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An optimal condition for implant osseointegration is its mechanical stability. However, the process of osseointegration depends on 
numerous other conditions: mechanical stimulation, implant specific geometry, chemical composition of the surface and its architectonics, 
topology, and the way of surface relief formation.

The aim of the investigation was to assess the capabilities of osseointegration of implants from stainless steel, fabricated by means 
of additive manufacturing technologies, for rabbit tibia replacement. 

Materials and Methods. The experiment has been carried out on 6 chinchilla rabbits aged 6–8 months. Amputation of the shin was 
performed to all animals under general anesthesia, and implants, made with the help of additive manufacturing technologies, were screwed 
in. The stumps, abutments and implants were fixed during 6 weeks by Ilizarov apparatus. Investigations were performed using clinical, 
radiographic and histological methods.

Results. The findings obtained testify to the ability of the applied screw construction to osseointegration into the tubular bone structure. 
Neogenesis of bone tissue on the implant surface after 12 weeks provides formation of a bone-implant block ensuring stable implant 
position in the tubular bone and capability of enduring mechanical load.
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Intrabone screw implants are being actively used 
in dentistry and orthopaedics. An optimal condition for 
osseointegration is a mechanical stability of an implant in 
the bone [1, 2]. However, this process depends on many 
factors influencing the interaction of implant with the 
bone and paraossal tissues. In particular, such disease 
as osteoporosis or insufficient dietary intake of protein 
can negatively affect the quality of the compact bone 
tissue and impair the process of implant osseointegration 
as well [3]. And conversely, systemic treatment of 
osteoporosis can improve osseointegration influencing 
positively the architectonics and composition of the bone 
tissue being formed around implants contributing to a 
greater mechanical strength of the forming bone–implant 
block [4–6].

Mechanical loading on the bone in vivo influences 
positively the bone mass, promotes the increase of its 
density and strength, which is confirmed by the data 

of studying microarchitectures of the lamellar and 
trabecular bone [4, 5, 7].

Of great importance for osseointegration are factors 
of mechanical action exerted by the implant itself (or 
additional), its specific geometry, chemical composition 
the surface coating, relief, topology and so on [5]. The 
way of forming surface relief plays an important role 
as well. The preferential methods commonly used at 
present are sandblasting and etching the surface texture, 
as this kind of treatment ensures a more close contact 
with the implant compared to other techniques [8, 9]. 
The effect of implant insertion on the osseointegration 
quality is being yet discussed.

There are single publications on the necessity of 
developing channels in the implant to introduce drugs 
possessing both antibacterial and osseointegrating 
properties [10]. This technology was used by us for the 
first time in the implants for osseointegration. It should 
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be noted that fabrication of such channels especially 
with small-size implants is impossible without additive 
technologies.

The aim of the investigation was to assess the 
capabilities of osseointegration of implants from stainless 
steel, fabricated by means of additive manufacturing 
technologies, for rabbit tibia replacement.

Materials and Methods. Tubular bone stump 
implant, fabricated by additive manufacturing technology 
from the EOS PH1 stainless steel powder (GLW 
Technology, Canada) using EOSINT 280 system (EOS 
GmbH, Germany),  was developed by us (RF Patent 
No.152558). Chemically the material was composed of 
the following elements: Fe (in norm), Cr (18%), Ni (4%), 
Cu (4%), Mn (1%), Si (0.75%), Mo (0.5%), Nb (0.16%), 
C (0.07%) (Figure 1).

Mechanical properties were determined as per ISO 
6892:1998 (E). The items for test investigations were 
5 mm in diameter, 25 mm long and were manufactured 
with a layer thickness of 20 μm. Ultimate tensile 
strength in the vertical direction after fabrication and 
thermal treatment was 1,450±100 MPa. Thermal 
treatment was performed at 482°C with 4 h holding. 
Tensile strain at break amounted to 12±2%. Rockwell 
hardness test was conducted in conformity with DIN EN 
ISO 6508-1. Specimen hardness was equal to 41 HRC. 
Thermal conductivity of the specimens after fabrication 
and thermal treatment was: in horizontal plane 
15.7±0.8 W/(m·°C), in vertical plane 15.8±0.8 W/(m·°C). 
Specific thermal capacity was equal to 470±20 J/(kg·°C). 
There was a channel inside the implant with lateral holes 
for drug introduction (Figure 2 (a)).

Experimental investigations have been carried 
out on 6 Soviet Chinchilla rabbits aged 6–8 months 
and weighing 3.12±0.35 kg. All animals underwent 
shin amputation at the border of the upper third under 

general anesthesia. Soft tissues were closed in layers 
by catgut sutures. Then, a bone marrow canal was 
enlarged to 4.5 mm by drilling, 5 mm-implant was 
screwed in the tibia stump, and an abutment attached 
(Figure 2 (b)). The segment was further fixed by Ilizarov 
apparatus consisting of two supporting elements. 
For this purpose, the wires were crossed through the 
proximal metaepiphysis of the tibia and distal part of 
the abutment, distal wires had bulb tips (Figure 2 (c)). 
Ilizarov apparatus was demounted 6 weeks later.

Animals have been clinically observed throughout the 
experiment: their general condition, the limb function, 
soft tissue condition in the wire region were monitored. 
Control radiography was performed using portable 
TOSHIBA Rotanode E7239 X-ray apparatus (Toshiba, 
Japan) prior to the operation and at 1, 21, 42, 84 days 
following the operation.

The work was performed in accordance with ethical 
principles established by European Convention for 
the Protection of Vertebrata used for Experimental 
and other Scientific Purposes (the Convention was 
passed in Strasburg, March 18, 1986, adopted in 
Strasburg, June 15, 2006) and approved by Ethics 
Committee of the Russian Ilizarov Scientific Center for 
Restorative Traumatology and Orthopaedics. Animals 
were euthanized 12 weeks after the operation by way of 
barbiturate overdose.

Fixation of the tibia with the integrated implant was 
implemented in paraform-glutaraldehyde fixator (2% 
paraform, 2% glutaraldehyde in phosphate buffer, 
pH 7.4) at 4°C. Seven days later, the bone was sawn in 
the longitudinal direction so that the integrated implant 
with the exposed surface on the bone section remained 
in one fragment. Bone sections with the implant were 
dehydrated in ethanol at increasing concentrations (from 
70 to 100%), embedded in camphene, and dried in the 
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Figure 1. A sum element spectrum, obtained by an X-ray electron probe microanalysis of the 
implanted specimen

Full scale: 29,172 impulses



80     СТМ ∫ 2017 — vol. 9, No.1 

 Biomedical investigations 

air. The obtained preparations were mounted on the 
electroconductive substrate and coated with platinum 
and palladium ions in IB-6 ionic vacuum evaporator 
(Eiko, Japan). The preparations were examined under 
the JSM-840 scanning electron microscope (Jeol, 
Japan), obtaining the image in the mode of secondary 
electrons. Concentration of calcium and phosphorus 
in the tissue substrate adhered to the surface of the 
implant metal constructions was determined using INCA 
Energy 200 X-ray electron probe microanalyzer (Oxford 
Instruments, UK), mounted on the JSM-840 scanning 
electron microscope. The results of the investigations 
were obtained in the form of elemental maps (Start 
Map) and data of quantitative element analysis in weight 
percent.

Tibia sawn sections without implant were decalcified 
in Richman–Gelfand–Hill mixture, dehydrated in spirits 
with increasing concentration and embedded in paraffin. 
Longitudinal histological sections were stained with 
hematoxylin and eosin. Histotopographic sections 
7–8 μm thick were obtained using a sliding microtome 
(Reichard, Germany), and stained with hematoxylin and 
eosin.

Light optical microscopic examination of the 
histological tibia preparations was performed using 
AxioScope A1 stereomicroscope and AxioCam IC 5 
digital camera complete with Zen blue software (Carl 
Zeiss MicroImaging GmbH, Germany).

Results. The clinical condition of rabbits was 
satisfactory throughout the experiment. In the first 
three days edema in the stump area was revealed in 
all animals. In three rabbits suppurative inflammation of 
the soft tissues around the implant was observed during 
10–14 days. It was arrested by antibiotic therapy during 
7–10 days (Cefazolin 0.05 g/kg). Weight-bearing function 

of the limb restored, as a rule on days 4–5 after the 
operation and remained throughout the experiment. The 
given technology enabled for the first time restoration of 
the amputated limb function in the early postoperative 
period.

On the radiograms, formation of the channel around 
the implant and bone tissue resorption were found 
in three rabbits by week 6, and by week 12 a marked 
osteoporosis of the cortical plate was observed. In one 
case the tibia fractured at the level of its upper third.

The signs of osseointegration at the implant-bone 
tissue junction were found in three other rabbits 12 
weeks later. It manifested itself in retaining the density 
and thickness of the cortical plate. There were no signs 
of bone resorption around the implant. In the projection 
of the bone marrow canal in the regions between the 
implant and cortical plate shadows of increased radio-
opacity were visualized being the evidence of endosteal 
osteogenesis (Figure 2 (d)).

Histological examinations in these rabbits showed 
that 12 weeks after implantation of the metal 
construction into the tibia bone marrow canal there 
was no evidence of osteoporosis in the compact plate 
(Figure 3 (c)). The compact plate bone tissue tightly 
adhered to the implant in the tibia distal part and had a 
typical structure over the whole length (Figure 3 (a), (c)). 
In other regions between the implant and cortical plate 
there was a gap, reproducing the cone-shape form of 
the implanted construction, in which there was noted 
formation of trabecular bone of mesobrochate structure 
connecting the inner surface of the compact plate and 
the surface of the implant embedded into the bone 
(Figure 3 (f)). Intertrabecular intervals were mainly filled 
with red bone marrow.

Homogeneously distributed tissue substrate was 
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Figure 2. Implantation of the tubular bone stump at various stages of the experiment: (a) general implant view; (b) plastic 
abutment; (c) radiographs of the limb after operative intervention; (d) radiographs of the rabbit shins 12 weeks after the 
operation
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Figure 3. Formation of the “bone–implant” block on week 12 of the experiment: (a) a sawn section of the rabbit tibia with the 
embedded implant; (b) implant surface with adhered tissue substrate; scanning electron microscopy (SEM), ×22; (c) compact 
plate; staining with hematoxylin and eosin, ×63; (d) electron image of the compact plate and implant contact; SEM, ×22; the 
map of Ca (red) and P (green) distribution in the “bone–implant” block; (e) trabecular bone in the gap between the bone and 
implant; staining with hematoxylin and eosin, ×400; (f) bone trabecula, hemopoietic bone marrow in the gap region between 
the compact plate and screw construction; SEM, ×150; (g), (h) adhesion of bone matrix to the implant surface: (g) SEM, ×350; 
(h) a map of X-ray electron probe microanalysis of Ca (red) and P (green) distribution over the implant surface (implantation 
material Fe — blue), ×350
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detected on threaded ribs and in the zones of the implant 
threaded grooves (Figure 3 (a), (b)).

X-ray electron probe microanalysis of the tissue 
substrate adhered to the implant surface showed 
presence of Ca and P in it (Figure 3 (d), (e), (g), (h)), 
that spoke of forming a neogenic bone tissue in the 
examined specimen.

Quantitative investigations found that Ca content 
in the neogenic bone tissue on the implant surface 
amounted to 7–9% at the ratio of Ca/P from 0.3 to 1, 
which corresponded to reticulofibrous bone tissue by the 
degree of mineralization.

This fact was supported by the scanning electron 
microscopy results. Bone trabeculae were revealed 
both in the grooves and on the ribs of the threaded 
intraosseous construction, intimately connected by a 
fibrous component with the implant surface (See Figure 3 
(e)). Osteogenic cells and cells of the hemopoietic bone 
marrow were present in the tissue substrate, which also 
confirmed the availability of neogenic bone tissue on the 
surface of the metal construction.

Similar findings were typical for all areas of the 
implanted construction (Figure 4).

Discussion. Previously conducted investigations 
in vitro proved that one of the main components in 
implantation of screw constructions is to provide 
formation of the adequate “implant–bone” complex 
possessing a sufficient strength to endure mechanical 

loads [1]. Our study demonstrated that application of 
additive technologies makes it possible to assign the 
necessary implant parameters (surface structuring, 
individual forms and sizes, and so on) to obtain a robust 
“implant–bone” block. Besides, the main concept of 
the traditional technology of intraosseous prosthetics 
consists in two-stage operation: at the first stage an 
implant is installed into intramedullary canal and then, 
3–6 months later (when a robust “implant–bone” block 
is formed), an adapter for fixation of the prosthetic 
construction is attached to the implant through the skin 
incision. Treatment (including the period of rehabilitation) 
usually takes 6–18 months [2, 11]. Using our combined 
prosthetic technology with fixation of the implant by 
Ilizarov apparatus, the stability at the bone–implant 
junction and early load on the limb can be provided 
before osseointegration is completed.

Conclusion. The obtained preliminary results of 
using screw implants, fabricated by means of additive 
technologies from the stainless steel-based alloy 
showed the ability of their osseointegration. A neogenic 
bone tissue on the surface of the implanted construction 
is characterized by the mineral component content 
sufficient for a functional load already after 12 weeks of 
the experiment. It testifies to the perspectivity of applying 
additive technologies for creation of tubular bone 
implants from stainless steel.

Study Funding. The work was supported by the grant 
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Figure 4. Adhesion of neogenic reticulofibrous bone tissue to the surface of the implanted endosteal metal construction: (a)–
(c) surface areas of the implant in its lower, upper and middle third; SEM, ×22; (d)–(f) maps of Ca distribution on the implant 
surface in the lower, upper and middle thirds, respectively; X-ray electron probe microanalysis, ×22
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