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ABSTRACT: The 3D printing industry is an 

unchartered territory that is yet to be fully 

discovered. Due to the FDA approval of 

Levetiracetam(SPRITAM®) in 2015 it has gained a 

momentum in the pharmaceutical sector. It has 

specifically gained interest for its precision as the 

solid dosage form is printed layer by layer so it is 

beneficial for personalized and multi-layer tablets. 

The emerging novel approaches for modified 

release profiles, shapes and sizes have also led to 

the advancement in the 3DP field. Still much is to 

be yet discovered and researched in this area of 

thirst and much it to be also considered.The 

challenges produced are also critical and blocking 

point for its further development in large scale 

production.This review aims to provides the basic 

information on the different techniques employed 

in 3DP and the advantages & disadvantages of the 

same.  

Keywords: 3DP, FDM, SLS, Stereolithography, 

IJP, HME. 

 

I. INTRODUCTION 
3D printing also known as Additive 

Manufacturing (AM) is a process in which with the 

help of Computer Aided Design (CAD) material is 

deposited layer by layer onto a substrate. So, this 

process is also known as Rapid Prototyping (RP), 

Solid Freeform Technology (SFF). 

The WHO describes 3D printing as 

“fabrication of objects through the deposition of a 

material using a print head or nozzle or another 

printer technology”. 

This technology found its way in pharmaceutical 

sector when the first drug Levetiracetam 

(SPRITAM®) by was given approval in 2015. But 

the earliest technique “stereolithography” was 

developed by Charles Hull in 1884. After that 

many techniques like fused deposition modeling 

(FDM), inkjet printing, zip dose, extrusion 3D 

printing, Selective Laser Sintering (SLS) were 

developed. 

This technology has made it in the 

pharmaceutical sector due to its flexibility, time 

saving and its desirability over conventional dosage 

form wherein factors like milling, compression, etc. 

can affect the quality of the drug which is curbed 

by 3D printing. When compared with the 

manufacturing process of conventional 

pharmaceutical product, it has many advantages 

like high production rates due as it has fast 

operating systems; ability to achieve high drug-

loading with much desired precision and accuracy 

especially for potent drugs that are applied in small 

doses; reduction of material wastage which can 

save in the cost of production and amenability to 

broad types of pharmaceutical active ingredients 

including poorly water-soluble, peptides and 

proteins, as well as drug with narrow therapeutic 

windows.
1
 

It offers numerous advantages, such as 

increasing the cost efficiency and the 

manufacturing speed, since a rapid prototyping (RP) 

can be done in a matter of minutes. However, there 

is still a significant barrier to ensure that 3D printed 

medicines have the same efficacy, safety, and 

stability as the pharmaceuticals conventionally 

manufactured by the Pharmaceutical Industry.
2 

The major area of interest is being patient 

specific tailored drug or personalized medicines, 

the all-fit-one mechanism is not much effective 

because every patient has a specific need and 

reactions to certain drugs. Another big use is 

release-tailored medicines
3
, it can also provide 

medicines of different shapes and compositions and 

kinetic release profiles. 

 

Advantages of 3D Printing 

 The 3D printing industry has yet not gained a 

momentum in pharmaceutical sector;however, 

it is better in some areas than conventional 

dosage form especially for potent drugs which 

are used in small doses this gives high 

accuracy and precision, it has high production 
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rate as almost everything is done using CAD 

so has good operating system. 

 It includes precise control of droplet size and 

dose, high reproducibility, and the ability to 

produce dosage forms with complex drug-

release profiles (Lee H & Cho D-W; 2016 b). 

 This is also cost effective than conventional as 

milling, compression, etc. processes are curbed 

and it also has low waste generation. 

 In this the drug is formed layer by layer so it is 

porous and has rapid disintegration. 

 It provides flexibility in dose, dosage forms, 

shape and sizes and drug release. 

 This method is particularly useful for 

“personalized” medicine which can be 

specifically tailored according to patient’s 

needs, it helps in patient compliance as 

patients who have serious illness are 

administered multiple drugs so in place of it 

using this a multi-layer drug can be 

specifically made for the patient.  

 It is appropriate for orphan drugs- the 

medicinal products intended for diagnosis, 

prevention or treatment of life-threatening or 

very serious diseases which are rare
4
. Research 

on these possibilities can then improve the 

standard of quality life and gain the interest of 

healthcare industry
5
.  

 

Disadvantages of 3D Printing 

 This technology is mostly nozzle and computer 

based. The main con of this is nozzle accuracy 

if the nozzle does not stop or stops in between 

process it can alter the product. Problems in 

CAD can also alter the final product. The 

large-scale manufacturing by this is till now 

not feasible than conventional form which is 

cheaper. 

 The other concerns of this technology are 

printer parameters like cost and printing 

quality which will affect the overall quality of 

the product.  

 To attain quality of 3D products, some 

essential parameters necessitate to be 

optimized like printing rate, printing passes, 

line velocity of the print head, interval time 

between two printing layers, distance between 

the nozzles and the powder layer, etc.  
6,7

 

 

II. DIFFERENT 3D PRINTING 

TECHNIQUES 
1. STEREOLITHOGRAPHY 

This method was patented by Charles hull co-

founder of 3D Systems Inc. in 1986. This method 

uses stereolithography apparatus (SLA) machine 

which uses liquid plastic which is then cured or 

hardened to a solid object. In this a photopolymer 

layer is exposed to UV laser
8,9,10

which “paints” the 

pattern on the object. Based on the position it’s of 

two types top-down and bottom-up type. 

In the bottom up type the light source is 

placed under the resin tank and the part is built 

facing up down whereas in top-down type the light 

source is above the tank and the part is built facing 

up and the second layer is formed attached to the 

first layer. 

After this the prepared article is washed 

with rubbing alcohol to remove excess resin and 

then cured in UV oven to strengthen the print.
9,11,12

 

 

Advantages 

Its biggest advantage against other 3D 

techniques is that it has good resolution and 

thermal processes are not involved so thermolabile 

drugs can be used. In terms of accuracy and 

resolution, stereolithography is superior to all other 

solid free-form fabrication (FFF) techniques with 

accuracy up to 20 μm
13

. 

 

Disadvantages 

The biggest limitation of this method is 

the resin/polymer it should be a low molecular 

weight polymer and approved to be used as 

excipient in manufacturing. 

High cost and cytotoxicity
14

. 

 

 
Figure 1- Stereolithography in 3D printing.

15
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Table 1- Examples of drugs made using 

stereolithography 

 

2. SELECTIVE LASER SINTERING (SLS) 

SLS process uses a beam of laser to draw 

the pattern in the powder bed. In this method after 

the first layer is drawn on the powder bed another 

powder bed is made on top of it and again the 

pattern is drawn on it and layer by layer the product 

pattern is printed and the product is obtained from 

underneath the bed. 

Fine et al used SLS to prepare 

paracetamol tablet with Kollicoat®IR or 

Eudragit®L100-55and additionally Candurin®gold 

sheen was added as it was found to absorb laser 

light involved in the sintering process
18

The SLS 

can be a method to obtain porous, rapidly 

disintegrating and modified dosage form without 

binding agent. 

 

Advantages 

SLS has advantages of high-resolution 

printing and printing of medicine without the need 

of the solvent. 

Easy removal of powder
14

 

 

Disadvantages 

The SLS method was not considered 

suitable for production of drugs due to high energy 

lasers which could degrade the drug but now low 

intensity laser in SLS has solved the drug 

degradation problem. 

 
Figure 2- Selective Laser Sintering (SLS).

19
 

3. FUSED DEPOSITION MODELLING 

(FDM) 

In FDM, the material is softened or melted 

through heat extrusion and the melted material is 

laid on the platform in such a way that it creates the 

design provided by the software. The melted 

material is deposited layer by layer which then 

fuses together.  

The melted material is deposited with the 

help of a nozzle whose tip size ranges from 50-100 

µm.In FDM technology, the nozzle moves 

horizontally, and the build platform moves 

vertically downwards as the process continues. 

After each layer, the build platform moves down, 

and another layer is deposited on top of previous 

layer (Fig3). The XY resolution of FDM is good 

but the Z resolution is not very good, and hence, 

the thickness is not uniform. Extra finishing 

process therefore may be required if a smooth 

surface is desired
20.

 

Genina et al. presented an alternative 

method of formulating the combination of anti-

tuberculosis drugs rifampicin and isoniazid by 

physically separating the APIs in a unique dual 

compartment dosage unit designed with CAD and 

fabricated using 3D printing based on FDM
21

. 

Advantages 

This technique proves to be helpful in 

manufacturing personalized dose medicine and in 

delayed release prints without outer enteric coating. 

Disadvantages 

This technique proves to be difficult due 

to lack of polymer as they should be thermally 

stable and non-volatile. 

There also seems to be an issue of slow 

and incomplete drug release as the drug often 

becomes entrapped in the polymer. 

 
Figure 3- Fused Deposition modeling

22
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Table 2- Examples of Drugs made using FDM 

 

4. INKJET PRINTING (IJP) 

In inkjet printing the printing material is 

extruded by a small nozzle layer by layer the 

deposited layer is cured and the curing process 

depends on the material used to print the product. 

Inkjet printing can be classified as continuous 

inkjet printing (CIJ) and drop on demand inkjet 

printing (DoD). Further DoD can be classified as 

Piezoelectric and Thermal inkjet printing. Based on 

the print head type it can be classified as drop-on-

drop and drop-on-solid.The basic mechanism for 

all remains the same, in this a powder bed is 

formed uniformly with the help of a roller, on this 

powder bed the print head deposits the droplets 

which then fuse with the powder layer by layer. 

The mechanism of ejection is what differentiates 

into piezoelectric, thermal and continuous. After 

the first layer is formed another layer is laid on the 

powder bed to form layered product. 

 

Advantages 

It is a tool-less procedure as only the print 

head nozzle is used and so it is cost effective, 

minimum maintenance and low waste generation. 

The CAD message is given as “direct wire” 

message. Easily accessible and inexpensive
28

. 

 

Disadvantages 

The inkjet printers can use comparatively 

low cell density
29, 30

. 

 
Figure 4- Inkjet Printing

31
 

 

Table 3- Examples of drugs made using inkjet 

printing: 

S.

no 

Drug Use  Formu

lation 

Refer

ence 

1 Levoflo

xacin 

Antibio

tic 

Implan

t 

32 

2 Piroxica

m 

NSAID Capsul

e 

33 

3 Rapamy

cin 

Immun

osuppr

essant 

Tablet 34 

4 Folic 

acid 

Anemi

a 

Nanos

uspens

ion 

5 

5 Rifampi

cin 

Antibio

tic 

Nanop

articles 

35 

6 Insulin Anti-

hypergl

ycemic 

Micron

eedle 

36 

7 Felodipi

ne 

Antihy

pertens

ive 

Microd

ots 

37 

 

5. HOT MELT EXTRUSION (HME) 

It is a continuous process where heat and 

pressure are employed to melt the materials 

through an orifice to produce a product of uniform 

density and shape. The extrusion process can 

change the physical properties of a substance when 

it is forced through the orifice or die in hot melt 

extruder
38

. 
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Advantages 

HME is a solvent free process so it is used over the 

conventional methods
39

. 

It has shorter production time, higher process 

efficiency, and increases drug delivery efficiency in 

patients
40

. 

 

Disadvantages 

It requires high energy input required for 

shear force and elevated temperature, high 

temperature and shear force can thermal and 

mechanical degradation to polymers
41

. 

 

 
Figure 5- Hot-Melt Extrusion

42
. 

 

Table 4- Examples of drugs made using HME. 

S.

no

. 

Drug Formula

tion 

Applic

ation 

Ref

ere

nce 

No. 

1 Paraceta

mol 

3D 

printed- 

cube, 

pyramid, 

cylinder, 

sphere 

and torus 

Analge

sic 

43 

2 Domper

idone 

Tablet Parkins

on’s 

Diseas

e 

44 

3 Isoniazi

d 

Compart

mentalize

d shells 

Tuberc

ulosis 

(TB) 

27 

4 Polymer 

Polyvin

yl 

Alcohol 

(PVA), 

Mannito

l and 

Hydroc

hlorothi

Three-

compart

ment 

hollow 

cylinder 

Polyme

rs 

45 

azide 

(Hctz), 

Polylact

ic Acid 

(PLA) 

5 Indomet

hacin 

T-shaped 

prototype

s of 

intrauteri

ne 

system 

(IUS) 

NSAID 46 

 

III. MATERIALS USED IN 3D 

PRINTING
47

 
Some of the polymers used in this are 

1. Acryl nitrile Butadiene Styrene 

It is one of the most widely used 3D 

printing polymer as it has high temperature 

withstanding property it is flexible, durable and is 

easily extruded as it requires less force for 

extrusion than polylactic acid. Its glass transition 

temperature is about 105°C and temperature about 

210 - 250°C is usually used for printing with 

acrylonitrile butadiene styrene materials. 

2. Polylactic Acid 

It is a biodegradable thermoplastic derived 

from corn is environment friendly compared to 

other plastic material, it is also biocompatible with 

the human body. The structure of Poly lactic acid is 

harder than the Acrylonitrile Butadiene Styrene 

material melts at 180-220°C which is lower than 

Acrylonitrile Butadiene Styrene. Poly lactic acid 

glass transition temperature is between 60 – 65 ° C, 

so Poly lactic acid together with Acrylonitrile 

Butadiene Styrene could be some good options for 

any of projects. 

 

3.High Impact Polystyrene 

High Impact Polystyrene filament is made 

from a High Impact Polystyrene material. This 

material is well spread in food industry for 

packaging. It is also used to produce trays in 

medicine, this filament has bright white colour and 

it is also biodegradable. High Impact Polystyrene 

filaments have curling and adhesion problems, 

which can be reduced by using a heated bed during 

the printing
48

. 

 

IV. APPLICATIONS 
It is gaining attention in pharmaceutical 

industry as it is used in the manufacturing of 

implants, it also helps in Organ printing to produce 

cells, biomaterials, and cell-laden materials 
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individually layer by layer and directly creating 3D 

tissue like structure
49

.Advantages of 3D printing 

include precise control of droplet size and dose, 

high reproducibility, and the ability to produce 

dosage forms with complex drug-release profiles 

(Lee H & Cho D-W; 2016 b). 

As the attention of the sector is moving 

towards precision and personalized medicine the 

3D industry is gaining attention as drugs can be 

specifically tailored according to the patient’s 

needs. Pharmacists could analyze a patient’s 

pharmacogenetic profile, as well as other 

characteristics such as age, race, or gender, to 

determine an optimal medication dose
50

 and 

prepare medication accordingly. 

The other area of interest is drugs having 

complex release profiles as 3D printed drugs are 

layered the layers can be separated and can give 

controlled release profile. These are also porous so 

give high disintegration if desired. 

With the help of ZipDose Technology 

which was used by Aprecia to manufacture 

SPRITAM® Orodispensable medicines can be 

made which are porous and rapidly disintegrating 

and high dose medicines(Dominic Basulto 2015; 

Robert J. Szczebra 2015; 3D Printing; Aprecia 

Pharmaceuticals),up to 1000mg can be made 

without compression. 

Implants and prostheses can be made in 

nearly any imaginable geometry through the 

translation of X-ray, MRI, or CT scans into digital 

3D print files
51,52,53

. This approach has been used to 

fabricate dental, spinal, and hip implants
53

. 

 

V. FUTURE PERSPECTIVES 
The advancements in 3DP in 

pharmaceutical field has opened possibilities of 

personalized medicines which can be exploited 

further and we envisage that 3DP we also be 

needful for solid dosage form due to the challenges 

of conventional solid dosage forms. It can be 

predicted in near future the technology will be 

useful in the development of novel dosage forms 

and excipients. It will also be helpful for multi-drug 

preparation to avoid incompatibilities. The 

activities to develop 3DP from a broader appeal 

clinically will include: 

 (i) optimization and improvement of 

software performance, (ii) development of new 

excipients or assessment of old excipients for 

application in 3D formulations; and (iii) 

development and optimization of manufacturing 

process for a wide range of drug products, and (iv) 

clinical studies to assess efficacy, safety and 

stability of new 3D-based formulations
16

. 

 

VI. CONCLUSION 
With the advancing technologies the 3DP 

has also evolved from scaffolds and implants to 

various dosage form with modified release profiles, 

shapes and sizes. The area of personalized 

medicine has also evolved which adheres to 

patient’s specific needs. The technology can also 

reduce time and cost-effectiveness a printlet can be 

manufactured within a short period of time. Yet as 

the technology is still in its developing phase there 

is a deficiency of safety and regulatory concerns. 

And there can also be a threat of security as all 

drugs prepared would be computerized and they 

can be hacked and stolen. 

 

REFERENCES 
[1]. Prasad LK, Smyth H; 3D printing 

technologies for drugdelivery: A review; 

Drug Development Industrial 

Pharmacy;2016; 42:1019–31. 

[2]. Diogo J H. 3D Printing of Pharmaceutical 

Drug Delivery Systems Arc Org Inorg Chem 

Sci 1(2)- 2018. AOICS.MS.ID.000109. 

[3]. Yan Yang, Huihui Wang, Haichao Li, 

ZhiminOu, Gensheng Yang, European; 3D 

printed tablets with internal scaffold 

structure using ethyl cellulose to achieve 

sustained ibuprofen release; Journal of 

Pharmaceutical Sciences;30 March 2018, 

Volume 115, P- 11-184. 

[4]. Sharma S., Saxena V.; 3D Printing: An 

Emerging Technology in pharmaceuticals; 

International Journal of Pharmaceutical 

Quality Assurance;2018;9(3);267-270. 

[5]. Pardeike J., Strohmeier DM, Schrodl N, 

Voura C., Gruber M.; Nanosuspension as 

advanced printing ink for accurate dosing for 

poorly soluble drugs in personalized 

medicines.; International Journal of 

Pharmaceutics, 2011, 420; 93-100. 

[6]. Wu BM, Cima MJ., Effects of solvent-

particle interaction kinetics on 

microstructure formation during three-

dimensional printing, Polymer Engineering 

& Science 39, 1999, 249-260. 

[7]. . Kulkarni P, Marsan A, Dutta D, A review 

of process planning techniques in layered 

manufacturing, Rapid Prototyping Journal, 6, 

2000, 18-35. 

[8]. Yao R, Xu G, Mao SS, et al. Three-

dimensional printing: review of application 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 5, Issue 2, pp: 289-297              www.ijprajournal.com                    ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0502289297    | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 295 

in medicine and hepatic surgery. Cancer 

Biol Med 2016;13(4):443–51. 

[9]. Melchels FPW, Feijen J, Grijpma DW. A 

review on stereolithography and its 

applications in biomedical engineering. 

Biomaterials 2010;31(24):6121–30. 

[10]. Wang J, Goyanes A, Gaisford S, Basit AW. 

Stereolithographic (SLA) 3D printing of oral 

modified-release dosage forms. Int J Pharm 

2016;503(1):207–12. 

[11]. Kodama H. Automatic method for 

fabricating a three-dimensional plastic 

model with photo-hardening polymer. Rev 

Sci Instrum 1981;52(11):1770–7. 

[12]. Chia HN, Wu BM. Recent advances in 3D 

printing of biomaterials. J Biol Eng 2015; 9: 

4. 

[13]. Melchels FPW, Feijen J, Grijpma DW., A 

review on stereolithography and its 

applications in biomedical engineering. 

Biomaterials 2010;31(24):6121–30. 

[14]. FarzaneSivandzade, Luca Cucullo, In-vitro 

blood-brain barrier modeling: A review of 

modern and fast advancing technologies, 

Journal of cerebral blood flow and 

metabolism, July 2018. 

[15]. .Nikhil A; 3D Printing Processes - Vat Photo 

polymerisation; engineering 

garage[https://www.engineersgarage.com/art

icles/3d-printing-processes-vat-

photopolymerisation]. 

[16]. Jie Wang, Alvaro Goyanes, Simon Gaisford, 

Abdul W. Basit; Stereolithographic (SLA) 

3D printing of oral modified-release dosage 

forms; International journal of 

pharmaceutics;30 April 2016, Volume 503, 

P- 207-212. 

[17]. Goyanes A, Det-Amornrat U, Wang J, Basit 

AW, GaisfordS.; 3D scanning and 3D 

printing as innovative technologies for 

fabricating personalized topical drug 

delivery systems; Journal of Controlled 

Release;2016;234:41-8. 

[18]. Fina F, Madla CM, Goyanes A, Zhang J, 

Gaisford S, Basit AW. Fabricating 3D 

printed orally disintegrating printlets using 

selective laser sintering. Int J Pharm 

2018;541(1–2):101–7. 

[19]. Vijay Laxmi Kalyani; Future 

Communication Technology: A Comparison 

Between ClaytronicsAnd 3-D Printing; 

Journal of Management Engineering and 

Information Technology (JMEIT),2016, 

Volume -3, Issue- 4. 

[20]. ShrawaniLamichhane, Santosh Bashyal, 

TaekwangKeum, Gyubin Noh, Jo EunSeo, 

Rakesh Bastola,  Jaewoong Choi,  Dong 

Hwan Sohn, Sangkil Lee ∗, Complex 

formulations, simple techniques: Can 3D 

printing technology be the Midas touch in 

pharmaceutical industry?, Asian Journal of 

Pharmaceutical Sciences 14 (2019) 465–479. 

[21]. Genina N,BoetkerJP ,Colombo 

S ,Harmankaya N ,Rantanen J ,Bohr A . 

Anti-tuberculosis drug combination for 

controlled oral delivery using 3D printed 

compartmental dosage forms: from drug 

product design to in vivo testing. J Control 

Release 2017;268:40–8. 

[22]. S.G. Gumaste, S.S. Gupta, A.T.M. 

Serajuddin; Investigation of polymer-

surfactant and polymer-drug-surfactant 

miscibility for solid dispersion; American 

Association of Pharmaceutical Scientists; 

2016, 18 (5), 1131-1143. 

[23]. Christos I. Gioumouxouzis, Apostolos 

Baklavaridis, OrestisL. Katsamenis, 

Catherine K. Markopoulou, 

NikolaosBouropoulos, DimitriosTzetzis, 

Dimitrios G. Fatouros;A 3Dprinted bilayer 

oral solid dosage form combining 

metforminfor prolonged and glimepiride for 

immediate drug delivery;European Journal 

of Pharmaceutical Sciences; 30July 2018, 

Volume 120, P- 40-52. 

[24].  Justyna Skowyra, Katarzyna Pietrzak, 

Mohamed A. Alhnan; Fabrication of 

extended-release patient- tailored 

prednisolone tablets via fused deposition 

modelling (FDM) 3D printing.;European 

Journal of Pharmaceutical Sciences; 

February 2015;Volume 68, 20, 11-17. 

[25]. Alvaro Goyanes, Fabrizio Fina, Annalisa 

Martorana, Daniel Sedough, Simon Gaisford, 

Abdul W. Basit; Development of modified 

release 3D printed tablets (printlets) with 

pharmaceutical excipients using additive 

manufacturing, International Journal of 

Pharmaceutics, 15 July 2017, Volume 527, 

Issues 1–2, P-21-30. 

[26]. Sandler N, Salmela I, Fallarero A, Rosling A, 

Khajeheian M, Kolakovic R, et al.; Towards 

fabrication of 3D printed medical devices to 

prevent biofilm formation.; International 

Journal of Pharmaceutics; 2014,459:62-4. 

[27]. Genina N, Hollander J, Jukarainen H, 

Makila E, Salonen J et al.; Ethylene vinyl 

acetate (EVA) as a new drug carrier for 3D 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 5, Issue 2, pp: 289-297              www.ijprajournal.com                    ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0502289297    | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 296 

printed medical drug delivery devices.; 

European Journal of Pharmaceutical 

Sciences; 2016;90:53-63. 

[28]. Lee H, Koo Y, Yeo M, et al., 2017, Recent 

cell printing systems for tissue Engineering. 

International Journal of Bioprinting, vol.3(1): 

1–15. 

[29]. Moon S, Hasan K, Song S, et al. 2010, Layer 

by layer three-dimensional tissue epitaxy by 

cell-laden hydrogel droplets. Tissue 

Engineering Part C: Methods, vol.16(1): 

157–166.  

[30]. Calvert P, 2001, Inkjet printing for materials 

and devices. Chemistry of Materials, 

vol.13(10): 3299–3305.  

[31]. James Norman Rapti, D.Madurawe Christine, 

M.V.MooreMansoor, 

A.KhanAkmKhairuzzaman ; A new chapter 

inpharmaceutical manufacturing: 3D-printed 

drug products.;Advanced Drug Delivery 

Reviews; 1 January 2017, Volume108, 39-

50. 

[32]. Huang W, Zheng Q, Sun W, Xu H, Yang X; 

Levofloxacin implants with predefined 

microstructure fabricated by three-

dimensional printing technique.; 

International  Journal of Pharmaceutics; 

2007;  339: 33-38. 

[33]. Raijada D, Genina N, Fors D, et al.; A Step 

TowardDevelopment of Printable Dosage 

Forms for Poorly SolubleDrugs; Journal of 

Pharmaceutical Sciences;2013 oct, Volume 

102, Issue 10, 3694 – 3704. 

[34]. Tarcha PJ, Verlee D, Hui HW, Setesak J, 

AntoheB, Radulescu D, Wallace D.; The 

application of ink-jet technology for the 

coating and loading of drug-eluting stents.; 

Annals of Biomedical Engineering; 2007 

Oct; 35(10):1791-9. 

[35]. Gu Y, Chen X, Lee JH, Monteiro DA, Wang 

H, et al. (2012) Inkjet printed antibiotic- and 

calcium-eluting bioresorbable 

nanocomposite micropatterns for orthopedic 

implants. Acta Biomater 8: 424-431. 

[36]. Scoutaris N, Alexander M, Gellert P, 

Roberts C. Inkjet printing as a novel 

medicine formulation technique. Journal of 

Controlled Release. Volume 156, Issue 2, 10 

December 2011, P-179-185. 

[37]. Ross S, Scoutaris N, Lamprou D, Mallinson 

D, DouroumisD.; Inkjet printing of insulin 

microneedles for transdermaldelivery.; Drug 

Delivery and Translational Research.; 

2015Aug;5(4):451-61. 

[38]. Patil H., Tiwari R.V., Repka M.A.; Hot Melt 

Extrusion: From Theory to application in 

Pharmaceutical Formulation; AAPS Pharm 

Sci Tech, 2016, 17, 20-42. 

[39]. Keating A.V., Soto J., Tuleu C., Forbes C., 

Zhao M., Craig D.Q.M. Solid state 

characterization and taste, asking efficiency 

evaluation of polymer based extrudates of 

isoniazid for pediatric administration., Int. J. 

Pharm., 2018, 536, 536-546.    

[40]. Repka M.A., Battu S.K., Upadhye S.B., 

Thumma S., Crowley M.M., Zhang F., 

Martin C., McGinity J.W., Pharmaceutical 

applications of Hot Melt Extrusion: Part II, 

Drug Dev. Ind. Pharm., 33, 1043-1057. 

[41]. Deck Khong Tan, Mohammed 

Maniruzzaman, Ali Nokhodchi, Advanced 

Pharmaceutical Application of Hot-Melt 

Extrusion Coupled with Fused Deposition 

Modelling (FDM) 3D printing for 

personalized drug delivery, 

Pharmaceutics,2018,10,203. 

[42]. SampadaUpadhye;Hot melt extrusion –

optimelt™ Hot Melt Extrusion Technology 

to Improve Bioavailability of PoorlySoluble 

Drugs; drug development and delivery;2015. 

[43]. Goyanes A, Martinez PR, Buanz A, Basit 

AW, Gaisford S., Effect of geometry on 

drug release from 3D printed tablets.; 

International Journal of 

Pharmaceutics ;2015,494: 657-663. 

[44].  Sadia M, Arafat B, Ahmed W, Forbes RT, 

Ahlnan MA.; Channelled tablets: An 

innovative approach to accelerating drug 

release from 3D printed tablets. journal of 

the Controlled Release 2018; 269: 355-363. 

[45]. Gioumouxouzis CI, Katsamenis O, 

Bouropoulos N, Fatouros DG.; 3D printed 

oral solid dosage forms containing 

hydrochlorothiazide for controlled drug 

delivery.; Journal of Drug Delivery Science 

and Technology.; 2017 ,40: 164-171. 

[46]. Genina N, Janßen EM, Breitenbach A, 

Breitkreutz J, Sandler N; Evaluation of 

different substrates for inkjet printing of 

rasagiline mesylate.; European Journal of 

Pharmaceutics and 

Biopharmaceutics ;2013,85: 1075-1083. 

[47]. Gokhare Vinod G., Dr. Raut D. N., Dr. 

Shinde D. K.; A Review paper on 3D-

Printing Aspects and Various Processes 

Used in the 3D-Printing; International 

Journal of Engineering Research & 

Technology, Vol. 6(6), 2017,2278-0181. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 5, Issue 2, pp: 289-297              www.ijprajournal.com                    ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0502289297    | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 297 

[48]. Aditi Gujrati*, Alok Sharma, S.C. 

Mahajan,Review on Applications of 3D 

Printing in Pharmaceuticals Int. J. Pharm. 

Sci. Rev. Res., 59(1), November - December 

2019; Article No. 25, Pages: 148-154. 

[49]. L. Srinivas *, M. Jaswitha, V. Manikanta, B. 

Bhavya, B. Deva Himavant, 3D PRINTING 

IN PHARMACEUTICAL TECHNOLOGY: 

A REVIEW, INTERNATIONAL 

RESEARCH JOURNAL OF PHARMACY, 

2019, 10 (2). 

[50]. Ubaid T, Mohamed M; Three-dimensional 

(3D) drug printing: A revolution in 

Pharmaceutical Science; PharmaTutor; 2019; 

7(3); 19-25. 

[51]. Gross BC, Erkal JL, Lockwood SY, 

Evaluation of 3D printing and its potential 

impact on biotechnology and the chemical 

sciences, Anal Chem. 86(7), 2014, 3240-

3253.  

[52]. Klein GT, Lu Y, Wang MY., 3D printing 

and neurosurgery-ready for prime time? 

World Neurosurg., 80(3–4), 2013, 233-235.  

[53]. Banks J., Adding value in additive 

manufacturing, Researchers in the United 

Kingdom and Europe look to 3D printing for 

customization, IEEE Pulse 4(6), 2013,22-26. 

[54]. Jassim-Jaboori AH, Oyewumi MO (2015) 

3D Printing Technology in Pharmaceutical 

Drug Delivery: Prospects and Challenges, J 

Biomol Res Ther 4: e141. 


