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Abstract. — OBJECTIVE: As the contamina-
tion of implant surface seriously affects the
early osseointegration of implants and reduces
the survival rate of implants, it has attracted
wide attention of researchers. The most oral ti-
tanium implants used in current clinical appli-
cations are stored in sealed packages. During
the process of packaging, storage and usage,
the implants inevitably contact air, which re-
sults in the surface contamination. As an inert
gas, the argon has very inactive chemical prop-
erties and is routinely used as a protective gas
to cut air pollution. In this study, we investigat-
ed whether argon protection can cut air pollu-
tion and maintain lasting surface biological ac-
tivity of titanium implants.

MATERIALS AND METHODS: We prepared
sandblasting etched titanium samples under air
protection or under argon protection. The sam-
ples prepared under air protection were used
as the control. With the scanning electron mi-
croscopy, the contact angle measurements and
the X-ray photoelectron spectroscopy, we ex-
amined surface morphology, hydrophilicity,
chemical structures and components of the im-
plants prepared under two gas protections. By
using beagles as the animal model, we as-
sessed the bone guide of the implants pre-
pared under argon protection and morphologi-
cal changes of surrounding tissues.

RESULTS: While compared with those im-
plants prepared under air protection, the sur-
face morphology of implants prepared under
argon protection did not change, which had
preferable hydrophilicity, and there were differ-
ences in percentage of surface chemical ele-
ments and chemical structure. After 4 weeks,
the bone-implant contact (BIC) in argon protec-
tion group was twice of the control group and
the difference was statistically significant (p <
0.01). The Implant Niuchu experiments also
proved that under argon protection, the im-
plants would have good integration with the
surrounding bone tissues.

CONCLUSIONS: This study revealed the im-
plants prepared under argon can cut air pollu-
tion and have high bone guide property and bi-
ological activity.
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Introduction

With good physical and chemical properties
as well as biological activity, the titanium im-
plants are widely used as the rebuilding materi-
als for repair in orthopedic and dental fields'.
As the human’s third teeth, the oral implants are
widely accepted by people; hhowever, with eco-
nomic development and diet changes, a signifi-
cant increase of systemic diseases, especially
diabetesmellitus, leads to a great increase of
probability of periodontitis or inflammation
around implants in patients. It is expected that
the diabetes mellitus patients will reach three
hundred million worldwide by 2025°. Diabetes
greatly affects the early micro-vascular changes
of bone healing in the surrounding environment
of implants, thereby, affecting the early bone
formation around implants*® and reducing the
success rate of implants.

Good physicochemical properties of implant
surface can promote osteoblast adhesion and en-
hance surface’s bone guide, thereby, promoting
the surface’s contact osteogenesis, realizing the
two-way bone healing mode and eventually ac-
celerating the establishment of osseointegratio®’.
The preparation of implant is complex and a
number of cumbersome procedures from initial
titanium to final commodity including machin-
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ing, treatment, cleaning and sterilization of im-
plant surface, packaging, and storage, etc. are
needed; therefore, the implants will inevitably
contact air in the process of preparation®. A num-
ber of recent studies have shown that the titani-
um surface adsorbs inorganic ions, organic hy-
drocarbons and some impurities in air in a very
short time, resulting in contamination of the sur-
face. As a result, the “aging” phenomenon occurs
on the surface of implants, which influences the
establishment of early osseointegration around
implants® 2.

The inert gas is a colorless and odorless gas
with single atom at room temperature and under
atmospheric pressure. Since its outermost elec-
tron shell is “full”, it is very stable and has very
few chemical reactions. As an inert gas, argon’s
chemical property is very inactive. As a result, ar-
gon is often used as the shielding gas in industry.
For instance, argon is used in metal welding to
cut air pollution to prevent metal react with oxy-
gen at high temperature. Studies have also shown
that plasma spraying on the titanium surface un-
der argon protection can not only effectively re-
duce the pollution of impurities in air, maintain a
high surface energy'?, but also greatly reduce the
adsorption of hydrocarbons on the surface, thus,
promote the early bone formation around the im-
plants'*. Relevant studies'>!¢ have shown that the
biological activity of aging titanium is lower than
that of the freshly prepared titanium. The contam-
ination may alter the chemistry composition and
energy of the surface, thus, affect the early adhe-
sion, proliferation and differentiation of proteins
and cells on the surface, and ultimately restrains
the establishment of osseointegration'>!”. Based
on these considerations, it is essential to prevent
the contact of implant with air to avoid chemical
structure changes of surface caused by air pollu-
tion, which will benefit the early formation of
new bone around implants and improves the suc-
cess rate of implants in clinic.

In this study, we examined whether or not the
argon protection can effectively prevent titanium
implants from contacting with air and cut air pol-
lution, and further investigated whether or not
the titanium implants prepared under argon pro-
tection may maintain a high surface energy and
surface activity to promote early bone formation
and establish osseointegration around implants.
Our results indicated that these processes can
successfully get through within 2-4 weeks after
implantation. Argon protection can improve the
success rate of implants.

Materials and Methods

Preparation of Titanium Samples

Fourth-grade commercial pure titanium was cut
into plates (15 mm in diameter, Imm in thickness)
and cylinder-shaped titanium implants (the effec-
tive length was 6mm, the diameter was 3.5 mm
and the depth of screw thread was 0.75 mm). Sili-
con carbide abrasive papers 400#, 800#, 1000#
and 1200# were used in succession to polish the
titanium plates. The titanium plates were then
washed twice with acetone, ethanol and deionized
water respecively, each for 15minutes. Alumina
particles with 120 um diameters were used to
blast the samples perpendicularly under high pres-
sure. The samples were further etched by 18% hy-
drochloric acid and 49% sulfuric acid at 60°C for
30 minutes. The titanium plates and the implants
were washed twice successively with acetone,
ethanol and the deionized water under air protec-
tion or argon protection, each for 15 minutes. The
control samples were kept in a sealed vial and the
experimental samples were stored in a sealed vial
filled with argon. The samples were stored after
sterilized with y-ray of 25 kGy for 12h. We, there-
by, prepared the control samples and the argon
protected samples, which were used for measure-
ment or animal experiments two weeks after sam-
ple preparation.

Analysis of Sample Surface

The morphology of titanium surface was ex-
amined with a scanning electron microscope
(JSM-6330F, Japan Electronics Co., Ltd., Tokyo,
Japan), the surface contact angle measurement in-
strument (OCA15Pro, Dataphysics, Filderstadt,
Germany) was used to measure the size of contact
angle of 1ul water droplet on the titanium surface,
the X-ray photoelectron spectroscopy (XPS) (ES-
CALAB 250, Thermo Fisher Scientific, Waltham,
MA, USA) was used to detect the chemical struc-
ture and compositions of the titanium surface un-
der argon protection in a high vacuum state, and
the Al Ka X-ray radiation was used and the pho-
toelectron take-off angle was set at 90°. The XPS
spectra were corrected by the C 1s (hydrocarbon
C-C, C-H) contribution at 284.8 eV.

Animals and Surgery

Three healthy male beagle dogs of 15 months
old (weight of 15 + 0.2 kg) were provided by
Guangdong Medical Experimental Animal Cen-
ter. The Ethics Committee of Guangdong Provin-
cial Stomatology Hospital approved the animal
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experiment protocols. The dogs were fed with
standard laboratory diet. General anesthesia was
conducted by intramuscular injection of 0.2
mL/Sumianxin and 0.5 mL/kg Sodium pentobar-
bital. The animals were in supine position during
surgery. Hair removal, disinfection and flapping
towel in the surgery area were conducted after
the animals were fixed. We cut skin, subcuta-
neous tissue and periosteum to expose tibial
metaphyseala along the surface of the tibia. We
prepared osteotomy in distal metaphyseal range
of about 2-8 cm with a spacing of 1 cm. As the
tibia at this part is relatively uniform and com-
prised of the outer cortical bone marrow and the
central canal, they are ideal for observation and
histological comparison. The implants of the two
groups were implanted symmetrically on the left
and right sides of tibia. Six implants were im-
planted on each side of tibia, and the four proxi-
mal implants were used for histological observa-
tion and the two distal implants were used for
Niuchu moment measurement. After surgery, 80
mg gentamicin (Pharmaceutical Company,
Sichuan, China) was intramuscularly injected for
5 days to prevent infection. The bone fluorescent
marker tetracycline was injected at 25 mg/ml on
the 13" and 14" day prior to sacrifice, and 5
mg/ml calcein was injected on the 3" and 4" day
prior to sacrifice. After 4 weeks, the animals
were sacrificed by a lethal overdose of anesthet-
ic, and the tibial segments containing the im-
plants were remove and, cleaned to remove soft
tissue, and then fixed with 10% formalin. After
fixation, they were dehydrated with graded alco-
hol and embedded with resin. Specimens were
cut into 150 wm thick hard tissue slices by hard
tissue slicer (Leica SP1600, Leica Company,
Wetzlar, Germany) in the direction of far, near
and middle, then polished to about 30 um thick
slices. Fluorescence microscope (Olympus
BX41, Olympus Co., Tokyo, Japan) was used to
observe and take pictures of the slices, which
were then stained with toluidine blue and ob-
served under an optical microscope. Quantitative
analysis of implant-bone contact (BIC) was per-
fomed with image analysis software (Image-pro
Express 6.0, Media Cybernetics Inc., Rockville,
MD, USA). BIC was calculated as the ratio of
the length of bone of each bone ring that directly
contact with the implant to the total length of
bone ring. Each implant was measured for three
times. The average value was used for statistical
analysis. Niuchu instrument (Torque Meter,
Lutron, Coopersburg, PA, USA) was used in Ni-
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uchu torque measurement. The moment of im-
plant loosening torque is Niuchu torque value
and was recorded for statistical analysis to reflect
the strength of osseointegration of bone-implant.

Statistical Analysis

All data are expressed as mean =+ standard de-
viation. SPSS13.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was used for statistical analy-
sis. t-test was used for statistical analysis on two
independent samples. p < 0.05 was considered as
statistically significant.

Results

Morphology and Hydrophilicity
of Surfaces

The morphology of titanium surface in the ex-
perimental group and the control group were
roughly the same, which contained nano-pores
with uniform surface (Figure 1). The fresh titani-
um plates prepared either under air protection or
argon protection had good hydrophilicity, which
was essentially zero. Over time, the hydrophilici-
ty in titanium surface of both groups decreased
when they were exposed to air. The reduction
was propotional to the time that the samples ex-
posed to air. In contrast, the titanium surface ex-
posed to argon had small decrease of their hy-
drophilicity (p < 0.01) (Figure 2).

CChemical Structure and Composition
of Surfaces

The titanium plates from both groups con-
tained substantially the same chemical elements,
including Ti, C, O, Al, N and other elements.
Compared to the contents of C (43.6%), Ti
(17.8%) and O (32.5%) in the control group, C
content (24.3%) in the experimental group was
significantly decreased, while Ti (29.5%) and O
(38.3%) contents were increased (Table I). Our
results indicated that argon protection can effec-
tively isolate the carbon-containing gas and the
other organic adsorbents from air; at meanwhile,
the argon gas was not adsorbed by the titanium
surface to cause pollution. Based on the chemical
structure and composition while compared to the
control group, C element binding energies de-
creased both at 284.8 eV and 286.4 eV. The
284.8 eV binding energy peak came from CC and
CH, the main hydrocarbons in air. The 286.4 eV
binding energy peak came from CO, the main or-
ganic adsorbents in air (Figure 3). In considera-
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Figure 1. Scanning electron micrograph of sandblasting
etched titanium surface (x 5000, Bar = 1 um).

tion of both, our results indicated the titanium
plates exposed in air are in constant contact with
air over time and absorb air pollutants. Argon
protection can effectively isolate physical adsorp-
tion of air pollutants and avoid contamination.

Implantation and Measurement of Bone
Integration

As shown in Figure 4, the implants were im-
planted at 2 cm locations of distal tibial metaphy-
seal of Beagles with 1cm spacing. Four proximal
implants were used for hard tissue section to cal-
culate the late BIC and two distal implants were
used to assess Niuchu moment after implanta-
tion. Early anatomical experiments revealed that
approximately 2-9 cm region in distal tibial
metaphyseal of Beagles was comprised of outer
cortical bone with relative uniform and central
canal. Fluorescence images were taken in hard
tissue fluorescent grinding (Figure 5). Tetracy-
cline and calcein showed yellow and green fluo-
rescence, respectively. We notice that the yellow
fluorescence was slightly weaker than the green
fluorescence, which may be explained by the fact
that the injection of tetracycline took longer time
and needed certain metabolism, and the green
color can shelter the yellow color. We noticed

Table I. Chemical composition measured by XPS.
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Figure 2. Spreading of 1 ul droplets on sandblasting
etched titanium surfaces. fA) Control group. (BJ Argon pro-
tection group. (C) Comparison of contact angles between
the titanium plates from the two groups three days and two
weeks after completion of the preparation.

that only a trace amount of bone was formed in
the marrow cavity in the sections from either the
experimental group or the control group. In tolui-
dine blue stained hard tissue sections, the new-
born bone tissue in bone ring was stained light
blue, meanwhile, osteoblasts and osteoid ingredi-
ents can also be detected. We found relative to
the control group (Figure 5A and C), the bone
ring in the experimental group (Figure 5B and D)
had better osteogenesis. A large number of new
bones were formed and their trabecular was
thick. We then compared BIC of cortical bone
area between the two groups. The bone implant
contact BIC in the control group and the experi-
mental group were 48.39 + 5.83% and 71.51 +
7.61%, respectively (Figure 6). With statistical

Sample Element composition (%)

Ti C (o) Al N
Control 17.8 0.4 43.6+0.5 325+0.8 3.8+0.7 23+0.5
Argon-protected 29.5+1.1 243+0.9 38.3+0.6 4.1+03 3.8+0.6
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Figure 3. XPS spectra of two titanium plats two weeks after completion of the preparation.

analysis, BIC in the experimental group was sig-
nificantly higher than that in the control group (p
< 0.01). Niuchu torque value in the experimental
group was higher than that in the control group
(p <0.05).

Discussion
This study demonstrated that argon protection

can effectively cut the air pollution and maintain
the surface hydrophilicity and biological activity

Lohply B

B OH OHE

of titanium implants, thus greatly promote the
early formation of new bones on implant sur-
faces and effective establishment of early os-
seointegration.

Osseointegration, firstly proposed by Brane-
mark et al?, refers to the direct combination in
structure and the function between the implant
and the surrounding bone tissue. Davies pointed
out that the bone healing process around implants
should have three stages including bone guide,
new bone formation and bone remodeling'®, in
which, the bone guide means the direct growth of

Figure 4. Map of implantation sites during surgery.
The left and the right legs of Beagle are shown on left
and right panels, respectively.
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Figure 5. Hard tissue slices of the new
bone formed around implants 4 weeks af-
ter completion of the preparation. Fluores-
cent staining of the control group fA) and
the Argon protection group (B). Yellow
color is from tetracycline staining and
green color is from calcein staining. Tolu-
idine blue staining of the control group
(CJ and argon protection group (D).

new bones on a surface, which plays an important
role in bone formation. Guided bone interactions
not only depend on the environment of new bone
formation but also depend on the interaction be-
tween the biomaterials with good bioactivities
and their surroundings'. Good biological charac-
teristics of the biomaterial surface such as surface
chemical structures, hydrophilicity and rough-
ness, etc. may affect the speed and quality of os-
seointegration establishment®.

The Argon protection of titanium implants can
prevent aging of the titanium and avoid air pollu-
tion. When exposed to air, the surface of titanium
can be polluted by adsorption of hydrocarbons
and other organic molecules in air?*2. Since the
implants used in clinic will inevitably contact air
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which may result in the surface contamination,
such contaminated surface is not conducive to
form early bone around the implants®*2*. Recent
studies have shown that the mixture of rare gas
argon and oxygen can form a relatively stable en-
ergy carrier, which generates reactive oxygen
species (ROS) by energy transmitting2. Giro et
al'® conducted plasma spraying on the surface of
titanium under an argon atmosphere, which ef-
fectively cut off the pollution of impurities in air,
maintained a high surface energy titanium sur-
face, reduced the adsorption of hydrocarbons and
other pollutants on the surface and promoted ear-
ly formation of new bone around the implants'.
In our study, the procedures including implant
preparation, package and sterilization, etc. are
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Figure 6. Comparison of BIC A/ and Niuchu moment (B) of the two groups of implants four weeks after implantation.
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carried out in an argon atmosphere. The XPS
analysis indicated that C element content of the
surface (24.3%) was significantly lower than that
of the air protected group (43.6%), and this part
C attributed to the adsorption of organic hydro-
carbons CC, CH and CO in air. There is a strong
correlation between the hydrocarbon content and
the adsorption of proteins and cells. The presence
of hydrocarbons and other organic adsorbents on
the surface is not conductive to early adhesion,
proliferation and differentiation of osteoblasts on
the surface and late osteogenesis®!!%,

Argon protection of titanium implants keeps
the surface hydrophilic. Hydrophilicity or wetta-
bility is an important characteristic of the implant
surface. Although there is a certain relationship
between hydrophilicity and adhesion, prolifera-
tion and differentiation of osteoblasts, whether
the hydrophilicity determines early biological re-
sponses of cells or not still remains controver-
sial*’. Currently, most of researchers believe that
the hydrophilic surface has certain advantages in
starting the healing process. Compared with hy-
drophobic surface, the hydrophilic surface is
more conducive to interactions between implants
and biological fluids, cells and tissues around the
implants®!®17-23; however, some scholars believe
that it is not always the case that higher hy-
drophilicity means stronger biocompatibility of
biomaterials. Wang et al?® proved that polymer
materials with better hydrophilicity were not fa-
vorable to the growth of cells. The research team
led by Wennwrsberg et al* did not confirme that
hydrophilic implant would have a higher integra-
tion; ttherefore, the relationship between hy-
drophilicity and biocompatibility of biomaterials
requires further study.

The titanium implants prepared under argon
protection promotes early formation of new
bone around the implants. The effect of the
bone-contact implant prepared under argon pro-
tection was 1.5 times better than the conven-
tional air protected implants After four weeks
upon implantation. Our findings also confirmed
that four weeks after implantation, the Niuchu
moment of the implants prepared under argon
protection was 1.7 times higher than the con-
ventional air protected implants. Most failures
of implants were caused by early or late disrup-
tive changes in the implant-bone interface®’3!. A
lot of factors including morphology of implant
surface, surface chemical composition, cleanli-
ness and wettability, surface charge, as well as
systemic and local effects of patients could in-
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fluence the implant osseointegration®'*2, In this
study, the sandblasting etched titanium implants
prepared under argon protection did not change
the surface morphology. Titanium in air will in-
evitably absorb hydrocarbons and other pollu-
tants?!>2, which leads to changes in the chemical
structure and composition of the surface. Cur-
rently, BIC of clinically used implants is only
45-75%. Studies suggest the reason for lower
BIC be probably due to pollution of carbon-
containing titanium surface composition, which
affects the new bone formation around the im-
plants after implantation''****, In order to avoid
implant surface contamination caused by the air
contact, Buser et al'” stored the traditional SLA
implants in an isotonic saline solution, which
changed the chemistry and charge of the sur-
faces, and greatly increased bone implant con-
tact BIC. Aita et al'' removed hydrocarbons
from titanium surface by irradiating it with pho-
tocatalysis with titanium dioxide, which pro-
moted early adhesion, proliferation and differ-
entiation of cells on the surfaces, early new
bone formation around implant, therefore great-
ly improved BIC*!'>?7, The relationship between
removal of hydrocarbons and subsequent pro-
motion of cell responses on titanium surface
still needs further study.

Currently, the mechanisms of bone implant os-
seointegration has not been very clear yet¥-3.
The majority of implant failures are caused by
the damaged implant-bone interface, which may
be related to many factors including implant sur-
face and host physical conditions, such as bone
guide and metabolism status of the host'". In this
study, we protected titanium surface, cut air pol-
lution by using relatively cheap argon gas and
achieved effective isolation.

Conclusions

We’ve demonstrated that argon protection of
titanium implants effectively cuts air pollution
and maintains high hydrophilicity of the titanium
surface, thus, promoting earlier formation of new
bone around the implants after four weeks. Its ef-
fect was 1.5 times higher than that in the control
group. As a stable inert gas, argon is expected to
act as a protective gas during the preparation of
implant to prevent pollution of hydrocarbons,
etc. in air, which will be conducive to maintain
the surface of implant with high biological activ-
ity and biocompatibility.
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