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Abstract

Objectives: This study evaluated cytocompatibility and osseointegration of the titanium (Ti)

implants with resorbable blast media (RBM) surfaces produced by grit-blasting or XPEED® surfaces

by coating of the nanostructured calcium.

Material and methods: Ti implants with XPEED® surfaces were hydrothermally prepared from Ti

implants with RBM surfaces in a solution containing alkaline calcium. The surface characteristics

were evaluated by using a scanning electron microscope (SEM) and surface roughness measuring

system. Apatite formation was measured with SEM after immersion in modified-simulated body

fluid and the amount of calcium released was measured by inductively coupled plasma optical

emission. The cell proliferation was investigated by MTT assay and the cell attachment was

evaluated by SEM in MC3T3-E1 pre-osteoblast cells. Thirty implants with RBM surfaces and 30

implants with XPEED® surfaces were placed in the proximal tibiae and in the femoral condyles of

10 New Zealand White rabbits. The osseointegration was evaluated by a removal torque test in the

proximal tibiae and by histomorphometric analysis in the femoral condyles 4 weeks after

implantation.

Results: The Ti implants with XPEED® surfaces showed a similar surface morphology and surface

roughness to those of the Ti implants with RBM surfaces. The amount of calcium ions released

from the surface of the Ti implants with XPEED® surfaces was much more than the Ti implants with

RBM surfaces (P < 0.05). The cell proliferation and cell attachment of the Ti implants showed a

similar pattern to those of the Ti implants with RBM surfaces (P > 0.1). Apatite deposition

significantly increased in all surfaces of the Ti implants with XPEED® surfaces. The removable

torque value (P = 0.038) and percentage of bone-to-implant contact (BIC%) (P = 0.03) was

enhanced in the Ti implants with XPEED® surfaces.

Conclusion: The Ti implants with XPEED® surfaces significantly enhanced apatite formation,

removal torque value, and the BIC%. The Ti implants with XPEED® surfaces may induce strong bone

integration by improving osseointegration of grit-blasted Ti implants in areas of poor quality bone.

Surface roughness and topography is a crucial

factor for osseointegration and the biome-

chanical stability of dental implants. Surface

roughness is classified into three different

surface types, macro-sized, micro-sized, and

nano-sized topography. The range of macro-

sized roughness is more than 10 µm and is

associated with threaded screw and macro-

porous surfaces produced by macroporous

surface treatments. This macro scale is asso-

ciated with implant geometry. Various stud-

ies have reported that surfaces with macro-

sized roughness are superior to smooth

surfaces at the time of early fixation and

mechanical stability (Buser et al. 1991; Got-

fredsen et al. 1995; Wennerberg et al. 1995).

The range of micro-sized roughness made by

common surface treatments is 1–10 µm (Le

Guehennec et al. 2007) and is related to the

interlocking between the dental implant sur-

face and the bone. The surfaces with nano-

sized roughness influence the osseointegra-

tion rate by adsorbing proteins and increasing

the adhesion of the osteoblastic cells (Brett

et al. 2004). Depending on the type of mea-

surements and techniques used, the range of

optimal surface roughness contributed to

osseointegration varies considerably from 1
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to 23 lm (Buser et al. 1991, 1999; Wong et al.

1995; Wennerberg & Albrektsson 2000;

Grassi et al. 2006; Shibli et al. 2007).

With the surface roughness and topogra-

phy, the surface chemistry plays an impor-

tant role for osseointegration. Titanium (Ti)

and Ti alloys are bioinert surfaces and are

not able to directly bond with bone. One of

the methods of increasing surface reactivity

is coating the Ti surface with layers of

calcium phosphate. Plasma-sprayed HA coat-

ing is a widely used method. The studies

reported that the dental implants with the

HA coating enhance osseointegration as com-

pared to non-coated dental implants (Geurs

et al. 2002; Barrere et al. 2003). Another

study reported that the survival rate of the

dental implant with or without the HA coat-

ing is similar (Lee et al. 2000) or decreases in

the dental implants with the HA coating

(Wheeler 1996). Plasma-sprayed HA coating

produces the bioactive implant surface but

has several disadvantages. The plasma coat-

ing is closely attached to the bone tissue and

is delaminated from the surface Ti implant

(Hanisch et al. 1997; Albrektsson 1998).

Another method of increasing surface reactiv-

ity is to coat the nanostructured calcium into

the Ti surface. The nanostructured calcium

coating reported a large degree of effective-

ness in many in vitro and in vivo studies.

The in vitro studies have reported that sur-

face modification from the use of calcium

ions increased the growth of osteoblastic

cells and promoted the precipitation of apa-

tite on the Ti surfaces in simulated body

fluid (Hamad et al. 2002; Nayab et al. 2004,

2005; Park et al. 2007). Also the effects of

cell adhesion on calcium incorporated into

the Ti surface was reduced in human alveolar

bone cells (Nayab et al. 2004) and MG-63

cells (Nayab et al. 2005) and increased in

human osteoblasts (Webster et al. 2003).

Several in vivo studies have reported that

incorporating calcium into Ti implants by

hydrothermal treatment stimulated osseo-

integration by increasing BIC% more than in

untreated Ti implants in rabbit models

(Park et al. 2007, 2008; Park et al. 2009). It

was reported that the surface roughness was

modified only at the nano-scale level but not

at the micron-scale level after Ca incor-

poration by hydrothermal modification

(Park et al. 2007, 2008). Although several

studies have documented the osteoblast

response in cell proliferation and cell

attachment on disks with incorporated

calcium, few have investigated the effects of

calcium ions on the three dimensional cellu-

lar environment.

We aimed to investigate the cell prolifera-

tion on and cell attachment to the Ti

implants with nanostructured calcium coat-

ing (XPEED® surfaces). In previous studies,

the amount of calcium ions released from

the Ti implants with calcium incorporation

was not measured. We measured the amount

of calcium ions released from the Ti implants

with XPEED® surfaces. Instead of Hank’s Bal-

anced Salt Solution (HBSS), our studies on

apatite-forming ability used a modified-simu-

lated body fluid (m-SBF). Also, Ti implants

were used instead of square or disk speci-

mens. In addition, we investigated the apatite

formation on different parts of the Ti

implants, such as the crest, root portion, and

cutting edge. The previous studies evaluated

the osseointegration of the Ti implants pro-

duced by grit-blasting/acid-etching tech-

niques and the Ti6Al4V alloy implants by

grit-blasting with the addition of calcium

ions (Park et al. 2007, 2009). We investigated

the osseointegration using removal torque

tests in rabbit tibiae and by histomorphomet-

ric analysis in rabbit femurs on grit-blasted

Ti implants with XPEED® surfaces.

Material and methods

Implant design

Commercial Ti implants (EZ Plus™ Internal

implants) roughened by grit-blasting were

used in this study (Megagen Co. Ltd., Kyung-

san, Korea). The Ti implants had a thread

diameter of 4.0 mm and a length of 10 mm,

except for those used in the animal study.

For the animal study, the implant thread

diameter was 3.3 mm and the length of the

implant was 5.0 mm. The calcium-incorpo-

rated Ti implants, that is, the Ti implants

with XPEED® surfaces, were prepared by

hydrothermal reaction in the same manner

as previous studies (Park et al. 2007, 2008;

Suh et al. 2007). Briefly, Ti implants were

hydrothermally treated in a mixed solution

containing 2 mM CaO and 0.2 M NaOH at

180°C for 2 h. Then, the Ti implants with

XPEED® surfaces were rinsed and dried. All

implants used this study were sterilized by

c-irradiation.

Surface characterization

The morphology of the Ti implant surface

was observed by scanning electron micro-

scope (SEM) equipped with energy dispersive

X-spectroscope (SEM/EDS, S-4800, Hitachi,

Tokyo, Japan). The surface roughness was

evaluated by a surface roughness measuring

system (Form Talysurf Series 2, Taylor Hob-

son, Leicester, England). Two Ti implants

from each group were used and the surface

roughness was measured on the same Ti

implant three times. The measurement point

of surface roughness was the lateral flat side

of the lower part of the implant, namely the

cutting edge.

Released amount of calcium

Implants (n = 3) were incubated at 37°C in

5 ml of the saline for 2, 4, and 8 weeks. After

incubation period, the solution was harvested

from the implants. The concentration of cal-

cium ions from the harvested solutionwas ana-

lyzed by an inductively coupled plasma optical

emission spectrometer (ICP-OES; Optima

7300DV, Perkin Elmer, Shelton, CT, USA).

Evaluation of apatite-forming ability

Implants were immersed at 37°C in 25 ml of

the m-SBF for 3 weeks. The lower part of the

implants was located toward the bottom of

the bottle. The m-SBF was prepared as

follows (Oyane et al. 2003). First, each

reagent in the sequence listed in Table 1 was

completely dissolved in distilled water. It

was buffered using 2-(4-(2-hydroxyethyl)-1-

piperazinyl) ethanesulfonic acid (HEPES) and

NaOH at pH 7.4. The solution was changed

twice a week. After 13 days, the implant was

washed with distilled water and then dried

for 24 h. The apatite was examined using

a SEM equipped with an energy dispersive

X-spectroscope (SEM/EDS, S-4800, Hitachi).

Cell proliferation

The MC3T3-E1 cells (5 9 105 cells), a mouse

calvaria-derived osteoblast-like cell line, and

implants in a-modified Eagle’s medium

(a-MEM) were repeatedly rotated by using a

rotation plate (2 rpm) in a flat-bottom tube

for 3 h at 37°C (van den Dolder et al. 2002).

The cells attached to the implants were incu-

Table 1. Order, reagent, purity, and amount for
preparation of m-SBF

Order Reagent
Purity
(%)

Amount
(g)

1 NaCl >99.5 5.403
2 NaHCO3 >99.5 0.504
3 Na2CO3 >99.5 0.426
4 KCl >99.5 0.225
5 K2HPO43H20 >99.0 0.230
6 MgCl2–

6H2O
>98.0 0.311

7 HEPES* >99.9 17.892
8 CaCl2 >95.0 0.293
9 Na2S04 >99.0 0.072
10 1.0 M

NaOH
– ≒15ml

*HEPES was previously dissolved in 100 ml of
0.2 M NaOH.
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bated at 37°C in a humidified atmosphere of

5% CO2 for 3, 5, and 7 days. MTT (3-(4,5-

dimethylthiazol-2yl)-2,5-diphenyl tetrazolium

bromide) assay was performed for the cell

proliferation at the indicated time. A quan-

tity of 0.5 mg/ml of MTT solution was added

to each well. After 3 h, the MTT solution

was aspirated and the dimethylsulfoxide was

added to solubilize the formed formazan. The

optical density was measured at a wavelength

of 570 nm using an ELISA reader (Power-

Wave XS, Bio-Tek, Winooski, VT, USA).

Cell attachment

The MC3T3-E1 cells (5 9 105 cells) and

implants in a-MEM were repeatedly rotated

by using a rotation plate (2 rpm) in a flat-bot-

tomed tube for 3 h at 37°C. The cells

attached to implants were incubated at 37°C

in a humidified atmosphere of 5% CO2 for

10 days. After incubation, the implants were

washed twice with phosphate buffered saline

(pH 7.4). Fixation was carried out for 30 min

in 2% glutaraldehyde. The implants were

then washed twice with 0.1 M sodium caco-

dylate buffer (pH 7.4), dehydrated sequen-

tially in 25%, 50%, 75%, 95%, and 100%

ethanol, for 5 min each, and dried with tetra-

methylsilane. The specimens were coated

with gold, examined, and photographed using

a SEM equipped with an energy dispersive

X-spectroscope (SEM/EDS, S-4800, Hitachi).

Animals and surgical procedure

The animal experiment was approved by the

Institutional Animal Care and Use Commit-

tee of Yeungnam National University Hospi-

tal, Daegu, Korea. Ten adult male 20-week-

old New Zealand White Rabbits weighing

3.5–4 kg were used. The surgical sites were

the flat medial surfaces of the femoral

condyles for the histomorphometric analysis

and the medial surfaces of the proximal tibiae

for the removal torque test. The surgical

regions were shaved and the skin was disin-

fected with iodine and hexamidine. General

anesthesia was performed by the intramuscu-

lar injection of a mixture of 1.3 ml of 100

mg/ml ketamin (Yuhan, Seoul, Korea) and

0.2 ml of Rumpun (7 mg/kg; Bayer Korea,

Seoul, Korea) and the local anesthetic was

1 ml of 2% lidocaine (Yuhan). The incision

for the surgical sites was made on the medial

surface of the distal femur and the medial

surface of the proximal tibiae from the skin

to the periosteum. The osteotomy was per-

formed according to the recommended surgical

protocol supplied by the manufacturer. The

holes for implant implantation were drilled

in sequential order. A set of three control

implants (implants with RBM surfaces) and a

set of three experimental implants (implants

with XPEED® surfaces) were randomly placed

in the right legs and left legs (two implants

in the tibia and one implant in the femur).

The implants with resorbable blast media

(RBM) surfaces (n = 30) and the implants

with XPEED® surfaces (n = 30) were

implanted with the recommended torque. All

implants were inserted up to the bone cortex.

The surgical site was then sutured with

Vicryl (Ethicon, Somerville, NJ, USA), and

the antibiotic Baytril (Bayer Korea) and anal-

gesic Nobin (Bayer Korea) were injected intra-

muscularly to minimize infection and pain.

Removal torque tests

After 4 weeks, to evaluate implant stability,

removal torque tests were performed in the

proximal tibia bed with the implants. After

the incision of the surgical site, the fixture

mount was connected. The legs of the rabbit

were stabilized by a collet chuck and a digital

torque meter (Mark-10, New York, USA) was

fixed by using the test standard (Mark-10).

The removal torque was measured by using a

digital torque meter positioned in the same

direction of the implant axis with constant

speed.

Histomorphometric evaluation

After 4 weeks, tissues containing implants

from the femoral condyles for histomorpho-

metric evaluation were harvested and fixed

in 70% ethanol. The tissue was dehydrated

sequentially in ethanol, and then embedded

in methyl methacrylate resin. The sections

of 20 µm thickness containing the central

regions of the implants were produced by a

Macrocutting and grinding system (Exakt 310

CP series, Exakt Apparatebau, Norderstedt,

Germany). The sections were stained with

Villanueva staining and were photographed

with a trinocular microscope (CX31; Olym-

pus, Tokyo, Japan). The percentage of bone-

to-implant contact (BIC%) and the percentage

of bone area (bone area%) were measured

over all threads. BIC% was measured as a

percentage of the length of mineralized bone

contacting the implant surface directly and

bone area% was evaluated by measuring the

amount of mineralized bone inside all

threads. The percentage of bone-to-implant

contact (BIC%) and the percentage of bone

area was measured with an image analysis

program (Analysis TS Auto; Olympus).

Statistical analysis

Statistical analysis was performed using SPSS

11.0 statistical system (SPSS Inc., Chicago,

IL, USA). One-way analysis of variance with

Tukey’s multiple comparisons test was per-

formed to evaluate differences in released

amount of calcium and cell proliferation

between groups. The paired Student t-test

was performed to compare the significance of

the differences in surface roughness, removal

torque, BIC%, and bone area%. Values of P

were statistically significant at <0.05.

Results

Surface characteristics

The surface topography of the Ti implants

was observed (Fig. 1). The surface morphol-

ogy of the Ti implants with RBM surfaces

caused by grit-blasting showed the micro-

rough surface topography and the irregular

indentation. By incorporating calcium ions,

the Ti implants with XPEED® surfaces were

observed to have a similar surface morphol-

(a) (b) (c)

(d) (e) (f)

Fig. 1. Scanning electron microscope image of the Ti implants with RBM surfaces (a, b, c) and the Ti implants with

XPEED® surfaces (d, e, f) at magnifications of 91000 (a, d), 93000 (b, e), and 930,000 (c, f).

© 2011 John Wiley & Sons A/S 3 | Clin. Oral Impl. Res. 0, 2011 / 1–7
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ogy to that of the Ti implants with RBM

surfaces at lower magnifications (91000,

93000). At the higher magnification

(930,000), Ti implants with XPEED® surfaces

were observed to have a surface nanostruc-

ture with a regular shape. The average sur-

face roughness (Ra) of the Ti implants with

RBM surfaces and XPEED® surfaces was sim-

ilar (Table 2) (P > 0.1).

Apatite formation

After the Ti implants had been incubated in

m-SBF for the indicated time, the Ti implants

with the XPEED® surfaces had formed more

apatite than the Ti implants with RBM sur-

faces (Fig. 2). Interestingly, the apatite forma-

tion was observed on all surfaces containing

the root, crest portion, and cutting edge of

the Ti implants with XPEED® surfaces but

the Ti implants with RBM surfaces showed

only apatite formation at the crest portion of

the Ti implants with RBM surfaces, but not

at the root portion and at the cutting edge.

Release of calcium

After the Ti implants had been immersed in

the physiological saline solution for the indi-

cated time, the calcium ions released from

the Ti implants with XPEED® surfaces

increased with longer incubation times

(P < 0.001) but did not increase in the Ti

implants with RBM surfaces (P > 0.05)

(Table 3).

Cell proliferation

The cell proliferation in the Ti implants was

analyzed by MTT assay in mouse osteoblas-

tic cells (MC3T3-E1 cells). The data were

expressed as a percentage of the Ti implants

with RBM surfaces at 3 days. The Ti

implants with XPEED® surfaces showed sim-

ilar absorbance with that of cells on the Ti

implants with RBM surfaces for the incu-

bated time (Fig. 3). There was no statistical

difference in cell proliferation between the Ti

implants with RBM surfaces and the Ti

implants with XPEED® surfaces (P > 0.1).

Cell attachment

At 10 days after seeding, the cells were

evenly attached to the surfaces of both the Ti

implants with RBM surfaces and the Ti

implants with XPEED® surfaces (Fig. 4).

Removal torque testing

The mean removal torque of the Ti implants

with XPEED® surfaces was 33.3 ± 4.1 Ncm

and that of the Ti implants with RBM sur-

faces was 23.7 ± 8.3 Ncm. The mean removal

torque of the Ti implants with XPEED® sur-

faces was even higher than that of the Ti

implants with RBM surfaces (P = 0.038).

Histological evaluation

At 4 weeks after implantation, direct bone

contact was observed along the surface of all

Ti implants (Fig. 5). There was no histologi-

cal inflammation at the bone-implant bound-

ary (Fig. 5). The mean BIC% in all threads

was 30.7 ± 2.4% for the Ti implants with

RBM surfaces and 35.8 ± 1.7% for the Ti

implants with XPEED® surfaces (Fig. 6). The

mean bone area% was 35.1 ± 1.3% for the Ti

implants with RBM surfaces and 37.1 ± 3.0%

for the Ti implants with XPEED® surfaces

(Fig. 6). The BIC% of the Ti implants with

XPEED® surfaces was enhanced compared to

the Ti implants with RBM surfaces

(P = 0.03). However, the Ti implants with

XPEED® surfaces showed no significant

enhancement in the mean bone area%

(P > 0.1).

Discussion

In this study, Ti implants with XPEED® sur-

faces produced by hydrothermal treatment

formed more apatite than the Ti implants

with RBM surfaces when incubated in modi-

fied-simulated body fluid (m-SBF) for the

same period. Simulated body fluid (SBF) is a

fluid with ion concentrations similar to that

of human blood plasma. SBF is used to evalu-

ate the in vitro apatite-forming ability of the

surface of materials, and this ability is con-

sistent with the in vivo bone-bonding ability.

The artificial materials used for the biomi-

metic production of bone-like apatite were

Table 2. Surface roughness parameters of Ti implants (mean ± SD; n = 6)

Surface
treatment Ra (lm) Rq (lm) Rt (lm) RZDIN (lm)

RBM 1.56 ± 0.08 2.11 ± 0.13 18.53 ± 1.56 12.55 ± 0.32
XPEED 1.63 ± 0.22 2.16 ± 0.30 15.76 ± 0.29* 12.46:1:0.55

Ra, the arithmetic average of the absolute height values of all points of the profile; Rq, the root
mean square of the values of all points of fhe profile; Rt, the maximum peak-to-valley height of the
entire measurement trace; RZDIN, the arithmetic average of the maxinum peak-to-valley height of the
roughness values of five consecutive sampling sections over the filtered profile.
*Significant differences between the Ti implants with RBM surfaces and the Ti implants with XPEED
surfaces at P = 0.02.

(a)

(f) (g) (h) (i) (j)

(b) (c) (d) (e)

Fig. 2. Scanning electron microscope images of the Ti implants with RBM surfaces (a, b, c, d, e) and the Ti implants with XPEED® surfaces (f, g, h, i, j) incubated in m-SBF for

13 days. (a, b, e, f, g, j) Crest portion, (c, h) root portion, and (d, i) cutting edge of Ti implants at magnifications of 9200 (a, f), 91000 (b, c, d, g, h, i), and 910,000 (e, j). Ti

implants with XPEED® surfaces showed more apatite formation over the surface than the other implants.
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conventional SBF (c-SBF), revised SBF (r-SBF),

m-SBF, and HBSS. Several studies have

reported that calcium-incorporated square

specimens formed more apatite than

untreated specimens (Park et al. 2007, 2008).

These studies used HBSS among artificial

materials for its apatite-forming ability. How-

ever, we used m-SBF, which has an ion con-

centration nearly equal to that of blood

plasma and its ion concentration remains

nearly unchanged during its storage period

(Oyane et al. 2003). Among artificial materi-

als designed for their apatite-forming ability,

the use of both the Ti implants and m-SBF

mimics the conditions of the biological envi-

ronment much better, comparitively, than do

square Ti specimens and HBSS . Our studies

showed that there was no apatite formed at

the root portion and the cutting edge of the

Ti implants with RBM surfaces but formed

apatite at the Ti implants with XPEED® sur-

faces for the same period. This means that it

takes more time for the apatite to form at

the root portion and the cutting edge of Ti

implants than the crest portion of Ti

implants. The time required for the apatite

formation at the root portion and cutting

edge of the Ti implants with RBM surfaces

were decreased by incorporating calcium ions

into the surface of the Ti implants.

The square Ti and Ti6Al4V specimens

with the incorporation of calcium ions

increased significantly the proliferation of

MC3T3-E1 preosteoblast as compared with

those of the microroughened surfaces (Park

et al. 2007, 2008). The polished Ti disks

implanted with calcium ions enhanced the

proliferation of alveolar bone cells and MG-

63 cells (Nayab et al. 2004). However, our

studies demonstrated that the Ti implants

with XPEED® surfaces and the Ti implants

with RBM surfaces showed a similar prolifer-

ation rate for 3, 5, and 7 days. This fact is

due to the difference in the type of specimens

(disk versus fixture), raw materials, type of

surface treatments, and type of cells. The

release of calcium ions from the surface of

the Ti implants may take a much longer

time than the surface of the Ti disk speci-

mens. Our data indicated that the amount of

calcium ions released until 7 days was very

little in the cell culture media (Table 3). The

amount of calcium ions released was proba-

bly not sufficient to affect cell proliferation.

Our studies also showed that cells were

Fig. 3. Cell proliferation of the Ti implants with RBM

surfaces and the Ti implants with XPEED® surfaces for

3, 5, and 7 days. Data are expressed as the mean ± SD

(n = 3). There were not significant differences between

the Ti implants with RBM surfaces and the Ti implants

with XPEED® surfaces; P > 0.1.

(a)

(c) (d)

(b)

Fig. 4. Scanning electron microscope images of MC3T3-E1 cells incubated on the Ti implants with RBM surfaces

(a, b) and the Ti implants with XPEED® surfaces (c, d) at magnifications of 91000 (a, c) and 9200 (b, d). Cells were

evenly attached on the surface of both the Ti implants with RBM surfaces and the Ti implants with XPEED® sur-

faces.

(a)

(b)

Fig. 5. Histological sections of the Ti implants with

RBM surfaces (left) and the Ti implants with XPEED

surfaces (right) in all threads (a) and the Ti implants

with RBM surfaces (upper) and the Ti implants with

XPEED® surfaces (lower) in three threads of implants (b)

4 weeks after implantation in rabbit femurs. Magnifica-

tion of 940 (a) and 9100 (b) (stained with Villaneueva

stain). Direct bone contact can be observed along the

surface of both Ti implants.

Table 3. Release of calcium ions from Ti
implants with XPEED® surfaces (mean ± SD;
n = 3)

Immersion line
(weeks)

Concentration
(ppm)

RBM 2 0.77 ± 0.02
4 0.79 ± 0.02
8 0.78 ± 0.01

XPEED 2 1.22 ± 0.01*

4 1.47 ± 0.01*, †

8 1.77 ± 0.01*,†

*Significant differences compared to Hie Ti
implants with RBM surfaces and with XPEED
surfaces at the same time (P < 0.05).
†Significant differences between 2 and 4 weeks
or 4 and 8 weeks within the Ti Implants with
XPEED surfaces (P < 0.05).
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attached over the entire surface on both Ti

implants. These studies are significant

because cell adhesion and cell distribution on

the Ti implants could be observed unlike the

previous studies that used incorporated Ti

disks (Nayab et al. 2004, 2005).

Our studies showed that the BIC% of the

Ti implants with RBM surfaces was

30.7 ± 2.4% at 4 weeks after implantation in

all threads of implants, and the Ti implants

with XPEED® surfaces increased slightly the

BIC% to 35.8 ± 1.7%. In addition, our results

increased only the BIC% but not the bone

area%. The increased BIC% is related to the

osseointegration in agreement with several

studies reporting a direct correlation between

BIC% and osseointegration, but the bone

area% is not related to the osseointegration

(Morra et al. 2006; Park et al. 2009). These

findings support the results of previous stud-

ies reporting great osseointegration of cal-

cium incorporation (Park et al. 2007, 2009;

Suh et al. 2007). Our studies indicated that

the Ra (average surface roughness) of the Ti

implants with XPEED® surfaces was similar

to that of the Ti implants with RBM surfaces

but the Rt (the maximum peak-to-valley

height of the entire measurement trace) of

the Ti implants with XPEED® surfaces

decreased slightly compared to that of the Ti

implants with RBM surfaces (P = 0.02). The

incorporation of nanostructured calcium

seems to induce a subtle change in microto-

pography as shown in a little reduction of Rt.

We assume that the micro-structured surface

effectively cannot contribute osseointegra-

tion. It seems that the nanostructure of

the surface produced by the incorporation of

calcium ions as well as the calcium ions

themselves contribute to enhanced osseointe-

gration of micro-structured Ti implants by

stimulating osteoblastic differentiation (Park

et al. 2008) and apatite formation (Park et al.

2007, 2008) by the adsorption of phosphate

ions due to the attractive force of the electric

charge (Hanawa et al. 1998). The calcium

incorporated into the microstructured Ti sur-

face increased the expression of osteoblastic

genes such as alkaline phosphate (ALP), os-

teopontin, and osteocalcin (OC) in MC3T3-

E1 cells (Park et al. 2008). We have showed

that the amount of calcium ions released

from the Ti implants with XPEED® surfaces

increased with longer incubation times. The

amount of calcium ions released from the

surface of the Ti implants was not analyzed

in previous studies. Released calcium ions

may stimulate the proliferation of mesenchy-

mal cells mediated by G protein-coupled

receptors between surrounding bone and the

Ti implants with XPEED® surfaces (Mailland

et al. 1997). Further detailed studies are

needed to confirm the effects of calcium ions

incorporated into Ti implants on the osteo-

blastic differentiation and osseointegration in

clinical studies. We continue to research

clinical applications to better understand the

effects of Ti implants with XPEED® surfaces

in areas of poor quality bone such as in the

posterior maxilla.

This study suggests that the micro-rough-

ened Ti implants with XPEED® surfaces

maintain cell attachment and proliferation

and the calcium ions incorporated into the Ti

implant surfaces enhance the in vitro apatite

formation, removal of torque value, and

osseointegration. Ti implants with XPEED®

surfaces may induce strong bone integration

by improving osseointegration of grit-blasted

Ti implants. The XPEED surface treatment

of Ti dental implants may be an effective

method for rapid osseointegration in areas of

poor quality bone.
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