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ABSTRACT

Akermanite is a bioactive calcium silicate ceramic that recently has drawn large attention and interest in biomedical devices 
by numerous researchers due to its favorable properties and characteristics because of the prominent element contents in 
this material which are Ca2+, Mg2+, and Si4+. The properties of akermanite have been studied through size particle, phase 
analysis, structure morphology, spectra analysis, and thermal analysis. Besides, the mechanical strength and biological 
properties of the akermanite also has been investigated in order to control the intended properties complied with the 
proper reactions of the living organism in the human body. However, despite the huge interest in akermanite in biomedical 
applications, a very restricted knowledge on the akermanite overview regarding its behavior and potentials are hardly to be 
acquired to the best of our abilities. Therefore, this review is to highlight and discuss the properties of akermanite formed 
upon the various methods of synthesis and various processing parameters applied and its feasible potentials in a broad 
range of biomedical devices practices. 
Keywords: Akermanite; bioceramic; biomedical application; precursor; synthesis

ABSTRAK

Akermanite ialah seramik kalsium silikat bioaktif yang kini mendapat perhatian dan minat yang besar dalam peranti 
bioperubatan oleh ramai penyelidik disebabkan oleh sifat dan cirinya yang menguntungkan daripada kandungan unsur 
utama dalam bahan ini, iaitu Ca²⁺, Mg²⁺ dan Si⁴⁺. Sifat akermanite telah dikaji melalui analisis saiz zarah, fasa, morfologi 
struktur, spektrum dan analisis haba. Selain itu, kekuatan mekanikal dan sifat biologi akermanite juga telah dikaji untuk 
memastikan sifat yang diinginkan menunjukkan reaksi yang sesuai dalam tubuh manusia. Namun, walaupun terdapat 
minat yang tinggi terhadap akermanite dalam aplikasi bioperubatan, pengetahuan mengenai tingkah laku dan potensinya 
masih sangat terhad. Oleh itu, ulasan ini bertujuan untuk mengetengahkan dan membincangkan sifat akermanite yang 
terbentuk melalui pelbagai kaedah sintesis dan parameter pemprosesan yang digunakan serta potensinya dalam pelbagai 
aplikasi peranti bioperubatan.
Kata kunci: Akermanite; aplikasi bioperubatan; bahan awal; bioseramik; sintesis

INTRODUCTION

In the present climate, the medical industries are looking 
forward to more advancement in medical devices 
development alongside the enhancement in the knowledge 
of science and technology. This industry is currently 
demanding for an alternative of raw materials, processing 
method and the effect of the additives for the maximum 
impacts in the operative treatment, particularly in 
orthopedic clinical. The high needs in this treatment are due 
to the continuous defect or malfunction of bone that occurs 
by aging, chronic disease and traumatic bones. Besides, the 
bone damages can also happen due to the crucial accident 
which leads to deficiency in delivering the treatment 

such as in bone transplant suitability, inflammatory 
transmission risk and immunization response system 
(Mohammadi et al. 2018). In addition, an issue in slow 
tissue recovery may also arise among the elderly that are 
able to provide rich bone tissue for the tissue regeneration 
by themselves because of osteoporosis (Mohammadi et 
al. 2021b). Thus, scientists and researchers are striving to 
create advancement and endeavor in the biomedical field 
concerning bone tissue engineering applications. Bone 
tissue engineering applications by numerous bioactive 
ceramic materials has produced many effective medical 
devices over the last decades where the admiring materials 
are involving hydroxyapatite, calcium silicates, glass 
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ceramics, magnesium silicates and magnesium-calcium 
silicates (Harrati et al. 2022). Even though polymeric 
materials has become very important biomaterials in recent 
years due to lower in cost and more simple processing 
routes, bioceramics are still preferable in specific 
biomedical application caused by several factors such as 
similarity of the mineral phase with actual bone, capability 
to form direct bonding between the foreign material with 
the host tissue and diversity of chemical composition that 
promotes the amendment in the mechanical properties, 
physicochemical properties, biocompatibility, bioactivity 
and biodegradability (Harrati et al. 2022; Mohammadi et 
al. 2021b). 

Akermanite is a significant bioceramic group which 
categorized in an alkaline-based melilite mineral that is 
associated with sorosilicate class with the chemical formula 
of Ca2MgSi2O7 (Mohammadi et al. 2021a; Myat-Htun et 
al. 2021; Tavangarian, Zolko & Davami 2021) and based 
on the CaO-MgO-SiO2 system. The akermanite production 
in biomedical fields is growing rapidly in order to fulfill 
the high demands, particularly for orthopedic treatments. 
The production of akermanite is essential as the substitute 
materials in the clinical practices due to its feasible 
potentials that should be maximized effectively. Generally, 
akermanite has promises with greater degradation rate 
and mechanical strength compared to hydroxyapatite 
(HA), b-tricalcium phosphate (b-TCP) and bioglass 
(Mohammadi et al. 2021a; Myat-Htun et al. 2021) while 
capable to reach on a par with other bioceramics where it 
possesses with good bioactivity and osteogenic behavior 
that contribute the bone cells proliferation, bone forming 
and repair functions (Ma et al. 2019). The akermanite that 
consist outstanding elements where the Ca2+, Mg2+, and Si4+ 
ions is the main leading as it is in charge for the essential 
roles for the implementation in the bone tissue engineering 
applications including stimulates the osteoblast growth, 
enhance the production of collagen, accelerates the growth 
of bone and controls the immunization system (Dasan et 
al. 2022; Tavangarian et al. 2020). Technically, calcium 
(Ca) is significant in the bone matrix, magnesium (Mg) 
acts well in the growth and repair functions of bone 
tissues while silicon (Si) works in the formation of bone 
skeletal systems respectively (Mohammadi et al. 2018). 
Furthermore, the release of Ca ions is also the one caused 
osteoblast proliferation, the Si ions support the osteogenesis 
and angiogenesis as well as increase the mineralization, 
meanwhile the Mg ions regulate the degradability of the 
ceramic (Tavangarian et al. 2020; Zadehnajar et al. 2021). 
The release of these ions has demonstrated the crucial effects 
on cell growths, differentiations and binding in the bone 
treatment (Tavangarian et al. 2020). Several techniques on 
synthesizing and processing of the akermanite have been 
studied by previous researchers in order to alter the desired 
properties to suit with its target applications. Due to its 
encouraging responses in orthopedic practices, this paper 
has reviewed some of the methods and precursors that can 

be used for synthesizing akermanite. This discussion also 
includes the effect of synthesis and processing methods, 
precursors and temperature parameters used on several 
important characteristics and properties of the synthesized 
akermanite to see whether it is suited to be implemented in 
biomedical application.

SYNTHESIS ROUTE OF AKERMANITE

Synthesis of akermanite (Ca2MgSi2O7) can be implemented 
by several techniques of synthesis including sol-gel, 
dry spraying, selective laser sintering and solid state 
method. Commonly, the productions of akermanite are 
engaged with sol-gel method. Nevertheless, the sol-gel 
normally involves higher cost for reagents and precursor 
materials, consumes longer processing time and requires 
continuous supervision during operating for a certain 
duration (Harrati et al. 2022; Mohammadi et al. 2021a; 
Tavangarian, Zolko & Davami 2021; Tavangarian et al. 
2020). The sol-gel approach that involves wet methods 
promises to be controllable in shape and sizes precisely yet 
brings difficulties in adjustment of crystallinity and phase 
composition of nanopowders (Zadehnajar et al. 2021). The 
sol-gel method may also produce akermanite with high 
contents of carbon due to the suppressed densification 
happening during the sintering process (Sharafabadi et al. 
2017). However, porous akermanite scaffold can be obtained 
by sol-gel method followed with drying, calcinations and 
selective laser sintering technique which produces 61.2% 
of porosity at 150 mm/min of scanning speed, the least 
among the entire data (Han et al. 2014). The production of 
akermanite via sol-gel method with the additive solution 
of ethanol and 2M nitric acid has produced lowest density 
with larger pores than 10 μm and lowest chemical stability 
compared to diopside and baghdadite that allowed for more 
calcium ions to release which preferable for bone scaffold 
applications (Najafinezhad et al. 2017). 

In addition, another approach to produce akermanite 
powders which is a dry spraying method. There is a previous 
study that has differentiated various techniques between 
sol-gel, ball milling and spray drying methods followed 
with further heat treatment for the akermanite production 
(Duman & Bulut 2021). They have been summarized that 
the dry spraying method is used for coating materials and 
it is the most effective technique for the fine size particle 
distribution of akermanite fabrication with controllable 
shapes and compositions of the ceramic powders compared 
to the sol-gel and ball milling approaches (Zadehnajar et 
al. 2021). However, the challenges of the dry spraying 
method for akermanite include the additional procedures 
in initial particle preparation in order to provide uniform 
and fine particles and avoid agglomerations occurring 
during dry spraying. Besides, crucial considerations of 
nozzle equipment and processing parameters are required 
for the purpose of controlling the layer coating to achieve 
favorable porosity, density and mechanical strength of 
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akermanite. Next, the microsized amorphous akermanite 
can also be prepared by the flame synthesis technique 
after the melt quenching process. This flame synthesis 
has been applied with high cooling rates in order to avoid 
crystallization and the production of the powders are formed 
at almost absolute spherical shape for the purpose of 3D 
scaffold manufacturing (Dasan et al. 2022). The uniform 
shape of the akermanite microsphere powder provides 
favorable outcomes for the 3D printing of scaffolds. This 
is because it promotes excellent viscous flow properties 
in additive manufacturing applications compared to 
conventional powders and creates a highly macroporous 
scaffold with numerous additional pores between 
particles due to incomplete densification appropriate for 
bone tissue applications (Dasan et al. 2021). Yet, flame 
synthesis is known well with complexity processes where 
it requires specialized equipment to maximize flame 
parameter processing. Furthermore, material impurities 
and nanoparticle agglomeration may also happen due to 
excessive high temperature and require additional final 
steps such as dispersion.

Moreover, solid states techniques are also regularly 
operated to develop the akermanite powder. This method 
is frequently applied because of its simplicity in handling, 
cheaper in production cost and less time consuming 
compared with the sol-gel method that has been mentioned 
previously (Mohammadi et al. 2021a; Myat-Htun et al. 
2021). The synthesizing of akermanite through solid 
state method also promises a fine particle size of powders 
that promotes high thermodynamic and kinetic reactions 
between the precursor materials (Myat-Htun et al. 2021). 
Mechanical activation via high planetary ball milling is also 
one of the solid state methods that aims to alter the physical 
size of the materials into nanopowders (Mohammadi et 
al. 2018). This is in contrast with other studies where the 
milling activations are limited for large particle sizes and 
produce impurities in akermanite products (Zadehnajar et 
al. 2021). There is a study that applied wet high-speed and 
high-energy planetary ball milling to mix CaO, MgO, SiO2 
powders homogeneously with 500 rpm milling speed for 3 
h (Mohammadi et al. 2018). The milled powders are dried 
sieved, pressed and sintered at 1200 °C with 5 °C/min for 
4 h as heating rate, in results produced 45.69 nm crystallite 
size of akermanite with tensile strength acquired, 5.71 MPa 
which is within the human cancellous bone (1.5-38 MPa). 
Plus, a study on high-energy planetary ball milling with 
500 rpm and sintering temperature at 1250 °C contributes 
the most dense ceramic sample as much 96.83% effectively 
appropriate for bone repair treatment (Myat-Htun et al. 
2021). On the other study (Mohammadi et al. 2021a), the 
successful of akermanite formed was obtained with 13.7 
MPa of diametric tensile stress and 95.4% of relative density 
with 1.76 μm of average particle size by high-energy ball 
milling and thereafter of sintering process at 1250 °C for 6 
h. Besides, it has been reported that the ball milled powders 
of talc, calcium carbonate and silica at 500 rpm for 20 h and 

subsequent 1200 °C annealing for 5 h produces akermanite 
tablets with 2.489 g/cm3 density, 24.7 MPa compressive 
strength and 3800 MPa Young’s Modulus (Tavangarian 
et al. 2020). Therefore, it summarized that the solid state 
via high ball milling followed by a sintering process could 
be a simple and straightforward procedure for akermanite 
synthesizing compared to the other methods. Besides, 
this approach has cost effectiveness, versatility for a wide 
materials range, controllable properties and is capable of 
processing in bulk powder quantities where the outcome 
of the materials are high in purity with less contamination 
risk.

INITIAL RAW PRECURSOR FOR AKERMANITE

Due to the plus points exhibited by the akermanite for 
the biomedical device applications, there are multiple 
precursors that can be used in processing the akermanite 
bioceramic that has been implemented by previous study. 
Ideally, any materials involving calcium, magnesium and 
silica contents are proficient enough for the akermanite 
formation as listed in Table 1. As the example from a 
study by Mohammaadi et al. (2021a, 2018), the mixture of 
CaO, MgO and SiO2 powders with stoichiometric ratio of 
akermanite, 2:1:2, respectively, were wet ball milled with 
milling speed of 500 rpm, dried, pressed and sintered at  
1200 °C for 4 h, has successfully produced nanoparticle 
powders of akermanite ceramics with 45.69 nm of 
crystallite size and admirable diametric tensile strength 
within the range of human cancellous bone. The outstanding 
formations of apatite layer on the surface of the samples 
were observed by Field-Emission Scanning Electron 
Microscopy (FESEM) analysis once the samples were 
soaked into the SBF solution for 7 days also indicating the 
favorable biological performances of produced akermanite.

Similarly with a study by Myat-Htun et al. (2021) 
that produced akermanite by using CaO, MgO, and SiO2 
powders with molar ratio of 2:1:2, respectively, via wet 
ball milling and sintering with vary processing parameters 
on the milling speeds and sintering temperatures. They 
stated that the higher milling speeds could provide better 
structure for akermanite leading to preferable properties of 
the ceramics that support them as promising candidates for 
bone regeneration applications. They also concluded that 
the optimum sintering temperature above 1100 °C mostly 
showed single phase of akermanite while the formation 
of multiple phase compounds such as low clinoenstatite, 
wollastonite, monticellite, and diopside occurred at low 
temperatures below 700 °C due to unstable structure and 
incomplete crystallization. The formation of akermanite has 
confirmed to achieve the highest value of the diametrical 
tensile strength of akermanite samples compared to 
previous researches at 1200 °C which is able to reach the 
amount about 32.10 ± 2.13 MPa which excessively greater 
than the recorded values of other prominent bioceramics 
such as pseudo-wollastonite, CaSiO3 (5.04 MPa), HA  
(4 MPa) and b-TCP (2.85 MPa) besides considerably 
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higher than the value of the current cancellous human bone 
which is at the range of 1.5-38 MPa. Meanwhile, the micro 
hardness of akermanite milled at 500 rpm and sintered 
at 1250 °C was about 4.94 ± 0.26 GPa greater than the 
natural bone due to high density and low porosity of the 
akermanite.

Another study from Tavangarian, Zolko and Davami 
(2021) and Tavangarian et al. (2020) has used the mixed 
powders with molar ratio of 1:6:2 of talc (as Mg and Si 
source), calcium carbonate and silicate with 500 rpm 
milling speed and subsequent annealing at 1000 °C for an 
hour. The findings on the fine crystallite size of akermanite 
samples around 21-28 nm were obtained which reached the 
correlation with the morphology of akermanite samples by 
Scanning Electron Microscopy (SEM) analysis that showed 
micro porous surfaces. On the other hand, Sharafabadi et 
al. (2017) also has utilized natural waste such as eggshells 
as Ca sources associated with MgO and SiO2 powders as 
the initial materials for the akermanite production. The 
eggshells were heat treated at 100 °C for 2 h to eliminate 
the undesired protein contents. The heat treated eggshells 
were mixed together with other initial materials via 
planetary ball mill for 6 h at 400 rpm with stoichiometric 
ratio and sintered at 900 °C at different sintering durations. 
Although the sintering process is only at 900 °C is which 
considerably low sintering temperatures compared to other 
studies, it has been recorded that the akermanite phase has 
reached its fully crystallite and diminished the merwinite 
phase after 3 h of sintering. Besides, many micropores 
were observed uniformly on the akermanite structures with 
size distribution about 0.5-10 μm where the pores were 
filled completely by apatite formation after 28 days of 
SBF immersion. The compressive strength of akermanite 
that sintered for 3 h also has reached approximately  
210 ± 7 MPa which surpassed the compressive strength 
of hydroxyapatite. The compressive strength could be 
improved with higher sintering time (5 h) up to 240 ± 8 MPa 
but restricts the bioactivity of the akermanite considering 
the low apatite formation after the SBF immersion due 
to the low porosity structures that hinders the dissolution 
properties of akermanite.

Moreover, the production of akermanite can also be 
developed by natural mineral resources such as dolomite 
which is acquired from sedimentary rock minerals called as 
dolostone. The dolomite material contains high constituents 
of calcium and magnesium contents with minor impurities 
such as Si, Al, Na, C, K, Mn, Cu, Ti, and Fe which has 
been reported by several studies (Mustafa et al. 2016; 
Shahraki, Mehrabi & Dabiri 2009; Tursunov, Dobrowolski 
& Nowak 2015). The calcium from dolomite is capable 
of playing a vital role in maintaining and enhancing 
the strength and structure of human bone. Meanwhile, 
the magnesium promotes the bone metabolism and 
mineralization of the bone tissues with rapid proliferation 
rate (Arokiasamy et al. 2022). Additionally, both of these 
elements are able to present solid antibacterial activity due 

to the existence of oxides compounds (Yamamoto et al. 
2008) that proven the favorable biological performances 
of dolomite and encouraged this mineral to participate in 
the applications for bone tissue engineering. Besides, the 
natural characteristics of dolomite as a pore-former agent 
are also capable of contributing for the formation of porous 
bone scaffold that leads to the development of bone tissue 
regeneration and instant recovery process (Cai et al. 2021; 
Ren et al. 2019). Therefore, researchers have gained more 
interest to study the potential of dolomite material for the 
production of akermanite due to the abundance of this 
mineral with controllable properties that are suitable for 
biomedical purposes. 

A study by Arkame et al. (2023) where the Moroccan 
dolomite mineral was utilized along with slag waste 
from the steel industry and formed the akermanite phases 
associated with merwinite and diopside in the prepared 
samples which are promising for biomedical potentials. 
The addition of slag at the range of 0-30% into the 
dolomite is for the reason of improving the mechanical 
strength and providing low thermal conductivity. These 
powders were milled and sieved at 50 μm particle size and 
subsequently pressed, dried at 105 °C for 24 h and sintered 
with double-step. Initially, the compacted powder samples 
were sintered at 600 °C for 2 h to allow the decomposition 
of carbonates to happen and then subsequent sintering at 
higher temperatures were executed around 1100-1300 °C 
for next 2 h. The findings quoted the optimum properties 
obtained at 1200 °C with 50.28-41.4% porosity, 1.7-1.89 
g/cm3 density, 28.07-24.8% water absorption, and 1.55-
6.25% shrinkage by increasing the addition of slag. The 
recorded mechanical strength of the produced samples is 
13.8 MPa with 30% of slag and considered acceptable due 
to the presence of zero micro cracks on the surface of the 
samples by SEM analysis. 

Furthermore, the utilization of Moroccan geomaterials 
involving dolomite and natural pearlite for the production 
of akermanite bioceramic also showed great favorable 
properties which were provided in a study by Harrati et al. 
(2022). The high sintering at 1250 °C with 3 °C/min heating 
rate towards the mixtures from both of these raw materials 
have successfully formed prominent akermanite phases in 
the ceramic samples with slightly presence of diopside and 
periclase despite the differences in mixture compositions 
within 0-30% of natural pearlite addition. The akermanite 
sample from 75:25 wt. % composition of dolomite to 
pearlite has reported to create the most favorable ceramic 
sample compared to other prepared mixtures with 43.84% 
porosity, 25.43% water absorption, 1.78 g/cm3 apparent 
density and bearable bending and tensile strengths upon 
high loads with the values of 7.71 MPa and 3.56 MPa, 
respectively. The linear and volumetric shrinkage owned 
by this ratio mixture sample also found out to be the lowest 
values compared to the results obtained by other mixture 
samples which is 2% and 5.92% individually. Moreover, 
this akermanite sample has produced great surface 
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morphology with the absence of any damages, defects or 
cracks on the surfaces and instead an obvious formation 
of apatite layer has completely covered the surface of the 
samples which reserves for an excellent result for in-vitro 
analysis that could be exhibited for the applications in 
biomedical field.

Overall, these studies prove that the dolomite can be 
used as the superior precursor for akermanite production. 
The ideal composition of dolomite with rich contents of Ca 
and Mg can contribute vital roles in bone regeneration by 
providing the sufficient sources of calcium and magnesium 
based. Although dolomite commonly has other elements as 
the impurities substances, it does not involve any hazardous 
compounds and safe for biocompatibility applications 
which supported this mineral to be used as biomaterials. 
The small amount of impurities usually does not raise any 
noticeable impact but it still can be diminished by the heat 
treatment process if required. Thus, it is encouraging to 
study the potential of Perlis dolomite as the raw material for 
akermanite bioceramic particularly for biomedical device 
practices. This is because abundance of local dolomite 
is easily acquired in nature with low cost consumption 
compared to other specialized raw materials. However, 
dolomite main applications especially in Malaysia are 
currently limited to constructions and agriculture industries, 
not in biomedical applications (Che Azurahanim et al. 
2022; Hussin et al. 2006; Nazry et al. 2006). To the best 
of our studies, there is a deficiency of scientific data that 
has been made on Malaysian dolomite as the raw material 
in the preparation of akermanite bioceramic. Due to the 
promising properties and behavior of this mineral resource, 
the utilization of Malaysian dolomite should be explored 
concerning akermanite production in order to enhance their 
mineral value and induce a new alternative of bioceramic 
material for practical uses in the biomedical industry.

TEMPERATURE FOR AKERMANITE FORMATION

The DTA and TGA are used to examine the thermal 
properties that occur during the calcination process in order 
to support the decomposition of the akermanite synthesize. 
By referring to DTA curves, it has been recorded that the 
formation of akermanite does not exist at low sintering 
temperature below 500 °C due to the absence of exothermic 
or endothermic peaks on the spectra (Sharafabadi et al. 
2017). This can be supported by another studies where 
the milled powders of CaO, MgO, and SiO2 that has 
been sintered presents the thermal properties as shown in 
Figure 1 where three endothermic peaks are obtained at 
396, 440, and 718 °C indicated the formation of enstatite, 
diopside and merwinite phase, respectively, while an 
exothermic peak is seen at 881 °C attributed as akermanite 
crystallite (Myat-Htun et al. 2021). Similarly, the DSC 
curves have illustrated the minor endothermic peak at 
640 °C and an exothermic peak at 840 °C which showed 
the decomposition of calcium carbonates and akermanite 
phase respectively (Tavangarian, Zolko & Davami 2021). 

They also reported two stages of weight loss of the ceramic 
samples that can be observed by TGA curves which initiate 
from 300-560 °C and 560-675 °C which may be due to 
the moisture removal and decomposition of carbonates. 
Besides, Harrati et al. (2022) has stated that the synthesis 
of dolomite and perlite would induce the presence phases 
of wollastonite (CaSiO3) and enstatite (MgSiO3) at 900 
°C, merwinite (Ca2SiO4) at 1000 °C and lastly akermanite 
(Ca2MgSi2O7) and diopside (CaMgSi2O6) at 1250 °C as in 
the Equations of 1-5.

CaO + SiO2 → CaSiO3 at 900 °C (1)

MgO + SiO2 → MgSiO3 at 900 °C (2)

CaO + CaSiO3 → Ca2SiO4     at 1000 °C (3)

2 Ca3Mg(SiO4)2 + MgSiO3 + SiO2 
→ 3 Ca2MgSi2O7

at 1250 °C (4)

CaSiO3 + MgSiO3 => CaMgSi2O6 at 1250 °C (5)

PROPERTIES OF AKERMANITE

Physical, Chemical & Mechanical Properties of Akermanite
In terms of physical properties, akermanite material is able 
to resist high temperature as its melting point is above  
1450°C with theoretical density of 2.944 g/cm3 
(Mohammadi et al. 2021a; Wu & Chang 2004). A study has 
recorded that the akermanite processed from precursors of 
CaO, MgO and SiO2 powders via wet high-energy ball 
mill and sintering process at 1200 °C created 0.93±0.25 
μm of grain size, 45.69 nm of crystallite size that comes 
along with 63.73% of density, 35.59% of porosity and 
17.30% of linear shrinkage (Mohammadi et al. 2021a). 
Moreover, the increasing speed of ball milling from 300-
500 rpm can also produce the grain size of akermanite 
at the range of 45.5-43.3 nm with the specific surface 
area (BET) within 77.79-108.68 m2/g along with high 
densification from 93.72-96.83% after sintering process 
at 1250 °C (Myat-Htun et al. 2021). Meanwhile, there is 
a study that proved the increasing in the milling duration 
from 10 to 20 h will cause the particle size of akermanite 
powders to be increased within 21-28 nm as shown in 
Figure 2 due to the frequent frictions between the initial 
materials and agglomeration of nanocrystals (Tavangarian, 
Zolko & Davami 2021) which was approximately close 
with the crystallize size of akermanite powders where at 
the range of  20-80 nm (Tavangarian et al. 2020). They 
also reported that the increasing in ball milling duration 
causes the increasing in density of akermanite samples and 
decreasing in porosity as shown in Figure 3 which also 
leads to sample shrinkage as much as 15% for the reason 
that more gases escape from the tablet samples during the 
sintering process. Besides, grain size of the akermanite 
particles also could be decreased due to the increasing 
sintering temperature from 1200 °C to 1250 °C, which 
enables the increase in porosity, density as well as diameter 
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FIGURE 1. DTA curve of sintered ceramic powders at  
different temperatures (Myat-Htun et al. 2021)

FIGURE 2. Crystallite size of akermanite powders at different  
ball milling times (Tavangarian, Zolko & Davami 2021)

FIGURE 3. Properties of (a) bulk density and (b) porosity of akermanite 
samples at multiple ball milling times (* noted as slightly different 

values) (Tavangarian et al. 2020)
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shrinkage of the akermanite samples (Mohammadi et al. 
2021a). They have stated that the diffusion that happens 
due to the phase decompositions has allowed the pores 
removal which leads to low amounts of pore volume 
while promoting the larger grains formation and raises the 
densification resulting in the shrinkage to happen. Next, 
despite ball milling and sintering parameters, another study 
has reported that the akermanite developed from dolomite 
and 25.0 wt. % of natural perlite as additives was able to 
produce 43.84% porosity, 25.43% water absorption, 1.78 
g/cm3 apparent density, 2.0% linear shrinkage and 5.92% 
volume shrinkage (Harrati et al. 2022). 

Regarding the mechanical properties, the compressive 
strength, tensile strength, hardness and toughness of the 
akermanite were discussed to determine the potential of 
akermanite in biomedical applications especially for bone 
implant applications. In general, the mechanical strength of 
the akermanite can be directly influenced by the physical 
and chemical properties that occur in the samples due to 
the type of synthesis process. The diametric tensile strength 
of akermanite samples able to reach about 32.10 ± 2.13 
MPa (Myat-Htun et al. 2021) which are mainly higher 
than other bioceramics such as HA (4 MPa) and b-TCPA 
(2.85 MPa) as well as considerably greater than normal 
cancellous human bone (1.5-38 MPa) (Mohammadi et al. 
2021a, 2018) which contributes this akermanite material 
preferable as bone grafting substances. Besides, the 
increasing ball milling speed up to 500 rpm also improved 
the microhardness of akermanite samples about 4.94 ± 0.26 
GPa and 1.62 ± 0.02 MPa.m1/2 of fracture toughness due to 
the denser akermanite sample produced from milled nano-
powders (Myat-Htun et al. 2021). According to Harrati et 
al. (2022), the increasing of densification and reduction of 
porosity of the akermanite samples promotes the rises in 
the flexural and tensile strength from 3.34 to 8.66 MPa and 
from 1.81 to 4.31 MPa, respectively, due to the addition of 
perlite (0-30%) in the dolomite mixtures. The compressive 
strength of 5 h sintering time also increased approximately 
at 240 ± 8 MPa which is higher than the values obtained by 
3 h sintering time which is nearly at 210 ± 7 MPa because 
of the reduction of porosity (Sharafabadi et al. 2017). They 
also recorded that the compressive strength of the samples 
are decreased once the soaking process of the samples leads 
to the release of oxide ions into the SBF solution which is 
similar with other studies (Díaz-Pérez et al. 2021). Next, 
the compressive strength of the akermanite can also be 
influenced by the lattice structure of the 3D scaffold design. 
It has recorded that the Kagome structure is an apparent 
lattice almost adequate for the bone treatments that may 
involve bearable loads as the compressive strength obtained 
is around 28 MPa in the nitrogen atmosphere which lower 
than cubic (6 MPa) and diamond lattice structure (24 MPa) 
(Dasan et al. 2022) which also undefeatable with the small 
values obtained for the exact structures from other study 
(Dasan et al. 2020).

Structure and Phase of Akermanite
Theoretically, the crystal structure of akermanite is 
tetragonal as in Figure 4 that has been classified in the 
similar space group of 113 which is P4̅21m (Mohammadi 
et al. 2018; Yang et al. 1997), formed by MgO4 tetrahedral 
plane with Si2O7 groups and crosslink together with large 
cations of Ca (Sharma 2022).

According to the analysis on XRD, the findings 
on akermanite formation from dolomite and pearlite 
materials has shown the phase transformation (Figure 5) 
which dominantly by akermanite phases followed with 
subordinated phases of diopside, periclase and merwinite 
upon the addition of pearlite from 0-30 wt. % (Harrati 
et al. 2022). These phases were found similar as in other 
reported studies indicating the findings are consistent 
and support the validity of current results (Myat-Htun 
et al. 2021). They also have recorded that the formation 
of akermanite and diopside phases were found in major 
while the periclase and merwinite phases were decreased 
in the ceramic mixtures within 22.5 wt. % and 27.5 wt. 
% of pearlite. In addition, a fully crystallite of akermanite 
phases that neatly match with the standard pattern of JCPD 
01-087-0047 also were created while merwinite phases 
were removed from the samples during the calcination 
powders at 900 °C for 3 h (Sharafabadi et al. 2017). 
Besides, the pure akermanite phases were also observed in 
another study without any impurity such as diopside and 
merwinite once the calcination at 1200 °C (Najafinezhad et 
al. 2017) while at 1300 °C (Wu & Chang 2004) via sol-gel 
techniques where the most prominent diffracted peak of the 
akermanite phase exists roughly at the 2 theta = 31°. Even 
though the increasing sintering temperature has shown 
phases transformation on the ceramic samples shown 
by multiple researchers, there is another study presented 
definite contrast where no changes on the diffracted peaks 
between unsintered and sintered samples, showing that 
the presence of neither new phases nor transformation 
had happened with relatively matching patterns with the 
standard PDF data of JCPD 83-1815 (Han et al. 2014). 

Based on the observation of FTIR findings, it has been 
confirmed that the phase transformation of akermanite does 
not completed yet at low sintering temperature (500 °C and 
700 °C) indicated by the absence bands of O─Ca─O and 
Ca═O in the spectra (Sharafabadi et al. 2017). Meanwhile, 
the segregation of broadening bands was noticed at 900 °C 
indicating the existence of whole characteristic functional 
groups in the akermanite samples as shown in Figure 6(c). 
It has been recorded that the spectrum presented bending 
modes of O-Ca-O at 411 cm-1 and O-Mg-O at 473 cm-1. 
The bands at 589 cm-1 represent the ionic bond between 
calcium and oxygen ions. The bands of O─Si─O have 
existed at 641 cm−1 and 680 cm−1, the stretching modes of 
Si─O are at 848, 932 and 981 cm−1 while the symmetric 
vibration mode of Si─O─Si stretching band is at 1021 
cm−1. All these peaks of akermanite are found available 
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FIGURE 5. XRD spectra of ceramic samples sintered at 1250 °C for 2 h 
(Addition of perlite wt. % denoted as M0=0%, M1=10%, M2=20%, 

M2-A=22.5%, M2-B=25%, M2-C=27.5% and M3=30%)  
(Harrati et al. 2022)

FIGURE 6. FTIR spectra of ceramic powders sintered at (a) 500 °C,  
(b) 700 °C and (c) 900 °C (Sharafabadi et al. 2017)

      
FIGURE 4. Akermanite crystal structure at room pressure  

(Yang et al. 1997)
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in the other reports which showed a great agreement with 
other studies (Mohammadi et al. 2018; Najafinezhad et al. 
2017). Yet, additional peaks were found at 1646 cm−1 that 
reserved for the bending vibration of H2O molecules while 
the wide absorption peak at 3442 cm−1 indicated the ─OH 
moisture band of stretching vibration mode (Harrati et al. 
2022) similarly with Choudhary, Koppala and Swamiappan 
(2015). Besides, Choudhary, Koppala and Swamiappan 
(2015) also has spotted an asymmetric stretching band at 
1400 cm−1 because of the separation of CO2 from silicate 
bioceramic samples during the calcinations process at  
1200 °C.
 
Morphology of Akermanite
Generally, the powder particles of akermanite were almost 
in round shape with numerous micro porous structures on 
the surface (Harrati et al. 2022; Tavangarian et al. 2020). An 
example of akermanite morphology was shown in Figure 7 
where this akermanite was synthesized from dolomite and 
natural pearlite. The porous particles are agglomerated and 
binding together (Tavangarian et al. 2020) while creating 
a pore size distribution at the range of 1-10 μm once the 
sintering process based on the SEM scale (Harrati et al. 
2022). However, it has been stated that the ideal pore 
size of the bioceramic scaffold for the application of bone 
tissue formation is in between 100 and 400 μm where the 
least acceptable is 100 μm, suggested pore size for bone 
formation is 300 μm and above while the most active in 
osteogenesis activity is 400 μm (Mohammadi et al. 2021b). 
Next, the morphology of akermanite concerning graft 
scaffolding also presents the similar porous structures as 
mentioned. Apart from the grain size and porosity of the 
structures, the silicone-based of akermanite scaffolds had 
macro cracks and minor defects within the struts which 
could be unnoticeable upon the addition of fillers such as 
anhydrous borax (Na2B4O7) and homogenous blends of 
commercial silicones with photocurable resin as shown in 
Figure 8 (Dasan et al. 2020). The inappropriate selection 
on the anhydrous borax unfortunately contributes to the 
cracks generation due to the agglomeration instead of 
solving the ceramic transformation issues through the gas 
immersion. The high thermal application also is significant 
in the fabrication of scaffold as it promises the desirable 
viscous flow that determines the porous matrix and surface 
finish of the structure (Dasan et al. 2021, 2020). Plus, it 
has been concluded that the endorsement of topologies 
structure could be impactful to the binding phase of the 
struts as well as the compressive strength of the scaffold 
where Kagome structure is preferable than diamond and 
cubic structures (Dasan et al. 2022). Besides, a study has 
concluded that the high sintering time (6 h) and temperature 
(1250 °C) are also able to turn the micropores structure into 
a dense structure as the grain size and density increases 
while the porosity decreases (Mohammadi et al. 2021a). 

Bioactivity of Akermanite
The bioactivity performances of the akermanite can be 
observed by the formation of apatite that was developed 

after the soaking process into SBF for a certain period. 
Akermanite immersion into SBF for 28 days caused fully 
occupied of pores with the growth of apatite and reduced 
the porosity as well as devoted the desirable biological 
behavior on the akermanite ample which reached the 
agreement with another study (Sharafabadi et al. 2017). 
The layers of apatite that formed were fine spherical shapes 
where the continuous growth of the apatite are developed 
until 28 days of immersion as shown in Figure 9 (Harrati 
et al. 2022) in contrast with another study where shuttle-
like of apatite were found in the scaffold of akermanite 
(Han et al. 2014). Generally, the apatite formation on the 
morphology structures indicates the in vivo and bioactive 
properties of the samples which can be applied for the 
bone tissue engineering application. Meanwhile, the EDS 
analysis that has been obtained by several studies has 
shown similar results where elements of Ca, Si, Mg and 
O are demonstrated in the EDS spectra which verified 
the dominant compositions of akermanite phases (Harrati 
et al. 2022; Sharafabadi et al. 2017). The presence of 
phosphorus peak and the increase of calcium peak relative 
to the reduction of magnesium and silica amount can 
be observed once the samples are soaked into SBF. The 
phosphorus element is representing the layer of apatite 
formed due to the bioactivity reaction between the sample 
and the SBF. The immersion after 28 days has reduced the 
intensity amount of silica and a complete elimination of 
magnesium from the samples as shown in Figure 10 due 
the apatite formation that has covered the surface of the 
samples entirely (Harrati et al. 2022).

APPLICATION OF AKERMANITE IN MEDICAL DEVICES

The production of akermanite has been gradually developed 
in the biomedical field due to its bioactivity properties. 
The favorable characteristics of akermanite in terms of 
mechanical strength and biodegradability are also able to 
reach or exceed the values obtained by other prominent 
bioceramics such as hydroxyapatite (HA) and tricalcium 
phosphate (TCP). Thus, the broad applications of akermanite 
in biomedical devices are the significant actions that could 
be taken in order to acquire a rapid recovery in bone tissue 
treatments efficiently. Table 2 summarize the reported 
findings regarding the influence of the precursor, processing 
methods and sintering parameters on the mechanical and 
bioactivity outcomes of the akermanite-based material, 
highlighting their relevance for medical applications 
including bone scaffold, bone implant and coating material. 

Akermanite Application as Bone Scaffold
In the present time, the akermanite production has been 
implied for numerous applications in bone scaffolds in a 
par with HA and TCP in fact akermanite is highly potential 
than those of both bioceramics due to its impressive 
osteogenesis (Liu et al. 2008) that included complete set 
of bone cell types as illustrated in Figure 11. Besides, this 
statement can be supported because the HA and b-TCP 
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layer of apatite formed due to the bioactivity reaction between the sample and the SBF. The 

immersion after 28 days has reduced the intensity amount of silica and a complete 

elimination of magnesium from the samples as shown in Figure 10 due the apatite formation 

that has covered the surface of the samples entirely (Harrati et al. 2022).

FIGURE 9. SEM analysis of akermanite, (a), (b) and (c) after soaked for 14, 21 and 28 days 
into SBF, respectively (Harrati et al. 2022)

FIGURE 10. EDS analysis of akermanite, (a) before, (b) and (c) after soaked for 21 days and 
28 days, respectively (Harrati et al. 2022)

APPLICATION OF AKERMANITE IN MEDICAL DEVICES

The production of akermanite has been gradually developed in the biomedical field due to its 

bioactivity properties. The favorable characteristics of akermanite in terms of mechanical 

(a) (b) (c)

FIGURE 9. SEM analysis of akermanite, (a), (b) and (c) after soaked for 
14, 21 and 28 days into SBF, respectively (Harrati et al. 2022)

(Mohammadi et al. 2021b). Next, the morphology of 

akermanite concerning graft scaffolding also presents the similar porous structures as 

mentioned. Apart from the grain size and porosity of the structures, the silicone-based of 

akermanite scaffolds had macro cracks and minor defects within the struts which could be 

unnoticeable upon the addition of fillers such as anhydrous borax (Na2B4O7) and 

homogenous blends of commercial silicones with photocurable resin as shown in Figure 8

(Dasan et al. 2020). The inappropriate selection on the anhydrous borax unfortunately 

contributes to the cracks generation due to the agglomeration instead of solving the ceramic 

transformation issues through the gas immersion. The high thermal application also is 

significant in the fabrication of scaffold as it promises the desirable viscous flow that 

determines the porous matrix and surface finish of the structure (Dasan et al. 2021, 2020). 

Plus, it has been concluded that the endorsement of topologies structure could be impactful to 

the binding phase of the struts as well as the compressive strength of the scaffold where 

Kagome structure is preferable than diamond and cubic structures (Dasan et al. 2022). 

Besides, a study has concluded that the high sintering time (6 h) and temperature (1250 °C) 

are also able to turn the micropores structure into a dense structure as the grain size and 

density increases while the porosity decreases (Mohammadi et al. 2021a).

FIGURE 7. Round-shape and micro porous morphology of akermanite 
(Harrati et al. 2022; Tavangarian et al. 2020)

FIGURE 7. Round-shape and micro porous morphology of akermanite (Harrati et al. 2022; 
Tavangarian et al. 2020)

FIGURE 8. Microstructures of silicone-based of akermanite scaffolds with addition of 
anhydrous borax fillers and photocurable resin that had (a) macro cracks, (b) minor defects 

within the struts and (c) microporous structure of the struts (Dasan et al. 2020)

Bioactivity of Akermanite

The bioactivity performances of the akermanite can be observed by the formation of apatite 

that was developed after the soaking process into SBF for a certain period. Akermanite 

immersion into SBF for 28 days caused fully occupied of pores with the growth of apatite and 

reduced the porosity as well as devoted the desirable biological behavior on the akermanite 

ample which reached the agreement with another study (Sharafabadi et al. 2017). The layers 

of apatite that formed were fine spherical shapes where the continuous growth of the apatite 

are developed until 28 days of immersion as shown in Figure 9 (Harrati et al. 2022) in 

contrast with another study where shuttle-like of apatite were found in the scaffold of 

akermanite (Han et al. 2014). Generally, the apatite formation on the morphology structures 

indicates the in vivo and bioactive properties of the samples which can be applied for the 

bone tissue engineering application. Meanwhile, the EDS analysis that has been obtained by 

several studies has shown similar results where elements of Ca, Si, Mg and O are 

demonstrated in the EDS spectra which verified the dominant compositions of akermanite 

phases (Harrati et al. 2022; Sharafabadi et al. 2017). The presence of phosphorus peak and 

the increase of calcium peak relative to the reduction of magnesium and silica amount can be 

observed once the samples are soaked into SBF. The phosphorus element is representing the 
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FIGURE 8. Microstructures of silicone-based of akermanite scaffolds 
with addition of anhydrous borax fillers and photocurable resin that 

had (a) macro cracks, (b) minor defects within the struts and (c) 
microporous structure of the struts (Dasan et al. 2020)

scaffold are bounded as brittle materials that leads to low 
mechanical strength compared to the cortical bone and 
causes poor toughness and easily fracture on the large load 
bearing area of the scaffold (Mohammadi et al. 2021b). 
Meanwhile, akermanite is possessed with good bioactivity, 
biocompatibility, controlled biodegradability and improved 
mechanical strength (Collin et al. 2021; Dobriţa et al. 2023; 

Liu et al. 2008). The favorable properties of akermanite 
can be altered to comply with the desired scaffold 
applications mainly due to the chemical composition of 
this bioceramic which are calcium, magnesium and silica 
contents (Collin et al. 2021). Ideally, the high contents of 
calcium in the akermanite provides the main constituent 
for the bone regeneration followed by magnesium and 



2488

TA
BL

E 
2.

 T
he

 im
pa

ct
 o

f p
re

cu
rs

or
, p

ro
ce

ss
in

g 
te

ch
ni

qu
es

 a
nd

 si
nt

er
in

g 
pa

ra
m

et
er

s o
n 

th
e 

m
ec

ha
ni

ca
l a

nd
 b

io
ac

tiv
ity

 p
er

fo
rm

an
ce

s

A
pp

lic
at

io
n

Pr
ec

ur
so

r
Te

ch
ni

qu
e

M
ec

ha
ni

ca
l p

ro
pe

rti
es

 
(M

Pa
)

B
io

ac
tiv

ity
 p

er
fo

rm
an

ce
s

R
ef

er
en

ce
s

B
on

e 
sc

aff
ol

d

A
ke

rm
an

ite
 

po
w

de
r

So
l-g

el
 +

 3
D

 
di

re
ct

 c
er

am
ic

 
in

k 
w

rit
in

g

σ c =
 7

1.
2 

M
Pa

 a
nd

 re
du

ce
d 

to
 1

4 
M

Pa
 a

fte
r s

oa
ke

d 
in

 
Tr

is
s b

uff
er

A
ke

rm
an

ite
 h

as
 a

ct
iv

e 
m

R
N

A
 e

xp
re

ss
io

ns
 d

ue
 to

 re
le

as
e 

io
ns

 
th

at
 d

ire
ct

ly
 c

on
ta

ct
 to

 th
e 

sc
aff

ol
d

(L
iu

 e
t a

l. 
20

16
)

R
at

io
 

C
aO

:M
gO

:S
iO

2 
of

 2
:1

:2

So
l-g

el
 +

 9
0°

 
or

ie
nt

at
io

n 
of

 
3D

 p
rin

tin
g

σ c =
 1

.9
0 

± 
0.

1 
M

Pa
H

as
 h

ig
he

r c
el

l p
ro

lif
er

at
io

n 
w

ith
 in

cr
ea

si
ng

 4
%

 c
om

pa
re

d 
to

 
th

e 
sa

m
pl

es
 b

ef
or

e 
im

m
er

si
on

 a
nd

 it
 in

cr
ea

se
s u

p 
to

 8
.6

%
 a

fte
r 3

 
da

ys
 o

f i
m

m
er

si
on

(D
ob

riţ
a 

et
 a

l. 
20

23
)

A
ke

rm
an

ite
 

po
w

de
r

Se
le

ct
iv

e 
la

se
r 

si
nt

er
in

g 
at

 1
50

 
m

m
/m

in
 o

f 
sc

an
ni

ng
 sp

ee
d

σ c =
 5

.9
2 

± 
0.

41
 M

Pa

A
n 

ap
at

ite
 la

ye
r f

or
m

ed
 a

fte
r 1

4 
da

ys
 a

nd
 c

on
tin

uo
us

ly
 c

oa
ts

 
th

e 
en

tir
e 

su
bs

tra
te

 a
fte

r 2
1 

da
ys

. L
am

el
lip

od
ia

 o
ut

gr
ow

th
 a

nd
 

cy
to

pl
as

m
 w

er
e 

ob
se

rv
ed

 a
fte

r a
 d

ay
 in

di
ca

tin
g 

ce
ll 

pr
ol

ife
ra

tio
n.

 
C

el
l f

or
m

 a
gg

re
ga

te
s o

n 
th

e 
5th

 d
ay

 a
nd

 e
nt

ire
ly

 c
ov

er
s t

he
 

su
rf

ac
e 

at
 9

th
 d

ay
 

(H
an

 e
t a

l. 
20

14
)

C
hi

to
sa

n 
+ 

ak
er

m
an

ite
 

po
w

de
r

So
l g

el
 +

 
pn

eu
m

at
ic

 3
D

 
pr

in
tin

g 
+ 

fr
ee

ze
 

dr
yi

ng

H
ig

h 
co

nt
en

t o
f a

ke
rm

an
ite

 
(8

0 
w

t. 
%

) i
n 

ch
ito

sa
n 

im
pr

ov
es

 th
e 

st
re

ng
th

 u
p 

to
 

σ c =
 3

.1
0 

M
Pa

 

Sm
oo

th
 su

rf
ac

e 
of

 th
e 

sc
aff

ol
d 

ne
ar

ly
 c

ov
er

ed
 e

nt
ire

ly
 b

y 
th

e 
th

ic
k 

la
ye

r o
f b

on
e-

lik
e 

ap
at

ite
 a

fte
r s

oa
ke

d 
in

 S
B

F 
so

lu
tio

n.
 

Th
e 

ap
at

ite
 fo

rm
at

io
n 

gr
ad

ua
lly

 a
pp

ea
re

d 
on

 th
e 

in
te

rc
on

ne
ct

ed
 

po
ro

us
 a

re
a 

of
 th

e 
sc

aff
ol

d 
an

d 
fo

rm
ed

 a
 d

en
se

 a
nd

 h
om

og
en

eo
us

 
su

rf
ac

e

(D
um

an
 &

 
B

ul
ut

 2
02

1)

H
62

C
 p

ol
ym

er
, 

M
g(

O
H

) 2, 
C

aC
O

3 +
 5

 w
t. 

%
 o

f b
or

ax

A
I m

ol
d 

+ 
so

lid
 

st
at

e 
si

nt
er

in
g

σ c =
 3

.4
 ±

 0
.2

 (n
o 

bo
ra

x)

σ c =
 5

.1
 ±

 0
.4

 M
Pa

 (5
 w

t. 
%

 
of

 b
or

ax
)

B
or

ax
 a

dd
iti

on
 m

ay
 n

ot
 si

gn
ifi

ca
nt

ly
 a

ffe
ct

 th
e 

bi
oa

ct
iv

ity
 

pe
rf

or
m

an
ce

 d
ue

 to
 in

ab
ili

ty
 to

 d
eg

ra
de

 th
e 

bi
oc

om
pa

tib
ili

ty
 o

f 
th

e 
ak

er
m

an
ite

 sc
aff

ol
d 

du
e 

to
 th

e 
B

2O
3 a

nd
 N

a 2O
 e

xi
st

en
ce

(B
er

na
rd

o 
et

 
al

. 2
01

4)

A
ke

rm
an

ite
 +

 
15

 v
ol

. %
 o

f 
N

aC
l c

on
te

nt
s

C
al

ci
na

tio
n 

+ 
so

lid
 st

at
e 

si
nt

er
in

g

σ c =
 1

38
 M

Pa

H
V
 =

 3
.7

5 
G

Pa

E 
= 

63
 G

Pa

H
yd

ro
xy

ap
at

ite
 la

ye
r c

an
 b

e 
ob

se
rv

ed
 in

 th
e 

en
tir

e 
pr

ep
ar

ed
 

ak
er

m
an

ite
 sc

aff
ol

d 
de

sp
ite

 th
e 

co
nt

en
ts

 o
f N

aC
l

(Y
ou

ne
ss

, 
Za

w
ra

h 
&

 
Ta

ha
 2

02
4)

b-
TC

P 
+ 

A
ke

rm
an

ite
 

po
w

de
r

D
ig

ita
l l

ig
ht

 
pr

oc
es

si
ng

 
(D

LP
), 

de
bi

nd
in

g 
+ 

si
nt

er
in

g

A
ke

rm
an

ite
 im

pr
ov

es
 

ab
ou

t 2
0%

 o
f m

ec
ha

ni
ca

l 
pr

op
er

tie
s c

om
pa

re
d 

to
 p

ur
e 

b-
TC

P

C
el

l a
dh

es
io

n 
ca

n 
cl

ea
rly

 b
e 

ob
se

rv
ed

 o
n 

th
e 

β-
TC

P/
A

K
-

m
ic

ro
na

no
 sc

aff
ol

d 
su

rf
ac

e.
 It

 p
ro

vi
de

s a
ct

iv
e 

os
te

og
en

ic
 g

en
es

 
in

 rB
M

SC
s a

nd
 e

le
va

te
s t

he
 d

eg
ra

da
tio

n 
ra

te
. T

he
 p

H
 v

al
ue

s 
w

er
e 

co
ns

is
te

nt
ly

 in
cr

ea
se

d 
al

on
g 

th
e 

Tr
is

-H
C

l i
m

m
er

si
on

 

(L
i, 

Zh
an

g 
&

 
Zh

an
g 

20
24

)

co
nt

in
ue

 to
 n

ex
t p

ag
e



2489

B
on

e 
Im

pl
an

t

Ex
tra

ct
s o

f 
ak

er
m

an
ite

 +
 

sa
lin

e 
co

nt
ro

l

In
je

ct
io

n 
in

to
 

ra
ts

N
R

A
ke

rm
an

ite
 e

xt
ra

ct
s i

n 
th

e 
ra

ts
 b

od
y 

do
es

 n
ot

 e
xh

ib
it 

an
y 

in
 

vi
vo

 su
bc

hr
on

ic
 sy

st
em

ic
 to

xi
ci

ty
 a

nd
 p

at
ho

lo
gi

ca
l c

ha
ng

es
 to

 
si

gn
ifi

ca
nt

 o
rg

an
s s

uc
h 

as
 th

e 
he

ar
t, 

liv
er

 a
nd

 k
id

ne
ys

 w
hi

ch
 

in
di

ca
te

s i
ts

 b
io

co
m

pa
tib

ili
ty

 b
eh

av
io

r a
s b

on
e 

im
pl

an
t m

at
er

ia
l

(M
a 

et
 a

l. 
20

19
)

C
aO

, M
gO

, 
Si

O
2 +

 P
VA

Si
nt

er
in

g 
+ 

la
se

r 
flo

at
in

g 
zo

ne
 

(L
FZ

)

H
V
 =

 5
.7

4 
G

Pa

K
IC

 =
 0

.7
8 

M
Pa
⋅m

1/
2

Th
e 

ak
er

m
an

ite
 p

ha
se

 w
as

 to
ta

lly
 re

m
ov

ed
 a

nd
 le

ft 
po

ro
us

 
hy

dr
ox

ya
pa

tit
e 

fo
rm

at
io

n 
on

 th
e 

su
rf

ac
e 

af
te

r S
B

F 
im

m
er

si
on

 
du

e 
to

 fa
st

er
 d

is
so

lu
tio

n 
of

 th
e 

ak
er

m
an

ite
 p

ha
se

 c
om

pa
re

d 
to

 
m

er
w

in
ite

(D
ía

z-
Pé

re
z 

et
 

al
. 2

02
1)

A
ke

rm
an

ite

So
l-g

el
 +

 
m

at
er

ia
l 

im
pl

an
ta

tio
n 

on
 

ov
ar

ie
ct

om
iz

ed
 

os
te

op
or

ot
ic

 ra
t 

m
od

el

N
R

A
ke

rm
an

ite
 w

ith
 h

ig
h 

M
g-

co
nt

ai
ni

ng
 in

cr
ea

se
s d

eg
ra

da
tio

n 
ra

te
 a

nd
 re

la
tiv

e 
su

rf
ac

e 
ar

ea
s a

nd
 su

pp
or

ts
 m

or
e 

ne
w

 b
on

e 
re

ge
ne

ra
tio

ns
, 9

4%
 a

nd
 2

61
%

 h
ig

he
r c

om
pa

re
d 

to
 H

ar
dy

st
on

e 
an

d 
b-

TC
P.

 A
ke

rm
an

ite
 p

ro
du

ce
s h

ig
he

r p
H

 a
nd

 re
m

ai
ns

 ti
ll 

9 
w

ee
ks

. I
nt

er
m

ed
ia

te
 la

ye
r r

ic
he

s w
ith

 p
ho

sp
ho

ru
s w

er
e 

ob
se

rv
ed

 
af

te
r 4

 w
ee

ks
 o

f p
os

t-i
m

pl
an

ta
tio

n 
at

tri
bu

te
d 

to
 th

e 
fo

rm
at

io
n 

of
 

a 
ca

lc
iu

m
 p

ho
sp

ha
te

 d
ep

os
iti

on

(L
iu

 e
t a

l. 
20

16
)

M
g-

C
Si

 
po

w
de

rs

W
et

 c
he

m
ic

al
 

co
-p

re
ci

pi
ta

tio
n 

+ 
D

LP
 3

D
 

pr
in

tin
g 

+ 
im

pl
an

ta
tio

n 
on

 
ra

bb
it 

fe
m

or
al

 
co

nd
yl

ar
 d

ef
ec

t

9 
%

 M
g 

ak
er

m
an

ite
 (σ

b =
 

16
.4

0 
M

Pa
 a

nd
 σ

f =
 1

4.
71

 
M

Pa
) h

as
 h

ig
he

r s
tre

ng
th

 
th

an
 p

ur
e 

ak
er

m
an

ite
 

(σ
b =

 1
3.

70
 M

Pa
 a

nd
 σ

f =
 

11
.9

5 
M

Pa
)

A
ke

rm
an

ite
 w

ith
 9

%
 M

g 
pr

es
en

ts
 fe

w
er

 m
ic

ro
po

re
s t

ha
n 

pu
re

 
ak

er
m

an
ite

 le
ad

in
g 

to
 fa

st
er

 b
io

-d
is

so
lu

tio
n 

an
d 

in
cr

ea
se

s t
he

 p
H

 
va

lu
e 

af
te

r s
oa

ke
d 

in
 T

ris
 b

uff
er

. 9
%

 M
g 

in
 a

ke
rm

an
ite

 c
au

se
s 

su
pe

rio
r b

on
e 

fo
rm

at
io

n 
bu

t p
oo

r o
st

eo
ge

ni
c 

ca
pa

ci
ty

 c
om

pa
re

d 
to

 p
ur

e 
ak

er
m

an
ite

 a
lth

ou
gh

 it
 re

m
ai

ns
 in

cr
ea

se
s t

ill
 1

20
 d

ay
s

(Y
ue

 e
t a

l. 
20

24
)

A
ke

rm
an

ite
 

+ 
Fe

35
M

n 
po

w
de

rs

Po
w

de
r 

m
et

al
lu

rg
y 

+ 
so

lid
 st

at
e 

si
nt

er
in

g

50
%

 o
f a

ke
rm

an
ite

/ F
e3

5M
n 

cr
ea

te
s g

re
at

 m
ec

ha
ni

ca
l 

st
re

ng
th

, (
σ c =

 4
03

 M
Pa

, E
c 

= 
18

 G
Pa

, H
v =

 2
28

 H
V

) 
co

m
pa

re
d 

to
 p

ur
e 

Fe
35

M
n

W
ei

gh
t l

os
s a

fte
r S

B
F 

im
m

er
si

on
 d

oe
s n

ot
 p

re
se

nt
 a

nd
 

m
ea

su
ra

bl
e 

va
lu

e 
fo

r 4
 w

ee
ks

 d
ue

 to
 p

re
-a

lll
oy

ed
 ra

w
 m

at
er

ia
l, 

hi
gh

 si
nt

er
ed

 d
en

si
ty

 o
f c

om
po

si
te

 a
nd

 d
en

se
 fo

rm
at

io
n 

of
 io

ns
 

on
 th

e 
la

ye
r H

ig
he

r a
ke

rm
an

ite
 p

ro
m

ot
es

 b
et

te
r c

el
l g

ro
w

th
 o

n 
th

e 
co

m
po

si
te

s w
ith

 w
el

l-s
pr

ea
d 

m
or

ph
ol

og
y 

w
ith

 sp
ik

e-
lik

e 
fil

op
od

ia
 a

nc
ho

rin
g 

th
e 

su
rf

ac
es

(Z
ha

ng
 e

t a
l. 

20
23

)

Fe
 +

 M
n 

+ 
A

ke
rm

an
ite

 
po

w
de

rs

Ex
tru

si
on

-b
as

ed
 

3D
 p

rin
tin

g 
+ 

de
bi

nd
in

g 
+ 

Si
nt

er
in

g

Fe
35

M
n 

+ 
20

%
 A

ke
rm

an
ite

 
pr

es
en

ts
 h

ig
he

r m
ec

ha
ni

ca
l 

pr
op

er
tie

s (
σ Y

 =
 8

.3
 M

Pa
, E

 
= 

0.
53

 G
Pa

) t
ha

n 
Fe

35
M

n 
+ 

30
%

 A
ke

rm
an

ite

30
%

 o
f a

ke
rm

an
ite

 p
ro

m
ot

es
 h

ig
he

r b
io

de
gr

ad
ab

ili
ty

. 
M

ea
nw

hi
le

, t
he

 v
al

ue
 o

f p
H

 re
m

ai
ns

 a
t 7

.6
8 

w
hi

ch
 is

 th
e 

ap
pr

op
ria

te
 v

al
ue

 fo
r i

m
pl

an
t m

at
er

ia
l. 

Th
e 

in
 v

itr
o 

fin
di

ng
s 

sh
ow

 th
at

 th
e 

ad
he

si
on

, p
ro

lif
er

at
io

n,
 a

nd
 o

st
eo

ge
ni

c 
di

ffe
re

nt
ia

tio
n 

of
 p

re
os

te
ob

la
st

s w
er

e 
ob

se
rv

ed
 a

nd
 su

ita
bl

e 
fo

r 
bo

ne
 im

pl
an

t s
ub

st
itu

te
 fa

br
ic

at
io

n 

(P
ut

ra
 e

t a
l. 

20
23

)

co
nt

in
ue

 fr
om

 p
re

vi
ou

s p
ag

e

co
nt

in
ue

 to
 n

ex
t p

ag
e



2490

C
oa

tin
g 

M
at

er
ia

l 

C
hi

to
sa

n 
+ 

M
ag

ne
tic

 
na

na
op

ar
tic

le
s  

(M
N

Ps
) +

 
A

ke
rm

an
ite

3D
 p

rin
tin

g 
an

d 
fr

ee
ze

-d
ry

in
g 

te
ch

no
lo

gy
σ c =

 3
0 

M
Pa

, E
 =

 4
0 

M
Pa

3D
 p

rin
te

d 
El

ec
tro

co
nd

uc
tiv

e 
Po

ly
la

ct
ic

 A
ci

d 
(E

C
-P

LA
) c

oa
te

d 
w

ith
 1

0 
w

t. 
%

 a
ke

rm
an

ite
 c

re
at

es
 lo

w
 p

or
os

ity
 th

at
 a

llo
w

s 
nu

tri
en

ts
 a

nd
 b

lo
od

 to
 p

as
s t

hr
ou

gh
 th

e 
op

en
 p

or
ou

s s
tru

ct
ur

es
 

an
d 

pr
om

ot
es

 c
el

l p
ro

lif
er

at
io

n 
an

d 
os

te
ob

la
st

 g
ro

w
th

 

(D
on

g 
et

 a
l. 

20
21

)

A
ke

rm
an

ite
 +

 
po

ly
-L

-la
ct

ic
 

ac
id

 (P
LL

A
)

So
l-g

el
 +

 
si

nt
er

in
g 

+ 
po

w
de

r 
m

ix
in

g 
+ 

el
ec

tro
sp

in
ni

ng

A
fte

r 7
 d

ay
s o

f S
B

F 
im

m
er

si
on

:

σ c =
 2

37
 M

Pa
,

σ b =
 1

1.
8 

M
Pa

PL
LA

-A
K

T 
co

at
in

g 
on

 th
e 

M
g 

al
lo

y 
re

du
ce

s t
he

 d
eg

ra
da

tio
n 

ra
te

 y
et

 u
na

bl
e 

to
 h

in
de

r t
he

 sp
re

ad
 a

nd
 in

fil
tra

tio
n 

of
 b

ac
te

ria
 

ca
us

in
g 

S.
 a

ur
eu

s a
nd

 E
. c

ol
i. 

In
co

rp
or

at
io

n 
of

 lo
w

 D
O

X
Y

 
w

ith
 P

LL
A

-A
K

T 
co

at
in

g 
on

 M
G

 a
llo

y 
m

ay
 b

e 
re

qu
ire

d 
in

 
or

de
r t

o 
en

ha
nc

e 
th

e 
an

tib
ac

te
ria

l p
er

fo
rm

an
ce

s a
nd

 im
pr

ov
e 

cy
to

co
m

pa
tib

ili
ty

(B
ak

hs
he

sh
i-

R
ad

 e
t a

l. 
20

19
)

A
ke

rm
an

ite
 

po
w

de
r

So
l-g

el
 +

 M
ic

ro
 

ar
c 

ox
id

at
io

n 
(M

A
O

) +
 

el
ec

tro
ph

or
et

ic
 

de
po

si
tio

n 
(E

PD
)

A
fte

r 4
 w

ee
ks

 o
f S

B
F 

im
m

er
si

on
:

σ c =
 1

30
 M

Pa

A
ke

rm
an

ite
 c

oa
te

d 
on

 a
n 

A
Z9

1 
sa

m
pl

e 
sh

ow
ed

 sl
ow

 d
eg

ra
da

tio
n 

ra
te

 w
ith

 h
ig

h 
ce

ll 
at

ta
ch

m
en

t a
nd

 sp
re

ad
in

g 
th

ro
ug

h 
SE

M
 

an
al

ys
is

 in
di

ca
tin

g 
its

 g
re

at
 in

iti
al

 c
yt

oc
om

pa
tib

ili
ty

 c
om

pa
re

d 
to

 
un

co
at

ed
 sa

m
pl

es

(R
az

av
i e

t a
l. 

20
14

b)

co
nt

in
ue

 fr
om

 p
re

vi
ou

s p
ag

e



2491

silica elements that promotes the biodegradability rate and 
develops osteogenesis and angiogenesis while enhances 
mineralization of the implants, respectively.

A study by Liu et al. (2016) on the fabrication of 
bioceramic scaffolds has been implemented between 
akermanite and TCP formation by using conventional 
sol-gel techniques with subsequent procedures including 
3D direct ceramic ink writing and single step of sintering 
process at 1100 °C for 3 h with 2 °C/min as heating rate. 
The entire findings have shown outstanding performances 
on the akermanite scaffold compared to TCP scaffold. 
The average porosity of both scaffolds does not exhibit 
significant changes which are at 53% and 56% for 
akermanite and b-TCP scaffold, respectively, which is 
assumed due to the slight differences in sample shrinkage 
during sintering at high temperature. Besides, it has 
been recorded that the akermanite scaffold has reached 
substantial compressive strength of 71.2 ± 6.7 MPa, 
which is 7 times greater than the value obtained by b-TCP 
scaffold (10.5±3.0 MPa). Meanwhile, the mechanical 
strength of the akermanite scaffold still shows relatively 
high values after immersion around 14 MPa compared to 
b-TCP scaffold and even higher than the strength of host 
cancellous bone which roughly within 5-10 MPa, reported 
by other study (Liebschner 2004). In the perspective of 
biological properties, the akermanite scaffold has proven 
active mRNA expressions of osteogenesis genes due to 
the released ions of Ca, Si and Mg in Tris buffer which 
promotes new bone tissue contact directly into the scaffold.

Meanwhile, the fabrication of porous akermanite 
scaffolds with CaO, MgO, and SiO2 powders-based has 
put a concern particularly in the pattern orientation of the 
designed scaffold (Dobriţa et al. 2023). They found out 
that the 3D printing of 90° orientation scaffold has higher 
porosity at 83.10% relatively produced lower compressive 
strength of 1.90 ± 0.1 MPa due to huge ions loss during 
high sintering temperature at 1370 °C caused by the great 
interconnectivity of pores and less intersections between 
the struts in contrast with 3D-45° orientation scaffold. 
They also recorded that the 3D-90° creates higher cell 
proliferation with increasing 4% while 3.5% for 3D-45°, 
and gradually improves up to 8.6% and 4.7% respectively, 
after the 72 h of immersion that promises the potential 
in biomedical applications for bone treatment. Based on 
Deng et al. (2023), the acceptable degradation rate would 
demonstrate little impact on the akermanite samples 
despite the design of gradient scaffolds due to the full 
interconnectivity of the scaffold struts. Next, the potential 
in bone tissue applications by akermanite scaffold via 
selective laser sintering at the 150 min/min of scanning 
speed also has produced the optimum compressive strength 
of 5.92 ± 0.41 MPa with accelerated proliferation rate upon 
the scaffold with the increasing period (Han et al. 2014).

Next, an approach to produce excellent mechanical 
strength of the biomaterial combined with outstanding 
bioactivity performances is one of the challenges in 

akermanite bioceramic scaffold. This is because favorable 
bioactivity normally comes from high porosity scaffolds 
which may lessen the mechanical properties. Therefore, a 
reaction between polymer-derived from anhydrous sodium 
borate was modified into the formulation of akermanite 
scaffold inks resulting in high purity of akermanite phase 
with minor traces of wollastonite. Besides, addition 
of borax has created zero crack akermanite scaffolds 
with dense struts with compressive strength around  
7.3 ± 1.1 MPa which approximately twice higher than pure 
akermanite scaffolds that are still suitable for bone tissue 
engineering (Dasan et al. 2019). Contradiction to another 
study, akermanite with 5% borax has shown the optimum 
compressive strength at 5.1 ± 0.4 MPa with numbers of 
porosity, meanwhile, the akermanite with zero borax and 
15% borax does not present much difference between 
each other in term of its porosity and mechanical strength 
(Bernardo et al. 2014). However, they have stated that the 
borax addition in akermanite may not affect the bioactivity 
performances because the presence of B2O3 and Na2O 
existed in amorphous phase and could not degrade the 
biocompatibility of the akermanite scaffold. Moreover, 
Youness, Zawrah and Taha (2024) has summarized that the 
increasing NaCl contents (15-50 vol. %) in akermanite has 
demonstrated poor performances of the scaffolds whereas 
the least amount of NaCl (15 vol %) is the most sufficient 
concentration needed as it reached the most dense structure 
and leads to highest compressive strength of 138 MPa, 
microhardness at 3.75 GPa and Young’s Modulus at 63 
GPa. Despite that, the HA layer still can be observed in 
the entire prepared akermanite scaffold from 15 vol. % to 
50 vol. % NaCl which has the potential to mimic native 
human bone structures and encourages the akermanite as 
promising candidates for bone scaffold implementation. 
 
Akermanite Application as Bone Implant
Bone treatments that involve bone implant applications 
usually would be considered for the older patients with 
critical defects at high load-bearing bone areas which 
require immediate strength of the bones for the purpose 
of providing the bone functionality and get back to daily 
routines comfortably. Since bone implants are essential in 
orthopedic and dental practices, various kinds of materials 
have been implemented in these procedures regarding 
the unique properties of the materials and compliance for 
specific applications. Metals such as titanium alloys and 
stainless steels are one of the materials that are widely used 
for permanent bone implants due to its impressive strength, 
wear and corrosion resistance, yet have few challenges in 
metal allergies and are heavy in overall implant weight 
compared to other materials. On the other hand, polymers 
like Polylactic Acid (PLA) are synthetic materials that 
are lightweight and have great biodegradability behavior 
suitable for bone implants. However, polymers-based 
implants are usually not ideal and inappropriate for 
high load applications due to low mechanical strength 
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and degradation complications that affect surrounding 
tissues. Meanwhile, bioactive and biodegradable ceramics 
such as HA and TCP are commonly used due to its 
biocompatibility and osteoconductivity behavior that 
accelerates bone regeneration that is almost similar to the 
human bone matrix. It is often used as temporary scaffolds 
in bone grafting as it will degrade over time catching up 
with the bone tissue growth and accelerate the healing 
process as shown in Figure 12. Despites typical drawbacks 
of bioceramic which are brittleness properties, bioactive 
ceramics especially derived by akermanite have received 
rising interests for the bone implants applications.

The production of akermanite has been recognized by 
its positive reactions in biological performances through 
multiple reports regarding its toxicity, biocompatibility 
and immunization responses respected to be implied as 
bone implant. Based on a study by Ma et al. (2019), they 
have confirmed the biosafety of akermanite bioceramic as 
bone implants according to in vivo ISO standard methods 
where akermanite extracts were injected into rats. They 
reported that the akermanite extracts demonstrated no 
toxicity activity towards the cell tissues of the host where 
appropriate osteogenic bioactivities were observed with 
insignificant reactions on the main blood cells functions and 
zero disruptions on the entire important organs of the host. 
Ionic microenvironment by the akermanite bioceramics 
through Ca, Mg, and Si ions release is able to accelerate 
the bone regeneration and reduces the immune responses 
(Díaz-Pérez et al. 2021). Furthermore, another biological 
investigation on bone defects of the rats models was 
carried on by using a Mg-containing akermanite, hardyston 
(Har), and beta-tricalcium phosphate (b-TCP) (Liu et al. 
2016). They concluded that the akermanite bioceramic 
has superior performances in new bone formation with 
increased osteoblastic activity and greater degradation 
proportion compared to Har and b-TCP. 

Attributed to the challenges of akermanite production 
with excellent mechanical alongside with great bioactivity 
performances, addition of other substances into the 
akermanite based may be a percipient alternative for bone 
implant materials. A designed 3D porous bioceramic by 
9% Mg rich contents in akermanite not only enhance the 
sintering property, but also has improved the mechanical 
strength properties where the compressive and flexural 
strength reach up to 16.40 ± 0.63 MPa and 14.71 ± 1.52 
MPa, respectively (Yue et al. 2024). The Mg contents in 
the akermanite also accelerate the bone formation faster 
than the pure akermanite, besides, has low biodegradable 
rate where the materials can still be identified from the 
surrounding tissue even after 120 days. Moreover, a study 
has fabricated iron manganese alloys (Fe35Mn) associated 
with addition of akermanite via a powder metallurgy 
technique concerning orthopedic implant applications 
(Zhang et al. 2023). Due to slow degradation rate, poor 
mechanical strength and bioactivity performances, the 
influence of akermanite at different contents within 0-50 

volume % in the Fe35Mn were investigated. The results 
showed the increasing contents of akermanite in Fe35Mn 
have improved the in vitro biocompatibility followed 
by human osteoblast by the formation of a rich layer of 
phosphate on the samples. The increasing contents of 
akermanite also able to enhance the value of relative 
density (~ 94-97%), compressive yield strength (~403 
MPa), elastic modulus (~18 GPa) and microhardness (~228 
HV) compared to the pure Fe35Mn. However, the ductility 
of the samples was decreased at higher concentration of 
akermanite addition which is 30% and 50%. This statement 
has a contradiction with another study where the addition 
of akermanite at 20% and 30% has reduced the yield 
strength and elastic modulus of the biomaterial (Putra et 
al. 2023). They have assumed it was due to the impacts 
of embrittlement by the bioceramic phase on the metal 
matrix. However, the results on the mechanical strength 
of the Fe35Mn/akermanite still meet the requirements 
of the human bone strength. Therefore, these findings 
have concluded the potential of akermanite on Fe35Mn 
as biodegradable material in bone implant applications.  

Akermanite Application as Coating Material
Theoretically, the coating material that is used in the 
application of bone implant is for the purpose of optimizing 
the performance neither in terms of mechanical strength, 
magnetism, biodegradation or biocompatibility. In this 
study, it has been mentioned repetitively according to the 
utilization of bioceramic material in biomedical devices 
due to its unique properties. However, in some orthopedic 
practices, metallic and polymer are used as the materials 
of the implants. These materials could cause complications 
due to corrosion and wear rate, degradation issues as 
well as infection and immune responses due to the ionic 
environment where the elements release from the implants. 
Thus, the coating materials by bioceramics are applied 
associated with the implants to avoid excessive bonding 
forces during high load that may lead to great deformations 
and possibly to cause cracks or defects on the surface 
matrix and at the same time improve the biodegradability 
and bioactivity performances for the bone regeneration as 
demonstrated in Figure 13.

Based on a study by Dong et al. (2021) they have 
investigated the influences of akermanite percentages 
in the polymeric solution as the coating material on the 
properties of the scaffold via freeze-drying method. The 
addition of akermanite within 0-30% by this method aids to 
improve the mechanical strength and biological properties 
equivalent with the host tissue without any complication or 
harm on the living tissue. Besides, they also reported that 
the freeze-drying technique is able to boost threefold of the 
compressive strength for the magnetic scaffold. Ideally, the 
increasing of akermanite in the coating solution may cause 
the increasing in the porosity to relatively increase the 
compressive strength, cross linking and failure prevention 
of the coated scaffold. The results of 10 wt. % akermanite on 
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layer of apatite formed due to the bioactivity reaction between the sample and the SBF. The 

immersion after 28 days has reduced the intensity amount of silica and a complete 

elimination of magnesium from the samples as shown in Figure 10 due the apatite formation 

that has covered the surface of the samples entirely (Harrati et al. 2022).

FIGURE 9. SEM analysis of akermanite, (a), (b) and (c) after soaked for 14, 21 and 28 days 
into SBF, respectively (Harrati et al. 2022)

FIGURE 10. EDS analysis of akermanite, (a) before, (b) and (c) after soaked for 21 days and 
28 days, respectively (Harrati et al. 2022)

APPLICATION OF AKERMANITE IN MEDICAL DEVICES

The production of akermanite has been gradually developed in the biomedical field due to its 

bioactivity properties. The favorable characteristics of akermanite in terms of mechanical 

(a) (b) (c)

FIGURE 10. EDS analysis of akermanite, (a) before, (b) and (c) after 
soaked for 21 days and 28 days, respectively (Harrati et al. 2022)

FIGURE 11. Schematic diagram of bioceramic derived for bone 
scaffold applications

FIGURE 12. Flow diagrams for biodegradability of bioceramic  
implant into new bone tissue regenerations
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FIGURE 13. Detail diagram of bioceramic coating layer between the 
implant and bone tissue at heavy-load bearing applications

the scaffold is a sufficient amount of coating as its highest 
stress resistance up to 32 MPa with 46% porosity devoted 
as the preferable for adequate cell attachment. Next, 
research by Bakhsheshi-Rad et al. (2019) has studied the 
effect of akermanite coating associated with Poly-L-lactic 
acid (PLLA) and doxycycline (DOXY) on the magnesium 
alloy to enhance its biocompatibility, antibacterial activity 
and corrosion resistance. The slow degradation rate over a 
certain period improved the corrosion rate and elongated 
the duration of immersion of the Mg alloy with akermanite-
polymer based coating. It has been recorded that the highest 
value of compressive strength was obtained after immersed 
in SBF solution for 7 days on the sample of Mg alloy with 
PLLA-AKT coated reaching 237 MPa compared to pure Mg 
alloy, PLLA coated and PLLA-AKT-DOXY coated devoted 
to an excellent mechanical strength exceeding the range 
of 100-230 MPa of human cortical bones. Meanwhile, the 
antibacterial activity and biocompatibility of the Mg alloy 
also has been improved due to the integration of DOXY 
that obstructs the intrusion of bacteria activity including S. 
aureus and E. coli.

Furthermore, besides the mechanical stability, the 
akermanite coating on the magnesium alloy, AZ91 is 
also capable of enhancing the corrosion resistance and 
cytocompatibility of the host tissue scaffold (Razavi et 
al. 2014a, 2014b). The magnesium is commonly known 
with low corrosion resistance that possibly caused the 
detaching of its particles from the bulk implant as well as 
fast degradation due to the reactions with the hydroxide 
ions and hydrogen gasses. Thus, the applied additive of 
akermanite coating on AZ91 has decelerated the corrosion 
rate after 4 weeks of immersion where the corrosion rate 
of AZ91 aided with akermanite coating slightly decreases 
0.019 mg/cm2/h. Subsequently, it has improved the 
mechanical strength up to 45 MPa higher than uncoated 
AZ91 and cancellous bone which is within 2-12 MPa. 
Meanwhile, the findings on the cytocompatibility analysis 
by SEM imaging has certainly demonstrated the cell 
spreading in the akermanite coating samples reserved 
as the significant surface of cell growth compared to 
the uncoated AZ91. These appropriate results of AZ91 

magnesium alloy assisted with nanostructured akermanite 
coating have promising the potentials of akermanite as the 
coating materials in bone implant applications. 

CONCLUSION

Akermanite is one of the bioceramic materials that currently 
gained many attention among the researchers and deserved 
for a significant acknowledgement due to its outstanding 
performances that may be equal or exceed standard of 
other prominent bioceramic such as HA and b-TCP. Hence, 
this review discusses the production of akermanite that 
aims for alternative material for biomedical devices in the 
biomedical field specifically for bone tissue engineering 
applications. The further study on the properties and 
behaviours of akermanite such as mechanical strength 
and bioactivity performances were seen influenced by the 
processing method and applied parameters. According 
to multiple literatures by the previous studies, it can be 
concluded that the akermanite formation could be acquired 
by involving high sintering temperature at the range of 
900-1350 °C. Consequently, the proper consideration in 
the ceramic production should be taken seriously for the 
purpose of producing great mineralogical properties on 
akermanite samples followed with providing adequate 
mechanical strength values within the range of human bone 
and positive biological performances with surrounding 
tissues. Comprehension on the mechanical strength of the 
akermanite should be clearly understood as it has a strong 
correlation with the physical properties incorporating the 
size particle, porosity and density of the samples since it 
impacts the mechanical bonding of the samples during 
the akermanite production. Meanwhile, the utilisation of 
akermanite also has demonstrated appropriate biological 
reactions by the formation of hydroxyapatite layer on 
the surface of the samples indicating the acceptance and 
compatibility between the implant material and the host 
tissue as well as given the opportunity of akermanite to 
be engaged in the biomedical device applications. This is 
because the rich contents of Ca, Mg, and Si substances in 
the akermanite samples has the crucial roles individually 
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in the contribution of bone treatment and provide fast 
healing process as the proliferation rate and osteogenesis 
increases. Overall, the appropriate synthesis and processing 
methods, precursors and temperature parameters can 
achieve stable akermanite that has feasible potentials to 
be a promising and valuable bioceramic material for the 
biomedical devices applications. The favourable and 
controllable characteristics of akermanite bioceramic can 
be acquired through various methods of synthesis and 
various processing parameters applied in order to generate 
the desired properties suitable and can be beneficial in the 
bone tissue engineering practices. 
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