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Abstract: 
The field of three-dimensional (3D) printing has 

witnessed significant advancements in recent 

years, and its potential for revolutionizing 

medical applications is rapidly emerging. This 

review aims to provide an overview of the current 

state and scope of 3D printing in the medical 

field. The review begins by highlighting the 

various 3D printing technologies currently 

employed in healthcare settings, including 

stereolithography, selective laser sintering, fused 

deposition modeling, and inkjet printing. Each 

technology's advantages and limitations are 

discussed, shedding light on their suitability for 

different medical applications. Next, the review 

delves into the diverse range of medical 

applications where 3D printing has shown 

promise. These applications include the 

fabrication of patient-specific anatomical models 

for preoperative planning, surgical guides and 

tools, customized implants and prosthetics, tissue 

engineering scaffolds, and drug delivery systems. 

The potential benefits of using 3D printing in 

these areas, such as enhanced surgical accuracy, 

improved patient outcomes, reduced surgery 

time, and personalized medicine, are explored. 

Furthermore, the review addresses the 

challenges and limitations associated with 

implementing 3D printing in medical settings. 

These challenges include regulatory concerns, 

standardization of processes, material 

biocompatibility, cost-effectiveness, and 

scalability. The ongoing efforts to overcome these 

barriers and the future directions of 3D printing 

in medicine are also discussed. In conclusion, 3D 

printing holds immense potential for 

transforming various aspects of medical 

practice. While considerable progress has been 

made, there are still challenges to be addressed 

before widespread adoption can be achieved. 

With continued research and development, 

coupled with regulatory support and 

collaboration between academia, industry, and 

healthcare professionals, 3D printing is poised to 
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make a substantial impact in the field of 

medicine, improving patient care and treatment 

outcomes. 

Key words: 

Additive manufacturing (AM); Bio-medical; 

Fused Deposition Modelling (FDM); Selective 

Laser Sintering (SLS); Stereolithography (SLA); 

Digital Light Processing (DLP); Binder Jetting; 

Material Jetting; Direct Energy Deposition 

(DED). 

1. INTRODUCTION 

3D printing, also known as additive manufacturing, 

has emerged as a transformative technology in 

various fields, including the medical industry. Its 

unique ability to create complex three-dimensional 

structures layer by layer has opened up new 

possibilities for medical applications. In this current 

review, the scope of 3D printing in medical 

applications and its impact on patient care, research, 

and education is explored [1]. 

1.1. Patient-Specific Implants and Prosthetics: 

One of the most significant applications of 3D 

printing in medicine is the production of 

patient-specific implants and prosthetics. By 

utilizing patient scans, such as CT or MRI, 

medical professionals can create customized 

implants that perfectly fit the anatomy of 

individual patients. This not only improves the 

functionality and comfort of the implants but 

also reduces surgical complications and 

recovery time [2].  

1.2. Surgical Guides and Instrumentation: 3D 

printing enables the creation of surgical guides 

and instrumentation tailored to specific surgical 

procedures. Surgeons can design and produce 

patient-specific guides that assist in precise 

surgical interventions, reducing the risk of 

errors and enhancing surgical outcomes. 

Additionally, complex surgical instruments can 

be 3D printed, allowing for improved 

ergonomics and better surgical performance 

[3], [4]. 

1.3. Tissue and Organ Engineering: Another 

exciting area where 3D printing holds immense 

potential is tissue and organ engineering. By 

using specialized 3D printers that can deposit 

living cells, scientists are working towards 

developing functional tissues and even 

complete organs. This technology has the 

potential to revolutionize organ transplantation 

by eliminating long waiting lists and reducing 

the risk of organ rejection [5], [6]. 

1.4. Bio printing and Drug Testing: 3D printing 

plays a crucial role in bio printing, which 

involves the fabrication of complex three-

dimensional structures using living cells. 

Researchers can create realistic tissue models 

for drug testing and screening, reducing the 

reliance on animal models and improving the 

efficiency and accuracy of preclinical studies 

[7], [8]. 

1.5. Medical Education and Training: 3D 

printing has significantly impacted medical 

education and training. It allows for the 

production of anatomical models that 

accurately replicate patient anatomy, enabling 

medical students and healthcare professionals 

to practice surgical procedures and gain hands-

on experience before entering the operating 

room. These models can also be used to educate 

patients about their conditions and treatment 

plans [9]. 

1.6. Customized Drug Delivery Systems: 3D 

printing has the potential to revolutionize drug 

delivery systems by enabling the fabrication of 

personalized dosage forms. This technology 

can be used to create patient-specific drug 

formulations with precise dosages, shapes, and 

release profiles, improving treatment outcomes 

and patient adherence [10]. 

1.7. Prosthetic and Orthotic Devices: 3D printing 

offers a cost-effective and efficient method for 

http://www.ijsrem.com/
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producing prosthetic and orthotic devices. By 

leveraging 3D scanning technology and 

computer-aided design, custom-fit devices can 

be created, improving comfort and 

functionality for individuals with limb 

differences or musculoskeletal disorders [11]. 

1.8. Surgical Simulation and Preoperative 

Planning: Surgeons can use 3D printing to 

create patient-specific anatomical models, 

allowing for detailed preoperative planning and 

simulation. This technology enhances surgical 

precision, reduces operative time, and 

minimizes the risk of complications [12]. 

The scope of 3D printing in medical applications is 

vast and continually expanding. It has the potential 

to revolutionize patient care, research, and 

education by enabling patient-specific treatments, 

improving surgical outcomes, advancing tissue 

engineering, and enhancing medical training. As 3D 

printing technology continues to evolve, it holds 

promise for further advancements in the field of 

medicine [12], [13].

Fig. 1: 3D-printing workflow. 

2. ADDITIVE MANUFACTURING 

TECHNOLOGIES 

Additive manufacturing, also known as 3D printing, 

refers to the process of creating three-dimensional 

objects by adding successive layers of material. It is 

a rapidly evolving field with various technologies 

and techniques [14], [15]. Here are some of the 

commonly used additive manufacturing 

technologies: 

2.1 Fused Deposition Modeling (FDM): FDM is 

one of the most widely used 3D printing 

technologies. It works by extruding 

thermoplastic materials, such as ABS or PLA, 

through a heated nozzle. The material is 

deposited layer by layer to create the desired 

object [16]. 

2.2 Stereolithography (SLA): SLA uses a vat of 

liquid photopolymer resin and a UV laser to 

selectively solidify the resin layer by layer. The 

object is built upside-down, with each layer 

being cured by the laser. SLA is known for its 

high level of detail and surface finish [17]. 

2.3 Selective Laser Sintering (SLS): SLS employs 

a high-power laser to selectively fuse powdered 

materials, such as nylon or metal, layer by layer. 

The unused powder acts as a support structure 

during the printing process, eliminating the need 

for additional supports [18]. 

http://www.ijsrem.com/
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2.4 Digital Light Processing (DLP): DLP is 

similar to SLA but uses a digital light projector 

to cure the entire layer of resin simultaneously. 

The projector displays a single image of each 

layer, solidifying the resin all at once. DLP 

offers faster printing speeds compared to SLA 

[19], [20]. 

2.5 Binder Jetting: In binder jetting, a liquid 

binding agent is selectively deposited onto 

layers of powdered material, such as metal or 

sand. The binder binds the particles together, 

and additional layers are added until the object 

is fully formed. The final part is then cured or 

sintered to achieve its desired strength [21]. 

2.6 Material Jetting: Material jetting operates 

similarly to inkjet printing. It uses print heads to 

deposit droplets of liquid photopolymer onto a 

build platform. Each layer is cured using UV 

light, and the process is repeated until the object 

is complete. Material jetting can produce multi-

material and full-color objects [22]. 

2.7 Direct Energy Deposition (DED): DED 

involves the use of a nozzle that deposits molten 

material. Typically metal, onto a substrate or 

previously printed layers. The material is rapidly 

solidified to form the desired shape. D&D is 

commonly used in the production of large-scale 

metal parts and repairs [23]. 

These are just a few examples of additive 

manufacturing technologies. Each technology has 

its strengths and limitations, making them suitable 

for different applications and industries. The field of 

additive manufacturing continues to advance, with 

ongoing research and development efforts focused 

on improving speed, resolution, material selection 

and scalability. 

 

 

3. TRANSFORMATION PROCESS AND 

MATERIALS USED 

The transformation process refers to the series of 

steps or operations that are carried out to convert 

raw materials or inputs into finished products or 

outputs. It involves various stages, including 

material selection, design, manufacturing, 

assembly, and quality control [24]–[26]. 

The specific transformation process and materials 

used can vary greatly depending on the product 

being manufactured and the industry involved. 

However, I can provide a general overview of some 

common transformation processes and materials 

used in different industries: 

3.1 Manufacturing Industry: 

▪ Casting: Involves pouring molten metal or 

liquid material into a mold to create a solid 

shape. Materials used can include metals 

such as iron, aluminum, and steel, as well as 

non-metallic materials like plastic. 

▪ Machining: Utilizes cutting tools to remove 

material from a work-piece and shape it into 

the desired form. Commonly machined 

materials include metal alloys, plastics, and 

composites. 

▪ Welding: Joins two or more pieces of metal 

or thermoplastics together using heat or 

pressure. Welding processes involve 

materials such as steel, aluminum, copper, 

and various alloys. 

▪ Injection Molding: Used for mass 

production of plastic parts by injecting 

molten plastic into a mold. Thermoplastics 

like polyethylene, polypropylene, and 

polystyrene are commonly used. 

▪ 3D Printing/Additive Manufacturing: Builds 

objects layer by layer using computer-

controlled processes. Materials used can 

include plastics, metals, ceramics, and even 

biological materials [27]–[29]. 

http://www.ijsrem.com/
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3.2 Construction Industry: 

▪ Concrete Mixing: Involves combining 

cement, aggregates (such as sand and 

gravel), water, and sometimes additives to 

create concrete, a widely used construction 

material. 

▪ Steel Fabrication: Involves cutting, shaping, 

and assembling steel components to create 

structures like beams, columns, and frames. 

▪ Woodworking: Utilizes various types of 

wood, such as hardwood and softwood, to 

create structures, furniture, and decorative 

elements [30]–[32]. 

3.3 Textile Industry: 

▪ Spinning: Converts raw fibers (such as 

cotton, wool, or synthetic fibers) into yarns 

through twisting and stretching processes. 

▪ Weaving/Knitting: Interlaces yarns to create 

fabrics. Materials used can include cotton, 

silk, wool, polyester, and blends of different 

fibers. 

▪ Dyeing/Printing: Applies color or patterns to 

textiles using dyes or printing techniques 

[33], [34]. 

3.4 Food Industry: 

▪ Processing: Involves transforming raw food 

materials through cleaning, sorting, cutting, 

cooking, and packaging processes. Materials 

used can include various fruits, vegetables, 

grains, meat, and dairy products [35], [36]. 

 

Fig. 2: Schematic process of Transformation and Materials. 

These are just a few examples of transformation 

processes and materials used in different industries. 

Each industry and product will have its own specific 

requirements and processes tailored to meet those 

needs [37]. 

4. ROLE OF 3D PRINTING IN MEDICAL 

FIELD 

3D printing, also known as additive manufacturing, 

has numerous applications in the medical field [38], 

[39]. Here are some of the roles of 3D printing in the 

medical field: 

http://www.ijsrem.com/
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4.1. Customized Prosthetics and Implants: 3D 

printing can be used to create customized 

prosthetics and implants that fit a patient’s 

unique anatomy perfectly. This can help 

improve patient outcomes and reduce the need 

for revision surgery [40], [41]. 

4.2. Surgical Planning: 3D printing can be used to 

create anatomically accurate models of a 

patient’s organs or body part which can be used 

to plan surgical procedures more accurately and 

reduce the risks and mistakes during surgery 

[42]. 

4.3. Medical Education and Training: Medical 

students and surgical residents can use 3D 

printed models to practice and prepare for 

surgeries, leading to improved understanding 

of anatomy and better clinical outcomes [43], 

[44]. 

4.4. Drug Delivery: 3D printing can produce 

customized drug-delivery systems that are 

tailored to individual patient needs, ensuring 

the correct medication doses and the proper 

targeting of specific areas of the body [45], 

[46]. 

 

Fig. 3: Oral drug delivery system for 3D printing. 

4.5. Tissue Engineering: 3D printing is used by 

researchers to create biomimetic structures for 

tissue engineering and regenerative medicine. 

3D printed organs, tissues, and scaffolds can be 

used for transplantation instead of relying on 

organ donations [47], [48]. 

http://www.ijsrem.com/
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Table 1: Summary of 3D-printing process and techniques, focusing on essential materials and medical applications, and comparison between 3D-printing 

techniques: 

S. 

No. 
Technologies Materials Medical uses Advantages Limitations Schematic Diagram Reference 

1.  

Fused 

Deposition 

Modeling 

(FDM) 

a) Plastics; 

b) Polymer: 

ABS, Nylon, 

PC, AB 

Medical 

devices and 

equipment, 

rapid 

prototyping 

exoskeleton 

a) Cheap process, 

b) Comprehensive, 

c) ABS Plastic 

Backed: Good 

structural features 

and easily 

accessible. 

 

a) Dependence of 

quality on nozzle 

radius: Large 

nozzle leads to 

poor quality, 

b) Low accuracy and 

dependence on 

nozzle thickness, 

c) Low speed, 

d) Contact pressure 

required to increase 

quality. 

 

 

[49]-[51] 

2.  

Stereo 

lithography 

(SLA) 

a) Photopolymer 

resin 

bone, dental 

models, 

dental 

implant 

guides, 

hearing aids 

 

a) High resolution 

and accuracy, 

b) Complex parts, 

c) Good surface 

finish: smooth 

finish, 

d) Flexible printing 

setup. 

 

a) Loss of strength 

and durability, 

b) Affected by UV 

light even after 

print, 

c) Not for heavy use. 

 

[52]-[54] 

http://www.ijsrem.com/
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3.  

Selective 

laser 

sintering 

(SLS) 

 

a) SHS: Nylon; 

b) DMLS, SLS, 

SLM: 

Stainless 

Steel, 

Titanium, 

Aluminium, 

Cobalt 

Chrome, 

Steel; 

c) EBM: 

Titanium, 

Cobalt 

Chrome, 

Stainless Steel 

Material, 

Aluminum 

and copper. 

 

models that 

require a 

mesh, 

medical 

devices such 

as implants 

and fixation 

a) Affordable, 

b) Small 

technology: 

office size 

machine, 

c) Large range of 

material options. 

a) Low speed; lack of 

structural 

properties in 

materials, 

b) limited size, 

c) Dependence on 

grain size of the 

powder. 

 

[55]-[56] 

4.  Binder jetting 

a) Stainless Steel 

b) Polymer: 

ABS, PA, PC 

c) Ceramic: 

Glass 

Color model 

specifically 

color coding 

of anatomy 

 

a) Range of colors, 

b) many materials 

supported, 

c) fast, 

d) Different binder-

powder 

combinations for 

different 

mechanical 

properties. 

 

a) Not always suitable 

for structural parts, 

b) Cleaning 3D-

printing results in 

time consuming 

and increases 

process time. 

 

[57]–[59] 

http://www.ijsrem.com/
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5.  
Material 

jetting 

a) Plastic 

b) Polymer: 

Polypropylene

, HDPE, PS, 

PMMA, PC, 

ABS, HIPS, 

EDP 

medical 

model, dental 

cast, dental 

implant guide 

a) High accuracy, 

b) Less wastage of 

material, 

c) Multiple material 

parts and colors 

in one process. 

a) Necessary auxiliary 

material, 

b) Limited material: 

Only polymers and 

waxes are 

supported. 

 

[60]–[63] 

6.  

Laminated 

object 

manufacturin

g (LOM) 

Paper, plastic and 

metal sheets 

Orthopedic 

Modeling of 

Bone 

Surfaces 

a) Speed, 

b) Cheap, 

c) Ease of material 

handling. 

a) Dependence on 

paper or plastic 

material, 

b) Requirement of 

post processing, 

c) Limited material 

range. 
 

[64]-[66] 

7.  

Direct energy 

deposition 

(DED) 

Metals: Cobalt 

Chrome, Titanium 

Limited. 

Commonly 

used for 

repair of 

existing parts 

and 

manufacture 

of very large 

parts 

a) high control of 

grain structure, 

b) high-quality-speed 

dependent, 

c) high-precision-

accuracy 

dependent, 

d) rapidly 

manufactured with 

rapid material 

deposition, 

e) fully dense parts; 

no need for 

supports, 

f) Best practice for 

repairing parts. 

a) Limited range of 

materials, 

b) Poor surface 

quality, 

c) Wire process is less 

accurate. 

 

[67], [68] 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Volume: 07 Issue: 07 | July - 2023                                SJIF Rating: 8.176                                 ISSN: 2582-3930                                                                                                                                               

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM24845                                  |        Page 10 

Overall, 3D printing is proving to be a revolutionary 

technology for the medical field, contributing to 

improving medical treatments, reducing surgery 

time, and training professionals in the field. 

4.6. Lack of Regulation: 

The lack of regulation in the 3D printing field could 

potentially pose some concerns, especially in 

medical applications [69], [70]. Here are some of the 

scope and risks associated with it: 

4.6.1. Quality and accuracy control: The 

accuracy of 3D printed medical devices and 

implants needs to be highly precise, as even 

minor deviations could cause significant 

harm to the patients. Without proper 

regulation, there is a risk that quality control 

may not be adequate to ensure the safety and 

efficacy of 3D printed medical products [71]. 

4.6.2. Material Selection: The materials used in 

3D printing should be biocompatible and 

meet rigorous safety standards. The lack of 

regulation can lead to the use of untested or 

potentially harmful materials, increasing the 

risk of patient complications [72], [73]. 

4.6.3. Intellectual Property Concerns: 3D 

printing is open-source and accessible to 

everyone, making it difficult to regulate the 

use of intellectual property and patents. It 

could lead to the creation of counterfeit 

medical devices, which may not be safe or 

effective [74]. 

4.6.4. Privacy and Data Security: 3D printing in 

the medical field requires access to sensitive 

patient data, which needs to be stored and 

secured appropriately. Without proper 

regulation, there is a risk of data breaches or 

cyber-attacks, which could endanger patient 

privacy and security [75], [76]. 

In conclusion, 3D printing is an innovative 

technology with significant potential for medical 

applications, but it requires proper regulation to 

ensure patient safety and effectiveness. As the use of 

3D printing in the medical field continues to grow, 

it is essential to establish clear standards and 

guidelines to mitigate the risks associated with it. 

4.7. Examples of Application of 3D Printing in 

Paediatric Cases: 

4.7.1. Customized Prosthetics: Children with limb 

deficiencies or amputations can benefit from 

3D printing to create a customized prosthetic 

that is tailored to their needs. These 

prosthetics can be designed to be lightweight, 

comfortable, and cost-effective compared to 

traditional prosthetics [41]. 

4.7.2. Surgical Planning and Practice: 3D 

printing allows doctors to have an accurate 

replica of a patient’s anatomy. Using 3D 

printed models, doctors can plan surgeries 

and practice difficult procedures, reducing 

the risk of complications and increasing the 

chances of success [77], [78]. 

4.7.3. Medical Training: 3D printing can be used 

to create models of organs and other body 

parts. These models can be used to train 

medical professionals in the anatomy of 

developing bodies, which can be particularly 

helpful in paediatric cases as it provides 

valuable insights into the differences between 

adult and child anatomy [79]. 

4.7.4. Orthodontics: 3D printing assists in creating 

customized orthodontic appliances such as 

dental aligners, braces, and retainers that can 

fit better for the specific patient [80]. 

4.7.5. Hearing Aids: 3D printing can be used to 

create customized hearing aids for children. 

The hearing aids can be made using a digital 

scan of the patient’s ear to produce a 

comfortable and individual fit [81], [82]. 

4.7.6. Surgical Instruments: 3D printing can be 

used to create surgical instruments for 

paediatric procedures. 3D printing can assist 

in creating miniature surgical instruments, 

http://www.ijsrem.com/
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dental tools, and devices with intricate 

shapes, making surgeries easier to perform 

[83], [84]. 

In conclusion, 3D printing can play a vital role in 

paediatric care, from prosthetics to surgical 

planning and training medical professionals. 3D 

printing has shown to make medical care more 

accessible, efficient, and customized, thus opening 

a horizon of new possibilities. 

5. CONCLUSION 

The 3-D printing technology in medical applications 

and healthcare industry demonstrates its significant 

potential and impact. 3D printing has emerged as a 

promising tool for creating patient-specific 

anatomical models, surgical guides, implants, 

prosthetics, and even functional organs. Its ability to 

produce complex, customized structures with 

precision and accuracy has revolutionized various 

aspects of medical practice. 

The Integration of 3D printing has facilitated 

enhanced surgical planning, allowing surgeons to 

visualize and simulate procedures before 

performing them. This technology has also 

contributed to better patient outcomes by enabling 

the creation of personalized medical devices and 

implants that perfectly fit the individual’s unique 

anatomy. Additionally, 3D-printed models have 

proved valuable in medical education, enabling 

hands-on training and improving surgical skills. 

Despite the numerous advancements and successes, 

there are still challenges and limitations to be 

addressed. The high cost of 3D printing equipment, 

materials, and regulatory issues pose barriers to 

widespread adoption. Further research is required to 

optimize materials used in 3D printing for medical 

applications, ensuring their safety, biocompatibility, 

and durability. Additionally, the scalability and 

production speed of 3D-printed medical devices and 

organs need to be improved to meet the demands of 

the healthcare industry. 

3D printing holds tremendous potential in medical 

applications and has already made significant 

strides in transforming healthcare. With continued 

research, technological advancements, and cost 

reductions, 3D printing is poised to become an 

indispensable tool in various medical specialties, 

revolutionizing patient care, surgical procedures, 

and personalized medicine. 
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