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Introduction
The biocompatibility of calcium phosphates is well known in 

the scientific community and it is related to the bone and teeth 
compositions that contain the same elements and similar crystalline 
and porous structures of these materials. The phosphates can be 
used as a replacing or filling material in cases that the bone was 
severely broken or demineralised by osteoporosis or bacterial 
activity and to repair bones after removal of tumours [1,2]. There 
are compositions and crystalline structures with different physical 
and chemical properties. In example, the most studied materials 
are anhydrous or di hydrated calcium phosphate, octa calcium 
phosphate, hydroxyapatite (HAp), fluoroapatite and alpha or beta 
tricalcium phosphate (TCP). Different materials show unique 
behaviour and in vivo or in vitro experiments are necessary to 
evaluate the biocompatibility, dissolution, osteo inductive and 
osteoconductive properties. In Biomedicine, the use of TCP as 
coatings on biodegradable metallic alloys for orthopaedic devices 
is an alternative to improve osseointegration and to avoid faster 
corrosion of the implants [3-5]. HAp is widely applied in clinical 
proceedings and, nowadays, TCP is being studied as a bone 
substitute, with superior activity. The aim of this work was to 
elucidate TCP synthesis, characterizations and applications.

Materials and Methods
Porous Tricalcium Phosphate

Kalkura et al. synthesized by hydrothermal route a new 
porous calcium phosphate composed of non-resorbable HAp  

 
with resorbable alpha and beta-TCP and evaluated the material 
in simulated body fluid (SBF) [6]. The blend of TCP with HAp was 
made because porous HAp promotes osteo conductivity, but the non 
resorbable characteristic can decrease the rate of integration of the 
new bone structure. However, the soluble phase of TCP can induce 
osteogenesis and accelerate bone formation by the release of ions 
that act as a seed for new bone formation [7,8]. The material was 
characterized by X-Ray Diffraction (XRD) to evaluate the formation 
of crystalline phases, Fourier Transform Infrared Spectroscopy 
(FTIR) and Raman Spectroscopy to identify the chemical bonds, 
Accelerated Surface Area and Porosimetry (ASAP) to determinate 
surface area and pore size, Scanning Electron Microscopy (SEM) 
to visualise the porous network and apatite layer formation after 
SBF treatment. The authors concluded that the sample showed 
enhanced biocompatibility and excellent bioactivity for biomedical 
applications [6].

Tricalcium Phosphate Scaffolds
Le et al. developed a new class of beta-TCP scaffolds with a 

grain size of 200 nm through a two-step chemical precipitation and 
porogen burnout techniques. They evaluated the degradation by in 
vitro tests and characterized the material by XRD, SEM, compressive 
strength and porosity by the Archimedes method. [9]

Porous materials with diameters between 50 and 150 µm 
can stimulate osteoid formation, and between 150 and 500 µm 
can lead to the formation of mineralized bone directly, with osteo 
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conduction. According to the results, the scaffolds showed porosity 
between 50 and 65%, with pores ranging from 100 to 300 µm, with 
improved compressive strength and showed great potential for 
application in bone reconstruction. [9-11

HAp and TCP: in vivo evaluation
Hardouin et al. evaluated HAp and beta-TCP by in vivo tests. 

They implanted the materials in the middle shaft of rabbit femurs for 
24 weeks and analyzed the biocompatibility and bioactivity. After 
14 days, the TCP showed more osteoblasts colonizing the contact 
surface than the HAp. After 28 days, osteoblasts went through the 
porous structure of TCP and after eight weeks, new bone growth 
towards the centre of the implant. In the HAp group, bone in growth 
remained only at the peripheral region[12]. After 12 and 24 weeks, 
it was observed good bone penetration in the whole implant, with 
TCP biodegradation. The results showed that TCP increased the 
calcification rate and the bone ingrowth, compared to HAp [12]. 

Discussion
This work showed different synthesis, characterizations and 

applications of TCP as a bone substitute. It was observed that 
the crystalline phase, synthesis method, porosity, grain size and 
biodegradability of TCP can improve the biocompatibility and 
osseointegration of biomaterials. In this review, TCP showed 
superior characteristics than HAp. In conclusion, TCP is a 
promising material and further researches are needed to enhance 
the production and use as a bone substitute.
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