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Introduction. Research and devel-
opment of artificial bone tissue substitutions 
[15] are very important for development of 
medicine as a whole and particularly for Im-
plantology. Low corrosion- and wear re-
sistance of metal implants in corrosive liquid 
environment of human body promotes ingress
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of ions into body that leads of allergy and 
toxic reactions [3,13]. Thus, the materials 
applied for production of implants shall be 
non-toxic or must have reliable protective 
cover on their surface, able to prevent the 
ingress of ions of metals into the tissues of 
human body and the processes of dissipation 
and corrosion [9,11,12]. The balance between 
these processes is affected by different fac-
tors, among them biomechanical loadings, 
occurring in the bone-implant system, as well 
as possible presence of inflammation around 
the implant. Physic and chemical features of 
oxide layer are: its composition and thick-
ness, surface energy and topography (size, 
share, smoothness) - effect on biologic re-
sponse of the tissues, cells proliferation and 
morphology [5,15]. Mineralization and con-
nection with bone tissue are critically im-
portant processes for increase of bioactivity 
for treatment of bone and its regeneration 
capacity [3]. Bone integration around an im-
plant is a dynamic process of resorption and 
bone formation; the higher is the extent of 
osteointegration, the higher is mechanical 
stability and strength of bone-implant combi-
nation [4,10]. From point of view of activity 
relating to osteoinduction and interrelation 
with bone matrix, authors of researches [6,8] 
subdivided biocompatible materials into bio-
active, bioinert and bio-tolerant. There are 
several types of bio-ceramics created for cov-
ering the surface of implants: corundum inert 
(Al2O3), surface-active (bio-glass) and re-
sorptive ceramics (tricalciumphosphate and 
hydroxyapatite) [7,9]. Nowadays biomaterials 
containing different combinations of calcium-
phosphate compound and hydroxyapatite of 
different structure [14] as well as metals and 
alloys thereof with calcium-phosphate cover- 
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ings to ensure biocompatibility and ability of 
an implant to integrate with bone tissue 
[1,11,15] are considered to be optimal. The 
properties of hydroxyapatite-silicium ceram-
ics have attracted careful attention of scien-
tists and practicing medics. Silicium stimu-
lates intracellular reactions and promotes 
formation of bone tissue, as well as plays 
important role in mineralization of collagen 
[2,5,9]. The article describes results of the 
experimental study of bio-composite covers 
based on bio-active glass on titanium-nickel 
plates for biocompatibility with bone tissue. 

Aim of the research is experimental 
study of peculiarities of titanium-nickel 
plates’ integration with bone, if covered by 
bio-composite material on the grounds of 
bioactive glass.  

Materials and methods. The article 
reports the pilot study on 30 male rats from 
vivarium of O.O. Bogomolets National Med-
ical University. The experiment was aimed at 
morphologic study of the impact of implanta-
tion material based on bioactive on bone rep-
aration processes. The study involved 6-
month old male rates weighing 180±5 grams.  

After processing by 70º spirit, the sur-
gical area was covered by sterile dressing; 
limbs of the animal were fixed on special 
surgical table.  
While surgical intervention the skin of the 
femur was cut by a scalpel along the external 
surface through the complete length of the 
femur, soft tissues were intersected, femoral 
bone periosteum has been processed by ras-
patory, bone plate was processed by 2.5-3.0 
mm drill up to intramedullary canal, and tita-
nium-nickel plate 4 mm in length and 2 mm 
in width has been implanted and fixed to the 
bone by its crooks (U-shape).  
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We applied two types of bio-
composite plates: the first without cover and 
the second with plasma spray covered sur-
face. Observation period after surgery – 3, 6 
and 9 months. 5 rats have been taken for each 
observation term. Surgical intervention and 
sacrification of the animals have been per-
formed using ether anesthesia. For morpho-
logical study we took the femoral bone with 
metal plate implanted.  

All manipulations with the animals 
have been performed in compliance with re-
quirements of bioethics and international 
principles of European Convention for the 
protection of vertebrate animals used for ex-
perimental and other scientific purposes: 
Council of Europe 18.03.1986. – Strasburg. –
1986. 52 p. 

For plate covering we used new im-
plantation material based on bioactive glass – 
“Biocomposite-Syntextile” (BCS) (State reg-
istration certificate 3653/2005 of January 28, 
2005), developed at the laboratory of the In-
stitute of Material Science by the NAS of 
Ukraine by group of scientists headed by 
prof. Dubok V.A. 

Implantation material BCS is a multi-
phase non-organic material, synthetized by 
the method of chemical deposition and ce-
ramic technology. Phase composition of the 
BCS: bioactive glass – 50-65 mass%, hy-
droxyapatite – 14-17 mass%, whitlockite – 
14-17 mass%, wollastonite – 7-9 mass%.  

This is the bioactive and osteoconduc-
tive biomaterial, supplied in form of powders, 
granules, blocks and shaped implants with 
reasonable scope of porosity and mechanic 
properties (Pic. 1). BCS could contain non-
organic admixtures, preventing growth of 
bacterial and development of inflammation.  
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BCS contains only non-organic components 
and no organic ones, thus does not provoke 
negative immune reaction of a body. Com-
pression resistance of the BCS is from 1 to 
600 MPa for different types thereof, porosity 
varies between 5-85%, resorption period is 
from 6 months to 20 years, depending on an 
implant’s composition. Covering titanium-
nickel plates by BCS has been performed by 
the laboratory of the V.E. Lashkariov Insti-
tute of Semiconductors’ Physic by NAS of 
Ukraine. 

 

 

.1.       
Pic.1. Samples of BCS in plastic packages 
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The regularities of bone 
transformation processes in the area of 
implantation of titanium-nickel plate, covered 
by implantation material or without cover, in 
our experemined have been defined by light 
microscope of pathomorphology department 
of O.O. Bogomolets National Medical 
University.  
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Obtained results. Macroscopic 
examination of femoral bone fragments 3 
months after implantation in 3 animals (plate 
without cover) recovered slightly expressed 
formation of bone callus in the area of 
titanuim-nickel U-shape plate implantation 
both on the external surface of the bone and 
intramedullary (Pic.2), in 2 animals (plate 
without cover) we observed not less 
expresses formation of bone callus in the area 
of implantation of a straight bone place. In 3 
animals with straight plates covered by 
biocomposite plasma spray we observed good 
formation of bone callus in the area of 
implantation. Cross-section of the bone callus 
shpwed fibrosis-bone density. In 2 animals 
with U-shaped plate with biocmoposite spray 
cover we also observed well-expressed bone 
callus both on the surface of the bone (the 
thickness of the bone callus in the area of 
implantation was equal to the thickness of the 
segment of the bone) and intramedullary, thus 
titanium-nickel plate was very difficult to 
separate from bone callus (Pic.3).  

Surrounding soft tissues in the area of 
titanium-nickel plate implantation 
demonstrated no pathologic changes (soft 
tissues metalosis, necrosis). 

Post-surgical scars of the animals are 
stable, skin of some animals demonstrated 
post-surgical suture material, no suppuration 
has been observed in the area of post-surgical 
sutures.  

Macroscopic examination of the re-
moved femoral bones of the rats 6 months 
after implantation of titanium-nickel plate 
with BCS cover demonstrated that plates 
were “immured” into the bone tissue, closely 
adjacent to the surface thereof. No signs of 
metallosis were observed. In case of plates  
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Pic.2 Removed bone segment of a rat with the implanted titanium-nickel plate without 
bio-composite spray cover. 
 

 

.3    ,    -  -
    

Pic. 3. Removed bone segment of a rat with the implanted titanium-nickel plate with 
plasma spray cover. 
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  .   
    -

   .  
      

without BCS cover we also observed bone 
tissue growth around the implant.There were 
also no signs of metallosis. Mobility of im-
plant in case of spray covered plates was not 
observed. Removal of the plate from the bone 
tissue required reasonable effort, and was 
followed by destroying of the bone tissue,  
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adjacent to the implant; while the implanted 
plates without cover showed mobility of im-
plants, and they were easy to remove (Pic. 4 
(a) and Pic. 4 (b)). 

 

  
a                       b 

 

.4.      ,  
  ( )     (b)  

Pic. 4. Macro-samples of femoral bone after removal of implants covered by composite 
material (a) and without composite cover (b). 
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In case of covered plates be can see 
well-expressed wound after removal, which 
bottom is covered by cancellous bone. If 
plates without cover have been used, the 
surface of the wound is covered mostly by 
fibrosis connective tissue with the expressed 
resorption along the edges of the surface of 
the wound.  

The removed titanium-nickel plates, 
either covered and uncovered, had no signs of 
corrosion, although plates with composite 
cover had tiny bone fragments of their 
surgace, tightly soldered to the surface of the 
plate; it required reasonable effort to divide 
them form the plate and led to destroy thereof 
(Pic.5). 
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Pic. 5. Titanium-nickel plate, covered by composite material, removed 9 months after 
implantation, with tiny fragment of bone tissue on the surface thereof 
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X-ray examination of the femoral 
bones with titanium-nickel plates implanted 
therein 9 months later demonstrated uneven 
compaction of bone tissue around plates with 
bioactive cover (Pic. 6 a). In case of plates 
without cover, this compaction was less 
express, with signs of local resorption of bone 
tissue (Pic. 6 b). 

Light microscope examination 9 
months after implantation of BCS-covered 
titanium-nickel plates recovered that surface 
of the newly formed bone tissue is uneven. 
Bone tissue has uneven density, with areas of 
active transformation. No signs of local or 
focal resorption or metallosis. No signs of 
necrosis in newly formed bone tissue and 
compact bone tissue in the area of contact 
with the plate. Bone marrow is mostly red 
(Pic. 7). 
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   .   9   
Pic. 6. X-ray images of the area of femoral bone with implant covered by composite ma-
terial (a) and without composite cover (b). Uneven compaction of bone tissue in the area 
of implantation is more vivid in case of plate with composite cover. Observation period – 
9 months 
 

 

. 7.     ,    -
 .  9   .   . .  

10  
Pic. 7. New-formed bone tissue under the implant, covered by composite material. 9 
months after surgery. Haematoxylin and eosin x 10. 
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In the areas of the implant’s ends 
entry into compact bone tissue, the edges of 
the contact between the bone and implants 
are even, without signs of resorption. 
Compact bone tisse in these areas have signs 
of failure, occuring due to removal of the 
implant from the bone, approving close 
interaction between the bone tissue and the 
implants, i.e. about formation of bone-
implant block (Pic.8). Signs of dystrophics 
and necrosis of the bone tissue, focal 
resorption and metallosis are not revealed. 

 

 

. 8          -
       .  9 -

  .   . .  10 
Pic. 8. Failure of the newly-formed bone tissue in the area of the composite spray 
covered implant’s croock entry into the bone tissue. Haematoxylin and eosin x 10. 
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Areas of active transformation of the 
newly-formed bone tissue have been 
observed focally in compact bone tissue 
under the plate (Pic. 9). 

Microscopic study of the bone tissue 
in case of uncovered titanium-nickel plates 
implantation in all the cases under the plate 
we observed formation of uneven layer of 
fibrosis connective tissue (Pic.10). 
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  . .  40  
Pic. 9. The area of active transformation of the newly-formed bone tissue under compo-
site spray covered implant. 9 months after surgery. Haematoxylin and eosin x 40 
 
 

 
 

. 10.           
  .  9   . -

  . .  10  
Pic.10. The layer of fibrosis connective tissue, formed under the plate, not covered by 
composite spray. 9 months after surgery. Haematoxylin and eosin x 10 
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Focally, under the most thick layer of 
fibrosis connective tissue, we observed areas 
of distrophically and necrotically changed 
compact bone tissue (Pic.11). 
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  . .  40 
Pic. 11. The area of dystrophy and necrosis of the compact bone tissue uner the plate not 
covered by composite material. 9 months after surgery. Haematoxylin and eosin x 40 
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In the majority of cases, after 
implantation of plates not covered by 
composite material we revealed bone defects, 
occuring due to amplification of resorption 
processes, that, in one case, promoted 
development of local purulent process 
(Pic.12). 

 

 
. 12          

“ ”     .  9   
.   . .  5  

Pic. 12. The focus of purulent inflammation of bone tissue around the “croock” of the 
plate not covered by composite material. 9 months after implantation. Haematoxylin 
and eosin x 5 
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Results. On the grounds of the results 
of the experimental study, being performed, 
we are able to consider that use of titanium-
nickel plates covered by implantation 
material based on BCS has certain advantages 
compared to uncovered titanuim-nickel 
plated. 

First of all, the cover made of 
biocomposite material promotes formation of 
the block “titanium-nickel plate – bone 
tissue” at the account of bone tissue’s 
growing into the bio-composite material. It is 
expressed by strength of the connection of the 
implanted titanium-nickel plate and compack 
bone tissue, imbossibility to remove the plate, 
not damaging the bone; as well as by 
remnants of the bone tissue on titanium-
nickel plate after removal thereof. Moreover, 
tight contact between titanium-nickel plate 
and bone tissue that create an integral block, 
does not promote the growth of firbosis 
connective tissue, known to be worse in 
biomechanic features, compared to bone one.  

The second, biocomposite material 
applied neither causes negative changes in the 
tissues adjacent to the implant, most of all in 
bone (distrophy and necrosis), nor affects the 
process of reparative osteogenesis, which fact 
is approved by an active formation of 
“titanium-nickel plate – bone tissue” block.  

The third, the use of titanium-nickel 
plated, uncovered by biocomposite material, 
is followed by the development of fibrosis 
connective tissue, occuring, in the majority of 
cases, due to the implant’s micromotions. 
Micromotions of the implant are also one of 
the factor causing dystrophic changes in bone 
tissue and arising of the focuses of resorption.  
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Conclusions 
1. Considering the results of 

macroscopic examination, we are able to tell 
that metal osteosynthesis of bone fractures is 
more efficient, in case of use of titanuim-
nickel plates covered by plasma spray of the 
material based of bioactive glass; it promotes 
faster formatino of bone callus and 
remodelling of the bone.  

2. Results of our experimental study 
entitles us to recommed the use of implants 
covered by the material on the basis of 
bioactive glass for metal osteosynthesis in 
clinical practive for faster reparative 
osteogenesis. 
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Introduction. A share of low humeral 
fractures, including extra-articular damages 
of the lower third of humeral diaphysis 
(according to AO/ASIF – 12A, B, C), equals 
to 30% of all humeral bone fractures [1, 2]. 
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