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ARTICLE INFO ABSTRACT

Keywords: Objective: In this study we aimed to investigate bone—implant connections (BICs) with Ti-Al¢V4 and Ti-AlgNby
Ti-Ale-Nb7 alloys. Two types of surface morphology, resorbable blast material (RBM) and sandblasted and acid-etched
Ti-Alg—V4

surfaces (SLA), were used for implants.

Materials and methods: Thirty female Sprague Dawley rats aged 0.5-1 year were used. The rats were randomly
separated into three groups: 1) Ti-AlgV4 RBM surface (n = 10), 2), Ti-AlgNb; RBM surface (n = 10), and 3)
Ti-AlgNb; SLA (n = 10) surface implants were surgically integrated in femoral bones. The average roughness
(Ra) values for these implants were 1-2 Ra. The rats were sacrificed four weeks after the surgical procedure. For
each section, the BIC ratio (%) was determined as a percentage of the total implant surface that was in direct
contact with the bone.

Results: The BIC ratio was found to be higher in the Ti-AlgNb; RBM and Ti-AlgNby SLA groups than in the
Ti-AlgV4 RBM group (p < 0.05). There was no statistically significant difference in the BIC ratios between the
Ti-AlgNb; RBM and Ti-AlgNb; SLA groups (p > 0.05).

Conclusion: Ti-AlgNb; exhibited good biocompatibility with bone cells. Ti-AlgNb; alloy could be a candidate

Resorbable blast material
Sandblasted and acid etched

material for dental implant production.

1. Introduction

The interactions between bone tissue and the titanium (Ti) surface
are a crucial factor in successful dental implant-supported prosthetic
restorations. The chemical composition of the surface structure and the
properties of an implant play a major role in determining biological
compatibility. The most important properties sought in a dental implant
surface are: topography, surface chemistry, surface charge, and hydro-
philic characteristics." These properties may influence the bone
cell-surface interactions, formation of the interstitial matrix, and bio-
logical processes, such as protein adsorption onto the surface, that could
affect the success of the implant. All of these properties are associated
with successful bone connection of the implant within the host jaw bone
tissues.' As implant surface properties play an important role in
implant-bone cell interactions, extensive research has been conducted
on the interaction between implants and surface bone tissues in recent
years. These studies focused primarily on surface treatments and surface
topography as a result of surface treatments. Sandblasted and
acid-etched (SLA) and resorbable blast material (RBM) applications,

which are implant surface-roughening technologies, have been proven
to increase osteoblast differentiation in vitro and bone integration in
vivo. These materials have exhibited better bone-implant connections
than machine-surfaced implants.' ™

The chemical properties of Ti are not the only key factors in
achieving successful dental implant-supported prothetic restorations;
the metallurgical properties of the implant are important factors too.
Because of corrosion and low fatigue resistance, the pure Ti material
used in the production of dental implants offers poor protection against
breakage caused by chewing forces. In addition, metal residue is
released into the tissues and the circulation. Therefore, research con-
tinues in order to produce Ti implants with better mechanical and
chemical properties. The most frequently used material in the manu-
facture of dental implants is currently the Ti-AlgVy4 alloy. This alloy
contains aluminum (Al) and vanadium (V), which both feature excellent
mechanical strength. However, it is known that V has cytotoxic effects,
can suppress cell growth, and is liable to induce oxidative stress.
Recently, titanium-6-aluminum-7-niobium (Ti-AlgNb;) has been pro-
posed as a new alloy (biomaterial) for dental technology. Its physical
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properties are very similar to those of Ti-6Al-4V (titanium-6-aluminum-
4-vanadium). Increased corrosion resistance has been observed; more-
over, the ions in niobium (Nb) have been reported to be less toxic than
those of V.5

In this experimental animal study, we aimed to investigate the
bone-implant connections (BICs) of Ti-AlgV4 and Ti-AlgNb; implants
histologically. Two types of surface morphology, RBM and SLA, were
used for the implants.

2. Materials and methods
2.1. Animals and experimental design

All the experimental and surgical procedures in this study were
performed at the Firat University Experimental Research Center, Elazig,
Turkiye, and ethical consent was obtained from Firat University’s Ani-
mal Experiments Local Ethics Committee, Elazig, Turkiye (Protocol
Number: 2017/37). The animals that were used in this study were
provided by Firat University’s Experimental Research Center. The study
was in full compliance with the World Medical Association Declaration
of Helsinki recommendations for the conservation of experimental ani-
mals. Thirty (30) Sprague Dawley rats (weight 280-320 g; age 0.5-1
year; female) were used. All the rats were housed in temperature-
controlled plastic cages in a 12 h-12 h light-dark cycle, with free ac-
cess to food and water during the four-week experimental period.

The rats were randomly divided into three groups, as follows (all
implants were obtained from Implance Dental Implant System, AGS
Implant Corporation, Istanbul, Turkiye).

1) Ti-AlgV4 RBM (n = 10): Ti-AlgV4 RBM surface implants were sur-
gically integrated in the rat femur bones. The average roughness (Ra)
values for these implants were 1-2 Ra.>*

2) Ti-AlgNb; RBM (n = 10): Ti-AlgNb; RBM surface implants were
surgically integrated in the rat femur bones. The Ra values for these
implants were 1-2 Ra.>*

3) Ti-AlgNb; SLA (n = 10): Ti-AlgNb; SLA surface implants were sur-
gically integrated. The Ra values for these implants were 1-2 Ra.>*

2.1.1. Surgical procedures

All the surgical applications were done under general anesthesia,
which was administered by an intramuscular injection of 5 mg/kg
xylazine with 40 mg/kg ketamine hydrochloride. Care was taken to
perform all surgical procedures under sterile conditions. Following the
administration of anesthesia, the right femoral skins were shaved and
then washed with povidone iodine before surgery. After general anes-
thesia was achieved, a linear incision (2-2.5 ¢cm) was made on the skin
on the right femoral bone in each rat. After completion of the skin
incision and dissection of the muscles, we used a periosteal elevator to
reach the metaphyseal part of the femur that makes a joint with the tibia
bone. Implant sockets were created by appropriate drills (point drill, 1.8
mm drill, and 2.2 mm drill) under sterile serum physiological perfu-
sion.'? Next, through primary stabilization, the Ti implants (4 mm in
length and 2.5 mm in diameter) were integrated into the femoral bone.'?
The subcutaneous tissues and skin were then moved back to their
original positions. They were then sutured with 4-0 polyglactin
absorbable sutures. After all the surgical procedures, an analgesic (0.1
mg/kg tramadol hydrochloride) and an antibiotic (50 mg/kg penicillin)
were administered intramuscularly for three days to prevent pain and
infection. In total, 30 implants were integrated into the cortico-
cancellous part of the right femoral bones of the rats. All the surgical
procedures were performed by the same researcher.

2.2. Analyzes

At the end of the four-week experimental period, all the control and
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test rats were sacrificed, and the implants and surrounding tissue were
taken out after removing the muscles and soft tissues. The samples were
fixed in a solution (10% formaldehyde) for seven days. After fixation, all
samples were embedded in 2-hydroxymethylmethacrylate resin to allow
the non-calcified bone and Ti to be cut in half with a hard tissue saw
(EXAKT®, Germany). For histological analysis, the implants and sur-
rounding tissue were milled with grinders, starting from thick to thin,
respectively (EXAKT®, Germany). For the light microscope analysis, 50
pm-thick sections were obtained and then stained with toluidine
blue. 2 All the procedures were performed at the University of Erciyes,
Faculty of Dentistry research laboratory in Kayseri, Turkiye. The histo-
logical analyses were performed with a light microscope (Nikon, Japan)
that was available at the Department of Medical Microbiology (Faculty
of Medicine, Firat University). For each non-decalcified section, the BIC
ratio (%) was measured as a percentage of the total length of the implant
surface that had direct contact with the surrounding bone tissues."' In
the analysis of bone-implant connections, the implant circumference of
each sample was measured with a microscope, after which the length of
the part of the implant in contact with the bone was measured. The
percentage of BIC (%) for each implant was determined by the ratio of
the length of the implant in contact with the bone to its entire
circumference.

2.3. Statistical analyzes

IBM, SPSS Statistics for Windows, Version 23.0 (USA), was used for
the statistical analysis. Data are given as mean and standard deviation.
Tukey’s honestly significant difference (HSD) test and one-way analysis
of variance (ANOVA) were used for the BIC ratio (%) analysis. A p value
of <0.05 was considered sufficient to indicate statistical significance.

3. Results

No fatal or non-fatal complications, such as wound dehiscence and
infection, were detected during the experimental period. Two specimens
were removed from each group because of improper histological prep-
aration. The results of the histomorphometric analyses of the BICs in
each group are presented in Table 1. The BIC ratio was found to be
higher in the Ti-AlgNb; RBM and Ti-AlgNb; SLA groups than in the
Ti-AlgV4 RBM group (p < 0.05). There was no statistically significant
difference in the BIC ratios between the Ti-AlgNb; RBM and Ti-AlgNb;
SLA groups (Fig. 1 a,b,c) (p > 0.05).

4. Discussion

Titanium (Ti) and titanium alloys, which are biocompatible, have
become commonly used basic biomaterials in the production of dental,
orthopedic, neurological, and cardiovascular implants. Ti has been used
extensively since the 1950s as a biomedical material. Additionally, tit
alloys such as Ti-AlgV4 have been developed to improve the mechanical
properties of commercially pure Ti. However, owing to the cytotoxicity
of vanadium (V) and its ability to trigger a tissue reaction, its clinical use
is limited. Consequently, V-free Ti alloys have been recently developed
to overcome the potential cytotoxic effects of V and adverse reactions in

Table 1
Bone implant contact ratio of the groups.
Bone Implant Contact (%) (mean =+ sd) P
Groups
TiAlgVas RBM(n = 8) 37.8 <0.05"
TiAlgNb, RBM (n = 8) 54.98%
TiAlgNb;_SLA (n = 8) 60.71%

o Statistically significant different compared with TiAl6Va4_RBM (Tukey HSD,
P < 0.05).
# One Way Anowa Test.
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Fig. 1. a, b, c: Non-decalcified histologic images of the Ti-6A1-4V_RBM (a), Ti-6Al-7Nb_RBM (b), and Ti-6Al-7Nb_SLA (c) implants (4X) (X: 10 Times Magnifi-
cation, staining with methilen blue). Implant surface not contacting bone («) (It is shown with the green line on the figure), Implant surface in contacting with bone
(B) (It is shown with the red line on the figure), Total implant surface: £, Bone Implant Contact Ratio (%): £-a(p)/£.

body tissues. Many of these alloys use non-toxic but heavy alloy ele-
ments, such as Nb, zirconium, and tantalum. Because of these properties
of Nb, Ti-AlgNby is often the first choice for the successful reconstruc-
tion of jaw or facial bone defects.®2 Semlitsch et al.'® Developed in the
1980s, the Ti-AlgNby alloy is a typical Nb alloy manufactured by cast
material forging for hip replacement. This alloy is widely used in the
production of medical devices, especially joint prostheses, as well as
plates, rods, and nails for the fixation of a fracture, and spinal cord de-
vices, screws, and wires.'*!7

The shape, surface structure, and morphology of intraosseous Ti
implants are key factors for achieving long-term mechanical stability
and for increasing bone-implant integration after surgical placement.
Consequently, the choice of coating materials for the treatment of the
implant surface can contribute significantly to the attachment of bone
cells to the implant surface and the integration of the implant and the
bone. Surface modifications have been developed to improve the clinical
performance of Ti implants. The surface modifications include
machining, sand blasting, etching with acid, porous sintering, oxidizing,
anodising, plasma spraying, and coating with hydroxyapatite, as well as
combinations of these procedures. Currently, many types of implants,
with variations in form, material, size, surface properties, and surface
geometry, are being produced. The best surface for achieving osseoin-
tegration and the clinical success of dental implants is still the subject of
research.'™ The histological results of Dundar et al.’ indicated that the
five surfaces (RBM, anodized, SLA, blasted, and microarc) investigated
in their experimental study were biocompatible and osseconductive.
Osseointegration percentages for the dental implants were not statisti-
cally different between the groups. Dundar et al.’ reported that the RBM
and SLA surface implants exhibited similar BIC connection ratios with
1-2 Ra. As in Dundar et al., the present study found no statistically
significant difference between the RBM and SLA groups. The average
roughness of all the implants in the present study was 1-2 Ra. The BIC
results indicated no statistically significant difference among the two
groups, the Ra values for the groups being similar.'

In their in vivo study, Johansson and Albrektsson examined the
osseointegration of commercially pure Nb implants into rabbit bone.
They compared the bone-implant contact with this method and that
with pure Ti implants. Researchers have reported that, after three
months of recovery, the torque values for Nb implants are significantly
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higher than those for Ti implants. In the histological analysis of the
implants, Johansson and Albrektsson found no significant difference in
the BIC rates between Nb and Ti materials.® They reported a statistically
significant difference in the removal torque values of Nb and Ti implants
as a result of the differences in the two implant surfaces.® The statisti-
cally significant difference in the torque values between the Nb and Ti
implants has been attributed to the more irregular surface topography of
Nb implants. In addition, Nb is a softer metal than Ti. That the Nb metal
has higher biocompatibility properties than Ti is another possible reason
for the observed differences. The results of the present study confirm this
previous research. The BIC ratios for the RBM and SLA surfaces in the Nb
groups had high statistical significance when compared with commer-
cial Ti-AlgV4 metals.®

Osathanon et al.” compared the early response of human
osteoblast-like cells to pure Ti and the Ti-AlgNb; alloy in vitro. No
statistically significant difference was found between Ti and the
Ti-AlgNby alloy in terms of cell attachment. In addition, the electron
microscopy screening assays indicated that the cells on the Ti-AlgNb;
exhibited better spreading after 4 h. After 48 h, two different tests (the
reverse transcription polymerase chain reaction assays and the western
blot analysis) showed that the cells cultured in the Ti-AlgNb; synthe-
sized bigger amounts of osteopontin and fibronectin than the cells
seeded on the commercially pure Ti or glass slide. These results
demonstrated that Ti-AlgNb; has the potential to support cell activity
and osteopontin and fibronectin synthesis in osteoblast-like cells.
Therefore, it is an appropriate material for use in the manufacture of
implants.” Rotaru et al.' evaluated the biological compatibility of the
Ti-AlgNb; alloy. They compared the growth viability of various
osteoblast-like cells on Ti-AlgNb; alloy samples implanted into the
cranial bones of Wistar rats. No inflammatory reactions were detected
after the integration of the Ti-AlgNby alloym; however, the Ti-AlgNb;
implants and the Ti-AlgNb; coated with hydroxyapatite produced better
results. This suggests that Nb metal has potential as an implant material.
In their in vitro cell culture study, Shapira et al. found that the highest
proliferation rate for the osteoblast cells was on the machined-surface
disks containing Nb. In addition, alkaline phosphatase, osteocalcin,
and tissue growth factor-f activity was determined to be higher with the
Ti-AlgNby alloy than with the Ti-AlgV4 alloy. On the basis of their cell
culture preclinical model, Shapira et al.® suggested that Ti-AlgNb; could
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replace the Ti-AlgV4 alloy as a dental implant material. Shapira et al.
reported that the negative effects of the V resulted in the higher BIC
ratios with the Ti-AlgNb; implants than with the Ti-AlgV4 implants.
Additionally, in their recent biocompatibility study, Yolun et al.'®
evaluated the biocompatibility of Ti Nb implants in vivo. They reported
that Nb increased the mechanical properties of the implant and had no
toxic effects, thereby demonstrating that Nb implants could be used
orthopedically. In another in vitro study, Kuroda et al.'® reported good
results from their tests of the biomechanical properties of Ti and Nb
alloy, which did not exhibit cytotoxic effects. Balbinot et al.>’ conducted
a study to evaluate the bone healing ability of bioactive glasses con-
taining Nb in a rat femur model with X-ray computed microtomography,
and reported that bioactive glasses containing Ni promoted bone for-
mation similar to autogenous bone.

5. Conclusion

Within the limitations and parameters of this study, Ti-AlgNb;
exhibited good biocompatibility on bone cells, indicating that it could be
a candidate material for implant dentistry. Further studies are needed to
explain the biocompatible features of Nb metals for use in dental
implantation.
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