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ABSTRACT

Beta tricalcium phosphate (B-TCP) is a well-known
biomaterial in the area of bone substitutes, as it
presents excellent biodegradability, as well as
excellent biocompatible properties. Promoting greater
stability and mechanical resistance to this phase,
magnesium (Mg) appears as a promising candidate for
doping B-TCP. Thus, this work aimed to review the
effect of B-TCP doping with Mg. It has been found that
small additions of Mg provide strong changes in [3-
TCP.
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1 INTRODUCTION

Biomaterials are implantable materials that perform their function in contact with living tissues,
which emerge as solutions to problems related to the human body, promoting well-being and improving
quality of life, contributing with their applications in the vast field of joint replacements and limbs, ocular
implants, dental implants, artificial arteries and skin surgery (VALLET-REGI, 2010; DEVGAN and
SIDHU, 2019). The use of materials to correct problems related to human health is not dated today, the
advent of these records originates in antiquity. Where there are records of the use of linen and gold sutures
in Ancient Egypt (2000 BC), as well as artificial teeth made from shells by the Maya (600 BC) (PIRES et
al., 2015). Today, the medical implants and prostheses in use are designed to be ideal for usefulness and
ease of use. This can be attributed to both; the advancement of engineering and technology, as well as
progress in our understanding of interactions between biomaterials and living systems (BHORKAR and
DHOBLE, 2021).

The current chemically produced materials intended for tissue engineering are non-degradable
ceramics, bioinert metals, and synthetic polymers (Yl et al., 2022; GAO et al., 2022). Among the different
biomaterials, bioceramics is a large class of biomaterials used in clinical practice for the repair and
reconstruction of diseased or damaged parts of the body in various forms, including solid parts, powders,
granules, coatings on metallic joint prostheses, bone cement or porous scaffolds (PASCAUD et al., 2022).
Calcium phosphates form a highly requested group when it comes to bioceramics, due to their excellent
biocompatibility, osteoconductivity, and osteoinductivity (ZHAO et al., 2022).

After hydroxyapatite, tricalcium phosphate [Ca3(PO4)2, TCP] is the second most commonly used
calcium phosphate compound for biomedical applications (PORSANI et al., 2020). Exhibiting three
polymorphs: the low-temperature B-TCP and the high-temperature forms, a- and o'-TCP
(CARRODEGUAS and AZA, 2011). Among these, the a’-TCP polymorph has no biological interest, due
to the restricted stability field and spontaneous reconversion into a-TCP upon cooling. On the other hand,
a-TCP can be retained at low temperatures as a metastable phase; however, it has limited biomedical
applications due to its high resorption rate (0.0025g L-1 at 25°C) (FRASNELLI et al., 2019). B-TCP stands
out among such polymorphs due to its biodegradation rate and absorption that is 10-20 times faster than
HA, also demonstrating superior osteoconductivity when compared to HA (TAHERIMEHR et al., 2021).

However, the B to a phase transition affects the sintering behavior and final mechanical properties
of the TCP components. Due to the increase in cell volume, the transition is associated with a volumetric
expansion (~7%), which reduces shrinkage and prevents TCP from being more densified (FRASNELLI
and SGLAVO, 2016). In addition to these physical issues, the f—a transition also generates an increase in
solubility in a biological medium, leading to very rapid and uncontrolled resorption of the TCP bone
substitute (SOMERS et al., 2021).

Therefore, as an alternative to postponing the f to a transition during heating, there is the possibility

of introducing dopants into the B-TCP structure to increase its thermal stability, allowing a higher
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temperature treatment (SOMERS et al., 2021). Magnesium (Mg) is known to be a doping element that plays
an important role in bone metabolism by controlling the cellular activity of osteoblasts and osteoclasts
(SINUSAITE et al., 2019). It is known that Mg-doped TCP exhibits more valuable results in terms of
stabilization against other substitutional ions, such as K*, Na* e Zn?* (FRASNELLI e SGLAVO, 2016).
Thus, this work aims to review the production of -TCP doped with Mg, evaluating the effects of this
modification.

2 MATERIAL AND METHODS

The methodology followed for the preparation of this literature review was a search in the
ScienceDirect, Scopus, and Web of Science databases. Works were sought that discussed the doping of -
TCP using magnesium as a substituent metallic ion. Searching for research articles from 2016 to the present

day was carried out.

BETA TRICALCIUM PHOSPHATE (B-TCP)

Calcium phosphates stand out as ceramic compounds with diverse applications in the biomedical
area since they have not only a constitution similar to the mineral composition of bones and teeth, but also
excellent bioactivity, absence of toxicity, biocompatibility, degradation rates variables, and
osteoconductivity (GUASTALDI and APARECIDA, 2010). Among the multiple types of calcium
phosphate (Table 1), both Hydroxyapatite and (Ca1o(PO4)s(OH)2, HA) how much tricalcium phosphate
(Caz(POa4)2, TCP) as the most commonly used materials in the bioceramic market (PORSANI et al., 2020;
STEFANIC et al., 2013). Taking this into account, the succession of TCP in four crystalline forms is
highlighted: A rhombohedral phase that is consolidated up to temperatures around 1125°C is called the beta
phase (B-TCP), a monoclinic phase stabilized in the range of 1125 °C to 1430°C also called the alpha phase
(a-TCP), and two other phases in which the first is identified as a high-temperature phase (exceeding
1430°C), super alpha (o'-TCP), and the other as a phase of notable pressures, y phase (y-TCP) (FRASNELLI
and SGLAVO, 2016; DESCAMPS et al., 2008).

Table 1. Calcium Phosphates

Calcium phosphate Chemical formula Ca/P ratio
Hidroxiapatita (HA) Ca4O(PO4)2 2,0
Fosfato de célcio amorfo (ACP) Cai0(PO4)s(OH)2 1,67
Fosfato tricélcico (a, o, B, y) (TCP) Caz(P04)2.nH20 1,5
Fosfato tetracélcico (TeCP) Caz(P0Oa)2 1,5
?{I;g]gé])ldrogemo fosfato de célcio di-hidratado CasHPO4.2H:0 10
Mono-hidrogénio fosfato de calcio (DCP) CaHPO4 1,0
Pirofosfato de célcio (CPP) CazP207 1,0
Priofosfato de célcio di-hidratado (CPPD) CazP207.2H20 1,0
Fosfato heptacélcico (HCP) Car(PsO16)2 0,7
Di-hidrogénio fosfato tetracélcico (TDHP) CasH2Ps020 0,67
Fosfato monocélcico mono-hidratado (MCPM) Ca(H2P0O4)2H20 0,5
Metafosfato de céalcio (a, B, y) (CMP) Cas(POs)2 0,5
Fosfato Octacalcico (OCP) CagH2(POa)2 1,33

Source: GUASTALDI e APARECIDA, 2010.
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However, the a and 3 phases are the only ones that have been gaining more and more visibility in
the area of biomaterials, largely due to the difficulties of the others, given the high temperature and pressure
conditions necessary to obtain them. That said, a general-purpose B-TCP ceramic was analyzed through
biological tests and biomedical applications, and its superiority over other bioceramics was affirmed
(DESCAMPS et al., 2008; VALENTIM et al., 2018). Therefore, not only because of its similarity with
bone tissue and its ease of obtaining it but also because of its excellent properties regarding its biological
capabilities, presenting both a good shelf life and a promising balance between absorption and degradation
of the material ( VALENTIM et al., 2018; SAITO et al., 2011; GOSH and SARKAR, 2016). Although,
even with all this in vogue, it is worth mentioning that when compared to the a-phase, B-TCP presents
inferiority with both its biocompatibility and its bio reabsorption (BOHNER, 2000). Even so, B-TCP has
been gaining more and more prominence in the field of bone replacement and coating of bone prostheses,
largely due to its "in vivo" reabsorption, which allows for progressive degradation, enabling replacement
by new bone tissue. (YASHIMA et al., 2003)

Despite what was mentioned earlier, obtaining these phases does not have a fixed temperature for
obtaining them, although it is stipulated at temperatures above 950°C that B-TCP is stable and that when it
exceeds 1125°C, the transformation of phases from 3 to a this does not establish the conditions of synthesis
and additives to which the material may have been submitted, which happens in complications to
standardization of TCP acquisition temperatures (BOHNER, 2000; FARZADI et al., 2011). Since the
influence of some impurities, such as Na, Si, Mg, and Sr, can significantly alter these temperatures. For
example, concentrations around 8 mol% of Mg are capable of increasing the transformation temperature
by almost 400°C, as magnesium acts as a [3-phase stabilizer (SAITO et al., 2011; ENDERLE et al., 2005).
However, in the case of a B-TCP solely composed of the chemical formula Caz(POa4)2 and molar ratio Ca/P =
1,5, It is of paramount importance to highlight the conclusion of its crystallization in the rhombohedral
space group R3c, commonly described with a unit cell dimension of parameters: 10.435-10.438 A for axis
“a”, 37.39-37.43 A for axis “ ¢”, 0=90°, y=120° (BOHNER et al., 2020; PORSANI et al., 2019). Figure 1
shows the crystalline structure of B-TCP.
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As a result, many studies have been carried out around tricalcium phosphates, given their excellent
properties. These studies address numerous aspects of it, from chemical formulation to transformations of
crystalline phases. A large part of the research focuses on the bioactive qualities aiming at its performance
in the biomedical area, however much has also been studied about its mechanical properties that present
excellent attributes related to the hardening of the material. However, all of them have aspired to the same
result, expanding, even more, the number of possible applications of the material (FERNANDEZ et al.,
1999; LEMONS, 1996).

B-TCP DOPED WITH Mg

Calcium phosphate-based biomaterials are gaining more and more prominence in changing their
chemical formulation, since, even taking into account their excellent biocompatibility with the human bone
mineral phase, composed of calcium phosphate, It is of great importance to mention that it is composed of
several other components, such as Sodium (Na*), magnesium (Mg? *) caenates (C042) e several other ions
found in smaller amounts (F, K") (GUASTALDI e APARECIDA, 2010; GROOT, 1993). Many
microminerals or trace elements, present in human bone composition play extremely important roles in the
growth, formation, and repair of bone tissue (FERREIRA et al., 2018). Thus, many calcium phosphates
have been doped through ionic substitutions, with the aim of not only improving their already excellent
bioactive properties but also their mechanical properties (GROOT, 1993; KIM et al., 2003 ). Since both
synthetic HA and -TCP are quite prone to the addition of some dopant element in their crystalline network
(FERREIRA et al., 2018).
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There are many beneficial components used in the doping process of biomaterials, however, when
it comes to HA and B-TCP, the most commonly used to improve their physicochemical properties are
Strontium (Sr), manganese (Mn) and Zinc (Zn) (SHEPHERD et al., 2012; ZOFKOVA et al., 2013). Which,
the replacement of Ca2+ by Sr2+ in the HA and B-TCP structures is often found in bioceramics aimed at
the treatment of osteoporosis, since the incorporation of strontium in them stimulates the formation of bone
tissue, the replication of pre-osteoblasts, osteoid matrix synthesis, as well as, inhibits the differentiation and
activity of osteoclasts, limiting bone resorption (CHEN et al., 2008). Concerning the integration of
manganese into the system, it plays a very important role as a cofactor for several enzymes involved in the
remodeling of the extracellular matrix, as well as demonstrating great relevance in the field of cell adhesion,
since it plays a large role in the about the affinity of integrin bonds (MAYER et al., 1993). Moreover, in
the case of zinc, it is extremely important to highlight its role in the process of bone metabolism, since it is
integrally linked to the bone formation process, acting on the proliferation of osteoblasts and inhibition of
osteoclasts (XUE et al., 2008). Other studies referring to Zn doping point out that it provides, to bioceramic
materials, excellent anti-inflammatory properties (LANG et al., 2007).

However, magnesium has been increasingly highlighted as one of the main substitute ions for
calcium in the crystalline tricalcium phosphate network, since it provides not only an increase in the
mechanical strength of the material but also stability of the B-TCP phase ( KAI et al., 2012). Since, in the
process of synthesizing B-TCP in an aqueous medium, magnesium is normally incorporated into the
structure, resulting in what is called B-TCMP (FONTES et al., 2007). The effects of modifying B-TCP with
Mg are presented in the literature review below.

Bakheet et al. (2016) studied the electronic and optical properties of pure and Mg-doped B-TCP
compounds. The results show the calculation of band gap values of 5.2eV and 3.4 eV for pure and Mg-
doped B-TCP, respectively. The refractive index has values less than 1.0 at higher energy values for both
materials. The real dielectric function reaches the stability stage at energies greater than 50 eV.

Park et al. (2016) evaluated disc surface characteristics of 3-TCP substrates, which were not coated
or reversed with HA and/or Mg, as a preliminary investigation of their potential to serve as bone graft
materials, an additional beneficial effect of Coating of Mg with Ca was also found in this study. The results
suggest that Ca and Mg ions have synergistic effects in controlling osteoblast function and may increase
osteoblast adhesion, proliferation, and ALP activity.

Singh et al. (2016) verified the influence of cell culture media supplementation with a combination
of Mg2+ and PO43— ions on the proliferation and differentiation of hMSCs in an amorphous B-TCMP
phase. A low-temperature aqueous approach was used to synthesize high surface area nanocrystalline
Mg2+-substituted B-tricalcium phosphate (B-TCMP) Scaffolds prepared with amorphous B-TCMP were
able to support increased hMSC proliferation and differentiation compared to § -TCP commercially

available. However, similar gene expression of mature osteoblast markers, OCN and COL-1, was observed
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compared to biphasic B-TCMP. It was therefore concluded that the release of Ca2+ ions from B-TCMP
scaffolds also plays a role in the regulation of osteogenic differentiation in these scaffolds.

Frasnelli and Sglavo (2016) evaluated the phase evolution of B-TCP bioceramics in the presence of
Mg, and the B to o transformation in Mg-TCP systems was investigated in terms of dopants concentration
and post-transformation cooling rate; the effect of suitable secondary heat treatment (annealing) to induce
a to B reconversion was also analyzed. Mg-doped TCP powder was obtained by the solid-state reaction
from powders of pure calcium carbonate, dibasic ammonium phosphate, and magnesium oxide. Magnesium
was found to strongly increase the stability of the B polymorph by postponing the transformation
temperature into the a phase. Therefore, during the sintering process of Mg-TCP powders, this allows for
achieving greater densification. Torres et al. (2016) also clarified the kinetics of the a-TCP— B-TCP phase
transformation. Investigating the effects of cooling rate and extent of Mg doping on the thermal stability of
a <> B-TCP were other intended targets. Mg-substituted p-Ca3(PO4)2 powders with different Mg contents
(0-5 mol) were synthesized by an aqueous precipitation method. Concluding that the thermal stability of
the B-TCP phase was significantly improved with increasing Mg doping extensions.

Singh et al. (2016) studied the effects of the co-substitution of Mg2+ and Sr2+ in -TCP on phase
composition, physicochemical properties, proliferation, and mechanisms by which these scaffolds support
osteogenic differentiation of hMSC. Doping was performed by hydrolysis of precipitated DCPD with Mg2+
and Sr2+. It was observed that even though B-TCP was the only crystalline phase detected using X-ray
diffraction, the (Ca+Mg+Sr)/P ratio measured by ICP was much lower than 1.5, corresponding to -TCP,
for all conditions studied. They found that increased concentrations of Mg2+ and PO43 — were measured
for samples prepared with increased concentrations of Mg2+. They further concluded that scaffolds
prepared with 50% Mg B-TCP can support increased differentiation compared to commercially available
B-TCP via the SMAD-dependent TGF-f and BMP signaling pathway. Substitutions of strontium and
magnesium were also estimated by Kozelskaya et al. (2020) in the target composition sprayed with B-TCP
on the physicochemical properties and deposition rate of the produced coatings. Tricalcium phosphate
(TCP) (with theoretical molar ratio (Ca + M)/P = 1.5 where M represents Mg and/or Sr), i.e. B-TCP
precursors containing Mg and/or Sr were synthesized using the adapted wet chemical precipitation method.
It has been found that the presence of magnesium substitutions in the pulverized 3-TCP target leads to slight
reductions in the deposition rate. Theoretical calculations indicate that the decrease in unit cell volume due
to magnesium replacements leads to a slight decrease in the rate of Mg-B-TCP coating deposition. The
relationship between the unit cell volume of the sprayed powder and its deposition rate is revealed, with
larger unit cell volumes generating higher spray rates.

Tripathi et al. (2018) focused on in vivo Mg-LC-B-TCP responses during long-term implantation
with a focus on osteoblast- and osteoclast-like cell responses using an immunity staining method. Low
crystallinity B-TCP granules incorporated with Mg were manufactured through a dissolution-precipitation

process mediated by a-TCP solution immersed in an acidic solution containing Mg2+. Mg2+ incorporated
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into B-TCP not only decreased the granule dissolution rate but also increased osteoblastic cell activity and
suppressed osteoclast activity. With that, Mg-LC-B-TCP not only improved osteoconductivity but also has
resilience through bone remodeling.

Gallo et al. (2019) evaluated the possible correlation between grain orientation and preferential
dissolution in B-TCP and the influence of Mg doping on this correlation. Both undoped (neat) and Mg-
doped B-TCP samples were processed. For non-doped samples, it was necessary to synthesize pure powder
of CDHA (Calcium Deficient Hydroxyapatite) by precipitation in an aqueous medium. For Mg-doped
samples, B-TCP powders were synthesized by the solid-state reaction from anhydrous dicalcium phosphate
(CaHPO4, Calcium Phosphate GFS Chemicals, Art: 1548, purity > 99.95%) and commercial
hydroxyapatite powder (Ca5(PO4)30H, Budenheim Tricalcium Phosphate, Art: C5381). Doping B-TCP
with Mg ions decreased its solubility: both the acid attack and the cellular reabsorption process were
delayed. They also concluded that the doping of B-TCP phases by ions of biological interest, such as Mg,
Sr, Cu, or Fe, should influence not only the cellular response but also the mechanism and kinetics of
reabsorption of the material itself since the initial dissolution was guided by grain orientation, where some
grains were preferentially attacked, this occurred for the three compositions investigated (non-doped, low-
Mg doped and high-Mg doped samples).

Guo et al. (2019) showed the effects of microwave irradiation on structure and morphology, B-TCP
doped with Mg-5mol% (Mg5-TCP) was synthesized via chemical precipitation assisted by microwave
irradiation under different times and temperatures in the microwave exposure. The best parameters were
used to synthesize [3-TCP substituted by different levels of Mg (0, 5, 10, and 14 mol%). It was verified that
all samples did not show significant toxicity and Mg14-TCP had a better promotion in proliferation and
differentiation. For Mg5-TCP and Mg10-TCP samples, due to the deposition of ions from the culture
medium on ceramic discs, they did not show remarkable ease in comparison with pure $-TCP samples.

Cui et al. (2020) studied biphasic calcium phosphate (BCP) produced through chicken eggshells by
hydrothermal reactions, investigating the synergistic effects of Mg substitution and particle size on the
balance between the ion exchange reaction for B-TCP production and the dissolution-reprecipitation
reaction for HA production. Their results indicated that B-TCP nanocrystals were formed through ion
exchange reactions of Mg-calcite nanoparticles, while HA nanocrystals were produced mainly by
dissolution-reprecipitation reactions mainly on eggshell surfaces in the hydrothermal system. The low Mg
content (~ 2.0 mol.%) led to the formation of B-TCP through ion exchange reactions inhibiting the
formation of HA crystals. Furthermore, BCP with different compositions (~28.6—-77.8 wt% B-TCP) were
produced using different eggshell particle sizes for hydrothermal.

Saikiran et al. (2020) analyzed the phase composition, crystallite, and thermal stability of the
synthesized nanopowders, in addition to studying the effect of F co-substitution on the thermal stability of
Zn /Mg substituted hydroxyapatite, produced with calcium hydroxide (Ca(OH)2) and diammonium
hydrogen phosphate (DAP, (NH4)2HPO4) as precursors for calcium and phosphorus, respectively, for the
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microwave synthesis of nanocrystalline substituted hydroxyapatite powders. The presence of characteristic
peaks of B-TCP, in the annealed samples of 5SMgHA and 5Mg50FHA, at 31.05° and 34.35° indicate thermal
dissolution in the annealing at 900°C. The volumetric fraction of B-TCP, observed in the annealed samples,
decreased from 34.98% to 19.35%, with the addition of fluorine in the 5SMgHA sample. It can be concluded
that fluorine co-doping increases the thermal stability of Zn/Mg substituted hydroxyapatites. Annealing the
5 MgHA sample resulted in an increase in crystallite size from 14.19 nm to 29.22 nm. Likewise, in the case
of the 5Mg50FHA sample, the crystallite size increased from 16.02 nm in the synthesized sample
(5Mg50FHA) to 40.65 nm in the annealed sample (5Mg50FHA-900).

Deyneko et al. (2020) revealed the relationship between the crystalline structure and the
luminescence properties of Ca8MEu(PO4)7 (M = Mg, Zn, Cd, Ca) in B-TCP-type compounds. Produced
in the air by the solid-state method from stoichiometric mixtures of CaCO 3 (99.99%), CaHPO4-2H20
(99.99%), CdO (99.99%), and Eu203 (99.99%) revealed the influence of M 2+ cations on
photoluminescence excitation and emission spectra. The excitation spectra of Ca 8 M Eu(PO 4 )7 phosphors
showed the strongest absorption at 395 nm, which matched well with the commercially available n-UV
emitting GaN-based LED chip. The emission spectra of Ca8MEu(PO4) 7 (M = Mg, Zn, Cd, Ca) indicated
an intense red emission due to the 5D0 — 7F2 transition of Eu 3+.

Massit et al. (2020) clarified the effect of Mg doping on the TCP structure. Magnesium-substituted
calcium-deficient apatite (Mg-CDHA) with an Mg/(Ca+Mg) ratio equal to 0.05 was synthesized by the
precipitation method. It was observed that the incorporation of Mg2+ in the structure of CDHA promoted
contraction in the network and after calcination, the transformation of CDHA into pure 3-TCP occurred at
a temperature below 650°C by inhibiting the formation of HA crystals.

Somers et al. (2021) further studied the effect of Mg and Sr doping on thermal stability and
conventional and microwave sintering of B-TCP. Three doping rates were used for each dopant individually
(2.25, 4.50, and 9.00 mol%) and two co-doped compositions (2.00 mol% and 4.00 mol% of Mg2+ and Sr2+
simultaneously) were used. tested. It was observed that the replacement of Ca2+ by Mg2+ leads to a
decrease in the unit cell parameters of the B-TCP structure and, therefore, to a shift of the diffraction peaks
to higher 20 values. The lattice contraction caused by Mg2+ substitution increases the stability of the 8
phase and postpones the f—a transition. Furthermore, the greater the amount of doping, the more
pronounced this effect. It was also confirmed that magnesium has a stronger effect than strontium on f3-
phase stabilization for the same amount of doping. While for the two co-dopings, the effect is similar to
that of Mg doping with an overall decrease of the unit cell parameters and a shift to higher values of 20 for
the diffraction peaks compared to the non-doped TCP.

Massit et al. (2021) obtained B-TCP and Mg-BTCP through the precipitation method and evaluated
the influence of Mg substitution on the network parameters of the B-TCP unit cell. The analyzed doping
rate was 0.05, 0.10, and 0.15. It was concluded that the size of the Mg-CDA crystallite decreased with
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increasing Mg2+ content. It was observed that both cell parameters and cell volume increase unusually with
Mg content.

Kon et al. (2021) tested two types of calcium phosphate biomorphic bone scaffolds (GreenBone™):
One made of ion-doped hydroxyapatite/p-tricalcium phosphate (GB-1) and another made of undoped
hydroxyapatite only (GB-2) and evaluated the regenerative capacity of the scaffold. It was demonstrated
that, when implanted into a critical cortical defect in sheep, both GB-1 and GB-2 scaffolds were able to
promote effective vascularization, osteogenesis, and osseointegration involving the entire scaffold volume,
thus leading to scaffold regeneration. In the case of GB-1, the osteogenesis process was completed after
just 3 months, obtaining a complete replacement of the scaffold by new mature bone, a critical aspect to
recovering adequate biomechanical functionality. The presence of Mg2+ ions in the GB-1 scaffold could
mimic the conditions found during natural osteogenesis and contribute to promoting complete regeneration
of the segmental bone defect.

Jamarillo et al. (2021) evaluated scaffolds with Schwarz D geometry obtained by 3D printing using
a biodegradable and bioactive paste, consisting of 65.5% calcium phosphate and without magnesium.
28.5% glass borate (BGBS), 3% attapulgite, and 2% water by weight. Calcium phosphate is associated with
B-tricalcium phosphate (B-TCP). The scaffolds with calcium and magnesium phosphates (B-TCP/Mg)
showed better degradability and bioactivity than scaffolds without Mg. Both scaffolds showed porosity and
pore interconnectivity. Mesenchymal stem cells showed good adhesion and cell proliferation in contact
with the scaffolds. Mg-doped scaffolds were better promoters of cell proliferation, in addition to not having
a cytotoxic effect.

Qi et al (2022) prepared several scaffolds of B-TCP with gyroid structures doped with different
amounts (0% by weight, 1% by weight, 3% by weight, and 5% by weight) of magnesium oxide (MgO)
using the digital light processing (DLP). Their results show that Mg doping prevented the transformation
of B-TCP into a-TCP during the sintering process since network contraction due to the incorporation of Mg
2+ 1in the B-TCP structure increases the stability of the § phase -TCP and helps to increase the transformation
temperature of the p — o phase, so the a-TCP content is decreased in Mg-doped TCP scaffolds. It was also
observed that Mg doping promoted a decrease in grain size during the sintering process, as well as
significantly improving the mechanical strength and even decreasing the degradation rate of the $-TCP
scaffolds. In vitro studies confirmed that compared to pure TCP, Mg-TCP had better osteogenic,
angiogenic, and immunomodulatory effects, and 3Mg-TCP has optimal properties.

Through this review, the strong impact of the incorporation of magnesium (Mg) on the structure of

B-TCP was verified, even in small quantifications, causing significant changes in its properties.
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3 CONCLUSION

Beta tricalcium phosphate (B-TCP) is a calcium phosphate with unique properties that strongly
direct it toward biological applications. Mg appears to be an excellent candidate for cationic substitutions
in B-TCP, providing improvement in intrinsic properties of B-TCP such as osteoconductivity. Low levels

of doping are enough to cause changes in the structural, optical, or electronic properties of B-TCP.
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