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Osseointegration of machined and anodized implants under the
influence of nicotine
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ABSTRACT

Objective
The objective of this experimental study was to evaluate, through bone densitometry, the performance of two factors that may influence the
osseointegration process: nicotine and superficial texturization of the implants.

Methods

Nineteen New Zealand rabbits (Oryctolagus cuniculus) were randomly distributed in two groups (test and control), in which 38 implants were
placed. 19 machined implants (flat) 3.75 mm of diameter by 6.0 mm length were placed at the right tibia of the animals and, at the left
tibia, 19 anodized implants (Vulcano®) with the same dimensions. Subcutaneous injections of nicotine 3mli/day/kg, three times a day were
administered in group, group control also received, three times a day, subcutaneous solution of NaCl (3ml/day/kg), for 8 weeks. After this
period, the densitometry analysis was performed.

Results
Considering the optical density (pixels), there were no statistical significant differences between the types of implants (p = 0.135) as well as
between groups (p=0.590).

Conclusion
The nicotine inside the experimental conditions used in this study and the superficial texturization of the implants indicated that they were not
influencing bone density.

Indexing terms: Dental implants. Densitometry. Nicotine. Osseointegration.

RESUMO

Objetivo
Avaliar por meio de densitometria 6ssea o comportamento de dois fatores que podem inteferir no processo da osseointegracao: a nicotina e
a texturizacao superficial dos implantes.

Métodos

Dezenove coelhos da raca Nova Zelandia (Oryctolagus cuniculus) foram distribuidos aleatoriamente em dois grupos (teste e controle), nos quais
foram colocados 38 implantes. Na tibia direita dos animais foram inseridos dezenove implantes usinados (lisos) de 3,75 mm de diametro por
6,0 mm de comprimento e, na tibia esquerda, dezenove implantes anodizados (Vulcano®) nas mesmas dimensdes. Foram administradas no
grupo teste injecoes subcutaneas de nicotina 3ml/dia’kg, trés vezes ao dia, o grupo controle recebeu igualmente, trés vezes ao dia, solucao
subcutanea de NaCl (3ml/dia/kg), por oito semanas. Apds esse periodo, procedeu-se a andlise densitométrica.

Resultados
Considerando a densidade optica (pixels), ndo houve diferencas estatisticamente significativas entre os tipos de implantes (p = 0.135) bem
como entre os grupos (p=0.590).

Conclusao
A nicotina dentro das condicdes experimentais empregadas neste estudo e a texturizacdo superficial dos implantes ndo interferiram na
densidade 6ssea.

Termos de indexacdo: Implantes dentarios. Densitometria. Nicotina. Osseointegracao.
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INTRODUCTION

The success of the osseointegration has been
constantly associated with bone density quality that can
be impaired, among other causes, due to smoking. Various
authors confirmed this deleterious effect in moderate and
heavy smoking patients, mainly when implants are placed
in their maxilla, with relation to slight and non-smokers'2,

Therefore, Yuhara et al. associated nicotine with
the increase of the calcium ion removal, the production of
alkaline phosphatase and the reduction of the osteoclastic
activity, whereas Iwaniec et al.* did not find any loss of
volume, resistance or bone mass with serum concentrations
of nicotine which are superior to those that were found
in smoking when the exposure of female rats that are
growing with nicotine for two or three months.

Animal models with varied protocols in the use
of nicotine have been often tested through subcutaneous
injections, inhalation of cigarette smoke or subcutaneous
osmotic mini-pumps, evaluating its influence in the bone
repair of implants®.

Long-term studies demonstrated that implants
of titanium of rough surface presented greater bone loss
in smokers than in non-smokers, mainly when they were
placed in maxilla’. Kumar et al.® found out that in one
period of 18 months the habit of smoking did not play a
significant role in obtaining osseointegration with implants
of modified surface.

Although osseointegration can be reached
successfully, using flat and rough surfaces of implants, some
experimental studies have demonstrated greater values of
bone/implant contact and torque for anodized implants
when they are compared with machined implants®™.

Therefore, the objective of this experimental
study is to evaluate, by means of bone densitometry,
the performance of two factors that may interfere in
the osseointegration process: nicotine and superficial
texturization of implants.

METHODS

This laboratorial study was approved by the
Committee of Ethics in Research with Animals of Passo
Fundo University (record CEP n. 535/2006).

Nineteen (19) male New Zealand (Oryctolagus
cuniculus) rabbits, clinically healthy, were randomly selected
according to the criteria of age (from 8 to 10 months)
and weight (from 3.5 to 4 kg), with blind characteristic.
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They were randomly distributed into two groups (test and
control), in which 38 implants were placed, that is, two
for each rabbit. Machined implants (Master Screw®) of
3.75 mm diameter by 6.0 mm length were inserted in the
right tibia of the animals, and, in the left tibia, anodized
implants (Master Vulcano Actives®) were inserted using
the same dimensions. Subcutaneous injections of nicotine
treated (Sigma-Aldrich,® Copenhagen, Denmark AS) 3ml/
day/kg, three times a day were used in group test. Group
control also received a subcutaneous solution of NaCl (3ml/
day/kg) three times a day for eight weeks.

The animals were sacrificed and the bone samples
with the implants were removed, submitted to digitized
periapical radiographs with time exposure of 0.02s (X-ray,
model SALETEC X-MIND-70 kVp and 8mA with focal point
of 0.7mm x 0.7 mm, filtration of 2.5mm Al and digital
sensor CCD Fimet I0OX-F1 and submitted to analysis of
bone densitometry.

Two measures of optical density were standardized,
considering a “mesial” and “distal” of each implant, taking
as an apical reference the last thread (1), and cervical, the
implant platform (Figure 1 and 2).

Figure 1. Definition of the area measured.

Figure 2. Optical density in the pre-determined area (green lines) using program
Pro Plus 4.5.
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With program Image Pro Plus 4.5 it was determined
the optical density in the pre-determined area (green
lines) according to description above, which is a method
that is based on the same system used to determine the
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densitometry in electrophoresis bands (Figure 3). In the
analysis of density (pixel) of the reference for each photo,
only four graduated scales were used, thus they were
common to all photos.

Figure 3. Analysis of the density (pixel) of the reference pattern.

Each implant length was measured according to methodological issues (position or distortion of the radiograph)

(Figure 4).

q

Figure 4. Correction of the data through the reference scale.

The data of optical density were analyzed by tests
ANOVA and Test t student.

RESULTS

One animal of the control group and four animals
of the test group were discarded, due to death before the
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end of the research. The results were therefore obtained
from 19 healthy animals, remaining n=8 in the group
test, and n=11 in the group control.

Statistically significant differences were not
observed between the averages of the optical density,
considering the types of implant (p=0.135) and not
considering groups (p=0.590), that is, the nicotine
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seemed not to influence the bone density and the surface  bone density with relation to one another (Table 1; Figure
of both implants studied seemed not to promote greater 5 and 6).

Table 1. Description, composition, manufacturer and batch of adhesive cementation materials.

Groups
Control Treated
Densitometry Machined (flat) 105+28.78 109.2+32.01
Oxidized (vulcano) 86.4+33.96 94.2+30.25
TOU 4
100+ -
Optical density
(Pixels)
50 -
0
Smoth-control Smoth-nicotine Vulcano-control Vulcano-nicotine

Figure 5. Comparison between groups control and test, surfaces of implants and bone density.

150~

Optical density 1004
(Pixels)

50«

0

Vulcano

Figure 6. Average and standard deviation ot the optical density of the bone tissue around both types of implants in the rabbits’ tibia. Non-signiticant ditterences between groups.
Note: (p=0.1205 - Test t student).
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DISCUSSION

The chemical effect of the nicotine inhaled,
added to tobacco, in the indexes of mineral serumal
and calcium hormones in adult rats was investigated by
Iwaniec et al.” and Syversen et al.’® in order to elucidate
controversy, approaching the impact of nicotine in bone
integrity. Such authors observed that the treatment
with nicotine did not have effect on the medular bone
or tibia cortical turnover or on the content and mineral
bone density. In this present study, although the nicotine
has been injected instead of using it via inhalation, there
were no differences between the groups studied.

Cesar-Neto et al.", when reviewing the influence
of nicotine in implants osseointegration, considered
two conditions: cigarette smoke inhalation and the
subcutaneous administration (3mg/kg) twice a day,
and then they concluded that the negative impact of
cigarette in the implants may happen because there is
more than one molecule present in the cigarette smoke
and that nicotine seems to contribute to it. In the study
where subcutaneous nicotine was administered three
times a day, there was no statistical difference between
the groups studied, demonstrating that nicotine did not
influence on bone density, probably because it has been
injected subcutaneously instead of being inhaled along
with other cigarette toxic components.

Yet, Cesar-Neto et al.”®, led a radiograph study in
41 male rats Wistar, evaluating the influence in inhalation
of cigarette smoke and the effect of its interruption
in the tibia bone quality. The results showed that the
continuous exposure to cigarette smoke promoted a
significant reduction in bone density and the interruption
of inhalation seems to reverse this negative effect. On the
other hand, on the densitometric evaluation performed
in this study, the daily subcutaneous injections of nicotine
did not interfere in osseointegration.

In turn, Stefani et al.’®, using different protocols
of subcutaneous injections of nicotine, unlike this present
study, found out that implants with treated surface favor
the extension of the bone tissue in direct contact with the
surface of the implant in animals treated with nicotine.

Peackok et al.” and Yuhara et al? works
reflect that nicotine in low concentrations could trigger
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stimulant effects to the bone tissue, corroborating the
results found in the groups treated with nicotine in this
work, where such chemical substance did not impair
osseointegration.

The density values in this experiment (Table 1)
did not show statistically significant difference between
the groups, identifying with the results of previous
studies™®.

Even not showing statistical differences between
implants surfaces in this study, the use of implants
treated is based on the fact that osteoblasts prefer rough
surfaces, cytoplasmic processes present greater mirroring,
increase of the mitosis number and production of matrix
components when compared with titanium machined
surfaces'®.

Altered topographies of the implant surface, as
an increase of the titanium oxide, seem to result in larger
bone apposition upon the implant surface when they
were compared with machined surfaces'. Furthermore,
the type of implant used in this study (anodized) was
recommended for other works, showing human blood
in an angle of surface contact around 55.6 degrees that
was considered excellent?.

Of the foregoing, definitive studies that evaluate
the bone dynamic answer in long term and several
materials and designs of implants in which biomechanical
and biomaterial properties can be compared, taking into
account whether or not nicotine is used.

CONCLUSION

Considering the methodology wused, it is
concluded that nicotine, when subcutaneously managed,
using 3ml/day/kg three times a day, as well as texturization
of machined and anodized implants, indicated not
interfering in bone density.

Collaborators

MSS LINDEN, experimental clinical development.
DC MIYAGAKI, review of literature. FC GROPPO, statistical
analysis. FA SANTOS, bone densitometry development,
JP CARLI, standardization and review of literature. JC
RAMACCIATO, search guidance.
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