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Abstract:

Commercially pure titanium (cpTi) is widely used as dental implant material although it was found
that titanium exhibited high modulus of elasticity and the lower corrosion tendency in oral environment.
Niobium(Nb) was chosen for this study as an alternative to cpTi implant material due to its bioinert behavior
and good elastic modulus and moderate cost in addition to corrosion resistance. This study was done to
evaluate the effect of biomimetic coating on the surface properties of the commercially pure titanium and
niobium implants by in vitro and in vivo experiments. The in vitro study was involved etching the samples of
each material in HCI then soaking in 10M NaOH aqueous solution. These samples were then immersed in a
5 times concentrated simulated body fluid for 14 days. Scanning Electron Microscope, Energy Dispersive X-
ray, and X-Ray Diffraction tests were done to analyze surface changes. The in vivo study was done by the
implantation of screw-shaped implants (two from each material, uncoated and the other was biomimetically
coated) in the tibias of New Zealand rabbits. After 2 and 4 weeks of healing period, 20 rabbits were
sacrificed for each period. A removal torque was done for ten animals in each group, whereas the other ten
were used for histological testing and histomorphometric analysis with optical microscope.The in vitro
experiments showed that the use of 14 days immersion in a concentrated simulated body fluid produced a
layer of calcium phosphate on metal surfaces. The removal torque values and new bone formation were
increased significantly in Nb than Ti, in coated than uncoated screws, and in 4 weeks than 2 weeks healing
periods. The Nb implants had better biomechanical and biological properties than the commercially pure
titanium implants and can be used as an alternative dental implant.
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Introduction: Niobium (Nb) has previously been explored
Properties of titanium such as superior in the 1980’s and recent studies suggested the
mechanical performance and brilliant ~ ability of Nb as an implant material. Niobium was

biocompatibility make titanium the primary dental ~ used in this study as an alternative to cpti implant
implant material of use (1). It was realized that ~ material due to its bioinert behavior and lower
titanium showed lower corrosion tendency in oral ~ elastic modulus and moderate cost in addition to
environment (2). At the same time leaching of ions ~ corrosion resistance (3,4). Niobium and some
such as Aluminum (Al) and Vanadium (V) that niobium alloys are physiologically inert and thus
found in (Ti6Al4V) alloy were reported. This may  hypoallergenic. For this reason, niobium is found in
cause serious danger, since Al act as a growth many medical devices such as pacemakers. When
inhibition factor of bone and a possible cause of  titanium implanted in bone, it is known that
Alzheimer's disease, and V has powerful titanium will bond simply by morphological
cytotoxicity. It is thought that a dangerous effect on ~ connection not by biological or chemical
the recipient organism may result when Ti6AlI4V  attachment(5), Calcium phosphate coating in

alloy implants were used (3). particular hydroxyapatite bioceramics is widely
T Lecturer in Department of Prosthodontics, , University ~ used for both orthopedic and dental implants
of Baghdad, Baghdad, Iraq because of their unique advantage as they have

? Professor Directorate of research and Nuclear  chemical and mineral components similar to that of

Applications, Iragi ~ Atomic ~ Energy = Commission,  teeth and bone. The commercial coating technique
Ministry of Science and Technology, Baghdad, Iraq is preferentially plasma spraying, because of their
Professor Dean of College of Dentistry, Al-Bayan  ranig and strong bonds to living bone tissues (6).
y(r;:)\/rigssgzhgii%]hgﬁﬁc::?glisnake?@qmai|com Biomimetic method has been utilized to acquire
' ' layers of calcium phosphate, as a replacement to the
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plasma spraying. The simplicity and cheap of this
method in relation to the plasma spray method make
it the process of choice(7). In this study, calcium
phosphate coating was deposited on the surface of
commercially pure titanium and niobium (Nb)
metals by Biomimetic approach. In vitro and in vivo
experiments were done to investigate the effect of
this technique on the quality of the deposited layer
and bone- implant interface.

Materials and Methods:
In vitro study
Samples preparation

20 titanium plates (cpTi) (grade 2,
Straumann Company, Switzerland). and 20 niobium
plates (Nb) (Straumann Company,Switzerland)., of
(10x10x1 mm) in length, width, and thickness
respectively, were inserted in Ultrasonic bath of
ethanol for 15 min to remove contamination and
debris ,then put in a distilled water bath for 10
minutes at room temperature, after that the plates
left to dehydrate at room temperature (8).

Biomimetic surface treatment

At first, etching of the samples in 36% HCI
was done under inert atmosphere of Ar for two
hours. The use of inert atmosphere was to make a
controlled process and avoid extreme etching. Two
hundred fifty (250) ml was used for etching the
cpTi and Nb specimens. The etched samples were
soaked in 10M NaOH aqueous solution. CpTi and
Nb plates were soaked in a 450 ml of NaOH
solution. After 24h of incubation at 60°C in oven,
the plates were washed with deionized water and
dried at 100°C (9). In the second step, the samples
were soaked in a concentrated simulated body fluid
(SBF). The concentration of the salts was 5 times
more than that found in human blood plasma (10).
The solution was prepared by dissolving reagent-
grade NaCl, KCI, NaHCO;, MgS0O,. 7H,0, CaCl,
and KH,PQO, into deionized water using hot plate
stirrer with a magnetic stirring facilities. Table (1)
shows the salt concentrations that were used in this
study. The concentrations were multiplied by a
factor of 5 from those in standard simulated body
fluid .

Table 1. Chemical composition of simulated

body fluid
Item Description Quantity gm./liter
1 NaCl 8.036
2 KCI 0.225
3 CaCl, 0.293
4 NaHCO; 0.352
5 K,HPO, 0.230
7 NaSO, 0.072
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After completing dissolution, the solution
was buffered at pH=7.3 with NH,OH and HCI at
37°C. The instability of pH of the solution made by
creation of carbonates next to absorption of carbon
dioxide from the air makes buffering the solution
close to physiologic levels is difficult to obtain. The
samples were exposed to the solution under static
conditions in a biological thermostat at 37°C for 14
days. The samples were immersed vertically in
specific prepared slot in Teflon disc. After
exposure, they were washed in deionized water and
dried before the subsequent analysis.

Heat treatment

The coated samples were sintered for
densification in a Carbolite furnace. The sintering
was done at 400 °C under inert gas (argon) for one
hour to prevent oxidation of the specimen.

Morphological, Elemental and Phase analysis

Scanning Electron Microscope (SEM)
supported by EDX (Energy Dispersive X-ray
analysis) was made on coated plates to verify the
formation and concentration of the layer that was
formed on the surface. X-ray analysis was made on
the plate's pre and post coating. 3121 powders X-
ray Diffractometer were used to analyze the plates
using Cu Ka radiation .The range of 0 angles were
swept one degree from 20- 60° . The peak indexing
was made on the basis of Joint Committee on
Powder Diffraction Standards (JCPDS).

In vivo experiment
Samples grouping

A total of 160 screws were fabricated and
categorized according to the type of material used
into two main categories. Cp (Ti) and pure (Nb)
groups. In each group (80 screws) the screws were
divided into:-
a. Control (non coated) group (40 screws): This
group was subdivided according to healing interval
into (2weeks and 4weeks groups) (Cont_2 and
Cont_4). 20 screws for each group.
b. Experimental (coated) group (40 screws): This
group was subdivided according to healing interval
into (2weeks and 4weeks groups) (Coat_2 and
Coat_4). 20 screws for each group coated by
Calcium Phosphate compound (CaP).
Each of the above subdivisions (2 weeks and 4
weeks groups) further subdivided, according to the
type of test performed, into: torque removal test
group(10 screws) and histomorphometry group (10
SCrews)

Implant preparation
Implants were fabricated from each cpTi
and pure Nb rods (Straumann Company,
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Switzerland).Using lathe machine in the formation
of screw type implant with 3mm in diameter and 8
mm in length in which smooth part is 3mm while
threaded part is 5mm in length and pitch height is
0.6 mm. On the head of the screw there is a slot in
which the head of screw driver fit for insertion and
removal of screw. The screws were cleaned with
ethanol in an ultrasonic cleaner for 15 minutes and
dehydrated at 100°C. Forty screws from cpTi group
and forty from Nb group were coated with CaP
following the same procedure of biomimetic surface
treatment done on the plate's samples. The selected
soaking period in concentrated SBF was 14 days.
28% nitric acid was used for passivation of the
uncoated implants for 1 hour and then deionized
water with ultrasonic cleaner washed the screws for
5 minutes in each five separated washes. Implant,
from each material (coated and uncoated), were
kept in their airtight sheet then sterilized with
gamma irradiation using gamma cells 220 with
Co60source. The radiation dose was 2.5-3.0 mega
rad.

Surgical procedure

Forty adult New Zealand white rabbit males
weighing ~2 kg were used. Animal house made of
separate rooms was used during the study for
animals storage and where animals had fed with
standard pellets and drink water freely. The rabbits
were left in the animal house for two weeks before
surgical operation.

Animals’ population (total of 40 animals)
was divided into 2 groups, which were planned to
be sacrificed at intervals of 2 and 4 weeks. Four
implants/rabbit, two implants of cpTi in the right
tibia and the other two from Nb in the left one.
Micro dispenser engine was used for bone drilling
at a rotary speed of 1000 rpm and 35 Ncm torque
with copious amounts of distill water for cooling
and washing. Finally, the screw was inserted and
incision was sutured and sterilized.

Mechanical testing

The torque removal test was done by using
digital torque meter device (Hitachi Maxwell LTD.
/174, Japan) to unscrew the implant from the bone
bed and to measure the peak torque (in newton.
Centimeter) necessary to loosen that implant. The
test was done after the animal was anesthetized and
incision was made.

Histological testing

Histological testing for a total of 80 screws
(all Ti and Nb groups) was evaluated under optical
microscope. At first the animal anesthetized with
overdose of medication then Bone cutting was done.
After histological treatment steps ,the paraffin block

- that hold the cut specimens in the center- placed in
microtome to be sectioned into multiple horizontal
sectioning with (4-5um in thickness /section) then
sectioned specimens placed on a slide. This process
was performed for both materials in each healing
interval. Staining of the tissue was done by placing
the slide into haematoxylin and eosin stains for 10
minutes.

Shapiro described the new bone to look like
coarse meshwork (trabecular bone) of pink tissue
surrounding patches of much lighter or unstained
tissue or matrix. In this study the area of new bone
was labeled as in Shapiro's description (11). The
computer software (Maryland, USA) was used to
calculate New Bone Formation Area (NBFA). The
micrographs were examined in PC and areas of new
bone were outlined with the help of specialized
pathologist and by the aid of (image j) program that
facilitate accurate measurements of these areas.

Results and Discussion:
SEM,EDX and XRD analysis

Images of SEM for cpTi surface after SBF
immersion is shown in (Fig.1). Scanning Electron
Microscopy of the coating obtained as in (Figs
la&b) revealed that the surfaces of the cpTi
specimen were wholly and homogeneously coated
with a fine-structured layer. The presence of few
cracks in the coating may be attributed to the drying
process. The coating was found to consist of
globules in the range of 1-2 um (Fig 1c). The
assessment of an individual globule at higher
magnification displayed Nano metric nuclei (Fig.
1d).
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Figure 1. SEM micrographs for cpTi specimen at

(a&b) lower magnification, (c&d)
magnification after immersion in 5XSBF.

higher
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While the SEM ,After soaking the Nb plate
in SBF for two weeks, showed a layer of coating
with different shapes and grains in lower
magnification (Fig. 2 a&b)then  the higher
magnification (Fig. 2b&d) revealed a large and
small crystals in different aggregations forming a
tree like or spindle like arrangements

Figure 2. SEM micrographs for Nb specimen at

(a&b) lower magnification, (c&d)
magnification after immersion in 5XSBF.

higher

The corresponding EDX patterns of Ti
substrate immersed in SBF for two weeks are
shown in (Fig.3), which indicates the appearance of
transition energies of the calcium element Ca Ka
and Ca Kp at 3.68 and 4.03 KeV respectively. The
phosphorus transition energies PKa and PKf 2.02
and 2.13 KeV and the energies of matrix element Ti
Ka and Ti KB 4.51 KeV and 4.92 KeV are shown in
the pattern.
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Figure 3. Energy-dispersive x-ray (EDX) pattern
of cpTi after immersion in 5XSBF.

The pattern clearly shows that the Ca/P
layer covered well the Ti surface as the transition
energies intensity of Ca and p are much higher than
that of Ti.The Ca/P ratio varied between 1.83 and
2.14.

EDX patterns of Nb substrate immersed in
SBF for two weeks are shown in (Fig. 4), which
show the transition energies of the calcium element
Ca Ka and Ca KB at 3.70 and 4.01 KeV
respectively. The phosphorus transition energy PKa
are 2.02 KeV and the energy of matrix element Nb
Ka 2.17 KeV are shown in the pattern. This means
that the layer formed on the surface is comprised of
calcium and phosphorus elements.
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Figure 4. Energy-dispersive x-ray (EDX) pattern
of Nb after immersion in 5XSBF.

The pattern clearly shows that the Ca/P
layer covered well the Nb surface as the transition
energies intensity of Ca and p are much higher than
that of Nb. The Ca/P ratio varied between 1.77 and
1.67.

XRD patterns of cpTi specimens before and
after immersion for two weeks in simulated body
fluid SBF (biomimetic treatment) are shown in
(Fig.5). The XRD results were indexed according to
the data reported by the International Center for
Diffraction Data (ICDD) for the hexagonal Ti
(JCPDS-ICDD file # 44-1294) and the hexagonal
Cas(PO,4)3(OH) (JCPDS-ICDD file # 09-0432).
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4 XRD Patterns of Ti
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Figure 5. X-ray diffraction pattern of Ti
substrates before and after immersion in SBF for
two weeks.

The lattice of a-Ti phase is expanded in the
treated region and the peak positions are shifted to
higher Bragg angles. The pattern shows a
systematic shifting of most peaks of a-Ti toward
upper 20. Such a shift in the Ti peak position
indicating the formation of new compound on the
surface and it can be seen clearly from Fig.5 the
formation of (112) HA at 20 position 32.192 and the
shift of (101) aTi from its position at 28 40.370 to
for (221) HA at 20 40.452. The (112) and (221)
peaks are corresponding to the crystalline
hydroxyapatite (P6:/m) belonging to the hexagonal
symmetry.

Figure 6 illustrates the structural changes in
the surface of Nb substrate biomimemtically treated
in SBF. The XRD patterns show a dramatic shift of
the a-Nb peaks toward upper 20 side. The HA
formation after the immersion of Nb substrate for
two weeks in SBF can be seen from strong peaks of
(322) HA at 20 55.879 and (512) at 26 69.699.
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Figure 6. X-ray diffraction pattern of Nb
substrates before and after immersion in 5XSBF
for two weeks.

Various researches suggest the application
of wvarious biomimetic coatings that can be

257

beneficial for implant therapy success (12, 13). This
study employed an HA surface coating on the
samples because of its proven osteoconductive
properties. When titanium immersed in SBF an HA
layer formed on its surfaces and this layer is able to
achieve crystallinity and morphology as in those of
a bone-like apatite (14). A favorable aspect of this
study coincides with the proposition that increased
crystallinity of HA coatings appears to slow
resorption of HA (15). In this study the results,
obtained from using a 5 times concentrated SBF,
are in consistency with the investigation of Chen et
al in 2005 that the use of more than one time
concentration will accelerate the formation of CaP
with resultant similar properties. (10)Generally,
biomimetic coating processes are performed for
about seven to fourteen days (16).

The results gained supposed that when Ti
and Nb plates immersed in NaOH liquid , sodium
titanate and sodium niobate hydrogel layers formed
on its surface respectively. This is similar to a
previous study results in which porous sodium
titanate and sodium niobate titanate hydrogel layers
formed when Ti-Nb alloy plates treated with NaOH
solution.After that plates soaked in a simulated
body fluid (SBF) for 14 days then calcium
phosphate compounds attached to the surface such
behaviour is called bioactivation of niobium and
titanium and it's like the bioactivation reported
previously of alkali treated Ti and Ti-Nb alloy (17).
The CaP compounds precipitation on the alkali
treated metal plates may be attributed to the
morphology of the surface layer of the plates since
immersion of treated plates into an electrolyte
solution (like SBF) making its surface as cathodic
reaction of oxygen reduction:

02 + 2H20 + 4e — 40H

This reaction leads to a local increase in pH at
the surface which is more pronounced at the porous
surface of the plates that may decrease the solubility
of the HA by increasing its ionic activity product
according to the following equilibrium in SBF:

10Ca**+6P0O,*+20H "~ <4 Cay, (PO.)s(OH),

So HA start to precipitate on the surface of
the metal forming nuclei of apatite which then grow
by absorbing more Ca®* and PO,* from SBF that is
supersaturated with respect to the apatite (18).

The SEM micrographs for Ti and Nb
supported the formation of coating layer on the
plates after SBF immersion and the shapes of the
particles were different between Ti and Nb, and this
may be attributed to the difference in surface layer
composition as this is supported by EDX result due
to difference in surface roughness and hardness
between the two metals. The EDX analysis
indicated a continuous calcium and phosphorus
deposition on the surface. The prominent peaks
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corresponding to the deposited layer accompanied
with a gradual decrease of titanium and niobium
peaks intensity, which revealed the gradual
thickening of the coated layer. The XRD data
showed peaks indicating the presence of crystalline
HA phases as well.

Mechanical test

For the 2 weeks period, coated Nb screws
(Coat_Nb_2 group) showed the highest resistances
to removal torque with mean value of 21.10 N.cm
compared to the torque needed for the coated cpTi
implant screws (Coat_Ti_2 group with mean value
17.9 N.cm).Regarding the uncoated implants the
mean torque values needed to remove the cpTi and
Nb screws without coating were 8.90 N.cm, 14.10
N.cm respectively.

The highest removal torque mean value was for
coated niobium screws after 4 weeks period which
was 44.30 N.cm  while for coated Ti screws; the
mean was 36.90 N.cm after the same period. The
uncoated cpTi (Cont_Ti_2) and Nb (Cont_Nb_2)
removal torque mean values were (27.10), (32.60)
N.cm respectively after 4 weeks interval.

Independent t — tests for equality of means
of torque values were calculated between different
implant materials (cpTi vs Nb), different surface
types (coated vs uncoated) for the two weeks
healing period and also for the 4 weeks healing
period (Table 2) and the tests showed highly
significant differences between all the types of
comparisons.

Table 2. independent t —test for equality of means of torque values between (cpTi and Nb) screws of all groups’

type at 2 and 4 weeks interval.

. . p-value
types of comparism Mean Differences T Df Sig. (2-tailed)

Cont_Ti_2 x Cont_Nb_2 -5.200 -13.377 18 .000
Coat_Ti_2xCoat_Nb_2 -3.200 -6.000 18 .000
Cont_Ti_2 xCoat Ti_2 -9.000 -17.428 18 .000
Cont_Nb_2 xCoat_Nb_2 -7.000 -9.391 18 .000
Cont_Ti_4 xCont_Nb_4 -5.500 -14.758 18 .000
Coat_Ti_4 x Coat_ Nb_4 -7.400 -9.348 18 .000
Cont_Ti_4 x Coat_Ti_4 -9.800 -18.375 18 .000
Cont_Nb_4 xCoat_Nb_4 -11.700 -20.939 18 .000

P<0.05 = significant

At the same time paired t — tests for equality of
means of torque values were used for different
healing periods (2w vs 4w) as in Table (3) - for the

screws of the same surface type and the same
implant material- and showed highly significant
differences between different periods of time.

Table 3. paired t-test for equality of means of torque values of cpTi and Nb groups between 2 and 4

weeks intervals.

types of comparism Mean Differences T Df Sig. (2-tailed)
Cont_Ti_2 x cont_Ti_4 -18.200 -62.630 9 .000
Coat_Ti_2 x Coat_Ti_4 -19.000 -45.062 9 .000
Cont_Nb_2 x Cont_Nb_4 -18.500 -32.875 9 .000
Coat_Nb_2 x Coat_Nb_4 -23.200 -40.454 9 .000

Effect of type of material on torque removal
values

The results showed that all niobium
implants have more torque values than titanium
implants and there is a significant differences
between the two types of materials within the same
time period and same surface condition (coated or
uncoated) this may be attributed to the differences
in surface morphology and surface roughness since
niobium showed more roughness and irregularities
at the surface than titanium also niobium had
similar biocompatibility to titanium (19, 20).
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Effect of healing period on torque removal
values

It was shown in this study that a significant
difference between different time periods was
present for the same metal and same type of surface
(coated or control). This agreed with the study of
Johanson and Albrektson in 1987 that
demonstrated an increase in the removal torque
values with time. They supposed that increase in
healing time associated with the increase in bone
formation and remodeling that lead to increase in
bone-implant contact and subsequent increase in
mechanical resistance of the implant to removal
(22).
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Effect of coating on torque removal values

The results revealed that the biomimetic
treated screws (coated Ti or coated Nb)
significantly differ from control screws (non
treated) for the same period of time and for the
same material, that may be due to the formation of
HA layer upon implantation of treated Tl and Nb
samples into the human body, thus promote the
bonding of the implant to the surrounding bone was
due to similarity of coating layer to bone structure.
This bone bonding capability could make Nb metal
an attractive material for hard tissue replacements.

General histological description of implant in
different intervals

In of 2 weeks interval for Nb screws (Fig 7
left), section showed implant site (arrow) with
marrow elements and early osteoid formation at the
margin of the native bone. H and E X40 while (Fig
7 right) higher magnification showed a cellular
marrow with delicate osteoid bone trabeculae
(arrow). (H and E X400)

Figure 7. Light micrograph for portion of rabbit
tibia after 2 weeks of coated Nb screw
implantation. On the left lower magnification
(x40) showed the implant site (arrow), while on
the right higher magnification (x400) showed
delicate osteoid bone trabeculae (arrow).

While for 4 w interval, Low power (Fig. 8
left) revealed abundant osteoid formation
surrounding the site of implant (H and E X40) and
High power (Fig. 8 right) showed osteoid bone

trabeculae with prominent osteoblastic activity
(arrow) (H and E X400).

Figure 8. nght mlcrograph for portion of rabbit
tibia after 4 weeks of coated Nb screw
implantation. On left lower magnification (x40)
showed the implant site (arrow), while on the left
higher magnification (x400) showed prominent
osteoblastic activity (arrow).

Histomorphometric analysis of in
different intervals

For the 2 weeks period, coated Nb screws
showed the highest NBFA value (1.57 mm2) in
relation to NBFA of coated cpTi screws with mean
value of (1.22 mm2). Concerning the uncoated
implants, the mean NBFA values around the cpTi
and Nb screws without coating were (0.22 and
0.83mm2) respectively.

After 4 weeks of healing period, the highest
NBFA mean value was also for coated niobium
screw which was 5.41 mm2 while for coated Ti
screws, the mean was 3.50 mm2 after the same
period. The uncoated cpTi and Nb NBFA mean
values were (2.08) and (2.78) mm2 respectively
after 4 weeks interval. T — test for equality of means
of NBFA values between cpTi and Nb (coated or
uncoated) screws at 2 weeks and at 4 weeks healing
periods showed highly significant differences
between different surface types of screws (coated vs
uncoated) of the same material and at the same
period of time, and between different materials
(cpTi vs Nb) of screws for the same surface type
and the same period of healing as described in
(Table 4).

implant

Table 4. Independent t —test for equality of means of NBFA values between (cpTi and Nb) screws of all

groups' type at 2 and 4 weeks interval.

types of comparism Paired Differences T Df Sig. (2-tailed)
Cont_Ti_2 - cont_Nb_2 -.61260 -28.694 18 .000
Coat_Ti_2 - Coat_Nb_2 -.35050 -4.553 18 .001
Cont_Ti_2 —Coat_Ti_2 -1.00680 -37.988 18 .000
Cont_ Nb 2-Coat_Nb_2 - 74470 -9.702 18 .000
Cont_Ti_4 - Cont_Nb_4 -.70480 -7.886 18 .000
Coat_Ti_4 - Coat_Nb_4 -1.91680 -7.638 18 .000
Cont_Ti_4 - Coat_Ti_4 -1.42090 -16.805 18 .000
Cont_Nb_4 - Coat Nb 4 -2.63290 -12.197 18 .000
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Also t-test was used for testing the equality of
means of NBFA between implant screws at
different periods of healing time (2weeks vs. 4

weeks) and presented a highly significant difference
as demonstrated in table (5).

Table 5. paired t-test comparison of NBFA mean of cpTi and Nb groups between 2 and 4 weeks

intervals.
types of comparism Paired Differences T df Sig. (2-tailed)
Cont_Ti_2-Cont_Ti_4 -1.86120 -48.769 9 .000
Coat_Ti_2 - Coat_Ti_4 -2.27530 -22.441 9 .000
Cont_Nb_2-Cont_Nb_4 -1.95340 -24.559 9 .000
Coat_Nb_2-Coat_Nb_4 -3.84160 -17.713 9 .000

Effect of implant material

The results showed significantly higher
New Bone Formation Area (NBFA) with Nb
implant in comparison with cpTi samples. More
NBFA values were obtained for Nb groups. This is
supported by previous studies that showed the
superior performance in biocompatibility of Nb than
titanium, utilizing cell lines and testing
proliferation, metabolic activity and maintenance of
cell morphology (22).and more surface roughness
of the Nb samples when compared to titanium. (19).

Effect of healing time

The effect of healing period on the values
of NBFA showed a significant difference between 2
weeks and 4 weeks interval groups for both Nb and
cpTi screws since new bone formation values
increase significantly with time. This may be due to
continuous activation of osteoblast cell for new
bone formation with time

Effect of coating

Regarding the effect of CaP coating on
bone formation, it was noticed in this study that the
values of bone formation (NBFA) varied with the
type of implant surface and how long the material
had been implanted. In this case, dynamic
interactions between the cells and the coating
material are inevitable, which explains the higher
level of cell functionality associated with coated
implant in this study. Moreover, the ion
concentrations around the cells increased as the
coating layers dissolved which seems to induce the
precipitation of HA with subsequent adsorption and
bone cell attachment (23).

Conclusions:

Within the limitation of this study we
conclude that Nb metal can be bioactivated as in Ti
metal. The Nb screws showed significant larger
removal torque values when compared to Ti screws
at 2 weeks and 4 weeks healing interval at the same
time histomorphometric analysis revealed that Nb
screws showed significant higher NBFA values than
Ti screws in 2w and 4w healing period.
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Niobium metal with or without a CaP coating
has relevant physical and biological properties as an
implant material and may be used as an alternative
to Ti metal.

Conflicts of Interest: None.
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