wo 2015/044401 A2 | N0 I0F AT OO0 00 OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/044401 A2

2 April 2015 (02.04.2015) WIPO I PCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
A61C 8/00 (2006.01)

International Application Number:
PCT/EP2014/070732

International Filing Date:
29 September 2014 (29.09.2014)

Filing Language: English
Publication Language: English
Priority Data:

13186437.3 27 September 2013 (27.09.2013) EP

Applicant: VITA ZAHNFABRIK H. RAUTER GMBH
& CO. KG [DE/DE]; Spitalgasse 3, 79713 Bad Sackingen
(DE).

Inventors: KIRSTEN, Armin; Oppenhoffallee 14a, 52066
Aachen (DE). FISCHER, Horst; Melatener Weg 20,
52074 Aachen (DE).

(74) Agent: VON KREISLER SELTING WERNER; Deich-
mannhaus am Dom, Bahnhofsvorplatz 1, 50667 Kéln
(DE).

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page]

(54) Title: IMPLANTS HAVING A DEGRADABLE COATING FOR THE PROPHYLAXIS OF PERI-IMPLANITIS

{3}

\

Figure 1

(57) Abstract: An implant 1 comprising an enossal area 3 and
provided with a coating 2, wherein the coating 2 at least partially
covers the enossal area 3, and the coating 2 facilitates the ongrowth
of the implant 1 within the bone, characterized in that said coating
can be removed chemically and/or mechanically under physiolo-
gical condition.



WO 2015/044401 A2 |IIWAT 00N VAT 0O 0

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, Published:
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, __
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

30

WO 2015/044401 PCT/EP2014/070732

Implants Having a Degradable Coating for the Prophylaxis of Peri-implantitis

The present invention relates to an implant provided with a coating, to a mixture
serving to prepare the coating, to a process for preparing the implant, and to uses
thereof.

Dental implants are usually provided with a microstructure on their surface in order
to promote rapid ongrowth of the bone tissue. However, because of the difficult
cleaning of such a microstructure, the formation of a biofilm is favored in areas
that are not covered by bones after healing, which may result in an inflammatory
reaction. Peri-implantitis can lead to inflammatory degradation of the bone tissue
and thus to the loss of an osseo-integrated dental implant even years after
implantation [1]. Therefore, an increased bacterial colonization on the implant
surface should be avoided. However, modern implant surfaces often have
microstructured surfaces, which are difficult to clean and therefore are colonized by
bacteria.

Modern dental implants are mostly screw-shaped artificial tooth roots that may be
made of metallic or ceramic materials and serve as anchors for artificial dental
crowns and bridges [2]. After a corresponding pilot hole has been drilled, the
implants are screwed into the jawbone to different depths depending on the
anatomical situation. The surrounding soft tissue is supposed to directly enclose
the implant. In order to promote osseo-integration, i.e., to create a direct bond
between the implant and bone, the surfaces of today's implants are
microstructured in most cases. This can be achieved by different methods, such as
corundum blasting, acid etching, anodic oxidation, plasma spraying etc. [3]. Such
a microstructure promotes the proliferation, migration and differentiation of bone-
forming cells and thereby accelerates the anchoring of the implant in the bone [4,
5]. Nevertheless, a decline of the bone is frequently observed in the immediate
environment of the implant, a loss in bone height of up to about 2 mm being

considered as normal [6].

Peri-implantitis is a disease that occurs in about 5-10% of today's dental implant

provisions and frequently leads to a loss of the implants. It is defined as an
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inflammatory process that adversely affects the tissues surrounding an osseo-
integrated implant and results in a degradation of supporting bone tissue [1].
Impacts caused by microorganism infestation, which mainly occurs in or on
roughened implant surfaces as compared to implants with polished surfaces [7],
are considered the main causes of this disease. Therefore, the plague surrounding
the implant is usually removed first in a therapy. In order to prevent the renewed
formation of a biofilm or plaque, the implant surface is polished in many cases,
which facilitates the necessary cleaning of the implant. After the inflammatory
reaction has subsided (often supported by a local or systemic antibiotic treatment),
a reconstruction of the lost bone tissue around the implant is usually sought [8-
10].

Although the current implant surfaces having a microstructure promote the healing
of the implant into the bone, they also increase the risk of a bacterial infection
when the microstructured surface is exposed. Previous strategies for achieving an
improved cleanability of exposed implant surfaces, by means of mechanical
removing of the micro-structured surface such as polishing the endangered areas,
are very difficult to implement after the ongrowth of the implant because of the
very restricted space in the oral cavity on the one hand, and in addition, they may
also lead to further complications in the area around the implant from remaining
abraded dust and/or polishing media.

Challenges in the preparation of partially smooth and partially microstructured
implants — as possible improvements of the aforementioned drawbacks - include
the individual anatomies of patients and the individual decline of the alveolar bone.
It is thus practically not useful to provide an implant only with a partially micro

structured surface.

Although, on the one hand, the microstructured surface is indicated for medical
reasons, the described disadvantages practically mean a contraindication of the

microstructured surface on the other hand.

It is an object of the invention to provide an implant that represents a way out of

the mentioned dilemma. This object of the present invention is achieved by an
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implant comprising an enossal area and provided with a coating, wherein the
coating at least partially covers the enossal area, and the coating facilitates the
ongrowth of the implant within the bone, characterized in that said coating can be
removed chemically and/or mechanically under physiological conditions. The skilled
person understands that the coating is removed under physiological conditions at
sites of the implant which are exposed to the oral cavity of a mamal including
humans, but not at sites which hare not exposed to the oral cavity, e.g. the bone.

The implant according to the invention has a coating with a microstructure on its
surface that has an osseo-inductive effect. In areas not in direct contact with bone
tissue, or where bone declines over time, the coating will gradually dissolve,
especially by the influence of saliva, and a smooth implant surface results, on
which a forming biofilm can be easily removed. This natural process may be
supported by a mechanical or chemical treatment, which can be performed, for
example, by a dentist, by skilled dental staff members, or even by the patient

themselves.

The microstructured implant surface is converted to a smooth surface exactly in
those areas of the implant, if possible, where simple cleaning is necessary. The
present invention enables the gradual conversion of a rough implant surface to a
smooth implant surface by the saliva flowing around the implant in those areas
where the implant protrudes from the bone. This is enabled by coating a smooth
implant surface with a degradable material having a microstructured surface.
Mechanically or chemically removing the coating is also conceivable. Thus, a rough
implant surface is converted to a smooth surface exactly where the microstructure

is undesirable in an individual manner in terms of patients and situations.

To date, coatings have been applied to dental implants mainly for promoting
osseo-integration (e.g., hydroxylapatite), in which the degradation and removal of
such layers was to be avoided, because the layers lost their function thereby. This
general understanding is disclosed e.g. in DE 19723723 A1, WO 2009/106502 A2,
US 2010/003638 Al, EP 0377068 Al, EP0607017 Al and DE 3248649 Al. There
are described various methods and compositions for coating or manufacturing

implants with certain surfaces but the surfaces are designed for permanent staying
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on the implants, however, removability of the surfaces with a micro structure is
not mentioned as well as is not desired. In contrast, in the present invention, a
defined degradation of the coating, for example, by flowing saliva, is sought in
order to optimize the properties of the implant. This also opens up a strategy for
combating peri-implantitis. In the present invention, this disease is not treated
only when it has already occurred, but it is prevented in advance by the design and
the properties of the dental implant. In contrast to current therapies, the prophy-

lactic effect is paramount. The advantages are obvious.

Despite of prefabricated parts, which is always the case with industrially fabricated
implants, an solution to the described problem that is individual in terms of both
patients and situations is possible. Complicated therapies for treating implant loss
from peri-implantitis can be avoided by this invention, so that the manual polishing
of the exposed microstructured implant surfaces by the dentist is dispensed with,
and the osseo-integration of the implant is not adversely affected. In comparison
with the polishing of the implant surface, there is a much lesser risk of contaminat-
ing the surrounding tissue even if the coating is detached mechanically or chemi-

cally.

In one embodiment of the implant according to the invention, the coating can be

removed chemically by contact with fluids occurring in the oral cavity.

In another embodiment of the implant according to the invention, the coating can

be removed by means of instruments in common use in medicine or dentistry.

In yet another embodiment, the implant according to the invention is made of

metal, ceramic or plastic or combinations thereof.

In another embodiment of the implant according to the invention, the coating is a

coating of organic and/or inorganic material.

In another embodiment of the implant according to the invention, the organic
material is an organic polymer selected from the group consisting of polyesters, for

example, polylactide, polycaprolactone, poly(butylene succinate), poly(butylene
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terephthalate), poly(butylene adipate/butylene terephthalate),
polyhydroxyalkanoate, poly(trimethylene terephthalate), aromatic-aliphatic
copolyesters, vinyl polymers, for example, poly(vinyl alcohol), starch-based
plastics, for example, thermoplastic starch, and cellulose-based plastics, for
example, cellulose acetate, cellulose hydrate.

In yet another embodiment of the implant according to the invention, the inorganic
material is selected from the group consisting of ceramic, glass ceramic, glass and
metals. Said ceramic may include a calcium phosphate, a calcium carbonate, a
calcium silicate, or mixtures thereof, said glass ceramic may be based on an alkali
silicate glass, alkaline earth silicate glass, phosphate glass, or mixtures thereof,
and may be in a partially or completely crystallized form. The glass may be an
alkali silicate glass, alkaline earth silicate glass, phosphate glass, or mixtures

thereof.

The coefficient of thermal expansion of the coating of the implant according to the
invention is, in particular, £ 1 ppm/K, based on the coefficient of thermal expan-

sion of the substrate material.

The implant according to the invention is typically coated with a mixture, to which
the present invention also relates in terms of an intermediate product, containing

or consisting of

SiO; in amounts of from 40 to 50% by mass;
MgO in amounts of from 25 to 30% by mass;
CaO in amounts of from 0 to 5% by mass;
K;0 in amounts of from 18 to 24% by mass;
P,Os in amounts of from 0 to 10% by mass;
Na,O in amounts of from 0 to 5% by mass;
ZrO; in amounts of from 0 to 5% by mass;
SrO in amounts of from 0 to 5% by mass;
BaO in amounts of from 0 to 5% by mass;
Al,O3 in amounts of from 0 to 3% by mass;

Y,0s5 in amounts of from 0 to 5% by mass;
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CaF; in amounts of from 0 to 5% by mass;
TiO, in amounts of from 0 to 5% by mass;
Ag in amounts of from 0 to 5% by mass.

Other elements may also be contained in traces. US 2002/157570 Al discloses
compositions having an amount of 5% F. This is substantially higher than the F
amount in the mixture of the invention (present invention ca 1%). Similarly the US
5,387,558 is of no relevance.

In an alternative, the mixture may have or may consist of the following composi-

tion, in particular:

SiO; in amounts of from 40 to 50% by mass;

MgO in amounts of from 14 to 20% by mass;

CaO in amounts of from 20 to 25% by mass, in particular 20 to 23 % by mass;
K;0 in amounts of from 7 to 12% by mass;

P,Os in amounts of from 0 to 10% by mass, in particular 1 to 10 % by mass;
Na,O in amounts of from 0 to 5% by mass;

ZrO; in amounts of from 0 to 5% by mass;

SrO in amounts of from 0 to 5% by mass;

BaO in amounts of from 0 to 5% by mass;

Al,O3 in amounts of from 0 to 3% by mass;

Y,0s5 in amounts of from 0 to 5% by mass;

CaF; in amounts of from 0 to 5% by mass;

TiO, in amounts of from 0 to 5% by mass;

Ag in amounts of from 0 to 5% by mass.

Other elements may also be contained in traces. This alternative has the same
main component, silicon dioxide, but is richer in calcium oxide while the concentra-

tion of potassium oxide is at the same time significantly lower.

In particular, the implant according to the invention may contain magnesium or a

magnesium alloy as the metal.
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The present invention also relates to a process for preparing the coated implant

according to the invention, comprising the following steps:

- providing an implant;

- converting the mixture of the coating material to a liquid or dissolved state;

- coating the implant with the mixture of the coating material, which is in a
liquid state, by application in a spraying, depositing and/or immersion
process;

- optionally compacting the applied layer by heat treatment; and

- optionally structuring the surface of the layer by subtractive and/or additive

methods.

Liquid or dissolved state means that the mixture of the coating material is in a
suspended state, i. e. the mixture of the coating material is in an aqueous
medium. The aqueous medium may contain additionally at least one wetting
agent, binding agent as suspension stabilizer for glazes or combinations thereof.
Typically, the binding agent is a preparation of hydrocolloid which is water-
miscible, has a density (20 °C) of approx. 1.1 g/cm?, and a viscosity (20 °C) of
approx. 100 000 mPas as commercial available OPTAPIX G 1201.

A subtractive method for structuring the layer can be performed by etching the

surface with chemicals which partially dissolve the surface.

An additive method is preferably performed by providing the coated implant with a
second coating in particular with the same composition as the first one. The second
coating is applied in a thinner thickness. The first coating is typically applied with a
thickness of 30 to 100 um, in particular about 50 - 80 um and the second coating
is typically applied with a thickness of 10 to 30 um, in particular about 20 um. The
thickness is related with the coating before sintering. The sintering temperature for
sintering the first coating is in the range of 790 - 880°C, in particular about 830 °C
for 80 to 120 min, in particular about 100 min, and for the sintering of the second
coating in the range of 740 — 780°C, in particular about 760°C for 5 to 20 min, in
particular about 10 min. Performing this embodiment an implant with a

microstructured surface can be manufactured.
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The conversion of the mixture of the coating material to a liquid or dissolved state
may be either the melting of the mixture by temperature treatment, or the
dispersing of the mixture in a liquid for suspension, or the dissolving of the
material in a suitable solvent. When the coatings are made of polymers, a liquid
monomer constituting the coating can be applied to the implant surface and
compacted on the implant by a polymerization reaction.

The present invention also relates to the use of the mixture according to the
invention for preparing a coated implant according to the invention, especially a

dental implant, which may be designed as a one-part or multi-part dental implant.

Figure 1 shows a typical implant.

Figure 2 shows the change of mass of a coating according to the invention on a

substrate after storage in Simulated Body Fluid.

Figure 3 shows the change of mass of a coating according to the invention from
storage in simulated saliva fluid with parallel abrasion by using the powder blasting

device (simulation of conventional mechanical load from tooth cleaning).

The term "physiological conditions" means conditions that prevail, in particular, in
the human oral cavity or in the human body in a non-pathological state. For
example, saliva of body temperature is present in the oral cavity. Mechanical loads
also occur, for example, from the chewing of food, but also during tooth cleaning.

The term "implant" means a component that is anchored in a jawbone by means of
surgical measures and which serves either to receive a dental crown-like construc-

tion for replacing a missing tooth, or to anchor a removable prosthesis.

The term "coating" within the meaning of the invention means a deposit on the
implant having a defined composition and a structured surface and being firmly

bonded to the implant.
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In the following, the term "enossal area" designates the area of the implant that is
to be anchored in the jawbone. The term "ongrowth of the implant within the
bone" within the meaning of the invention means that the bone grows closely to
the surface of the enossal area of the implant on a microscopic scale, and thus a
stable anchoring of the implant in the bone is achieved.

"Chemical removal" within the meaning of the invention means the removal of the

microstructured surface of the implant with chemicals, saliva or liquids from food.

"Mechanical removal" is understood to mean abrading by instruments.

Within the meaning of the invention, "instruments in common use in medicine or
dentistry” include those instruments that can be used in a dental practice for

cleaning the surfaces of teeth or implants.

By "liquids occurring in the oral cavity", the skilled person understands saliva,
which is naturally present in the oral cavity, but also a supplied liquid. In addition
to the liquids usually supplied with the food, these may also be specific solutions,

such as mouthwashes, weakly acidic solutions, solutions with chelating agents, etc.

A "ceramic" within the meaning of the invention is a predominantly crystalline
inorganic, non-metallic material, for example, based on metal oxides, or nitrides of

carbon or silicon.

Within the meaning of the invention, "glass" is to be understood as a predominant-
ly non-crystalline inorganic, non-metallic material, for example, based on metal

oxides, or nitrides of carbon or silicon.

Example 1:

1. Preparing a glass by mixing the raw materials (e.g., silica glass powder,
calcium hydrogenphosphate, calcium carbonate, magnesium oxide, potassi-
um carbonate) in relative amounts for preparing a glass with the composi-
tion 45% by mass of SiO,, 17% by mass of MgO, 22.5% by mass of Ca0,
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9.5% by mass of K,0, 6% by mass of P,Os, homogeneously melting the raw
materials in a platinum crucible at 1400 °C for 2 hours, quenching the mol-
ten glass in distilled water, and drying the resulting glass frit at 70 °C for 5

hours.

2. Grinding the dried glass frit in a ball mill with zirconia balls until the primary
particle size of the glass is < 20 um, measured using laser diffraction (ISO
13320).

3. Preparing an aqueous glass suspension with 49.375% by mass of glass
powder, 49.375% by mass of distilled water, 1.0% by mass of organic lig-
uefier (Optapix G1201, Zschimmer und Schwarz), 0.25% by mass of wet-
ting agents (KG 9033, Zschimmer und Schwarz), dispersing the glass sus-

pension by ultrasound and by stirring.

4, Spraying the aqueous glass suspension onto a zirconia implant by means of
a spray gun until a layer of uniform thickness (ca. 50 ym, measured by in-
vestigating cross sections using Scanning Electron Microscopy) is formed.
Subsequently drying.

5. Firing the implant coating in an oven under vacuum at 830 °C for 100 min.
Example 2:
1. Preparing a glass by mixing the raw materials (e.g., silica glass powder,

calcium hydrogenphosphate, calcium carbonate, magnesium oxide, potassi-
um carbonate) in relative amounts for preparing a glass with the composi-
tion 45% by mass of SiO,, 17% by mass of MgO, 22.5% by mass of Ca0,
9.5% by mass of K,0, 6% by mass of P,Os, homogeneously melting the raw
materials in a platinum crucible at 1400 °C for 2 hours, quenching the mol-
ten glass in distilled water, and drying the resulting glass frit at 70 °C for 5

hours.
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Grinding the dried glass frit in a ball mill with zirconia balls until the primary
particle size of the glass is < 20 um, measured using laser diffraction (ISO
13320).

Preparing an aqueous glass suspension with 49.375% by mass of glass
powder, 49.375% by mass of distilled water, 1.0% by mass of organic lig-
uefier (Optapix G1201, Zschimmer und Schwarz), 0.25% by mass of wet-
ting agents (KG 9033, Zschimmer und Schwarz), dispersing the glass sus-

pension by ultrasound and by stirring.

Immersing a zirconia implant into the aqueous glass suspension to deposit a
uniform layer (ca. 50 ym, measured by investigating cross sections using
Scanning Electron Microscopy) by dip coating. Subsequently drying.

Firing the implant coating in an oven under vacuum at 830 °C for 100 min.

Example 3

Microstructuring

A specimen as obtained by Example 1 or 2 has been coated a second time with the

glass suspension, prepared as described in Example 1, using the spraying method,

as described in Example 1, to deposit a second uniform layer (ca. 20 pm, meas-

ured by investigating cross sections using Scanning Electron Microscopy) onto the

first, densely sintered glass coating. After drying at room temperature, the implant

was fired in an oven at 760 °C for 10 min. This treatment caused a microstructure
with a roughness of Ra = 5.38 um £ 0.7 uym (according to I1SO 4287:1997, mean

and standard deviation, measured using Laser Scanning Microscopy).

Example 4:

Degradation studies in Simulated Body Fluid

The glass composition was: SiO, = 45% by weight, MgO = 17% by weight, CaO =
22.5% by weight, K;O = 9.5% by weight, P,Os = 6% by weight. The cylindrical



10

15

WO 2015/044401 PCT/EP2014/070732

-12 -

specimens had a diameter of 15+ 0.5 mm and a height of 1.0 + 0.5 mm. The
surface of the specimens was polished with a 3 um diamond suspension. Simulated

Body Fluid having the following composition was prepared.

Composition of Simulated Body Fluid (SBF)

Component Concentration
NaCl 7.996 g/l
NaHCOs; 0.350 g/I

KCl 0.224 g/
K;HPO, x 3H,0 0.228 g/l
MgCl, x 6 H,O 0.305 g/I

1.0 M HCI 40.0 cm’/|
CaCl, 0.278 g/I

Na S0, 0.071 g/l

Tris ((CH,OH)3CNH,) 6.057 g/l

At a temperature of 37 °C, the pH of the SBF solution was adjusted to 7.40 with
1.0 M HCI. Each specimen was stored at 37°C in 40 ml of SBF solution. The
number of specimens tested in each period was n = 3. The following 5 periods
were tested: 1d, 3.5d, 7d, 14d, 28 d. The masses of the specimens were
determined before and after the storage, and the change of mass was calculated.

In SBF, a degradation of about 0.12 mg/mm? per day took place. Figure 2 shows
the change of mass of the specimens after storage in Simulated Body Fluid.

Example 5:

Degradation studies in simulated saliva fluid

The glass composition was: SiO, = 45% by weight, MgO = 17% by weight, CaO =
22.5% by weight, K;O = 9.5% by weight, P,Os = 6% by weight. The cylindrical
specimens had a diameter of 15+ 0.5 mm and a height of 1.0 + 0.5 mm. The
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surface of the specimens was polished with a 3 pm diamond suspension. A
simulated saliva fluid (salive artificielle Gal-Fovet; SAGF) having the following

composition was used:

Composition of the simulated saliva fluid (SAGF)

Component Concentration
NaCl 125.6 mg/I
KCI 963.9 mg/I
KSCN 189.2 mg/I
KH,PO, 654.5 mg/|
Urea 200.0 mg/I
Na,504 x 10H,0 763.2 mg/I
NH4CI 178.0 mg/I
CaCl, x 2H,0 227.8 mg/I
NaHCOs; 630.8 mg/I

At a temperature of 37 °C, the pH of the SAGF solution was adjusted to 7.40 with
CO,. Each specimen was stored at 37 °C in 50 ml of SAGF solution. After 3.5 days,
the medium was changed, and the specimen surfaces were cleaned by means of a
commercially available powder blasting device (PROPHYflex 2 2012, KaVo,
Biberach an der Riss, Germany) to remove the forming layer. The number of
specimens tested in each period was n = 5. The following 5 periods were tested:
1d, 3.5d, 7d, 14d, 28 d. The masses of the specimens were determined before
and after the storage, and the change of mass was calculated.

This treatment caused an abrasion of about 0.35 mg/mm? per day. Figure 3 shows
the change of mass of the specimens from the storage in simulated saliva fluid

with parallel abrasion from using the powder blasting device.
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CLAIMS:

An implant (1) comprising an enossal area (3) and provided with a coating
(2), wherein the coating (2) at least partially covers the enossal area (3),
and the coating (2) facilitates the ongrowth of the implant (1) within the
bone, characterized in that said coating can be removed chemically and/or

mechanically under physiological conditions.

The implant according to claim 1, characterized in that said coating (1) can

be removed chemically by contact with liquids occurring in the oral cavity.

The implant according to claim 1, characterized in that said coating (1) can
be removed by means of instruments in common use in medicine or dentis-

try.

The implant according to at least one of claims 1-3, characterized in that

said implant is made of metal, ceramic or plastic or combinations thereof.

The implant according to at least one of claims 1-4, characterized in that

said coating is a coating of organic and/or inorganic material.

The implant according to at least one of claims 1-5, characterized in that
said organic material is an organic polymer selected from the group consist-
ing of polyesters (e.g., polylactide, polycaprolactone, poly(butylene succin-
ate), poly(butylene terephthalate), poly(butylene adipate/butylene tereph-
thalate), polyhydroxyalkanoate, poly(trimethylene terephthalate), aromatic-
aliphatic copolyesters), vinyl polymers (e.g., poly(vinyl alcohol)), starch-
based plastics (e.g., thermoplastic starch), and cellulose-based plastics
(e.qg., cellulose acetate, cellulose hydrate).

The implant according to at least one of claims 1-6, characterized in that
said inorganic material is selected from the group consisting of ceramic,

glass ceramic, glass and metals.
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The implant according to claim 7, characterized in that said ceramic is a
calcium phosphate, a calcium carbonate, a calcium silicate, or mixtures

thereof.

The implant according to claim 7, characterized in that said glass ceramic is
based on an alkali silicate glass, alkaline earth silicate glass, phosphate
glass, or mixtures thereof, and is in a partially or completely crystallized

form.

The implant according to claim 7, characterized in that said glass is an alkali
silicate glass, alkaline earth silicate glass, phosphate glass, or mixtures

thereof.

The implant according to claim 7, characterized in that said metal is

magnesium or a magnesium alloy.

The implant according to at least one of claims 7-11, characterized in that
the coefficient of thermal expansion of the coating is + 1 ppm/K, based on

the coefficient of thermal expansion of the substrate material.

The implant according to at least one of the foregoing claims having a

microstructured surface.

The implant according to at least one of the foregoing claims having a

coating comprising or consisting of a composition of

SiO; in amounts of from 40 to 50% by mass;
MgO in amounts of from 25 to 30% by mass;
CaO in amounts of from 0 to 5% by mass;
K;0 in amounts of from 18 to 24% by mass;
P,Os in amounts of from 0 to 10% by mass;
Na,O in amounts of from 0 to 5% by mass;
ZrO; in amounts of from 0 to 5% by mass;

SrO in amounts of from 0 to 5% by mass;
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BaO in amounts of from 0 to 5% by mass;
Al,O3 in amounts of from 0 to 3% by mass;
Y,0s5 in amounts of from 0 to 5% by mass;
CaF; in amounts of from 0 to 5% by mass;
TiO, in amounts of from 0 to 5% by mass;

Ag in amounts of from 0 to 5% by mass

SiO; in amounts of from 40 to 50% by mass;

MgO in amounts of from 14 to 20% by mass;

CaO in amounts of from 20 to 25% by mass, in particular 20 to 23% by
mass;

K;0 in amounts of from 7 to 12% by mass;

P,Os in amounts of from 0 to 10% by mass, in particular 1 to 10% by mass;
Na,O in amounts of from 0 to 5% by mass;

ZrO; in amounts of from 0 to 5% by mass;

SrO in amounts of from 0 to 5% by mass;

BaO in amounts of from 0 to 5% by mass;

Al,O3 in amounts of from 0 to 3% by mass;

Y,0s5 in amounts of from 0 to 5% by mass;

CaF; in amounts of from 0 to 5% by mass;

TiO, in amounts of from 0 to 5% by mass;

Ag in amounts of from 0 to 5% by mass

SiO; in amounts of 43 to 46 % by mass, in particular 45 % by mass; MgO
im amounts of 15 to 19 % by mass, in particular 17 % by mass; CaO in
amounts of 21 to 24 % by mass, in particular 22.5 % by mass; K,O in
amounts of 8 to 11 % by mass, in particular 9.5 % by mass; P,0Os in

amounts of 5 to 7 % by mass, in particular 6 % by mass.
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A mixture, containing

SiO; in amounts of from 40 to 50% by mass;
MgO in amounts of from 25 to 30% by mass;
CaO in amounts of from 0 to 5% by mass;
K;0 in amounts of from 18 to 24% by mass;
P,Os in amounts of from 0 to 10% by mass;
Na,O in amounts of from 0 to 5% by mass;
ZrO; in amounts of from 0 to 5% by mass;
SrO in amounts of from 0 to 5% by mass;
BaO in amounts of from 0 to 5% by mass;
Al,O3 in amounts of from 0 to 3% by mass;
Y,0s5 in amounts of from 0 to 5% by mass;
CaF; in amounts of from 0 to 5% by mass;
TiO, in amounts of from 0 to 5% by mass;

Ag in amounts of from 0 to 5% by mass.

A mixture, containing

SiO; in amounts of from 40 to 50% by mass;
MgO in amounts of from 14 to 20% by mass;

CaO in amounts of from 20 to 25% by mass, in particular 20 to 23% by

mass,;

K;0 in amounts of from 7 to 12% by mass;

P,Os in amounts of from 0 to 10% by mass, in particular 1 to 10% by mass;

Na,O in amounts of from 0 to 5% by mass;
ZrO; in amounts of from 0 to 5% by mass;
SrO in amounts of from 0 to 5% by mass;
BaO in amounts of from 0 to 5% by mass;
Al,O3 in amounts of from 0 to 3% by mass;
Y,0s5 in amounts of from 0 to 5% by mass;
CaF; in amounts of from 0 to 5% by mass;
TiO, in amounts of from 0 to 5% by mass;

Ag in amounts of from 0 to 5% by mass.

PCT/EP2014/070732
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A mixture of claim 16 comprising SiO; in amounts of 43 to 46 % by mass, in
particular 45 % by mass; MgO im amounts of 15 to 19 % by mass, in par-
ticular 17 % by mass; CaO in amounts of 21 to 24 % by mass, in particular
22.5 % by mass; K,0O in amounts of 8 to 11 % by mass, in particular 9.5 %

by mass; P,Os in amounts of 5 to 7 % by mass, in particular 6 % by mass.

A process for preparing a coated implant according to at least one of claims
1-14, comprising the following steps:

- providing an implant;

- converting the mixture of the coating material to a liquid or dissolved
state;

- coating the implant with the mixture of the coating material, which is
in a liquid state, by application in a spraying, depositing and/or
immersion process;

- optionally compacting the applied layer by heat treatment; and

- optionally structuring the surface of the layer by subtractive and/or
additive methods.

Use of the mixture according to at least one of claims 15-17 for preparing a
coated implant according to at least one of claims 1-14.

The use according to claim 19 for preparing a dental implant.

Use of the coated implant according to at least one of claims 1-14 as a one-

part or multi-part dental implant.
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