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ABSTRACT

3D printing has become one of the most flexible and powerful tools as a personal fabrication tool for many materials,
tissue engineering and line patterns. Current successes include the use of a variety of immediate-release drug products,
therapeutic materials and personalized medicine. Three-dimensional printing technology used to several kinds of drug
delivery systems, such as controlled-release oral systems, micropills, microchips, implants, microneedles, fast-
dissolving tablets, and multiphase release dosage forms. Compared to conventional manufacturing methods for
pharmaceutical products, 3D printing has many advantages, including high production speeds due to flexible operating
systems and high drug loading with the required precision and accuracy for effective drugs administered in small
doses. Manufacturing costs through 3D printing can inexpensive by reducing material waste, and the process can
adjusted to many classes of API , including those with poor solubility. Although several studies have looked at the
benefits of 3D printing technology, hospitals and pharmacies have only implemented the process for a small number
of practical applications. This article discusses recent applications of 3D printing in hospitals and pharmacies for
medicinal products. The article also discusses the potential authentication of 3D printing in pharmaceuticals.
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1. INTRODUCTION

3D printing is an "additive manufacturing”" technology unlike "subtractive manufacturing" technology, creates models
using computer-aided design software, cuts them, transfers them to the printer, and then produces 3D objects one by
one process[ 1]. Three-dimensional printing (3DP) is a method of creating 3D objects from digital models by mixing or
placing materials in a complete process, allowing objects with various geometries to retreated layer by layer. Most 3D
printing programs use CAD (computer-aided design) software to create the design, which introduced into the
appropriate 3D printing (or slicing) program using Standard Tessellation Language files. Use slicing software to slice
your 3D design into appropriate layers for your specific 3D printer. After cutting the design into pieces, the 3D printer
creates the design in the desired size and shape. These machines reproduced more than 50 years ago [1]. Today, 3D
printing is one of the greatest branches of technology, art and science, and its applications are still expanding. The
International Organization for Standardization (ISO) defines the term "3D printing " as: the production of materials by
placing materials using a head, head, or other printer. This machine is one of the additive manufacturing (AM)
methods in which parts reappeared from 3D model data by combining the data layer by layer, unlike the most used
extraction and design methods.

2. RECORD

Idea of 3DP began in the 1970s, when Pierre A. L. Ciraud described the use of powder materials and then worked with
great force to perform the process. In this case, it is theoretically possible to use fusible materials such as plastic or
metal to prepare the product. In the early 1980s, under the patent title "BA Process for Forming Three-Dimensional
building , Ross Housholder described the concept of combining sand from different materials, and Carl Deckard
developed a method for curing the powder bed with a laser be also known selective laser sintering (SLS). The first
commercial technology developed by Chuck Hull was stereolithography (SLA). This method predicate
photopolymerization of liquid resin under UV light. In the early 1980s, Scott Crump patented fused deposition
modeling (FDM), a technique for preparing thermoplastic materials. In the 1990s, MIT researcher Emanuel Sachs and
his colleagues patented three-dimensional printing technology utilize combining selected powder with binder
materials[3].
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3. TYPES AND PRINTING TECHNIQUE OF 3D PRINTERS USED IN
PHARMACEUTICAL APPLICATIONS

The pharmaceutical industry is already using a variety of 3D printing technologies, with the technology chosen

depending on the specific application and product type. Only some of the many 3D printing technologies abused in the

pharmaceutical industry. Applicable equipment may vary depending on the specific requirements of the manufacturer
and the equipment. The following 3D printer examples used.
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Figure 1. Schematic working process of 3D printing techniques, including (a) powder-based 3D printing, (b)
extrusion-based 3D printer, (c) inkjet-based 3D printing, and (d) laser-based 3D printing

3.1 POWEDER BASED 3D PRINTING:

A powder-based 3D printing technology in which a binder or laser is sprayed/irradiated onto a bed of powder to bind
the powder together and create a 3D printed model[4,5]. In general, the system includes an adhesive tank for storing
glue/ink, a powder pool, and a design platform for the printing process[6].

3.2 EXTRUSION- BASED 3D PRINTING:

Extrusion-based 3D printing uses a heated nozzle to extrude a continuous line of molten polymer; this is then layered
and cooled to form a 3D object (Figure 1b)[7]. These systems are divided into two methods: semisolid extrusion and
fused deposition models [8]. The equipment is not complicated and printing management is not easy. Therefore,
extrusion-based 3D printing is widely used in pharmaceutical research. Various pharmaceutical products such as
immediate-release tablets, floating tablets, colonic tablets and extended-release tablets are prepared using this
technology. However, there are concerns about the use of these systems. Since a heating nozzle is used for printing,
the active ingredients must be temperature stable and the materials must be prepared before printing[9,10,11].

3.3 INKJET-BASED 3D PRINTING OR DIGITAL INKJET PRINTING:

Continuous inkjet printing and optional memory inkjet printing are two technologies available in inkjet 3D printers.
Continuous inkjet printing technology uses a high-pressure pump to create a continuous flow of ink from 50 to 80
microns in diameter, while on-demand memory inkjet printing technology produces inkjet printers with sizes and
volumes of 10 to 50 microns. 1 to 70 picoltres[12]. The technology involves using an inkjet printer to deposit a layer
of photopolymer resin that is cured using UV light to create a 3D object as shown in Figure 1c. These printers are
designed for unstable chemicals or heat sensitive materials[13]. Many dosage forms, including tablets, implants, and
orodispersible films, are prepared using this technology. Many dosage forms, including tablets, implants, and
orodispersible films, are prepared using this technology[13,14,15].

3.4 LASER-BASED 3D PRINTING:

This technology is also called selective laser sintering (SLS), laser beam melting, or stereolithography (SLA). The
basis of SLA production of 3D products is to control the solidification of liquid resin through photopolymerization
[16]. This method provides accurate and clear printing patterns. For this reason, it has been used in the production of
drugs that require high precision, such as microneedles [17].
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4. ADVANTAGES OF 3D PRINTING TECHNOLOGY IN PHARMACEUTICS
4.1 PERSONALIZED MEDICINE FOR SPECIAL POPULATIONS:

The health and safety of medicines for special groups such as the elderly and children have long been a concern
[12,13]. Children are in a period of growth and development and have a special response and sensitivity to
medications; Absorption and metabolism are reduced in the elderly, which is common for many joint diseases and
drug treatments [14]. Now drug quantities have become standardized and there are some special drugs for special
groups. Artificial products are often used in children's medicines, which is not wrong, but it can also lead to certain
preparation patterns, which can cause negative effects[18,19,20,21].

3D printers are flexible and can print drugs by adjusting parameters such as size, shape or filler [16]. For pediatric
patients, 3D printing technology can be used to create child-friendly personalized medicine. It can also be used to
improve the appearance and taste of the medicine and increase its compliance with the patient's stomach; For adults
with swallowing problems, 3D printers can be used to create loose and porous preparations to help them take
medications; For patients taking many medications at the same time, different medications can be combined into one
tablet to avoid errors or missing medication, thus ensuring safety and good operation. Medicine;

Additionally, for the convenience of blind patients, special writing can be written or special characters can be printed
on the surface of the preparation. The advantages of 3D printing technology in delivering personalized medicine
provide support for people to achieve personalized medicine, and some pharmaceutical companies have moved 3D
printing into the goal of personalized medicine, such as Fab Rx, which makes a personalized preparation for children
with maple syrup in the UK. . In Spain, medicines and SSE printers were installed in hospital pharmacies and clinical
studies on these issues were completed[22,23,24,25].

4.2 PRECISE CONTROL OF DRUG RELEASE:

Tablets, the most widely used oral vehicle, account for 70% of all drug production. Tablets can be produced at low
cost with traditional production methods, but there is less creativity in design, longer development times and the
inability to create designs specific to personal needs. Compared with traditional tablets, anti-release medication can
control the release of the drug, prevent side effects and improve performance. However, traditional production
methods pose more challenges in the development and production of controlled release systems due to their
limitations. 3D printing technology is flexible and suitable for the design and production of complex preparations by
mixing different substances, creating complex patterns and making changes to the printed form[26,27].

For example, Triastek's 3D printed product T19 received FDA IND approval in January 2021. It is a controlled-release
model designed to target the circadian rhythm of rheumatoid arthritis. Eliminate the most severe pain, joint stiffness,
dysfunction and other symptoms and provide patients with a better medication option by controlling blood throughout
the day for best results[28].

4.3 RAPID INTEGRATION/ABSORPTION OF PRODUCTION:

In addition, in the pharmaceutical research and development stage, 3D printing is suitable for the production of small
drugs that need to be changed and produced frequently due to its low cost, size and production process.
Pharmaceutical research and development status. Important role.

Time and resources are limited. Merck uses 3D printing technology to create a new drug. The amount of the drug will
be reduced in order to increase the lovel.50 %[30]. In large-scale pharmaceutical production, ordinary pharmaceutical
companies usually have more production capacity to meet the global demand for traditional medicine. However, the
production equipment is generally large and the equipment type is single, and there is no need for necessary
equipment. He has talent. Flexibly and quickly complete cleaning products and replace various chemicals. On the
other hand, 3D printing technology can integrate fast production, compact equipment, fewer production steps,
automated and digitalized production process, and it is easy to change the type of drug produced. For example, SSE
technology can switch syringes containing different chemicals to meet the needs of production equipment[29].
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5. PRINCIPLE OF BJ-3D PRINTING TECHNOLOGY AND APPLICATION IN THE
PHARMACEUTICAL INDUSTRY
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Figure 1. schematic diagram of the principle and mechanism of tablet preparation by BJ -3D Printing technology: (A)
schematic diagram of the printing principle of BJ-3DP technology; (B) schematic diagram of the flight state of a
droplet after ejection through the nozzle; and (C) schematic diagram of droplet impact on the powder bed.

5.1 PRINCIPLE OF BJ -3D PRINTING TECHNOLOGY: BJ-3DP is the primary 3D printing technology used for
drug production . The printing principle is shown in Figure 1A. First, the roller spreads a thin powder layer on the
platform, the droplets are sprayed through the removable printhead, and they selectively bind the powder together;
then the platform is lowered, the roller spreads a new powder layer, the print head continues to add droplets, using the
principle of layer-by-layer printing, and so on until complete; finally, the preparations are removed, the adhering
powder is removed, and post processing is carried out [30]. Printing inks can contain only the binder, while the
powder bed contains the API and other excipients. API can also be sprayed into the powder bed as a solution or as a
suspension of nanoparticles . The raw materials that can be used in BJ-3DP technology not only provide good
solubility in water, for poorly soluble materials, the solubility of raw materials can also be improved by pretreatment,
but there is also some science. For example, Kozakiewicz-Latata et al. The hydrophobic raw material clotrimazole was
used as the drug model, and the suspension was prepared proportionally with the hydrophilic excipients PVP and
lactose and spray-dried to improve the wettability and printability of clotrimazole [29,30,31]. In recent years, SLA
technology has been widely used in the microneedle field due to its performance and high efficiency. Microneedles are
tiny needles that penetrate biological issues (such as skin) causing minimal disruption, avoiding contact with blood
vessels and nerves and therefore not causing pain or bleeding. Microneedles are now considered a powerful drug
delivery system with excellent distribution. Figure 10 and Table 3 list the basic information and properties of
microneedles prepared with SLA technology in recent years. The process of BJ-3DP technology is complex, the
printing process of this technology can be divided into three stages: (1) the formation of droplets, (2) the use of
selection process of suspended powder into powder, (3) drying or processing of finished products[32].

5.2 BJ -3D PRINTING TECHNOLOGY IN PHARMACEUTICALIS: The first paper on the application of BJ-3DP
in medicine was published in 1996 , and this paper demonstrated the possibility of using 3D printers to create drugs.
Since then, BJ-3DP technology has been used to prepare a variety of drugs for research. Such as immediate release,
sustained and controlled release, combination preparation and implantable preparation . Table 2 describes the various
schemes made using BJ-3DP technology in recent years. In the published research, BJ-3DP technology was used in
two projects[33,34] As a new tool for preparing data on oral nutrition, initial research focused on determining the
feasibility of the complex process. When water droplets are selected in the powder bed, a multilayer process can be
prepared by changing the entire powder bed due to the composition of the powder bed. Although the print head can be
filled with inks of different products, there is no such thing as volume or speed, complex formulations can be prepared
by adjusting the number of chemicals and the position of the water. Spritam®, the first 3D printed model released in
2015, was prepared using BJ-3DP technology. This plan shows the features of the BJ-3DP. Unlike the mechanical
strength of modern technology, tablets are prepared only by the contact of powder and ink, which makes the structure
quickly porous. With the understanding of the science of BJ-3DP technology, the type of plan created with BJ-3DP
technology is now generally readily available. understanding of the science of BJ-3DP technology, the type of plan
created with BJ-3DP technology is now generally readily available[35]. Moreover, the scaffold prepared by BJ-3DP
can serve as natural bone and shows great potential in the preparation of bone scaffolds. It also has a loose and porous
structure and a high level of roughness, which is very good for cell attachment and growth. ; Table 2 lists the studies
conducted on the subject in recent years. Compared with traditional manufacturing methods, 3D printing can better
control factors such as the shape, size and internal structure of the stent, so that the implant can largely fit into the
delivery area.[36]
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6. PRINCIPLE OF FDM TECHNOLOGY AND APPLICATION IN THE
PHARMACEUTICALS
6.1 PRINCIPLE OF FDM TECHNOLOGY:

FDM technology is widely used in the pharmaceutical industry due to its advantages of simple materials, low cost and
high efficiency. Computer design software is used to create 3D printed products by pouring molten material through
layers of the printer. The principle is shown in Figure 2. Polymer filaments with FDM technology are widely used in
the pharmaceutical industry due to their simple material advantages, low cost and commercial properties. Computer
design software is used to create 3D printed products by pouring molten material through layers of the printer. The
principle is shown in Figure 2. The polymer filament containing the solution is extruded by two rollers through a high-
temperature nozzle, the print head moves along the X-Y axis under the control of computer software publishing
products; complete one after another. After printing, the printer is lowered or the Z axis is raised by the thickness of
one layer and the printing of the next layer is started and the process is repeated until it is finished. The solution is
extruded by two rollers through a high-temperature nozzle, the print head moves along the X-Y axis under the control
of computer software to print the product. equals the thickness of the layer. remove the distance, start printing the next
layer and reat the process to finish[37,38].
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Figure 2. Schematic diagram of the principle of FDM technology and three methods of tablet prepara-tion: (A)
schematic diagram of the printing principle of FDM technology; (B) schematic diagram of the preparation of drug-
containing filaments by the dipping-melting method; (C) schematic diagram of the preparation of drug-containing
filaments by the HME-FDM method; and (D) schematic diagram of the preparation of tablets by the filling and
forming method.

Currently, there are three main methods to prepare 3D tablets using FDM technology, as shown in Figure 2B-D: (1)
Immersion method: Immersing the filament in the solution is a dispersion containing an API to obtain a filament
containing an API for printing. . (2) HME-FDM: Add API and auxiliaries to the conveyor and take the API-containing
filaments from the extrusion unit to prepare the 3D printing drug. This is the most common method now. (3)
Collection and processing: first print an empty shell, fill in the API, and then continue printing the shell; Printing and
writing operations can be done simultaneously or sequentially[39]. For example, in the HME-FDM method, the drug
is first mixed with excipients such as molten polymers, and filaments of the target diameter are extruded at certain
speeds, high speeds, etc. The filament is then passed into the heating zone without being spun or extruded, heated to a
temperature slightly above its melting point, and extruded through the nozzle to prepare the 3D printing tablet. This
method requires all the strength and flexibility of the chemical wire to prevent the metal from cracking or breaking
during printing; This affects printing accuracy and product quality; Therefore, this tool has a good limit for the use of
the product. API and print version are optional[37]. Physicochemical properties of the filament, such as mechanical,
thermal and rheological properties, determine its printability. Polymers used in FDM technology must be
thermoplastic and contain materials, the most common materials are acrylonitrile butadiene styrene , polylactic acid,
polyamide and polycarbonate. Additionally, polyvinyl alcohol, a biodegradable material often used as a support

@]International Journal Of Progressive Research In Engineering Management And Science Page | 59



e-ISSN :

&( w INTERNATIONAL JOURNAL OF PROGRESSIVE 2583-1062
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT
it S AND SCIENCE (IJPREMS) Impact
.. Factor :
Www.ljprems.com Vol. 03, Issue 11, November 2023, pp : 55-67 5.725

editor@ijprems.com

material, has been shown to have the potential to be developed into an important material for self-healing drugs as it
comes volatile dissolved in colloidal solution. PCM is generally characterized by parameters such as glass transition
temperature (Tg) and melting temperature (Tm). In particular, the Tg of the polymer should be as far as possible from
the decomposition temperature. McKay et al. Tg + 78 °C was estimated to be the lowest FDM printing temperature for
the amorphous polymer and was derived from the average of the lowest FDM printing temperature for the three
polymers. Second, the rheological properties of the filament material are also important. Viscosity, as an important
representative of rheological properties, not only affects the ability of the filament to pass through the nozzle of the hot
press, but also the ability of the filament to return to its structure after deposition [81]. The shear viscosity of a
filament passing through the nozzle depends not only on product internal factors such as the filament's formulation,
molecular weight, and product of the drug, but also on other factors such as extrusion temperature and shear ratio.
Nozzle diameter (usually narrow to small) and its effect on printing speed. In addition, properties such as the
consistency of the filament and the absence of clumps or bubbles are also very important for the completion of the
printing process[40,41,39].

6.2 FDM TECHNOLOGY IN PHARMACEUTICALS:

FDM technology is widely used in preparing various types of designs according to their properties. For example, the
first study to evaluate patient acceptance of 3D-printed models of different shapes and sizes was conducted using this
technology, and researchers also used this technology to prepare and measure samples of different colors, as shown in
Figure 3A. As seen in B, this shows that mostly small round tablets are obtained [84]. Additionally, Jamréz et al.
Aripiprazole orodispersible films were prepared using FDM technology, and in vitro studies showed that 3D printed
films had higher dispersibility. FDM technology can also be used in the preparation of controlled-release drugs such as
Lim et al. FDM technology is used to print a hollow stent for continuous drug delivery; The stent has a hollow base

covered by a cap and has many small holes. The results showed that the stent with holes on its side exhibited zero-
level kinetics with a beneficial product release. FDM printers can be equipped with multiple nozzles to print mixed
patterns containing different materials. In 2015, Goyanes et al. Using this technology, multilayer capsules and double-
layer capsules were prepared using paracetamol and caffeine as model drugs, as shown in Figure 3C; where one layer
consists of one drug, the next layer consists of other drugs, and the next layer consists of other drugs. A two-layer
capsule is made by encapsulating a drug within a shell made of other drugs. FDM technology was developed by
Goyaneset et al. It has also been used in the field of transdermal drug delivery. In 2016 , Muwaffatal. Use FDM
technology to create a nasal mask so patients can more effectively treat their acne through cosmetic management.
Using FDM technology to print wound dressing to resemble nose and ear[37,42,43].
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Figure 3. Images of various types of tablets prepared by FDM technology: (A) Images of 3D-printed tablets with
different shapes and sizes [42]; (B) images of 3D-printed tablets in capsule form with different colors [42]; (C)
sectioned multilayer device and sectioned DuoCaplet (caplet in caplet) model images, 3D-printed preparations, and
white light and 2-dimensional Raman mapping images [85]. Figures were reproduced and modified with permission
from [43].
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7. PRINCIPLE OF SSE TECHNOLOGY AND APPLICATION IN PHARMACEUTICAL
INDUSTRY
7.1 PRINCIPLE OF SSE TECHNOLOGY:

Principle of SSE technology SSE is additive manufacturing equipment that places the semi-materials into the process
in layers, driven by the extrusion head and extrudes the semi-materials according to the process, layer by layer until
the product is printed. 88 . This technology is based on FDM, but the difference is that the printing material used in
this technology is half room temperature, so the temperature will need to be controlled during heating to prevent the
product from softening too much due to the temperature and cannot be published. Maintain his image during
deposition. During printing, the printed material is held in a special electromagnetic system as shown in Figure 4. SSE
is an additive manufacturing process that releases semi-rigid materials from layer to layer, where the extrusion head
moves according to the setting and extrudes semi-rigid materials. Solid materials are layered together until a printing
material is obtained. This technology is based on FDM, but the difference is that the printing material used in this
technology is half room temperature, so the temperature will need to be controlled during heating to prevent the
product from softening too much due to the temperature and cannot be published. Maintain his image during
deposition Print items while printing[29,44].
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Figure 4. SSE 3DP extrusion mechanisms: (A) pneumatic extrusion, including (A1) valve-free and (A2) valve-based,
(B) mechanical extrusion, including (B1) piston-or (B2) screw-driven, and (C) solenoid extrusion [27]. Figures were
reproduced and modified with permission from [27].

Pneumatic-based extruders use compressed air to remove semi-solids and are suitable for both low and high viscosity
materials. Mechanically based extrusion systems apply any force directly to the syringe and are classified as
reciprocating or screw type. Compared with pneumatic machines, this extrusion machine does not need an air
compressor, is simpler, cheaper and easier to transport . In addition, the printing process becomes faster as the syringe
can be changed more easily during printing. The electromagnetic drive uses electrical pulses to open the valve at the
bottom of the syringe. The electromagnetic drive uses electrical pulses to open the valve at the bottom of the syringe.
This is designed for ionic low viscosity bioinks[27].

7.2 SSE TECHNOLOGY IN PHARMACEUTICS:

The use of SSE 3DP in pharmaceuticals can produce large amounts of data while avoiding the harsh conditions
sometimes associated with other technologies such as FDM. The condition of the feed material for the extrusion
process should be carried out at high temperature without affecting the accuracy, and the use of pre-filled waste
material facilitates the whole process standard. The equipment was first used to produce compound drugs and
tablets[45,46].
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Figure 6. Images of various types of preparations prepared by SSE technology:

Like other 3DP technologies, SSE has continued to evolve since the first SSE printer. SSE 3D printers have evolved
from the simplest printers with one needle in an electric robotic gantry to printers featuring multiple printheads. Print
multiple files simultaneously with specially designed software and higher resolution. An example of the evolution of
this type of 3D printing is the multi-material 3D printer (MM3D). 3D printing technologies such as FDM and DPE,
SSE is best suited to personalized medicine production as it can be produced and produced in various forms (ODF,
chewable tablets, polypills, etc.). in many shapes and forms. taste. The main advantage of this device is its simplicity,
as the drug can be directly mixed with additional materials and filled into syringes or cartridges for printing [38]. Use
it instead. There is also research on other forms of verbal communication. The first is immediate release, which has the
advantage of being therapeutic. For example, the dose of levetiracetam in children with epilepsy can vary with
different treatments, and SSE technology can easily obtain a specific levetiracetam dose needed from the child by
changing the size and structure of the structure Representatives 100. Second, sustained-release tablets can be prepared
by adding a releasing agent to the semi-active material. In 2020 prepared theophylline tablets using HPMC K4M and
E4 release materials, investigated the quality of the HPMC ratio, and provided in vitro dissolution results of tablets
that released the drug within 12 hours. Finally, another type of drug is dispersible films (ODF). Sjoholm et al used
SSE technology to prepare ODF using warfarin, which has a narrow therapeutic window and is a medical model,
solving the problems of self-administration and dysphagia. There are also some studies on medical devices, but these
are still within the scope of the research paper, which found that SSE technology can be used in the preparation of
medical devices. In 2020, used SSE technology to print a cylindrical substrate and patch array, and then stretched the
array with a glass plate stretching device to form a needle-like head. As shown in Figure 6F, insulin-containing
microneedles can penetrate mouse skin and reduce the symptoms of diabetic mice[44,45,46].
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8. PRINCIPLE OF MED TECHNOLOGY AND APPLICATIONS IN THE

PHARMACEUTICAL INDUSTRY

MED 3D printing is an extrusion technology developed by Triastek that combines hot melt extrusion and fused
deposition modeling technology. The principle is shown in Figure 7 [26]. It has feeding and mixing, conveying
equipment and various printing stations; Each printing station prints one type of product[28].

Station Station 2 Station 3
(Core) (Shell (Delay layer)

Wi ‘:""‘l/“?’ \

\ ‘,.: n "’ﬁ’%f_—

Delay
layer

T | Core ;

Eitrusion 1
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Figure 7. The principle of collaborative preparation of tablets with delayed release shells using multiple print stations
through MED technology. Figures were reproduced and modified with permission from [28].

Firstly, raw materials and different products are added to different foods, heated and sheared by the hot melt extrusion
system to form a uniform mixture of materials in the molten state, and then transported to the hot melt extrusion
module. At last, the printing unit is integrated, and under high accuracy and controlled temperature, different products
in molten state are combined with each other and released layer by layer in machine printing to achieve the purpose of
3D printed products. In actual pressure and temperature control, the molten material is combined and placed layer by
layer on the printing platform to obtain 3D printing preparation of the target model . Compared to FDM, SSE or other
extrusion 3D printing technologies, MED technology does not require prior preparation of filaments or semi-materials
and does not require second heating of the record.

This machine can complete mixing, melting, conveying and pressing of API and excipients in one step, providing
continuous feeding. Compared to FDM, SSE or other extrusion 3D printing technologies, the MED technology
process does not require the preparation of filaments or advances. -Semi-material and materials have no second heat.
The technology integrates, decodes, distributes and publishes APIs and components in one step, ensuring continuous
supply and production. MED technology is now taken into account[28].

8.1 MED TECHNOLOGY IN PHARMACEUTICS:

Triastek design 6.2 uses the unique advantages of MED technology. MED technology in pharmaceuticals produces
tablets with different release properties by developing pharmaceutical products, multi-drug combinations, using pH-
sensitive sustained-release materials, and changing the position of the chemical layer or sustained-release layer as in
Yu's paper 2021. This article selects one of the design ideas shown in Figure 8.

The white light area is the chemical-free and impermeable coating, while the blue light is the inner layer that contains
the chemical[28]. Triastek utilizes the unique advantages of MED technology to create tablets with different release
properties by developing pharmaceutical, multi-drug combinations, using pH-sensitive sustained release materials, and
developing different output habits. The area of the chemical layer or sustained release layer as described in Yu et al.
2021. This article selects one of the design ideas shown in Figure 8. The white light field is a chemical-free and
impermeable layer, while blue light is the inner layer containing chemicals. The amount of drug released per unit time
is controlled by changing the number of layers and the inner surface. Control by changing the number of layers and
internal space[28].
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9. PRINCIPLE OF SLA TECHNOLOGY AND APPLICATIONS IN THE
PHARMACEUTICAL INDUSTRY

SLA technology is based on the principle of photopolymerization, which uses laser scanning to harden liquid resin to
form 3D printed objects layer by layer. The way it works is shown in Figure 9. Depending on the printer configuration,
top-down or bottom-up printing can be done. During printing, the liquid tank is filled with liquid photosensitive resin,
and the laser beam is focused on the surface of the resin by the scanning mirror to form a spot. The area swept by the
light will heal. Single-layer SLA technology is based on the principle of photopolymerization, which uses laser
scanning to process liquid resin into 3D printing objects layer by layer . The way it works is shown in Figure 9.
Depending on the printer configuration, top-down or bottom-up printing can be done. During printing, the liquid tank
is filled with liquid photosensitive resin, and the laser beam is focused on the surface of the resin by the scanning
mirror to form a spot. The area swept by the light will heal. Once a layer of scanning is finished, the printer is lowered
one level and the scraper smoothes the resin surface for the next layer of printing, this cycle continues until completed.
The product is then removed along with excess material and support.

This equipment has high precision and is directly related to the spot diameter. Currently, the minimum spot diameter is
0.011 ~ 0.075 mm and the minimum monolayer thickness is 0.01 ~ 0.02 mm. Another type of medical device.

After the scan is finished, the printer lowers one level, the scraper smoothes the resin surface, and the next layer of
print is made. The product is then removed along with excess material and support [28]. This equipment has high
precision and is directly related to the spot diameter. Currently, the minimum spot diameter is 0.011 ~ 0.075 mm and
the minimum monolayer thickness is 0.01 ~ 0.02 mm. Another type of medical device. During the printing process,
photons are released to initiate polymerization, which is the synthesis of polymers through a chain reaction that
generally requires at least three elements: light, photopolymerizable monomers/oligomers, and PI. During the
polymerization process, PI reacts in the presence of light, producing starting materials (free radicals, anions, cations,
etc.). Therefore, the photocuring process can be divided into photoinitiated polymerization and photocrosslinking. The
former refers to the connection between complementary lines of monomers, while the latter refers to the process of
binding two macromolecules. In general, SLA products need post-processing after printing. The purpose of finishing
is to improve the mechanical properties of the material [114]. It offers a variety of UV light-curable resins for
photocentric, SLA and DLP processe . They recommend exposing these resins to UV (36 W) for at least 2 hours to
ensure product durability. 3D Center allows for simple support removal, wet grinding, mineral oil treatment, paint
(clear UV resistant acrylic), polishing for transparency, etc. Lists various post-processing methods for the SLA
process, including: SLA also has some other post-treatment methods, such as surface treatment with sealers, primers,
paints, or metal coatings.

9.1 SLATECHNOLOGY IN PHARMACEUTICALS:

SLA technology is more accurate than other 3D printing technologies, with a minimum layer thickness of 0.01-0.02
mm, but research into oral formulations is limited by the lack of photocurable properties that can be used in oral
drugs. In 2018, Using SLA technology to produce acetaminophen and 4-aminosalicylic acid sustained-release tablets
reduced drug degradation compared to tablets using FDM technology. The way of medicine. In 2018, a research team
from University College London used SLA technology to create tablets of different shapes to study factors affecting
drug release tablets.

The volume ratio is important for the preparation of the same amount of tablets with the same release rate.
Additionally, due to the high sensitivity and speed of resin cross-linking during photocuring , no porosity is visible in
the SEM images of the tablets, resulting in a very tight internal structure of the tablets and a slow release rate
tablets[47,48]. In recent years, SLA technology has been widely used in the microneedle field due to its performance
and high efficiency.

Microneedles are tiny needles that penetrate biological issues (such as skin) causing minimal disruption, avoiding
contact with blood vessels and nerves and therefore not causing pain or bleeding. Microneedles are now considered a
powerful drug delivery system with excellent distribution. Figure 10 and Table 3 list the basic information and
properties of microneedles prepared with SLA technology in recent years[48,49].

10. CONCLUSIONS

This article reviews information on various 3D printing technologies commonly used in the pharmaceutical industry,
explains the details and features of each technology, provides information on how well each technology fits and its
development trend; Share the work of representative companies or 3D printing drug guidance organizations,
development history and achievements to support innovation in drug research and design. As a new technology, 3D
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printing schemes have special requirements regarding registration and documentation, while laws and regulations such
as intellectual property rights and pharmaceutical regulations are still under development. Overall, this review aims to

reflect the current developments, market trends and overall development in 3D printing medicine.

We hope that this review can provide useful advice to those involved in relevant research. I believe that through
continuous efforts, the future of the 3D printing medical industry is promising and will improve the intelligence and
individuality of drug preparation.
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