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ABSTRACT

Modern medicine utilizes technology to rapidly and efficiently create implants, tissues, or even entire organs 
that are specifically tailored to meet the unique needs of each patient. Currently, there is a wide range of 3D 
printing technologies available, each with its own specific applications. The purpose of this review is to offer a 
comprehensive overview of different printing technologies and their applications in the medical field. Tissue 
designing and regenerative medication utilize 3D and 4D printing advancements because of their versatility. 
Three essential parts are utilized in tissue designing for repair, upkeep, and substitution of organs. This article 
fills in as an early on review of 3D printing and 4D printing for use in tissue designing. Frameworks, functional 
applications, and state of the art exploration will be in every way talked about. Biomimetic 3D/4D imprinting 
in the domain of soft tissue biomaterials: a deliberate survey of standards, issues, and applications.
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Abbreviations: MSCs: Mesenchymal Foundational Microorganisms; FDM: Fused Deposition Displaying; 
SLA: Stereolithography; DLP: Digital Light Processing; STL: Standard Tessellation Language; TPU: Thermal 
Polyurethane; FEA: HAVIC: Human Aortic Valvular Interstitial Cells; Me-Gel: Methacrylated Gelatin; Me-HA: 
Methacrylated Hyaluronic Corrosive; HUVECs: Human Umbilical Vein Endothelial Cells; EC: Endothelial 
Cells; HMVECs: Human Microvascular Endothelial Cells; PDMS: Polydimethylsiloxane; LaBP: Laser-Helped 
Bioprinting; ECM: Extracellular Framework; FTIR: Fourier Change Infrared Spectroscopy

Introduction
At the point when unique tissue respectability is seriously com-

promised because of clinical sicknesses that cause tissue brokenness 
or extreme inadequacies, the human body has a restricted potential 
to effectively recover the vast majority of its significant tissues and 
organs [1]. Injury, intrinsic deformities, and degenerative illnesses 
are on the ascent, however tissue designing and regenerative medica-
tion give desire to an answer. These exploration roads are devoted to 
making novel organic solutions for different sicknesses and problems 
that have no powerful clinical choices right now. Besides, the essential 

objective of this sort of study is to help and accelerate the recovery 
cycle by supporting the patient’s own innate recuperative properties. 
Then again, it attempts to make substitute natural tissues and, in out-
rageous cases, complete organs, to repair or supplant those that have 
been lost, obliterated, or become useless [2]. 

These treatment approaches are outfitted towards controlling 
physiological states in a controlled design, both spatially and tran-
siently. They capability likewise to the body’s own inborn frameworks 
of tissue repair and recovery. Current and future clinical practices 
have been significantly influenced by these advancements [3]. In any 
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case, numerous fake tissues actually don’t completely copy the util-
itarian highlights of their regular partners, regardless of enormous 
advancement in creating tissue structures for clinical use. We have 
close to zero insight into the numbers behind the versatile respons-
es, and that is essential for the justification for why we fizzled. These 
responses incorporate the development and renovating of manufac-
tured tissues whenever they are embedded in vivo [4]. The manufac-
ture of micron-sized tissue modules has drawn in expanding consid-
eration in the field of tissue designing. 

This is because of the progressive association of length scales 
present in organic tissues, which are made out of rehashing units. In-
teresting to each sort of tissue are these units’ specific three-layered 
microarchitectural qualities and their particular practical properties. 
These parts can work all alone as living materials (fillers) to retouch 
harmed tissues. Or on the other hand, using what’s known as the 
“base up” procedure [5], they can act as the reason for the improve-
ment of huge scope tissue unites or even full-scale organ inserts. It is 
fundamental, because of the importance of in vitro applications, to re-
produce the underlying association as well as the cell and sub-atomic 
arrangement of unique tissue. This is fundamental in the event that 
manufactured tissues are to expand their natural exhibition and gen-
erally speaking helpful outcome in the wake of being relocated into 
living life forms. The likely advantages of injectable residing micro-
tissues built of measured tissues for patching harm at exact spots are 
significant. Likewise, these patches could address different types of 
critical harm that were already hard to fix assuming these modules 
were converged to build huge 3D tissues. The usefulness of tissues 
might be reestablished thus [6]. 

The boundless utilization of bioengineered “living” tissue and 
organ substitutions sooner rather than later could have extensive 
results. This could hurry the disclosure of novel medicines while ad-
ditionally diminishing the requirement for transfers. Patients with 
possibly salvageable organ disappointment would profit from this 
since it would save them from requiring an organ allotransplant. 
While it is by and by unrealistic to develop complex organs in a lab, 
there is mounting proof that the body’s natural limit with regards to 
recovery can be improved by supplanting tissue pieces and changing 
the regenerative cycle. Growing multipotential cell populaces, for ex-
ample, mesenchymal foundational microorganisms (MSCs), ex vivo 
and afterward relocating them into harmed regions is the ongoing 
strategy for tissue designing. Because of their ability to recover tissue 
and impact the resistant reaction, mesenchymal foundational micro-
organisms (MSCs) hold impressive commitment in tissue designing 
and reconstructive treatment. They help in the repair of harmed tis-
sue and the guideline of the safe framework’s reaction to transfers [7]. 

Commonly, a biomaterial-cell develop is utilized for the trans-
plantation of these cells; this build is upheld by a biodegradable 3D 
framework. This lattice furnishes the cells with the appropriate cli-
mate for development and repair, including physical and compound 

boosts. Current tissue designing for recovery is certainly not a simple 
system to take on in a clinical setting, in spite of the numerous restor-
ative methods being examined that utilization different biomaterials 
and undifferentiated cells. A few obstructions stay before engineered 
structures and changed undifferentiated cells might be utilized in 
human treatments. Issues emerge from lacking information on the 
hidden instruments, specialized issues such the huge scope augmen-
tation of undifferentiated cells, and administrative requirements 
concerning cost and wellbeing. New tissue creation is managed by 
a complicated arrangement of physiological cycles, and it is basic to 
comprehend these cycles and the systems that oversee collabora-
tions between undifferentiated organisms and biomaterials on the off 
chance that we are to gain ground in this field. 

There is still a ton of secret around this theme. The accomplish-
ment of tissue designing relies intensely upon the utilization of bio-
materials. Engineered biomaterials have progressed significantly 
lately, yet they are not by any means the only option accessible. Tran-
sitory biodegradable help lattices are many times important, in the 
event that not fundamental, for the making of living neo-tissues in a 
research facility setting that intently look like or are like the tissues 
tracked down in the body, or for aiding the recovery of tissues at 
the site of injury. These lattices serve a basic job in giving a surface 
to cells to connect to and live in, and they ought to have underlying 
and practical qualities that match normal tissues. To do this, specific 
chemokines are in many cases introduced and delivered under severe 
management [8]. These grids ought to have a beneficial construction 
that advances working and helps in the regrowth of tissue until ade-
quate new tissue is made, much the way in which a blood coagulation 
functions as a characteristic polymeric framework during the course 
of wound recuperating. Biomaterial configuration in tissue designing 
points, at its generally key level, to distinguish or manufacture a sub-
stance that either normally or misleadingly contains the possibility to 
take on an ideal shape. 

The three-layered cell microenvironment made by this design 
ought to be helpful for the development of new tissue [9]. The mate-
rial should have the option to hold its construction and uprightness 
under load-bearing circumstances for foreordained measures of time 
to guarantee the turn of events and development of new tissue. Crit-
ical steps have been accomplished as of late towards the production 
of regenerative biomaterials. These biomaterials have progressed to 
where they can effectively capture and progressively discharge devel-
opment factors. These development elements can help out the mate-
rials to deliver wanted natural results and further developed useful-
ness. This empowers for adjusted control of immature microorganism 
predetermination, utilizing settings that are profoundly suggestive of 
their local living space. These upgrades have been seen in both in vitro 
and in vivo (in living creatures) conditions [10]. The essential objec-
tive of these designs is to recreate the wide assortment of cell and 
sub-atomic changes that happen during the development of another 
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tissue or organ. Consequently, specialists in the fields of biomaterials 
and tissue designing are endeavoring to make fake gadgets that capa-
bility likewise to human tissue’s normal cell lattices. The capacity of 
these devices to energize and coordinate the development of desig-
nated tissues has made them a point of convergence of examination.

A developing number of patients have received extensive clinical 
rewards from the use of bioengineering advancements, which thus 
depend on biomaterials. Thusly, the requirement for framework parts 
is developing fundamentally. In the quickly creating fields of tissue 
designing and regenerative medication, the quest for a phenomenal 
tissue designing layout is a flow research need. At the point when 
initially instituted, the expression “regenerative medication” should 
incorporate a more extensive range of clinical claims to fame than the 
more settled thought of “tissue designing.” Nowadays however, it’s 
generally expected practice to compare the two. Tissue designing and 
regenerative medication are generally new fields that intend to get 
away from the conventional spotlight on making confounded coun-
terfeit tissues for use outside the body. Extracellular network (ECM) 
imitating biomaterials are being created, and undifferentiated organ-
ism settings are being changed to recover fundamental associations 
with have cells. 

The objective of this technique is to initiate the patient’s endoge-
nous limit with respect to self-repair and association. Significant data 
on the construction, mechanics, and organic chemistry of the ECM is 
put away in the first ECM. This information is fundamental for grow-
ing new models for tissue designing. Sadly, the ongoing yield of man-
ufactured permeable frameworks misses the mark concerning the ne-
cessities for designing complex human tissue. This is on the grounds 
that their organic qualities and organization structure are shoddy. 
Flow thinking credits the hole generally to specialists’ failure to man-
age various specialized viewpoints while testing permeable platforms 
in vivoin vivo unequivocally. Frequently, the experimentalist has less 
say over these factors since they rely upon the creature’s foundation-

al reactions. This finding has been affirmed by various examinations 
[11]. Moreover, it is a significant commonsense trouble to effectively 
manage the underlying boundaries in the formation of completely 
engineered biomaterials and their bioactivation. Significant biomac-
romolecules and signals that control cell and tissue destiny in vivo 
should be coordinated to do this [12]. Regenerative biomaterials 
must find success assuming that they are both effective and cheap. 
This is huge on the grounds that it opens the entryway for additional 
patients to profit from these materials in restorative settings. Figur-
ing out the perfect balance between improving on the creation cycle 
while as yet adding refined data into frameworks is troublesome. It is 
critical to keep the contraptions basic and the materials used as clear 
as could be expected.

Results of a Comparison in 3D and 4D Intelligent 
Printing 
Technology of 3D printing 

3D printing, frequently known as added substance producing, 
takes into consideration the slow development of complicated objects. 
The three principal sorts of 3D printing are the strong, fluid, and pow-
der types. These classifications are laid out by the sort of unrefined 
substance that was placed into the printing system. Fused deposition 
displaying (FDM) is an illustration of a power-based design, while 
SLS and SLM are instances of a strong based design created utilizing 
lasers. Stereolithography (SLA), digital light processing (DLP), direct 
ink composing (DIW), and inkjet are the four fundamental strategies 
that make up the fluid based design [13]. There are at present north of 
100 particular 3D printers available. These printers are smaller and 
modest, so they might be utilized on a work area. Different added sub-
stance producing methods utilize many unrefined components and 
accomplish particular closures. Table 1 is a short presentation and 
rundown of significant 3D printing procedures that ought to assist 
you with diving deeper into them.

Table 1: Overview of the Various 3D Printing Methods.
Methods Status Layer printing Key features Materials

FDM
Solid

Deposition of solid material Low cost, clean condition Thermoplastics (PLA, ABS, PU), composites

SLS Layer of powder Softening particles, sintering Metals and alloys, ceramics, polymers (PP), com-
posites

SLM

Power

Layer of metallic powder Fully melting Metals and alloys, ceramics, composites

SLA Liquid layer curing Ultraviolet curing, high-resolution Polymers, ceramics, composites

DLP Liquid layer curing No support structure, high-speed Elastomers, metamaterials

DIW
Liquid

Fluid layer curing Self-supporting, thixotropic ink Polymers, ceramics, waxes, polyelectrolytes, 
composites

Inkjet Liquid layer solidifying Multiple print abilities, complex struc-
ture, high-resolution

Werowhite, max, visijet M3, crystal, MED620, 
MED625FLX
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Technology of 4D printing 

The up and coming age of 3D printing, known as “4D printing,” 
will empower the creation of structures whose structure, materials, 
and functionalities may all advance over the long haul. Self-gathering, 
self-repair, and different purposes are inside the domain of opportu-
nities for 4D printed objects. Time-reliant, programmable, and unsur-
prising highlights are accessible with this technology. 3D printers or 
hardware, upgrades, connection component, numerical demonstrat-
ing, and intelligent materials are the five support points whereupon 
the idea of 4D printing rests [14]. Inkjet printing, fused deposition 

demonstrating, stereolithography, and selective laser sintering are 
currently the most well known techniques for accomplishing 4D 
printing. Mixes of savvy materials, for example, shrewd nanocompos-
ites, shape memory compounds, and polymers, are significant to the 
powerful capability of 4D printed things. To additionally foster 4D 
printing technology, brilliant materials are fundamental. Because of 
foreordained upgrades, these materials can go through various fore-
ordained adjustments. There has been a ton of improvement in 4D 
printing’s utilization of brilliant materials. Especially in the airplane 
business, shape memory polymers and composites have been investi-
gated for their possible adaptability.

Table 2: Overview of the smart materials commonly utilised in 4D printing.
Materials Stimulus Response Application

Smart metal alloys Temperature Shape Motor actuators

Ceramics Current Resistance Thermistor/overcurrent

Self-healing materials Force Force Soft robotics, actuators

Polymer Humidity Capacity/resistance Humidity sensors

Pyroelectric material Temperature Electric signal Sensors

Polymeric gal pH Swelling / contracting Artificial muscle

Piezoelectric material Deformation/strain Electric signal Vibration sensors

a) The quick advancement of 4D printing has additionally 
prompted the appearance of shape memory half and halves and com-
posites, which have gigantic commitment for modern applications. 
Table 2 gives a total outline of shrewd materials utilized in 4D print-
ing. This table sums up the reaction capability of these materials in 
light of various boosts and the fields where they can be utilized.

b) The following area [15] makes sense of the different man-
ners by which 3d and 4d printing advances vary. That’s what the key 
qualification is:

• Material: 3D printing might utilize many materials, from 
thermoplastics to metals to ceramics to biomaterials to nanomateri-
als. Fourth-age printing, then again, utilizes self-collected materials, 
different materials, and exceptionally made materials.

• Format: 3D printing requires the making of 3D digital data, 
either by filtering an article or drawing it freehand. However, in 4d 
printing, the accentuation is on including digital 3d data that can ad-
just to transforms and moves after some time.

• Printer: in the context of 3d printing, a 3d printer is uti-
lised. However, when it comes to 4d printing, a smart 3d printer or a 
multi-material 3d printer is employed. 

• Change: in 3d printing, the product remains unchanged 
once it is printed. However, in 4d printing, the product has the ability 
to undergo changes in shape, colour, function, and other aspects after 
it has been printed. 

• Application: applications for 3d printed materials are di-
verse and wide-ranging. They are commonly utilised in industries 

such as jewellery, toys, fashion, entertainment, automobiles, aero-
space, defence, and biomedical devices, among others. 4d printed 
objects are suitable for applications that require dynamic and adapt-
able configurations. While there are similarities between 3d and 4d 
printing technologies, it is important to note that they also possess 
distinct differences. The key distinctions lie in the materials used and 
the types of printers employed. As previously stated, it is necessary 
for the materials to be responsive to stimuli. Additionally, the print-
ers require certain enhancements such as changing the laser, nozzle, 
binder, and other components. The properties of 3d or 4d printed 
materials can be influenced by various parameters. In certain cases, 
adjusting the extruder temperature can have an impact on certain 
features, such as improving flexibility and reducing roughness of the 
materials [16]. Conversely, increasing the printing speed may lead to 
a decrease in the mechanical properties of the compounds [17].

The worldwide reception of 3D and 4D printing innovations is on 
the ascent because of the benefits they give over more regular cre-
ation methods. There is a tremendous assortment of purposes for the 
pieces of literature made by 3d and 4d printing innovations. Bioprint-
ing, tissue designing, expandable-shrinkable materials, wearable gad-
gets, biomedical applications, microwave retention, soft mechanical 
technology, histology, nanomedicine, water therapy, marine applica-
tions, food industry, hardware, aviation, development, fake organs, 
and organs, among numerous different purposes.

3D and 4D Printing Technology Procedure
Objects are 3D printed by progressively adding layers of material. 

Demonstrating is the most vital phase in the multi-stage process that 
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comes full circle in the printing of a three-layered object. To determine 
the calculation and aspects of the items to be printed, CAD software 
is utilized to create a confounded 3D model in a printable standard 
tessellation language (STL) record design. Then, digital cross-seg-
ments of the thing are made in light of the chose layer thickness. After 
the model is finished, a 3D printer develops it layer by layer until the 
end result is finished. A strong 3D thing is developed from various 2D 
layers in this strategy. Materials for 3D printing range from thermo-
plastic polymer to powder to metal to UV treatable tar and then some.

Adding time to 3D printed items is one way that 4D printing high-
lights the significance of the design stage. To assemble 4D-printed 
structures, cautious prearranging is expected, with thought given to 
the one of a kind course of change showed by tunable brilliant ma-
terials. Distortions in these materials are expected to happen over 
the long haul. Self-collapsing 3D designs are genuine and exist. The 
spatially alterable examples printed utilizing different shape memory 
polymers are utilized to manufacture these gadgets. Heat actuation 
starts oneself collapsing process. With the assistance of shrewd design 
and thermomechanical systems, making a container that self-folds in 
a period consecutive way, because of the different thermal-subordi-
nate ways of behaving of individual polymers is conceivable [18].

In light of the fact that most 3D printing materials are made to 
deliver firm and static things, the materials picked for 4D printing are 
vital. Brilliant shape composites and polymer memory materials have 
progressed lately. Utilizing heat, bright light, or water ingestion as 
triggers, these materials take utilization of their self-collected qual-
ities. [19] The thermal polyurethane (TPU) fiber used to make the 
temperature-delicate prosthetic hand can adjust to various tempera-
tures. Because of changes in temperature, it can either therapist or 

swell. What’s more, 4D printing can profit from the utilization of nu-
merous materials with changing reactions to the climate. Specialists 
at the Massachusetts Organization of Technology utilized two sorts 
of permeable and water-retentive polymers to make pliable designs. 
[20] On one side of the material was a permeable substance that could 
absorb water, while the opposite side was framed of a firm, watertight 
material. One side of the material expanded when presented to wa-
ter, while the opposite side remained unaltered. Along these lines, the 
type of the material was modified.

3D Printings- 4D Printing and the Implementation 
of Smart Materials

Since shrewd materials can be customized and go through fast 
reversible shape change, they have found expansive use in various 
fields [21]. New capacities might rise up out of the mix of these ma-
terials with 3D designs that license customized changes in math. This 
makes it an excellent possibility for use in soft mechanical technology, 
sensors, and biomedical gadgets, among other designing applications. 
3D printing is a game-changing technology that has modified the sub-
stance of assembling definitely [22]. With the utilization of CAD doc-
uments, high-goal, mathematically muddled designs might be printed 
using 3D printing technology. The materials are stored, relieved, or 
fused under severe control (Figure 1). This is on the grounds that 
3D printing speeds up the design-to-creation process and decreases 
squander during the assembling stage. Logical examinations back up 
this case. 4D printing is the consequence of joining 3D printing with 
brilliant materials that can respond to outside boosts. In 4D printing, 
improvements set off, slow modifications to shape, material, or capa-
bility are the standard [23].

Figure 1: Key technological factors and general procedure of 4D printing.
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In 2013, the expression “4D printing” was begat to portray the ca-
pacity to accomplish a programmable change in shape in things that 
had been 3D printed [24]. As per current logical agreement, 4D print-
ing is a strategy through which 3D-printed designs might be made to 
answer in unsurprising ways to outside improvements. These move-
ments could include something beyond an alternate appearance; they 
can likewise include an improvement in qualities and capacities [25]. 
The capacity to make programmable frameworks has been a main 
impetus behind the blast in fame of 4D imprinting lately. Numerous 
businesses, including aviation, medication, style, and technology, have 
tracked down promising applications for this technology, including 
soft robots and restorative gear. Different fields of study meet up in 
4D printing, including yet not restricted to designing, materials sci-
ence, science, physical science, biomedicine, advanced mechanics, 
optics, and some more. 

There is a quick prerequisite for information on materials, de-
signs, and feeling design to understand its true capacity. Past apprais-
als of 4D printing take care of points like materials and applications, 
yet the multidisciplinary association between material design and 
usefulness has gotten less consideration. The trouble in reasonably 
designing the expected 4D-printed structures and their bigger appli-
cations originates from the absence of this data. It frustrates reason-
able dynamic in regions like 3D printing technique choice, brilliant 
material determination, building design, and boost application. Con-
sequently, the reason for this audit is to stretch the meaning of multi-
disciplinary research for the headway of 4D printing. 

We will likewise audit the most critical improvements in 4D print-
ing that have happened as of late. Brilliant materials, 3D printing, pro-
grammable engineering design, boosts of fluctuating sorts, and novel 
usefulness will be generally talked about also, as will their innate re-
lationship with each other. Printable brilliant materials, underlying 
model, and the general strategy used for designing programmable 
designs, like limited component examination (FEA), are the critical 
areas of focal point of our exploration. The meaning of boost design 
in savvy materials and the frameworks that answer it will likewise be 
talked about. We will cover the new capacities of 4D printing and how 
they can be utilized in a great many fields. 

Designing Structures

Once the suitable smart materials and 3D printing techniques 
have been identified, the subsequent crucial stage in 4D printing in-
volves the design of printed and programmed structures. In this sec-
tion, we will explore the advancements made in the field of 4D-printed 
structures. Our discussion will primarily revolve around the various 
applications of these structures and the methods employed to design 
programmable structures. Specifically, we will delve into techniques 
like thermo mechanical programming, multi-material distributions, 
and FEA simulations. 

A. Structure

On account of the specialized advantages of 3D printing, any con-
struction can be designed and printed depending on the situation. 
Therefore it was important to make a wide assortment of designs rea-
sonable for 4D printing. Object-molded (like the Eiffel tower, expand, 
jar, 3D vault, rings, stepping stool, square cone, and Möbius strip), 
biomimetic (like a blossom, gripper, fish, octopus, leaf, snail shell, and 
cardiovascular stent), and configurable designs (like a microcage, lat-
tice, framework, microlattice, microspiral, pivot, Archimedean twist-
ing, honeycomb, and minuscule winding) are the three The Eiffel Pin-
nacle, containers, and 3D solid shapes are only a couple of instances 
of how printed structures have advanced from straightforward model 
introductions to complex working designs that can be successfully 
utilized for particular applications. The gripper structure is a well 
known illustration of this sort of 4D-printed object. 

By fitting the gripper’s design, size, number of digits, printed 
multi-material format, and upgrade responsive systems, many capac-
ities is conceivable. The printed shut gripper might be made to open, 
and the reverse way around. Temperature, stickiness, and osmotic 
tension are just not many of the many signs that can set off the getting 
a handle on and delivering of things. On the other hand, complex mi-
crocages that might entangle microparticles can be designed by uti-
lizing an enlarging and deswelling component that is arrangement re-
sponsive. Involving the distinctions in pore size between the extended 
and contracted states considers catching usefulness [26]. Microgrip-
pers and microcages have numerous likely purposes in fields as differ-
ent as soft advanced mechanics, biomedicine, drug conveyance, and 
others. Likewise, Yang and co-creators made a 4D-printed changeable 
cylinder exhibit (TTA) that worked with fast histological assessment 
of 3D cell societies. [27] Moving societies from large multi-well plates 
to smaller histology tapes is a tedious and work serious move toward 
the histological investigation of 3D cell societies. 

The 4D-printed TTA addresses this issue by resizing itself be-
tween its unique and broadened (3.6x) structures. This permits it to 
adjust to the components of the multi-well plate and the histology 
tape, working with the appropriate succession of move of the 3D cell 
culture models. This advancement may altogether further develop 3D 
cell culture’s efficiency, which could have sweeping ramifications for 
illness demonstrating, drug improvement, and customized treatment. 
In their examination, Xin et al. [28] exhibited the capacity to fabricate 
chiral metamaterials with negative Poisson’s proportion conduct. By 
integrating a microstructure of tendons with sickle and curve shapes, 
the 4D-printed metamaterial can dodge an issue with customary chi-
ral metamaterials. The metamaterial can now go through huge types 
of up to 90% thanks to this leap forward. Metamaterials with tailor-
able mechanical attributes have critical potential in fields, for exam-
ple, adaptable gadgets and tissue designing.

B. Programming and Simulations

One notable aspect of 4D printing is the remarkable capability of 
3D-printed structures to change shape. Although there have been nu-
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merous instances of basic and non-programmable shape transforma-
tions, this feature sets 4D printing apart. Programming is a vital mile-
stone in the development of intelligent 3D configurations, making it 
an appealing feature for various innovative applications. In a typical 
homogeneous 4D printing process, programming a thermal-respon-
sive material (such as SMPs) involves several steps: 

• 3D printing 

• Heating

• Applying mechanical loading 

• Cooling

• Removing the mechanical load, and 

• Deployment/actuation

Particular installations that can apply mechanical burdens in 
a firmly controlled thermal climate are frequently expected for the 
thermomechanical programming method [29]. For single-part LCEs 
in the isotropic condition (at 200 C), it is likewise conceivable to pro-
gram printed structures progressively during the 3D printing process. 
The printing speed and expelled printing way can be enhanced for 
this reason. The shearing force between the LCEs ink and the inside 
of the spout permits the mesogen units of the ink to adjust along the 
printing course. As a result, the procured direction inclination will 
be opposite to the printing heading. Thus, the arrangement of the 
mesogens is impacted by the printing speed as a result of the shear 
force. At the point when activation modes like bowing and compres-
sion are consolidated, the direction angle in designed designs can be 
foreordained. In heterogeneous 4D printing, different materials with 
changing responsiveness are imprinted in a distributed example to 
fabricate programmable designs. 

Various layer structures (a few layer structures) can be made 
easily today through the deposition of unmistakable materials on 
each layer [30]. For example, researchers have constructed bilayer 
cross section structures that can change shape ordinarily. The out-of-
plane arch of these designs was changed north of four unmistakable 
arrangements, from generally curved to generally raised. Be that as 
it may, no ebb and flow was seen when the grid had a hilter kilter 
cross-area. Likewise, convoluted dissipated conveyances, such slope 
and determined circulations, can be designed thanks to the special-
ized advantages and abilities of 3D printing. More noteworthy refine-
ment and intricacy in shape modifications require a more profound 
cognizance of the systems that underlie this way of behaving. The 
system of shape change in 3D printed designs can be better perceived 
with the utilization of FEA reproductions.

The underlying move toward limited component investigation 
(FEA) is to make a hypothetical model that consolidates key ele-
ments like processing, programming, and organization stages, as well 
as 3D printing boundaries and material ways of behaving. Then, at 
that point, a limited component code is utilized to reenact 4D print-

ing in light of the hypothetical model [31]. The FEA device consid-
ers the forecast of the primary geographies expected to accomplish 
specific change ways of behaving, giving essential heading and help 
in the design cycle. Further advancement of the design boundaries is 
attainable in light of the level of likeness between FEA models and tri-
als. For creating parts of shifting shapes and intricacies, information 
on the transaction between peculiarities, calculation, materials, and 
interaction ways of behaving is fundamental. It is feasible to expect 
and produce a custom 3D transforming calculation utilizing an as-
sortment of reproduction draws near, not simply Limited Component 
Examination (FEA). AI [32], geography streamlining, and opposite de-
sign calculations are instances of such methodologies. Geography im-
provement has been utilized as a strong digital instrument to upgrade 
the exhibition of designs with new highlights [33].

Tissue Engineering with 3D-Printed Scaffolds 
The researchers in the subject of tissue engineering have utilised 

and advanced various types of 3D printing techniques. 

A. Heart Valve

The heart’s part in human physiology couldn’t possibly be more 
significant. It is comprised of a wide range of muscles that cooperate 
to siphon blood all through the body’s circulatory framework. The 
heart’s valves assume a urgent part in blood stream by forestalling 
discharge. In occasion, there are two atrioventricular valves and four 
ventriculoatrial valves. In the year 2000, there were 87,000 replace-
ment operations, as announced by the American Heart Affiliation 
[34]. Valve swap is the standard treatment for aortic valve illness, 
which is a hazardous condition influencing the cardiovascular frame-
work. Analysts have investigated the utilization of polymeric mate-
rials such PGA, PLA, collagen, and fibrin in the making of fake heart 
valves. While designing channels for heart valves, it is essential to 
consider the inborn designs and mechanical characteristics regard-
less of the recently examined structures. 

Specialists in this space have been involving a 3D printing method 
for quite a while. The superb physicochemical and mechanical suf-
ficiency of hydrogels when hydrated makes them a possible materi-
al for building heart valves. Moreover, hydrogels can represent the 
presentation of supplements and garbage. Human aortic valvular in-
terstitial cells (HAVIC) were utilized to show the usefulness of heart 
valve guides produced using photocrosslinkable methacrylated hyal-
uronic corrosive (Me-HA) and methacrylated gelatin (Me-Gel) hydro-
gels [35]. Different hydrogel centers were utilized to increment and 
alter the hydrogel guides’ thickness. Utilizing 3D bioprinted hydrogel 
guides affirmed the cells’ utility and regenerative potential. Collagen 
and glycosaminoglycan network association might have started in 
these classes. Photocrosslinkable poly (ethylene glycol)- diacrylate 
(Stake DA) was utilized to make heart valve stages in the review sur-
veyed in [36]. The design was made utilizing two kinds of Stake DA 
with differentiating sub-nuclear anxieties. To guarantee the stage had 
the fundamental heterogeneous mechanical characteristics for aortic 
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valves, this was finished. The course kept up with almost wonderful 
cell sensibility and had a high flexible modulus. 

B. Blood Vessel/Trachea 

The yearly number of coronary vein sidestep join systems in the 
US is more than 400 thousand. Surgeries have various significant 
disadvantages, like the gamble of unite annihilation during reaping, 
poor long haul patency, and benefactor dismalness. Accordingly, the 
advancement of fake blood corridors that can sufficiently conquer 
current limitations is desperately required. As indicated by [37], there 
are a couple must-have characteristics for a fruitful fake blood cor-
ridor. Biocompatibility, against thrombogenic attributes, sturdiness, 
and underlying thickness consistence like that of genuine blood corri-
dors are beneficial characteristics in a fake simple. Specialists at [38] 
utilized a hydrogel network to show veins in three aspects. Omnidi-
rectional printing of conciliatory ink inside a photograph cross link-
able hydrogel grid was utilized to develop the spreading example of 
the blood corridors. 

The creators proposed involving this technique for 3D cell devel-
opment, but no genuine testing were finished. In a paper distributed 
in [39], specialists utilized 3D bioprinting to construct vascular chan-
nels with a perfused open lumen. They did that by making a collagen 
network and infusing it with a criminal ink that softened. Criminal ink 
in light of gelatin and endothelial cells (EC) was utilized. Plasma pro-
teins and dextran particles couldn’t enter this ink. Furthermore, we 
had the option to effectively adjust human umbilical vein endothelial 
cells (HUVECs) developed in the vascular channel along the stream 
heading. Quality articulation information supported up the specula-
tion that 3D-printed vascular directs could be helpful in tissue design-
ing. Polymerization of fibrinogen and thrombin brings about fibrin, a 
normally happening polymer. It supports the mending of wounds and 
can be available in human blood.

Utilizing 3D printing technology, [40] refined human microvascu-
lar endothelial cells (HMVECs) in an answer of thrombin and Ca2+. 
The fibrinogen substrate was then printed with the bioink. Adjusted 
HMVECs were suspended in fibrin channels that made up the plat-
form. It was resolved that rounded designs had developed inside the 
channels following 21 days of cell culture. In the concentrate by [41], 
the creators combined a poly (propylene fumarate) aorta relocate 
utilizing digital light stereolithography. Utilizing X-ray/CT filtering in-
formation, the specialists 3D printed a design made of biodegradable 
polymer. This examining methodology revealed the chance to foster 
patient-explicit aorta transfers. The platform likewise showed me-
chanical strength similar to that of the human aorta and the capacity 
to approve bioactive qualities in vivo. Rebuilding of tracheal design 
and the making of platforms are additionally popular.

As per [42], tube blockage is a reason for respiratory capture in 
43% of pediatric patients going through tracheostomy methodology. 
Brief platform for a time of 24 to three years can advance aviation 
route development and help in the regular goal of the condition in 

youthful patients. In their examination, [43] effectively applied the 
SLS technique to foster a custom and biodegradable tracheal support. 
For the laser sintering strategy, hydroxyapatite was mixed with PCL 
particles to go about as a liquid. PCL braces were effectively embed-
ded in the pediatric patients and developed with the patients’ avia-
tion routes. Scientists at [44] utilized a fused deposition demonstrat-
ing (FDM) 3D printer to manufacture PCL frameworks for tracheal 
recovery. Fibrin cultivated with mesenchymal undifferentiated cells 
was utilized to cover the platform and increment bioactivity. 

The in vivo research confirmed the platforms’ mechanical de-
pendability and their capacity to repair the windpipe in just two 
months. [45] utilized 3D bioprinting to make a cartilaginous ring-
formed windpipe framework using digital light processing. To work 
with cross-connecting by UV light, the chondrocytes were encased 
in methacrylated silk fibroin. In vitro, ligament tissue improvement 
and even cell scattering were both proven by the hydrogel framework 
stacked with cells. Researchers utilized the artificially modified silk fi-
broin ink to print organs including hearts, lungs, and veins. This work 
showed the bioink and printing procedure are material to various tis-
sue designing purposes. 

C. Liver 

The liver is a fundamental organ that fills various biochemical 
needs. The transplantation of livers is a deep rooted clinical practice. 
Notwithstanding, there are a couple of disadvantages to consider, in-
cluding the significant expense of the interaction, a low understand-
ing endurance rate, and a lack of organ contributors. Scientists at [46] 
utilized gelatin hydrogel to fabricate a 3D model. They utilized 2.5% 
glutaraldehyde as a cross-connecting specialist and coordinated he-
patocytes as the ECM. Hepatocytes in a gelatin build have been dis-
played to persevere for over 2 months in vitro cell culture. They can 
likewise save their three-layered shape for a month. To accomplish 
this objective, a half breed framework made out of chitosan and gel-
atin was created. A profoundly permeable and efficient construction 
was manufactured utilizing a blend of 3D printing, miniature replica-
tion, and freeze-drying processes. The creative construction had he-
patic chambers and inward fluidic pathways. In the initial step, a SLA 
gum shape was made. 

A miniature replication form was made by projecting polydimeth-
ylsiloxane (PDMS) into this shape. Freeze-drying was utilized to 
transform the chitosan-gelatin arrangement into a permeable con-
struction after it was placed into the PDMS shape. A 7-day cell culture 
explore confirmed the hepatocytes’ biodegradability and expansion. 
Egg whites discharge and urea creation, which are much of the time 
utilized lists of hepatocyte usefulness, were additionally present in 
the concentrate by [47]. Analysts at [48] involved 3D printing to cre-
ate PCL networks for their investigation. Mechanical help for collagen 
bioinks was basically given by this structure. Printing collagen inks 
containing typified HUVECs, HLFs, and hepatocytes between PCL 
swaggers invigorated angiogenesis. Egg whites emission and urea 
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blend were likewise used to decide the creators’ decisions about the 
wellbeing of the liver and the angiogenesis cycle. In example, con-
trasted with those with basically hepatocytes or hepatocytes in ad-
dition to HLF, the develops containing hepatocytes, HLF, and HUVEC 
showed the most noteworthy measures of egg whites discharge and 
urea creation. 

D. Skin

The skin, the body’s greatest organ, fills numerous significant 
needs. Liquid equilibrium, bacterial protection, temperature upkeep, 
and variation to ecological changes are elements of the skin. Loss of 
skin tissues happens because of extreme intense and persistent in-
juries such consumes, diabetic ulcers, pressure bruises, and sores. 
Antigenicity and an absence of transplantable tissues are two of skin 
unions’ significant downsides. This has brought about a huge require-
ment for skin repair. As indicated by their discoveries, [49] had the 
option to make separated skin layers utilizing a 3D bioprinter with 
four-channel distributors. Sodium bicarbonate, a cross-connecting 
specialist that changes pH, was first applied to the PDMS substrate. 
Then, by printing layers of collagen, a skin develop with many layers 
was made. 

Specifically, collagen is found in the second layer of skin structure 
and is implanted with fibroblast cells, while collagen is additionally 
found in the eighth layer of skin structure and is installed with ke-
ratinocyte cells. This strategy of creation has various advantages. In 
the first place, up to a covering of cross-connecting specialist is pos-
sible, the platform can be made on a lopsided surface. Likewise, other 
cross-linkable hydrogels can be used as a substitute for collagen on 
the off chance that it isn’t promptly accessible. Likewise, this is the 
principal study to show that keratinocytes and fibroblasts might be 
3D printed together for skin recovery [50]. 

Concentrates on 3D printing collagen with keratinocytes and fi-
broblasts embedded in that for tissue designing of the skin have been 
led. Laser-helped bioprinting (LaBP) used the laser-prompted for-
ward move strategy to assemble 3D platforms. When contrasted with 
elective bioprinting techniques, the LaBP approach has many advan-
tages. Higher-goal cell printing considers higher cell densities, which 
is a significant advantage. Printing hydrogels of differed viscosities is 
likewise conceivable. Every cell layer was autonomously protected 
and distinguished by the small size printed skin framework. The rea-
sonability of the cells encased in the platform was checked following 
10 days in culture. Collagen layers were additionally demonstrated to 
be unmistakable from each other (Table 3).

Table 3: Advantages and disadvantages of various 3D printing methods.
Types Advantage Limitations

FDM Without toxic organic solvents, thermoplastic polymers are 
extruded.

The melting process might have an impact on the intrinsic mate-
rial properties.

SLA Complex structures can be produced with high resolution The only printable materials are liquid resins, which can be 
poisonous.

SLS Powdered materials are sintered using a process akin to SLA. No 
liquid compounds are essential. Sintering can change the characteristics of materials.

3D plotting Printing bioceramics is possible under moderate conditions. It is 
possible to manufacture 3D cells by seeding cells into hydrogels.

Post-sintering or curing is required. Temperature constraints and 
intricate multi-layer construction make bioprinting difficult.

Inkjet Small volume printing with precise and controlled positioning of 
biological materials

Viscose materials/cells are difficult to print. Fabricating large vol-
umes of construction is difficult.

LOM Ideal for fabricating enormous three-dimensional objects When producing small structures, lamination coatings can be 
hazardous and sensitive.

Comprehensive Conception of Biomaterials 
There have been moving ideal models and different perspectives 

among biomedical scientists over the long haul with regards to what 
is a “biomaterial.” The principal factor recognizing these methodol-
ogies is whether the materials are taken from or utilized on living 
frameworks [51]. Assessing the significant writing uncovers the nu-
merous settings in which biomaterials are utilized. There is likewise 
a rising opinion that their starting point is less significant than the 
way that they can be utilized in biosystems. Biomaterials are materi-
als utilized in the creation of clinical gadgets that are expected to have 
a collaboration with living organic entities of some kind. Significant 
purposes for biomaterials incorporate tissue substitution after injury 
or infection, the upgrade of the recuperating system or the adequacy 

of repairs, and the recognizable proof and therapy of clinical illnesses 
[52]. 

The Classifications of Biomaterials 

Normal items, engineered merchandise, and half and half com-
posites are the three fundamental sorts of biomaterials. Soft tissue 
biomaterials, hard tissue biomaterials, and cell biomaterials are the 
three principal kinds of normally happening biomaterials [53]. Met-
als, ceramics, and polymers are instances of manufactured biomateri-
als with unmistakable substance arrangements [54]. Different regular 
or engineered fixings, or both, are joined to make a half and half item. 
Inside these bigger gatherings, you’ll track down significantly more 
unambiguous gatherings. Metals, for example, can be tracked down 
in two structures: unadulterated and alloyed. Glasses, glass-earthen-
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ware production, and carbon-based materials are instances of ceram-
ics. Thermosets, thermoplastics, elastomers, and materials are a wide 
range of polymers. In specific conditions, the qualifications between 
friendly classes have obscured because of momentous developments 
and trying trials. This is most articulated in substances with a serious 
level of underlying intricacy and a different arrangement of nuclear 
and sub-atomic bonds. Nanomaterials and self-gathering materials 
are two models.

Considering Tissue-Specific Factors

It is essential to contemplate the physical and mechanical re-
quirements of the tissue site while designing a biomaterial embed, 
notwithstanding the substance characteristics of the material. There 
are a few biochemical likenesses between soft tissue and bone. There 
are, in any case, significant qualifications between the two. As op-
posed to bone, soft tissue need materials that can stretch and curve. 
Since soft tissue is continually submerged in proteinaceous liquids, it 
should be extremely impervious to protein adsorption. Biomaterials 
utilized in hard tissues should areas of strength for be not excessively 
fragile with the goal that they can get through the high compressive 
and pliable tensions applied to them. 

Soft Tissue Applications: Considerations and Specific Bio-
materials

The rundown of the relative multitude of ways biomaterials can 
be put to use in each natural framework is long and muddled, making 
a thorough outline unimaginable. New purposes of biomaterials in 
soft tissue are currently being concentrated because of progressions 
in materials science and the advancement of one of a kind material 
properties and functionalities. Remedial decisions for a great many 
infections might be radically modified because of these examinations. 
As of late, the utilization of biomaterials in hard tissues has collected 
the most consideration. Regardless, it’s quite significant that a partic-
ular establishment inside the NIH, the Public Foundation of Biomedi-
cal Imaging and Bioengineering, has highlighted various vital review 
handles that their supported scientists are presently exploring. 

It is vital to take note of that soft tissues are the primary focal 
point of these examinations. Lung sealant fix improvement, shrewd 
injury dressings for ongoing diabetic ulcers, laser welding for gas-
trointestinal anastomosis, dissolvable consume wound dressing cre-
ation, and the examination of zinc-based dissolvable vascular stents 
are instances of flow areas of review [55]. Coming up next is a concise 
depiction of biomaterials and the manners in which they can be ap-
plied to various sorts of soft tissue in the body. Here we will cover top 
to bottom the biomaterials that track down utilization in the areas 
of gastroenterology and fringe nerves. The discoveries that will be 
definite in ensuing parts have direct significance to these biomateri-
als. The improvement of biomaterial applications in soft tissue body 
frameworks has been considerably aided by the accessibility of an 
enormous scope of engineered polymers with various synthetic and 
actual properties. Due of their mechanical cutoff points, polymers are 

more generally utilized for soft tissue applications than hard.

Biomaterials utilized in soft tissues should be versatile to oblige 
the consistent development, extension, and withdrawal of the tissues 
they are embedded in. For this reason utilizing polymers with high 
mechanical strength is best. Aliphatic polyesters, poly anhydrides, 
poly orthoesters, poly amides, poly amino acids, and poly phospha-
zenes are the most famous sorts of polymers utilized in biomaterials. 
A few measures are vital while choosing a polymer for use in soft tis-
sue applications. The anticipated tissue milieu, the embed’s arranged 
helpfulness, and the corruption time (if any) are terrifically signifi-
cant contemplations. The capacity of a biomaterial to repulse proteins 
is a significant variable to consider while choosing soft tissue bioma-
terials that will come into contact with blood or other protein-rich 
liquids. This should be possible, for instance, by making the surface 
incredibly hydrophilic or wettable, or by adding particles to the sur-
face that repress protein adsorption. In cardiovascular applications, 
where the embed is continually presented to blood, this is extremely 
vital. Thrombi advancement is uplifted by the progressive aggrega-
tion of proteins and platelets. 

That, but at the same time significant elements on a superficial lev-
el can hurt platelets and different substances in the blood. To this end 
smooth, exceptionally repellent surfaces are fundamental in these cir-
cumstances. Materials’ responses to normal human liquids including 
pee, stomach corrosive, and digesta ought to likewise be considered. 
Because of their acidic nature, these liquids can definitely modify the 
exhibition and decay of materials in their environmental factors. It is 
crucial for consider the movement of the tissue to forestall a bungle 
between the mechanical limit of the polymer and the mechanics of 
the tissue. The integument, the vasculature, and the heart valves, to 
give some examples, all participate in impressive mechanical action. 
Disappointment of vascular inserts because of a confound in consis-
tence between the join and host tissue is a legitimate issue. Intimal 
hyperplasia [56] portrays this condition. 

Tissues in the bladder, lungs, and digestion tracts show re-
markable mechanics of development and constriction. Accordingly, 
polymers utilized in these settings require extraordinary versatile 
qualities. Polymers have many specific measures for use in differ-
ent tissues. Models remember long haul weakness opposition for 
fake heart valves and vessels, optical lucidity in counterfeit corneas 
and focal points, liquid maintenance in hydrating twisted dressings, 
in-situ polymerization in tissue recreation, and gas penetrability in 
heart help gadgets. Extracellular framework (ECM) embeds that are 
physically and practically like the normal ECM have a few expected 
applications. Nonetheless, on account of soft tissue applications, they 
offer the unmistakable benefit of being able to act as stages for tissue 
recovery. Soft tissue platforms can be produced using either normal 
or engineered polymers. Engineered items including PCL, PGA (poly 
(glycolic corrosive)), PLA (poly (lactic corrosive)), and PHAs (poly 
(hydroxy alkenoates)) are regularly utilized with normal items like 
collagen, gelatin, and elastin. 
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The utilization of copolymer composites of different kinds is like-
wise normal [56]. Polymers called hydrogels are made by blending 
polymers in with water to shape grids. As soft tissue platforms, they 
show incredible commitment. Hydrogels have ascended in prevalence 
as of late as scientists have gotten familiar with the different poly-
mers that might be utilized to make them and the various manners by 
which they can be controlled. Hydrogels are versatile materials that 
can be produced using a wide assortment of polymers, both normal 
and made. Varieties in thickness, consistency, tissue bond, biodegrad-
ability, and the ibility to give a controlled arrival of added substances 
are conceivable. These properties make hydrogels promising possi-
bility for a large number of utilizations, like medication conveyance, 
tissue sealants and obstructions, wound recuperating, and the substi-
tution of extracellular framework [55]. 

A few boundaries, for example, the polymer(s) utilized, the pres-
ence of cross-linkages, the course of polymerization, and the surface 
characteristics that consider contacts with tissues, decide the prop-
erties of hydrogel plans. The hydrogel can hold water and oppose un-
timely breakdown because of the formation of cross-linkages during 
the gelation cycle. Tissue sticking hydrogels much of the time target 
amino gatherings and mucin glycoprotein on tissue surfaces [57]. 
While fixing or supplanting bone or other hard tissue, metals are in 
many cases the material of decision. Metals, notwithstanding, have 
unique purposes in soft tissue body frameworks because of their bio-
compatibility, pliability, and exhaustion opposition. Metals are funda-
mental in living frameworks since they are utilized in exercises, for 
example, compound capability and redox responses. 

Consequently, when included into biomaterials, they can likewise 
fill a bioactive need. For example, material replacement including co-
balt particles (Co2+) has been displayed to advance angiogenesis in 
creature models. This is achieved by expanding vascular endothelial 
development factor articulation and making neighborhood hypoxia. 
Cobalt is harmful in high portions and ought to be stayed away from. 
With regards to biomaterial implantation, in any case, it’s urgent to 
remember that the responses and ideal measurements might vary on 
a neighborhood versus foundational scale. Accordingly, it is funda-
mental to explore these components completely. As a result of their 
biodegradability in live animals, zinc, magnesium, and iron are seeing 
expanded use in the improvement of absorbable biomedical gadgets. 
Of the three, magnesium’s prevalent biocompatibility and helpful me-
chanical characteristics make it the reasonable champ. Biodegradable 
stents and careful staples are two instances of metals with soft-tissue 
applications. Clinical tasks now and again require the utilization of 
conventional staples, which are regularly developed of titanium amal-
gam. Be that as it may, on the grounds that they are not biodegradable, 
these staples should be left in the body or separated. The investiga-
tion of contamination anticipation has additionally found the valu-
able characteristics of metals. It has been found that numerous metal 
particles, including strontium, zinc, copper, cerium, and silver, have 
antibacterial impacts [58]. 

There is a great deal of interest in involving silver particles for this 
capability. Numerous metals can restrain bacterial turn of events or 
kill microorganisms in their own exceptional ways. Nanoscale silver 
particles can upset the bacterial cell layer and cell wall when they are 
acquainted with a substance and come into contact with microscopic 
organisms. Due to this interruption, the cell’s construction and en-
durance instruments are obliterated. Moreover, silver can append to 
DNA and RNA, hindering their replication and disturbing the electron 
transport chain, actually killing the bacterium. Due to its hardness, 
pressure obstruction, and wear and erosion opposition, pottery are 
in many cases used in applications including hard tissues, similar as 
metals. For applications including both hard and soft tissues, explicit 
kinds of earthenware production, for example, calcium phosphates, 
calcium silicates, and bioactive glasses, have shown promising out-
comes. 

Nanoapatites, a sort of calcium phosphate, have showed guaran-
tee in various applications, including the advancement of skin, mus-
cle, and gum recovery notwithstanding the more notable advance-
ment of bone and dental development. By delivering SiO44 particles, 
calcium silicates might advance tissue recovery and angiogenesis, 
particularly in the integument [59]. Bioglasses are pottery that join 
a few fixings in fluctuating rates, most usually silica, calcium oxide, 
sodium oxide, and phosphorous pentoxide. The proportion of calcium 
and phosphorous oxides in bones is ordinarily around this worth. Soft 
tissue platforms and conveyance gadgets can in any case be produced 
using these materials. Mesoporous bioglasses, for example, highlight 
a novel permeable design, with pores going in size from 2 to 50 nm. 
Bioactive or helpful synthetic substances can be put into these pores 
and consequently delivered locally at the embed site [54].

Regenerative Biomaterials for Soft-Tissue Repair
Reclamation, repair, or substitution of harmed or infected cells, 

organs, and tissues is the objective of regenerative medication. Reme-
dial cell designing, immature microorganism research, tissue design-
ing, and the design of fake organs utilizing polymer frameworks are 
all essential for this wide subject. This permits us to lay out a multidis-
ciplinary technique that draws from science, designing, and materials 
science. The significant objective of this procedure is to give patients 
harmed organs or tissues with a treatment that is powerful, sturdy, 
and safe. Arrangement techniques might incorporate reconstructing 
of cell and tissue types, tissue designing, immature microorganism 
transplantation, and the utilization of solvent synthetic compounds. 
Tissue designing’s essential goal is to foster 3D frameworks for use 
in recovering and repairing harmed tissues. They’re indispensable in 
light of the fact that they supplement the time tested approaches of 
organ and tissue transplantation. Platforms can be utilized alone or 
related to cells. Platforms can be stacked with solvent mixtures like 
anti-toxins, chemotherapeutics, and development chemicals, which 
could be a valuable treatment choice. At the point when these parti-
cles are delivered into the climate, they can advance recuperating or 
recovery [60].
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Frameworks should meet various essentials before they can find 
use in tissue designing. Biocompatibility, biodegradability, process-
ability, sterilizability, mechanical characteristics, porosity, and reus-
ability are instances of beneficial qualities. Aside from porosity, which 
alludes explicitly to platform development, these elements are all the 
more by and large connected with biomaterial characteristics. Tissue 

designing biomaterials should be biocompatible assuming they are to 
be of any utility. Figure 2 demonstrates the way that this quality can 
be utilized to partition biomaterials into four unmistakable classes. 
Having actual characteristics that are like the tissue being supplanted 
and displaying low poisonousness is the critical requirement for orig-
inal biomaterials. 

Figure 2: Schematic representation of the four generations of scaffold categories.

The subsequent age is recognized by the joining of bioactive or 
resorbable parts. A resorbable biomaterial is one that can be sepa-
rated synthetically and reabsorbed by the body. Along these lines, the 
encompassing tissue at last develops to supplant it. Notwithstanding, 
a biomaterial is supposed to be bioactive if and provided that it can 
set off unambiguous physiological reactions in living creatures. Re-
sorbable and bioactive properties are signs of third-age materials. 
Materials motivated by science are frequently alluded to as “fourth 
era materials.” The shortfall of a resistant reaction to these substances 
shows that they are immunologically idle. They can not just capability 
as an immediate trade for the first tissue, yet additionally to trade sig-
nals with the host cells. Biodegradability, as expressed in the writing, 
is “the property of being disintegrated by organic movement” [61].

When something debases, its polymer chains break and its 
substance structure is modified. Commonly, there are four phases: 
hydration, disintegration, sub-atomic weight decrease, and mass 
misfortune. Framework materials ought to corrupt at a rate that cor-
responds with the rate at which new tissue can shape. The platform 
network debases excessively fast, preventing the development of sol-
id tissue. Notwithstanding, assuming that the debasement time is too 
extensive, deficient sinewy tissue will develop around the framework, 
which would hinder the recovery cycle. The capacity of a biomaterial 
to be handily controlled and formed to meet required morphological 
and layered particulars is implied by “processability.” This is achieved 
by utilizing a dependable and repeatable creation methodology. 

Materials with a melting point near the working temperature are 
liked. The mechanical characteristics of these materials ought to be 

with the end goal that they invigorate the platform the important for 
its expected use. Taking into account the size of the recovering tis-
sue while designing a scaffold is likewise significant. The materials’ 
porousness should be sufficiently high to allow the dissemination of 
oxygen and nourishment. At last, the materials’ pace of debasement 
ought to be agreeable. For implantation in a human body, it is funda-
mental that the gadget be totally sterile. The material should be steril-
izable and impervious to corruption all through the cleansing system. 
Laying out an aseptic strategy to create the framework in sterile con-
ditions might be fundamental on the off chance that the material isn’t 
steady under standard terminal cleansing methodology. Restorative 
things, dynamic mixtures, excipients, and essential compartments 
should be cleaned as per the European Prescriptions Organization’s 
(EMA) 2019 rules. 

Platforms can be polluted by a wide assortment of microorgan-
isms, making cleansing a fundamental stage. The mechanical strength 
of the platform used as a transient trade for tissue ought to be iden-
tical to that of the tissue it is intended to supplant. It should likewise 
be precisely steady and sufficiently able to endure the powers of 
implantation and typical tissue in the body. The manner in which a 
material responds to anxiety lays out its mechanical characteristics. 
Two thoughts structure the premise of this definition. To start, any 
substance that is stacked will change shape here and there. Second, 
the solidness of a material is laid out by the connection between the 
applied burden and the subsequent twisting. The mechanical attri-
butes of natural tissues have of late been assessed top to bottom by 
Guimaraes and colleagues [62]. 
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Furthermore, various test concentrates on present a point by 
point assessment of frameworks’ mechanical qualities [63]. For cell 
colonization to occur, the platforms should be exceptionally perme-
able and include pores of a satisfactory size. This suggests that cells 
can enter the frameworks, stick to them, and multiply there. What’s 
more, adequate porosity is expected to consider the entry of supple-
ments and the ejection of waste. Further developed cell expansion 
and simpler age of a framework customized to the objective cell type 
ought to come about because of utilizing a very much designed plat-
form model. At the point when the framework decays, this grid will 
step in to offer underlying help. Because of the meaning of biomate-
rials in tissue designing and recovery and the immense examination 
embraced on different biomaterials lately, there is a huge collection of 
trial articles and surveys accessible.

Regenerative Medicine Applications 
The field of regenerative medicine has found numerous applica-

tions for 4D printing, particularly in targeting specific organs [64].

A. The Brain and Nervous System 

Atouf et al. utilized agarose and alginate tetramer to make hydro-
gels for their examination. These hydrogels answered outer upgrades 
and directed power [65]. Aniline was united onto sodium alginate to 
start off the assembling system. The hydrogel was then changed by 
the expansion of agarose, a polysaccharide that is ok for use in organic 
applications. A synthetic that answered an electric field was framed 
when alginate was blended in with aniline tetramer. Hydrogels were 
broke down utilizing Fourier change infrared spectroscopy (FTIR) 
and proton atomic attractive reverberation (H1 NMR). Hydrogels 
united with 10% aniline tetramer showed the most extreme ionic 
conductivity. The revelation of conductivity in these hydrogels recom-
mends they might have applications in neurodegenerative treatment.

Soybean oil epoxidized acrylate containing 0.8% graphene was 
utilized to make a 4D reprogrammable conductor in [66]. The SLA 
printing technique was utilized to create this conductor for a nerve 
direction framework. In the wake of being cultivated inside the con-
ductor, human mesenchymal foundational microorganisms (hMSCs) 
coordinated themselves in an exceptionally coordinated way and 
showed neurogenic separation. Both focal and fringe nerve harm 
might profit from utilizing the channel, as was displayed in vitro ex-
aminations. 

B. Heart and Cardiovascular System 

As a feature of their exploration, Montgomery et al. made an in-
jectable framework, and that implies open-heart medical procedure 
is as of now excessive. Open-heart methodology much of the time in-
clude the implantation of cardiovascular patches and the substitution 
of scar tissue, the two of which can be achieved with the assistance of 
this platform [67]. Biodegradable poly [octamethylene maleate (an-
hydride) citrate] was utilized to make an adaptable framework. Cell 
suitability and capability were not impacted by infusing the microfab-

ricated framework used to develop heart patches. Polymer stents and 
homologous tissue-designed heart valves have been made to resolve 
the issue of youngsters’ hindered limit with regards to self-repair and 
development. Polymer stents with development potential were man-
ufactured utilizing FDM by Cabrera et al. in their review. They found 
that the valves’ inside breadths essentially expanded, empowering 
the stents to be put utilizing insignificantly obtrusive methods and 
to develop with the patient. The stent was constrained out and de-
veloped its own when the embed was set in a water shower warmed 
to 37 degrees Celsius. Breaks showed up on the outer layer of oneself 
extending stents, which were intended to grow with the patient, all 
through the corrupting system [68]. 

Myocardial dead tissue treatment with bone marrow-determined 
foundational microorganisms has been demonstrated to find success 
in bringing down revascularization and infarct size. Notwithstand-
ing, it ought to be noticed that specific reports recommend cell mis-
fortune while utilizing this technique. To make a biodegradable and 
thermally delicate polymer, Pedron et al. utilized photolithographic 
techniques. The objective was to lessen the quantity of cells that were 
obliterated while being transported. There are two layers to the poly-
mer. The principal layer is a polyethylene glycol (Stake) and polylactic 
corrosive (PLA) diacrylate triblock copolymer that doesn’t respond 
with different substances. PIPAAm (poly(N-isopropylacrylamide)) is 
a boosts responsive substance utilized for the subsequent layer. This 
information was assembled from a few sources [69].

C. Skin 

The skin is helpless against different microbes and hurtful micro-
organisms. As an actual obstruction, it is more helpless to disease on 
the off chance that it becomes harmed. The pH worth of uninfected 
injuries regularly falls inside the scope of 5.5 to 6.5. Notwithstanding, 
when an injury becomes tainted, the pH level increments above 6.5. 
Various examinations are at present being directed to foster a mem-
ory material equipped for speeding up injury recuperating. GelDerm, 
created by Mirani et al., is a hydrogel-based dressing that is pH-re-
sponsive. It changes tone when the pH of the skin changes, showing 
the presence of disease [70]. Another review fostered a shut circle fix 
for treating persistent skin wounds. The brilliant fix was created uti-
lizing PNIPAM-based particles, which were applied onto an alginate 
hydrogel sheet. To make a wearable stage, the particles and hydrogel 
sheet were joined to a clinical tape that was roughly 3 mm thick [71]. 
The fix comprised of a few parts, like sensors, a microheater, drug 
transporters on a hydrogel fix, and a remote gadgets framework. This 
fix could be applied to identify mending markers and focus on the 
treatment of different circumstances.

Conclusion
To enable the printing of more complex tissues, such as human 

skin, in the future, it is essential to make further advancements in 
both 3D/4D printing applications and bioinks. It is evident that vari-
ous printing technologies have distinct requirements for the biomate-
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rials used. Additionally, the outcome of the print is heavily influenced 
by different parameters, which vary depending on the specific print-
ing application. Tissue engineering is a highly appealing technique 
that involves the use of scaffolds, cells, and signalling factors to effec-
tively repair and restore damaged tissue. Up until now, the research-
ers have primarily determined these parameters through experi-
mentation and manual calibration. Three-dimensional printing, also 
known as 4D printing, is a highly utilised field in tissue engineering. 
The technique of three-dimensional printing utilises cells, scaffolds, 
and biological factors to create bioartificial tissues. It can also pro-
duce cell-laden scaffolds, as well as natural and synthetic scaffolds 
that are suitable for the human body. Constructs that are designed 
should have the capability to connect with the host tissue, support 
cell growth and viability, and facilitate vascularization. The technique 
of three-dimensional printing shows great promise.

In conclusion, the concept of biomimetic 3D/4D printing in soft 
tissue biomaterials has the potential to greatly impact the fields of 
tissue engineering and regenerative medicine. As we explore the fas-
cinating intersection of biology and engineering, the principles dis-
cussed in this review shed light on how we can create advanced soft 
tissue constructs that mimic the intricate designs found in nature. 
Researchers are driven to innovate and collaborate due to challenges 
like achieving precise cellular distribution and replicating the dynam-
ic behaviour of soft tissues. The trajectory towards personalized soft 
tissue regeneration becomes tangible by following biomimetic prin-
ciples, incorporating bioactive cues, and addressing the intricacies of 
stimuli-responsive materials. As we enter a new era in medical sci-
ence, biomimetic 3D/4D printing is emerging as a powerful tool that 
has the potential to revolutionize the field. This technology allows us 
to create custom soft tissue biomaterials that go beyond what nature 
can provide, opening up exciting possibilities for patient-centered 
therapies.

References
1. Gurtner G C, Callaghan M J, Longaker M T (2007) Progress and potential 

for regenerative medicine. Annu Rev Med 58: 299-312.

2. Mikos AG, Herring SW, Ochareon P, Elisseeff J, Lu HH, et al. (2006) Engi-
neering complex tissues. Tissue Eng 12: 3307-3339.

3. Feinberg AW (2012) Engineered tissue grafts: opportunities and challeng-
es in regenerative medicine. Wiley Interdiscip Rev Syst Biol Med 4: 207-
220. 

4. Varner VD, Nelson CM (2014) Toward the directed self-assembly of engi-
neered tissues. Annu Rev Chem Biomol Eng 5: 507-526.

5. Urciuolo F, Imparato G, Totaro A, Netti PA (2013) Building a tissue in vitro 
from the bottom up: implications in regenerative medicine. Methodist De-
bakey Cardiovasc J 9: 213-217. 

6. Liu JS, Gartner ZJ (2012) Directing the assembly of spatially organized 
multicomponent tissues from the bottom up. Trends Cell Biol 22: 683-691.

7. Hanson S, D Souza RN, Hematti P (2014) Biomaterial-mesenchymal stem 
cell constructs for immunomodulation in composite tissue engineering. 
Tissue Eng Part A 20: 2162-2168.

8. Place E S, Evans N D, Stevens M M (2009) Complexity in biomaterials for 
tissue engineering. Nat Mater 8: 457-470.

9. Fonseca KB, Granja PL, Barrias CC (2014) Engineering proteolytical-
lydegradable artificial extracellular matrices. Prog Polym Sci 39: 2010-
2029.

10. Laurencin CT, Ashe KM, Henry N, Kan HM, Lo KW, et al. (2014) Delivery 
of small molecules for bone regenerative engineering: preclinical studies 
and potential clinical applications. Drug Discov Today 19: 794-800.

11. Guarino V, Causa F, Ambrosio L (2007) Bioactive scaffolds for bone and 
ligament tissue. Expert Rev Med Devices 4: 405-418.

12. Atala A, Kasper FK, Mikos AG (2012) Engineering complex tissues. Sci 
Transl Med 4: 160rv12.

13. Rastogi P, B Kandasubramanian (2019) “Breakthrough in the printing tac-
tics for stimuli-responsive materials: 4D printing” Chemical Engineering 
Journal.

14. Zhang Z, K G Demir, G X Gu (2019) “Developments in 4D-printing: a review 
on current smart materials, technologies, and applications” International 
Journal of Smart and Nano Materials, p. 1-20.

15. Choi J, Kwon O C, Jo W, Lee HJ, Moon M W, et al. (2015) 4D printing technol-
ogy: a review. 3D Print Addit Manuf 2: 159-167. 

16. Mehrpouya M, Gisario A, Azizi A, Barletta M (2020) Investigation on shape 
recovery of 3D printed honeycomb sandwich structure. Polym Adv Tech-
nol 31: 3361-3365. 

17. Zeng C, Liu L, Bian W, Liu Y, Leng J, et al. (2020) 4D printed electro-induced 
continuous carbon fiber reinforced shape memory polymer composites 
with excellent bending resistance. Compos Part B Eng 194: 108034.

18. Mao Y, Yu K, Isakov MS, Wu J, Dunn ML, et al. (2015) Sequential Self-Fold-
ing Structures by 3D Printed Digital Shape Memory Polymers. Sci Rep 5(1).

19. Sydney Gladman A, Matsumoto EA, Nuzzo RG, Mahadevan L, Lewis JA, et al. 
(2016) Biomimetic 4D printing. Nature Mater 15(4): 413-418.

20. Tibbits S (2014) 4D Printing: Multi-Material Shape Change. Archit Design 
84(1): 116-121.

21. Su M, Song Y L (2022) Printable smart materials and devices: strategies 
and applications. Chem Rev 122(5): 5144-5164.

22. Martin J H, Yahata B D, Hundley J M, Mayer J A, Schaedler T A, et al. (2017) 
3D printing of high-strength aluminium alloys Nature 549(7672): 365-
569.

23. Wu J J, Huang L M, Zhao Q, Xie T (2018) 4D printing: history and recent 
progress Chin. J Polym Sci 36: 563-575.

24. Ge Q, Qi H J, Dunn M L (2013) Active materials by four-dimension printing. 
Appl Phys Lett 103: 131901.

25. González Henríquez C M, Sarabia Vallejos M A, Rodriguez-Hernandez J 
(2019) Polymers for additive manufacturing and 4D-printing: materials, 
methodologies, and biomedical applications. Prog Polym Sci 94: 57-116.

26. Hu Y L, Zhongyu Wang, Dongdong Jin, Chenchu Zhang, Rui Sun, et al. 
(2020) Botanical-inspired 4D printing of hydrogel at the microscale. Adv 
Funct Mater 30(4): 2070026.

27. Yang C, Luo J, Polunas M, Bosnjak N, Chueng S T D, et al. (2020) 4D-printed 
transformable tube array for high-throughput 3D cell culture and histolo-
gy. Adv Mater 32(40): 2004285.

28. Xin X Z, Liu L W, Liu Y J, Leng J S (2020) 4D printing auxetic metamaterials 
with tunable, programmable, and reconfigurable mechanical properties. 
Adv Funct Mater 30(43): 2004226.

https://dx.doi.org/10.26717/BJSTR.2024.54.008601
https://pubmed.ncbi.nlm.nih.gov/17076602/
https://pubmed.ncbi.nlm.nih.gov/17076602/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2821210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2821210/
https://pubmed.ncbi.nlm.nih.gov/22012681/
https://pubmed.ncbi.nlm.nih.gov/22012681/
https://pubmed.ncbi.nlm.nih.gov/22012681/
https://pubmed.ncbi.nlm.nih.gov/24797818/
https://pubmed.ncbi.nlm.nih.gov/24797818/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3846076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3846076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3846076/
https://pubmed.ncbi.nlm.nih.gov/23067679/
https://pubmed.ncbi.nlm.nih.gov/23067679/
https://pubmed.ncbi.nlm.nih.gov/25140989/
https://pubmed.ncbi.nlm.nih.gov/25140989/
https://pubmed.ncbi.nlm.nih.gov/25140989/
https://pubmed.ncbi.nlm.nih.gov/19458646/
https://pubmed.ncbi.nlm.nih.gov/19458646/
https://www.sciencedirect.com/science/article/abs/pii/S0079670014000707
https://www.sciencedirect.com/science/article/abs/pii/S0079670014000707
https://www.sciencedirect.com/science/article/abs/pii/S0079670014000707
https://pubmed.ncbi.nlm.nih.gov/24508820/
https://pubmed.ncbi.nlm.nih.gov/24508820/
https://pubmed.ncbi.nlm.nih.gov/24508820/
https://pubmed.ncbi.nlm.nih.gov/17488233/
https://pubmed.ncbi.nlm.nih.gov/17488233/
https://pubmed.ncbi.nlm.nih.gov/23152327/
https://pubmed.ncbi.nlm.nih.gov/23152327/
https://www.liebertpub.com/doi/abs/10.1089/3dp.2015.0039?journalCode=3dp
https://www.liebertpub.com/doi/abs/10.1089/3dp.2015.0039?journalCode=3dp
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.5020
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.5020
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.5020
https://www.researchgate.net/publication/340509162_4D_printed_electro-induced_continuous_carbon_fiber_reinforced_shape_memory_polymer_composites_with_excellent_bending_resistance
https://www.researchgate.net/publication/340509162_4D_printed_electro-induced_continuous_carbon_fiber_reinforced_shape_memory_polymer_composites_with_excellent_bending_resistance
https://www.researchgate.net/publication/340509162_4D_printed_electro-induced_continuous_carbon_fiber_reinforced_shape_memory_polymer_composites_with_excellent_bending_resistance
https://pubmed.ncbi.nlm.nih.gov/26808461/
https://pubmed.ncbi.nlm.nih.gov/26808461/
https://onlinelibrary.wiley.com/doi/abs/10.1002/ad.1710
https://onlinelibrary.wiley.com/doi/abs/10.1002/ad.1710
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.1c00303
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.1c00303
https://pubmed.ncbi.nlm.nih.gov/28933439/
https://pubmed.ncbi.nlm.nih.gov/28933439/
https://pubmed.ncbi.nlm.nih.gov/28933439/
https://link.springer.com/article/10.1007/s10118-018-2089-8
https://link.springer.com/article/10.1007/s10118-018-2089-8
https://pubs.aip.org/aip/apl/article-abstract/103/13/131901/130318/Active-materials-by-four-dimension-printing?redirectedFrom=fulltext
https://pubs.aip.org/aip/apl/article-abstract/103/13/131901/130318/Active-materials-by-four-dimension-printing?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S007967001830128X
https://www.sciencedirect.com/science/article/abs/pii/S007967001830128X
https://www.sciencedirect.com/science/article/abs/pii/S007967001830128X
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202070026
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202070026
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202070026
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.202004285
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.202004285
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.202004285
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202004226
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202004226
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202004226


Copyright@ : Moataz Dowaidar | Biomed J Sci & Tech Res |   BJSTR.MS.ID.008601.

Volume 54- Issue 5 DOI: 10.26717/BJSTR.2024.54.008601

46293

29. Huang W M, Ding Z, Wang C C, Wei J, Zhao Y, et al. (2010) Shape memory 
materials. Mater Today 13(7-8): 54-61. 

30. Baker A B, Bates S R G, Llewellyn Jones T M, Valori L P B, Dicker M P M, 
et al. (2019) 4D printing with robust thermoplastic polyurethane hydro-
gel-elastomer trilayers. Mater Des 163(5): 107544.

31. Sossou G, Demoly F, Belkebir H, Qi H J, Gomes S, et al. (2019) Design for 4D 
printing: a voxel-based modeling and simulation of smart materials. Mater 
Des 175(5): 107798.

32. Yu Y X, Qian K R, Yang H, Yao L N , Zhang Y J (2022) Hybrid IGA-FEA of fiber 
reinforced thermoplastic composites for forward design of AI-enabled 4D 
printing. J Mater Process Technol 302: 117497.

33. Zolfagharian A, Denk M, Bodaghi M, Kouzani A Z, Kaynak A (2020) Topolo-
gy-optimized 4D printing of a soft actuator. Acta Mech Solida Sin 33: 418-
430.

34. Flanagan T C, Pandit A (2003) Living artificial heart valve alternatives: a 
review. Eur Cell Mater 6: 28-45.

35. Duan B, Kapetanovic E, Hockaday L A, Butcher J T (2014) Threedimen-
sional printed trileaflet valve conduits using biological hydrogels and hu-
man valve interstitial cells. Acta Biomater 10(5): 1836-1846.

36. Hockaday L A, Kang K H, Colangelo N W, Cheung P Y C, Duan B, et al. (2012) 
Rapid 3D printing of anatomically accurate and mechanically heteroge-
neous aortic valve hydrogel scaffolds. Biofabrication 4(3): 035005.

37. Mosadegh B, Xiong G, Dunham S, Min J K (2015) Current progress in 
3D printing for cardiovascular tissue engineering. Biomed Mater 10(3): 
034002.

38. Wu W, DeConinck A, Lewis J A (2011) Omnidirectional printing of 3D mi-
crovascular networks. Adv Mater 23(24): H178-H183. 

39. Lee V K, Kim D Y, Ngo H, Lee Y, Seo L, et al. (2014) Creating perfused func-
tional vascular channels using 3D bio-printing technology. Biomaterials 
35(28): 8092-8102.

40. Cui X F, Boland T (2009) Human microvasculature fabrication using ther-
mal inkjet printing technology. Biomaterials 30: 6221-6227.

41. Melchiorri A J, Hibino N, Best C A, Yi T, Lee Y U, et al. (2016) 3D-printed 
biodegradable polymeric vascular grafts. Adv.Healthc Mater 5(3): 319-
325.

42. Berry J G, Graham R J, Roberson D W, Rhein L, Graham D A, et al. (2010) 
Patient characteristics associated with in-hospital mortality in children 
following tracheotomy. Arch Dis Child 95(9): 703-710. 

43. Morrison R J, Hollister S J, Niedner M F, Mahani M G, Park A H, et al. (2015). 
Mitigation of tracheobronchomalacia with 3D-printed personalized medi-
cal devices in pediatric patients. Sci Transl Med 7(285): 285ra264.

44. Chang J W, Park S A, Park J K, Choi J W, Kim Y S, et al. (2014) Tissue-engi-
neered tracheal reconstruction using three-dimensionally printed artifi-
cial tracheal preliminary report. 38(6): E95-E105.

45. Kim S H, Yeon Y K, Lee J M, Chao J R, Lee Y J, et al. (2018) Precisely print-
able and biocompatible silk fibroin bioink for digital light processing 3D 
printing. Nat Commun 9: 1620. 

46. Wang X, Yan Y, Pan Y, Xiong Z, Liu H, et al. (2006) Generation of three-di-
mensional hepatocyte/gelatin structures with rapid prototyping system. 
Tissue Eng 12(1): 83-90. 

47. Jiankang H, Dichen L, Yaxiong L, Bo Y, Hanxiang Z, et al. (2009) Preparation 
of chitosan-gelatin hybrid scaffolds with well-organized microstructures 
for hepatic tissue engineering. Acta Biomater 5(1): 453-461.

48. Lee J W, Choi Y J, Yong W J, Pati F, Shim J H, et al. (2016) Development of 
a 3D cell printed construct considering angiogenesis for liver tissue engi-
neering. Biofabrication 8(1): 015007.

49. Lee W, Debasitis J C, Lee V K, Lee J H, Fischer K, et al. (2009) Multi-layered 
culture of human skin fibroblasts and keratinocytes through three-dimen-
sional freeform fabrication. Biomaterials 30(8): 1587-1595.

50. Koch L, Deiwick A, Schlie S, Michael S, Gruene M, et al. (2012) Skin tissue 
generation by laser cell printing. Biotechnol Bioeng 109(7): 1855-1863.

51. Williams D F (2009) On the nature of biomaterials. Biomaterials 30(30): 
5897-5909.

52. Parida P, Behera A, Chandra Mishra S (2012) Classification of Biomaterials 
used in Medicine. International Journal of Advances in Applied Sciences 
1(3).

53. Ali SHR, Almaatoq MM, Mohamed ASA (2013) Classifications, Surface 
Characterization and Standardization of Nanobiomaterials. International 
Journal of Engineering & Technology 2(3): 187-199. 

54. Kargozar S, Ramakrishna S, Mozafari M (2019) Chemistry of biomaterials: 
future prospects. Current Opinion in Biomedical Engineering 10: 181-190.

55. (2017) Bioengineering, N.I.o.B.I.a. Biomaterials.

56. Pei B, Wang W, Fan Y, Wang X, Watari F, et al. (2017) Fiber-reinforced scaf-
folds in soft tissue engineering. Regenerative Biomaterials 4(4): 257-268.

57. Yang J, Bai R, Chen B, Suo Z (2020) Hydrogel Adhesion: A Supramolecular 
Synergy of Chemistry, Topology, and Mechanics. Advanced Functional Ma-
terials 30(2): 1901693.

58. Yuan Q, Qin C, Wu J, Xu A, Zhang Z, et al. (2016) Synthesis and characteriza-
tion of Cerium-doped hydroxyapatite/polylactic acid composite coatings 
on metal substrates. Materials Chemistry and Physics 182: 365-371.

59. Mazzoni E, Iaquinta MR, Lanzillotti C, Mazziotta C, Maritati M, et al. (2021) 
Bioactive Materials for Soft Tissue Repair. Frontiers in Bioengineering and 
Biotechnology 9.

60. Christman KL (2019) Biomaterials for tissue repair. Science 363(6425): 
340-341.

61. Vert M, Doi Y, Hellwich KH, Hess M, Hodge P, et al. (2012) Terminology for 
biorelated polymers and applications (IUPAC Recommendations 2012). 
Pure Appl Chem 84(2): 377-408. 

62. Guimaraes CF, Gasperini L, Marques AP, Reis RL (2020) The stiffness of 
living tissues and its implications for tissue engineering. Nat Rev Mater 
5: 351-370.

63. Mamidi N, Romo IL, Gutierrez HML, Barrera EV, Elias-Zuniga A (2018) De-
velopment of forcespun fiber-aligned scaffolds from gelatin-zein compos-
ites for potential use in tissue engineering and drug release. MRS Commun 
8: 885-892.

64. W Zhou, Z Qiao, E Nazarzadeh Zare, J Huang, X Zheng, et al. (2020) 
4D-printed dynamic materials in biomedicalapplications: chemistry, chal-
lenges, and their future perspectives in the clinical sector. J Med Chem 
63(15): 8003-8024.

65. Z Atouf, P Zarrintaj, GH Motlagh, A Amiri, Z Bagher, et al. (2017) A novel 
bio electro active alginate-aniline tetramer/ agarose scafold for tissue en-
gineering: synthesis, characterization, drug release and cell culture study. 
J Biomater Sci Polym Ed 28(15): 1617-1638.

66. S Miao, W Zhu, NJ Castro, M Nowicki, X Zhou, et al. (2016) 4D printing 
smart biomedical scafolds with novel soybean oil epoxidized acrylate. Sci 
Rep 6(1): 1. 

https://dx.doi.org/10.26717/BJSTR.2024.54.008601
https://www.sciencedirect.com/science/article/pii/S1369702110701280
https://www.sciencedirect.com/science/article/pii/S1369702110701280
https://www.sciencedirect.com/science/article/pii/S0264127518308943
https://www.sciencedirect.com/science/article/pii/S0264127518308943
https://www.sciencedirect.com/science/article/pii/S0264127518308943
https://www.sciencedirect.com/science/article/pii/S0264127519302357
https://www.sciencedirect.com/science/article/pii/S0264127519302357
https://www.sciencedirect.com/science/article/pii/S0264127519302357
https://www.sciencedirect.com/science/article/pii/S0924013622000097
https://www.sciencedirect.com/science/article/pii/S0924013622000097
https://www.sciencedirect.com/science/article/pii/S0924013622000097
https://link.springer.com/article/10.1007/s10338-019-00137-z
https://link.springer.com/article/10.1007/s10338-019-00137-z
https://link.springer.com/article/10.1007/s10338-019-00137-z
https://pubmed.ncbi.nlm.nih.gov/14639553/
https://pubmed.ncbi.nlm.nih.gov/14639553/
https://pubmed.ncbi.nlm.nih.gov/24334142/
https://pubmed.ncbi.nlm.nih.gov/24334142/
https://pubmed.ncbi.nlm.nih.gov/24334142/
https://pubmed.ncbi.nlm.nih.gov/22914604/
https://pubmed.ncbi.nlm.nih.gov/22914604/
https://pubmed.ncbi.nlm.nih.gov/22914604/
https://pubmed.ncbi.nlm.nih.gov/25775166/
https://pubmed.ncbi.nlm.nih.gov/25775166/
https://pubmed.ncbi.nlm.nih.gov/25775166/
https://pubmed.ncbi.nlm.nih.gov/21438034/
https://pubmed.ncbi.nlm.nih.gov/21438034/
https://pubmed.ncbi.nlm.nih.gov/24965886/
https://pubmed.ncbi.nlm.nih.gov/24965886/
https://pubmed.ncbi.nlm.nih.gov/24965886/
https://www.sciencedirect.com/science/article/abs/pii/S0142961209007923
https://www.sciencedirect.com/science/article/abs/pii/S0142961209007923
https://pubmed.ncbi.nlm.nih.gov/26627057/
https://pubmed.ncbi.nlm.nih.gov/26627057/
https://pubmed.ncbi.nlm.nih.gov/26627057/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3118570/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3118570/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3118570/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4495899/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4495899/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4495899/
https://pubmed.ncbi.nlm.nih.gov/24750044/
https://pubmed.ncbi.nlm.nih.gov/24750044/
https://pubmed.ncbi.nlm.nih.gov/24750044/
https://www.nature.com/articles/s41467-018-03759-y
https://www.nature.com/articles/s41467-018-03759-y
https://www.nature.com/articles/s41467-018-03759-y
https://pubmed.ncbi.nlm.nih.gov/16499445/
https://pubmed.ncbi.nlm.nih.gov/16499445/
https://pubmed.ncbi.nlm.nih.gov/16499445/
https://pubmed.ncbi.nlm.nih.gov/18675601/
https://pubmed.ncbi.nlm.nih.gov/18675601/
https://pubmed.ncbi.nlm.nih.gov/18675601/
https://pubmed.ncbi.nlm.nih.gov/26756962/
https://pubmed.ncbi.nlm.nih.gov/26756962/
https://pubmed.ncbi.nlm.nih.gov/26756962/
https://pubmed.ncbi.nlm.nih.gov/19108884/
https://pubmed.ncbi.nlm.nih.gov/19108884/
https://pubmed.ncbi.nlm.nih.gov/19108884/
https://pubmed.ncbi.nlm.nih.gov/22328297/
https://pubmed.ncbi.nlm.nih.gov/22328297/
https://pubmed.ncbi.nlm.nih.gov/19651435/
https://pubmed.ncbi.nlm.nih.gov/19651435/
https://www.researchgate.net/publication/277797714_Classification_of_Biomaterials_used_in_Medicine
https://www.researchgate.net/publication/277797714_Classification_of_Biomaterials_used_in_Medicine
https://www.researchgate.net/publication/277797714_Classification_of_Biomaterials_used_in_Medicine
https://www.researchgate.net/publication/272621123_Classifications_Surface_Characterization_and_Standardization_of_Nanobiomaterials
https://www.researchgate.net/publication/272621123_Classifications_Surface_Characterization_and_Standardization_of_Nanobiomaterials
https://www.researchgate.net/publication/272621123_Classifications_Surface_Characterization_and_Standardization_of_Nanobiomaterials
https://www.sciencedirect.com/science/article/abs/pii/S2468451119300145
https://www.sciencedirect.com/science/article/abs/pii/S2468451119300145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5544910/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5544910/
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201901693
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201901693
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201901693
https://www.sciencedirect.com/science/article/abs/pii/S0254058416305648
https://www.sciencedirect.com/science/article/abs/pii/S0254058416305648
https://www.sciencedirect.com/science/article/abs/pii/S0254058416305648
https://www.frontiersin.org/articles/10.3389/fbioe.2021.613787/full
https://www.frontiersin.org/articles/10.3389/fbioe.2021.613787/full
https://www.frontiersin.org/articles/10.3389/fbioe.2021.613787/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6697375/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6697375/
https://www.degruyter.com/document/doi/10.1351/PAC-REC-10-12-04/html?lang=en
https://www.degruyter.com/document/doi/10.1351/PAC-REC-10-12-04/html?lang=en
https://www.degruyter.com/document/doi/10.1351/PAC-REC-10-12-04/html?lang=en
https://www.nature.com/articles/s41578-019-0169-1
https://www.nature.com/articles/s41578-019-0169-1
https://www.nature.com/articles/s41578-019-0169-1
https://link.springer.com/article/10.1557/mrc.2018.89
https://link.springer.com/article/10.1557/mrc.2018.89
https://link.springer.com/article/10.1557/mrc.2018.89
https://link.springer.com/article/10.1557/mrc.2018.89
https://pubmed.ncbi.nlm.nih.gov/32255358/
https://pubmed.ncbi.nlm.nih.gov/32255358/
https://pubmed.ncbi.nlm.nih.gov/32255358/
https://pubmed.ncbi.nlm.nih.gov/32255358/
https://pubmed.ncbi.nlm.nih.gov/28589747/
https://pubmed.ncbi.nlm.nih.gov/28589747/
https://pubmed.ncbi.nlm.nih.gov/28589747/
https://pubmed.ncbi.nlm.nih.gov/28589747/
https://www.nature.com/articles/srep27226
https://www.nature.com/articles/srep27226
https://www.nature.com/articles/srep27226


Copyright@ :  Moataz Dowaidar | Biomed J Sci & Tech Res |   BJSTR.MS.ID.008601. 46294

Volume 54- Issue 5 DOI: 10.26717/BJSTR.2024.54.008601

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.54.008601

Moataz Dowaidar. Biomed J Sci & Tech Res 

67. M Montgomery, S Ahadian, L Davenport Huyer, M Lo Rito, RA Civitarese, et 
al. (2017) Flexible shape-memory scafold for minimally invasive delivery 
of functional tissues. Nat Mater 16(10): 1038-1046. 

68. MS Cabrera, B Sanders, OJ Goor, A Driessen-Mol, CW Oomens, et al. (2017) 
Computationally designed 3D printed self-expandable polymer stents 
with biodegradation capacity for minimally invasive heart valve implanta-
tion: a proof-of-concept study. 3D Print Addit Manuf 4(1): 19-29. 

69. S Pedron, S Van Lierop, P Horstman, R Penterman, DJ Broer, et al. (2011) 
Stimuli responsive delivery vehicles for cardiac microtissue transplanta-
tion. Adv Funct Mater 21(9): 1624-1630.

70. B Mirani, E Pagan, B Currie, MA Siddiqui, R Hosseinzadeh, et al. (2017) An 
advanced multifunctional hydrogel-based dressing for wound monitoring 
and drug delivery. Adv Healthcare Mater 6(19): 1700718.

71. P Mostafalu, A Tamayol, R Rahimi, M Ochoa, A Khalilpour, et al. (2018) 
Smart bandage for monitoring and treatment of chronic wounds. Small 
14(33): 1703509.

https://dx.doi.org/10.26717/BJSTR.2024.54.008601
https://dx.doi.org/10.26717/BJSTR.2024.54.008601
https://pubmed.ncbi.nlm.nih.gov/28805824/
https://pubmed.ncbi.nlm.nih.gov/28805824/
https://pubmed.ncbi.nlm.nih.gov/28805824/
https://pubmed.ncbi.nlm.nih.gov/32953940/
https://pubmed.ncbi.nlm.nih.gov/32953940/
https://pubmed.ncbi.nlm.nih.gov/32953940/
https://pubmed.ncbi.nlm.nih.gov/32953940/
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201002708
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201002708
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201002708
https://pubmed.ncbi.nlm.nih.gov/28944601/
https://pubmed.ncbi.nlm.nih.gov/28944601/
https://pubmed.ncbi.nlm.nih.gov/28944601/
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.201703509
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.201703509
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.201703509

