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Abstract 

The purpose of this paper is to provide a comprehensive understanding of how to take best advantage of three-

dimensional (3D) printing in medical education in favor to increase the medical student's ability to provide out-of-

the-box medical care for unexpected challenges in clinical competencies. Is there need to purchase 3D printer in 

each medical college? With changing needs, educational advancements, and technological revolutions, we need to 

update the method of imparting knowledge and skills to medical students.3D printing is one of them, a strategy to 

facilitate active learning. Studying the literature by searching articles in PubMed related to implementation of 3D 
printed models in different subjects of MBBS undergraduate curriculum, we found that there has been the creation 

of multiple models in every field of medical science. The designing of a 3D model allows the student to study from 

multiple angles and find the solution of medical problems, cut down operating time, surgical planning, enhancing 

motor skill, no ethical issue, decreasing the cadaveric dissection, help in understanding the physiological process, 

etc. Concerning the limited use of the living cells as a material in bioprinting is challenging but a promising area to 

continue to explore. 
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Introduction 

 
Traditional two-dimensional (2D) presentation 

techniques in medical education such as textbooks, 

chalkboards, and photographic projection are 

transmogrifying to relatively high-tech three-

dimensional (3D) solutions such as rotatable 3D 

models displayed on computer screen [1]. 3D printing 

models are as advancing as simulation, virtual patients, 

and e-learning in pedagogical strategies to facilitate 

active learner-centred educational resources.We can 

move a one step ahead with 3D printing (3DP) 

technology, from the virtual world to the real one [2]. 
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It is possible to attenuate health and ethical problems 

surrounding biological specimens, conferring the 

advantage of extending learning opportunities outside 

of the laboratory and into a clinical environment with 

3D printing models.We will begin with a brief 

introduction to 3D printing and then describe some of 

the applied aspects of it in different branches of 

medical education. 

3D Printing 

Prof. Emanuel Sachs coined the term 3D printing in 

1995.Other term used for this process areadditive 

manufacturing (AM), rapid prototyping (RP), or solid 
free-form technology (SFF) [3]. Additive 

manufacturing (AM) most commonly used for 3D 

printing as it is a manufacturing methodfor different 

types of objects made by fusing or depositing 

materials—such as plastic, metal, ceramics, powders, 

liquids, or even living cells(Bioprinting)—in layers to 

produce a 3D object [4-6].These 3D objects can be of 

any imaginable shape as defined in a computer-aided 
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design (CAD) file.On the basis of different printer 

technologies, speeds and resolutions and materials, 

various types of 3D printing processes are available 

[3]. 

CAD file helps to build the basic structure of the object 

by giving a command to the 3D printer which follows 

the instructionof it. For construction of educational 3D 

model primary requirement is to set the educational 

objective which guides in the construction process. 

Once objectives have established there are five 

essentially important steps (Fig 1) to the 3D printing 

process to create patient-specific models which have 

anatomical and or tissue fidelity [7]. 

 
Fig 1: Steps required in the creation of 3D printed model in medical education. 

1.Application of 3D printing in the surgical 

branches of medical education 

1) IN ANATOMY  

Anatomy is the fundamental of medical science. There 

is a need to explore new technologies to improve the 

learning of new generations. By scanning the patient's 

data, patient customize model creation may possible 

that simulate the patient anatomy and can provide a 
cost-effective, innovative, and valuable anatomy 

education. 

a) Teaching Osteology - In 3D printing of bones is the 

first and foremost success in anatomy education. It has 

been used in different region of the anatomy. 

Monochromatic nature and comprised of hard tissue 

make the bone naturally appropriate for 3D printing. 

Incomparison to other structures of human body it is 

easiest component to duplicate in 3D printing with high 

level of accuracy, preserving both visual and haptic 

values of the real tissue [8].Osteometric analysis 

manifests no significant differences in the shape and 

dimensions of 3D printed bones and real bones in spite 

of difference in composition. One another earlier study 

also showed the same result regarding the accuracy of 

3D prints of cadaveric material [9]. 

b) Cadaveric models – In anatomydigitization of 

cadaveric variations which can store as 3D images and 

possible to develop as high-quality 3D printed replicas 

of cadaveric material, thus providing the students and 
lecturers an ability to handle and manipulate those 

variation [9,10].The currently used plastic models and 

atlases are idealized and do not include the anatomic 

variations found during cadaveric dissection. The most 

important benefit of 3D printed models is 

reintroduction of anatomical variations in the advent of 

declining cadaveric dissection [11]. 

c) Specimens – Printing of 3D models or Bioprinting 

makes possible for students to handle and examine all 

specimens, especially the rare and fragile elements 

previously not available for inspection. In comparisons 

of previous methods of teaching anatomy these models 
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are without any ethical/legal issue and with no storage 

issue, reproducible,relatively cheap, scalable, and 

capable of showing rare cases, dissectible [12]. 

d) Embryology - As far as embryology is concerned 

foetal development occurs with dynamic changes in 

3D. With the help of ultrasound and MRI images of the 

foetus within the uterus, 3D printing models of this can 

be prepared [13]. These 3D printed models constructed 
by capturing the normal and abnormal development of 

foetus which provided 3D visual aid to the students 

while reducing ethical concerns.This method can also 

be used to produce physical foetal models for various 

anomalies from cleft lip to achondroplastic dwarfism 

[13] 

2) IN SURGERY  

a) Preoperative planning - Advent of patient-specific 

replica models facilitate the training of surgeons in 

terms of view, assess and plan surgical procedures for 

particular diseases or morbidity, conditions requiring 
surgical intervention. As 3D prints models becoming 

popular in surgical planning, it is must that, surgeons 

should have knowledge about this technology with 

potential and its limitations.Proper tools selection and 

proper guidance of technique for particular surgery 

may be a promising benefit of 3D prints and it may 

help in planning and preparation, and for effective team 

communication.Gerstle et al. [14] showed that the 

handling of this 3D model enhanced the understanding 

of the complex underlying condition and possible 

complication, which was appreciated by the whole staff 
and it also, helped to cut down the operating time and 

increased efficiency.One recent study used 3D printing 

as an alternative to the development of breast phantoms 

for training purposes. They found that these 3D printed 

breast phantoms anatomically as accurate as traditional 

breast phantoms. Out of the three phantoms chicken 

breast phantom provided acceptable US beam 

penetration and material hardness for simulation of 

human breast tissue integrity [15]. 

b) Intra-operative guidance – 3D models may act as a 

reference in the operation theatre during the procedure. 

Color coding can be done to highlight certain areas of 
the model; that will indicatean area of pathology which 

is planned for excise or avoid by the surgeon. 

c) Postoperative evaluation - Physicians may use the 

patient model to assess the accuracy of a particular 

surgery they performed. 

3) IN OPHTHALMOLOGY 

3D printed high-resolution duplications of cadaveric 

orbital dissections from different sections is 

appropriate for education and training. This approach 

has the prosperity of circumventing cultural and ethical 

issues associated with dissecting and studying real 

cadaver specimens [9]. By using 3D printing 

technology, a similar process for creating low-cost 

personalized orbital models for use in orbital surgery 

training was described by Scawn et al [16]. 

3D printed models are acting as an invaluable gift in 

the field of eye surgery, like contact lenses and 

intraocular implant creation made possible, and helping 

in staff education and surgical planning which is 
crucial in this field. It also enhancing retinal imaging 

techniques and visualization of optical coherence 

tomography (OCT) images which are trending for 

analysis of the 3D structure of the retina. It provides 

extensive knowledge about the anatomy and pathology 

of lesions and surrounding tissue which is very useful 

for teaching point of view as well as for learners to 

correlate the 2D imaging with the 3D model of retina. 

Bioprinting is exhibiting the future of 3D printing in 

medical care and education in general, and in 

ophthalmology in specifically with the evolving 
probability of printing viable tissue and finally the 

creation of a functioning cornea and later retina. 

‘Printing’ an entire eye shows a sign of a great viable 

option for rehabilitate vision in the distant future. 

4) IN ORTHOPAEDICS 

There are hefty challenges in cases of orthopaedic 

surgery, with extensive primary injuries with multiple 

bone fragmentation, as well as in cases presenting with 

bone deformities. Inadequate information on the 

precise 3D extent of bone defect is still a problem even 

with radiographs, used routinely for orthopaedic 
surgical planning [17]. 3D printing models being 

applied rapidly in the last few years in various places 

within the orthopaedic field, including to assess the 

surgical approach for corrective osteotomies, to gain 

more information regarding overviews of anatomy and 

to enhance the planning especially in cases of 

minimally-invasive surgery. The approach has been 

immersed in a case of forearm deformity [18] and to 

treat the recurrent instability of the anterior shoulder. 

The advent of the 3D printed model may be basic 

assistance in the placement of screws or surgical plate, 

and in the testing of the advancement of the procedure, 
like pedicle screw placement in a clinical case of 

severe congenital scoliosis [19] to focus on designing 

the patient-specific surgical guides. 

5) IN PAEDIATRICS- The additive manufacturing 

aid the spatial orientation to the surgeon in small infant 

heart cavities and duplicate thesurgical approach and 

procedure of the operation with high precision. This is 

beneficial to shorten the timing of the surgery that may 

decrease the complication rate, blood loss, 

postoperative hospital stay time, and hospital 

expenditure. In one paediatric study a patient of aortic 
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arch hypoplasia, has been treated with the use of 3D 

model for improving the interventional simulation and 

planning. It is also feasible to use 3D model of stent in 

interventional surgery for stent placement. 3D printing 

model also found to be very beneficial for selecting the 

appropriate stent dimension and position in complex 

cardiovascular interventional surgical procedures. [20]. 

2. Application of 3D printing in the medicinal 

branch of medical education 

1) IN PHARMACOLOGY  

a) DRUG DISCOVERY - Evolution of in vitro tissue 

models hold a great pledge for drug discovery studies 

[21]. However, technologies for development of 

artificial organs may hamper due to regulatory 

obstacles but drug discovery is likely to be one of the 

major promising and intensifying area in medical 

applications of 3D bioprinting. 

3D tissue models have a high aptitude to appraise 

and predict the success or failure of drug candidates 
in preclinical stages [22]. Drug discovery may 

become a potential application of the 3D printing for 

preparing a medical products and drugs according to 

patient particular need and specific drug response and 

enhanced drug discovery output, and less expenses for 

preclinical trials. 

b)DRUG SCREENING - Different bioprinting 

platforms are used in many drug screenings studies 

for example cell spheroids [23-26], cell 

encapsulation [27,28], and microfluidic systems 

[29,30]. Lately for droplet bioprinting technology to 
produce sub-nanolitre droplets another type of 

platform was used i.e. an array type drug screening 

platform [31]. Which gives details of the 

microfabrication of CYP3A4 based protein array for 

multiplexing studies. One another study utilized a 

valve-based bioprinter to fabricate a 3D lung model 

for drug screening [32]. 

c)DRUG DEVELOPMENT AND EVALUATION-

Utilization of 3D tissue constructs could impart 

better results in drug development and evaluation, 

thanks to their ability to mimic cellular structures, 

while the utilization of animal’s number may be 
reduced for drug development studies [33]. 

Recently one approach reported bio-fabrication of in-

vitro 3D liver model. This multi-layered tissue 

constructs or cellular architecture of rat and human 

hepatocytes cells with endothelial cell layers used as a 

liver analogue for drug studies and other biomedical 

applications [34]. 

2) IN PATHOLOGY 

3D Printed models made of anatomic and autopsy 

pathology specimens are often used for displaying 

pathology entities in museum for learning of 

undergraduate medical, dental, and biomedical 

students, as well as for postgraduate learning in 

examination of gross specimens for anatomic 

pathology residents and pathology assistants, aiding 

clinicopathological correlation at integrative team 

meetings, and directing as a reference in reconstructive 

surgical procedures [35]. 

3) IN RADIOLOGY 

 The radiology “three-dimensional (3D) laboratory” 

evolved from pedagogical radiologists who created and 

implemented software tools to reformat diagnostic 

images, most frequent basis from computed 

tomography (CT), in anatomic as opposed to traditional 

planes [36,37]. Volume rendering portrayed on a two-

dimensional (2D) monitor has entitled 3D visualization 

of anatomy and pathologic conditions, which has 

predominantly impacted radiology and delivered a 

cardinal technique for radiologists to impart relevant 
findings to medical care teams. 

4) IN PHYSIOLOGY  

3D printing has the potential to significantly improve 

research knowledge by increasing the level of 

understanding of various physiological processes. 

With the use of a 3D printing system, it is possible to 

construct the physical three-dimensional (3D) models 

of biomolecules that can contribute to the study of the 

structure-function relationship [38]. 3D printers have 

the ability to dispense biological materials making bio-

printing possible which is achieved with layer by layer 
positioning of biomaterials including the living cells 

[39]. It is possible to understand and probably control 

the growth of the tissue and behaviour of the cell by 

incorporating the living cell in the delicate 3D 

framework. 

The understanding of the biomolecular structure can be 

achieved by the 3D printing; the physical model of the 

biomolecules can make easy their study. A 3D physical 

model can aid not only in research activities but can 

augment the learning outcomes [40-41]. 

Thus, bioprinting can play a crucial role in 

understanding the function and interaction of the 
extracellular molecules with the tissue and cell 

behaviour by creating the tissue and biomolecules. 

5) IN MEDICINE 

According to Matthew Marks et al [43] there is a 

requirement for effective educational tools to help 

patient’s families, medical practitioners, and 

policymakers understand the nature and impact of the 

disease. They used patients’ Digital Imaging and 

Computing in Medicine magnetic resonance brain 

images and created 3D–printed brain and hippocampus 

models that clearly demonstrate the progressive 
degenerative changes caused by Alzheimer’s disease.  

http://www.ijhcr.com/
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3. Application of 3D printing for patient education 

Van de Belt et al. [44] found that 3D printed models 

assist in education for a small cohort of 11 patients 

with glioma. Patients turned up that it was very simple 

to ask questions from their surgeon based on their 

customized model and that it holds up their selection 

about appropriate treatment.Sander et al. [45] showed 

that the use of their single 3D printed educational 
model of the nasal sinus was able to fulfil the 

understanding of treatment option, anatomy and 

disease in surgical candidates, in comparison to 

without using the model in the control group.Nicole 

Wake et al. [46] investigated impact of patient-specific 

3D printed and augmented reality kidney and prostate 

cancer models on patient education.Patients mentioned 

that overall, all types of the 3D models were helpful in 

learning about anatomy, disease, cancer location, and 

treatment plan. 3D computer models also enhanced 

patient comprehension of their cancer and surgical 
technique compared to imaging only. Although 

Augmented Reality models were reported to be 

precious by the patients, were not increase patient 

understanding with regard to the anatomy, disease, or 

treatment option. 

 

Conclusion 

 

3D printing is an engaging, herculean, multifaceted 

technology which has the potential to be very 

accessible to learn about anything for everyone. 
Forming a precise model of a particular patient by 3D 

printing enhances the learning process and success in 

treatment, and built the confidence, and increases the 

efficiency of trainees in the expertise area.3D haptic 

modelling of current work is being possible, as medical 

and specifically surgical education is a major 

advantage of 3D printing. Physical interaction has been 

proven to be the key to gaining motor skills required 

for surgical intervention refining operating room 

outcomes.Medical training programs could aid 3D 

modelling to help teach medical subjects and allow 

students to have a more hands-on approach. 
Availability of 3D printer provides the better 

atmosphere for students to create and print, models 

which advances their research pursuits and self-

directed learning.We have combined the application of 

3D printing in all the subjects under medical field. As 

far as limitation is concerned use of living cell as a 

material in bioprinting is still challenging but a 

promising area to continue to explore. Secondly cost is 

again a concern for its use. 
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