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3D printing ophthalmology related models for enhancing learning through the 
concept of puzzle assembly ‑ A comprehensive self-learning tactile tool kit

Prasanna V Ramesh, Aji Kunnath Devadas1, Tensingh Joshua2, Prajnya Ray1, Shruthy V Ramesh3, Meena K Ramesh4,  
Ramesh Rajasekaran5

Practical sessions facilitate teaching, critical thinking, and coping skills, especially among medical students 
and professionals. Currently, in ophthalmology, virtual and augmented reality are employed for surgical 
training by using three‑dimensional (3D) eyeball models. These 3D models when printed can be used not 
only for surgical training but also in teaching ophthalmic residents and fellows for concept learning through 
tactile 3D puzzle assembly. 3D printing is perfectly suited for the creation of complex bespoke items in 
a cost‑effective manner, making it ideal for rapid prototyping. Puzzle making, when combined with 3D 
printing can evolve into a different level of learning in the field of ophthalmology. Though various 3D 
eyeball models are currently available, complex structures such as the cerebral venous system and the circle 
of Willis have never been 3D printed and presented as 3D puzzles for assembling and learning. According 
to our knowledge, this concept of ophthalmic pedagogy has never been reported. In this manuscript, we 
discuss in detail the 3D models created by us (patent pending), for printing into multiple puzzle pieces for 
effective tactile learning by cognitive assembling.
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Three‑dimensional (3D) printing, or additive manufacturing, is 
the process of creating 3D solid objects from a digital file designed 
using computer‑aided design  (CAD) or digital 3D computer 
graphics software.[1] Toys and puzzles are used to improve 
intellectual knowledge along with playfulness in young children. 
Similarly, this gamification can be used for skillful and tactile 
learning for ophthalmologists and optometrists. These tools create 
a memory in the brain and make teaching easy by developing 
their cognizance, especially when it is a 3D model with actual 
measurement and color.[2] In addition, holding a model in hand 
will definitely improve the actual learning experience.

Innovation
3D printed models created by us (patent pending) can be 
extensively used in the field of ophthalmology, especially for 
teaching.[3‑5] We have created a 3D eyeball model [Fig. 1] with 
detailed microscopic structures.[6] We have also created models 
associated with ophthalmology, such as the cerebral venous 
system and circle of Willis in 3D computer graphics software, 
and then separated the model just like the pieces of a puzzle 
[Figs. 2–4 and Video Clip 1].

Printing the Models
These miniature models can be printed with polylactic acid 
(PLA) material separately using the 3D printing technology, 
and then they can be joined to create the final model [Fig. 5] 
by the neophytes, making learning more interactive. The 
cerebral venous and arterial system 3D models that we have 
created, are far deeper yet simpler, than the other 2D and 
3D models currently available. It is feasible to print and we 
have made it in the proportion of an adult human brain. 
However, the same can be made in a bigger proportion if 
needed. Eye models with complex microscopic structures 
such as the angles of the anterior chamber and the usage of 
TrueColor confocal multimodal fundus images for retina 
makes these models unique. When used as a puzzle, these 
3D models become more productive and effective.[7] The 3D 
eye ball model cannot be 3D printed with multiple colors as 
such. First, each part was printed in a single-color material 
with adequate supports. Then, we stuck the 2D color print 
paper or plastic onto the model. For the retina, thermoplastic 
polyurethane (TPU) material was used for 3D printing. For 
unicoloured structures such as the circle of Willis, red spray 
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paint [Video Clip 2] can be used after 3D printing the model, 
or the model itself can be printed in red. 

Economics
The economics involved in 3D printing models is as follows:
•	 PLA (1kg) - Rs. 1,000
•	 TPU (1kg) - Rs. 3,000
•	 Circle of Willis Model (400g) - Rs. 500
•	 Cerebral Venous System Model (400g) - Rs. 500
•	 Eyeball Model (1 kg) - Rs. 2,000

Duration of printing
The duration of printing the 3D models is as follows:
•	 The circle of Willis - 10 hours
•	 The cerebral venous system - 5 hours
•	 The eyeball -  48 hours

Basic or beginner informative knowledge about 3D 
printing is required to get the models 3D printed. The 3D 

models created by us are currently available for free download 
from the website (meh.org.in), under the RESEARCH & 
DEVELOPMENT Tab.

Discussion
3D printing has already started to evolve over the past few 
years and can be used in various applications in the field of 
ophthalmology.[3] Now it is time to use it extensively in the field 
of teaching in ophthalmology as there are no real human eye 
anatomical models that can be used for learning and teaching 
because of its complex microscopic structures. There are many 
virtual anatomical dissection ophthalmic tools, which are very 
complex. In contrast, we have proposed printing real‑time 
3D models in the actual size of the human eyeball, or with a 
much larger size, printed for the microscopic structures such 
as the trabecular meshwork for better tactile understanding. 
These models, when created as 3D puzzles, improve the art of 
teaching and learning, especially among neophytes for yielding 
fruitful results. It can also be applied in other fields beyond 
ophthalmology.

Figure  2: Image showing the eyeball model split into different 
parts: sclera  (red arrows), choroid  (light blue arrows), retina 
(light green arrows), iris and ciliary body (yellow arrow), optic nerve 
(dark blue arrow), cornea (rose arrow), lens (purple arrow), trabecular 
meshwork (orange arrow), and anterior chamber angle (green arrow) 
for 3D puzzle printing

Figure 4: Image showing the circle of Willis split into different parts: 
posterior communicating artery (green arrow) puzzle, posterior cerebral 
artery, superior cerebellar artery, anterior inferior cerebellar artery, 
vertebral artery, basilar artery, and pontine artery (yellow arrow) puzzle 
complex, anterior communicating artery, anterior cerebral artery (blue 
arrow) puzzle complex, the internal carotid artery, middle cerebral 
artery and ophthalmic artery (dark blue arrows) puzzle complex for 3D 
puzzle printing

Figure 3: Image showing the separate parts of the cerebral venous 
system split into the superior sagittal sinus (red arrow) puzzle, superior 
and inferior petrosal sinus, internal jugular vein, and transverse 
sinus (green arrow) puzzle complex, superior and inferior ophthalmic 
vein, cavernous sinus, and pterygoid venous plexus (yellow arrows) 
puzzle complex for 3D puzzle printing

Figure 1: Image showing the models created in the 3D computer 
graphics software. (a) Eyeball model with TrueColor high‑resolution 
confocal fundus image.  (b) Cerebral venous system.  (c) Circle of 
Willis
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Conclusion
3D printing, ophthalmology and ophthalmology related 
anatomical structures as puzzles; and assembling these puzzles 
can pave the way for a new-age of cognitive tactile learning 
in the field of ophthalmology. According to our knowledge, 
this concept of ophthalmic pedagogy has never been reported 
in the literature.
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Figure 5: Image showing the 3D printed puzzle pieces of the cerebral 
venous system and the final model of the cerebral venous system after 
the puzzle pieces were joined together




