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Abstract — Bone and articular cartilage degeneration and damage are the most common causes of musculoskeletal disability. 3D
bioprinting can help regenerate these structures. Autologous/allogeneic bone and cartilage transplantation, vascularized bone
transplantation, autologous chondrocyte implantation, mosaicplasty, and joint replacement are all common clinical and surgical
procedures. In vitro layer-by-layer printing of biological materials, living cells, and other biologically active substances using 3D bio
printing technology is anticipated to replace the aforementioned repair methods. With the ability to prepare various organs and tissue
structures, 3D bio printing has largely solved the issue of insufficient organ donors. Researchers use biomedical materials and cells as
discrete materials. Bioprinting cell selection and its use in bone and cartilage repair are the primary topics of discussion in this paper.
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I. INTRODUCTION

Bone and articular cartilage degeneration and damage are the most common causes of musculoskeletal impairment [1,2,3]
Articular cartilage is a type of hyaline cartilage that is rich in type II collagen and proteoglycan. It is necessary for joint activities
because it carries mechanical loads and lubricates joints. Articular cartilage, in contrast to the majority of tissues, lacks blood
vessels, nerves, or immune responses. Its ability to self-repair after degeneration or injury is limited within its tissue structure [1].
The majority of large-scale damage to bone and cartilage that results from trauma, disease, or tumor resection exceeds the bone's
capacity for self-healing and necessitates surgical repair and reconstruction. Autologous/allogeneic bone and -cartilage
transplantation, vascularized bone transplantation, autologous chondrocyte implantation, mosaicplasty, and joint replacement are
all common clinical and surgical procedures[4].Inadequate tissue in the donor site, additional surgical damage, and disease
transmission are issues with the aforementioned bone and cartilage transplantation repair methods. The prosthesis is expensive,
and joint replacement is only suitable for advanced cartilage degeneration. In vitro layer-by-layer printing of biological materials,
living cells, and other biologically active substances using 3D bio printing technology is anticipated to replace the aforementioned
repair methods. Due to its unique advantages, 3D printing technology plays a significant role in the biomedical field [5].
Biomedical materials and cells are used by researchers as distinguished materials. With the ability to prepare various organs and
tissue structures, 3D bio printing has largely solved the issue of insufficient organ donors [5,6,7, 8].

The development of 3D printing technology offers a solution for treating patients with complex bone defects, particularly in
the use of bones and bone scaffolds. Indeed, a highlight of modern medicine will be the intersection of biomedicine and 3D
printing technology. To replace damaged tissue, tissue engineering aims to create natural-looking, three-dimensional, porous
composite scaffolds for cell migration, adhesion, and growth [9]. The distribution and movement of cells within a traditional
tissue engineering scaffold cannot be precisely controlled, limiting the ability of the cells seeded therein to attach only to the
scaffold's surface 110]. In regenerative medicine, 3D bio printing technology has advanced rapidly over the past ten years.
Through customized additive manufacturing, this technology can simultaneously combine living cells, extracellular matrix, and
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other biomaterials to construct complex biological tissues or 3D artificial implants. 3D bio printing technologies include laser-
assisted bioprinting, extrusion bioprinting, and inkjet bioprinting/droplet bioprinting. The ability to print scaffolds with controlled
cell distribution, which aids in cartilage tissue regeneration, is the primary advantage of 3D bio printing in bone and cartilage
tissue engineering. The selection of printing materials also plays a crucial role, in addition to the limitations of its technology in
the application process [11,12, 13,14].

Metal, inorganic non-metallic materials, and polymer materials are currently utilized in 3D printing natural bones and bone
scaffolds. Polymer materials are among them, and they are frequently used to make a variety of organizational engineering alloys.
Polymer materials, in contrast to ceramics and metal, are extremely adaptable to design because their structure and composition
can be altered to meet specific requirements. Polymer materials can have the characteristics of hydrolysed or enzymatic dismissal
through molecular design, which is better suited to its metabolism in the body. Side chain decoration can also be used to carry out
biologically active factors, drugs, or proteins, enhancing the polymer biomaterial's capacity for tissue regeneration. There are two
types of polymers that are frequently used: synthetic polymer and natural polymer. Hyaluronic acid, gum, alginate, shell
polycation, and collagen are examples of natural polymers. These polymers are made from natural tissue polymers. Polylactic-co-
glycolic acid (PLGA), polyethylene acrylic (PMMA), polyethylene glycol (PEG), and other artificial synthetic polymers are
examples of synthetic polymers. Polymer materials are typically produced using biologically squeezed 3D printing methods. It is
simple to make hydrogel biological ink from natural or partially synthetic polymer materials. Biocompatibility and hydrophilicity
are comparable to those of biological tissue. A stable three-dimensional structure can be created by adjusting the mechanical
properties. The majority of biological inks that have been reported are mostly used in vitro in a gas phase environment. It is
possible that only a specific liquid-phase solvent can be used for liquid-phase suspended 3D printing, even if it is currently being
studied. The biomaterial's actual application environment contains complex ingredients. Different properties and functions will be
produced by various printed biomaterial cells and components. The selection of polymer materials, biological printing cells, and
their use in the repair of bone and cartilage are the primary subjects of this review. This review explains in detail the
characteristics of each component used to develop and implement 3D printing applications for biological bone and cartilage
issues.

1. Natural polymer materials
1.1 Collagen

Collagen is the most significant structural protein in human tissue and an essential component of the extracellular matrix,
which is the primary component of the cartilage matrix. Due to their weak antigenicity, degradability, excellent biocompatibility,
and biomimetic functions, collagen molecules have been widely used in biomedical applications [15,16]. Cells are supported and
protected by the scaffold made with collagen as a raw material [17, 18]. However, collagen has a number of drawbacks as well,
including a lack of a melting point, a low denaturation temperature, insoluble water, high viscosity, low mechanical stability,
rapid degradation, inadequate mechanical strength, and so on. Compounding collagen with other materials is the most common
method for addressing these deficiencies.[19] proposed producing 3D printable cell-laden hydrogels by in situ mineralizing blue
shark (PG) collagen. The biological performance of the hydrogels showed that the presence of PG collagen helped mouse
fibroblast cell line survival both during and after printing. [20] used laser irradiation of the hydrogel to rearrange the collagen
fibres to create cavitation gas bubbles and stable microchannels. Organs on a chip and 3D tissue models with intricate structures
are made possible by it. [21] came up with a biomimetic micro-fibrous system that could make straight and waveform collagen-
based microfibers to help PDL (Population doubling level) cells grow. PDL cell viability was preserved and the tendency to
promote healing and regeneration under shear stress was enhanced by waveform microfibers made from 3D-printed collagen. [22]
created a 3D bio printed multilayer scaffold filled with bone marrow-derived mesenchymal stem cells (BMSCs) and ketogenic
and -TCP (tricalcium phosphate) for each region of osteochondral defect repair. In osteochondral defects of the femoral trochlea,
BMSC-laden scaffolds promoted chondrogenesis by suppressing interleukin 1 and promoting collagen II. BMSC-loaded scaffolds
significantly improved the injured leg's joint function in terms of the ground support force, paw grip force, and walk gait
parameters [23].

1.2 Sodium alginate

Alginate is a characteristic polysaccharide compound extricated from seaweed [24]. It has amazing bond, great
biocompatibility, and biodegradability unrivalled by different materials [25,26]. Salt has been generally utilized and created in the

Vol. 37 No. 2 March 2023 ISSN: 2509-0119 189



3d Bioprinting In Bone And Cartilage Regeneration: Review

field of biomedicine [27]. Animal tests have shown that high-virtue sodium alginate has great biocompatibility, and no
insusceptible dismissal happens when embedded in animals [28,29,30]. Heo et al. [31], incorporated and saved carbohydrazide-
changed gelatine (Gel-CDH) into a new multifunctional support bath comprising of gelatine microparticles suspended in an
oxidized alginate (OAlg) solution. They offered a clever technique for bioprinting of regular polymer-based hydrogels into 3D
complex-moulded biomimetic builds. With different systems, 3D-printed alginate platforms were covered by branch
polyethyleneimine to get branch with an enormous number of dynamic N-H gatherings [32,33]. To actuate quick gelation,
alginate subordinates were integrated and blended in with silk fibroin. It uncovered improved cell similarity [34]. Besides with
silk fibroin, carbon nanotubes were produced into tube shaped frameworks through the coordinated effort to manufacture the
crossbreed bio ink with alginate. Checked by mouse models, the legitimate doping of carbon nanotubes could actually expand the
mechanical properties of composite scaffolds.

1.3 Chitosan

Chitosan is a sort of organic material with bountiful assets and brilliant execution, non-harmful, biocompatibility, and
biodegradability [35,36]. An ideal extracellular lattice material can advance different tissue — cell attachment and expansion
[36]. Chitosan has natural action, which can advance the development of vascular endothelium, and the expansion of
keratinocytes and osteoblasts, and furthermore has the properties of mitigating, antibacterial, and safe capability guideline.
Chitosan has been utilized as a development factor transporter and platform material in the skin, nerve, bone and ligament, and
liver tissue designing and can likewise be utilized as wound dressings, drug discharge agents, and defect fillers [38, 39,40]. Be
that as it may, scaffolds arranged from pure chitosan additionally have inadequacies, like poor mechanical properties and absence
of material surface particularity [35,38]. In this way, when chitosan is utilized in bone tissue designing, it is normally
compounded with different materials to accomplish the expected presentation necessities [41,42,43]. [44] designed and created a
3D composite platform with cellulose nanofibrils (TCNFs), chitosan, and casein. This framework can speed up blood clotting and
wound recuperating, recommending its expected application in diminishing blood loss during traumatic haemorrhage. Alginate,
chitosan, gellan gum, gelatine, and collagen hydrogels were used effectively as core materials-hydrogels which are excessively
delicate for 3D plotting of open-permeable designs without an extra mechanical help [45].Although chitosan is plentiful in nature,
has brilliant properties, and is harmless to the ecosystem, its mechanical properties are poor, which restricts its use of chitosan.
Chitosan has moderately dynamic free extreme gatherings and is generally dynamic [46,47,48,49]. It can likewise be adjusted by
chemical reagents to plan comparing composite materials, further growing the chitosan application field [50,51,52].Combining
the items in normal and manufactured polymers, itis quite easy to find that polymer materials for organic tissue designing ought to
meet the accompanying necessities: 1) Great biocompatibility; 2) Controllable degradability; 3) Mechanical property; 4) Self-
development execution and 5) Great cleansing [43].

1.4 Silk fibroin

Silk fibroin is regular macromolecular fibrin with great physical and synthetic properties [34, 53]. Silk fibroin enjoys the
accompanying benefits: great biocompatibility, non-poisonousness, biodegradability, no harmful and results of degradation items,
slow degradation rate in vivo, and its degradation rate can be changed by changing its primary structure [32,54,55]. Due to its
exceptional and brilliant properties, silk fibroin has shown extraordinary application possibilities in biomedicine [32,53,56,57].
However, silk fibroin has lacking mechanical properties. The alteration of silk fibroin by intensifying it with different materials
can further develop silk fibroin. Silk fibroin-gelatine (G)- based hydrogel was manufactured as an analytic model to predict the
expelled fibre width to augment the printed construction's constancy to the plan. In this review, with gelatine mixed with silk
fibroin, hydrogel uncovered capacity to accomplish more controlled and standardized items than old style experimentation
approaches in the bio creation of designed constructs [58]. In another review, a kind of three-layered collagen/silk fibroin
framework (3D-CF) was created with holes that re-enact the anatomy of ordinary spinal line. With transplantation of brain stem
cells (NSCs),3D-CF joined with NSCs can advance the maintenance of harmed spinal cord [59]. In one more fascinating story
books with various groupings of silk fibroin and decellularized extracellular matrix (SF-dECM) was ready and mixed with bone
marrow mesenchymal stem cells (BMSCs) for 3D bioprinting. With delivering TGF-B3, the SFAECM had the capacity to advance
chondrogenic separation ofBMSCs and gave a good ligament fix environment, recommending it is an ideal framework for
ligament tissue engineering [60].

Vol. 37 No. 2 March 2023 ISSN: 2509-0119 190



3d Bioprinting In Bone And Cartilage Regeneration: Review

1.5 Hyaluronic acid

Hyaluronic acid was first isolated from the ox eye glassy in 1934, and its construction was proposed in 1970 [61].
Hyaluronic acid is plentiful in the extracellular matrix of the human embryo and connective tissues. It likewise exists in a
significant amount to assume a part in nourishment, lubrication, and shock absorption on joints [62]. Hyaluronic acid has special
physical-chemical properties and great biocompatibility, biological activity, and natural degradability. Its three-layered
honeycomb structure pore rate is high, and adequate inward space and surface area conducive to attachment, expansion, and seed
cell differentiation [61]. Hyaluronic acid can be joined with CD44. By hindering the expression of interleukin 1p, causing matrix
metal prop (MATRIX Metalloproteire-1, MMP-1), MMP-2, MMP-3, MMP-9, andMMP-13 Synthesis diminishes, lessen the
activity of alien enzyme in arthritis, and advance the multiplication of cartilage cells while bringing down the apoptosis of
cartilage cells and protecting cartilage [63]. Studies have shown that the brackets with hyaluronic acid as the material has apparent
bone induction effects during the cartilage repair process, which can essentially advance the maintenance of deformities. It has
expansive application possibilities in the field of tissue engineering cartilage repair [64]. Since natural hyaluronic acid is as yet
deficient in biocompatibility, biodegradation, mechanical strength, and host integration, it can't meet the prerequisites of superb
cartilage repair in organizational engineering. Kim et al. [65], revealed a water-based polyurethane bunch section with hyaluronic
acid as a transporter. This bracket is a bracket that is extremely near joint cartilage. Simultaneously, 3D printing innovation can be
intended to match the three-layered design of the bracket to match the matching. The state of the ligament deformity gives the
best way to repair and reproduce the cartilage tissue. Martyniak et al. [66], proposed the bionic cartoon of the bionic cartilage
cells of the emulsion and parts of hyaluronic acid.

Adding super smooth magnetic iron oxide nanoparticles to the further shell shows great cell direction capacities and actuated
to initiate it. The two physical stimuli of the static magnetic field and magnetics hear pressure sped up the recovery of cartilage
cells. Dynamic useful groups like carboxyl, hydroxyl, and acetylamino in hyaluronic acid molecules can plan new brackets by
shaping hydrogen bonds and different polymers by shaping hydrogen bonds [67]. Point anion polysaccharide, so hyaluronic acid
can be combined with static power with cation polymers, which is one more standard technique for accomplishing hyaluronic acid
composite change. As of late, an electric turning nasoscope has been widely concentrated as a bracket material that advances cell
biological activity since it re-enacts collagen nano-fibre networks in an extracellular matrix [65].Wang et al.[67] incorporates 3D-
printed islet organoid by joining a pancreatic extracellular framework (pECM) and hyaluronic acid methacrylate (HAMA). After
research, the pre-arranged brackets have no cytotoxicity, which can advance the grip, dispersion, and multiplication of seed cells.
The above polymers show a huge collaboration in managing cartilage arrangement. An assortment of polymer union bracket scan
has greater selectivity in the requirements of their spatial construction, physical and substance properties. Wang et al. [68] fosters
a double component situated permeable design of bionic cartilage. Made of sugar and sodium hyaluronate, ready by collagen,
chitosan, and sequin protein, the change layer of the microtubule exhibit structure is prepared. Polyinine-sodium nanometre of
heparin-sodium nanometre containing change development factor 1, filtering electron microscopy shows that the two-fold layer
composite bracket has a double plan like regular cartilage. Simultaneously, expansion and separation, neonatal ligament tissue,
and encompassing tissue have accomplished great combination, and the shape is equivalent to natural cartilage. Potyondy et al.
[69] incorporates a three-stage hydrogel of collagen, condensate, and hyaluronic acid and afterward involves rabbit' autologous
cartilage cells for cartilage deformity repair. Cell activity analysis and in vitro biochemical appraisal show that cartilage cells in
hyaluronic acid three-stage water express cell expansion, and the declaration of glucosamine discharge and cartilage contrasts in
gel brackets are fundamentally higher than in ordinary gel.

2. Manufactured polymer materials
2.1 Polyetheretherketone

Polyetheretherketone enjoys the benefits of radiation porousness and artefacts in magnetic resonance scanning, which can
more readily assess postoperative recuperation [70,71]. It has been utilized in artificial joint jaws, skulls, and spines: lumbar
spine, oral imperfection fix, and other fields [72,73,74]. Additionally, contrasted and conventional metal materials (stainless steel,
titanium alloy) implanted into human body, polyetheretherketone has great biocompatibility, and its elastic modulus is
comparable to human cortical bone [72,73]. It can really diminish the stress shielding impact after implantation into the human
body. Polyetheretherketone has turned into the most encouraging artificial bone matrix composite material because of its excellent
properties [75]. Clinical polyetheretherketone is the best long-term bone graft material guaranteed by the US Food and
Medication Organization. Polyetheretherketone likewise has a few inconveniences, for example, no biological activity, low
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surface osteogenic efficiency [76]. The extra biomaterials into Look like calcium hydroxyapatite (cHAp) are successful ways of
further developing bone implant interfaces and osseointegration.

The Look/cHAp induced the development of apatite after immersion in the re-enacted body liquid of DMEM for various
days to actually look at its organic bioactivity for an implant [77]. In another review, novel amorphous magnesium phosphate [78]
particles were mixed into PEEK to foster bioactive and Osseo integrable dental and muscular inserts. AMP-Look composites are
great possibility for 3D printing by showing high zero-shear and low endless shear viscosities [75]. Another promising composite
is Look HA. Here Look platforms with a progression of hydroxyapatite (HA) contents in slope were made through combined fibre
manufacture (FFF) 3D printing methods. Novel frameworks displayed higher Young’s modulus and lower compressive strength
along Z printing course. The planning relationship among geometric boundaries, HA content, printing bearing, and mechanical
properties was laid out, which gave more precise expectations and controllability of the modulus and strength of platforms. The
PEEK/HA platforms with the miniature organized surface can advance cell attachment and mineralization in vitro [79]. The
composite of polyetheretherketone and inorganic non-metallic materials can work on the physical and chemical properties of
artificial bone and artificial bone frameworks and work with the spreading, bond, and development of bone cells
[75,77,80].Therefore, the composite of polyetheretherketone and inorganic materials in future improvement will turn into another
heading [30, 81,82,83].

2.2 Polylactic acid

Polylactic acid (PLA) is an aliphatic polyester, which can be separated from sustainable plant assets, (for example, corn and
potato).Starch in sustainable assets is utilized as natural substance to acquire lactic acid through biological fermentation and
following monomer polymerization [84,85].Polylactic acid can be changed over into carbon dioxide and water in both nature and
living organisms and is a genuinely harmless to the ecosystem new biodegradable material . The fundamental justification for
why polylactic acid can be utilized as a 3printing material is that it has great biocompatibility, sparkle and straightforwardness,
mechanical properties, degradability, low softening point, and low thickness [86,87]. While it has imperfections like more
noteworthy weakness and unfortunate effect resistance [88].

A progression of multi-zonal and gradient structures was created with bi-phasic and tri-phasic setups. Polylactic acid (PLA)
was utilized for the manufacture ozonal/angle frameworks to give mechanical strength. It uncovered primary ordered progression
and mechanical strength for bone-cartilage interface engineering [89]. Moreover, an exceptionally permeable framework with
physical shape qualities was manufactured with polylactic acid polymer (PLA)and PLA-hydroxyapatite (HA). The HA-integrated
platforms showed essentially higher compressive strength, modulus, and osteo-inductivity as proven by more elevated levels of
soluble phosphatase movement and calcium deposition [90]. PLA polymer struts on a nanofiber web to create anisosporous
channel with a various levelled structure and transparent look. The transparent look conquers the undermining appearance of the
masks which can be a possible approach to decreasing the social injury brought about by the flow CoVdisease-19 pandemic [91].
Three gellan gum join poly (d, I-lactide-co-glycolide) copolymers (GGm-PLGA) which varied in the join replacement degree
were orchestrated and described. It uncovered that fibroblasts and chondrocytes stayed feasible in the wake of printing and over a
culture time of 7 days into platforms [92]. From studies to clinical applications, twenty patients were assessed for the overall
materialness and conceivable advantage of PLA in the immobilization of hand surgery patients. It proposed that 3D printed
splinting is possible and satisficed in clinical applications [93].

2.3 Polycaprolactone

Polycaprolactone (PCL) is a biodegradable polyester with great biocompatibility and non-harmfulness [94]. As a
biodegradable clinical material, it is generally utilized in the clinical field. Processability and great mechanical properties, high
crystallinity and low softening point, excellent rheological properties, and viscoelasticity invest it with great dissolve printing
capacity [95,96]. Polycaprolactone additionally can store and re-establish twisting, It can adjust to the fast improvement of 3D
printing innovation, is reasonable for making tissue engineering platforms, and turns into a typical material for biological 3D
printing [97,98].Microstructural frameworks planned with polycaprolactone as unrefined components can offer underlying help
and transport channels to incite tissue recovery [74]. They can likewise act as sites for cell adhesion, proliferation, and
differentiation, giving a reasonable actual climate to recently framed tissues. Nonetheless, polycaprolactone platforms additionally
have weaknesses like unfortunate attachment. Scientists worked on the performance of frameworks by mixing polycaprolactone
with different materials. For instance, PCL/HA was manufactured by 3D printing innovation [99]. The surface treatment of the
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PCL platform with HA led to an improvement in cell adhesion [100]. A bioprinting methodology to design vascularized tissues
was created with PCL. The ability to improve the vascularization and recovery of large bone deformities in vivo was upgraded
with co-bio printed containing both HUVECs and hBMSCs [101]. In another review, 3D bioprinting was applied with HUVECs
and supporting hBMSCs in the creation for expected remaking [102].

2.4 Polyamide

Polyamide, ordinarily known as nylon, is a typical clinical polymer with high extremity and shows brilliant properties with
regards to biocompatibility [103].The polyamide 66/nano-hydroxyapatite composite material consolidates the superb properties of
the two materials, has great mechanical properties, and has the biological activity of hydroxyapatite, which has extraordinary
expected in the treatment of bone deformities by 3D printing [104]. Poltorak et al. [105] planned and 3D printed a polyamide-
based electrochemical cell with polyamide that was utilized as the fluid connection point support during electroanalytical
estimations. Switchable, photochromic tungsten oxide nanoparticles, which are colourless even at high concentrations was
planned as intertwining agents for polyamide powders in frittage-based 3D printing [106]. Thermoplastic polyurethane (TPU) and
Polyamide 11 (PA11) powder was led in the 3D printing cycle of Multi Stream Combination (MJF) [107]. Besides, a polyamide
12-based thermoplastic composite was changed with carbon nanotubes (CNTs), CNTs united onto cleaved carbon filaments
(CFs), and graphene nanoplatelets (GNPs) with CNTs to work on its warm conductivity for applications an intensity sinks in
electronic parts [108].

2.5 Polylactic acid glycolic acid copolymer

The polylactic acid glycolic acid copolymer is broadly utilized in medication, science, industry, and different fields due to its
non-toxic and great biological activity, biocompatibility, and mechanical properties [109,110]. The polylactic acid glycolic acid
copolymer can be degraded by breaking the ester bond, and its degradation items are equivalent to those of human metabolism
[111]. This strategy has been broadly utilized in the biomedical field by changing the monomer proportion to change the
degradation time of PLA-glycolic acid copolymer. The Food and Medication Organization in the US has affirmed the polylactic
acid glycolic acid copolymer. It is formally remembered for the US Pharmacopeia as a pharmaceutical excipient [108,112]
however its degradation item will produce acid that might cause the potential inflammation [113]. In cancer treatment,
imaginative PLGA/Mg permeable frameworks were manufactured for postsurgical the executives of osteosarcoma. PLGA/Mg
composite platforms were created with low temperature fast prototyping (LT-RP) 3D-printing technology. It uncovered excellent
biodegradability and biocompatibility, showing extraordinary commitment for clinical interpretation [114].

2.6 Conductive polymers

The conductive materials normally imprinted in 3D are made in view of non-metallic 3D printing innovation on the thin film
base. The suitable 3Dprinting innovation, scattered fluid or conductive elastic composite material of the conductive filler, could
be picked for the adaptable base to get the circuit design and the expected conductive material and device [115]. The 3D printing
innovation associated with the assembling of conductive materials basically incorporates melting deposition (FDM), electric field-
driven spray deposition (E-JET), polymer infusion forming (Polyjet), direct ink writing (DIW), stereo light carvings (SLA)
[115,116,117]. As per the attributes of the material, the proper 3D printing innovation can be chosen to make the conductive
material. SLA and Polyjet are reasonable for optical solid restored resin materials. FDM is great for materials that squeezes out
the small nozzle in the wake of warming and dissolving [116]. Polyjet, E-Stream, and DIW Necessity materials have the evolving
qualities of shear and weaken. Low viscosity ought to be displayed at a high shear rate, similar to fluid, to permit the ink to just
barely get through the point by point printing spout. Furthermore, printing ink also needs to have high viscosity, showing a paste
at a low shear rate to keep the shape after 3D printing without breakdown [118].

Joined with the E-Fly printing innovation and hybrid hot pressure innovation, Zamboni, F., proposed an inserted silver
network producing innovation with no shape, format free, and electroplating [119]. An adaptable transparent electrode with
brilliant photograph electric execution, mechanical stability, and environmental adaptability are ready on the customizable
transparent base. The transparent electrode with transparent light is amazing [120]. Albeit these standard 3D printing cycles can
accomplish higher-accuracy design terminals and microstructure printing, this kind of conductive material in light of the highlight
line handling technique isn't just lacking in efficiency. The handling precision is connected with the measurement of the nozzle of
the expulsion material, so the higher the printing exactness, the slower the printing speed. Conversely , digital light treatment
(DLP) printing shows the upsides of high printing exactness, quick relative speed, and superior surface quality, which gives high
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execution conductive material and devices for assembling negative perpopy pine proportion ,complicated geometric shapes, and
miniature surface structures[120].The hybrid printed biomass proposed by Professor MauriceN. Collins comprises of algosate and
gelatine hydrogel framework containing carbon nanofiber (CNF) to make an electrons and printed 3D brackets [121]. It is vital
that the arrangement strategy permits the development of hydrogels with uniform scattering CNF. In view of mechanical,
chemical, and cell responses, these hybrid composite material hydrogels were assessed. The doping technique can add electrical
fillers to conductive capability through physical or chemical processes [121]. Mixed carboxy-based multiwall carbon nanotubes
(C-MWCNTS) to N-acrylceroprid (ACMO) gum can acquire great conductive nano-composite materials for DLP printing and
strain sensors, which can be in real time and accurate detection human activity [122].

2.7 Photosensitive resin

Photosensitive resin known as a photocurable solid material mainly comprises of a photo-initiator, oligomer, and responsive
diluent [123]. The UV-Curing 3D Printing is the most common way of utilizing the fast cross-connecting of liquid light sensitive
resin under ultraviolet light (UV) radiation to solid substances [124]. So as to add optical relieving light-sensitive resin layer by
layer, until it frames a total development the course of three — dimensional device [124]. Since the light - touchy sap has one of a
kind fluid liquidity and prompt light hardening qualities and how much light sensitive resin can precisely control the amount and
space of the light sensitivity resin [125]. The optical solidification 3D printing can make a model with any complex geometric
shape that is difficult to get ready with traditional processing techniques. The optical solidification 3D printing innovation is the
longest history; however, the advancement speed is the quickest. It is additionally the most generally utilized kind of 3D printing
innovation. It predominantly incorporates SLA, DLP, LCD, CIIP and other strategies [125]. Its essence is a colloidal substance
made out of macromolecules [126]. The molecules are dissipated and cross-connected together like a fence. When the
photosensitive resin is irradiated by ultraviolet light, the photo-initiator absorbs energy, forms excited molecules, and disintegrates
active groups [127]. Besides, it is appeared as the change of colloidal resin into a solid item. The light source in the 3D printer
persistently crosslinks the photosensitive resin by scanning layer by layer, there by accumulating a three-dimensional solid item
[124].

As a brilliant 3D printing consumable, the photosensitive resin enjoys the benefits of high shape in precision and short
curing time and is reasonable for processing precision devices [128]. Albeit the use of photosensitive resin in the field of 3D
printing has been boundless, the performance of photosensitive resin has certain abandons because of the actual material.
Scientists have defeated these imperfections through strategies like surface change and doping [48,129]. Mahmoudi et al. [130]
detailed a photo-initiator process for the 3D printing of pure commercial epoxy polymer. A clever radical free/cationic hybrid
photosensitive resin was created by a cationic curing system with the course of UV-curing. It was planned and demonstrated as a
minimal expense one-step printing process. With chemical modification, NR was changed to photosensitive NR (PNR), which
was mixed with a commercial resin (CR) at different rubber items (0-3 wt%) by a simple mixing approach. The synthesized
photosensitive natural rubber could be utilized as a toughness modifier utilized in ultraviolet-curable resin for the light-based 3D
printing innovation [131].

3. Bioprinting cell determination
3.1 Mesenchymal stem cells

Human bone marrow mesenchymal stem cells can be isolated from adult mesenchymal tissue, which has been demonstrated
of good expansion potential. It won't lose its multi-directional differentiation capacity within several generations and is generally
applied as one of the ideal cell sources for cartilage tissue engineering [132].Recently, an ever increasing number of studies have
been led on the chondrogenic capability of MSCs in bone marrow, fat, synovium, periosteum, umbilical cord, and muscle [132,
133].In view of mesenchymal stem cells have been produced for the recovery of cartilage defects. Synovial MSCs (SMSCs) have
strong articular explicitness and chondrogenic differentiation ability. A chitosan hydrogel/3D-printed poly (g-caprolactone) hybrid
containing SMSCs and enrolling tetrahedral outline work nucleic acid was created for the cartilage regenerative system [134,135].
MSCs have been applied in the therapy of osteoarthritis as seed cells to rescue the defect and chronic inflammation in the joint.
Bone marrow-determined mesenchymal stem cells (BMSC)- loaded 3D-bioprinted multilayer platform with methacrylate
hyaluronic acid (MeHA)/polycaprolactone consolidating ketogenic and B-TCP for osteochondral deformity fix inside every area.
In addition, MSCs have been taken as bio-ink cells for bone recovery. Bone tissue engineering frameworks with MSCs can be
unequivocally created with SLA, SLM, and STL advances [136].
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3.2 Chondrocytes

As of now, chondrocytes are fundamentally utilized in the field of cartilage bioprinting [137]. In 1994, Brittberg originally
presented autologous chondrocyte transplantation [138]. During the arthroscopy of the patient, healthy chondrocytes would be
taken out from the patient's injured knee, while the chondrocytes were infused into the patient's deformity with14-21 days of
culture [139]. Autologous chondrocyte transplantation essentially diminished swelling and pain in patients. Biodegradable
waterborne polyurethane (WBPU) was changed utilizing a water-based green chemistry interaction to shape the capacity for 3D
printing. The flexibility of this material supplies extraordinary consistence with tissue in the scratching of wounds [140]. Silk
fibroin as a natural polymer manufactured with glycidyl-methacrylate (Silk-GMA) was exhibited for digital lighting processing
3D printing. New cartilage-like tissue and epithelium were found encompassing transplanted Silk-GMA hydrogel [141]. Cell-
laden alginate hydrogel containing chondrocytes was infused into 3D PCL cross breed platforms to help the mechanical properties
of their producing auricle ligament [142]. The above models delineate that the implantation of chondrocytes can advance the
maintenance of ligament defect tissue.

3.3 Embryonic stem cells/incited pluripotent stem cells

Embryonic stem cells (ESCs) can be incited to separate into mesenchymal stem cells and chondrocytes and are frequently
utilized in cartilage tissue engineering [143]. Gene expression and immunostaining analysis affirmed that this co-culture system
could structure the cell colonies and emit extracellular matrix (ECM) containing glycosaminoglycan (GAG) [144]. The dynamic
expression of chondrocyte-specific genes was seen during the cell monolayer extension in this co-culture framework, completely
affirming the chondrogenic differentiation of human early stage stem cells (hESCs) [145]. Fiber impedimetric reactions related
with the bio inks that contained separated mESCs were created with 3D bioprinting. Multifunctional fiber impedimetric sensors
empowered the characterization of stem cells with separation marker expression [146]. Human pluripotent stem cells (hPSC)-
based way to deal with produce organoids that cooperate with vascular cells in a spatially resolved way. Specially designed 3D
printed chip was applied for spatial communication among organoid and vasculature with a matched co-culture framework
.Studies have shown that during the co-culture of hESCs and chondrocytes (Chds), morphogenetic factors emitted by
chondrocytes can incite hESCs to separate into the chondrocyte lineage [147].

4. Application in bone and cartilage repair
4.1 Supporting construction

To develop customized regenerative articular cartilage tissue, exact control of the shape and interior construction of the
platform is critical [148]. 3D printing innovation can print an assortment of bio-inks containing different biological materials,
cells, and bioactive variables to build 3D platforms with complex anatomical designs. Rastogi et al., revealed alginate hydrogel
stacked with chondrocytes and osteoblasts utilized 3D printing innovation to develop a non-uniform hydrogel framework [149].
3D frameworks with different pore sizes and flexible modulus were gotten by changing the dispersing and point of the printed
lines. To mimic the osteochondral structure, the development of various tissues was seen in various areas of a similar framework
after 6 weeks of subcutaneous transplantation [149]. Moreover, the co-printing of various bio inks likewise gives a decent stage to
developing the interstitial design of articular cartilage [24]. Articular cartilage shows contrasts in composition and mechanical
properties from top to base. The development of such heterogeneous 3D designs is challenging to accomplish by traditional tissue
engineering techniques [134]. The Nakamura, A. group involved gradient bioprinting to control cell density distribution in a same
framework and exactly controlled the cell density by changing the mixing proportion of cell-free bio ink and cell-loaded bio ink at
the printing needle [59]. The chondrocytes from various interstitial spaces were extricated, and these 3 cells were printed layer by
layer to frame interstitial structures. The trial results showed that chondrocytes from various sources could create specific
interstitial ECM. Notwithstanding cell determination and control, studies have shown that providing cells with proper biological
signals or ECM parts can stimulate cells to create a zonal phenotype [150]. For instance, adding chondroitin sulfate and
metalloproteinase-sensitive peptides to Fix hydrogel scan prompt MSCs to secrete external ECM parts, while doping chondroitin
sulfate or HA alone can incite cells to deliver moderate and profound ECM components [151,152]. Consequently, in future
research, printing different biomaterials and cells from various sources combinations to stimulate the articular cartilage
physiological function and mechanical properties will turn into a research heading for tissue engineering to repair articular
cartilage.
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4.2 Mechanical support

To reproduce the mechanical properties of articular cartilage, many studies have utilized profoundly versatile hydrogels to
develop 3Dplatforms by 3D printing to mimic the mechanical properties of joints [131]. Shan et al. [153], utilized a natural
polymer, alginate, supported with an extracellular matrix got from decellularized tissue (rECM) for 3D bioprinting. Depending on
the curing time, the elastic modulus of the platform can be adjusted from 73.2 kPa to 40 MPa, and the framework has great
flexible recuperation, which can resemble the MR of the natural articular cartilage mechanical properties. Co-printing
thermoplastic materials with hydrogel materials with weak mechanical properties is likewise a typical way to improve the
mechanical properties of cartilage repair scaffolds [154]. The thermoplastic material is utilized as the scaffold’s skeleton to endure
the primary mechanical stress. The research shows that the mechanical properties of the hybrid printed platform are like those of
pure thermoplastic frameworks. Monfared et al. [155], introduced a double cross-linkable hydrogel ink made of PEG star polymer
and TEMPO oxidized nanocellulose strands (CNFs). In no time, hydrogels with Young’s modulus somewhere in the range of ~10
and 30 kPa were acquired by simply modifying the CNF and Ca2+ content. The exploratory outcomes showed that elements, for
example, the heading and dividing of the bio ink printed lines would influence the mechanical properties of the last platform
[156]. Consequently, notwithstanding the mechanical properties of the actual material, proper printing settings and structural
layout additionally influence the mechanical properties of the platform [155,157].

4.3 Enlistment of cell function

Bioactive designs are developed in view of 3D printing innovation. Different parts with biological regulation capabilities, for
example, growth factors, proteins, peptides, medications, and ECM parts are usually doped into bio inks [158]. The ideal bone fix
polychole ought to have a large hole with countless pores with specific pores more noteworthy than 100 pum. The large opening
permits cells to relocate inside the bracket, advances the integration of frames and host tissues, and guides new bone and blood
vessels to fill in the shelf; the microphone can adsorb the protein on the outer layer of the material and influence cell expansion,
separation, and different ways of behaving through connection with cell protein [159,160]. Expanded pore rate will build the
penetrability and degradability of calcium phosphate-based organic ceramic permeable stents, which will help cells' connection,
expansion, and separation. In any case, it will diminish the mechanical strength of the brackets. Consequently, the degree and
mechanical strength of calcium phosphate-based organic ceramic permeable brackets are still very testing [161]. The entire design
of calcium phosphate-based biological permeable stents decides their mechanical strength and regular qualities. In this manner,
exactly controlling the permeable bracket' shole structure is essential for getting ready brilliant bone fix permeable brackets. TGF
(transforming growth factors)- factors are frequently doped into hydrogel bio inks to incite chondrogenic separation of MSCs.
Macromolecules comprising the natural cartilage matrix, like HA, are a sort of cartilage prompting ideal biomaterial [162].
Adding these natural macromolecules can work on the rheological properties what’s more, printing properties of bio inks [163]. It
is quite important that while utilizing bioactive elements to incite cells to play biological capabilities, consideration ought to be
paid to the printing conditions for these Impact factors [164,165]. As bio-ink and thermoplastic materials are coprinted, the high-
temperature printing states of thermoplastic materials might influence the biological activity of factors. Post-printing change and
different strategies are required to stay away from the peculiarity of component inactivation [166].In option to adding different
biological signs, decellularized extracellular matrix (IECM) bio inks have step by step pulled in the consideration of scientists
lately [167].dECM is like natural ECM in composition and topology and can improve cell-matrix collaboration and give a
reasonable microenvironment to cell growth and differentiation [135,168,169].0btaining dECM from different tissues to plan bio-
ink and the nusing 3D printing innovation to fabricate a profoundly open and permeable 3Ddesign to advance the exchange of
supplements inside and outside the framework has turned into another system for cartilage tissue repair[170]. Through 3D
printing, they were printed as a single-material framework or a high-mechanical-strength platform dmixed with PCL. The
exploratory outcomes show that dECM got from cartilage and fat can give a reasonable growth environment to MSCs, really
initiating MSCs to differentiate into cartilage [171].

5.Three-layered Bioprinting Strategies
5.1 Extrusion based Printing

Extrusion based bioprinting is a pressure based bioprinting strategy that has filled being used over the course of the past 10
years. Utilizing a robotic system connected to a liquid administering array, cells can be saved in a 3D shaped structures in view of
computer aided plan modeling. This cycle is finished by utilizing the shear-thinning way of behaving of the bio ink and is for the
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most part plotted in cylindrical lines. This framework is controlled by pneumatic, solenoid, or mechanical control. Every
framework has its own advantages and disadvantages relying upon the spatial build to be printed or bio ink to be used.[172,173]
Because of the adaptable and bigger diameter nozzle, and the capacity to extrude bio ink in a close to solid state ,bio inks, like
hydrogels, microcarriers ,tissue spheroids, and tissue stands can be generally utilized. This procedure has exhibited
accomplishment with printing various tissues including cartilage, lipid bilayers ,lungs, and liver tissue deposition among
others.[174,175,176] While contrasting extrusion based bioprinting with different strategies, this printing technique enjoys the
benefit of more noteworthy statement and printing speed as well as anatomically correct permeable construct generation
.Monetarily, this printing strategy is financially accessible and has high flexibility taking into consideration the utilization of
different bio inks. At long last, the innovation stays safe by a novice client. Disadvantages incorporate restricted resolution which
diminishes the accuracy of designing and organization of the cells, hydrogel use is complicated by the gelation and hardening
prerequisites, and cells can be impacted by the dehydration and the lack of nutrients. [172,173]

5.2 Droplet/Inkjet-based Printing

Droplet-based bioprinting is an umbrella term that includes inkjet, acoustic-drop ejection, and microvalve bioprinting.[172]
Improvement of this printing should be possible by change on a conventional printer by the option of a regulator to the print head
for production of a two-dimensional bioprinter.[177] The bio ink is then added to the printer by means of a storing cartridge
Inkjet printing is further subclassified into persistent, drop-on-request ,and electrohydrodynamic printing methods.[172] This
technique utilizes gravity, atmospheric pressure, and liquid mechanics to create drops that are delivered to a substrate. Constant
inkjet printing powers the bio ink under pressure through a nozzle which then, at that point, breaks into drops as the potential
energy is lessened. Drop-on-request printing attempts to convey single drops on request by utilizing a tension pulses to push a
drop through a nozzle that is held into place by surface tension. These strain pulses are variable considering the framework and
can be piezoelectric, electrostatic, or thermal in nature. Electrohydrodynamic stream bioprinting utilizes an electric field to
maneuver the bio ink droplets onto the substrate, which again makes the drop by disturbing the surface strain at the nozzle tip. At
the point when the generation of the electric field overcomes the surface strain, the drop is launched out. Acoustic bioprinting
launch drops from a pool by generating of an acoustic field. This cycle assists with limiting exposure to excess pressure, voltage,
heat, or shear. when the focal point of convergence from a round wave surpasses surface strain, the bead is ejected. At last,
microwave bioprinting utilizes an electromechanical valve to control drop release. This process occurs by the generation of a
magnetic field with the utilization of a solenoid coil that discharges bio ink drops from the gated microvalve.

5.3 Laser-based

Printing Laser-based bioprinting is a type of bioprinting in which droplet release is initiated by laser-based modalities.
There are two layers involved in this process. The selected bio ink is in the bottom layer, which is made up of an energy-
absorbing donor layer. When a laser pulse is emitted onto the top donor surface layer, the bioindroplet is released. When the top
layer is vaporized, this process creates a bubble at the interface, propelling the droplet onto the substrate. There are several
advantages to laser-based bioprinting over other bioprinting techniques. The ability to avoid mechanical stress by avoiding direct
contact with the printer is the first. Even though resolution and precision are crucial in bioprinting, the laser-base modality has
several drawbacks. These drawbacks include the fact that droplets can be printed to the template with greater precision and
resolution. The cost of laser-based systems is the most formidable. Because of its size and complexity, the equipment's use in
typical research settings is limited. In addition, there have been fewer applications for research. Also, unknown, the cellular
effects on the bio inks' viable components.

6. Added substance Assembling Ideas
6.1 Biomimicry

Hydrogels cultivated with viable cells take into consideration patterning of cells. This cell course of action can recapitulate
native anatomy. However, this by itself is insufficient for fruitful bioprinting. The ensuing extracellular matrix (ECM)
arrangement, the absorption and debasement of the hydrogel matrix, and the connections and expansion of encapsulated cells are
similarly basic to the suitability and useful outcome of the printed tissues. Impediments of tissue strand/spheroid development
utilizing hydrogels incorporate confined cell interactions, proliferation, and colonization of immobilized cells inside the hydrogel
framework, also as the powerlessness of cells to spread, stretch, and relocate to effectively create the new tissue, especially at high
hydrogel concentrations. Bio inks created with cell totals, without hydrogels, display better biomimetic qualities working with
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both homo-and hetero-cellular collaborations as a result of the great cell densities and the absence of exogenous matrix
immobilization seen when encapsulated in hydrogels. These tissue constructs closely look like the native tissue and protect cell
phenotype and functionality for expanded periods.

6.2 Biologic Self-assembly

Organ and complex tissue development evolution is generally founded on cell self-assembly mechanisms. The tissue builds
environment of the cells necessities to look like its native counterpart for cells to keep up with their phenotype, lay out suitable
cell collaborations, and express tissue explicit proteins alongside ECM. Three-layered cell total aggregates allow for a more
friendly and more local anatomic environment for tissue self-assembly to occur contrasted with monolayer cell cultures. Tissue
morphogenesis is dependent on the development of multicellular aggregates. These aggregates are limited by cadherin particles
which facilitate strong intercellular adhesion. This cadherin interceded aggregates empower signal transduction, an increase in
integrin expression as well as binding to arginyl-glycyl-aspartic corrosive motifs in the deposited ECM parts.

6.3 Building Blocks

To bio print scalable tissue, "minitissues" which address the smallest composite tissue units can and ought to be utilized as
building blocks. Such building blocks can be in spheroid or tube-shaped structure. Both the structures have been utilized in
bioprinting. Tissue spheroids address a platform free bio ink-type, where the cells are coordinated circularly into 200-to 400-mm-
diameter cell conglomerations. Several various creation methods have been utilized for manufacture of tissue spheroids
incorporating refined cells in microwells with roundedness on a cell adhesion dormant shape made of hydrogels, for example,
agarose, methacrylate hyaluronic acid, and alginate. In this methodology, millions of cells are cultivated into an array of
microwells and cultured for 24 to 48hours to work with cell accumulation. Cells will sediment to the lower part of the microwells
and get comfortable close contact with one another, driving the cells to suddenly stick to each other to limit free energy and
develop into a neo-tissue.[178] Due to intracellular cytoskeletal reorganization from cadherin interceded cell restricting, tissue
spheroids will lessening size due to spiral compression. [179] Different methodologies which have additionally exhibited outcome
in tissue spheroid creation incorporate the hanging drop strategy, microfluidic helped innovation, and acoustic wave-helped cell
assembly. Tissue strands are barrel shaped neotissue building blocks that are utilized for bioprinting increase tissues like ink in an
ink-jet printer.[179,180] To manufacture the tissue strands for bioprinting, cells at exceptionally high thickness are infused and
stuffed into empty alginate tubules.[180]Semipermeable alginate tubules stimulated as these consider exchange of nutrition and
oxygen. The cells that are set into the tubules will frame into round and hollow neo-tissue strands as the cells self-adhere and pull
away from the tubule walls. Similarly, as with tissue spheroids, tissue strands won't tie to the alginate luminal surface. After cells
have aggregated into the neotissue strand, the tube is dissolved utilizing a decross-linker arrangement. The formed tissue strand is
then loaded into a specially designed bioprinter head and mechanically extrusion printed.

6.4 Cartilage Rebuilding and Reconstruction

Injury to the articular cartilage of joints is common. Current clinical restorative choices for articular cartilage injury
incorporate marrow stimulating techniques, osteochondral grafting (auto and allogeneic), and cell-based techniques. These
choices all have eminent deficiencies to incorporate expense, durability, potential disease transmission, and most prominently the
failure to re-make local articular cartilage design frequently bringing about a transient arrangement that needs
durability.[181.182,183] construction and piece of sound articular cartilage is vital to its function.[182,183,184] This intricate
design shifts along the osteochondral axis, and a considerable lot of the restrictions of current methods can be credited to the
absence of the local spatiotemporal control of biologic signs for directing cell differentiation, hyaline cartilage formation, explicit
zonal biomechanical properties, and coordination with the underlying bone. [181,182,183,184] The heterogeneous and anisotropic
cartilage is made of anatomic zones that have zone-explicit mechanical and biologic properties mirroring each zone's composition
and architecture, which to date current clinical treatment innovations and tissue engineering strategies have been not able to
recapulate. Current cell-based procedures bring about a scattered repair tissue that has poor durability.[183] Presently,
osteoarticular allografts the clinical technique MOs frequently utilized for recreation of large osteochondral defects and
injury.[185]Though this can yield great outcomes, there stays a restricted supply of these live osteoarticular allografts, with wait
times frequently of a year or longer for unite coordinating, during which time critical impediment to the adjacent joint surfaces
and global environment of the knee occurs, also extra pain and enduring, with lost work time/wages. Besides, likewise with all
allograft tissues, disease transmission stays an issue and particularly so with osteoarticular allografts this includes live bone and
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cartilage transfers. Given the restricted clinical progress of current framework and cell-based techniques, there stays a neglected
requirement for chondral and osteochondral develops that recapitulate life systems, histology, and biology, which advance fast
coordination, and give a durable clinical answer for articular cartilage injury. The added substance producing methodology of 3D
bioprinting gives a potential solution.

6.5 Bionics

The foundation of biologic printing rotates around the utilization of bionics. Bonaire the combination of inert printing
medium seeded with living cells. Together these parts structure the raw material which are stored onto the collection substrate.
The formative permitted control of living cells to make biologic develops. The ideal bio ink is printable; has high mechanical
integrity, high stability, insoluble in cell culture medium, nontoxic, and nonimmunogenic and can advance cell adhesion. For the
bio ink to be successful, it should keep up with its plan strength and integrity for implementation in vivo. Several studies have
assessed different bio inks for their viability in cartilage restoration. Alginate and agarose may better help hyaline-cartilage while
gelatinmethacryloyl-and poly(ethylene glycol) methacrylate-based bio inks may support more fibro-cartilaginous tissues.[186]
These bionics have likewise been demonstrated to be biocompatible for cartilage growth.[187] Two significant types have been
created, which include platform and platform free techniques. Their implications for cartilage rebuilding are talked about later.

7. Platform and platform free
7.1 In Vitro Work

Bioprinting can be performed regardless of a platform. Frameworks utilized for manufacture of articular cartilage alludes to
biomaterials, either engineered or natural occurring, that are utilized to help the cartilage construct or perhaps used to help with
inducing repair from native host cells. Platform based bioprinting involved the loading of cells into hydrogels or other transporter
that can be saved onto earlier construct designs. These hydrogels can work with the generation of tissues by means of cell
expansion and development Hydrogels arrive in a wide assortment of substrates and types, all with different benefits and
disadvantages. Platforms are attractive in tissue engineering as they allow for immediate structural integrity and can be utilized to
control the spatiotemporal construction, advancement, and interactions of the cells and the creating ECM. Several criteria can be
utilized in choosing the proper framework. Contemplations incorporate bio capability, porosity, pore size, mechanical strength,
biodegradability, and capacity to advance cartilage tissue formation.[185] The framework likewise offers "Time Zero" mechanical
loadbearing properties, a characteristic that bio printed tissues frequently at initially lack. Frameworks can be created with angles
in structure and/or architecture to copy the mechanical properties of native cartilage and permit the dissemination of suitable
mechanical and biologic signals to cells all through the different zonal design. Total porosity and interconnectivity of the pores
likewise assume a huge part in effectivity of a platform. This characteristic helps with cell adhesion and seeding as well as
keeping up with proximity to blood supply for efficient oxygen and nutrient delivery.[188]

Various studies have taken a gander at in vitro bioprinting utilizing framework. Abbadessa et al [189] tried hydrogels
containing polyethylene glycol and to some degree (10%) methacrylatedpoly(N-(2-hydroxypropyl)
methacrylamidemono/dilactate) (M10P10) and methacrylate hyaluronic acid which expanded storage modulus, slowed
degradation, and further developed printability versusM10P10 alone. These authors exhibited chondrocyte growth at 42 days of
culture. This information base keeps on growing a different laboratories examine the various parts of the platforms to enhance
cartilage cell development. Framework free strategies use nonissues deposit them in specifications on a substrate. These tissues
are then fused and mature over the long term into larger functional tissues by idea of mini tissue units as building blocks.
Framework free strategies permit a high-density deposition of cells on beginning print without the requirement for biomaterials,
which was achieved earlier by the utilization of tissue spheroids that are imprinted in proximity and fuse over the long term.
Spheroids really do have several issues, notwithstanding. They require a delivery medium for extrusion which complicates the
printing process. Since fusion happens by proximity, premature fusion can cause nozzle clogging. At last, gaps between printed
spheroids have been displayed from tissues with gaps which can leak.

Yu et al.,[180] fostered a clever method which allowed the printing of bio strands, which prompts various benefits which
included help of fast combination and development through self-assembly, bioprinting in solid structure, extrusion of the fluid
delivery medium and don't need a support molding construction during bioprinting for cell aggregate and fusion. In their review,
the strands were kept and refined in vitro. Like in vitro, cells exhibited great survivability. Following fourteen days, histological
staining was finished exhibiting substantial proteoglycan statement with positive staining for Safranin-O, like native cartilage
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control. Aggrecan and type II collagen were likewise present on immunohistological staining further describing the cartilage
material. Self-assembly was tried and exhibited as soon as 12 hours post printing. On day 7, a practically complete tissue patch
was available, permitting biomechanical testing of the item. The Young's modulus of the printed cartilage was tried in pressure
and viewed as 1,094 6 26.33 kPa like native cartilage. The authors proposed that the Young's modulus would be more comparable
assuming strands were cultured for longer. The remarkable ability of bioprinting permits the improvement of precise pattern of
cartilage cells with the complex design of the cartilage layers to deliver mimicry of the native construction of cartilage. The
framework free procedure has permitted printing of close to solid state tissue which doesn't need a liquid medium for cell
facilitation, viability, or fusion. Current framework based bioprinting mechanisms require a form to have the cells which might
restrict the size of the printable develops. Framework free procedures may give an approach to printing of larger implantable
cartilage patches with similar biomechanical and histological properties to that of native cartilage.

7.2 In Vivo Work

In vivo transplantation of chondrocytes has begun to be studied by several researchers as we continue to search for the ideal
parameters and conditions for the bioprinting process. With the transplantation of cartilage constructs, in vivo survivability has
been evaluated using rat, mouse, and rabbit models. [190,191] Two distinct types of in vivo studies have been attempted thus far.
The 3D bio prosthetic’s survival has been the focus of most research. After that, these constructs were left on for a variety of
times, and the cells were examined histologically when they were taken off. Shim etal.[190] implanted 3D printed cartilage cells
into rabbit knee joints, which demonstrated the development of vascular membranes, chondrocyte proliferation, and lacunae
without cell integrity loss. Neocartilage formation, osteochondral integration, lacuna formation, and a smooth cartilage cap in the
defect area were observed in the test group upon examination. With the use of a hydrogel scaffold, bio printed cartilage cells have
been shown to survive and integrate in vivo. Future cartilage tissue engineering methods and potential treatment alternatives may
benefit from this discovery.

7.3 Bone Replacement and Reconstruction

Outstanding weaknesses remain with bone grafting choices for bone restoration and reconstruction. Autograft bone keeps on
being utilized much of the time however has the significant drawback of donor site morbidity. Allograft bone has been utilized
widely, yet disease transmission, lack of osteogenicity, cost, and an all-around restricted supply notwithstanding quickly
developing interest are remarkable worries. The field of bone tissue engineering tries to accommodate these difficulties and the
developing neglected need for viable bone grafting alternative by combining (1) a biocompatible framework that restates the
natural bone ECM niche, (2) consideration of osteogenic cells to secrete the necessaries, (3)morphogenic signals that
spatiotemporally bio direct the cells to the phenotypically helpful type, and (4) adequate vascularization to meet the developing
tissue supplement supply and metabolic necessities. Three-layered bioprinting allows for added substance manufacturing of this
dynamic tissue that incorporates a highly complex microarchitecture integral to its function. However various tissue engineering
systems perhaps utilized to handle the difficulties of bone tissue engineering, 3Dbioprinting offers a superior command over the
structural and mechanical properties of the platform over other recently portrayed methods counting gas foaming, salt leaching,
and freeze drying. Besides, 3Dbioprinting considers better cell-cell interconnection, further developed oxygen diffusion, and
nutrient transportation and gives cells the essential connection, expansion, and tissue formation factors.[192] Bone grafts have
been made utilizing natural hydrogels, for example, fibrin oralginate. Nonetheless, the frameworks made in vitro have poor
compressive modulus making them deficient for bone tissue engineering.[193] Alternatively,3D bioprinting utilizing
manufactured polymeric polyethylene glycol dimethacrylatehydrogel gives compressive modulus that can exceed500
kPa.[194,195] This cycle approximates human tissue compressive moduli.[196] Moreover, the utilization of polyethylene glycol
hydrogel will provide better cell viability and advance ECM production.[194,197,198]

Expansion of human mesenchymal stem cells(hMSCs) can recover bone tissues when animated by a ceramic scaffold.[199]
Bioactive glass and hydroxyapatite(HA) have both been displayed to advance bone tissue formation.[193,200]Collectively, HA in
polyethylene glycol hydrogel can keep up with MScs reasonability and advances hMSC osteogenic differentiation and
biosynthetic function.[201] Qi et al., showed that utilizing hB MSCs in conjunction with calcium sulfate hydrate/mesoporous
bioactive glass platforms animated the adhesion, proliferation, alkaline phosphatase activity and osteogenesis-related gene
expression of hB MSCs. The authors likewise exhibited that calcium sulfate hydrate/mesoporous bioactive glass platforms could
markedly upgrade new bone development in vivo bony imperfections contrasted with controls.[202]As in cartilage, bioprinting
without framework gives the benefit of keeping away from cytotoxic or generally biological deleterious breakdown byproducts of
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the framework. This approach leads top reservation of cell aggregates and capability through a help of cell connections and a
stronger statement of ECM. Evinger et al [203] demonstrated the utilization of Novo Gen bioprinting stage with adipose derived
mesenchymal immature microorganisms as well as endothelial cells to deliver osteopontin and alkaline phosphatase positive cells
after 5 days post bioprinting. Osteogenesis was likewise confirmed by measuring bone modeling biochemical markers including
interleukin (IL)- 1a, IL-6, IL-8, C motif chemokine ligand 2, and chemokine(C-X-C theme) ligand 1.

[203] Keriquel et al. [204] have recently displayed that laser-assisted bioprinting is an attractive tool for the in-situ printing
of a bone substitute. These authors effectively utilized the laser-assisted bioprinting technique to bio print mesenchymal stromal
cells, related with collagen and nano-HA in a calvarial deformity displaying mice.[204] Utilizing droplet based bioprinting ,
Herberg et al[205] added growth factors, including bone morphogenetic protein (BMP)- 2 transforming growth factor-bl, and
stromal cell-derived factor-1 beta(SDF-1b) on 5-mmdiameter acellular Derma Network plates, which the authors then implanted
into osseous defects in mice. The co-delivery ofBMP-2 and SDF-1 was superior toBMP-2 and SDF-b-only gatherings in bone
formation.[205] The expansion of a bio ink carrier to the combination considers solidification by polymerization to guarantee the
maintenance of the construct. MSCs co-printed with HA can make frameworks with Young's modulus upsides of 1 to 2
MPa.These builds additionally were displayed to create significant bone tissues. Another significant component of the
development process was the fuse of type I collagen with thermo-responsive agarose hydrogels bio inks. This combination with
high-collagen proportions enhances the mechanical stiffness required for differentiation and gives exact shapes to the
constructs.[206]

Das et al. [207], showed osteogenic differentiation of mesenchymal stem cells embodied in silk fibroin-gelatin which was
cross-connected either by the enzyme tyrosinase during bioprinting or by sonication post bioprinting.[206] The authors likewise
exhibited that by changing the way of culture media, they had the option to differentiate cells with a develop that differs in
mechanical properties and function.[208]. Raja and Yun [209], additionally utilized this procedure by keeping in a coaxial way
calcium-lacking HA and alginate loaded down with pre-osteoblastMC3T3-El cells, prompting the designing of bone tissue
composites with the compressive modulus of 7.01 6 0.82 MPa. Added substance assembling of bone utilizing 3D bioprinting
offers the upside of making composite tissues including the ability to incorporate essential vascularity to the bone tissue creation.
Kolesky et al., have shown this with the ability to make a 1-cm thick tissue with implanted vasculature for tissue perfusion. [208]

8. Clinical Application and Future Heading

A critical headway in clinical bioprinting of muscular tissues, whether bone or cartilage, will be joining with computer-aided
design, where medical pictures gained by CT, MRI, positron emission tomography, and ultrasonography can be straightforwardly
taken care of into a processor, which can quickly create the design through image reconstruction algorithms. This step includes
image segmentation and mesh generation followed by mesh optimization re-making exceptionally intricate irregular mathematical
models. The mesh is then changed over into a path plan for 3D bioprinting which can be straightforwardly taken care of into a
bioprinter. These designs would show restraint specific regarding the geometry of implant as well as the degree of tissue
inadequacy and the anatomy of the composite tissue as well as the vascular network. Several advances in tissue segmentation
algorithms from various imaging modalities have recently arose that may ultimately be utilized for bioprinting of composite
vascularized tissues.

II. CONCLUSION

Striking shortcomings exist in the right now accessible surgical choices for reconstruction of bone and articular cartilage
defects. Three-layered bioprinting as an added substance producing tissue designing procedure incorporates viable cells and ECM
for layer-by-layer manufacture of highly complex tissues like bone and ligament. On account of the adaptability of 3D
bioprinting, this innovation has the capacity to fabricate tissues in clinically pertinent volumes and addresses the imperfections of
changing sizes and geometries. Sticking to the standards of biomimicry, biologic self-assembly, and the utilization of mini- tissues
as building blocks, striking achievement has proactively been accomplished with cartilage and bone tissue bioprinting utilizing
extrusion based bioprinting utilizing alginate carriers and platform free bio inks. Fabrication of composite tissues has been
accomplished which incorporates vascularity, an important essential to tissue viability. As this innovation develops, and we can
coordinate excellent radiographic imaging, computer-assisted design, computer assisted fabricating, with realtime3D bioprinting
and eventually in situ surgical printing, this added substance producing method can be utilized to reproduce both bone and
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articular cartilage and has the potential to succeed where our presently available clinical advancements and tissue producing
systems come up short.
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