
Introduction 
Traditional anatomy education primarily relies on pre-
sentation materials, atlases, models, digital resources, 
and wet and dry plastinated cadavers.[1,2] The correct 
placement of anatomical structures is crucial for the suc-
cess of health professionals in their practice.[3] Three-
dimensional direct manipulation of the human body by 
touch is of great importance in anatomy education, and 
cadaver dissection is still considered the most appropri-
ate source to achieve this goal.[4,5] However, there are 
many obstacles to use cadavers in anatomy education, 
including social, ethnic, religious, cultural, and donor 
laws and the high cost of cadaver acquisition and man-
agement for worldwide anatomy education.[6,7] Students 
need to take the anatomical structures, rotate, and exam-
ine them from every angle, such as the contribution of 
direct manipulation.[8] It is known that direct manipula-

tion makes great contributions to students’ practical 
knowledge.[9] 

In addition to traditional methods (dissection and 
plastination), a modern three-dimensional (3D) printing 
system technique has recently been added to the anato-
my curriculum.[8,10,11] This new tool looks promising and 
could supplement and replace more traditional methods 
of anatomy education. Studies evaluating the impact of 
different pedagogies in anatomical education highlight 
the potential role of new methods (such as the use of 3D 
printed material) in anatomical education. 3D-printed 
examples can be a valuable, helpful tool, especially in 
contexts where human dissection is hampered by lack of 
facilities, human material, and problematic cultural 
and/or religious backgrounds.[10,12] 

In the last decade, 3D printing has become more acces-
sible and affordable, with systems and materials that can be 
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Abstract 
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used at home. 3D printing is a technology that reduces 
production to individual dimensions without the need for 
supply systems based on a computer-generated model.[13] 
In the computer controlled 3D printing process, the phys-
ical material is created layer by layer until it is virtually 
identical to the designed one.[14] Compared with other tis-
sue engineering methods and rapid tissue prototyping 
methods, 3D printing has several advantages, including 
high precision, fast production, low cost and good integra-
tion.[15] 3D modeling can help medical professionals or 
students better understand complex structures.[16] The 
most common materials used in 3D printers are durable 
nylon, aluminum, gypsum, textile raw materials, polylactic 
acid, and resin.[17] Among these materials, photosensitive 
resin provides the opportunity to produce higher quality, 
more complex structures that are closer to reality and 
smoother without showing its own raw material texture.[18] 

This study aimed to examine the usability of tissues 
printed with a 3D resin printer in anatomy education to 
increase direct manipulation in applied training.  

Materials and Methods 
The study involved a total of 84 participants, all 2nd-year 
medical students. This prospective, double-blinded, and 
parallel-group study was performed in line with the 
Helsinki Declaration with permission from the ethical 
committee of Bolu Abant İzzet Baysal University. The 
inclusion criteria were to enroll in the anatomy course in 
both periods and participate in the cadaveric and model 

practical lectures. Exclusion criteria were if the candidate 
had upper extremity traumatic injury in the last three 
months, a sensory deficit in either of the hands or scar tis-
sue on their fingertips.  

Participants were randomly assigned into two, 3D 
print (n=42) and plastic model (n=42) groups, with strati-
fied randomization based on Purdue spatial visualization 
test. Rotation (PSVT-R) scores, laterality scores, sex, and 
age of the participants were recorded. Sample size calcu-
lation was performed with G*Power software based on 
previous research, which yielded an estimated effect size 
of 0.701 and it was found that 33 participants were 
required for each group to achieve 80% power with a 
p<0.05 significance level.[19]  

For 3D printing, the department’s Elegoo Saturn 8k 
3D resin printer (Elegoo Inc, HK, China) and Elegoo 8K 
grey resin were used, with a 2.5-second exposure time 
and 0.05mm slice layer height. The printable sacrum 
model was based on a human sacrum, and the interior 
wall was hollowed and sliced for printing using Chitubox 
basic software (Chitubox Inc, Guangdong, China). The 
hollow part of the model was filled with fast-cure resin 
until the model weight matched the original sacrum 
(Figure 1). After printing, the model was washed with 
95% isopropyl alcohol and cured for 30 minutes under 
direct ultraviolet light. 

Both groups received a 30-minute theoretical lecture 
on the anatomy and clinical implications of the sacrum. 
After the lecture, participants were instructed to examine 
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Figure 1. (a) Preparation of the model in the slicing program for printing; (b) Detailed bone texture of the printed model; (c) Curing process of the 
model with rotating ultraviolet light device; (d) 3D printer and completed model of the sacrum.
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and identify structures on the original sacrum for 10 min-
utes with direct manipulation. Then, they received either 
a 3D or plastic model of the sacrum according to their 
group allocations and were instructed to examine and 
compare the models to the original. 

The outcome assessments included a 10-question mul-
tiple-choice quiz to assess participants’ post-exposure 
knowledge of anatomical structures after the practical lec-
ture. Participants were also asked to compare the models to 
the original with a Visual Analog Scale (VAS) questionnaire 
consisting of 4 questions about the model’s weight, anatom-
ical accuracy, level of detail, and texture quality. After com-
pleting assessments, blinded participants were asked to 
identify both models as 3D printed and plastic models. 

Purdue spatial visualization test-Rotation was used to 
assess three-dimensional perception of participants in this 
study. The test was developed by Guay in 1977 and 
revised by Yoon in 2011 and consists of 30 items. The par-
ticipants were asked to solve each multiple-choice ques-
tion (MCQ) rotation according to the given rotations. 
Low scores indicate lower spatial perception capabilities. 
Subjects completed the task in approximately 15 min.[20] 

The hand laterality task was used to assess participants’ 
mental motor imaginary capabilities, which is required for 
imaging three-dimensional objects. The test consists of 4 
images of both hands and six difficulty levels. Levels con-
sist of a 60-degree rotation for each set of images. A total 

score of 48 indicates perfect laterality. Subjects completed 
the task in approximately 10 min.[21] 

The printed model’s weight, anatomical accuracy, 
level of detail, and texture were assessed with VAS. 
Participants were instructed that 0 indicates no similarity 
to 10 indicates identical to the original model and asked to 
mark on a 10 cm straight line. 

After completing previous assessments, participants 
received both 3D printed and plastic models and were 
asked to identify each model on a 3-point Likert scale as 
0-cannot decide, 1-plastic, 2-3D printed. 

The chi-square test was used to compare the distribu-
tion of sex and the participants’ discernment capabilities of 
models. The Shapiro-Wilk test was used to test for the 
normal distribution of continuous variables. Normal dis-
tribution was observed for age, quiz, PSVR-T, and later-
ality scores. The independent t-test was used to analyze 
the differences between the groups. A p-value of less than 
0.05 was considered statistically significant. The chi-
square test was used to analyze sex distribution between 
groups. All statistical analyses were performed using the 
SPSS statistical package for Windows, version 24 (IBM 
Inc., Armonk, NY, USA).  

Results 
Eighty-four participants who met the inclusion criteria 
were included in this study (Figure 2). In the 3D print 

1813D resin printed models in anatomy

Anatomy • Volume 16 / Issue 3 / December 2022

Excluded (n=33) 
•   Not meeting inclusion criteria (n=27) 
•   Declined to participate (n=6)

Allocation

Randomized (n=84)

3D Print Group (n=42) Plastic Model group (n=42)

Figure 2. Flowchart of the study. 

Intervention

Assessments completed (n=42) Assessments completed (n=42)

Analysis

Analysed (n=42) Analysed (n=42)

Assessed for eligibility (n=117)



group, the mean age was 19.90±1.33 years, the lateraliza-
tion score was 34.61±7.69 points, and the PSVT-R score 
was 24.28±3.95 points. In the plastic model group, the 
mean age was 19.90±1.33 years, the lateralization score 
was 35.04±10.15 points, and the PSVRT score was 
23.26±3.65 points. There were 4 (9.5%) males and 38 
(90.5%) females in the 3D print group and 5 (11.9%) men 
and 37 (88.1%) women in the plastic model group. There 
was no difference between the groups in terms of age, lat-
eralization scores, sex, and PSVRT scores (p<0.05) (Table 
1). Participants’ model assessment VAS scores and quiz 
scores showed a normal distribution (p>0.05). 

Independent sample t-test results showed that there 
was no difference between the quiz scores of 3D print 
(6.28±2.03) and plastic model groups (6.76±2.22) 
(p=0.310) (Table 2). 3D Printed model’s weight, level of 
detail, and texture quality VAS scores showed signifi-
cantly higher scores than the plastic model (p<0.001). 
However, there was no significant difference between 
the groups regarding anatomical accuracy scores 
(p=0.142) (Table 2). 

Discussion 

In this study it was found that, 3D resin-printed models 
are superior to plastic models and resin-printed models 
can replicate details and textures better than plastic mod-
els. This outcome shows a high potential for creating 
accurate anatomical models for anatomy education with 
3d resin printing.  

Anatomy education requires mental imaging and spa-
tial skills.[22] Sex-based allocation was necessary due to 
reported differences in the spatial abilities of male and 
female participants.[23] Studies investigating the efficien-
cy of 3D-printed models showed an increase in favor of 
3D-printed groups’ written tests and quiz scores. In this 
study, a pre-test quiz was used to assess participants’ 
anatomic knowledge after the lecture. This ensured that 
the initial anatomy knowledge of the groups was similar 
and prevented both the heterogonous distribution of 
reluctant/enthusiastic participants and sex distribution. 

3D printing is a cheaper option compared to both 
cadaveric and plastic model-based education.[10] Kim et. 

182 Kurul R et al.

Anatomy • Volume 16 / Issue 3 / December 2022

Table 2  
Independent t-test result of mean differences between groups.

3D Print (n=42) Plastic model (n=42)  

X±SD X±SD t p-value 

Quiz 6.28±2.03 6.76±2.22 -1.022 0.310 

Weight 8.28±1.87 5.60±2.16 6.049 <0.001 

Anatomical accuracy 7.85±2.21 7.50±3.07 1.483 0.142 

Level of detail 8.14±1.49 5.51±1.53 7.948 <0.001 

Texture quality 8.71±1.24 4.08±2.33 11.359 <0.001 

t: independent samples t-test, p<0.05.

Table 1  
Baseline characteristics of the participants.

3D Print (n=42) Plastic model (n=42)  

X±SD X±SD t p-value 

Age (years) 19.90±1.33 19.38±01.41 1.743 0.085 

Lateralization 34.61±7.69 35.04±10.15 -0.218 0.828 

PSVT:R 24.28±3.95 23.26±3.65 1.232 0.221 

n % n % χχ2 p-value 

Sex Female 38 90.5 37 88.1
0.124 0.724

 

Male 4 9.5 5 11.9 

PSVT:R: purdue spatial visualization test rotations; t: independent samples t-test, p<0.05; χχ²: Chi-square test.



al.[6] reported that next-generation printers with higher 
precision capabilities increased the printed models’ level 
of detail and accuracy. Fasel et al.[24] verified the accura-
cy of models and showed that scans could be adapted to 
3D-printed models. In order to achieve a real-life tex-
ture, studies tried various methods, such as covering 
printed tissue with a silicon-based coating.[25] The main 
concern of 3D-printed models is their accuracy and 
resemblance to the original tissue.[6] A 3D upper extrem-
ity model study pointed to the same limitations and 
implied that with technological advancements a printed 
model’s texture could become identical to the original.[26] 
In this study, we found that the resin printed model’s 
texture closely resembled the original one. In addition, 
the resin model’s fine slice height resulted in a smooth 
transition which was a main concern for previous studies 
which used a PLA printer that produces rough textures. 
Moreover, the level of detail of the 3D printed models 
was found to be superior compared to the plastic model 
which uses a mould to mass produce models.  

Young et al.[27] reported that increased cognitive load 
might impact the effectiveness of educational material. 
The complexity of the pelvis region is higher and 
increases the cognitive load on students that examine 
models. Another study focusing on 3D printed organs 
showed that the pelvis is a more complex region than the 
heart and recommends higher resolution prints for com-
plex areas.[6] Studies investigating 3D prints on anatomy 
education report its benefits, however these studies also 
remark on the low detail level of 3D printers.[6,28,29] 

Printed and plastic models’ resemblance to the original 
is vital. Level of detail is a crucial parameter when com-
paring plastic and printed models since the moulding 
procedure prevents the production of fine details due to 
the high risk of tearing during mould release. 

Studies investigating the effectiveness of 3D printed 
models on anatomy education report promising results. 
A study comparing cadaveric and 3D printed model’s 
post-test results showed that the 3D print group scores 
higher marks.[6] A randomized controlled study compar-
ing cadaveric, 3D printed and atlas found similar results 
in favor of the 3D printed model group.[28] Another study 
using color coded 3D printed models also reports high 
scores in favor of the printed model group.[26] Studies 
investigating the effect of 3D printed models based on 
students learning reported that 3D printing does not 
cause disadvantages for students’ learning activities and 
has a positive effect on junior students who do not want 
to make contact with cadaveric materials and avoid direct 
manipulation.[30–32] Similar to the previous studies, we 
found that the resin printed model scores higher marks 
and can be used in anatomy education. Post-test scores 

were not collected from participants due to the design 
limitation of the study. Although previous studies 
showed that 3D models do not cause a disadvantage in 
anatomy learning, it was unclear whether resin models 
are free from the same problems. 

3D printing is a cheap, accurate, feasible, and innova-
tive way of providing anatomy teaching materials. The 
findings of this study show that resin printed models com-
pared to plastic models, are more realistic and similar to 
originals. 3D printing is a relatively new area for anatomy 
education and this study showed that resin printing is a 
better solution compared to plastic models. The use of 3D 
prints can enhance anatomy education by providing a flex-
ible tool. As students become more proficient in under-
standing normal anatomy, they can gradually be intro-
duced to models that include pathological conditions. 
However, printing time is a downside of resin printing 
which can take 4-6 hours to print a single model. The cost 
of printing varies depending on the model’s size, the 
resin’s cost, and the inner area’s hollowing. As a result, 
almost all bones, except cranial bones, can be printed using 
a small amount of resin. In this study, the cost of the 
sacrum was 4.7 USD, including the support for the mod-
els. This is cheaper than commercial sacrum models, typ-
ically costing 29 to 75 USD per model. 
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