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The present experimental study was designed to address two issues. The first was to investigate
whether oxidation voltage of titanium implants influenced bone tissue responses after an in
vivo implantation. The second aim was to investigate secondary stability change after 1 to 3months
period.

Screw-shaped implants with a wide range of oxide properties were prepared by electrochemical
oxidation methods, where the oxide thickness varied in the range of 3-15ym. The micro
structure revealed pore sizes of 1-3um, the crystal structures of the titanium oxide were
amorphous, anatase and a mixture of anatase and rutile type.

Bone tissue responses were evaluated by resonance frequency measurements that were
undertaken 1 to 3months after insertion in the rabbit tibia.

It was concluded that no statistical difference of RFA values was found between the groups,

RFA gains after lmonth and 3months were calculated.
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importance of implant surface properties for

The importance of implant surface proper-
ties for successful osseointegration was first
pointed out by Albrektsson et al." At a state-of-the-
art meeting on tissue integration held in 1985, the

biological response were further emphasized in
a consensus agreement that stated; surface prop-
erties are important for and may be used to facil-
itate tissue integration.? However, a number of
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questions have followed regarding the important
role of the surface properties of titanium implants
during dynamic build-up of the osseointegra-
tion process.” Interest in the surface oxide prop-
erties of titanium implants has increased with the
development of methods to characterise such
surfaces. Moreover, the possibility of surface
modification of titanium implants to improve
tissue responses is an outstanding feature in
metal implantology research.

In ultrastructural studies of the implant interfacial
zone, it has been observed that the tissue ele-
ments do not directly border the bulk titanium, but
rather the ‘native’ oxide layer of the metal. This
thin oxide layer was shown tobe in ‘contact’ with
remodeled mineralised bone.? The interface itself
was a dense amorphous layer of approximately
100 ~500nm thickness. Studies of implants that
have been retrieved from patients have demon-
strated that both the thickness and the nature

of the thin oxide layer change during implanta- -

tion. Successfully osseointegrated titanium
implants showed an increase in oxide thickness
of up to 200nm, as well as incorporation of Ca and
P into the oxide layers over an insertion time of
six years.” However, in the case of failed titanium
implants that were retrieved from patients, there
were no changes in the oxide thickness or oxide
composition during a period of function of up to
eight years.”

Knowledge is still lacking about the role of
surface oxide properties during the dynamic
build-up of an osseointegration process. A very
few in vivo studies have investigated the bone
tissue responses to the surface oxide properties
of c.p. titanium implants.” Heat treated titanium
implants that were placed for eight days in the dis-
tal femoral condyles in a rat model were report-
ed to result in an increased shear strength in
comparison to titanium implants that had native
oxide layers.”
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Do the oxide properties of an implant surface
have an effect on osseointegration? If so, which
oxide properties of the implant surface will play
an important role during the dynamic osseoin-
tegration process? The main purpose of the pre-
sent study was to try to answer these questions.
Earlier methodological studies for surface oxide
preparation indicated that the electrochemical
growth behaviour of the oxide film on c.p. titanium
metal was strongly dependent on the particular
electrolyte used and, for a given electrolyte, on the
anodic process parameters that were employed,
such as the applied current density, the elec-
trolyte concentration, the electrolyte tempera-
ture, agitation speed, and cathode- to-anode sur-
face area ratios.” The present study investigated
a variety of surface oxide properties, such as
oxide thickness, pore configuration (porosity,
pore size distribution, etc.), crystal structure,
chemical composition and surface roughness,
by controlling such electrochemical parameters in
a standardized manner. The current paper focus-
es on the in vivo investigations, especially those
that were evaluated with biomechanical tests,
i.e. resonance frequency analysis.

Osseointegration is a treatment concept based
on stability where achievement and maintenance
of clinical rigidity of implants are prerequisites for
the successful long-term clinical function of an
implant supported prosthesis. Implant stability can
be divided into primary and secondary stability.
Primary stability is determined by the density and
quantity of the bone, the surgical technique, and
the design of the implant. Secondary stability
refers to implant stability after primary healing ;
it is determined by primary stability and any
gain in stability that results from bone formation
and remodeling at the implant-bone interface. If
primary stability is high, for instance when
implants are placed in dense cortical bone, it is like-
ly there will be only a modest increase in stabil-



ity because most of the implant surface is engaged
with bone from the start. On the other hand, in sit-
uations with low bone density and poor prima-
ry stability, healing can add markedly to sec-
ondary stability because a greater part of the
implant surface is not in contact with bone at
placement. Only short healing periods are usually
needed for implants with good primary stability.
Implants with poor primary stability need longer
healing periods to achive sufficient gains in sec-
ondary stability.

Surgical preparation of an implant site initi-
ates a preprogrammed tissue response aimed at
complete repair of the defect. The early phase of
the healing process includes migration and dif-
ferentiation of mesenchymal cells, proliferation of
vessels and bone marrow, and formation of pri-
mary woven bone. During later healing, the pri-
mary bone is replaced by lamellar bone through
a remodeling process. The time needed for remod-
eling and maturation depends on many factors,
including the size of the defect and the state of the
local bone and the host. However, it is much
longer than the 3-6 month healing period com-
monly used for implants - probably up to 18
months.

In this study, RFA value was measured at 1% op.
for primary stability and measured after 1 and 3
months for secondary stability.

The purpose of this study is to compare primary
and secondary stability of anodically oxidated
implants under different voltage.

MATERIALS AND METHODS

2.1 Implant preparation : design and surface oxide
A total of 152 square screw-shaped implants,
which had a pitch-height of 0.9mm, an outer
diameter of 4.3mm, a length of 8.0mm, a external
hexa head and an inner threaded hole of 4mm,

were turned from 5mm rods of commercially
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pure titanium (ASTM Grade 2). All surface oxides
used in the present study were prepared with the
use of a dc power supply in electrolyte solution.
For convenience, the implant samples were divid-
ed into five groups according to the anodic form-
ing voltage, as follows: (Fig. 1)

* Group [ implants (n=38) had electrochemically
prepared surface oxides up to the forming
voltage of 300V, with an oxide thickness of
3.1um

* Group II implants (n=38) had electrochemically
prepared surface oxides up to the forming
voltage of 400V, with an oxide thickness of
7.8um

* Group Il implants (n=38) had electrochemi-
cally prepared surface oxides up to the form-
ing voltage of 500V, with an oxide thickness of
13.5um

* Group IV implants (n=38) had electrochemi-
cally prepared surface oxides up to the form-
ing voltage of 550V, with an oxide thickness of
14.6(m _

In brief, surface morphology a porous structure
in Groups I-IV. In Groups I, the pore size was 1um
in diameter, while the pore size distribution
(PSD), which was measured by opening area,
increased according to the forming voltage that
was applied, i.e. 2um in Group II, 3um in Group Il
and IV. The crystallinity of the titanium oxide was
assigned to the anatase phase for Group I (a
mixture of anatase and rutile phase as analysed
by Raman spectroscopy) and a mixture of anatase
and rutile phase for Group 1V (as analysed by thin-
film X-ray diffractometry, TE-XRD). The chemi-
cal composition in each groups was mainly TiO2,
with small variations in trace elements such as C,
Ca, Na and Si. The surface roughness was in
the range of 0.4um~2.2ym. The various oxide
properties in this study are summarized in
Table L



group 1
300V

group 2
400V

group3
500V

group 4
550V

Fig. 1. Square screw shaped implants with microthread, group 1-4.

Table I. summary of oxide growth parameters and surface characteristics of the four different types of

c.p. titanium implants

Oxide characteristics Groupl Group 1l Group Il Group IV

Anodic forming voltage 300V 400V 500V 550V

Oxide thickness 31im 78m 13.5¢m 146um

Morphology porous porous porous porous

Pore size Lum 2um 3um 3um

Crystallinity Mainly anatase Anatase + rutile Anatase + rutile Rutile form increase
Chemical composition Cal Ca,P Ca,P Slightly increase
Roughness (Ra) 0.4im 09um 1.7um 2.2im

2.2 Animals and surgical technique

38 mature (average age 10months old) New
Zealand white rabbits of both sexes were includ-
ed in this study. During surgery, the animals
were anaesthetized with intramuscular injec-
tions of Ketamine and Rompune at a dose of
1ml per kg body weight. Prior to surgery, the
shaved skin was carefully washed with a mixture
of iodine and 70% ethanol. Local anaesthesia
with 1.0ml of 5% lidocaine was administered,
at the tuburositas tibiae part of the bone where the
incision was planned, under aseptic conditions.
The skin and facial layers were opened and

closed separately. The periosteal layer was gen-
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tly pulled away from the surgical area and was not
resutured. During all surgical drilling sequences,
low rotary drill speeds not exceeding 1000r.p.m
and profuse saline cooling were used.

Each rabbit had two implants inserted in each
tibia; these penetrated one cortical layer only.
The implants were inserted in a predetermined ran-
domised design that enabled multiple comparisons.
The animals were kept in separate cages and
immediately after surgery they were allowed to
be fully weight-bearing.

Rabbits were sacrificed in CO2 chamber at the
scheduled time.



2.3 Resonance frequency measurements

Directly after implant insertion, the baseline
resonance frequency analysis (RFA) was monitored
on the implants. At the day of sacrifice, i.e. lmonth
or 3month after implant insertion, the RFA was
again tested prior to removal torque tests. This
method is a non-destructive technique that demon-
strates the implant stability in terms of interfacial
stiffness (Hz). The frequency response of the sys-
tem was measured by attaching the transducer, i.e.
an L-shaped cantilever beam, to a screw implant.
The excitation signal was given over a range of fre-
quencies (typically 5kHz to 15kHz with a peak
amplitude of 1V) and the first flexural resonance
was measured.”” The resonance frequency was
measured immediately after implant insertion
and then again 1 or 3month later. (Fig. 2)

Fig. 2. Resonance frequency measurement after 1* op.

Table II. Mean and SD of RFA values

300V 400V 500V 550V

mean 7218 7271 7129 69.92

initial
SD 391 3.04 293 4.33
1month mean 7553 7589 7342 7537
SD 44 2.79 3.79 2.65
3month  Mean 7737 7905 7468 7763

SD 5.42 57 7.06 5.59

2.4 Statistics

Multiple comparisons between all groups were
performed using two-way analysis of variance and
the Tukey test.

RESULTS

The mean baseline RFA values were 72.18 for
Group l implants, 72.71 for Group Il implants, 71.29
for Group Il implants and 69.92 for Group IV. The
mean RFA values 4 weeks after implant insertion
were 75.53 for Group I implants, 75.89 for Group
II implants, 73.42 for Group II implants and
75.37 for Group IV implants. The mean RFA val-
ues 3 months after implant insertion were 77.37
for Group I implants, 79.05 for Group II implants,
74.68 for Group III implants and 77.63 for Group
IV implants.(Table II, Fig. 3)

There were no statistically significant differ-
ence in RFA when all the Groups I-IV were com-
pared with each other (P>.0.05). However, as
shown in Fig. 3, there was a trend for RFA to
increase as healing period from group I to group
IV after implant insertion(P<0.05 in group 1I,
v).

80
78 — —
78— —
74 ]
Winitial

72 1|0 1month
70 0 3month
68 —
66
64

300V 400V 500V 550V

Fig. 3. RFA values of each group at 1st op, after 1 and
3months.



Table ITI. Mean and SD of RFA value gain after 1
and 3months

300V 400V 500V 550V
Imonth mean 2.79 247 142 5.79
gain SD 5.77 232 379 512
3month mean  5.53 705 411 7.37
gain SD 6.09 716 64 5.61

From the data above, RFA gains after Imonth
and 3months were calculated, and also there
was no statistically significant difference between
groups. (Table III, Fig. 4)

DISCUSSION

Rough surface implant showed great success rate
clinically, and took the place of prototype implant
- machined implant. Many surface treating tech-
niques were developed, and being developed
now - sand blasting, acid etching, ion deposi-
tion, laser graphy, anodic oxidation etc..

In this study, among above techniques, we
focused on anodic oxidation technique.

‘Anodic oxidation’ - micro arc oxidation - is a
large description technically. Static current
method, static voltage method, fluctuating method,
and many techniques for change of electrolytes.
Ti-Unite (Nobel biocare) implant is produced
under static current method. In this case, voltage
is changing continuously, generally growing up
as surface oxide getting thicker. We used static volt-
age technique, and some fluctuation was used for
thicker oxide layer.

Anyway, ‘what surface character is working’
is still unanswered question.

For anodic oxidation, surface crater made by
micro arc during oxidation is very unique struc-
ture, and the crater size is a interesting topic for
better biologic response - ‘How large crater bone
loves? Osteoblast and vessel cell like big crater?
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Fig. 4. RFA gain after 1 and 3months of each group.

Or big pore?” Big crater size means big pore
size, and more roughness. This study shows that
as if the crater, and pore is produced by micro arc,
the size doesn’ t matter! Bigger crater does not facil-
itate bone foramation more than small crater.

We tested RFA values at 1¢ surgery, after 1
month, and after 3 months and the gain was
statistically significant for all groups, and the
gain of 3months compared with Imonth is as
big as the 1* month gain. Immediate loading is
spotlighted in many clinical researches, but
osseointegration - secondary stability- is still
getting mature after 3 months even in rabbit.

Interestingly, as you can see in figure 3, initial
stability was lower at the high voltage group. It
was just a tendency and statistically not significant,
but it can be suggested that too rough surface
means smaller contact area at 1+ operation bone
site, and it cause the lower ISQ value. This prob-
lem may need more study.

CONCLUSION

1. There was RFA gain after Imonth, and more
gain after 3months in all groups.
The gain after 3 month is almost the double of
1st month gain.

2. There was no statistically significant differ-



3.

ence of RFA gain between groups of different
voltage.

Bigger crater and more roughness did not
show more osseointegration.
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