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Abstract
Osteointegration is a key factor for successful implant ingrowth. It depends on quality of 

bone, lack of initial stability, excessive loading, loosening or fracture of screw, and fracture of 
implant itself. Other factors that can affect osteointegration are implant composition and features 
of implant surface. There are a lot of research data showing better results of implantation in al-
loys combined with Ti, Co, Ni and Zr. But the mechanism of combined, as well as Zr-based al-
loys’ influence on bone ingrowth around implant is still not known. The aim of this research was 
an in vivo evaluation of β (Zr-Ti)-alloy compared to the traditional TiVT-6 dental implant.

In the experiment 30 rabbits were used for implantation of β (Zr-Ti)-alloys (experimental 
group) and TiVT6 dental implants (control group) in distal epiphysis of the femur. We analyzed 
bone/implant interface and controlled ion content (Ca and P) 1, 3, and 6 months after implanta-
tion by Scanning Electron Microscope with X-Ray analysis REMMA-102 (“Selmy”, Ukraine).

After implantation of TiVT6-alloy we can see formation of connective tissue “cuff” that being 
tightly connected with implant does not turn into bone tissue. These processes lead to hypermo-
bility and overloud of implant, and simultaneously decrease mechanical forces on surrounding 
bone tissue, which can lead to implant failure and complications in surrounding bone tissue. At 
the same time β (Zr-Ti)-alloy with modified surface is surrounding with woven bone tissue one 
month after the implantation that turns into lamellar bone in three months. Summarizing our data, 
we can suggest that β (Zr-Ti)-alloy is more suitable for implant material due to its osteostimula-
tory potential.
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[Hong W. et al., 2005], lack of initial stability 
[Bahat O., Handelsman M., 1996], excessive load-
ing [Piattelli A. et al., 1998], loosening or fracture 
of screw [Han M. et al., 2002] and fracture of im-
plants. But the main reason of implant failure is 
the disturbance of osteointegration processes that 
depend on composition of implant material, struc-
ture of its surface, implant elasticity and strength 
[Karamian E. et al., 2014].

Titanium is a good material for dental implants 
due its mechanical parameters, not-toxicity and 
bio-inertness. But it has some disadvantages such 
as high Young’s modulus, low elasticity and low 
bone integrity. To improve quality of dental im-
plants we can modify titanium alloys by adding of 
other metals such as aluminum or zirconium 
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introduction

Metals and ceramics have been widely used in 
dental surgery over the last 40 years. Dental im-
plants applied as an alternative treatment method 
for the prosthodontic restoration of partially or 
fully edentulous patients [Kim R. et al., 2011; 
Apresyan L. et al., 2012]. However, there are many 
reports about implant failures observed in 6% to 
11% of cases according to different sources [Rang-
ertZarb G., Schmitt A., 1990; Hong W. et al., 
2005]. Among the factors that can lead to implant 
failure we should emphasize poor quality of bone 
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[Rosentritt M. et al., 2014]. The quality of the im-
plant surface can be improved also by depositing 
bioactive materials onto the surface of the dental 
implant to induce osteoconductivity. Numerous 
studies have shown the advantage of hydroxyapa-
tite or calcium phosphate as dental implant coat-
ings [Chen X. et al., 2002; Duan Y. et al., 2002]. 
Hydroxyapatite-coated implants have often been 
used in loaded applications owing to their capabil-
ity of bonding directly to the bone and improving 
new bone formation necessary for implant osteoin-
tegration [Kuo-Yung H. et al., 2013].

The widespread technic for better implant pro-
duction is making complex alloys with different 
metals as well as ceramics. Zirconia is a promising 
metal for this purpose. It is known that silicate 
group of biomaterials have ability to release sili-
cate ions at a definite concentration, which helps 
in the growth and differentiation of osteoblasts 
[Wu C. et al., 2006] thus lead into new bone forma-
tion. Milena R. Kaluđerović suggested that pres-
ence of zirconia on titanium surface has a higher 
beneficial effect on osteoblast morphological 
changes and cell cluster formation [Kaluđerović 
M. et al., 2014]. Some research also shows better 
osteointegration of submerged zirconia implant 
compared to titanium [Stadlinger B. et al., 2010] 
as well as cell proliferation and mRNA expression 
[Hee-Cheol K. et al., 2007]. Among the advantages 
of Zn-based materials are antibacterial properties. 
Al-Radha A. and others have shown that zirconia 
material and titanium blasted with zirconia surface 
have superior effect to titanium material in reduc-
ing the adhesion of the bacteria [Al-Radha A. et al., 
2012]. Other research data suggest decrease of 
bacteria proliferation (S. aureus and A. actinomy-
cetemcomitans) on zirconia coating [Heng-Li H. et 
al., 2013]. All of the above-mentioned shows sig-
nificant advantages of zirconia for dental implant 
research and clinical application. But some re-
search did not show privilege of pure zirconia 
compared to pure titanium. Martin Rosentritt did 
not find any difference between these materials in 
failure resistance during fatigue [Rosentritt M. et 
al., 2014]. Another research showed higher wear 
of zirconia implant compared to titanium [Stim-
melmayr M. et al., 2012]. However, addition of 
1–3 vol% titanium leads to a significant decrease 
of zirconia destabilization and increases mechani-

cal properties [Weigelt C. et al., 2014]. Besides 
that, presence of zirconia on titanium surface has a 
higher beneficial effect on osteoblast morphologi-
cal changes and cell cluster formation [Kaluđerović 
M. et al., 2014]. Thus, as a result of previous stud-
ies, the combination of zirconia and titanium is a 
promising way for dental alloy production.

In our study, we used β (Zr-Ti)-alloy that has 
low coefficient of elasticity and low magnetic sus-
ceptibility as well as high roentgen contrast range. 
The aim of this research was in vivo evaluation of 
β (Zr-Ti) alloy compared to the traditional TiVT-6 
dental implant.

Materials and Methods

Materials for implantation: Beta (Zr-Ti)-alloy 
was produced by 10-fold electron-beam melting, 
followed by hot forging, cold rolling and strain. The 
surface of implants was modified by sand blasting 
and acid etching (SLA surface) method that lead to 
formation of pores sized 12 to 50 μm. We used typi-
cal commercial dental implant TiVT-6 alloy.

The experiment was conducted on the base of 
“Center of Morphological Research”, Sumy State 
University (Ukraine). Chinchilla rabbits aged 4-5 
months, weighing 3-3.5 kg, obtained from the vi-
varium of the Medical Institute of Sumy State Uni-
versity were used in the experiment. Animals and 
experiments conducted according to the “European 
Convention for the Protection of Vertebrate Ani-
mals used for Experimental and other Scientific 
Purposes” (Strasbourg, 1986) and approved by the 
Commission on Biomedical Ethics of Medical In-
stitute (report No 7/12 on 11.06.2013).

Animals (30 rabbits) were randomized in two 
groups, experimental and control, 15 rabbits in 
each. Under general anesthesia (ketamine 7mg/kg, 
and thiopental 10 mg/kg) implantation of dental 
alloy was performed in distal epiphysis of the femur 
with 30 to 35 N load on the implant (Fig. 1). We 
used β (Zr-Ti)-alloys for the experimental group, 
and TiVT-6 dental implants for the control group. 
After the operation the wound was sutured, and ani-
mals received antibiotics for 1 week as a prophy-
laxis against postoperative bacterial complications.

Data collection: Rabbits were taken out of the 
experiment 1, 3 and 6 months after the implanta-
tion. Femur was isolated together with implant, 
and processes of osteointegration were studied 
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using Scanning Electron Microscopy.
Bones were fixed in 2% glutaraldehyde solu-

tion for 24 hours, and then placed into 1% solution 
of osmium tetroxide for 12 hours, dehydrated in 
alcohol solutions with increasing concentration 
(50, 70, 80, 90 and 100%) and poured into a mix-
ture of resins epon-araldite. To improve the surface 
of visualization samples were sprayed by silver in 
standard vacuum system “VUP-5” (“Selmy”, 
Ukraine). The morphological analyses of the sur-
face in the bone/implant interface and ion distribu-
tion control (Ca and P) were conducting by Scan-
ning Electron Microscope with X-Ray “REMMA-
102” (“Selmy”, Ukraine).

Results and discussion

One month after the implantation of TiVT-6 
alloy, we determined electron-dense substance 
zone around the implant without any osteon-like 
structures and trabeculae around the implant. Tis-

sue is presented with random fibers similar to 
coarse-fibered tissue with cells of fusiform and 
spherical shape similar to fibroblasts (Fig. 2A). 
This zone is free of calcium and phosphorus indi-
cating the formation of a connective tissue “cuff” 
around the implant. This data suggest low osteo-
blast stimulatory effect of TiVT-6 alloy that was 
shown in other studies and in our previous research 
[Lefaix H. et al., 2013]. At the same time, inert ma-
terial is surrounded by connective tissue separat-
ing it from the bone tissue. Lack of implant fusion 
with bone tissue may lead to hypermobility and 
failure of the implant.

After the layer of connective “cuff” bone for-
mation is visualized next, fitting loosely to the im-
plant. It can be considered as a woven bone due the 
random direction of bone trabeculae. The width of 
woven bone is 476±67 μm, and it is surrounded by 
recipient’s lamellar bone.

Implantation of β (Zr-Ti)-alloy leads to bone 

figure 1. Procedure of β(Zr-Ti) and TiVT6 alloys implantation into the femoral epiphysis. A – operative access and 
formation of bone defect; B – procedure of alloy implantation; C – general view after the implantation:

NoTe: 1 – femur; 2 – bone defect; 3 – dental implant. 

figure 2. Bone-implant interface between A - TiVT6 alloy (zoom 100) and B - β(Zr-Ti)-alloy (zoom 360) one month 
after the implantation:

NoTe: 1 – implant; 2 - fibrous-like tissue with random fibers; 3 – random trabeculae of woven bone tissue.
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formation around the implant that probably is a re-
sult of osteoblast affinity to experimental alloy. 
Bone trabeculae joint with surface of implant and 
spread over the 319±52 μm from alloy (Fig. 2B). 
This layer has a structure similar to woven bone 
due to random orientation of trabeculae. There are 
some osteoblast cells on the trabeculae surfaces 
suggesting bone formation and remodeling. X-ray 
analysis showed presence of calcium and phospho-
rus, accounting 37.2±2.1, and 19.4±1.6 weight 
percents, accordingly. Just next to the woven bone 
layer we can visualize native lamellar bone. The 
key process in osteointegration is osteoblast at-
tachment, and recent data show better cell attach-
ment to zirconia compared to titanium. Surface 
morphology also has an influence on cell affinity 
and proliferation. Numerous studies have shown 
advantage of ruff surface with micro- and na-
noscale roughness compared to smooth implants 
[Sun L. et al., 2001]. β (Zr-Ti) implants has rough 
modified surface that possibly facilitates osteo-
blast attachment and further bone formation.

We did not see any morphological differences 
in connective “cuff” around the TiVT-6 implant 
but identified its calcification by X-ray analysis 
three months after implantation (Fig. 3A). The lev-
els of calcium and phosphorus were 19.34±1.31, 
and 6.43±0.25 weight percents, respectively. This 
data do not suggest hydroxyapatite formation, but 
are more similar to amorphous calcium phosphate 
[Marovic D. et al., 2014]. Woven bone that was 
present in last time-point turned into the lamellar. 
In some cases new formed bone contacts with im-

plant, but the contact area is not large. There are no 
chaotically oriented fibers, and new tissue made of 
lamellar bone trabeculae is similar to the native 
bone tissue. Difference between new and native is 
the level of calcification. New formed bone has 
less level of calcium and phosphorus – 31.8±4.9, 
and 16.3±1.4 weight percents, respectively. Border 
between new and native bone is a cement line that 
has higher electron density compared to the sur-
rounding tissue.

Chaotically oriented bone trabeculae around β 
(Zr-Ti) alloy transformed into lamellar bone three 
months after the implantation. We can see tight 
connection between new formed bone tissue and 
dental implant that proves high osteointegration 
potential of β (Zr-Ti) alloy (Fig. 3B). Levels of 
calcium and phosphorus on the surface of new 
bone are 51.9±6.4, and 32.5±2.7 weight percents, 
respectively, and do not differ from the same levels 
in native bone.

There is no difference between structures of 
surrounding tissue three and six month after the 
implantation in control and experimental groups. 
After implantation of TiVT-6 alloy, we can see for-
mation of connective tissue “cuff” that is tightly 
connected with implant and does not turn into bone 
tissue. These processes lead to hypermobility and 
overloud of implant, and decrease mechanical 
forces to bone tissue [Frost H., 2000]. All this can 
lead to implant failure and complications in sur-
rounding bone tissue [Williams D., 2008]. At the 
same time, β (Zr-Ti)-alloy with modified surface 
surrounded with bone tissue, having woven struc-

figure 3. Bone-implant interface between A – TiVT6 alloy (zoom 60) and B – β(Zr-Ti)-alloy (zoom 315) three months 
after implantation:

NoTe: 1 – implant; 2 – connective tissue “cuff”; 3 – bone attachment to implant; 4 – bone tissue.
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ture one month after the implantation, and turning 
into lamellar bone after three months.

There is a lot of evidence supporting advan-
tages of Zr-based alloys for osteoblast attachment 
and proliferation. Majumdar P. and others have 
shown better protein absorption and cell adhesion 
on Ti-13Zr-13Nb-alloy compared to pure Ti mate-
rial [Majumdar P., 2012], and Lefaix H. has sug-
gested better sorption of fibronectin on surface of 
Ti45Zr38Ni17-alloy [Lefaix H. et al., 2013]. Experi-
ment on fibroblast cells (L-929) and osteoblast-
like cells (MG 63) show better sells proliferation 
on Zr–2.5Nb alloy compared to pure Ti and Ti-6Al-
4V alloy [Zhou F. et al., 2014]. Thus, zirconia al-

loys have significant advantages for cell adhesion 
and proliferation compared to pure titanium im-
plants. In early stages after implantation better cell 
adhesion, predominantly in osteoblasts, leads to 
formation of bone tissue around the β (Zr-Ti)-alloy 
compared to TiVT-6 implants been surrounded by 
“cuff” of connective tissue. 

Thus the obtained data suggest that integration 
of dental implants finish three months after the im-
plantation and are characterized by formation of 
connective tissue “cuff” around the TiVT-6 alloy 
and bone tissue around β (Zr-Ti)-alloy. Further-
more, β (Zr-Ti)-alloy is more suitable for implant 
material due to its osteostimulatory potential.
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