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Abstract

The main goal of the study was to determine the compounds released from titanium into
the overlying oral mucosa and the other metals found in two-stage dental intra-osseous
implants. The determined concentration of the metals was as follows: titanium from 1.7 to
13.1 pg/g, nickel 10.0 — 0.8 pg/g, aluminum 5.3 — 100.5 pg/g, zinc 16.1 — 118.8 ng/g, and
copper 0.3 — 13.6 pg/g, respectively. Additionally, we also present the results of experiments
carried out to determine the release of metal ions from two implant systems (Astra and
Dentium) into a solution of lactic acid (1%). The quantitative analysis of the metal ions was
performed by means of an emission spectroscope with inductively coupled plasma ICP-OES.

Studies were also carried out on the surfaces of different implant systems, including:
Osteoplant, Astra, Dentium, SKY, Neoss as well as Biomet. The research involved the use of
scanning electron microscopy to determine the chemical composition and quality of these
systems.

1. Introduction

The introduction of new biomaterials to the dental market provides intensive
development of modern implantology [1-2].

The chemical composition of metallic implants should provide a homogeneous structure
in terms of the distribution of elements in the whole volume to be biocompatible. It is also
expected to be of good corrosion resistance in the environment of tissues and body fluids. The
rate of osseo-integration is influenced by many different factors. One of them is the degree of
purity and the nature of the surface layer of the implant.

John C. Wataha [3] introduced the term of biocompatibility as a capability of some
substances to provoke an appropriate biological response in given application [4], proving that
there was no material completely biologically inert. The so-called biocompatible substances
disposed into tissues exert some actions on them and vice versa - body tissues affect these
substances. Common reactions in such a system depend on the capabilities of an organism, as
well as the substance and its function.

The changes in the properties of the material may occur during its use
and the forces acting on it. The reaction of the body can also be affected. The changes in the
organism-material system may contribute to deterioration of the patient's health.
Summarizing, the body's response to the functions and the time of deposition of the materials
used in the medical treatment is a dynamic process [5]. The chemical composition of metallic
implants should provide a homogeneous structure in terms of the distribution of elements in
the whole volume to be biocompatible. The implants are also expected to be of good
corrosion resistance in the environment of tissues and body fluids.

Steinemann studied the cytotoxicity of pure metals defining the relationship between
polarization resistance and the reaction of tissues. According to his research, titanium,
niobium, tantalum, zirconium, and platinum were highly biocompatible elements, and
vanadium was considered an element of high toxicity [6].
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Dental implants are usually made from commercially pure titanium or titanium alloys.
These materials exhibit good mechanical properties, including high bio-tolerance of corrosive
resistance in the oral environment, which makes them competitive in relation to other
currently used metallic biomaterials.

Recent literature suggests that titanium alloys are not inert materials when used for
medical purposes although that was the belief until recently. For example, they may induce
dermatitis herpetiformis. Titanium implants in the body may cause not only local but also
global reactions. Scientists have currently come up with the hypothesis that there is a
correlation between the amount of compounds released as a result of corrosion and implant
treatment failure. This has raised recent doubts regarding biocompatibility of titanium.

The surface chemical composition of titanium implants also affects the hydrophilicity of
the surface. Highly hydrophilic surfaces seem more desirable than hydrophobic ones in view
of their interactions with biological fluids, cells and tissues [7-9]. The biological properties of
titanium depend on its surface oxide film. Several mechanical and chemical treatments have
been used to modify the surface morphology and properties of titanium dental implants. One
possible method of improving dental implant biocompatibility is to increase surface roughness
and decrease the contact angle.

The widely used biomaterials, including titanium and its alloys, manifest a range of
physicochemical properties which determine the way they are exploited. According to the
literature, titanium dental implants considered biocompatible with the human body may,
under certain conditions, cause inflammatory or allergic reactions. In some cases they may
lead to the healing process being poor as well as to atopic dermatitis, and a general
deterioration of the patient’s health. It has been noted that the sensitivity to titanium materials
used in the oral cavity in the form of intra-osseous implants may be due to galvanic and
electrochemical corrosion, resulting in the release of titanium ions. These processes may
contribute to the incidence of gingival discoloration, swelling, gingivitis, stomatitis, skin rash,
erythema [10-12].

In the last 40 years, descriptions of cases suggesting side effects of the use of implants,
including those made of pure titanium, have appeared [1,2,6]. They have usually comprised
reactions such as metalosis [13] or fistulas, often in the form of eczema, rash, or itch
surrounding the implant, thus suggesting allergy [14-16].

Recently, some researchers have been reporting allergic reactions to titanium implants.
On the other hand, people who are allergic to other metals such as nickel and chromium, often
tolerate titanium, and the reasons for the occurrence of an allergic reaction are their individual
genetic characteristics, health status, diet, or the current phase of the biological rhythm. SEM
analysis allows for very accurate determination of the chemical composition in the micro
structure of the material being tested. It showed that the implant systems are not made of pure
titanium, but an alloy of many elements, and various coatings and modifications of varied
chemical composition applied to the implant surface. The chemical composition should be
chosen so as to prevent unwanted destruction of the implant, sometimes resulting in an
allergic reaction, and irritation of the body.

An implant, introduced into the body, is exposed to corrosion, and thus has the effect of
stimulating or inhibiting the activity of the enzyme proteins, affecting metabolic and
immunologic disorders. Pathological changes may occur in different tissues or organs
depending on the quality and quantity of the metallic elements. The penetration of
microelements into the surrounding tissue may be only a local impact, but also a general
observation. Therefore, attention should be paid to the relationship between the
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physicochemical properties of the implant and the biological environment, with all the effects
typical for bio-electric processes.

The order of toxic metals determined sequentially by Venable and Stuck [33], and Frank
and Zitter [34] was as follows:
e cobalt, magnesium and its alloys, iron, aluminum bronzes were considered to be toxic,

e zinc, silver, cerium, nickel, aluminum compounds, and various types of steel were
determined to be of medium toxicity,

e ¢old, aluminum, titanium, stainless V2A and V4A, Vitallium alloy were found to
belong to the group of non-toxic metals.

Frank and Zitter [34] also separated, with the clinical course of corrosion and metalosis,
three characteristic waveforms:

— silent — initiation of corrosion starts immediately after implantation, and the development of
corrosion does not cause immediate morphological changes in the surrounding tissues,

— sharp — rapid initiation of corrosion and its further development provoking changes in the
tissue and detectable spectrally and histologically,

— discreet — tissue changes manifest themselves only after removal of the implant.

Previous research regarding the area of biocompatibility of titanium and other materials
used in the implants was carried out on hard-tissue materials, usually extracted from animals
[17-21]. Fewer studies, however, were performed to determine the response of human tissue
and, especially, soft tissue to titanium implants.

Titanium content in the soft tissues surrounding the titanium implant was investigated by
Jorgenson et. al [22]. It was shown that the tissue in direct contact with a titanium plate used
for osteosynthesis of a skull in four patients contained from 7.92 to 31.80 mg-g”" dry weight
titanium.

In the 1980s some research was undertaken on vanadium-free titanium alloys. The
medical community disclaimed penetration of vanadium from the implant to the surrounding
tissues. Vanadium is considered a toxic element that causes the formation of inflammatory
and allergic reactions, and neurogenic disorders. It also exhibits a high tendency towards
corrosion [23-24]. Similarly to vanadium, aluminum also shows adverse effects on the human
body. However, implants should not contain toxic elements [25]. The content of trace
elements in the human body, except for iron, is very low. Corrosion of the implant placed
within the body causes a release of the biomaterial to the tissue surrounding the implant,
influences the increase of the total content of microelements, and thus may interfere with their
natural presence in the body.

Kumazawa et al. [26] performed some in vitro and in vivo research into morphological
and functional neutrophils and the impact of the ions of vanadium, nickel, and titanium.
Nickel ions exerted the most devastating effect on neutrophils and showed the highest
cytotoxicity. The stimulatory effect was related with ions of vanadium and titanium, but did
not cause tissue damage.

The rate and quality of osseo-integration in titanium implants are related to their surface
properties. The surface composition, hydrophilicity and roughness are parameters that may
play a role in implant—tissue interaction and osseo-integration. Also, the size of the molecules
matters. Inflammation, both in vitro and in vivo, appeared at a size less than 10 microns,
while for 40 microns and above the metal molecules were characterized as biocompatible
[27].
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In the present study, the main goal was to determine titanium and other metals
concentration in the mucosa covering two-stage intra-osseous dental implants. All the
implants were made from titanium alloys of class IV. The research material consisted of
segments of mucosa of 4 mm in diameter taken during the exposure of the two-stage implants
after 4-6 months of healing. The samples were taken from 10 patients: 7 women and 3 men, of
different age and status. Additionally, it also presents the results of experiments carried out to
determine the release of metal ions from two implant systems (Astra and Dentium) into a
solution of lactic acid (1%). This solution is characterized by its similarity to the reaction that
is found in the oral cavity. As stated in [28], lactic acid [29, 30] and artificial saliva [31, 32]
provides similar experimental results, however, the first compound is more popular and easy
to obtain. The quantitative analysis was performed by means of an emission spectroscope
with inductively coupled plasma ICP-OES.

Studies were also carried out on the surfaces of different implant systems, including:
Osteoplant, Astra, Dentium, SKY, Neoss as well as Biomet. They involved the use of
scanning electron microscopy to determine their chemical composition and quality.

These tests were intended to demonstrate that, despite the biocompatible properties of
titanium, the usage of titanium-based implants may be followed by migration of ions of the
metal to the soft tissues surrounding interosseous dental implants.

2. Apparatus and Reagents
2.1 Apparatus

The determination of the concentration of Ti(Il) and the other metals was performed with
a VISTA-MPX spectrophotometer with inductively coupled plasma (VARIAN ICP). The
parameters for ICP-OES determination have been compiled in Table 1.

Table 1.

A scanning electron microscope Model SU3500, by Hitachi, was applied in the research.
The preparation of the samples for the scanning electron microscope photo consisted of the
application of the sample on a double sided sticky table (tape coal). Photos were taken at
voltages of 15 kV and 20 kV in a wide range of magnifications.

An MDS - 2000 microwave oven was used for mineralization conducted in Teflon bombs
in a mixture of 65% HNOs3, at 60 psi and a power of 40. After mineralization, the samples
were quantitatively transferred into 10 mL flasks, filled up with redistilled water, and the
content of titanium and other metals was determined.

2.2 Chemicals and materials

The stock standard solution, 1000 pg'mL™, was purchased from Merck (Darmstadt,
Germany). The heavy metal ions were prepared by using nitric acid to dissolve corresponding
pure metals and diluting to the required concentration (100 ngmL™) with ultrapure water.
Nitric acid of an analytical reagent grade was purchased from Fluck (Buchs, Switzerland).

The research material consisted of mucosa segments, 4 mm in diameter. The implantation
procedures were carried out with the use of the closed healing method. After 4-6 months of
osseo-integration, implant exposure was conducted through excision of the mucosa covering
the implant bearing surface in order to place the healing screw in the implant. The exposure
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was performed with a scalpel to exclude the possibility of metal particles from mechanical
damage entering the research material. Prior to implantation, a segment of the mucosa from
the area of the planned implant bed was collected. This fragment as well as the segments of
mucosa taken from the alveolar ridge during other surgical procedures constituted the control
group and came from patients who did not have metal restorations in their oral cavities.

The clinical studies were conducted with the consent of the Bioethics Commission of
Karol Marcinkowski University of Medical Sciences in Poznan.

The content of titanium ions in the investigated samples containing the segments of
mucosa from above the dental implants was determined, after previous mineralization in a
microwave oven MDS — 2000, on an inductively-coupled plasma emission spectrometer
VISTA-MPX produced by VARIAN ICP. The mineralization was conducted in Teflon bombs
in a mixture of 65% HNOj at 60 psi and a power of 80. After the mineralization, the samples
were quantitatively transferred into 10 mL flasks, filled up with redistilled water and then, the
content of titanium and other metals was determined by means of calibration-curve method.
The parameters for [CP-OES determination have been compiled in Table 1.

The same technique and analytical procedure was applied to determine metal ions released
from the implant to the solution of 1% lactic acid.

Preparation of samples for scanning electron microscopy pictures consisted of the
application of the sample to the double-sided sticky table (carbon tape).

3. Results and discussion

3. 1. Microscopic analysis of the chemical composition of the surface of the implant systems

Numerous observations demonstrated that good bio-tolerance is inseparable from good
corrosion resistance of an alloy. Thus, the composition of the implant alloy, both qualitative
and quantitative, evolved toward constructing such structures which are resistant to bio-
electrical and bio-mechanical corrosion [2].

In order to determine the qualitative composition of eight different implant systems, several
pictures of their surface were made by means of the scanning electron microscope Model
SU3500, by Hitachi. X-ray EDS (energy dispersive X-ray spectroscopy) microanalysis, used
in the experiment, is a rapid technique, well-suited for small samples without their
specification prior to preparation. An important aspect is that the sample remains unchanged
after the analysis. Using scanning electron microscopy, one may determine the qualitative
composition of the material of which dental implants are made. Table 2 shows the qualitative
chemical composition of the surface of the implant systems under study as identified by SEM.
We used BSE-3D (Backscattered Electron) detector under the following conditions: beam
voltage 15 kV, pressure 70 Pa.

Table 2.

3. 2. Analysis of content of released metal ions in Astra and Dentium systems

This study concerned determination of the metal ions, especially the quantities in which they
were released from dental implant systems that had not been used before (Astra and
Dentiuml) in a 1% solution of lactic acid. This solution was chosen due to the fact that it had

! As for the Dentium implant system, the research concentrated on fastening titanium screws being part of

this system.
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a pH value similar to that prevailing in the mouth. The study was undertaken to determine
whether or not, despite the biocompatible properties of titanium, migration of ions of this
metal was observed to the soft tissues surrounding the implant. Before performing the
experiment, pictures of the implant surface were taken by means of a scanning-electron
microscope. Fig. 1 and 2 show the SEM images and EDS spectra for Astra, while Fig. 3 and 4
— for Dentium system.

Fig.1.
Fig. 2

Fig. 3

Fig. 4
The results of the research on the release of metal ions to the environment similar to that
which prevailed in the oral cavity are shown graphically in Fig. 5 and 6.

Fig. 5

Fig. 6
The research proved what some previous experiments showed; namely, the fact that the
migration process of the metal ions from the implant to the surrounding tissues was
significant. In the case of the Astra system subjected to a three-month long experiment, the
following amounts of the labeled elements were detected as having undergone migration: Cr -
0.73 [ug/g], Fe - 176.8 [ug/g], Cu - 15.3 [ug/g], Ni - 64.0 [ug/g], Zn - 57.1 [ug/g], while in the
case of the Dentium system: Fe - 53.5 [ug/g], Ti - 2.3 [ug/g]. Some of the above-mentioned
elements may cause or contribute to allergic reactions of the skin.

3. 3. Analysis of the content of titanium ions and other metals in the mucosa

The main objective of the study was to demonstrate the extent to which migration of titanium
and other metals ions to soft tissues occurred, before and after implantation of intraosseous
dental implants. For each sample, after previous mineralization, the content of titanium and
other metals was determined in dry weight in mg/g by means of ICP - OES. Figures 7a and 7b
shows the content of the elements in the mucous membrane before and after implantation
[ng/g].

Fig. 7a

Fig. 7b

The study showed an increased content of titanium and such metals as nickel and copper in
the tissues of the mucous membrane covering the intraosseous implants compared with the
initial state of the tissues (taken before and after the implantation of the same patient). It
should be noted that the whole process took place in the absence of any contact with the
implants, and other metal additions. The determined concentration of the metals was as
follows: titanium from 1.7 to 13.1 pg/g, nickel 10.0 — 0.8 pg/g, aluminum 5.3 — 100.5 pg/g,
zinc 16.1 — 118.8 pg/g, and copper 0.3 — 13.6 pg/g, respectively.

It should be noted that for each of the patients a different system was implanted. Table 3
shows the results obtained from the analysis of the metals released to the mucosa from the
intraosseous implant systems DIO and Osteoplant.

Table 3

The reports appearing in the world literature of adverse effects of titanium on the human body
clearly and definitely cannot rule out the immune mechanism being the result of contact
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between titanium and body tissues. The presence of titanium ions from implants in the soft
tissues of the oral cavity seems to be completely biologically indifferent, but probably such
migration is not sufficient enough to cause negative reactions. Translocation of titanium ions
may, however, be a potential factor causing specific reactions, the effects of which are hard to
determine at the moment.

A comparison of the results of SEM analysis with the one of the analysis of the metals
released to the mucosa from the intraosseous implants reveals a similarity in the occurrence of
these metals in the case of the DIO system. Figures 8 - 10 show the SEM images and EDS
spectra for the DIO system.

The analysis of the elements distribution in the Osteoplant system (enlargement 100x, second
point) registered an increased content of calcium, potassium, sodium, magnesium,
and titanium. For greater magnification (1600x, second point) a significant iron content was
detected at the surface of the test system. When analyzing the results of SEM analysis of the
metals released to the mucosa from intraosseous implants, an occurrence of similar types of
metals in the Osteoplant system may be pointed out. Figures 11 - 12 show SEM images and
spectra for the Osteoplant system.

Conclusions

Trace amounts of titanium and other metals, indicated in the mucous membrane covering the
implants during the osseo-integration indicate the local bio-chemical processes occurring in
the tissue surrounding the implants. Despite the covering of the titanium implant by oxide
passive film, a corrosion of the implants occurs, thereby titanium and other metals ions are
released into the surrounding tissues. We proved, by a combination of ICP-OES and SEM
analysis, that indicated metals were released from the titanium implant.
Based on the results of ICP-OES analysis we can conclude that in the mucosa after
implantation there was a significant increase of aluminum and zinc content. Two samples
showed increased content of nickel. Chromium seems to be least migrated into the human
body from the titanium implants.

Our research has shown a higher content of titanium and metals such as nickel and copper in
the tissues of the mucous membrane covering the intraosseous implants compared with pure
tissues (taken from the same patient), i.e., the ones not in contact with implants and other
metal additions. The determined concentration of the metals was as follows: titanium from 1.7
to 13.1 pg/g, nickel 10.0 — 0.8 pg/g, aluminum 5.3 — 100.5 pg/g, zinc 16.1 — 118.8 ng/g, and
copper 0.3 — 13.6 ug/g, respectively.

It is worth noting that the producers of the implants do not mention the fact of the presence of
other metals in titanium alloys, just stating that they produce implants of “class IV”. For
example, producer of Biomet implant declares that the content of the alloys is the following:
nitrogen — 0.05%, carbon — 0.10%, hydrogen — 0.015%, iron — 0.5%, oxygen — 0.4%, and
titanium — 98.935%. As may be seen, none of the metals detected in our research (except of
iron and titanium) is declared there.

The research on the release of metal ions to the environment similar to that prevailing in the
mouth confirms that such a process actually takes place. In the case of the Astra system
subjected to a three-month experiment, the following amounts of the selected elements
migrated to the solution: Cr - 0.73 pg/g, Fe - 176.8 pg/g, Cu - 15.3 pg/g, Ni - 64.0 pg/g, Zn -
57.1 ng/g, while for the Dentium system the following values were obtained: 53.5 pg/g of Fe
and 2.3 pg/g of Ti. The marked elements demonstrate the following properties. Chromium is
involved in the absorption of glucose, but also stimulates the metabolism of carbohydrates. Its
deficiency contributes to increased levels of cholesterol and blood sugar, constraining growth
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and changes in the circulatory system. While in excess, this metal is toxic, causes bronchial
asthma, damage to the liver, kidneys and perigraft cells, as well as allergic reactions [35, 36].

Iron determines the activity of hemoglobin in supplying oxygen from the lungs to the body.
Its excess, due to corrosion of the implant, accumulates in tissues and spleen cells perigraft
destroying lysosomes and hindering the diffusion of enzymes across cell membranes. Iron can
catalyze reactions of free radical formation, resulting in atherosclerosis, liver cirrhosis, cancer
and mutagenic changes. Nickel at low concentrations is treated as a relatively non-toxic
element. Its deficiency may be the cause of anemia, or stunted growth. At higher
concentrations it shows a carcinogenic effect, causes allergic reactions and inflammation of
the perigraft tissues. Also, skin contact with nickel-containing materials can cause or sustain
allergic reactions [5].

Recent reports appearing in the world literature describe adverse effects of titanium on the
human body and do not allow to definitely rule out the immune mechanism being the result of
contact between titanium and the body tissues. The presence of titanium ions in the soft
tissues of the oral cavity appears to cast doubt on the total biological inertness of titanium
implants, but probably is not sufficient enough to cause negative reactions. Translocation of
titanium ions may, however, be a potential factor causing specific reactions, the effects of
which are, however, difficult to determine [5].

Our research fits into a global trend of proving possible danger of some metals (such as
mercury, gold, nickel, cobalt, tin and chromium), provoking allergies to large population of
humans. For example, the research of Laine et al. [37] and Alanko et al. [38] showed that only
11.5% of the patients did not display a positive result for an allergy to any of the metals
tested. Thus, we see our research as quite important for majority of the potential patients.
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SEM image of Astra system surface. For the pointed areas, elemental analysis was
performed

EDS spectrum of point analysis of surface of Astra system

SEM image of Dentium system surface. For the pointed areas, elemental analysis was
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SEM image of the surface of DIO (3) system, enlarged 1500x. For the pointed areas,
elemental analysis was performed

EDS spectrum of point analysis of the surface of DIO system (3)

EDS spectrum of point analysis of the surface of DIO system (7)

SEM image of the surface of OSTEOPLANT (4) system, enlarged 1600x. For the pointed
areas, elemental analysis was performed

EDS spectrum of point analysis of the surface of OSTEOPLANT system (4)
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Table 1. The operating parameters of ICP-OES determination

Method parameters Value

©CoO~NOUTA,WNPE

RF (power) [kW] 1.20

11 Plasma flow [L min™'] 15.0

13 Nebulizer flow [L min™] 0.9

Viewing height [mm] 12

16 Pump rate 15

18 Rinse time [s] 10

Auxiliary flow [L min™'] 1.50

21 Replicate read time [s] 5.0

23 Instrument stabilization [s] 15

Sample uptake delay [s] 30

26 Element — Emission line [nm] Ti—336.122
28 Cr—267.716
29 Cu—327.395
Ni —231.604
32 Zn—213.857
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Table 2. Qualitative chemical composition of the surface of the implant systems determined by means

of SEM method

Analytical Methods
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1
2
3
4 Table 3. Results of analysis of metals released to the mucosa from intraosseous implant systems DIO
g and Osteoplant
7
8 Patient / Content [pg / g] of metals released to the mucosa from intra-osseous
9 type of implant systems DIO and Osteoplant
10 implanted , '
1 system Zn[pg/g] | Ni[pg/g] | Culpg/gl | Ti[ng/g]l | Crlpg/g] | Alluggl
12
13 Patient 1 / <LD <LD
12 DIO 29.7 15.1 13.6 13.1
15
i <LD <LD
16 Patient 2/ 16.1 0.8 3.0 1.7
17 Osteoplant
18 i <LD <LD
19 Patient 3 / 18.5 <LD 7.7 2.0
0 DIO
21 Patient 4 / 23.2 7.9 1.2 0.23
22 DIO <LD <LD
23
24 Patient 5 / 35.8 24 .4 26.8 1.37 5.3
25 DIO <LD
- Patient 6 / 143 <LD 2.1 0.9 <LD 6.0
28 DIO
gg Patient 7/ 19.8 <LD 6.5 12.5 <LD 41.1
31 DIO
32 Patient 8 / 102.8 <LD 9.1 6.8 1.09 60.2
gi Osteoplant
35 Patient 9 / 118.8 <ID 72.1 5.3 0.75 7.6
36 Osteoplant
37 .
38 Patient 10/ 53.2 <ID 29.2 11.7 <LD 105.0
39 DIO
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

60 15
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Fig. 1. SEM image of Astra system surface. For the pointed areas, elemental analysis was performed
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Fig. 2. EDS spectrum of point analysis of surface of Astra system
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Dentian(1)

Fig. 3. SEM image of Dentium system surface. For the pointed areas, elemental analysis was

performed
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Fig. 4. EDS spectrum of point analysis of surface of Dentium system
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Fig. 5. Content of elements released from the implant in Astra system [ug/g]
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26 Fig. 6. Content of elements released from the implant in Dentium system [ug/g]
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Fig. 7a. Content of elements in the mucosa before and after implantation [ug/g], patients 1-7
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Fig. 7b. Content of elements in the mucosa before and after implantation [ug/g], patients 8-10
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D10(3)

Fig. 8. SEM image of the surface of DIO (3) system, enlarged 1500x. For the pointed areas, elemental

analysis was performed
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Fig. 2. EDS spectrum of point analysis of the surface of DIO system (3" area)
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Fig. 10. EDS spectrum of point analysis of the surface of DIO system (5" area)
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Fig. 11. SEM image of the surface of OSTEOPLANT (4) system, enlarged 1600x. For the pointed

Analytical Methods
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Fig. 12. EDS spectrum of point analysis of the surface of OSTEOPLANT system (4)
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