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publication under the terms and  |ifetime. The regeneration of impaired bone tissue is still a largely unmet clinical
z‘;dbtu‘j;"f ‘izge“&ic"?z’: need, particularly when it comes to the treatment of critical size and load-bearing
(httpsy/creativecommonsorgicense  DONE defects. Material scientists have been expending efforts to find effective tech-
s/by/4.0). nological solutions, based on the use of scaffolds, to develop materials and devices
that exhibit high biomimetic character. Biomimetics is the ability of a scaffold to reproduce and mimic both
the compositional and three-dimensional structural features of the host natural bone tissues and recreate its
features in synthetic scaffolds., i.e., capable of exhibiting bioactivityy instructing cells by virtue of their chem-
ical and structural similarity with the target tissue. Biomimetics have great promises and is a potentially fruitful
direction of injectable bone repair material (16).

1.1 lon doped materials:

In general, bone tissue is poorly vascularized, treating bone diseases and defects, with general drug ad-
ministration, is a challenge. The issue becomes more severe when this vascularization is disrupted by trauma
or during a surgical process. The mentioned problems are the main reason to encourage scientist to utilize
implants containing biological agents and compensate for the shortage. Several trace inorganic ions have
been discovered to be conducive to bone tissue regeneration. Recently, research has focused on improving
the properties of CPC by doping in calcium phosphates, hydroxyapatite (HA), or another natural or polymeric
material, with various trace elements essential for bone metabolisms, such as magnesium (Mg), zinc (Zn),
strontium (Sr) and silicon (Si), copper which would effectively mimic the mineralization process of natural
bone, further promote the biological performance of CPCs by improving bone metabolism and hence promote
osteoinduction and osteointegration. It has been widely investigated and proved to be beneficial to the oste-
ogenic differentiation of osteoblastic cells. The introduction of these trace elements into calcium phosphate-
based ceramics or cements could stimulate the responses of bone repair-related cells and influence the phys-
icochemical properties (such as strength and degradation). Thus, the repairing effect of bone defects could
be enhanced if the osteogenic capacity of CPC is enhanced(2).
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Among the different bioactive metal ions tested, strontium has been extensively investigated in the con-
text of bone repair materials due to its structural and physicochemical similarity to calcium, promoting bone
regeneration and inhibiting bone resorption.

A recent approach to advance the properties of CPCs is the combination of CaP containing cements with
bioactive glasses (BGs), BG is characterized for its ability to support bone growth by chemically bonding to
bone, and release of silica ions from BG surface, which is followed by the formation of an amorphous calcium
phosphate precipitation. Precipitated amorphous calcium phosphate leads to the formation of a hydroxyapatite
(HAp) layer on the surface of the material, which further activates cell migration to trigger new bone for-
mation. The desirable properties of bioglass include relatively easy handling and adaptability to the defect
site, good biocompatibility, osteoconductivity, antimicrobial activity, and a porous structure promoting vas-
cularization(16).

They have been successfully used in periodontal surgery to stimulate bone regeneration. However, BAG
can be brittle and possess low mechanical strength and poor fracture resistance. Thus, their use in dentistry is
limited to low stress bearing area or in combination with other grafting materials. Bioglass materials have
been successfully used in periodontal osseous defects and preserve alveolar bone following tooth extractions
in orthodontic patients.

1.2 The Potential of decellularized extracellular matrix scaffolds:

The field of acellular biomaterials is progressing and is becoming a practical alternative to cell-based
therapies. Previously, acellular materials only were regarded as fillers for the tissue defects, but now are able
to be engineered into scaffolds that can interact with surrounding cells and tissues to alter the traditional re-
covery processes from disease or trauma or bone defect(16).

Another biomimicry target is the extracellular matrix (ECM), a complex network of polysaccharides and
proteins secreted and regulated by cells that provides biochemical signals for the modulation of cell activities
and as a bridge for connecting cells and materials. Bone ECM has both inorganic and organic constituents.
The inorganic part, consisting of calcium phosphate, mainly in the form of hydroxyapatite (HA), is the source
of bone strength, while the organic part, composed mostly of type I collagen, provides the tissue and cell with
flexibility and adhesion, respectively.

Decellularized bone refers to biomaterials formed by human or animal organs/tissues with the removal
of immunogenic cellular components via decellularized technologies, it is frequently used as a special scaffold
material in bone tissue engineering, due to its ability to eliminate cellular components and antigenicity while
its osteogenic and biomechanical properties as well as its physiological are similar to the bone matrix.

dECM scaffolds mainly consist of extracellular matrix (ECM) is a three-dimensional (3D) framework con-
taining extracellular macromolecules such as collagen, elastin, fibronectin, laminin proteins, Meanwhile, the
physicochemical signals and biological performance of dECM can be remained after decellularization, which
provides a substrate for mechanical supporting and a biological 3D carrier for subsequent cell seeding , thus
mimic an optimal non-immune environment with native three-dimensional structures and various bioactive
components.
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A recent study prepared decellularized extracellular matrix (dECM) deposited on a biphasic calcium
phosphate (BCP) scaffold. Rat derived bone marrow messencymal stem cells RBMSCs were chosen as a
source of ECM (MSCs can create ECM that mimics various tissues depending on culture conditions), isolated
from femur and were cultured on porous BCP scaffolds under osteogenic condition to generate bone-like ECM
on the surface of scaffold for 3 weeks, these scaffolds were decellularized by physical or chemical method.
decellularized ECM derived from RBMSCs was evaluated whether it could improve the attachment and pro-
liferation of newly seeded cells compared to those directly grown on bare BCP scaffold alone. The results
indicated that the BCP scaffold with ECM was effective in promoting the bioactivity of scaffolds, showed
increased osteoblastic differentiation as well as offering a stable microenvironment for osteogenesis (16,17).

2. 3D printing scaffold

Tissue engineers need to mimic the micro/nano-architecture of natural bone to investigate the means of
stimulating effective tissue growth, cell actions such as migration, adhesion, proliferation, as well as differen-
tiation could be regulated, further promoting bone regeneration.

Although injectability is one of the advantages of CPCs, designing of prefabricated biomimetic CaP
ceramic scaffolds are often prepared for two reasons: (1) To ensure a complete setting reaction because only
fully set CPCs demonstrate excellent tissue responses, when fail to set, they cause inflammatory reactions.
Therefore, manufacturing prefabricated CPCs ensures complete setting prior to in vivo prefabricated (2) To
facilitate the creation of interconnected macroporous structures into CPCs, that stimulates cell differentiation
into osteoblasts and to stimulate cell chemotaxis and new bone matrix deposition. Self-setting CPC scaffolds
without any modification are microporous but not macroporous and have limited pore interconnections. Var-
iations in surface roughness, fiber alignment, especially interconnected pore structures, could be prepared by
3D printing technology that is able to produce sophisticated architectures with 3D features. Recently research
has aimed to develop three-dimensional (3D) printing, has rapidly developed to allow the fabrication of pre-
set 3D-printed CPC scaffolds(16).

Recent research has aimed to develop 3D prefabricated pre-set CPC scaffolds. 3D printing is an additive
manufacturing process in which geometrical data are used to produce 3D structures by depositing (incremental
addition) of materials layer by layer, they are favored to meet the specific needs of each patient defect and can
accurately shape internal structures and external contour.

These printers utilize inkjet cartridges that are identical to those found in common desktop printers. 3D artifi-
cial bone tissue can be easily created using biological ink, these ink cartridges can be opened, cleaned, and
refilled with the binder solution or bioactive inks, which exists in the form of a viscous fluid.

The benefits for clinical applications include easy adaptation and fixation, reduced surgical time, favorable
esthetic results, and minimal waste products. For CPC scaffolds, binder jetting is the most employed 3D
printing technique. Binder jetting operates using ceramic powders and polymeric binders. The powders form
the final ceramic structure, while the binder acts as temporary material to hold each layer together before sin-
terization.

One or several print heads spray a binder solution, from inkjets (for example, an aqueous solution) pre-
cisely onto a bed layer of CPC powder phase which is most often a CaP, such as hydroxyapatite or tricalcium
phosphate (TCP), a-TCP is most used than -TCP, which is more thermodynamically unstable (and thus more
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soluble) than b-TCP. For HA or TCP powder mixed with the binder used in the 3D printing process to form
a 3D object (referred to as the “green part”, green strength which is not suitable for end-use and are then
subjected to a post-process such as sintering or infiltration to achieve desirable mechanical properties), the
binding solution is usually a polymer in solvent liquid ( which is pyrolyzed during sintering after printing) , or
an aqueous solution, CaP powders such as TCP typically require aqueous binding solutions, such as dilute
phosphoric acid (in a concentration range of 5-30 wt.%). The acidic binder initiates a dissolution-precipitation
reaction, which yields brushite. The acidic binder solutions applied to CaP powders, locally joins and unify
adjacent powder particles together to fuse the particles and hardens the wetted areas and enable low temperature
binding of the particles in a dissolution-precipitation reaction.

The process repeats by spreading another layer of powder and ejecting binders according to design by the
computer. As the build progresses, the layers of the print are bonded together, resulting in a box of powder
with binder arranged in the 3D shape. This continues until the complete 3D structure is formed with desired
geometry. Once the printing step is complete, some binder jet technologies require a post-cure to dry the binder,
the binder may be then removed by post-processing to cure or set the binder if needed, such as high-temperature
sintering or by chemical dissolution. Eventual removal of the binder will weaken mechanical stability; how-
ever, the structural drying and sintering process will help rebuild its integrity(17-19) .

After curing, the green parts have enough strength to be handled and moved to the densification furnace.
At this critical step of powder-based 3D printing, the removal of the loose powder inside the pores of the
printed scaffold after printing is done by a process known as depowdering, where the printed part(s) may be
removed from the powder bed . Depowdering is especially challenging when the pores and pore interconnec-
tions are small and found in the innermost parts of the scaffolds with large dimensions (17-19) .

Bone tissue engineering scaffolds require interconnected 3D pore structures that permit cell infiltration as
well as allowing nutrient access and waste removal. The printability of the material is related to many param-
eters such as particle size and size distribution, morphology and surface area of the powder, roughness and
flowability of the powders, the solubility/wettability/ reactivity of the powder with the binder, and binder drop
size. A study investigating beta-tricalcium phosphate powder suggested that 3D printing was not feasible with
particles either too small (with a mean particle size of 7 pm) or too large (with a mean particle size of 51 pm),
while mean particle sizes in the range of 20-35 pm resulted in good printing accuracy and considered optimal.
Small particles tend to agglomerate under the influence of van der Waals forces. Very fine or porous particles
exhibit low flowability and high surface roughness. Therefore, these factors greatly affect the smoothness and
homogeneity of the powder bed. However, although large particles have better flowability, the powder flows
easily but does not pack sufficiently, they tend to yield layer displacements due to low powder bed stability
causing interlayer instability that compromises binding and geometrical accuracy, because the resolution is at
least twice the particle size (17,19).

Main advantages of binder jetting are the ability to print pure CaP scaffolds, simultaneous printing of
bioinks (drugs or growth factors) in ink cartridges, the shaping process occurs at room temperature and atmos-
phere, avoiding issues related to oxidation, residual stress, and phase changes, making the powder around the
parts in the build box (the area where the powder bed is ready for printing) highly recyclable and is great for
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larger, porous ceramic structures. While drawbacks include the designed pores are limited to ~ 500 um, brittle
and limited mechanical properties, inability to directly print cells, (19).

Organic/ inorganic scaffolds by 3D printing:

3D printing has become a widely used technique to fabricate composite scaffolds in regenerative medi-
cine. One of the main problems associated with the use of biodegradable polymers in the development of
biomimetic scaffolds, such as PLA, PLGA, and PCL is their degradation problems that could affect overall
osteointegration process. Highly viscous nature of polymers can lead to inhomogeneous infiltration, inappro-
priate pore interconnectivity, as well as a significant reduction in the overall porosity which may hinder vas-
cularization of the resulting composite material and affect the final mechanical performance. The incorpora-
tion of natural polymers, as collagen results in an ideal strategy in the development of bioactive organic/inor-
ganic composite scaffolds. Further introduction of polyethylene glycol (PEG) has been addressed to increase
hydrophilicity and the resulting cell adhesion, proliferation, and differentiation on the scaffold surface. Even
though these polymeric components do not reproduce the biological features of natural polymers, such as
collagen, their use can help in modulating the rheologic properties of bio-inks yielding scaffolds with complex
shape and geometry.
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