in the setting of a specific minimally inva-
sive procedure, namely laparoscopic splenectomy. Results 
showed that patients had significantly appreciated the 
higher level of comprehension of the proposed intervention 
offered by 3D physical models which, on the other hand, 
had effectively allowed surgeons to better evaluate some 
crucial anatomical features, not easily accessible with tradi-
tional imaging methods.

On the base of these encouraging data, we designed 
a study to compare the level of anatomical information 

provided by MDCT scans, virtual 3D reconstructions, and 
3D printed models in patients with solid organs’ diseases 
(of spleen, pancreas, adrenal gland, and kidney). The aim 
was to assess whether the 3D-printed model could be more 
informative than standard MDCT images and digital 3D 
visualizations in predicting the real anatomy of the case. 
The time spent in evaluating each of the three types of ana-
tomical representation was also assessed.

Materials and methods

The whole process started from MDCT scan image acqui-
sition and moves through image segmentation and 3D 
rendering to end up with 3D printing [14, 15]. The same 
pipeline we adopted in our previous experience [13] was 
applied to the present study.

Here, only 3D full-size objects were printed, so that 
important details and interactions can be clearly analyzed 
(Fig. 1). Consequently, to reproduce very big models (i.e., 
severe splenomegaly), all the parenchyma of a given organ 
exceeding the anatomical area of interest was virtually cut 
and excluded from the printing process in order to com-
ply with 3D printer plate dimensions (Fig. 1C). When the 

Fig. 1  Examples of 3D-printed models A–B model including pancre-
atic body/tail and spleen with a hilar splenic artery aneurism (arrow); 
C detail of a splenomegaly case model in which the spleen paren-

chyma has been cut to fit the printing build tray; D–E an assemblable 
right kidney model with renal cell carcinoma (arrow); F a pancreas 
model with a pancreatic tail tumor (arrow)



4104 Surg Endosc (2017) 31:4102–4110

1 3

anatomy of interest was located inside the organ, the model 
was printed in separate parts to be assembled and disassem-
bled, in order to allow the visualization of inner structures 
and their specific relationships. Each anatomical structure 
(vessels, organ parenchyma and tumors) was separately 
printed and colored before glue assembling to obtain the 
final graspable object. The 3D printing process time ranged 
between 20 and 30 h in this series with an average cost of 
about 150–200€ of material used for each model. Produc-
tion costs were not addressed.

Fifteen patients, all scheduled for a planned minimally 
invasive surgical procedure, were selected for this study: 
ten laparoscopic or hand-assisted splenectomies (two for 
idiopathic thrombocytopenic purpura and eight lymphopro-
liferative diseases), one splenic artery robotic aneurismec-
tomy, two robotic nephrectomies (one nephron-sparing 
enucleation for renal adenocarcinoma and one nephrec-
tomy for a living-donor transplant), one left adrenal tumor 
involving the spleen treated by en bloc left robotic adrenal-
ectomy and splenectomy, and one robotic distal pancreatec-
tomy for pancreatic mucinous tumor.

Then, 30 subjects with different level of medical knowl-
edge and anatomical expertise were recruited: 10 medi-
cal students, 10 general surgeons, and 10 radiologists. No 
particular selection criteria were adopted nor the presence 
of specific requirements was considered essential for the 
enrolment. Subjects were asked to evaluate the surgical 
anatomy of each patient by the three available imaging sup-
ports for every single case: bi-dimensional MDCT scans, 
3D virtual reconstructions, and 3D-printed anatomical 
models (Fig. 2). Each patient was presented separately and 
randomly, by means of a random number table generator, 
with each imaging support. The MDCT scans were loaded 
on the same software (Onis 2.5 Free Edition) to uniform 
study conditions, allowing both axial and coronal scans vis-
ualization; the 3D virtual reconstructions were loaded on 
the visualization software Paraview (http://www.paraview.
org) which enables the rotation of the virtual model. As for 
3D-printed models, subjects were allowed to freely handle 

them, disassembling removable parts when present and 
analyzing internal and external anatomic details all over the 
objects (Fig. 1).

To objectively analyze the real usefulness of 3D-printed 
anatomical models, a surgical anatomy questionnaire was 
arranged. Three different forms, each for a different organ 
(spleen, kidney, and pancreas), were prepared with ques-
tions regarding vessels’ course and caliber, organ’s size, 
vascular distribution, and relationship with surrounding 
structures. The spleen form was also used in the locally 
advanced left adrenal tumor case where tumor’s extension 
to splenic parenchyma and vessels was the major issue. For 
the other splenectomy cases, specific issues were investi-
gated through the questionnaire; in particular, participants 
were asked to estimate the inter-polar distance, the num-
ber of indentations on the spleen’s surface reflecting the 
vascular branching towards the organ (magistral splenic 
rather than distributing splenic), the spatial relationship 
between the pancreatic tail and the splenic artery, and 
between artery and vein along their course towards the 
hilum. The branching site of the splenic artery and minor 
polar branches’ existence were also considered. Tumor 
cases were used to appraise the ability in evaluating size 
and location of the lesion by means of the three available 
imaging representation supports.

Finally, a self-assessment form was administered to rate 
participants’ perceived advantage of handling a graspable 
anatomical model compared to bi-dimensional or three-
dimensional virtual images and the potential influence of 
3D-printed models on daily clinical practice in the next 
future.

Correct and wrong answers for every anatomical ques-
tion were evaluated and a score was given (1 point = cor-
rect answer; 0 point = wrong or not given answer). The total 
number and the percentage of correct answers were used to 
measure how the three types of support are able to transfer 
in terms of anatomical recognition. The time spent by each 
participant for exhaustively examining each single imag-
ing support was also recorded (with a maximum of three 

Fig. 2  The three presentation modalities. From left to right: MDCT scan and the correspondent virtual 3D reconstruction and 3D-printed model

http://www.paraview.org
http://www.paraview.org
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minutes per support) in order to assess the quickness of 
comprehension and information transfer. The advantages 
of 3D-printed models in accurate anatomical understand-
ing were addressed in the self-assessment form through a 
scoring system based on a 1 to 5 scale (1 = not beneficial; 
5 = highly beneficial).

Recorded data were collected and analyzed both pool-
ing together data from the three groups of subjects (medical 
students, surgeons and radiologists) and separately for each 
of the three groups. The aim was to identify differences 
between results obtained using MDCT, virtual reconstruc-
tion, and 3D-printed models. Specifically, the percentage of 
correct answers and the time spent to answer were consid-
ered. Concerning measure estimates (i.e., length or diame-
ter of anatomical structures), answers were considered cor-
rect only if perfectly coincident with the reference value. 
Data analysis was conducted using Statistics and Machine 
Learning Toolbox™ of Matlab  R2015b® environment.

Statistical difference between groups was assessed using 
the one-way ANOVA statistic test for those groups satisfy-
ing assumptions of normal distribution (assessed by means 
of Shapiro–Wilk normality test) and variance homogeneity 
(using the Cochran’s test). Multiple pairwise comparison 
of the group means was performed using the Bonferroni 
method. For those groups with normal distribution but not 
meeting homogeneity of variances’ assumption, a Welch’s 
test was applied and a multiple pairwise comparison was 
performed using the Duncan–Waller test. For groups 
without normal distribution but variance homogeneity, a 
Kruskal–Wallis test was applied and a multiple pairwise 
comparison was performed through a Dunn’s test. A p 
value < 0.05 was considered statistically significant.

Results

Pooling together data from radiologists, surgeons, and 
students, the overall percentage of correct answers 
progressively increases from MDCT bi-dimensional 
scans (45.5% ± 4.6) to three-dimensional reconstruc-
tions, both virtual (53.4 % ± 4.6) and printed ones 
(53.9% ± 4.14) as shown in Table 1 and Fig. 3. We found 
a significant difference between MDCT group and both 

3D virtual reconstruction (p = 1.3E−8) and 3D-printed 
group (p = 6.96E−10), while no significant difference was 
observed between 3D virtual reconstruction and 3D-printed 
model groups (p = 0.676).

An increasing trend of correct answers, from MDCT 
images to 3D-printed supports, was especially noticed 
for specific fields of the questionnaire (i.e., size estima-
tion, vascular details, and spatial relationships between 
structures).

By separately analyzing results from each group of sub-
jects, a few differences were also detected (Table 1). When 
dealing with MDCT, students resulted in the lowest perfor-
mance with a score of 42.46% ± 2.85 and surgeons got an 
average score of 45.29% ± 2.8 while radiologists obtained 
the highest one (48.88% ± 5.42). Lower differences are 
visible comparing scores obtained using 3D virtual (Stu-
dents: 53.43% ± 3.17; Surgeons: 51.49% ± 4.48; Radiolo-
gists: 55.30% ± 5.48) and 3D-printed models (Students: 
54.25% ± 5.87; Surgeons: 52.54% ± 3.23; Radiologists: 
54.85% ± 2.69). Statistical analysis highlighted significant 
differences within each group between MDCT and 3D 
virtual model (Students: p <1E−5; Surgeons: p = 0.0018; 
Radiologists: p = 0.0154) and between MDCT and 
3D-printed model scores (Students: p value <1E−5; Sur-
geons: p value = 0.0003; Radiologists: p value = 0.0259), 
while no significant difference was found between 3D vir-
tual and 3D-printed model scores.

Temporal data analysis performed pooling together the 
three groups (Table 2; Fig. 4) revealed that the average time 
spent by participants on 3D-printed models (60.67 ± 25.5 s) 
and on 3D virtual reconstruction images (70.8 ± 28.18  s) 
was significantly lower than the time spent on MDCT 
scans (127.04 ± 35.91 s), as proved by the ANOVA statisti-
cal test (p = 1.64E−3). Group’s separate analysis showed a 
similar trend, with significant statistical difference between 

Table 1  Percentage of correct answers

Values are reported as mean percentages ± standard deviation
MDCT multiple detector computed tomography

Students Surgeons Radiologists Total

MDCT 42.46 ± 2.85 45.29 ± 2.8 48.88 ± 5.42 45.5 ± 4.6
3D virtual 53.43 ± 3.17 51.49 ± 4.48 55.30 ± 5.48 53.4 ± 4.6
3D printed 54.25 ± 5.87 52.54 ± 3.23 54.85 ± 2.69 53.9 ± 4.14

Fig. 3  Box plot of the ANOVA test result on correct answers’ per-
centage (pooled data). MDCT multiple detector computed tomogra-
phy, VIR 3D-virtual reconstruction, 3D 3D-printed model
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time spent on MDCT and 3D virtual model (Students: p 
value <1E−5, Surgeons: p value = 0.0132, Radiologists: p 
value <1E−5) and between MDCT and 3D-printed mod-
els (Students: p value <1E−5, Surgeons: p value = 0.0017, 
Radiologists: p value <1E−5), while no significant dif-
ference was found between 3D virtual and 3D-printed 
recorded times.

Results from self-assessment forms’ analysis outlined 
participants’ subjective evaluation in terms of perceived 
usefulness of each of the three available supports. The 

recorded answers show that 3D-printed models are deemed 
to add significant value for fine anatomical understanding 
compared to the digital imaging equivalents, either bi- or 
three-dimensional: 63.3% of the total subjects considered 
3D models useful, 30.0% very useful and only 6.7% not so 
useful. At separate groups’ analysis, 50% of students rated 
3D-printed models as useful and the other 50% as very use-
ful. Surgeons and radiologists rated them as useful in 80% 
and 60%, respectively, while 20% of both rated 3D-printed 
models as very useful. Only 20% of radiologists expressed 
a “not useful” judgment. Results gathered from answers on 
generic anatomical recognition, sight/touch combination 
rather than vascular and parenchymal anatomy comprehen-
sion show how three-dimensional models are able to offer 
significant benefits to the user in terms of proper anatomi-
cal understanding. The major benefit is appreciated for fine 
anatomical discrimination, as proven by the high rate given 
to vascular anatomy comprehension (Fig. 5). Questionnaire 
outcomes reflect the percentage of subjects who also advo-
cated future 3D printing introduction in the pre-operatory 
diagnostic routine (60%), while 10% did not and 30% did 
not express an opinion.

Discussion

Three-dimensional virtual reconstructions of conventional 
cross-sectional imaging (MDCT) have been developed 

Table 2  Time average (s)

Values are reported as mean time in seconds ± standard deviation
MDCT multiple detector computed tomography

Students Surgeons Radiologists Total

MDCT 142.13 ± 23.32 108.86 ± 50.69 130.13 ± 20.26 127.04 ± 35.91
3D virtual 91.53 ± 19.66 55.77 ± 35.68 65.11 ± 11.58 70.8 ± 28.18
3D printed 81.11 ± 18.5 42.18 ± 23.12 58.72 ± 19.26 60.67 ± 25.5

Fig. 4  Box plot of the Anova test results on average time per answer 
(pooled data). MDCT multiple detector computed tomography, VIR 
3D virtual reconstruction, 3D 3D-printed model

Fig. 5  Self-assessment ques-
tionnaire on 3D-printed models’ 
usefulness for each category 
(participants rated each of these 
categories from 1 to 5). Mean 
scores are depicted for each 
group of participants
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to overcome the inherent limits related to a flat bi-dimen-
sional representation of the anatomy with the ultimate aim 
of facilitating its detailed comprehension [16]. Virtual 3D 
images can be rotated resulting in as many angles of view 
as the user wishes to explore; this increases depth per-
ception to some extent and enhances spatial orientation’s 
capability. However, 3D virtual models are only accessible 
by means of a computer interface provided with patients’ 
imaging data and dedicated software. Moreover, relation 
and distances between structures are not easy to assess, 
since they are highly dependent on the actual orientation of 
the model on the screen.

These limitations can be overcome by the use of 3D 
printing technology, a novel tool that can be applied also to 
the aims and needs of surgery [17]. Currently available 3D 
printers are able to reproduce any kind of physical object 
starting from a virtual model, retrieved from a series of 
2D medical images after a specific image elaboration pro-
cess [18, 19], called image segmentation. The segmenta-
tion process is a semiautomatic procedure that moves from 
CT images to the 3D virtual model and requires both good 
knowledge of the anatomy and deep expertise in medical 
image elaboration. Since this operation is demanded to sub-
jects with an engineering background, a radiologic valida-
tion of segmentation’s result is mandatory in order to con-
sider the virtual model, as well as the 3D-printed one, a 
valuable replica of the CT scan.

The time required for the process may vary according to 
the anatomical complexity and the image quality, especially 
in terms of slice thickness and contrast phases temporiza-
tion. This variability can be reduced establishing a proper 
acquisition protocol, which takes into account both clini-
cal and image analysis needs. According to our experience, 
abdominal organs included in the study (namely pancreas, 
kidney, and spleen) can be reconstructed in less than 6 h, 
relying on a valid acquisition protocol. On the other hand, 
the prototyping time, which includes both printing and 
post-processing, may range from 8 to 30 h, depending on 
the required technology and the dimension of the object to 
be printed. For all the models included in the study, all the 
operations to move from a CT scan to a 3D-printed model 
were carried out in 2–3 days, thus perfectly in line with the 
planning time of such interventions.

In our previous report, we have investigated the potential 
application of such manufactures to the setting of a surgi-
cal minimally invasive procedure, namely laparoscopic 
splenectomy [13]. This preliminary experience showed 
how these models could be usefully translated to a surgi-
cal environment for educational purposes at various levels, 
as previously reported by others as well [20, 21]. In fact, 
patients’ awareness of the proposed intervention was mark-
edly increased by the 3D-printed models and so did pre-
operative surgical planning as perceived by residents.

In the present study, we aimed to extend the application 
range of 3D-printed anatomical models in terms of surgi-
cal procedures and final users: experienced surgeons and 
radiologists together with medical students were asked to 
evaluate specific anatomical features of patients scheduled 
for solid organ (spleen, pancreas, adrenal gland, and kid-
ney) laparoscopic procedures. A quantitative comparison 
with the available options, namely MDCT scan images and 
digital 3D reconstructions, was also included since it had 
not been incorporated in the previous report.

Considering pooled data from correct answers relating 
to size estimates, vascular details, and spatial relation-
ship, results showed that 3D-printed models significantly 
improved proper anatomical comprehension compared to 
bi-dimensional MDCT images in each field of the ques-
tionnaire, while a positive trend in favor of 3D-printed 
models with respect to 3D virtual reconstructions can be 
seen only about spatial relationship (Fig.  6). This is not 
surprising given the substantial contribution of depth per-
ception to the visualization of shapes and objects.

Of notice, a similar result was found after separate 
data analysis for each group of participants, thus inde-
pendently from the level of expertise and the medical 
specialty, if any, of the user. Radiologists and surgeons 
involved in our study are all experienced physicians with 
proven knowledge in abdominal solid organ diseases. In 
both specialties, a high degree of anatomical proficiency 
is essential. However, when the same target anatomy is 
shown by means of a three-dimensional reproduction 
even to subjects devoid of specific experience such as 
medical students, the resulting level of gained anatomi-
cal information is similar to that of the skilled profession-
als. In other terms, the possibility of handling a graspable 
object of the anatomy of interest or scrolling a 3D repre-
sentation on a computer interface seems to minimize the 
existing gap of expertise between the groups of our study.

Fig. 6  Mean percentages of correct answers for each section of 
the questionnaire obtained with the three types of supports (pooled 
data). MDCT multiple detector computed tomography, VIR 3D virtual 
reconstruction, 3D 3D-printed model
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An additional distinctive feature is embedded in 
3D-printed models compared to their digital counterpart. 
In fact, these physical objects, unlike three-dimensional 
virtual reconstructions, can be easily brought by the sur-
geon into the operating room and employed for further 
anatomical examination throughout the surgical interven-
tion if needed [22]. No additional tools (i.e., computer’s 
screen nor specific software) are required in this setting. 
Clear anatomy recognition can be often challenging due to 
unpredictable variations from standard anatomical condi-
tions, such as for vessels’ course or disease-related texture 
alteration of organs and their surrounding structures. In our 
preliminary experience, we reported how the availability of 
3D physical reproduction in the operating room was per-
ceived as beneficial by the surgeons involved in the study. 
On this base, we may speculate that such peculiar benefit 
of 3D-printed models stems from the possibility of making 
continuous comparison with real patient’s anatomy, thus 
obtaining reliable landmarks for intra-operative navigation 
especially in difficult circumstances where the risk of com-
plications is higher.

Just as patients and their relatives in our previous report 
were effortlessly able to understand the technical issues 
of surgery, every final user of a 3D-printed model in the 
medical field, irrespective of his/her degree of experience, 
is allowed to easily access a high level of anatomical infor-
mation with this tool. In fact, the average time spent by par-
ticipants to effectively evaluate 3D-printed models resulted 
to be substantially lower if compared to the average time 
needed when the alternative imaging supports were used, 
even though this difference reached statistical significance 
with respect to MDCT scans only and not with respect to 
3D virtual reconstructions. At any rate, the promptness in 
visual information transfer, that sense of touch restoration 
offers through the handling of a physical object, which is 
missing when the same images (either bi- or three-dimen-
sional) are displayed on a screen, is known to be definitely 
prominent [23]. Therefore, since touch sense is lacking in 
minimally invasive surgery, a physical 3D representation of 
the anatomical target area appears a considerable support 
for surgeons in pre-operative planning [11].

Despite the expected benefits of 3D-printed models, 
analysis of our data apparently failed to detect any substan-
tial difference between the two types of three-dimensional 
supports. The overall percentage of correct answers was 
similar for both, even when separately considered for each 
group of participants. Also, time analysis only showed 
a slight advantage of 3D-printed models over 3D virtual 
reconstructions, which did not reach statistical significance. 
One may judge these outcomes as the proof of 3D printing 
technology’s uselessness in the surgical setting. Anyway, a 
few remarks about the limits of the present study may help 
clarifying our results. The first one is the small number 

of recruited participants that was arbitrarily set. Hence, it 
might be criticized that this study was not powered enough 
to assess statistical relevance of collected data. Secondly, 
the adopted questionnaire forms were specifically devel-
oped to address the evaluation of a certain anatomical 
region from the surgical perspective. However, such ques-
tionnaires had not been previously validated for a similar 
purpose, being therefore inherently unable to emphasize 
the benefits of one support compared to the other. Thirdly, 
all the questions were conceived by surgeons based on their 
own familiarity with specific anatomical issues that are cur-
rently encountered during surgery. In the common clinical 
practice, radiologists are not usually asked to report about 
such queries (i.e., the number of indentations on spleen’s 
surface, relationship between pancreatic tail and splenic 
hilum, and the exact point of renal vein crossing on the 
aorta.). This might explain the unexpected relatively low 
level of accuracy they showed when evaluating MDCT 
scans. In a similar way, 3D-printed models might have mis-
guided radiologists in answering some of the questions due 
to the lack of anatomical landmarks they usually observe 
while looking at MDCT images; in fact, such models are 
physical reconstructions extrapolated from the whole 
abdominal context with consequent loss of those land-
marks they are used to recognize. The small though exist-
ing percentage of negative opinions about 3D-printed mod-
els expressed by radiologists in the self-assessment form 
could stem from such considerations. Hence, heterogene-
ous mindsets among the groups might have contributed to 
smooth over the expected difference between supports.

In the present study, 3D-printed anatomical models 
were tested in various abdominal solid organ’s disease 
cases scheduled for surgery. Whenever the surgeon deals 
with malignancies, detailed vascular and lymphatic course 
recognition is essential due to the prognostic implications 
related to radical surgery. Solid organ’s neoplasms suit-
able for conservative resections (i.e., tumor’s enucleation) 
require also a clear comprehension of cancer’s peripheral 
margins with respect to surrounding normal parenchyma 
(Fig.  1D–E). Although in this series only two patients 
received a partial, parenchyma-preserving, solid organ 
resection, we believe that 3D-printed models may play a 
major role in this setting. In fact, when planning conserva-
tive surgery such as for kidney, pancreas, or even liver 
lesions amenable of targeted procedures, certain details of 
the anatomy of interest become crucial to succeed (i.e., the 
exact vascular supply of a liver segment or specific branch-
ing of renal artery in localized pole kidney tumors) [11]. 
Similarly, vascular procedures for visceral artery diseases, 
such as the splenic aneurysmectomy patient enrolled in this 
series, appear ideal cases for 3D-printed anatomical recon-
struction in our view (Fig. 1A–B). All the small branches 
on both sides of the aneurysmatic sac were rendered in 
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the 3D-printed model, allowing the surgeon to accurately 
plan a stepwise vascular clamping until complete aneu-
rysm exclusion; also, the resulting degree of spleen’s perfu-
sion could be predicted, thanks to the clear knowledge of 
downstream arterial branching. However, the present study 
was not designed to investigate the role of these models in 
pre-operative planning, but only to evaluate their capabil-
ity in transferring anatomical information to the final user 
compared to traditional flat imaging, both bi- and tridimen-
sional. We can therefore only speculate about the potential 
influence that a tridimensional physical reconstruction of 
the target anatomy may have on surgeons, to the point that 
a revision of their surgical strategy might be encouraged 
by the increased anatomical knowledge. Clinical data con-
cerning intra- and post-operative courses of the recruited 
patients were not recorded too, since they were irrelevant 
to the aim of our research. At any rate, our conviction is 
that all these issues are worthy of future investigations to be 
undertaken.

Conclusions

This study pointed out that 3D-printed anatomical models 
lead to correct anatomical understanding much more than 
MDCT traditional images in terms of details’ perception. 
However, our results could not assess a similar advantage 
of these models over 3D virtual reconstructions. Given the 
limitations of the present series, we look forward to inves-
tigating again this topic with a differently designed study.

Interestingly, time spent for 3D-printed models’ evalua-
tion is clearly lower compared to bi-dimensional standard 
images and, to a lesser extent, to 3D digital reconstructions, 
resulting in more rapid and efficient anatomic information 
transfer from the physical support to the final user, regard-
less of his/her own level of expertise in the medical field.

The possibility of grasping a physical object appears 
the most evident advantage of 3D-printed models, but fur-
ther studies are needed to assess if such benefit concretely 
applies to the surgical environment. Theoretically, handling 
these models should provide a mental reconstruction of the 
anatomy that make not only comprehension, but also mem-
orization of essential details, easier and fixed for longer 
time. If this will be proved, 3D-printed patient-specific 
models may represent important tools for pre-operative 
planning, especially in minimally invasive surgery where 
sensory perception is limited.

A practical feature these models offer is they are port-
able objects, easy to bring in the operatory room to assist 
intra-operative navigation. Although this role is yet to be 
proved, it should be reminded that a similar opportunity is 
not always available for virtual 3D reconstructions requir-
ing a dedicated computer platform.

Another interesting perspective concerns the inherent 
teaching capability that this technology inscribes in our 
view, which is again related to the tactile and visual feed-
backs perceived by users. On this base, not only expert 
surgeons but also other professional figures in the medical 
field might easily benefit from it, each according to his/her 
own needs of education and training: medical students, res-
idents, novice physicians, and young surgical trainees.

To conclude, we are persuaded that such enabling tools, 
once their current drawbacks will be solved (namely manu-
facturing’s cost and time, not specifically addressed in the 
present study), may become integral part of patient’s pre-
operative evaluation involving the whole medical team, 
from the radiological department to the operating room. 
Further applications of 3D-printed anatomical models in 
surgery are expected in the future, for pre-operative plan-
ning purposes and beyond.
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