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Introduction: 

Medical preparations have been made and manufactured for hundreds, if not thousands, of 

years. The fundamental procedure for making tablets and capsules hasn't changed in more than 

a century, despite advancements in manufacturing. Process analytical technology (PAT) and 

continuous production have been used in recent years to modernize the pharmaceutical 

manufacturing industry. However, the creation, production, and delivery of drugs have 

undergone significant changes since the advent of three-dimensional (3D) printing. Large- 

scale paper manufacture made possible by 3D printing allows for previously unheard-of 

Abstract: 
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levels of personalization for medication distribution and release. [1] By facilitating the 

development of digital processes, regulatory reviews, product modifications, and new drug 

development, this new strategy has the potential to completely change the pharmaceutical 

sector. Computer-aided design frequently provides information (CAD).In 1993, 3D printing 

was used for the first time in medicine. Improvements in patents and advertising show that this 

agreement spurred more funding and study in this area. six of the seven techniques for 3D 

printing. Physicians can theoretically utilize all six procedures, but the application of some is 

restricted by specific materials and products (e.g., barrel polymerization produces free 

radicals). [2] Because of its ease of use, fused deposition modeling, or FDM, is the approach 

most frequently employed in preliminary research and development projects. However, the 

uses of chemical filaments are limited due to difficulties in generating them with adequate 

and acceptable chemical characteristics. For self-dosing, extrusion-based 3D printing 

techniques like FDM, semi-solid extrusion, and direct powder extrusion are widely 

utilized.Large-scale production has embraced techniques including screen printing, melt 

extrusion deposition, and powder inkjet deposition, which are better suited for commercial 

production. [3] 

The use of 3D printing technology in medicine offers a previously unheard-of chance to 

produce novel forms like pills and implants with odd shapes and negative effects. Without 

requiring the modification of specialized tools or equipment, the technology offers the freedom 

to create images and models based on CAD design. With minimal major changes to the 

manufacturing process, this capacity offers versatility in drug delivery, allowing control over 

the rate, shape, onset, and location of drug release. [4] Dosage forms can have different 

structures, from simple porous structures to layered or multidimensional structures with 

different geometries. The final 3D printing process allows drug release properties to be 

controlled by controlling the amount of processing, changing the design process and 

construction through testing and errors with no difference to what has been done previously. 

Lean and continuous processes ensure that the design process is always designed sequentially. 

This capability, combined with PAT application and online packaging, ensures fast delivery. 

Additionally, the 3D printer production line is digital in nature, supporting machine analysis 

and data generation to support management control. [5] 

Personal-use 3D printing technology is currently undergoing early testing in demonstrations 

in Europe, China and Singapore. Although self-administration of drugs can be achieved 

through pre-planning or in-hospital planning, the regulatory framework for self- administration 

of drugs by 3D printing has not yet been clearly defined in these areas. Ensuring the quality of 

private property remains a major challenge. Both the United States Pharmacopoeia (USP) and 

the US FDA have established forums to discuss and develop standards to address these issues. 

For the large commercial sector of the 3D printing industry, the product complies with the usual 

approval rulesA number of Investigational New Drug (IND) applications for 3D-printed 

medications have been approved for human clinical trials in China and the United States, in 

addition to the Spritam product that has been approved. [6] 

The rise in IND applications suggests that, due to their special qualities that make prescription 

medications difficult or expensive to create, 3D printed drugs may soon be used in clinical 

settings. The use of self-medication will continue to be investigated or restricted until quality 

criteria, recommendations, and standards are developed by medical researchers, the medical 

community, government agencies like the FDA, and standards groups like the USP. 

Pharmaceutical equipment for use in medicine will continue to be developed, both 

commercially and privately. As a digital process, 3D printing is used for manufacturing and 

designing drugs as well as for the production of quantitative procedures from CAD. [7] The 

use of 3D printed goods will probably rise as the pharmaceutical and medical industries 

adopt this technology, much as electronic media will someday rival or be published 

alongside 



Page 5810 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

 

traditional printed prints. Teaching patients about community health services can alter their 

behavior, enabling more individual consumption by lowering patient prescriptions and 

dosages. A new business ecosystem can be created by combining 3D printing with other 

technologies like blockchain, cloud computing, electronic medical records, real-time PAT, and 

the Pharm 4.0 framework. The ecosystem can increase the capacity for health care, distribution, 

production, and product design. Additionally, 3D printers can be managed and controlled from 

a single hub. Due of its compact size, the 3D printer can be used for a variety of purposes, 

including emergency situations. 3D printing, a technology with many unique advantages, has 

the potential to revolutionize healthcare. [8] 

 

Figure 1 3D Printing in Pharmaceutics 

 

• Technology classification for 3D printing 

3D printing is a term that frequently refers to additive manufacturing, product freeform 

technology, or fast prototyping combined. Technologies based on computer-aided and 

computer-aided design (CAD) software are referred to by both of these words interchangeably. 

The American Society for Testing and Materials (ASTM) developed standard designs for a 

range of goods, machinery, and equipment in order to create the first standards for 3D printers. 

Layering and deposition procedures. ASTM divides this technology into seven categories: 

extrusion equipment, powder bed fusion, aircraft equipment, adhesives, polymerization, 

energy deposition, and paper lamination. Figure 2 shows various types of 3D printing 

technology. [9] 

 

1.Stereolithography 

2.Material Extrusion 

3.Binder jet printing 

4.Powder bed fusion 

5.Selective Laser Sintering 

6.Vat polymerization 

7. Targeted Deposition of Energy 

8.Extrusion of semi-solids 

9.Utilizing bioprinting 

10.Lamination of sheets 
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Figure 2The following are many 3D printing technologies: (A) Material Extrusion; (B) 

Binder Jetting; (C) Vat Polymerization; (D) Directed Energy Deposition; (E) Sheet 

Lamination;and (F) Powder Bed Fusion. 

1. Stereolithography 

SLA is one of the most sophisticated 3D printing techniques available. In order to start the 

polymerization process, the substance is exposed to intense light, such as ultraviolet 

radiation. This process occurs in the x-y axis, and when the material becomes lighter, the 

bed moves towards the y-axis, creating a complete process. SLA is a type of reduction 

polymerization that uses thermosetting photopolymer, which hardens when exposed to 

light, allowing the creation of high-quality products with smooth edges. [10] Although SLA 

has advantages such as good surface quality and good properties, it also has disadvantages 

such as brittleness and low photopolymer effect. But its ability to produce consistent, high-

quality products makes it valuable in the automotive and medical industries, tissue 

engineering, and medicine. Recent applications include the development of modified tablets 

and specialized dental medications that continue to be used in neurosurgery, back surgery, 

and the treatment of heart disease. Material Extrusion [11] 

 

2. Material Extrusion 

Material Extrusion, commonly known as Fused Filament Fabrication (FFF), is an easy-to- 

use and inexpensive 3D printing method. The device consists of dispersing molten, semi- 

solid or softened material through a nozzle. Thermoplastic material in filament form is 

heated above its glass transition temperature and extruded to form a layer. The resolution 

and breadth of printed lines are determined by the primary parameters, which are layer 

thickness and extrusion head diameter. [12] The final surface has to be enhanced when 

steps like painting or sanding are completed. Because extrusion technology is so adaptable, 

it may be used to produce practical items and models at a low cost, with minimal need for 

specialized equipment. These technologies, which are widely utilized in the biomedical 

industry to simulate tissue, include partial extrusion, bioprinting, and fused deposition 

models. [13] 

3. Binder Jet Printing 

Binder Jet Printing was developed by Sachs et al. delayed release of tablets. The process 

will spread a layer of powder and then spray glue to form the powder mixture. This 
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layering process creates 3D models without the need for a support structure, as the powder 

itself provides physical support. Benefits include recycling of unused powder, mixing with 

a variety of materials and adhesives, and the ability to create color. High- quality metal, 

ceramic, and plastic parts can be produced quickly and affordably with adhesive spraying. 

[14] 

4. Pink Bed Fusion 

The 3D printing method known as "Pink Bed Fusion" makes use of powders, binders, 

sintering methods, powder removal, and maybe post-processing. The most widely used 

technology in this category is selective laser sintering (SLS), which melts a thin layer of 

tiny powder with a laser. To guarantee layer fusion and minimal porosity, this procedure 

needs a combination and volume of powder. Three-dimensional printing (3DP) is the 

term for the method of using lasers to print using adhesive. [15] Binder chemistry and 

rheology, powder particle size and shape, deposition rates, and post-processing methods 

are important ideas in 3DP. The primary benefits of powder bed fusion include excellent 

printing quality, great resolution, and suitability for intricate patterns. Tissue engineering, 

aerospace, and electronics are three industries that frequently use this technique, which uses 

the powder bed as a support framework in place of additional support. However, there are 

drawbacks to utilizing adhesives, including increased porosity, slowness, and high cost. 

[16] 

5. Selective Laser Sintering 

Selective Laser Sintering (SLS) is an additive manufacturing process that creates 3D 

objects from a bed of powder. Lasers are used to selectively melt the powder in a specific 

pattern and bind the particles together into a layer. After a layer is sintered, a new layer of 

powder is laid on top and the process is repeated to create a 3D model. SLS has many 

advantages over fused deposition modeling (FDM) and extrusion processes, with higher 

resolution (up to 100 µm) and the absence of solvents and long time after drying.  [17] Although 

traditionally used in tissue engineering to create scaffolds and pharmaceutical products, 

SLS's ability to create high-density materials using a variety of materials (polymers, metals, 

ceramics, and composites) gives it diversity and useful productivity. Factors affecting SLS 

quality and performance include laser power rate, scanning speed, strategy, coating, and 

bed temperature. Despite some disadvantages such as slow commercialization and high 

mass cost, SLS is still a popular choice for the production of practical, high-quality 

products. [18] 

6. Reduction Polymerization 

Reduction Polymerization covers a variety of 3D printers that use vats or tanks of liquid 

photopolymer, all of which are processed by a laser beam or other illuminated 

location.Stereolithography (SLA), solar polymer printing (DPP), digital light processing 

(DLP), lithography-based ceramic manufacturing (LCM), two-photon polymerization 

(2PP), and extended optical interface (CLIP) are the primary methods for decreasing 

polymerization. [19] When using cube polymerization, the design platform is submerged 

in a tank filled with liquid photopolymer resin, and the product is fixed layer by layer by 

the laser or projector of choice. Because UV lasers can penetrate resin and give strong 

adherence, they are employed extensively. This adaptable method is renowned for its 

excellent surface quality and high precision.; This makes it suitable for the creation of 

patterns, models and end uses. [20] 

7. Directed Energy of Deposition 

In the Directed Energy Deposition (DED) manufacturing method, a material (wire or 

powder) is melted and deposited onto a substrate using concentrated energy, such as a laser 

or electron beam. DED is appropriate for the synthesis of other metals and alloys as well 

as high-performance superalloys since the exposed material combines with the 
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substrate and solidifies. DED doesn't rely on a powder bed like other additive 

manufacturing techniques like selective laser melting (SLM). [21] Rather, it melts 

feedstock prior to deposition, allowing for uses including part reconditioning, fracture 

filling, and large-scale, low-complexity assembly production. Numerous benefits of DED 

include its fast construction speed, expansive work area, superior mechanical qualities, 

controlled microstructure, and controllable material composition. However, it also has 

drawbacks, including less complexity, poorer accuracy, and lesser field quality. DED is 

mostly utilized in materials including titanium, Inconel, stainless steel, and aluminum as 

well as in the aerospace, automotive, and medical industries. [22] 

8. Semi-Solid Extrusion 

A gel or paste-like substance is extruded in layers onto a forming plate using a semi-solid 

extrusion technique, which resembles the usage of a syringe. The paste is chilled and 

hardened to make the pattern, just like in FDM. The technology is applicable to a wide 

range of materials, including hydrogels, resins, and even culinary items like cheese and 

chocolate. It allows for accurate and controlled material creation. [23] In pharmaceutical 

applications, semisolid extrusion can be used to produce coated tablets by mixing the drug, 

polymer, and solvent in semisolid form. Key applications include the production of double-

layer tablets and polypellet tablets. Its versatility and ability to use a variety of materials 

make it particularly useful in biomedical and pharmaceutical applications. [24] 

9. Bioprinting 

Bioprinting or bioadditive manufacturing is a type of 3D printing that uses biological 

chemicals to create products layer by layer. This technique is often used in tissue 

engineering, regenerative medicine and pharmaceutical research to create living tissue for 

transplantation and various biological applications. Bioprinting has the ability to create 

functional biological processes, making it an important technology for the advancement 

of science and medicine. [25] 

10. Lamination Of Sheet 

Sheet Lamination, which was developed by Helisys in 1991, is not the same as 3D printing 

in that paper—such as paper, plastic, or metal—is used instead of powder or filament. A 

piece of material is shaped using a laser or other cutting instrument while it is positioned 

on a building platform. [26] The sheets are then glued together layer by layer to create the 

final product. Sheet lamination has many advantages, including the ability to use many 

materials and not requiring semi-molten material or photopolymer curing. It is particularly 

suitable for Laminated Object Manufacturing (LOM) production, where many parts are 

put together to form a product. This technology differs from other 3D printing methods due 

to its unique approach to processing and layering. [27] 

• Energy Consumption 

3D printing is a revolutionary manufacturing technology that has led to significant 

advances in medicine. Although it is generally considered an environmentally friendly 

process due to the use of good materials, it has some negative effects on the environment, 

especially regarding energy consumption and energy use. Many 3D printers use plastic, 

which emits harmful chemicals, and energy consumption, especially from non-renewable 

materials, can contribute to climate change. [28] Therefore, it is important to create a 

sustainable 3D printing technology. Key points include energy consumption and associated 

CO2 emissions during standby and operating phases. Elbadawi et al. The energy 

consumption of six desktop 3D printers in standby mode and during printing was analyzed. 

The standby power consumption is 0.03 to 0.17 kWh, while the power consumption for 

printing 10 prints is 0.06 to 3.08 kWh. High temperature causes high energy consumption. 

Carbon emissions per 10 units range from 11.60 grams CO2e to 

112.16 grams CO2e. [29]
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Significant research showing that reducing printing heat can reduce energy needs and 

CO2 emissions suggests that developing materials for high-temperature printing can 

improve the safety environment. Additionally, using renewable energy sources such as 

photovoltaic technology to power a 3D printer can further reduce CO2 emissions. And it 

has many applications in many fields. Traditionally, soft lithography has been the primary 

method for producing these materials, including creating features in elastomers such as 

polydimethylsiloxane (PDMS). Although effective, this approach has limitations, especially 

when creating complex 3D models and tracking non-planar surfaces. It overcomes the plane 

limitation of soft lithography. [30] 

 

• Drug discovery via 3D printing 

Various 3D printing methods have unique capabilities in the fabrication of microfluidic 

devices, with advantages in resolution, configuration, and integration. 3D printing in 

microfluidics enables the combination of microfluidic properties and functional materials 

to have more applications in biomedicine, medical care, bioprocessing, fuel cells, and drug 

synthesis. [31] The new drug market is estimated to cost approximately $5 billion. 3D 

printing is flexible, efficient and effective for the production of small quantities of 

customized drugs, accelerating the drug development process. middle. For example, 

researchers at the University of Glasgow used fused deposition modeling (FDM) to produce 

polypropylene tubes and used this new method to make ibuprofen. This approach allows 

APIs to be created as needed, providing flexibility and support for testing with a variety of 

reactions and conditions. Additionally, on-demand 3D printing of intravenous drugs 

facilitates API synthesis in situations where traditional methods are not possible, such as in 

clinical settings where drugs are required. [32] Formulation development. The technology 

allows for early collection of information on excipient content, performance and 

compatibility, which can reduce drug development time and cost. Additionally, advances in 

bioprinting are helping to create animal and human tissues for acute and chronic toxicity 

and metabolism studies, reducing the need for animal testing and further reducing 

construction costs. "Organs on a chip" are replicas made with 3D printing that imitate the 

structure and functionality of human tissue. For instance, Harvard University researchers 

created a cardiac microphysiological device using 3D printing to examine how medications 

affect heart cells. Along with individualized treatment and drug testing, bioprinting has also 

resulted in the construction of numerous organs, such as the stomach, pancreas, and small 

intestine. [33] 

• Formulation and Development in 3D Printing 

Traditional pharmaceutical manufacturing methods face many problems, including problems 

with collisions and accidents that can lead to inconsistencies in drug transportation, drug 

release, and sustainable development process. How much data is produced at predetermined 

doses, which is not easy, especially when it comes to mixing drugs. The production process is 

complex and requires extensive facilities, trained personnel and high production costs. [34] 

Additionally, 75-85% of adverse drug reactions result from inappropriate use of drugs and drug 

combinations.The complexity of the human body, genetic variables, and variations in 

pharmacokinetics and pharmacodynamics are the causes of this variance in medication 

response. Address these issues. Personalized medicine should become less of a "one size fits 

all" approach. With its much-needed flexibility, 3D printing, which was first introduced over 

three years ago, promises to transform the pharmaceutical production industry. The technology 

was initially introduced as a possible replacement for the tablet production process in 1996. 

[35] Using computer-aided design (CAD), the method entails building a three- dimensional 

physical object layer by layer from a digital design. In addition to being helpful 
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and time-saving, 3D printing can provide drugs in the desired form. Table 1 lists the various 

tablet varieties made with 3D printing. This has the potential to enhance therapeutic results and 

lower the frequency of adverse medication reactions. [36] 

Table 1A variety of tablets were created by utilizing 3D printing technology. 
 
 

 

• 3D Printing's Benefits for the Pharmaceutical Sector 

The pharmaceutical industry's adoption of 3D printing technology holds the potential to 

transform drug manufacture through the transformation of distribution hubs, including 

hospitals, neighbourhood pharmacies, and patient homes. Mass or individual production is 

replacing traditional industrial production as a result of this change. The following are some of 

the main benefits of this change: [37] 

1. The global pharmaceutical industry was valued at approximately $1.2 trillion in 2017, 

of which $283 billion worth of products required refrigeration and transportation. These 

logistics costs can be reduced by manufacturing drugs closer to the point of care. [38] 

2. Personalized Medicine: With 3D printing, personalized medicine can be created 

according to the needs of the patient. This modification may improve treatment 

outcomes and reduce adverse drug reactions that often result from inappropriate drug 

use and combinations. [39] 

3. Manufacturing on demand: 3D printing can produce medicines on demand, reducing 

the need for large inventories and enabling rapid responses to specific patient requests. 

This capability is particularly useful for rare or orphan diseases where the number of 

patients is small and the need for specific drugs is limited. [40] 

4. Enhanced convenience: This device provides the best performance in the production 

of drugs of different types, sizes and distributions. This change enables the development 

of complex drug formulations and treatment combinations that are difficult to achieve 

with traditional production methods. [41]
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5. Low Costs: 3D printing can reduce the overall cost of pharmaceutical production by 

reducing the need for extensive facilities, trained personnel, and lengthy production 

processes. Additionally, the ability to produce chemicals in small quantities reduces 

waste and improves resource use. [42] 

6. Improve drug safety: 3D printing can improve the safety of drug formulations by 

controlling the content and structure of dosage forms. This control helps maintain the 

effectiveness and safety of the drug throughout its shelf life. [43] 

7. Accessibility: Illicit production can improve access to medicines, especially in remote 

or underserved areas. Regional organizations can reduce inequalities in access to 

healthcare by ensuring essential medicines are easily accessible to those who need 

them. [44] 

8. Environmental Benefits: 3D printing can reduce the environmental impact associated 

with industrial production by reducing the need for transportation and storage space. 

Additionally, precision in the design process allows for less waste and efficient use of 

raw materials. It is effective and tailored to the individual needs of the patient. [45]

Printing 
on 

Demand 

Customisation and 
Personalisation of 

medicine 
 

  

Combination 
Of Multiple 

Drug 

Variety Of 
Dosage form 

 
 

Intricate form & 
Distintive Quality 

 

Figure 3 Advantages of 3D Printing 

1. Customisation and Personalisation of medicine 

Conventional pharmaceutical formulations have been used for decades; direct compression and 

encapsulation are the most common applications. This process is cost-effective for mass 

production but is often time-consuming, labor-intensive and chemically inefficient. Also, 

different people will respond differently to the same drug. Revolutionary technologies such as 

3D printing can solve these limitations by increasing the personalization of medicines. The 

technology allows doctors to adjust medication based on age, gender and medical condition 

to make it more effective. [46] It also makes it easier to compile personal information into small 

pieces, or even a package, to be used directly at the medical center. Dosage may vary depending 

on the patient's age and gender, and caregivers or patients often split or crush tablets to adjust 

the medication. This practice can lead to problems with injection accuracy, transfer, and drug 

excretion, especially with enteric-coated tablets. Hospitals can address these issues by using 

3D printing technology to customize medications based on patient needs. According to 

research, the medication can be printed with a shell made of methacrylic polymer to generate 

enteric-coated capsules. [47] In visual broadcasting, geometry is also crucial. 
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The surface area and volume ratio of various prints can be changed to modify the drug release 

profile. Doctors can use this method to modify dosage based on patient age, which is 

particularly helpful when treating younger patients who require lower dosages. The drug's form 

can also be changed based on the patient's compliance, in addition to the dosage. In general, 

3D printing offers a multitude of options and versatility for modifying the amount, form, and 

dimensions of the paper. [48] 

2. Variety Of Dosage form 

Three-dimensional (3D) printers can be used to create patient-oriented designs. This new 

technology allows the development of oral prescriptions tailored to patients' specific needs. 

Physicians can now create different types of drugs and combinations as needed, from solid, 

dosage forms that are chewable or orodispersible to different geometric elements including 

size, color, soft texture, and pictures. [49] 3D printers have been successfully used to generate 

patient-friendly formulations, such as orodispersible films and instant-dissolving pills. With 

3D printing, there is practically no limit to the amount of paper and information that can be 

printed in different sizes and shapes. One study assessed the acceptability of various colors, 

sizes, and forms according to patient application ease and preferred eating patterns. Tablets in 

the shape of a tortoiseshell scored highest. [50] 

3. Intricate form &Distintive Quality 

Contemporary methods often fall short when processing large amounts of data with reduced 

doses and complex geometries. However, advances in technology now allow the use of 3D 

printing to easily create printed articles with unique features. As many studies have shown, 

technology has the ability to create images and designs that gain popularity. 3D printing has 

been used to make tablets as small as 10-15 mg, which is helpful for pre-clinical development 

and first-in-human (FIH) trials. By using this alteration, scientists can create tablets with 

different forms and sizes according to the pharmacokinetic and pharmacodynamic profiles in 

animal models. Lowering the dosage also aids in minimizing adverse effects, and creating 

updated release data is made simpler by the intricate picture. [51] 

4. Combination Of Multiple Drug or Polypharmacy 

Polypharmacy is a growing concern, especially for patients with multiple diseases who require 

more than one medication and more than one medication. Multiple or multiple drug 

formulations in a single dosage form are needed to improve medication compliance and reduce 

medication errors. This can be achieved by creating multiple drugs using 3D printing, which 

allows for easy and precise spatial distribution of drugs. For example, researchers developed a 

3D-printed cardiotonic tablet consisting of five multiple-release drugs, such as pravastatin, 

atenolol, ramipril, hydrochlorothiazide, and aspirin. [52] 

5. Printing on Demand 

On-demand medication production is another benefit of 3D printing., especially drugs with 

poor solubility or short shelf life. Technology makes it easy to create medicine instantly, 

allowing the right dose to be taken. For example, some antibiotics need to be replaced, and 

some medications, such as nitroglycerin, use desiccants. In one study, the exact dose of 

dipyridamole was released upon request and had a shelf life of up to six weeks after exposure 

to the open source. The on-demand capabilities of 3D printing enable community pharmacies, 

private clinics, hospitals, etc. It can be used in a variety of medical settings, from primary to 

advanced, including disaster areas, emergency medical centers, and urgent care centers. 

Rapid drug development may be useful in these cases. [53]



Page 5818 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

 

 
Figure 4Variours Advantages of 3D printing 

 

• 3D printing's uses in the biomedical and pharmaceutical fields 

1. Biomedical Applications 

3D printing is widely used in many biomedical fields, such as creating bodies for dentistry and 

orthopedic applications. It was also used to make noses, hearts, bones, retinas and 

pacemakers. Use advanced computed tomography (CT) and magnetic resonance imaging 

(MRI) CAD programs to create detailed top-down images of complex physiological processes. 

These images are then converted by a 3D printer to create hard-to-manufacture artificial objects 

with high performance and accuracy. [54] 

 

Issues with organ and tissue scarcity, tissue engineering, and stem cell synthesis are common 

in the field of organ transplantation. One way to produce the full body for layer-by-layer 

alteration might be through 3D printing. Three-dimensional (3D) tissue models are printed 

using biomaterials including collagen, hydrogels, and other substances. As bioinks, stem cells 

cultured in hydrogel matrices can be employed. The strength, porosity, and network structure 

of printed materials, as well as their robust regeneration potential, all influence their attributes. 

When building the hollow structures needed in intricate systems where blood vessels and 

nerves must be inserted into the framework, layer-by-layer 3D printing is especially useful. 

The human heart and heart valves are two examples of organs that have been 3D printed. In 

order to print organs using inkjet technology, a combination of biomaterials (hydrogel) 

produced from the fatty acids in human tissue was utilized. It takes about three to four hours to 

press a seed with clear veins. The printed model is immersed in food and exposed to oxygen 

for a few days in order to simulate the function of a real human heart. In order to enable 

customized surgery, a 3D kidney model that depicts the renal tissue in the tubule area has been 

provided. [55] In a similar vein, liver transplant models are being created using 3D printing. 

Scientists from the Human Genome and Stem Cell Research Center at the University of 

São Paulo have demonstrated the ability of mini-livers composed of blood cells and 3D-printed 

liver organoids to function similarly to human hearts. A different research team at the 

University of Michigan has demonstrated that lung airways composed of bioresorbable 

materials can be created by 3D printing and CT scans for surgical therapy. Researchers at 

Boston Children's Hospital have also looked into the idea of printing a 3D bladder; they created 

a 3D bioprinted bladder for patients with bladder cancer. The cornea is also being considered 

for use. This tissue may be utilized to restore tissues and organs that have been harmed in 

accidents or by birth defects. [56] Replacing broken, wounded, defective bones can be 

accomplished with 3D printed limbs, cartilage, and joints.
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This technology is also used in dental procedures to create new teeth to replace decayed teeth or 

to grow new teeth after root canal surgery has failed. Therefore, 3D printing is widely used in 

biomedical engineering. [57] 

2. Biopharmaceutical Applications 

Ink is an important component of 3D printers. Protein inks are particularly attractive for 3D 

printing because they have many advantages over other materials, such as biocompatibility, 

biodegradability, customization, and the ability to create complex patterns. Proteins have been 

3D printed into a variety of structures with great potential for tissue engineering, disease 

modeling, and drug screening. Advances have been made in assembling short peptides and 

polymers into functional structures. [58] 

 

Food proteins including milk, eggs, and egg protein are examples of proteins utilized in 3D 

printing, along with keratin and fibrin. The building blocks of biological processes, proteins 

are utilized to make scaffolds that have the appearance and functionality of living structures. 

The process of producing biopharmaceuticals is extensive, multifaceted, and tightly regulated. 

[59] 
 
 

• 3D Printing Technology in Nanomedicine 

Treatments for several disorders, such as brain tumors, infectious diseases, and multidrug 

resistance (MDR), could benefit greatly from the application of nanomedicine. They are also 

suggested for the management of recurring and metastatic cancers, which frequently show 

resistance to conventional therapies. For instance, medium hydrophobic composites were made 

with diameters of roughly 200 and 20.59 µm, and the contact angles of the nanofiber layer and 

the 3D printing layer were 64.4° and 92.2°, respectively. [60] These composites are appropriate 

for cell adhesion, development, and migration because of their tensile strength of 

6.12 ± 1.26 MPa and water absorption capacity of almost 95%.Using cellulose nanocrystals 

(CNCs) with an extrusion-based 3D printer, create viscoelastic hydrogels. To ascertain the 

rheological characteristics and printability of the hydrogels, they tested them at CNC 

concentrations ranging from 0.5 to 25 weight percent. The best printing resolution and 

accuracy, together with a high degree of CNC assembly (72–73%) following printing, are 

found in hydrogels containing 20 weight percent CNC. [61] 

Small, spherical structures called nanocapsules can contain both hydrophilic and hydrophobic 

medications. They are composed of a polymer shell and a hollow center. Nanometer 
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preparations have been printed using a variety of 3D printers, including stereolithography 

(SLA), fused deposition modeling (FDM), selective laser sintering (SLS), liquid inkjet 

printing, and pressure-assisted microinjectors. Rup et al. Make core-shell capsules with two- 

step 3D printing. The top and bottom layers of the capsule, which were comprised of PCL, a 

thermoplastic polymer, were designed using a CAD program. The nanocapsules were then 

densely packed using FDM.The second phase involved loading oils (linalool, limonene, 

trivalent alkynes, and farnesol) into the capsule's main layer using an inkjet printhead. This 

results in microcapsules that include nanocapsules and range in size from 200 to 800 microns. 

3D printed capsules have a temperature stability of up to 80 degrees Celsius. Numerous 

elements have a role, such as the storage conditions, pharmaceutical goods, and the 3D printing 

method employed. [62] 

• Safety of 3D printed drugs 

A number of elements, including the substance, storage, and the 3D printing technique, affect 

the complicated question of drug safety when it comes to pharmaceuticals printed utilizing 

these machines. Pharmaceutical items' stability can be impacted by 3D printing in a number 

of ways. Certain 3D printing procedures, for instance, involve heat and shear, which might 

break down medication molecules. Other processes employ solvents, which can seep out of the 

drug and compromise its stability. Further jeopardizing safety is the porous aspect of 3D printed 

goods, which leaves them open to microbial and moisture contamination. For instance, it can 

produce goods with controlled release qualities that boost medication absorption and lessen 

adverse effects. Additionally, by producing goods with unique shapes or geometries, 3D 

printers can enhance chemical distribution and absorption. The advantages of 3D printing for 

medication production are substantial, even though the safety of this technology is still being 

studied. Personalized medicine is going to be a big part of the future, thanks to this technology. 

[63] 

The temperature, pressure, and weight of the various 3D printing methods vary, which can have 

an impact on the stability of chemical compounds. 

Utilized pharmaceutical products: The final product's stability is also impacted by the 

solubility, stability, and biocompatibility of pharmaceuticals. 

Storage conditions: The product's stability will be impacted by factors like light, humidity, and 

temperature. In order to make sure the product satisfies specific standards, security measures 

are also crucial. Press to see how various designs and procedures affect the outcome. 
 

 

 

 

Figure 5 3D Printing Technology 
 

These Printlets have good stability, high integration and isolation, no chemicals or changes in 

the product's crystal structure. Tablets containing paracetamol are released, and physical 

characteristics such melting point, stability, and rate of disintegration are assessed. The XRPD, 

FTIR, DSC, and SEM data demonstrated that the acetaminophen form remained 
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unaffected by the printing process, as well as by the acetaminophen and specific components 

(PVP K25 and CCS). The results indicated that the tablets exhibited good stability. They don't 

communicate with one another. - Estradiol recrystallization. Because crystallization diminishes 

stability, this observation points to the explosive's stability. Additionally, DSC analysis verified 

that the pieces were stable in the face of heat stress. [64] 

• Artificial intelligence, machine learning and smartphone-based 3D printing 

• Artificial intelligence (AI), digitization, and 3D printing have all come together to become 

significant in modern medicine. When combined, these technologies can make it easier to 

produce personalized medicine by enabling the 3D printing of medicinal materials that are 

specifically customized for each patient. This is made possible by the various geometric 

patterns that can be created using 3D printing to produce enormous amounts of paper with 

precise sizes, shapes, and display information. Artificial intelligence, digitization, and 3D 

printing together have the power to transform customized medicine by creating novel 

medications and therapies that will enhance the prognosis and quality of life for individuals 

with long-term illnesses is a branch of artificial intelligence made consists of algorithms 

designed to find patterns in vast amounts of intricate data. It is well known that machine 

learning can offer insight in many fields where conventional approaches fall short. The 2020 

study served as the basis for an increase in ML product authorization by the US FDA. In 

contrast to conventional techniques, which invariably need X-ray crystallography, Google 

DeepMind's AlphaFold, for instance, can predict the 3D structure of proteins based just on 

their amino acid sequences, saving medical practitioners a great deal of time and effort. 

[65] 

• Case Study Artificial Intelligence and 3D Printing: 

An artificial neural network (ANN) was investigated by Mazur et al. in order to identify 

geometries appropriate for the intended dosage and release data. To anticipate the compatibility 

of layer shapes, an artificial neural network was created using different dosage and area/volume 

(SA/V) comparisons with in vitro data. The outcomes demonstrate that while the AI is not 

precise for geometry, it can anticipate the SA/V ratio. Outcomes Dissolution curves for every 

tablet's active component (API). This approach is meant for issues with gradual oscillation 

curves and a lot of time. The method may be used to produce 3D printed tablets with patient-

specific medication release for personalized treatment. Orbital floor burst fracture restoration 

using a patient-specific implant (PSI). They successfully displayed 3D printed PSI cards using 

augmented reality technology. The liquid resin is polymerized by the light to create a robust 

structure. Because the technology makes it possible to produce drugs quickly and individually, 

it has the potential to completely transform the pharmaceutical sector. Because of its mobility, 

it is perfect for situations where resources are few, like in developing nations or during crises. 

Furthermore, more patients can use this technique due to its affordable cost. Smartphones can 

greatly benefit from the use of patient models. Preoperative planning, surgical training, and 

patient education can all be revolutionized by the system, which even novice users can use to 

construct these kinds of models. [66] 

• Smartphone-based application example: 

Liu and associates created a deep learning model using yolov3 and a WeChat application to 

quickly identify ADA and Thione (GSH area discovery) using an image processing technique. 

This study demonstrates how biomedical analysis might be impacted by integrating cellphones 

with ratiometric fluorescence detection and machine learning. In the 

end, accessibility results in improved healthcare. [67]



Page 5822 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

 

• Quality Control of 3D Printed Medicines 

The ability of 3D printing to improve medications has been the primary driver of the industry's 

progress for many years. For pharmaceutical goods to be safe and effective, quality control, or 

QC, is crucial. The existing pharmaceutical production control system is made for large-scale 

manufacturing, not the desirable small-scale 3D printed personal paper. Due to this distinction, 

standard quality control procedures are frequently laborious and disruptive, making them 

unsuitable for the quick development that 3D printing enables. Although there are still 

regulatory obstacles, the MHRA has released guidelines endorsing the use of 3D printing for 

point-of-care (PoC) production. Tools for non-destructive testing and analytical technology 

(PAT) are crucial for enabling pharmaceutical 3D printing. [68] It is vital to comprehend the 

particular items that are currently being assessed in order to make changes to the final product 

analysis. Quality through testing (QbT) has historically served as the foundation for 

pharmaceutical management. QbT entails the individual inspection of completed goods, 

including tests for compatibility, friability, consistency, and ingredient consistency. Many of 

these labor-intensive and harmful studies use techniques including gas chromatography (GC), 

liquid chromatography-mass spectrometry (LC-MS), high- performance liquid 

chromatography (HPLC), and UV/visible spectroscopy. Differential scanning calorimetry, or 

DSC, is a destructive method of situation analysis; X-ray powder diffraction, or XRPD, is a 

non-destructive method. Control over the pharmaceutical manufacturing process is made 

possible by critical processes (CPP) and analytical tools (CQA). PAT offers more and better 

information and can be installed offline, online, offline, or online. Spectroscopic techniques 

like UV/visible, NMR, Raman, and near-infrared spectroscopy are examples of PATs that are 

frequently utilized. Authorities at the federal level have acknowledged that 3D printing is a 

business and that quality control needs to be reassessed. However, the distribution model for 

individual printed materials (3D tablets) determines the best quality control technology and 

performance. A few variables that keep the best 3D printer for personal medicine competitive 

are price, variety, stability of paper content, safety, and quality. It is possible to produce oral 

materials, but depending on where they are produced (medical or commercial), they must 

adhere to regulatory restrictions. Quality control of the final product is also important. 

Collaboration between manufacturers, scientists, and suppliers is necessary to develop the best 

technologies for personalized medicine and put them into clinical practice. [69] 

The FDA's Emerging Technologies Team in the US has put a variety of initiatives into practice 

to support innovation and technology in the fields of product design and production. Despite 

being a manufacturing capacity, 3D printing has its own set of advantages and disadvantages, 

including manufacturing inaccuracy, process parameters, and risk management techniques 

(RMS). Regulations governing pharmacists are more stringent than those governing medical 

equipment, processes, teaching resources, or training. Regulatory and safety concerns arise 

from the absence of clinical studies and post-marketing data in comparison to traditional 

models, despite the fact that 3D printing expedites the evaluation of material compatibility and 

drug delivery techniques. Pharmacy management will experience significant changes in the 

future that will impact local products and hospital strategies. It may not be necessary to prepare 

different products (branded and generic). In addition, the difference between chemical 

composition and finished product is important for the regulation of 3D printed products. Despite 

its potential, 3D printing still faces regulatory and safety issues. Devices are typically approved 

by the FDA on an emergency basis or through the regular 510(k) process; This may waive 

clinical trials if the device is “equivalent to regulatory product work.” High-risk Class III 

devices, such as bioprinted tissue implants, require higher standards for laboratory testing and 

premarket approval (PMA). No 3D printed 
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medical devices have yet been approved by the PMA. In October 2014, the FDA held a public 

workshop to understand the challenges of additive manufacturing (AMD) and develop 

standards. Following this workshop, the FDA issued decision guidance for AMD in May 2016. 

This guide focuses on the design, manufacturing and evaluation of devices, including material 

management, design, printing and post-print analysis, and physical evaluation of the final 

device. and safety regarding cleanliness, sterility and biocompatibility. However, many 

questions remain unanswered, such as: 

- Can CAD files be considered commercial products? 

- How does the FDA treat manufacturers like hospitals? Will the FDA ensure that the quality 

and GMP compliance of the product is uncertain?  [70] 

 

Conclusion 

3D printing has great potential in pharmaceutical manufacturing, design and management due 

to its simplicity and innovative capabilities in creating new medical products. This device is 

especially designed for personalization of drugs, allowing the drug release model to be 

controlled and different release profiles to be measured. This capability facilitates the 

modification and redevelopment of medical products, distinguishing them from generic 

competitors and providing additional benefits to patients, ultimately reducing product costs. 

Focusing on the limitations of the research, the use of 3D printing technology in oral 

prescription production is investigated. The selected studies demonstrate the successful 

application of current developments in the production of oral pharmaceutical products, which 

sheds light on an important problem in the pharmaceutical industry, especially regarding the 

competition of harmful substances in water. Research shows that the solubility and 

bioavailability of these poorly soluble drugs can be increased by using appropriate 3D printing 

and quality inks. Secure all equipment. In addition, the production of suitable printing material 

is important because it must meet the physical and chemical requirements for successful 3D 

medicine. However, the more important the complete success is, the more it is carefully created 

with 3D paper. 

 
Reference 

 

1.  Trenfield SJ, Awad A, Goyanes A, Gaisford S, Basit AW. 3D printing pharmaceuticals: 

drug development to frontline care. Trend Pharmacol Sci 2018;39(05):440–451 ull CW. 

Apparatus for Production of Three-dimensional Object by Stereolithography. U. S. 

Patent 4575330. March, 1986 

2. Cima LG, Cima MJ. Preparation of Medical Devices by Solid FreeForm Fabrication 

Methods. WO Patent 1995/011007. October,1994 ISO/ASTM 52900:2015(E). 

Standard Terminology for Additive Manufacturing General Principles –Terminology 

3. Cailleaux S, Sanchez-Ballester NM, Gueche YA, Bataille B, Soulairol I. Fused 

Deposition Modeling (FDM), the new asset for the production of tailored medicines. J 

Control Release 2021; 330:821–841 

4. Seoane-Viaño I, Januskaite P, Alvarez-Lorenzo C, Basit AW, Goyanes A. Semi-solid 

extrusion 3D printing in drug delivery and biomedicine: personalised solutions for 

healthcare challenges. J Control Release 2021;332:367–389 

5. Goyanes A, Allahham N, Trenfield SJ, Stoyanov E, Gaisford S, Basit AW. Direct 

powder extrusion 3D printing: fabrication of drug products using a novel single-step 

process. Int J Pharm 2019; 567:118471 

6. Yoo J, Bradbury T, Bebb T, Iskra J, Henry S, West T. Threedimensional Printing System 

and Equipment Assembly. WO Patent 2014039378. March, 2014 



Page 5824 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

7. Zheng Y, Deng F, Wang B, et al. Melt extrusion deposition (MED™) 3D printing 

technology - A paradigm shift in design and development of modified release drug 

products. Int J Pharm 2021; 602:120639 

8. Moldenhauer D, Nguyen DCY, Jescheck L, Hack F, Fischer D, Schneeberger A. 3D 

screen printing - an innovative technology for large-scale manufacturing of 

pharmaceutical dosage forms. Int J Pharm 2021;592:120096 

9. Tracy T, Wu L, Liu X, Cheng S, Li X. 3D printing: Innovative solutions for patients and 

pharmaceutical industry. Int J Pharm 2023;631:122480 

10. Seoane-Viaño I, Xu X, Ong JJ, et al. A case study on decentralized manufacturing of 3D 

printed medicines. Int J Pharm X 2023;5:100184 

11.  Zheng Z, Lv J, Yang W, et al. Preparation and application of subdivided tablets using 3D 

printing for precise hospital dispensing. Eur J Pharm Sci 2020;149:105293 

12. Goh WJ, Tan SX, Pastorin G, Ho PCL, Hu J, Lim SH. 3D printing of four-in-one oral 

polypill with multiple release profiles for personalized delivery of caffeine and vitamin 

B analogues. Int J Pharm 2021;598:120360 

13. Norman J, Madurawe RD, Moore CMV, Khan MA, Khairuzzaman A. A new chapter in 

pharmaceutical manufacturing: 3D-printed drug products. Adv Drug Deliv Rev 

2017;108:39–50 

14.  Awad A, Trenfield SJ, Goyanes A, Gaisford S, Basit AW. Reshaping drug development 

using 3D printing. Drug Discov Today 2018;23 (08):1547–155 20U Patent 473 901,

 1892 U. 

15. MANUFACTURE_OF_CONTOU_R_RELIEF_MAPS.pdf [Internet]. Google Patents. 

[cited 2023 Mar 21]. Available from: https://patents. google.com/patent/US473901A/en 

16. A. Su, S.J. Al’Aref, History of 3D printing, 3D Print. Appl. Cardiovasc Med 1 (2018) 

1–10. 

17. Y. Zhai, D.A. Lados, J.L. Lagoy, Additive manufacturing: making imagination the 

major Limitation, JOM  66  (5)  (2014) 808–816. 

18. Swainson W.K. Method, medium and apparatus for producing three-dimensional figure 

product. 1971 Jul 23; 

19. Beaman J., Barlow J., Bourell D., Crawford R. Solid freeform fabrication: a new 

direction in manufacturing [Internet]. 1997 [cited 2023 Mar 21]. Available from: 
https://link.springer.com/content/pdf/10.1007/978–1-4615–6327-3.pdf. 

20. E. Matias, B. Rao, 3D printing: On its historical evolution and the implications for 

business, Portl Int Conf. Manag Eng. Technol. (2015 21) 551–558, 2015- 

September. 

21. [10]Wohlers T., Report T.G.W., 2014 U. History of Additive Manufacturing. In: 

wohlersassociates.com [Internet]. 2017 [cited 2023 Mar 21]. p. 1–24. Available 

from: https://www.wohlersassociates.com/wp-content/uploads/2022/08/ 

history2016.pdf. 

22. K.J. Lee, A. Kang, J.J. Delfino, T.G. West, D. Chetty, D.C. Monkhouse, et al., 

Evaluation of critical formulation factors in the development of a rapidly dispersing 

captopril oral dosage form, Drug Dev. Ind. Pharm. 29 (9) (2003) 967–979. 

23. P.A. Jose, P.C. GV, 3D printing of pharmaceuticals – a potential technology in 

24. developing personalized medicine, Asian J. Pharm. Res Dev. [Internet] 6 (3) (2018) 46– 

54 [cited 2023 Mar 24]. 

25. H. Narasaki, K. Ogawa, K. Tsujimoto, Apparatus and method for creating three- 

dimensional objects, Bunseki Kagaku [Internet] 28 (3) (1979) 195–196 [cited 2023 

Mar 24]. 

http://www.wohlersassociates.com/wp-content/uploads/2022/08/
http://www.wohlersassociates.com/wp-content/uploads/2022/08/


Page 5825 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

 

26. F.P.W. Melchels, J. Feijen, D.W. Grijpma, A review on stereolithography and its 

applications in biomedical engineering [Internet], Biomaterials Vol. 31 (2010) 6121–

6130 [cited 2023 Mar 24]. 

27. B´artolo P. Stereolithography: materials, processes and applications [Internet].2011 

[cited 2023 Aug 26]. Available from: https://books.google.com/books? hl en&lr&id 

gf2IuU7XLzwC&oi fnd&pg PR3&ots p1l99w1UI_ &sig 

LX3pEtlXTmIoBqkBLtNTHLY5G94. 

28. B. Liu, X. Gong, W.J. Chappell, Applications of layer-by-layer polymer 

stereolithography for three-dimensional high-frequency components, IEEE Trans. Micro 

Theory Tech. 52 (11) (2004) 2567–2575. 

29. F.P.W. Melchels, J. Feijen, D.W. Grijpma, A poly(d,l-lactide) resin for the preparation of tissue 

engineering scaffolds by stereolithography, Biomater 30 (23–24)   (2009)   3801–3809   [cited   

2023 Mar 24]. 
30. L. Elomaa, R.A. Hakala, J. Sepp¨ala, S. TeiXeira, R. Hakala, H. Korhonen, et 

al.,Preparation of poly (ε-caprolactone)-based tissue engineering scaffolds by 

stereolithography, Elsevier, 2011 [cited 2023 Mar 24]; Available from: https:// 

www.sciencedirect.com/science/article/pii/S1742706111002856. 

31. F. Scalera, C. Esposito Corcione, F. Montagna, A. Sannino, A. Maffezzoli, Development 

and characterization of UV curable epoXy/hydroXyapatitesuspensions for 

stereolithography applied to bone tissue engineering, Ceram. Int [Internet] 40   (10) 

(2014) 15455–15462  [cited  2023  Mar  24]. 

32. J. Wang, A. Goyanes, S. Gaisford, A.W. Basit, Stereolithographic (SLA) 3D printing of 

oral modified-release dosage forms, Int J. Pharm. [Internet] 503 (1–2) (2016) 207–212 

[cited 2023 Mar 24]. 

33. Z. Xia, S. Jin, K. Ye, Tissue and Organ 3D Bioprinting, in: SLAS Technology, Vol. 23, 

SAGE  Publications Inc.,,  2018, pp.  301–314  [cited  2023 Mar  24]. 

34. Y. an Jin, Y. He, J. zhong Fu, W. feng Gan, Z. wei Lin, Optimization of tool-path 

generation for material extrusion-based additive manufacturing technology, Addit. 

Manuf. 1–4 (2014) 32–47. 

35. S.I. Park, D.W. Rosen, S. kyum Choi, C.E. Duty, Effective mechanical properties of 

lattice material fabricated by material extrusion additive manufacturing, Addit. Manuf. 

1–4 (2014) 12–23. 

36. M. Sireesha, J. Lee, A.S. Kranthi Kiran, V.J. Babu, B.B.T. Kee, S. Ramakrishna, A 

review on additive manufacturing and its way into the oil and gas industry, RSC Adv. 

[Internet] 8 (40) (2018) 22460–22468  [cited  2023  Aug 26]. 

37. Wang H., Masood S., Iovenitti P., Harvey E.C. Application of fused deposition modeling 

rapid prototyping system to the development of microchannels. https:// 

doi.org/101117/12454606 [Internet]. 2001 Nov 19 [cited 2023 Aug 26];4590: 213–20. 

Available from: https://www.spiedigitallibrary.org/conference- proceedings-of- 

spie/4590/0000/Application-of-fused-deposition-modeling- rapid-prototyping-system-

to- the/10.1117/12.454606.full. 

38. D. Pranzo, P. Larizza, D. Filippini, G. Percoco, EXtrusion-based 3D printing of 

microfluidic devices for chemical and biomedical applications: a topical review, 

Micromachines Vol 9 (2018) 374 [Internet]. 2018 Jul 27 [cited 2023 Aug 26];9 (8):374. 

39. Redwood B., Schffer F., Garret B. The 3D printing handbook: technologies, design and 

applications. 2017 [cited 2023 Aug 26]; Available from: https://dl.acm.org/ 

doi/abs/10.5555/3199991. 

http://www.sciencedirect.com/science/article/pii/S1742706111002856
http://www.spiedigitallibrary.org/conference-
http://www.spiedigitallibrary.org/conference-


Page 5826 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

 

40. Sachs E., Brancazio D., Bredt J., Tuerck H., Curodeau A. Three-dimensional printing 

techniques _. 1993 [cited 2023 Mar 24]; Available from: https://patents. 

google.com/patent/WO1993025336A1/lista_geral_produtos_quimicos.pdf. 

41. S.J. Trenfield, C.M. Madla, A.W. Basit, S. Gaisford, Binder jet printing in 

pharmaceutical manufacturing, AAPS Adv. Pharm. Sci. Ser. 31 (2018) 41–54 [cited 

2023 Mar 26]. 

42. Xu X., Meteyer S., Perry N., Zhao Y.F. Energy consumption model of Binder- jetting 

additive manufacturing processes. https://doi.org/101080/ 002075432014937013 

[Internet]. 2014 Dec 2 [cited 2023 Aug 27];53(23): 005–7015. Available from: 

https://www.tandfonline.com/doi/abs/10.1080/ 00207543.2014.937013. 

43. D.J. Horst, 3D printing of pharmaceutical drug delivery systems, Arch. Org. Inorg. 

Chem. Sci. [Internet] 1 (2) (2018) [cited 2023 Mar 22]. 

44. B. Utela, D. Storti, R. Anderson, M. Ganter, A review of process development steps for 

new material systems in three dimensional printing (3DP), J. Manuf. Process 10 (2) 

(2008) 96–104. 
45. Yap C., Chua C., Dong Z., Liu Z., DZA physics, 2015 undefined. Review of selective 

laser melting: Materials and applications. pubs.aip.org [Internet]. [cited 2023 Aug 26]; 

Available from: https://pubs.aip.org/aip/apr/article-abstract/2/ 4/041101/123739. 

46. C.W. Rowe, W.E. Katstra, R.D. Palazzolo, B. Giritlioglu, P. Teung, M.J. Cima, 

Multimechanism oral dosage forms fabricated by three dimensional printing(TM), J. 

Control Release 66  (1) (2000)  11–17 [cited  2023  Mar  24]. 

47. B. Duan, M. Wang, Customized nanocomposite scaffolds fabricated via selective 

laser sintering for bone tissue engineering, : Handb. Intell. Scaffolds Tissue Eng. Regen. 

Med. (2012) 925–953  [cited  2023  Mar  24]. 

48. Y. Du, H. Liu, Q. Yang, S. Wang, J. Wang, J. Ma, et al., Selective laser sintering scaffold 

with hierarchical architecture and gradient composition for osteochondral repair in 

rabbits,  Biomaterials 137  (2017) 37–48  [cited  2023 Mar 24]. 

49. Mani M., Lane B., Donmez A., Feng S., Moylan S., Fesperman R., et al. Measurement 

science needs for real-time control of additive manufacturing powder-bed fusion 

processes. taylorfrancis.comM  

50. M. Pagac, J. Hajnys, Q.P. Ma, L. Jancar, J. Jansa, P. Stefek, et al., A review of vat 

photopolymerization technology: materials, applications, challenges, and future trends 

of D printing, Polym Vol 13 (2021) 598 [Internet]. 2021 Feb 17 [cited 2023 Aug 

28];13(4):598. Available from: https://www.mdpi.com/2073-4360/ 13/4/598/htm. 

51. I. Gibson, D. Rosen, B. Stucker, Directed energy deposition processes, Addit. Manuf. 

Technol. (2015) 245–268. 

52. S.W. Williams, F. Martina, A.C. Addison, J. Ding, G. Pardal, P. Colegrove, Wire arc 

additive manufacturing, P ColegroveMaterials Sci. Technol. 32 (7) (2016) 641–647. 

Taylor Fr  [Internet].  2016  Jun  21 [cited  2023  Aug 26]. 

53. S.A. Khaled, J.C. Burley, M.R. Alexander, J. Yang, C.J. Roberts, 3D printing of five- in-

one dose combination polypill with defined immediate and sustained release profiles, 

54. J. Control Release [Internet] 217 (2015) 308–314 [cited 2023 Mar 24]. 

55. C.M. Madla, S.J. Trenfield, A. Goyanes, S. Gaisford, A.W. Basit, 3D printing 

technologies, implementation and regulation: an overview, AAPS Adv. Pharm. Sci. Ser. 

[Internet] 31 (2018) 21–40  [cited  2023  Mar  26]. 

http://www.tandfonline.com/doi/abs/10.1080/
http://www.tandfonline.com/doi/abs/10.1080/
http://www.mdpi.com/2073-4360/


Page 5827 of 20 Kalyani J. Bhor/Afr.J.Bio.Sc.6.12(2024) 
 

 

56. K. Osouli-Bostanabad, T. Masalehdan, R.M.I. Kapsa, A. Quigley, A. Lalatsa, K.F. 

Bruggeman, et al., Traction of 3D and 4D printing in the healthcare industry: from drug 

delivery and analysis to regenerative medicine, ACS Biomater. Sci. Eng. 8 (7) (2022) 

2764–2797 [cited 2023 Dec 7]. 

57. M. Elbadawi, A. Basit, S. Gaisford, Energy consumption and carbon footprint of 3D 

printing in pharmaceutical manufacture, Int J. Pharm. 639 (2023). 

58. D.J. Harrison, K. Fluri, K. Seiler, Z. Fan, C.S. Effenhauser, A. Manz, Micromachining 

a miniaturized capillary electrophoresis-based chemical analysis system on a chip, 

Science 80-261 (5123) (1993) 895–897. 

59. P.N. Nge, C.I. Rogers, A.T. Woolley, Advances in microfluidic materials, functions, 

integration, and applications, Chem. Rev. 113 (4) (2013 10) 2550–2583. 

60. Y. Xia, G.M. Whitesides, Soft lithography, Annu Rev. Mater. Sci. 28 (1) (1998) 153– 

184. 

61. S. Waheed, J.M. Cabot, N.P. Macdonald, T. Lewis, R.M. Guijt, B. Paull, et al., 3D 

printed microfluidic devices: enablers and barriers, Lab Chip 16 (11) (2016) 1993–2013. 

62. N. Bhattacharjee, A. Urrios, S. Kang, A. Folch, The upcoming 3D-printing revolution in 

microfluidics, Lab  Chip  16  (10) (2016)  1720–1742. 

63. T. Habib, C. Br¨amer, C. Heuer, J. Ebbecke, S. Beutel, J. Bahnemann, 3D- Printed 

64. microfluidic device for protein purification in batch chromatography, Lab Chip 22 (5) 

(2022) 986–993  [cited  2023  Dec 10]. 

65. Razavi Bazaz, S. Mihandust A, R. Salomon, H.A.N. Joushani, W. Li, H.A. Amiri, et 

66. al., Zigzag microchannel for rigid inertial separation and enrichment (Z-RISE) of 

cells and particles, Lab  Chip  22 (21) (2022)  4093–4109  [cited 2023  Dec 10]. 3D 

printing of inertial microfluidic devices. nature.com 

67. S Razavi Bazaz, O Rouhi, MA Raoufi, F Ejeian, M Asadnia, D Jin, M Ebrahimi 

WarkianiScientific reports, 2020 nature.com [Internet]. [cited 2023 Dec 10]; Available 

from: https://www. nature.com/articles/s41598-020-62569-9. 

68. C.H. Wong, K.W. Siah, A.W. Lo, Corrigendum: estimation of clinical trial success rates 

and related parameters, Biostatistics Vol. 20 (2019) 366 [cited 2023 Mar 21]. 

69. P.J. Kitson, S. Glatzel, L. Cronin, The digital code driven autonomous synthesis of 

ibuprofen automated in a 3D-printer-based robot, Beilstein J. Org. Chem. 12 (2016) 

2776–2783, cited 2023 Mar 21]. 

70. P.J. Kitson, G. Marie, J.P. Francoia, S.S. Zalesskiy, R.C. Sigerson, J.S. Mathieson, et al., 

Digitization of multistep organic synthesis in reactionware for on-demand 

pharmaceuticals, Science 359 (6373) (2018) 314–319. 

http://www/

