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In spinal implantology there are two types of im-

which speed and quality of osseointegration is cru-

cial for final treatment outcome. The most commonly 

used biomaterials are titanium alloys and polietero-

and 3D spatial structure resulting from the finishing, 

surface layers or production methods. It has been 

shown that osseointegration depends largely on 

suitable configuration of 2D and 3D, topography, po-

rosity and surface energy. The impact of biomaterial 

 

incremental EBT-Electron Beam Technology  

In compliance with corresponding process conditions 

of implant production, models/samples were prepared 

and subjected to in vitro biological tests and in vivo 

animal tests. Collected animal specimens with im-

plants models were tested for osseointegration with 

the use of CTt tomography. The results confirmed the 

biocompatibility of tested biomaterials, and thus safety 

 

The use of EBT technology for implant production 

-

-

tures with a large surface area which accelerate the 

bone over-/in-growth through the implant. Previous 

reports indicate improved clinical effectiveness of 

surgical treatment involving the accelerated bone 

 

Ti-3D-Truss interbody implants.
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Electron Beam Tech-

nology
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fusion

 

-

 

-

PEEK Optima.

In the spinal implantology two types of implants: “non-

is the surgical release of pain mainly caused by degenerative 

bone changes and maintenance a biomechanically stable 

distance between bone elements. Postoperatively, the 

ultimate effect of the treatment depends on the speed and 

quality of bone-implant osseointegration and taking over the 

of adjacent vertebral bodies through the building of bio-

In the spinal implantology the most commonly used bio-

materials are still PEEK polymers and titanium alloys with 

their advantages and limitations [1,4]. The expansion of bio-

materials engineering is mainly directed to provide improved 

bone response on the biomaterial and processes of biome-

chanical support with osseointegration. It has been proven 

that the structure with a high porosity has better ability to 

stimulate the growth, differentiation of the osteoblasts [4,5].  

oxidation, ion implantation or the use of hydroxyapatite 

coatings [6-8]. A major achievement was the introduction 

of additive technology, enabling the creation of scaffold and 

porous structures [9-13].

an acceptable risk level. Research is still ongoing to develop 

technologies for polymeric biomaterials, possible for use in 

the Class IIb implant manufacturing according to European 

Community Council Directive 2007/47/EC. Incremental 

technologies primarily use selective laser sintering SLS 

( ) or selective laser melting SLM 

( ) of metal powders. For titanium 

alloys a Ti alloys powder with electron beam melting EBT 

(Electron Beam Technology

time truss implant were introduced to production by LfC 

company in 2011 [14]. It is estimated that in 2015 about 50% 

of medical products of the entire range of company’s spinal 

implants has been made with EBT technology.

EBT technology extends the capabilities of designing and 

of complex shapes and unique features (FIG. 1):

topography, roughness and reduced surface energy form-

ing favorable substrate for contact with the bone cells is 

obtained;

The aim of the study is to assess the impact of type of 

spinal implant biomaterial (metal, polymer) and its 2D and 

on osseointegration with bone and tissue biocompatibility 

Ti6Al4V ELI alloy implant models. The results were related 

to the well-known models from PEEK Optima polymer 

biomaterial.
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The subject of the study were biomaterials most often 

used in spinal implantology: PEEK Optima polymer and 

Ti6Al4V ELI (Extra Low Interstitial) alloy. Samples/models 

for studies were made with the use of subtractive manufac-

turing (marked PEEK, Ti) and for titanium alloy with EBT 

technology, selective sintering of powders with electron 

beam (marked Ti-3D-Truss/Ti-3D-T). Applied production 

conditions were the same as for the production of implant-

able medical devices, spinal implants. Susceptibility for bone 

osseointegration on the basis of cytotoxicity and genotoxicity 

in vitro studies and in vivo studies on animals was evaluated.

Biological studies with the use of Saos-2 human os-

teosarcoma cell cultures were performed. Sterile samples 

were incubated for 48 h in a suspension of cells in growth 

medium at 37°C. The negative control consisted of cells 

cultured without biomaterials. For the assessment of the 

cytotoxicity the positive control were cells cultured in me-

dium containing 1% Triton X-100, but when assessing the 

genotoxicity cells incubated with mitomycin C. Cytotoxicity 

was evaluated on the basis of percent of cells viability.  

To evaluate the genotoxicity micro nucleus test was used 

the number of micronuclei per 100 binucleated cells. The 

The studies were performed on the goats. Due to lack 

of proper bone space in animal spine, the research was 

carried out with the use of Ti-3D-T truss structure models 

of CarRLIF implants adjusted to goat anatomy. Conformity 

to the real implant was maintained in terms of i.a.:

parameters of internal truss structure;

thickness of the implant exposed to bone overgrowth;

type of anchoring in the bone – fragments of thread 

cutting into the bone corresponding to the geometry of 

guiding skids.

the Ethics Committee and in accordance with applicable 

standards, including standards for cleanliness and sterility. 

The post mortem evaluation was performed after 4 and 6 

months after implantation of implant models – after follow-up. 

Post mortem bone overgrowth – osseointegration was 

evaluated on the base of computed tomography CTt testing 

(dual-lamp tomograph GE: 240 kV, 320 W; 180 kV, 15 W, 

16-bit detector of 1024x1024 resolution).

®

®

a) b) c)
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skopowych post mortem.

The results of the cytotoxicity for four replicates of the 

experiment for both types of Ti6Al4V ELI samples showed 

of population of viable cells on the test biomaterials com-

pared to the control sample by at least 10% is reported. 

For samples made by traditional technology (Ti), the  

average lifespan was 112.4 ±2.6%, for samples made with 

incremental technology (Ti-3D-T) was 109.6 ±1.0% while 

for the polymer samples was the lowest and amounted to 

105.0 ±1.6%. Genotoxicity of Ti6Al4V ELI titanium alloy 

-

cronuclei stood at 8.2 ±1.5 for Ti, 9.5 ±1.1 for the Ti-3D-T  

and 9.1 ±0.8 for PEEK - FIG. 2b. In each case, geno- 

toxicity was preferably lower than for the parallel control 

sample.

CTt analysis showed good osseointegration for Ti-3D-T 

of ingrowth, and then bone overgrowth in a relatively short 

period of observations after 4 and 6 months (M). After 4 and 

-

tice structure of Ti-3D-T model was observed on CTt scans 

and also overgrowth of the bone around the implant surface, 

which was not in direct contact with bone after implantation 

(FIG. 3). The bone was visible on CTt in different sections of 

PEEK Optima, which isolated from surrounding living tissues 

by producing interlayer on the biomaterial-tissue surface 

(FIG. 5). In contrary to titanium alloy sample, the seating of 

polymer sample in the bone was loose. Tissue adhesion to 

Ti6Al4V ELI and PEEK Optima materials used in in vitro 

and in vivo studies showed good biocompatibility. Titanium 

for osseointegration. It was showed by, among others: the 

largest number of living cells in biological studies, ingrowth 

and overgrowth through implant models observed in CTt and 

stable establishing of samples in the bone tissue, shown 

during macroscopic post mortem tests.

a) b)
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kostnej. 

Selection of implant biomaterial is still a compromise be-

tween the different mechanical, technological and functional 

of implants depends on, among others, individual character-

istics of the patient, e.g. allergy to the biomaterial, the type 

of disease, its location and extent, and above all medical 

strength and the possibility of intraoperative matching to the 

anatomy, as well as a large spectrum of functional surface 

-

strength properties causing the deformation with cracking 

of the device.

An important advantage is the possibility of manufactur-

and implant designs with complex spatial structure, including 

obtain preferably:

reduced share of biomaterial in implant;

with their proliferation;

expansion of the implant surface for bone ingrowth/

overgrowth;

scaffold for bone tissue intake.

Stop Ti
Ti Alloy

PEEK

 / Strength characteristics

1.
High durability

+ -

2.
- +

3.
Density/weight

- +

 / Producibility

4.
Machining

- +

5.
+ -

6.
Material price

+ -

7.
Possibility to build 3D truss structures

+ - (?)

 / Surgical-therapeutic features

8.
Integration with the bone

+ -

9.
Intraoperative modeling

+ -

10.
Radiolucency

- +

11.
Resistance to long term physiological loading

+ (?) + (?)

12.
fusion non-fusion
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by the body. They have elasticity similar to cortical bone 

and they are radiolucent. The main disadvantage of these 

materials is a low strength and homogeneity and adhesion 

problems of coatings intended to assist osseointegration. 

This indicates the need for a multifaceted examination  

of biomaterials for bone surgery implants and consideration 

and chemical phenomena accompanying their presence in  

a living organism.

Results of conducted studies indicate that through mate-

on the osseointegration process of the implant with bone, 

to accelerate the treatment of spinal dysfunction by obtain-

even prevent the connection of the implant with the bone 

PEEK Optima polymer has a good biocompatibility in 

tissues, elasticity similar to the bone, radiolucency and it is 

Implantable titanium alloys compared to PEEK polymer 

-

possibility of appliance of incremental printing technologies.

Incremental technologies, including EBM (Electron Beam 

-

tial/truss Ti-3D-Truss structures with a large surface expan-

sion, proper biomechanical load-bearing and reduced mass.

construction accelerates ingrowth through the implant and 

the implant overgrowth with bone, reducing the time of bone 

Full bone overgrowth outside and inside the implant 

 

Ti-3D-Truss structure and to transfer the loads from implant 

to living tissues.

Previous clinical practice suggests an improving of treat-

intervertebral Ti-3D-Truss implants enhancing the bone 

growth .

-

gional Development Fund within the Programme Innovative 

were used.
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