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INTRODUCTION 

The term additive manufacturing (AM) or layered 

manufacturing covers a host of processes and 

technologies that offer a full spectrum of capabilities for 

the production of parts and products in different 

materials.1 The term 3D printing is often used as a 

synonym for AM, mostly in a non-technical context. 

Essentially, what all of the processes and technologies 

have in common is the manner in which production is 

carried out, layer by layer in an additive process, which is 

in contrast to traditional methods of production involving 

subtractive methods or moulding/casting processes.2,3 

HISTORY 

The origins of 3D printing can be traced back to 1986, 

when the first patent was issued for stereolithography 

apparatus (SLA) from 3D systems, a process that 

solidifies thin layers of ultraviolet (UV) light‐sensitive 

liquid polymer using a laser.4 This patent belonged to one 

Charles Hull, who first invented his SLA machine in 

1983 and the first use in healthcare industry was reported 

in 1999. However, this process was first described in 

1981 by Hideo Kodama of Nagoya Municipal Industrial 

Research Institute when he invented manufacturing 

methods to create a 3D plastic model.5,6 

It has a wide range of use in fields like aviation, 

automotive, sculpture, jewelry, architecture, food, 

pharmacology, medicine etc. Advantages include 

personalization and customizability, it is tool less, creates 

less waste, maximum utilization of resources, onsite 

production and many more.7,8 In medicine, it is 

considerably used in the fields of orthopedic surgery, 

maxillofacial oral surgery, otorhinolaryngology etc.  

PROCESS 

The first step in this process is acquiring the data which is 

done via CT scan, MRI or the PET- Scan. These 2D 

images are converted into 3D model by using software 
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program like CAD/CAM (computer aided design) which 

the printer processes and prints by laying down the 

biomaterial in successive layers which fuse together to 

form a complete assembly.9,10 

There are basically two techniques used for 3D printing. 

Either the biomaterial is extruded out by the printer and 

deposited layer by layer sequentially and simultaneously 

cured by UV light or, the printer onto a vat containing 

liquid polymer or resin, which hardens precisely where 

the laser hits it, focuses the laser.11 The vat then moves 

down by a sub-mm fraction and the next layer is created. 

This is repeated until the entire product is formed.12,13 

There are a variety of materials used in 3D printing 

including PVA, titanium, steel, wax, ceramics, 

polycarbonate, nylon and bioink. 

 

Figure 1: A simple flowchart showing the crude steps involved in the process of additive manufacturing. 

 

APPLICATIONS IN MEDICAL FIELD 

The uses of 3D printing are as wide as our imagination. It 

can be potentially used in any medical field and its use 

has greatly increased in surgical field since 2013. The 

applications in surgery can be broadly divided into: 

 Anatomic models for teaching purpose and pre-

surgery planning 

 Implants, prosthesis, splints and external fixators 

 Surgical instruments 

 Biocompatible materials for tissue engineering and 

subsequent replacement of their biologic 

counterparts. 

ORTHOPAEDICS 

Patient education and counselling: 3D models created 

via additive manufacturing can help in making the patient 

and attendants more aware of what is exactly going to 

happen during the surgery and what the expectations are 

after the surgery.14 

Surgical planning: the surgeon can create a 3D model of 

the fracture pattern itself and plan the surgery more 

meticulously with custom intraoperative guides as has 

been shown by study done by Bizzotto et al and Zhang et 

al.15,16 

Implants and prosthesis: Triply periodic minimal surface 

(TPMS) structures have already been shown to be a 

versatile source of biomorphic scaffold designs. The 

titanium based 3D models have been shown to have good 

manufacturability and mechanical properties. They also 

had near accurate orthogonal orientation.17 Also the 

biomorphic designs created via ALM using titanium had 

stiffness comparable to human bone and thus they can be 

a promising material for load bearing implants.18,19 

Reduced surgical time: Renson et al 3D modelled the 

fractured bone or the opposite normal bone in case of a 

comminuted fracture.20 On top of that you can ascertain a 

bioprinted titanium nail of exact length and girth along 

with accurate screw length. Tack et al too showed 

reduced surgical tiem in spinal surgery.21 Imagine 

yourself going into the OT with that knowledge, imagine 

the surgeon’s confidence. It’s like taking an open book 

test, the only difference being you know what the answer 

is.  

Osteotomy: Using the patient specific (PS) blocks created 

by AM have shown better accuracy in correction along 

with decreased need of radiation exposure.22 

Tumour resection: PS guides have proved to increase the 

accuracy and ease the procedure of resection of tumours 

of the tibia and the pelvis with tumour free margins.23,24 

Orthotics: What makes 3D printing so interesting—and 

so downright fascinating—is that it allows individuals 

and companies of all sizes to create parts and objects that 

might not be possible at all otherwise.25 

Prosthetics: As the skin plays a vital role in shaping our 

interactions with the world, stretchable electronic devices 

simulating the properties of skin could have far-reaching 

implications for prosthetics and medicine.26,27 Providing 

prosthetic hands with the ability to sense is particularly 
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important, as each year ≈185 000 Americans suffer from 

limb loss, requiring substitutional prosthetics.28 

OPHTHALMOLOGY 

3D printing has been used for reconstructing shattered 

orbits after a high velocity injury. The crafted 3D models 

allow near normal orbital reconstruction and accurate 

reduction of fracture. The implants required can be 

customized and shaped according to site and extent of 

fracture. 3D printing can be used for making 

customizable instruments example trocar cannula system 

for vitreo-retinal surgery. In anophthalmoses, computer 

aided 3D prosthesis can been designed and manufactured. 

It can used to design scaffold for human trabecular 

meshwork (HTM) for studying the pathogenesis of 

glaucoma. AM enthusiasts manufactured a fully 

operating 3D printed porous HTM and treated it with 

prednisolone. The model suggested increased ECM 

production, decreased HTM cell phagocytosis, and 

decreased the outflow resistance as present in steroid 

induced glaucoma.29,30,31,48 

3D models of eye can be created to plan stereotactic 

radiosurgery in carcinomas for optimal and accurate 

irradiation with minimal side effects. Hong et al have 

recently described a 3D printable device for imaging of 

retina that is compatible for use with a smart phone to 

capture an image of the retina.32 

OTORHINOLARYNGOLOGY AND HEAD AND 

NECK SURGERY 

Apart from creating custom anatomical models, AM has 

also found application in auricular reconstruction with a 

highly realistic 3D printed auricular prosthesis and 

hearing aids.33,34 Others are championing the use of AM 

in craniofacial reconstruction and managing the 

paediatric airway in severe tracheobronchomalacia.35,36 

OTHER FIELDS  

AM has become the most sought research field in various 

other medical sciences like cardiothoracic surgery, 

urology, plastic surgery, gastrointestinal surgery and 

dentistry etc.17,37-41 

ADVANTAGES  

3D printing, whether at an industrial, local or personal 

level, enables a host of gains that conventional methods 

of manufacturing (or prototyping) do not. 

Less waste: since additive process and not subtractive 

where about 80-90% material was being lost. 

Less running cost: in the long run, when production will 

reach a certain level, the total cost would be much less. 

Also AM does not require fixtures or molds or tooling in 

producing which reduces cost by upto 25%. 

Limitless: complex shapes that could not be 

manufactured in any other way are possible with this 

process since it can internally build support structures for 

overhangs and undercuts. 

Wide range: a wide range of materials maybe used to 

make an array of products according to requirements. 

Customisation: Notwithstanding, within the same 

construction cell, 3D printing amounts to the advantage 

that multiple products can be constructed at the same 

time as per the demand at no additional processiing cost. 

Tool-less: eliminate the need for tool production and, 

therefore, the costs, lead times and labour associated with 

it. 

Sustainable / environment friendly: 3D printing is also 

emerging as an energy-efficient technology that can 

provide environmental efficiencies. 

Zero lead time: building the final shape can begin as soon 

as the designing process is initiated. 

Onsite production: the prints can be taken and used at the 

site of requirement. 

Test models: 3D printing allows for testing of smaller 

versions of the original design before investing in a larger 

manufacturing program. 

Shortens the duration of surgery, hence decreases 

anaesthesia exposure and blood loss. 

Biocompatible: less chance of tissue rejection. 

Biocompatible materials are assessed in terms divisions 

related to medical licensing, cytotoxicity, hypersensitivity 

reaction and when the building materials are 

biocompatible, the final product will be too.  

FUTURE 

Recent advances include 3D bioprinting, which combines 

tissue engineering with 3D printing, which has led to an 

explosion of research within various fields in 

biotechnology and medicine.42 3D bioprinting involves 

depositing cells or biomaterials on a biocompatible 

scaffold in layers where the cell viability and functions 

are preserved. As of now it is still in early phase but the 

option of making a functional replacement of tissues is 

very intriguing indeed. The main limiting factor here is 

the vascularization because the synthesis of any tissue 

which is more than 200 micron thick requires adequate 

perfusion that has not been achieved yet in vivo.43 While 

some have been able to construct scaffolds of bone and 

cartilaginous elements for bony and osteochondral 

defects, still there is much to be done in this area.44,45 

Bioink is a dense cellular slurry of water based liquid 

containing cells or enzymes or proteins and the sourcing 
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of cells and their viability on 3D printed scaffolds is not 

exactly known yet.46 Along with that, the growth factors 

required in the process are very costly and they have 

shown reduction in effects in situ.43  

With many more obstacles to overcome, it can be said 

reliably that additive manufacturing is a promising field 

and it has the ability to extend the horizons of various 

medical sciences. Although AM is no substitute of the 

experience and expertise of the surgeon, but the day is 

not far when the patient will be operated upon by a robot 

who will be knowing the exact implant along with the 

exact place where to put the screws in. Who knows there 

might come a day that we won’t need someone to donate 

organs, we would be getting them readymade. In this 

battle of hope vs hype only the future holds the answer. 
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