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Abstract. Polymer hydrogel used as computer-aided, non-biological arsenal utilize as a drug delivery vehicle
overthe past few years.New advances in three-dimensional (3D) bioprinting technology have created new
opportunitiesfor the use of hydrogel polymer-based medication delivery systems. 3D printing can deliver the
ideal shapes or changecapabilities under specific circumstances which have a better adaptation to physiological
function. The accuracy of 3Dprinting technology was significantly higher than that of conventional production
techniques.A model bioink acquireproper physicochemical characteristics (mechanical and rheological) and
biological properties important for proper functioning.It acts as additive manufacturing with complex spatial
structure in biomedical research. In this review, we outlined the currentdevelopments in 3D printed polymer
hydrogels as delivery and other platforms.

1 Introduction

Three-dimensional (3D) bioprinting is step by step addition bioink polymer (hydrogel) in order to build a 3D structure
complex widely known as additive manufacturing (AM)[1]. AM is a group of cutting-edge technique initiates the use of
computer-aided design (CAD) tools to produce a three-dimensional (3D) model of the intended object [2]. To create the
appropriate item of concern accordingly the device ejects the inks as shown in fig.1. The well-known printing techniques
are selective laser sintering (SLS), stereolithography (SLA), extrusion, inkjet 3D printing, laser-assisted printing, and
selective laser melting (SLM) [3]. The bioprinting technology mainly applicable in various novel drug delivery systems
(NDDS) in pharmaceuticals, orthodontics, and medical devices. This cutting-edge innovation is also becoming more
prevalent in the clinical trial process. It also expands into other industries like fashion, automation, aircraft, cars, foods,
energies, construction, and gastronomy [4]. A high number of implantable devices, prosthetics, tissue scaffold, and other
devices for utilization are produced as a result of this ground-breaking invention which significantly improving the results.
The main advantages of 3D bioprinting are quicker, more adaptable, more affordable, and customizable manufacturing,
customer satisfaction, improved quality assurance. Further it has ability to save time and effort from the time raw
ingredients are collected to when the item is finished, rapid prototyping, reuse and recycling, and environmental
friendliness, which has caught the attention of the pharma company [5]. The employ of 3D printing is expanding in both
medical and non-medical industries due to the numerous advantages of applying and advancing technology.The
conventional scaffold fabrication techniques, viz. solvent casting, gas forming, membrane lamination, salt leaching, and
fiber binding have limitations including intrinsic inability to mimic the complex microstructure of biological tissues. This
current review provides concise information about the fundamental principles underlying 3D printing, including the
technologies used, the bioinks that were used during fabrication, uses, difficulties, and future directions.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).
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Fig. 1Building Blockchain of Additive Manufacturing [3]

2 Approaches For 3d Bioprinting (3dbp)

3-D bioprinting is rapid associating substances as a film to give a frame to a 3-dimensional product. This is a unique
advantage and advancement innovation that has the dormant to guide organizations into another period of fabrication and
the rise of new plans of action [6].The modeling of the object is mostly done using different software, ideally computer-
aided designing (CAD).

21 Fused Deposition Modelling (FDM)

Due to some of its business advantages for manufacturing, FDM is a widely utilized form of Rapid Prototyping (PR). The
process involves spraying molten thermoplastic polymers successively to create layers. Typically, these materials are
heated. Layers are added and fused together as the substances continue to build to the proper size to create the three-
dimensional model as seen infig.2 [7]-[12]. The findings suggested that 3D bioprinting might be a feasible option for
pharmaceuticals eluting implantation devices due to the ease of the technology [13]. It has been shown to be a successful
and affordable technique for creating gastro-retentive delivery systems with the increased regulated release of drugs. [14].

Filament
4\ API+ Polymer

Fig. 2Diagram illustrating fused deposition modelling (FDM) [12]

211 Stereolithography (SLA)

In this method, a unique polymer called a photopolymer is used, which when exposed to ultraviolet/Infrared light undergoes
a chemical process that changes its physical and chemical properties illustrated infig.3. They have significant weaknesses
such as resistivity, poor specific stiffness, and fragility. Additionally, their lifetime is limited since they lose physical
character with time [15]. 2-Acetoxybenzoic acid and acetaminophen were utilized as experimental drugs in this
investigation. The investigators looked at two distinct medication dosages and numerous polymers proportions. The drugs
had a sustained release throughout the entire day. Furthermore, the therapeutic loading ability and release kinetics were also
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improved because of 3D printing [16].
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Fig 3Stereolithography's basic operating concept is represented schematically[15]

212 Selective Laser Sintering (SLS)

In this technique, a light beam is utilized to melt and harden a photopolymerizable polymer mixture that contains a
prescription drug. Carbon dioxide lasers, which release an plenty of power conformable with a variety of thermoplastic
polymers, are a feature of the commercially practical SLS printers. The final required model is influenced by the
manufacturing temperature, laser strength, scanning speed, and layer thickness. At ambient temperature, SLS technology
can generate a model object with astronomical resolution. SLS technique and single path with high resolution objects
containing Acetaminophen were constructed from a variety of polymers and concluded that this method might be used to
tailor treatment performance to each patient's needs, eliminating the need to redesign the formulation mix in favour of a
single uniform ink [17]-[20].

213 Selective Laser Melting (SLM)

SLM belongs to the same category as powder bed fusion. This method makes use of a layer of powder particle that have the
required mass depicted infig.4. Heating source act as both a way for fusion of granules and a control mechanism for it. The
construction material melts when laser light is sticking to a powder bed because it produces heat energy. As the temperature
drops, the molten mass solidifies, even more, yielding the desired object. Some of the bed's original structure is still present
and supports the subject of interest. Finally, after item fabrication is complete, the unused powder bed is removed[21].

Scanner
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Powder Roller

3D Modal

Fabrication

Fig. 4Typical selective laser sintering [21]

214 Material Extrusion
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The most well-known application of this method is fused deposition modelling. In order to do this, various polymer types
must deposit and overlap one another. A specialized moving nozzle creates a pre-structured model with materials that are
allowed access as it moves over the work area [22]. Extrusion is a method that uses thermoplastic polymers. The chosen
polymers are first heated to a particular climate that is higher than their glass transition temperature. The polymer melts
when heated, forming a layerobserved in fig. [12].

Filament Coil

Spraying Nozzle

3D Modal

Fabricating Stage

Fig. SMaterial extrusion illustration scheme[12]

Although the extrusion method featured some superior characteristics, such as simplicity and adaptability, it also
had some potential drawbacks, such as the need for a cross-linker, the use of heat energy, and a slower printing speed.

215 Inkjet 3D Printing

Inkjet printing enables the delivery of a predetermined number of substances (polymer), commonly referred to as ink, onto a
substrate to create a layer. The printing process is initiated by the proper command from computer software, and ink is
ejected from the printer's head tank. Inkjet printers are categorized as either drop-on-demand (DOD) mode or continuous
mode depending on the ink ejection modes[23]-[24]. In order to start the jet form, the continuous ejection mechanism
applies pressure to the ink that is forced to flow constantly out of the printer. In order to divide the stream into exact
droplets, pressured jets are used. Then, an actuator can provide pulses to cause the ejection of a single droplet with a
predefined amount of ink [25].

22 Bioprinting Materials

The price of the polymer and the technique's applicability used are significant barriers to choosing.Organic polymers are
especially relevant to 3D printing because of their similarities in both structure and composition to the tissue environment of
the organism. Additionally, they consist of biocompatibility and biodegradability and enhance cellular response. Alginate is
a polymer that has been the subject of substantial research on natural forms of chitosan, collagen, and hyaluronic acid. The
main benefit of flexibility for synthetic origins is peaceful alterations to satisfy physicochemical properties. Polycarbonate,
polyethylene glycol polyglycolic acid, and polylactic acid offer potential benefits as shown in Table 1[26]-[32]. Alginate is
the most widely utilized natural polymer because of its capacity to create hydrogels, shear thinning characteristics, and
exceptional bioavailability. Alginate hydrogel was used by Duin and his co-workers to print the functioning islets of
Langerhans. The loss of the beta cells in the pancreas that produce insulin is the pathogenic aspect of type 1 diabetes [33].
Another substance with a natural origin is hyaluronic acid (HA), which is only present in the connective tissues and
cartilages of animals. HA was used in much research. The condition of periodontitis was handled by Subramaniam et
al.using a tissue engineering application. Collagenase complexes were created by researchers by complexing the polymers
with calcium sulphate. These complexes replaced the regeneration of alveolar bone. To validate the bone augmentation,
micro-CT pictures were used. [34].
Collagen is the vital protein framework that has been used in 3D printing. This proteinaceous polymer is used to plan the
regeneration of cartilage and stiff connective tissues. Almeida et al. [35] customized camptothecin loaded in chitosan
polymeric micelles using a 3D printing technique. The formulation was further insulated from the gastrointestinal tract by
employing an enteric coating material to get past the adverse conditions.
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According to the study, using nanomedicine and 3D printing in conjunction may have enhanced drug penetration in the
intestine, protected the molecule from acidic condition and also avoided its discomfort [35].

Table. 1Bioprinting substance and utilization in 3d printing [32]

Sr. No. Bioprinting Subcategory Polymer name Uses
substance
1. Hydrogels Biopolymers Collagen, Chitosan, Fibrin, | Drug delivery
Alginate, Agar, Gelatin (nanomedicine) and
Tissue engineering

(cartilage, bone)

2. Polymers Thermoplastics Polylactic acid (PLA) Drug modelling for cancer
p-hydroxybenzoic acid | therapy

(PHBA) Tissue engineering

Thermosets Polycaprolactone (PCA) (Trachea, stem cell model)

Urethane Resin

3. Composites Matrix Carbon fiber Prostheses, implant
Fillers Silicon carbide
Metal precursors
Calcium phosphates

Simultaneously numerous synthetic polymers are also acknowledged for usage as building blocks for 3D printing. Zhang et
al. [36] presented a 3D model that uses melatonin-filled magnesium polycaprolactone as a powerful anticancer factor . The
method was proposed as a means of treating bone cancer, or osteosarcoma. The research that was shown looked at how a
drug model might help in demonstrating the antineoplastic accomplish. This concept created a brand-new innovative
method of treating osteosarcoma [36]. A thermoplastic substance made from corn starch called polylactic acid (PLA) is
completely biodegradable. Recent research suggested that the mechanical stability and biocompatibility of the
abovementioned polymer support the assertions made in the process of model forming.

Asmaria et al. [37] was studied to reduce the risk of inner part of body dysfunction during surgery.. It was done to

generate and validate the protocol modelling created with PLA. While the quantitative method inspect the damaged body
part mock-up, the qualitative validation technique revealed an improvement in the modelling ability to visualize the patient's
current situation. The outcome said that the created gallbladder model reflected similar biologically derived circumstances.
[37].

A copolymer of polyglycolic acid and polylactic acid is known as poly (lactic-co-glycolic acid) (PGA). Paclitaxel
and rapamycin were used as model pharmaceuticals in a study by Serris et al. [38] to make them use various grades of
PLGA either together or with lidocaine alone. The extrusion-based method was the 3D printing technique used. The PLGA-
PEG-PLGA hydrogel discs were used to express increased release kinetics in comparison to PLGA polymer when the
release profile of pharmaceuticals made using PLGA was compared to those discs. The interactions between the medication
and polymer matrix were reproduced by the molecular models. Because of the profile modification, the hydrogel discs
offered better release patterns [38].

A hydrophilic polymer called polyethylene glycol (PEG) is frequently used in investigations on the engineering of
tissues. Hot-melt extrusion was used to create biodegradable mats by Singh and Jonnalagadda [39]. The physicochemical
and biological properties were enhanced by the polymer combination in a synergistic manner According to the reports,
when neomycin was constructed utilizing 3D printing, the threshold was increased. Additionally, neomycin loaded PLLA
has been used in tissue engineering and as a dermal mat, with advantage of PEG polymer enhancing its mechanical
capability [39].

Numerous commercially available 3D printers depending on the various fabrication materials accessible. Choosing
a 3D printer can sometimes be influenced by certain desirable characteristics, as shown in fig. 6
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Stability

Fig. 6Essential qualities for a 3D printer [39]

23 Applications Of 3d Bioprinting

There are various industrial uses for 3D bioprinting, and the ones that belong to the pharmaceutical industry are covered
below in fig.7 [40].

Drug delivery
Mouth guard
Floating delivery
Orodispersible films
Disease modeling
Drug screening

Fig. 7Pharmaceutical uses for 3D printing [40]

231 Tissue Engineering

The issue of organ dysfunction must be tackled on a global scale. Even if organ transplantation is a great strategy to avoid
the rejection of a particular body part, However there is a lot more to be done. The lack of organs and the ongoing need for
immunosuppressive treatments are driving the demand for sophisticated technologies. As a result, employing bio-inks as
building blocks, additive manufacturing has established itself in a number of fabricating organ, including hepatic, renal, and
cardiac [40] Various bio-inks are appropriate for various types of tissue engineering. The choice of the right polymer is an
important first step, but it's also important to take into account the properties of the bio-inks. For the researcher to choose
the relevant components for the construction, they should possess a solid understanding [41]. These flexible tissue/organ
models have great promise for high-throughput screening (HTS), drug design, in vitro disease modelling, and bringing
attention to novel platforms like tissue/organ-on-chip. The printer is commanded to print the created computer models using
polymer materials. Scaffolds are built based on the agreed requirements, depicted in Fig.8.
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Fig. 8Explanatory diagram of tissue engineering by a 3D printing technique [41]

2311 Bone Tissue

The internal structure of the bone is composed of a dense crosslinked matrix and is a hard connective tissue. Enhancing the
capacity for regeneration and simulating the typical conditions of human bone are now the two main goals of bone
regeneration [42]. In contrast, a lot of researchers use hydrogel-based models because they have easily adjustable properties.
Hydrogel formulation was the main topic of attention for Bai et al. [43] when treating bone regeneration. When using
hydroxyapatite or metal implants as the building materials, the proper therapeutic effect was not argued. Thus, the
researchers asserted that hydrogels have a special ability. Other tissue engineering techniques and additional applications of
hydrogels in bone regeneration were expressed [43].

2312 Cartilage Regeneration

A lot of the body's smaller organs are supported by cartilage. Nguyen et al. [45] used two bio-ink combinations—Nano
fibrillated cellulose (NFC) with alginate (A) and NFC with hyaluronic acid—to create a 3D model of cartilage (HA).
Modelling was done using induced pluripotent stem cells (iPSCs) obtained from humans. Researchers found that alginate
copolymer displayed the best pluripotency activity and that adding more cells increased the density in the 3D modelling of
cartilage creation [45].

Collagen was used by Isaeva et al. [46] to create a hydrogel formulation for a cartilage scaffold model. Due to its
great biocompatibility, cartilage was incorporated in large amounts. Scholars investigated the in vitro and in vivo properties
of collagen polymer to determine its applicability. In contrast to the latter study, which showed modest inflammation
followed by the development of connective tissues and macrophages around the nucleus, the former demonstrated that cells
lacked the ability to survive in specific contexts. They concluded that there were not enough chondrocytes present to start
the formation of cartilage tissue [46].

2313 Skeletal Muscle Regeneration

The skeletal muscle structure is made up of myofibrils, which are its functional unit. This ordered layered structure's
engineering was made possible through 3D printing. In this experiment, the tendon-muscle model was built using four
different polymers. he rigidity and elongation of tendons are encouraged by the combination of polycaprolactone with a
comparable hydrogel composition, which was used in the opposite study. The created model met the goal made possible by
tissue engineering in terms of certain mechanical and biological features [47].

Muscle stimulation models, that was a significant barrier in many disorders like asthma and intestinal disease, was
examined by Dickman et al. [48]. They showed how to get around this problem by using a 3D muscle model. Collagen
polymer was the bio-ink material. A model that mimicked the respiratory system and the muscles involved in it was created.
Drugs like histamine and salbutamol, respectively, were used to constrict and relax the created 3D model. Muscle
contraction was seen throughout the course of a day, and as the number of days increased, the degree of the contraction also
increased. In mature muscles that were agonist dependent, this contraction mechanism was very specialized. Fibrosis was
encouraged to develop and maintain long-term changes in muscle behavior. The created model thus showed an encouraging
similarity to biological muscle and worked as a platform for drug delivery to the muscle [48]-[50].
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2314 Dermal Regeneration

The majority of the human body's surface is covered by the skin, which is made up of the three layers. The skin typically
protects against mechanical trauma and maintains temperature homeostasis [51]. Trontium silicate microstructures were
created and incorporated into the bio-ink polymer because the main goal of the research was to stimulate angiogenesis. The
vascularized tissue that displayed angiogenic activity both in vitro and in vivo was modelled using the cell writing 3D
printing approach. With the help of this research, vascularized skin with a quicker recovery rate could be created through
tissue engineering [52].

2315 Neural Tissue Regeneration

The nervous system is not complete without neuronal tissue. Between various tissues and organs, these structures transmit
information via electrical impulses. In this period, several neurodegenerative diseases are on the rise, which restricts the
faulty neurons' ability to regenerate on their own. The most recent innovations in this field were handled by 3D printing
technology. Peripheral nerve injury was treated by Liu et al. [53] by integrating a variety of 3D printing methods. In this
study, the adjustable nerve tissue that has similar biological properties was designed and created. The results easily and
potentiated the modelling techniques demonstrated the necessary adjustable features and resembled a typical human neuron
[53]. To rebuild the peripheral nerve cell, Ye et al. [S4] employed gelatin methacrylate in hydrogel form, a biodegradable
polymer. This fabrication model addressed the huge gap in nerve injury using digital light processing.

2316 Spinal Cord Regeneration

The spinal cord serves as a communication channel between the brain and various other body organs. As a result, both
neurons act as the appropriate carriers of the several stimuli. Injury to the spinal cord is a danger alert because the spinal
cord contains a variety of cell types that are distributed widely in space, blocking most information from reaching the brain
cells. Due to this, many spinal cord disorders had poor diagnosis capabilities and repairability. The development of tissue
engineering through 3D printing effectively and repeatedly solved the issue. The researchers presented a framework that
comprised collagen or chitosan polymers with neurotropic substances extracted from the brain.[55]. In the experimental
animals, regeneration, scar reduction, and cavity creation were all seen to improve locomotor function. They concluded that
this modelling would be useful for creating and expanding the spine network [55].

2317 Cardiac Tissue Regeneration

Circulatory and cardiac abnormalities can cause a wide range of diseases, many of which are fatal. The shortage of donors
with minimal biological constraints made transplantation problematic. To solve this, a significant advancement in the ability
to create specific tissues with the appropriate biological material inside of them through the use of 3D printing has been
made. This has improved the transplantation's ability to meet requirements while also being compatible with the body's
natural systems [56]. While the process of 3D printing has the possibility to be used in heart tissue regrowth, but the
technology has limitations when it comes to precisely simulating biological action. Organ rejection was significantly
reduced since the approach uses patient-specific cells. Bioprinting technology has already been employed extensively in
several research projects for the treatment of congenital cardiac disease, malignancies, and other cardiac issues.[57-59].
Collagen was used by Lee and his collaborators [60], who created heart cells that closely resembled the original heart
process. Since the collagen scaffold model made it impossible to functionalize biological tissue.The porous design of the
model gave it stiffness and micro vascularization for the manufacturing process. In the hydrogel scaffold, tissue was created
using cardiomyocytes. The suggested model described directed action potential transmission and synchronized contractions
as possible approaches for modelling cardiac tissues [60] 3D printing was used by Zhang et al. [61] to create the
myocardium. The model that produced the scaffold structure was made easier by the usage of bio-inks. The microfibre
layers that made up the model were imprinted with endothelial cells. Additionally, endothelial cells were seeded inside the
framework with cardiomyocytes that were derived from pluripotent stem cells. In order to complete the overall organ-on-
chip model, researchers next placed the organoids inside a specially built microfluidic perfusion bioreactor. This cutting-
edge model successfully replicated human cardiomyocytes and opened the door to regenerative medicine [61].

2318 Liver Regeneration

The most of intrinsic and extrinsic compounds that enter the body are metabolized by the liver, which is the most significant
interior part of the human body. Organogenesis, pharmacological screening, and disease modelling are all accomplished via
3D printing. Liver scaffolding and its use in the management of last-level hepatic dysfunction were studied by Yang et al.
[62] The utilization of specific biomaterial and 3D printing technologies allowed for the creation of liver cells. The cells
were injected into animals lacking the Fumarylacetoacetate hydrolase gene after one week of regulated laboratory cell
growth (mice). The results showed that several hepatic processes, including albumin production, glycogen secretion, and
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drug metabolism, had better characteristics. The created model may therefore switch between organ transplantation from
donor bodies [62] Using improved digital light technology, Mao et al. [63] produced hepatic microtissues that help cure
final-stage liver disease. To enhance liver health, synthetic tissue was made to a specific specification. The liver-specific
biomaterials were used in the fabrication process. Methacrylate gelatin and the extracellular matrix were combined to create
these mixtures. In particular circumstances, the human-made liver cell was inserted into the general framework of the
model. Mechanical strength, swelling property, and polymer compatibility were among the factors evaluated. Liver cell
development was shown in the virtual three-dimensional model by a rise in albumin secretion and urea outflow. The model
created served the purpose of being biologically comparable to the transplant's biological source [63].

2319 Islet Regeneration

An autoimmune disease known as type 1 diabetes triggers the pancreas to generate little or no insulin. Besides the lack of
blood capillaries, the immune system attacks the pancreatic beta cells that secrete insulin which makes modelling difficult.
The most common treatment for diabetes is insulin supplementation, while islet cell transplanting gave lifelong benefits.
The development of 3D printing with hydrogel polymeric material was planned and perfected to meet the patient’s
expectations. Alginate and hydrogels made of gelatin were used by Lui and his coworkers [64] to construct a scaffold. The
multilayer islets were altered using the coaxial printer. Characterization of the islet’s cells revealed that they remained
healthy across the modelling procedure. Further research is necessary to determine whether the scaffold structure's cells are
compatible with transplantation because they resembled the growth of typical human cells [64].

23110 Lung Regeneration

Lung transplantation raises significant safety concerns due to the scarcity of organ donors and immunological refusal.
Because of little number limitation, the transplanting was found to be impractical and required numerous restrictions. Lung
transplantation raises significant safety concerns due to the scarcity of organ donors and immunological refusal. The
transplanting was found to be impractical and required numerous restrictions. The challenge of a lack of lung transplants
can be resolved by lung cells engineering. The use of 3D printing in conjunction with healthy cells is a potential method for
the progress of lung cells engineering.

[65]. Huang et al. created nanofibers using 3D printing and special biomaterial. Silk fibroin and H202 were cross-linked,
and oxidized bacterial cellulose was added to raise the thickness and improve the structural characteristics of the scaffold
model. In order to strengthen the hardness and endurance of the model, the hydrogel was laminated more than ten times. he
lung epithelial cells' alignment and continued growth were both aided by the nanofibers after they had been in the culture
for seven days. The study suggests that nanofibers made from polymers could be a possible lung tissue engineering method
[66]-[69].

232 Medical Devices

Our progress toward innovation is greatly influenced by medical equipment. They look for work in surgery, orthodontics,
and prosthetics. They identify opportunities for people with unique needs. As a result, 3d printing opens up more
opportunities for producing customized medical devices. To encourage people to adopt 3D printing, the Food and Drug
Administration (FDA) authorized market access for some medical devices made with it. There are a few devices listed in
Table 2 [70].

Table. 2 FDA approved 3D bioprinted medical devices [70]

Medical device Medical application Description

Unite3D bridge fixation | Foot and ankle joint It offers a reliable and deep-rooted remedy for fractured

system and osteotomy treatment, as well as joint arthrodesis, in
the midfoot and hindfoot.
Lateral spine truss system | Spine It serves as a support structure for bone formation and

cell adhesion.

Orthopedics growth is enabled via the open architecture.
The bi-convex form of the implants places it closest to
the adjacent bone.

HAWKEYE vertebral | Spine To reconstruct a cervical or thoracolumbar spine that has

body replacement system collapsed, been wounded, or become weak due to a
tumor or trauma

Cellular titanium cervical | Spine Injected with an anterior method to lengthen the
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cage intervertebral discs and promote the body to integrate
during the cervical spine

ELEOS limb salvage | Oncology Operations requiring radical excision and substitution of

system the distal femur, proximal femur, shinbone, or complete
femur, particularly in advanced stages of cancer.

Virto B-titanium hearing | Hearing aid Individualized auditory devices that are very effective

aids and automatically adapt to the environment

Teeth aligners (candid) Orthodontics Individually designed dental braces

2321 Orthodontics

The manufacture of orthodontist items based on the reference frame of the occlusal plane within the dental structures is
made possible by three-dimensional diagnostic imaging, which allows for more precise diagnosis. Orthodontics and
dentistry are undergoing a revolutionary change with to advancements in diagnostic imaging, 3D printing, and customizing
equipment [71]. This technique thereby made it possible to create an orthodontic model from a range of materials, improved
comfort, and faster recovery times. The viability of using 3D printing to create orthodontic braces was assessed by Redaelli
et al. [72]. It was decided to use polyethylene terephthalate glycol-modified polymer for the fabrication procedure. The
thermoformed polymers polyethylene and polypropylene were compared to the printed model in this manner. Toughness,
price, mechanical properties, and adaptability of the prosthesis on healthy volunteers were the factors that were assessed for
the investigationFindings showed that the suggested strategy fulfills the patient's current demand. The framework exhibited
perfect morphological characteristics, and it was found that more adherence enhanced mechanical strength. This
configurable model can also add medicinal medications to show pharmacological effects[72]. The orthodontic power arm
model was produced by Thurzo et al. [73] using 3D printing. The model was made with the help of biocompatible materials.
For biological purposes, the permeable alloy kind of titanium was perfect. The researchers employed finite element
modelling to increase the power arm’s resilience. The analyzed design may then be built when the model was linked to the
dental shape. As a result of the production, the tensile arm strength increased by 7%, and the stress decreased by 82 %,
highlighting the improvements over the conventional method [73]

2322 Prothesis

With the aid of 3D-printable devices, physicians and scientists may create simple operating prostheses, changing the nature
of medicine. Because such devices are expensive and mostly cause user discomfort, the development of adaptable and
additional convenience for persons is a problem that is encountered internationally. New technologies like 3D printing, that
encourages the development of customized prostheses, can tremendously help prosthetists [74].

Zuniga [75]suggested a remedy to this frustrating issue to lower the threat of bacterial infection after amputation.
In this work, a 3D printing material called Plactive with antibacterial capabilities was used. The intention was to highlight
the usage of antibacterial elements in the creation of this model as well as to characterize it for its therapeutic
characteristics. Two persons participated in the finger amputation test, with the severed portion being replaced with a 3D-
printed prosthetic Patient convenience and satisfaction with the modelled prosthesis are improved by this technology [76].

A desktop 3D printer was used in a study by Honigmann et al. [76] to build scaphoid prostheses. Using the fuse
filament process, the model was assembled. Polyetheretherketone (PEEK), a biopolymer used in construction, was selected
as the building component. PEEK made it possible to minimize metal-metal debris while simultaneously lowering the
danger of particle-induced implant loosening. This 3D model helped in class II biomedical assembly. This model received a
lot of interest because it was a customized item. Medical and industrial biopolymers were compared one to the other. In
conclusion, this prosthetics model showed enhanced integration and productive PEEK manufacture [76]. 3D model
prostheses were contrasted with conventional prostheses by Xiao et al. [77]. Physical vapor deposition and
stereolithography were both used in the model development. Polymers with a titanium coating were used in the fabrication,
highlighting its advantages in the pharmaceutical and biological fields. We examined the mandibular model's crushing and
compression strengths. The result was that the titanium model could withstand compressive stress of larger than 20% by
also providing enhanced strength properties. According to an investigation, Future design, mechanical, and biological
features are expected to benefit from finite element analysis [77]

2323 Surgery

The procedure of having surgery is extremely difficult and frequently has several serious consequences. The risk of
perioperative and postoperative conditions was decreased by the use of sophisticated technology. The main goal is to
shorten the operation's duration and associated risk simultaneously enhancing adherence and effectiveness. As a result, 3D
printing creates a foundation for better surgical results in challenging circumstances. The introduction of this technique

10
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aroused the interest of scholars and surgeons, leading to its applications in different sectors [78]. In the right hemi-colon
cancer surgery, The mesenteric arteries were created via 3D printing by Chen et al. [79]. In the randomly chosen clinical
investigation, three separate groups—3D printing, 3D image processing, and control—were employed. The primary
variables were the length of the procedure, the amount of blood that was lost during it, and the number of lymph nodes
present; however, secondary variables included postoperative complications, the length of the recovery process, and patient
acceptance. The number of lymphatic nodes increased, and 3D printing technology significantly cut down on overall
operating time. Additionally, the postoperative expectancy was enhanced, and the price of the treatment was significantly
decreased. Investigators concluded that innovation improves accessibility to surgery as well as further lowers its cost and
associated difficulties [79].

According to a different study, 3D printing can help sarcoma patients function better. Surgery was the basis of
treatment, although it was challenging to handle. By representing the body's 3D anatomical structure, the technology
enabled the development of 3D-modelled prostheses, that assisted in overcoming the constraints of conventional treatment.
The electron beam melting approach was applied to replicate the bone make-up for the users who had primary bone
sarcoma. In 23 individuals at random, the titanium metal was implanted. After a two-year follow-up, all participants were
still surviving. Even while the technique is pricey and requires extensive preoperative planning, continued advancements
will make it handier and may even lead to robotic surgery in upcoming times. The results showed that implantation in pelvic
surgery had increased resection accuracy [80].

233 Drug Delivery

The administration of a medicinal substance to have a therapeutic effect has been better understood as a result of several
studies. To achieve the anticipated medication administration, additional material discoveries have led to a wide range of
innovative instruments, concepts, and tactics. In comparison to traditional methods, 3D printing offers substantial
advantages in producing enormously complicated and customized models, making it more efficient in terms of both time
and money [81]. Custom medications may be made in-house and on-demand because of 3D printing's adaptability. HME
and FDM 3D printing are themost important methods for creating an innovative medication distribution system [82]-[83].
Most research used 3D printing for customized medication to create pellets [84], pills [85], tablets [86], capsules [87], and
buccal thin films [88]. The solid dose formulation is primarily where this technology's benefits are visible.

Liang et al. [89] presented a portable, personalised mouthguard as an oral administration device in the first-in-
human trial. 3D printing was utilized to create the product's adjustable structure and varying release profile (fused
deposition process). As a sample medication and thermoplastic polymers, respectively, clobetasol propionate and polyvinyl
alcohol (polylactic acid and polyvinyl alcohol) were used. These two polymers were used by scientists to produce three
different types of mouthguards, each with a unique structure and material makeup. The simulated medication device
system's extra versatility was tested on human test subjects. The model medication was steadily distributed over two weeks
as per the in vitro dissolution experiment. This 3D printing manufacturing technique provides considerable time and
performance advantages over currently used processes for making normal mouthguards, enabling the creation of such
products for the urgent application. The immense opportunity of 3D printing to develop and use new therapeutic delivery
methods for individualized therapy is exploding [89].

In an innovative investigation, theophylline was loaded as the model drug by Dumpa et al. [90] to construct the
gastro-retentive floating pulsatile drug delivery system. Under this study, hot melt extrusion and a fused deposition
modelling strategy were coupled, then direct compression was applied. The created device's purpose was to enhance
asthmatic treatment he device underwent testing for thermal characteristics, stiffness evaluation, physical characteristics,
bouncing. The lag time may be modified based on the requirements (30 min—6 h). Theophylline pulsatile release and
medications that required a lengthy stay in the stomach might both be delivered using the floating pulsatile device that was
recommended. With this approach, unwanted adverse effects were reduced, and patient satisfaction was elevated. In vivo
experiments may be improved soon [90]

Oro-dispersible films (ODF) were customized by Yan et al. to improve patient acceptability of drug administration.
Levocetirizine hydrochloride and hydroxypropyl methylcellulose were selected as the medication and additives,
respectively. Additionally, plasticizers and fillers were employed to improve endurance and help in the breakdown. A semi-
solid extrusive 3D printing technique was used to create this changeable film. The dosing forms specified various dose
strengths. Along with being tested for drug content, dose uniformity, tensile characteristics, contact angle, and drug release
estimation, the produced formulation also underwent several other tests. D printing seemed to be a practical method for
creating customized ODFs. Because of their versatility and wetness characteristics, 3D-printed ODFs have the potential to
be employed as an instant medicine delivery system. A drug dissolving test revealed that all ODFs released all of their
medication components perfectly and quickly in under two minutes in vitro release of the drug. The wide range of
applications of 3D printing in the production of uniform ODFs showed other prospects in hospital for a short-term
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individualized drug delivery system [91]-[94].

2331 Drug Screening And Drug Modelling

Medication development involves significant funding and takes years, from the small scale to commercialization. The final
product that is provided to the consumer is put under pressure as a result. Although significant initiatives have been
conducted to minimize the time required for a pharmaceutical to hit the market while also improving therapeutic potential.
In addition to improving the product model, 3D printing, and high-throughput processes help cut down on production costs,
time, and regulatory requirements (92). 3D bio-printed cellular models for high-throughput drug screening have been
introduced by bioprinting companies (93, 94). By offering an in vitro tissue model, such approach offers a tool for
evaluating biomolecules at an early stage of development. With the use of this innovation, construction time and costs may
be reduced by avoiding trial and error mistakes. Numerous preceding books provided depth understanding with a
comprehensive description [95]-[96]. Traditional 2D cell culturing research and animal models were employed to clarify the
cellular and molecular mechanisms underlying a range of human disorders, however, they had a slew of drawbacks. [97]-
[98].

2332 Wound Healing

Wound dressing treatment comprises lowering the infection level and promoting the healing of wounds. This traditional
method may cause other complex reactions. Because of this, 3D printing offers a patient-specific antibacterial effect in
addition to other advantages including the ability to vary the dimensional properties of dressings, simple drug
administration, usage of a variety of materials, and oxygen penetration because to porous structure [99].

Ilhan et al. [100], in the field of wound dressing, overcame a big challenge. A serious medical risk that may be
controlled by 3D printing is acute injuries. Under this research, Satureja cuneifolia plant extract (SC) was utilized as a
sample and it was discovered to be successful in healing diabetic ulcers. echanical, thermal, swelling, and degrading
behavior investigations were done in addition to the dissolution studies. A few different kinds of dermal bacterium were
found to have no microbiological activity. The outcomes were comparable to those of the wound healing experiment using
the antibiotic ampicillin as a control. This proved that model was a suitable for 3D-printed wound mitigate [100]

24 Categorization And Approaches Of Hydrogels

Hydrogels are undoubtedly the most suitable substance for tissue engineering utilization. Before briefly outlining the many
classifications of hydrogels, let's have a look at how it’s used in a variety of tissue engineering implementation. This
classification is crucial because it influences the parameters for formulating a method and the viability of using hydrogels
based on their inherent mechanical and chemical properties.

According to their source (natural, synthetic, and hybrid), hydrogels are categorized. Proteins (such as collagen, and
elastin), polysaccharides like alginate, and chitosan,) are used to create natural hydrogels. Synthetic hydrogels display more
adaptable and simple-to-control physical and chemical properties than natural alternatives [101]. polycaprolactone (PCL),
and all their derivatives are examples of synthetic hydrogels.

Hybrid hydrogels combine natural and artificial materials to create blended framework with favourable synthetic
and natural properties [93]. According on their structural stability, hydrogels can either be long-lasting or biodegradable.
While biodegradable hydrogels are made of natural polymers, are typically nontoxic, and exhibit fewer side effects than
synthetic alternatives, stable hydrogels are typically synthetic and are physically harder than natively generated hydrogels.
[102] Finally, the responsiveness of hydrogels to external stimuli can be used to further classify them.[103]-[104]. The
physical and chemical characteristics of stimulus-responsive hydrogels, sometimes known as "smart hydrogels," [105]-
[106]may be altered by reversibly changing their shape and volume [107] when exposed to changes in the pH level, [108]-
[109] temperature, and other parameter. Table 3 presents a summary of the various polymeric hydrogel materials, cell types
utilized, target tissue applications, and associated production techniques. [110]

Table. 3Novel developed polymer-based hydrogels for tissue engineering uses[110]

Polymer Type Cell Used Specific Synthesis Method | Reference
Tissues
Utilization
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Alginate/bacterial cellulose | MC3T3-E1 cells Bone LBL Yan et al.

nanocrystals-chitosan— (42)

gelatin

Gelatin Human umbilical | Vascular Microfluidics He et al
endothelial cells (43)

Poly (ethylene glycol)- | Human mesenchymal | Cartilage Electrospinning Brunelle et

poly(N- stem cells al. (44)

isopropylacrylamide)

(PEG-PNIPAAm)-poly(e-

aprolactone)

Peptide Fibroblasts, dental | Dental pulp Self-assembly Nguyen et
pulp stem cells al. (45)

Chitosan/PVA Human mesenchymal | Bone 3D printing | Ergul et al.
stem cells (extrusion) (46)

25 Case Studies

1. The purpose of this research is to identify Malaysia's major drivers and emerging trends in bioprinting. Under this analysis,
both quantitative and qualitative methods were applied. The drivers and the situation for 3d printing in Malaysia were
developed using a STEEPV (society, technical, economics, environmental, politics, and values) approach. An overall of
384 questionnaires had already been sent out to the pharmaceutical companies, and 37.26 percent of the total were
returned. In the research's second stage, impact uncertainty was implemented. The two major factors identified have been
the presence of financing for 3D bioprinting acceptance and the emphasis placed on 3d printing by doctors and scientists.
At the conclusion of this research, four possibilities were put up, including success, gradual acceptance of 3D bioprinting,
a lack of finance, and the destruction of technologies [111].

2. In this investigation, a new technique for creating gastrointestinal floating tablets (GRFT) combining hot-melt extrusion
(HME) and fused deposition 3D printing is presented. HME was used to create theophylline-containing strands in a
framework of hydroxypropyl cellulose. To confirm their drug concentration, float tendency, dissolving, and
physicochemical features, 3DP tablets with various filling percent and shell widths were produced and tested. The results
of the dissolving trials showed a connection between the 3DP tablet's drug release pattern and infill percentage/shell
thickness. The created GRFTs were all capable of floating for 10 hours and showed 0 order release kinetics. The Peppas-
Sahlin model suggests that the release of drugs is caused by a process that combines Fickian diffusion with swelling. The
consistency of drug crystallization was observed across the procedure. When combined with HME, 3DP might be a
powerful design to create controlled-release GRFTs, offering the benefits of ease and adaptability over more traditional
approaches[14].

3. Individualized medication is now possible because to the development of three-dimensional printing, which has opened
fascinating new options for the creation of pharmaceutical formulations. This work used stereolithography (SLA) to create
oral dosage formulations of 2 therapeutic concentrations, 2.50 and 5.00 percent, utilizing a new photopolymerizable resin
formulation based on a monomer combination that has not yet been published in the journals Acetaminophen and
acetylsalicylic acid have been chosen as model drugs. Diphenyl (2,4,6-trimethyl benzoyl) phosphine oxide (Irgacure TPO)
was used as the photoinitiator to create the dosage forms while varying the amounts of poly (ethylene glycol) diacrylate
(PEGDA) and poly(caprolactone) triol. Creating 28 doses in one print process was feasible, and the printable dose forms'
drug release characteristics were assessed. It was proven that these medications had a prolonged release throughout a 24-
hour period. Additionally, the physical characteristics were examined, demonstrating that SLA allows for reliable printing
of doses with some statistically relevant deviations from the desired dimensions limit, suggesting a potential area for
technology development in the future. According to the research reported in this article, SLA can create tiny, customized
batches that can be customized to a sufferer's particular requirements or enable the local manufacturing of pharmaceutical
formulations[16].
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4. A significant change has been made toward the progress of current medications because of the emergence of 3D printing in
drug companies, comprising therapeutic items with various configurations and complicated geometry. The development of
multi-drug packed formulations, which are now difficult to make using traditional pharmaceutical methods, has been
investigated using 3D printing technology. This will help patients take their medications more consistently and minimize
pill burden. In this work, a multi-layer 3D printed oral formulation (polyprintlet) containing four antihypertensive
medicines, particularly irbesartan, atenolol, hydrochlorothiazide, and amlodipine, was created using stereolithography
(SLA), a vat polymerization process. For the initial time, we disclose an unanticipated chemical interaction between a
photopolymer and medication, despite being effective in its manufacturing. Both nuclear magnetic resonance (NMR)
spectroscopy and Fourier transform infrared (FTIR) spectroscopy supported the notion that the main amine group of
amlodipine and the diacrylate group of the photoreactive monomer performed a Michael addition process. The work
presented here emphasizes the significance of selecting photosensitive resins with caution to create drug-packed oral drug
formulations using the SLA 3D printing technique[18].

5. In drug companies, three-dimensional printing (3DP) is picking up steam and providing cutting-edge possibilities to
produce medications. We just exposed the pharma sciences to a unique, greater resolution, single-step printing process
called selective laser sintering (SLS). The purpose of this research was to develop print lets (three-dimensional printed
tablets) with cylindrical, gyroid lattice, and bi-layer architectures that could have their release properties customized using
SLS 3DP. Using SLS 3DP, constructions containing acetaminophen were made from four distinct pharma-grade polymers,
including polyethylene oxide, Eudragit (L100-55 and RL), and ethyl cellulose. All 4 polymers' release of drugs might be
controlled by the new gyroid lattice. This study is the first to show that it is possible to customize the drug release
characteristics of multiple polymers quickly and affordably utilizing SLS, without having to change the formulation's
content. It is consequently feasible to alter medication distribution by using these constructions, which in turn could make
it feasible to adapt drug efficacy to the individual by only modifying the 3D architecture[19].

6. This study used the photo-sensitive medicine nifedipine (NFD) to examine the effects of experimental condition and
synthesis components on drug loss, crystalline nature, and quality characteristics (symmetries, toughness, breakdown time)
of 3D printed dosage forms made utilizing selective laser sintering (SLS). Among the laser origin utilized in selective laser
sintering (SLS) procedures is a visual laser with a wavelength of about 455 nm, and medications like nifedipine can
accumulate light at variable intensity along these wavelengths. This concept could result in chemical degradation and
solid-state conversion, which was examined for nifedipine in preparations processed under various SLS circumstances
using various proportions of the vinyl pyrrolidone-vinyl acetate copolymer (Kollidon VA 64) and potassium aluminum
silicate-based pearlescent pigment (Candurin). Following an initial assessment, Candurin, surface temperature (ST), and
laser speeds (LS) were found to be the independent components. More to comprehend the correlation patterns and measure
the influence on deterioration (%), crystalline nature, and quality characteristics (symmetries, toughness, breakdown
period), a 17-run, random, Box-Behnken design was created utilizing the selected independent parameters. The experiment
design and mathematical analyses demonstrate that ST had a significant positive association with drug loss, nanocrystalline
transformation, and toughness of the 3D-printed pharmaceutical formulations, so although LS and Candurin (wt.%) had a
significant negative relationship on drug loss, toughness, and mass. Based on the results of this investigation, it can be
inferred that composition and process variables have a significant influence on structure and reliability; as a result, these
factors should be assessed and improved before subjecting pharmaceuticals that are susceptible to light to SLS
operations[20].

7. This paper presents the findings of an in-depth investigation on the use of inkjet 3D printing for the creation of
microfluidic geometries. Four different printers were used to generate test constructions that were created in CAD. Every
printout's shape and size accuracy, structural conformance, and surface irregularity were examined. It was discovered that a
correctly printed microfluidic channel needed to be at least 200 pm in breadth or height. Despite the printers' apparent
clarity being an order of magnitude greater, tiny constructions were either produced considerably deformed or not at all. It
has also been discovered that the withdrawal of the base material is an essential part in the one-step creation of embedding
microchannels. We also go through the cause of printing errors and offer a system for comparing different printers. To
create a microfluidic framework for the spectrophotometric characterization of drinks, the prints from the 4 distinct printers
were analyzed, and the best printing method and printer were then chosen. This microfluidic structure was used to gather
UV/VIS absorbency properties, proving that the manufactured spectrophotometric chips worked as intended. As a result, a
proof-of-concept for the creation of microfluidic structures utilizing inkjet 3D printing was generated [26].

8. To mimic the porosity shape and matrix robustness of normal bone fragments, a 3D bio-printed pseudo-bone drug carrier
platform was created. The 3D bio printed scaffold was created using computer-aided design (CAD) software. The scaffold
was further optimized using MATLAB software and artificial networks of neurons (ANN). Polypropylene fumarate (PPF),
free radical-polymerized polyethylene glycol-polycaprolactone (PEG-PCL-PEG), and pluronic were the polymers used to
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11.

create the 3D scaffolding (PF127). Simvastatin was added to the 3D bioprinted scaffold more to enhance their capacity for
bones repair and regeneration. The 3D bioprinted scaffold was assessed for its functionality to be used as an implanted
structure at the site of broken bone by looking at its biochemical, morphology, mechanics, and in vitro drug release studies
kinetics.A modified release system using the ANN-optimized 3D bioprinted framework successfully demonstrated release
of the drug for 20 days. Using a model of a normal clavicle skeleton that had been fractured by a butterfly, the 3D
bioprinted substrate also demonstrated creation as a pseudo-bone matrix. According to tests measuring the pseudo-bone
matrix's matrix softness (MH) and matrix robustness (MR), the durability of the pseudo-bone matrix was found to be
identical (99% MH and 98% MR) to normal adult clavicle bone [29].

Numerous advancements have been made in pancreatic islet transplants over the ages, making it a potential treatment
option for certain people with type 1 diabetes who have uncontrolled blood-glucose control. Encapsulating transplant islets
in a hydrogel, with alginate being the most extensively studied, can preserve them from the immune response. Under this
work, islet encapsulation is coupled to 3D extrusion bioprinting, an additive manufacturing technique that allows the
manufacture of conformations having exact morphology to build macroporous hydrogel constructions with encapsulated
islets. Pancreatic islets may be enclosed in macroporous 3D hydrogel structures of predetermined geometries while
keeping their survivability, appearance, and functioning by employing a plottable hydrogel mix made of clinically
approved ultrapure alginate and methylcellulose (Alg/MC). The implanted islets constantly manufacture insulin and
glucagon during the observation and continue response to glucose stimuli, although to a smaller extent than standard islets.
Diffusion of glucose and insulin in the Alg/MC hydrogel is equivalent to diffusion in plain alginate [33].

. Bioengineering is a rapidly expanding field of study that is of tremendous interest due to its potential to create bionic grafts

that can substitute for autologous tissue. Precellularization of comparatively tiny vascular grafts continues to be a research
problem even after several modelling techniques have been attempted. Thus, by merging nanofiber electrospinning and a
specifically created rotatable bioprinter, an unique method for generating bionic comparatively tiny vascular arteries is
produced. Excellent flexibility is provided by electrospun poly(-caprolactone), and the electrospinning alteration is
advantageous for endothelial cell attachment and functionalization. Following weeks of culture, PCL's surface forms a flat
monolayer. The conventional two half (3D) bioprinter was modified to enhance the rotating of the central point and
employ two motors to boost stability while creating. This made it possible to bioprint a homogeneous, thick methacrylated
gelatin (GelMA) structure with cells of smooth muscle that are placed in a straight line along the horizontally rotational
axis. Throughout the culture procedure, the two types of cells retain their survivability and propagation in the framework.
Additionally, the bionic construction has stronger suture holding and anti-burst force than a native blood artery. This
research could offer a fresh approach to creating bionic blood vessels or other tubular structures [49].

The mechanism of tissue formation requires the repair of dermal blood vessels. Nevertheless, there are significant barriers
to persistent dermal substitution in bioengineering, including the absence of vascular structure, poor angiogenesis
stimulation, and inefficient graft-host anastomosis of the present skin replacements. This research successfully creates
homogeneous strontium silicate (SS) microcylinders, integrates them into the biodegradable polymer ink to behave as
steady cell-induced aspects for angiogenesis, and afterward uses a "cell-writing" bioprinting method to produce a workable
dermal replacement depending on a vascularization-induced biocompatible multicellular structure. The multilayer systems
incorporating SS demonstrate exceptional angiogenesis action both in vitro and in vivo due to its unique coupling of
vascular skin-mimicking morphology and vascularization-induced functioning. The 3d bioprinting skin replacements
therefore encourage graft-host integration and vasculature skin rejuvenation in 3 experimental animals, which dramatically
speeds up the recovery of both acute and chronic injuries. In order to create biocompatible multicellular structures with
angiogenesis-induced functionality for the rejuvenation of vascularized sophisticated and hierarchy tissues, the research
presents a preferable method [52].

. The main component of the extracellular matrix in the human body is collagen. Making collagen frameworks that can

mimic the composition and operation of organs and tissue has proven to be difficult. We describe a technique for
engineering segments of the human cardiac at different sizes, from capillary to the whole organ, utilizing freeform
removable embedded suspended hydrogels (FRESH). Management of pH-driven gelation gives tensile stability for
manufacturing and perfusion of multiscale vasculature and tri-leaflet valves, a permeable microstructure that permits fast
cell infiltration and micro vascularization, and 20-micrometer strand accuracy. We discovered that FRESH 3D-bioprinted
hearts faithfully replicate the anatomy identified by micro-computed tomography in sufferers. Human cardiomyocyte-
printed cardiac ventricles displayed coordinated contractions, directed action potential propagation, and wall thickening of
up to 14 percent at maximum systole [60].

26 Criteria For Hydrogel In Tissue Engineering
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Hydrogels must fulfil several design requirements in order to perform as intended, promote the growth of new tissue, and
trigger little or no immunological response in the recipient. The physical properties of hydrogels, like physical properties,
biodegradability and swelling behaviour, moreover their biological performance, just like their biocompatibility,
vascularization, and bioactivity, primarily determine the satisfactory design and material selection of hydrogels. The
intended use and environmental exposure of these elements define them. For instance, hydrogels used to produce artificial
skin and artificial bones must differ from one another. This means that a particular composition and structure of hydrogel
may be advantageous for many projects involving tissue engineering.

261 Biological Performance

Biocompatibility: - Researchers looking to create hydrogels with applications in biological systems are primarily interested
in biocompatibility [112] Hydrogels should be created as biomaterials with little or no immune response to the live tissues.
The simultaneous breakdown of the hydrogel matrix and the growth of new tissues are signs of biocompatibility [103]. The
matrix ought to be physiologically secure and noncytotoxic. It has been observed that several man-made polymers, which
incorporates polyesters and acrylates, exhibit biocompatibility with the human body [113]. To create biocompatible
hydrogels, poly (amino acids),and other bioderived materials have also been employed [114].

Cell adhesion: - It is anticipated that hydrogel scaffolds will have an adhesive quality for cell binding. It should be noted
that many synthetic polymers have poor cell bio-adhesion. The synthetic polymers PEG, PVA, and Poly (2-hydroxyethyl
methacrylate) (PHEMA) that show weak cell binding are among the most often used in tissue engineering [115].

Vascularization: - Implanted tissues with higher levels of survivability have developed a capillary network that carries
nutrients to the cells, which is known as vascularization. Common techniques for improved vascularization include proper
scaffold design, angiogenic agents [116] Of these strategies, it has been discovered that appropriate hydrogel model shape
and size with sufficient interconnectivity, branching, and exact pore size can affect the rate of vascularization following
insertion [117]-[118].

Bioactivity: - The term "bioactivity" describes a material's capacity or inclination to induce or promote a biological
response in a live system when it is introduced [112]. A typical bioactive scaffold should have strong osteoconductivity and
osteoinductivity, tissue connectivity, and binding capabilities, and growth factors and biological signals that encourage cell
differentiation, adherence, and formation [119]. Because of their distinctive structure, hydrogels can also regulate and
sustain the release of bioactive substances, enabling the creation of a persistent vascular system and the bone scaffold.
Controlled hydrogel degradation and molecular diffusion rates might be achieved by structurally modifying the
composition and adjusting the amounts of polymers and crosslinkers [120]

262 Topographical Characteristics

Mechanical properties: - The mechanical properties of the hydrogel used in tissue engineering applications must be
compatible with the tissues present at the place of insertion. These characteristics might be modified to satisfy certain end-
use needs. As an example, adding crosslinking agents, blocking polymerization, forming interpenetrating networks (IPNs)
or semi-interpenetrating networks (SIPNs), and adding nanofiller materials like graphene, nano silica, carbon nanotubes,
and their derivatives can all increase the mechanical strength of hydrogels [121-[122]. Additionally gel elasticity is crucial
because it allows crosslinked chains to flex and makes it easier for bioactive substances to migrate or diffuse [113].

Biodegradability/absorbability: - When functional tissues are formed because of the replacement of old cells with new
ones, hydrogels should generally have bioresorbability and adjustable rates of breakdown and resorption. One of the
fundamental demands for hydrogels during their predicted lifetime is the maintenance of both cell growth and appropriate
distribution [102],[103],[106]. Which remains after they have fully degraded. In order to create efficient and practicable
hydrogels for tissue engineering applications, biodegradation rates are essential.

Porousness: - The porousness of a hydrogel indicates the existence of void spaces within its overall structure. For effective
nutrition and metabolic waste transport as well as for ideal cell migration, a significant degree of scaffold permeability or
hierarchical transportation characteristics is required. In order to promote healthy cell proliferation and movement and to
enhance surface area equivalent to the necessary scaffold volume, hydrogels should have an adequate number of
interconnected porosity networks. Particularly in the absence of a functioning circulatory system, such severe, linked
porosity can benefit cell ingrowth and homogeneity [123],[101].

Swelling: - Swelling is defined by the hydrogel's natural ability to grow as a result of liquid absorbing through the spaces
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within its polymer chains systems. Swelling is frequently related to the substance's physical characteristics, that result
exhibits a relationship with the crosslinking strength and hydrogel content. Furthermore, swelling is important for material
dispersion and movement inside and across the hydrogel [124],[106]. The rate and ability of swelling are also important
factors since they can affect how well hydrogel materials work. The rate of swelling for particular in vivo use must also be
taken into consideration because they can give an indication of the defect filling rates during a given surgical technique
[123].

27 Challenges In Manufacturing Of Hydrogel-Based Biological Tissue

There are still several significant obstacles and restrictions facing different tissue-engineered technologies that have passed
satisfactory medical studies. These problems are brought on by the use of synthetic hydrogel model and the associated
manufacturing techniques to mimic natural ECMs, (103) which help cells proliferate, differentiate, and synthesize new cells
[125] Up to this point, improved printers have been able to print hydrogel structures with a satisfactory resolution (0.3 mm)
[126]-[127].

Due to the poor efficiency of cell infiltration rates, the majority of the difficulties with these devices is uneven cell seeding.
This finding is mostly the result of the size, shape, and insufficient monitoring in the spatial and temporal components of
cell movement and multiplication [128],[129]. Hydrogels with an uneven distribution of crosslink density indicate a
phenomenon called spatial inhomogeneity, which lowers the hydrogel strength[130],[119]. Additionally, there are
challenges in integrating hydrogel systems into the human body because these systems must react continually and
periodically with a variety of pathologic and physiologic events. [131],[132]. Even though hydrogels are now regarded as
smart materials and their production techniques are more advanced, they still need to have better vascularization if they are
to behave in a way that mimics the complex structure of genuine tissues. As a result, this step would remove the obstacle to
the development of complex organs [129].

When used as a scaffolding material, the characteristics of biomaterials, particularly their mechanical characteristics,
have a minor but considerable effect. Therefore, while creating appropriate scaffold constructions, including biomaterials,
the goal is supposed to be to convert the mechanical qualities of the tissue of interest into the physical characteristics of the
created construct. In light of this, it was discovered that hard tissue regeneration requires mechanical strengths between 0.4
and 350 MPa, whereas soft tissue regrowth needs values between 10-1500 MPa [130].At both the macro- and microscopic
levels, it is discovered that hydrogel structures have weak mechanical characteristics. As a result of the uneven placement of
crosslinkers in their network, their ability to withstand physical strain is fairly low [133]. Their uses are therefore still
restricted to soft tissues without loads on them. ECMs with this structural modification may eventually resemble their native
forms in form of makeup and operation In addition, handling and loading hydrogel systems can be delicate and fragile
[130],[134].

Additionally, Synthetic hydrogels can provide problems with biodegradability and biocompatibility. High molecular
weight and viscous materials can be created by chain-growth addition polymerizing hydrogels to create their crosslinked
structures. Monomers slowly diffuse as viscosity is raised, which prevents their full utilization and leaves behind unusable
leftover monomers in the framework that are frequently polluted. As a result, sterilisation suffers and could get much more
challenging if there are still water molecules present. [124], [129], [135].

28 3d Bioprinting Based On Natural Biopolymer

When compared to synthetic polymers, natural biopolymers usually exhibit features that are more suited to biological
surroundings and are frequently impossible to imitate synthetically [136]. The most extensively researched naturally
occurring hydrogel polymers for biomedical applications are collagen, gelatin, and alginate. Adapting or changing these
materials while preserving their original organizational structure is difficult. The extracellular matrix (ECM) contains a
large amount of collagen, which makes it possible to extract and print vast amounts of collagen. Additionally, collagen has
great biodegradability and biocompatibility [136],[137]. These characteristics have prompted researchers to improve
collagen's capacity to be 3D printed directly or copolymers. [138]. According to several characterization approaches, PLA-
Col-MH-cHA model showed mechanical and biological characteristics that were highly similar to those of bone structures.
Murphy et al. [139] produced star-like dendrimers using peptide copolymer monomers using extrusion-based printing
techniques. The method was combined with a after-print UV ray therapy to create controllable microstructure hydrogels that
are mechanically stable. Degradable hydrogels created by functionalizing L-glutamate and L-valine were unable to stop the
Balb/3T3 cell line from functioning. By adding the small molecule medicine doxorubicin hydrochloride to the hydrogel, the
degradation was taken advantage of in order to show the possibility of controlled drug release.

Thiolate heparin combined with glycidyl methacrylate Hyaluronate and different growth factors was employed by Wang et
al. [140] to create stable hydrogel structures using digital light projected (DLP) 3D printing method. To investigate the
dimensional influence on regulated discharge of growth factors, a variety of geometries were built layer by layer, with
growth factors in each layer [141].
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29 3d Bioprinting Based On Synthetic Hydrogel Biopolymer

In tissue engineering, synthetic polymers have become more popular as feasible printing substances for the creation of de-
novo hydrogel. Even while many synthetic polymers lack an equivalent extent of bioactivity and biocompatibility as natural
biopolymers, there are advantages to using them.. Natural biopolymers are not as flexible as synthetic polymers when it
comes to creating 3D printed polymer hydrogels. For example, Various monomers and crosslinkers can be utilised, with
respect to the characteristics that are wanted, such as molecular weight, degree of functionalization, and surface form [142].

Due to its high biocompatibility, PEG has taken over as the preferred material for hydrogel manufacturing in tissue
engineering. It resists the adsorption of proteins and adheres to cells, enabling more precise regulation of tissue
development[142],[143]. Because PEG's molecular weight is strictly controllable, its physical characteristics may be
modified to suit a particular purpose., PEG may be safely eliminated by the body. Because of the polymer chain is only
partially digested [142]. It has been demonstrated that PEG may create copolymers with other species that can be
polymerized. This compatibility adds a degree of control to changing the characteristics of PEG-derived polymers [143]. To
increase mechanical qualities like toughness and impact strength, units of a certain polymer backbone can be introduced.
The preservation of biocompatibility requires careful PEG copolymer selection. The release of PEG bits requires the
degradation of nearby PEG blockchain systems [142].

Using the SLA 3D printing approach, Christensen et al. [144] created hydrogel structures. Micro-cantilever
frameworks integrated in a medium rich in cells were used to encourage tissue development.. with turnable features
provided by altering PEGDA concentration and cantilever width. Due to the cantilevers' ability to withstand varying degrees
of tension, tissue strips can form without causing harm. Fluorescent microscopy was used to confirm biocompatibility and
regulated cellular proliferation.

For application in tissue engineering, Tessmar and Gopferich (1982) investigated a variety of PEG-copolymer
compounds. The biomimetic properties necessary for the growth of cells were mainly produced through cross-linking and
extremely moist PEG-based polymers. The use of certain short peptide chains as crosslinkers allowed for the targeted
breakdown of the cross-linked units with the addition of particular proteinases. Cellular adhesion can be boosted by
choosing crosslinked peptide sequences with sections that are recognized by receptor substrates. Through the scaffolded
network, directed migration may be produced by the targeted cellular adhesion. [145],[146].

Application

The creation of tissues like dermal tissues, bone tissue, cardiovascular tissue, cardiac valve, and neurological tissue is one
use for 3d-printed hydrogel-based bio-inks. Collagen, and agarose, are among the hydrogel polymers employed. There are
numerous drawbacks to the traditional method of tissue engineering that 3D printing can help to overcome. Inkjet, thermal
inkjet, piezoelectric and laser-assisted bioprinting are some of the methods that have been utilized to create hydrogel-based
bio-inks in three dimensions [147].

210 Challenges And Opportunities

In order to eliminate the need for organ donors in the long term, investigators seek to inject 3D-printed scaffolds with the
proper bioactive substances. If this is accomplished, patients' specific 3D printed parts can be produced in a much faster,
more reliable manner. Collagen is a good option for use in hydrogel scaffold production in tissue engineering applications
[148].The purpose of the study is clear, and it would have significant ramifications for treating difficulties with heart
abnormalities and failures, even though the technology and knowledge required to transform a duplicate like this into a
functioning human heart are not now available. A working device of this kind could considerably increase the expected
lifespan of an individual. because cardiac failure is regarded as a leading cause of death around the world.

Players who engage in physical activities like baseball, rugby, and volleyball frequently have knee problems. The
frequent and rapid direction changes necessary to compete in these games at a high standard create many opportunities for
knee injury. The meniscus is an important ligament in the knees and is designed like a wedge. Although a ruptured
meniscus can be repaired surgically, this ligament injury can lead to long-lasting persistent pain. Zhang et al. [149] looked
at the viability of producing an artificial meniscus in a 3D printer that might replace a torn or damaged ligament. With the
aid of soft acrylamide, phenyl acrylate, and cellulose nanocrystal, this powerful synthetic meniscus was 3D printed. An
interesting finding was the ability to create a print that had qualities that were comparable to or even better than those of an
actual human meniscus. However, this type of application still faces difficulties, such as effectively attaching the meniscus
to the bone and material property persistence over time. However, because of the communal and economic benefits they
offer, these goals are beneficial to undertake.

Urine can leave the bladder through a pipe structure called the urethra. Urologists face a challenging and common
problem with inherited or congenital diseases of the urethra. Medical specialists struggle greatly to repair the injury and
restore the functioning of the urethra when it is distorted or injured. Until now, most procedures have been based primarily
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on tissue grafting, which can sometimes be successful but could sometimes result in graft rejection. Xu et al. [150]
examined the viability of printing a synthetic and biodegradable urethra tube. The resulting print's elastic characteristic
enables structure restoration and makes it the perfect choice for this application. It has also been difficult to create high-
resolution 3D-printed hydrogels using numerous extrusion-based printing methods, which is still a problem in the field of
additive manufacturing. To attain high print resolution, a variety of techniques have been used. For instance, light-based 3D
printing methods like DLP and SLA have been utilized to produce things more quickly than FDM.[151]-[154]. Due to the
strong transmissibility of the solution, nevertheless, unwanted light penetration might impair the resolution on transparent
resins. This problem was solved by Shin et al. (1995) by adding melanin nanoparticle-infused silk fiber (SFM) to a poly
(ethylene glycol)-tetra acrylate solution that was otherwise clear (PEG4A). To irradiate the resin more precisely, the opacity
of the mixtures can be adjusted by the introduction of SFM.

Incorporating hydrophilic photo blockers that can significantly absorb photons, such as chlorophyllin and tartrazine,
can also help produce high print quality when utilizing these photopolymerization-based techniques [155]. With a larger dye
quantity used, however, a longer curing period is needed to achieve the same film widths. The fabrication of high-resolution
printed structures with a size of up to 100 nm for use in tissue regeneration, drug administration, biosensing, and other
applications is also possible using two-photon polymerization (2PP) [156],[158].

On the other hand, by printing several polyurethane-gelatin (PU gelatin) compositions with an orifice diameter of
80, 200, and 320 pum, Hsieh et al. [157] showed the capability for extrusion-based, 3D-printed hydrogels. When compared
to hydrogel structures printed with 200 and 320 pm diameters, cell proliferation was maintained with only a slight decrease
in viability of cells. After being treated with Ca2+ ions and then thermally cured, the 3D-printed structures' mechanical
characteristics were further improved. The PU-gelatin matrix experienced a chelating effect because of the addition of
Ca2+, which enhanced the structural stability of the printed pieces.[159]

211 Future Perspectives

Even while 3D printing makes it possible to create a variety of intricate designs, the microstructures it produces remain
stagnant.[160] Therefore, 4D printing generates a complicated framework that alters with period and reacts to outside
stimulation in the appropriate manner.[161] The scaffolded model is not anymore stationary and may be transformed into
intricate architectures by changing the model's dimensions, layout, characteristics, and functionality in reaction to outside
signals [162]. This method is time-limited and does not depend on a printer, dissimilar to 3D printing.[163] Structures
created with 4D printing should be carefully demonstrate, keeping in mind any anticipated time-dependent constituent
structure.[164] One more key component of 4D printing is substances that can become highly extendable, flexible, or
stretchable in response to external forces [165].

3 Conclusion

Additive manufacturing is being applied in a variety of fields, including energy technology, medical, and lightweight
manufacturing, in addition to its conventional application.

e Among the most promising methods for creating cell-loaded frameworks that might specialize and multiply deeper
is 3D bioprinting. A significant technological advance is the emergence of individualized implantation and
multiactive medication.

e  Patient-specific medications eliminate several negative aspects of the typical dose types.

e  Biomaterials used in the manufacturing process have also been shown to increase the potency and efficacy of
drugs. Although the expensive nature of the devices and polymers utilized, technology is advancing quickly, and
costs would eventually fall to a level that would make sometimes large-scale production feasible.

e The benefits of this discovery are expanded for patients, healthcare experts, and learners. In comparison to
traditional therapeutic approaches, the standard of living has increased due to the increasing use of grafts to larger
social group.

e  We may anticipate the most reliable technique with enhanced qualities in the pharmaceutical industry. The
integrated cell lines would maintain mechanical stability over time, but the complete extent of their flexible
biological nature remains a challenge.

e Machine learning algorithms are anticipated to play a significant role in enhancing the procedure and quality of a
product as 3D bioprinting develops and becomes more widely used. Hydrogels, then moved on to the technical
specifications for producing biopolymers (i.e., physical and biological properties), before talking about the
substance antecedents for 3d - printed hydrogels.

e The usage of hydrogel materials for bioengineering will be made possible by the integration of novel printing
techniques, and 4D printing. The evolution of this field necessitates multidisciplinary and cooperative efforts to
solve any manufacturing challenges.

e The potential for 3D printing hydrogels in the future in conjunction with novel materials, production techniques,

19



BIO Web of Conferences 86, 01013 (2024) https://doi.org/10.1051/biocon/20248601013
RTBS-2023

and therapeutic research was also emphasized.
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