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Abstract 

In the treatment of tibial plateau fracture, the successful incorporation of the grafted biomaterials requires 

the ability of materials to promote new bone formation and provide a scaffold for osteogenesis. Due to osteogenic, 

osteoinductive and osteoconductive properties, the autogenous bone is still frequently used in the treatment of tibial 

plateau fractures. Allografts materials present similar clinical and radiological results with autogenous bone, but its 

use is limited by infection risk, requirement of a bone bank and high costs. Calcium phosphate cements have been 

proved with excellent results on medium and long term in the bone augmentation for patients with tibial plateau 

fractures. Hydroxiapatite tricalcium phosphate ceramics are extensively used in the treatment of tibial plateau 

fractures due to bioactivity and the tissue/surface bonding bioabsorbable ability that allow them to support a 

progressive degradation associated with bone healing and regeneration. Also, they can be used as a vehicle for 

osteoinductive substances, to accelerate the rate of new bone formation. 
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Introduction. 

The biggest challenge of the 

orthopedic surgery is the finding of an ideal 

artificial bone material regarding safety, 

biocompatibility, excellent biodegrability, 

ideal porosity, good mechanical properties, 

osteogenesis, osteoinduction and 

osteoconduction [1].  

Most researches related to the use of 

bone grafts in orthopedic surgery are 

focused on the osseointegration processes, 

the property that describes the biological 

interaction between these materials 

(graft/implant) and the host in the post-

operatory healing process.  

In severe bone defects, the successful 

incorporation of the grafted biomaterials 

requires the ability and performance of 

material to promote new bone formation and 

provide a scaffold for osteogenesis [2].  

Bone grafting materials are those 

implants that promotes bone healing by one 

of the following actions: osteogenesis, 

osteoinduction and osteoconduction. 

Osteogenicity (promotion of new bone 

formation on and around the implant; due to 

osteoblasts) [3,4], osteoinduction (induction 

of local differentiation of mesenchymal cells 

from the soft parts in osteoblasts and 

osteocytes, promoting bone regeneration; 

due to matrix proteins BMP 2 and 7) [5-9], 
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and osteoconduction (allows the apposition 

of a new bone on its surface, acting mainly 

as a support for the bone tissue; due to 

mineral bone matrix) [10-13] are major 

properties of the bone grafting materials that 

increase the rate of success in orthopedic 

surgery.  

 

Results 

Due to osteogenetic, osteoinduction 

and osteoconductive properties, the 

autogenous bone grafts is still frequently 

used in the treatment of tibial plateau 

fractures, despite the challenges related to 

graft harvesting and graft availability [14]. 

The treatment of tibial plateau fractures 

using allografts is followed by similar 

results with autogenous bone, regarding the 

mean clinical scores and radiological scores 

[15]. However, the use of allograft materials 

in orthopedic surgery is limited by infection 

risk (viral or bacterial), requirement of a 

bone bank and high costs. 

The influence of the grafting 

material on the success rate of the treatment 

of tibial plateau fractures is demonstrated by 

a review that reported secondary collapse of 

the knee joint surface ≥ 2 mm in 8.6% in the 

biological substitutes (allograft, DBM, and 

xenograft), 5.4% in the hydroxyapatite, 

3.7% in the calcium phosphate cement, and 

11.1% in the calcium sulphate cases [16]. 

Also, open reduction and internal fixation 

augmented with calcium phosphate cement 

(CPC) in the treatment of depressed tibial 

plateau fractures, was followed after a 22-

months follow-up by union in 100% patients 

and complete resorption in 89% cases [17].  

Stable internal fixation of tibial plateau 

fractures associated with filling of residual 

voids by injectable ceramic biphasic bone 

substitute Cerament (Lund, Sweden) 

conducted to excellent results for 58% 

patients and good results for the remaining 

42% patients regarding the mean Rasmussen 

knee function [18]. Also, the surgical 

treatment of intraarticular tibial plateau 

fractures augmented with two calcium 

phosphate products, brushite matrix with β-

TCP granules or hydroxiapatite with 4-6% 

carbonate content (DePuy Synthes, 

Switzerland), reported a 91% success rate 

(loss of reduction <2mm) after mean 8,6 

years follow-up [19].   

Despite satisfactory results of 

calcium phosphate cements, hydroxyapatite 

or xenografts, new materials have been 

developed.  

Hydroxiapatite tricalcium phosphate 

ceramics (ceramic BCP) are second 

generation materials that have been 

introduced in orthopedic surgery as a 

response to the limits of the first-generation 

materials (metallic and ceramic bioinert 

materials). The second-generation materials 

are defined as bioactive materials' that can 

interact with the biological environment to 

enhance the biological response and the 

tissue/surface bonding [20]. Also, ceramic 

BCP have bioabsorbable ability that allow 

them to support a progressive degradation 

associated with bone healing and 

regeneration [20]. The bioresorbable activity 

of ceramic BCP is a great advantage, 

considering that biological degradation and 

replacement of ß-TCP is less pronounced in 

studies focused on ß-TCP application in 

patients with multi-fragment tibial plateau 
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fractures [21,22]. Biphasic calcium 

phosphate (BCP) bone substitutes (HA-β-

TCP in a variety of ratios) are considered the 

most promising alternative to autologous 

bone graft [23]. These materials are 

biocompatible and osteoconductive ceramics 

representing synthetic scaffolds which 

provide structural support for cells and 

newly formed tissue [24]. These scaffolds 

act as extracellular matrix for natural 

process of tissue regeneration [25].   

The clinical outcome, when calcium 

phosphate ceramics are used, depends on 

dynamics of colonization and resorption, 

which are affected by the chemical 

properties and physico-chemical 

characteristics of the grafting material [26]. 

The most important property of 

hydroxyapatite tricalcium phosphate 

ceramics used as bone substitutes is 

osteoconduction. Immediate postoperative 

X-ray show radiolucent zones between the 

implanted ceramic and receiving tissue. 

Over time, the radiolucent aspects disappear, 

and new bone is developed on the ceramics, 

due to osteoconductive properties [27]. Data 

regarding osteoinduction of BCP ceramics 

are controversial. However, studies 

performed on dogs reported that 

manipulation of HA/TCP ratio it can change 

the substitution rate and the bioactivity of 

these materials, improving osteoinduction 

ability [28,29]. An important property of 

these materials is the water solubility. β-

TCP is more resorbable as it is water 

soluble, while HA is less soluble in water 

and in the bone matrix, it will be less or hard 

to be resorbed. While hydroxyapatite is very 

insoluble with very low rate of in 

vivo degradation. ß-TCP is more soluble and 

can be significantly degraded in vivo. The 

rate of post-operatory degradation of HCP 

grafting materials is highly related to the 

ratio between HAP and ß-TCP. Regarding 

mechanical properties, limits of calcium 

phosphate ceramics are related to fragility 

and poor mechanical strength, (especially in 

bending or torsion). Ceramic BCP materials 

have a composition similar to the bone 

mineral matrix, allowing bone apposition on 

their surface. In the same time, the rate of 

degradation for scaffolds must be 

comparable with osseous apposition [30]. 

Pore diameter and the porosity ensure 

adequate space for cell migration and 

expansion [31].  For optimal new bone 

synthesis, the minimum pore size must be 

100 µm, while macropores with diameter 

more than 200 µm allows the development 

of mature osteon [32]. One of the main 

disadvantages of biphasic tricalcium 

phosphate ceramics is low fracture 

resistance which limits their use in cases 

with high stress, especially in bending or 

torsion [33]. Regarding the role of the 

porosity in the selection of the bone 

substitutes, it must be considered that the 

increase of porosity content or size strongly 

decreases the mechanical properties [34].  

Regarding the experience of 

Department of Orthopedics and 

Traumatology, U.M.F. “Grigore T.Popa” 

Iasi, in the treatment of tibial plateau 

fractures, osteosynthesis was performed 

with macroporous betatricalcium phosphate 

materials such us Ceraform® (Teknimed, 

France - a mixt\ure 65% HA, 35% β-TCP), 

Eurocer® (FH Orthopedics, France - a 
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mixture 55% HA, 45% β-TCP) and Atlantik 

(MedicalBiomat, France- a mixture 70% 

HA, 30% β-TCP). All these materials 

exhibited fast and good quality 

osseointegration [35]. Ceraform (Teknimed, 

France) is a ceramic bone substitute with 

chemical composition as follows: 65% 

Hydroxyapatite [CA10(PO4) 6 (OH)2 ] and 

35% betatricalcium phosphate [Ca3 (PO4 )2 

]. It is a bioactive material, due to chemical 

composition and porous structure, that 

allows to biological fluids enriched in Ca to 

fill the micropores. The grafting material 

favorizes calcification processes (the 

precipitation of apatite crystals) as well as 

osteoconduction and Haversian bone 

remodeling [36]. Eurocer (Orthopedics, 

France) is a HCP/TA biphasic material that 

is offered by producer in two versions. 

Eurocer400 is composed of 55% 

Hydroxyapatite [CA10(PO4) 6 (OH)2] and 

45% betatricalcium phosphate [Ca3 (PO4 

)2].  It is presented in form of 2-3 mm 

diameter granules. It has a porous structure 

and interconnected pores of diameter 

between 300μm and 500μm that ensures 

deep vascularization and fast 

osseointegration. Eurocer200 composed of 

65% Hydroxyapatite [CA10(PO4) 6 (OH)2] 

and 35% betatricalcium phosphate [Ca3 

(PO4 )2].  For tibial osteotomies it is 

presented in cut corners blocks with 35mm 

length, 15mm width and heights related to 

the angles of osteotomies (8
0-

 14
0
). It has a 

porous structure (60% total porosity) and 

interconnected pores of diameter between 

150μm and 300μm that ensures deep 

vascularization and fast osseointegration. 

The producer highlights the absence of 

specific, local or general side effects. The 

producer recommends the combination of 

material with bone fragments or autologous 

homogenates of medullary tissue to 

accelerate the osseointegration processes 

[37].  Atlantik® biphasic tricalcium 

phosphate substitute Atlantik® 

(MedicalBiomat, France) is composed of 

70% Hydroxyapatite [CA10(PO4) 6 (OH)2] 

and 30% betatricalcium phosphate [Ca3 

(PO4 )2]. This ceramic bone substitute is 

produced in various geometric blocks with 

70% total porosity as well as in granular 

form with 70% total porosity and granules 

diameters between 0.5 mm- 4 mm. The 

blocks can be used in bone areas submitted 

to high compression stress while the 

granular form can be used only in bone areas 

with low mechanical stress [38]. 

 

Literature data sustain the 

effectiveness of BCP ceramics in the 

treatment of bone defects [39,40]. Also, they 

can be used as a vehicle for osteoinductive 

substances, to accelerate the rate of new 

bone formation [41]. Complications are 

mostly related to complex articular tibial 

plateau fractures [42] as well as when tibial 

plateau fractures are associated with 

comminution and osteoporosis [16, 43]. 

Also, in complex cases of articular tibial 

plateau fractures diagnosed to elderly 

patients, primary total knee arthroplasty is 

recommended [44].  

 

Conclusions. 

BCP ceramics (a mixture of HA and 

β-TCP in a variety of ratios) are considered 

the most promising alternative to autologous 
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bone graft. BCP ceramics, combined with 

supportive plate osteosynthesis, is an 

effective synthetic bone substitute due to a 

fast healing and good quality 

osseointegration with no mechanical failures 

or inflammatory reactions. 
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