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(7) ABSTRACT

The rod-shaped apatite crystals of the formula
Ca (PO,);(OH).F, have the following features

a) the length-to-breadth ratio of the crystals is at least
=5 and

b) x+y=1, where if x or y=0 the total amount of the
crystals is present as a mixture of individual
hydroxyapatite crystals and fluoroapatite crystals
and/or as mixed crystals, such that, based on the total
amount of the crystals, (1-x)-100% of the hydroxide
ions present if y=0 are replaced by fluoride ions.

The invention furthermore describes dispersions which con-
tain such rod-shaped apatite crystals, and a process for the
preparation of the dispersions or of the apatite crystals.
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ROD SHAPED APATITE CRYSTALS WITH A
SPECIFIC LENGTH-TO-WIDTH RATIO

[0001] The invention relates to rod-shaped apatite crystals
which have a length-to-breadth ratio of >5 and in which the
ratio of hydroxide ions to fluoride ions based on the total
amount of the crystals can be simply varied. Furthermore,
the invention relates to dispersions which contain such
rod-shaped apatite crystals, and to a process for the prepa-
ration of the dispersions or of the apatite crystals.

[0002] The dental enamel, just like human bone, consists
mainly of hydroxyapatite. Owing to mechanical stress on the
teeth (e.g. when eating or else alternatively when brushing
the teeth), fissures and channels result in the dental enamel,
which expose pores in the interior of the tooth. Substances
can rapidly penetrate into the interior of the tooth through
these pores and irritate the dental nerve, as a result of which
the teeth become sensitive to sweetness, heat or cold.
Moreover, in the case of bacterial attack caries forms in the
fissures or in the pores, which is known extensively as a very
dangerous dental disease.

[0003] This problem has been known for a relatively long
time and accordingly there are innumerable toothpastes or
tooth gels which treat the pore formation in different ways.
Particulate dispersed calcium phosphate crystals (having
diameters of >5 um) are frequently employed as calcium and
phosphate ion suppliers for the construction of hydroxya-
patite, as a result of which the fissures and unevenness of the
tooth surface should be made good again. Most frequently,
however, fluoride-containing compounds such as calcium
fluoride are employed, as the conversion of the hydroxya-
patite of the dental enamel into the significantly harder
fluoroapatite is promoted by fluoridation. Fluoroapatite is
less susceptible to bacterial attack and attacks by proteins
than pure hydroxyapatite. Consequently, the dental enamel
is strengthened and smoothed by fluoroapatite and the pores
in the interior of the tooth are better sealed. Furthermore,
there are also toothpastes which already contain hydroxya-
patite (crystals) and/or fluoroapatite (crystals). Generally,
however, fluorides cannot be added in any desired great
amount, since in free form they discolor the teeth from a
certain concentration.

[0004] 1t is furthermore known that flat, in particular
rod-shaped, hydroxyapatite crystals adsorb better on the
tooth surface and form a sheet structure by self-organization
which can seal the fissures and pores over a wide area.
Rod-shaped crystals therefore have a better adsorbability,
since the underlying van-der-Waal’s interactions are propor-
tional to the (surface) area. After the application, a mineral
protective film thereby forms rapidly on the teeth, which in
the course of time becomes identical to dental enamel by
means of slow dissolution in the oral cavity and adsorption
of the fluoride-containing compounds likewise contained in
the toothpastes, smooths the dental enamel and effectively
seals the fissures and/or pores.

[0005] A problem, however, is the provision of rod-shaped
(hydroxy)apatite crystals which make possible an effective
adsorption on the tooth surface on account of an improved
length-to-breadth ratio. The processes known hitherto for
the preparation of apatite crystals usually yield crystals of
spherical and irregular shape having particle sizes of >5 um.
In the recent past, however, processes have been published
with which, in addition to the irregular and spherical shapes,
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rod-shaped apatite crystals having particle sizes in the
submicrometer range can also be produced.

[0006] WO 00/37033 describes suspensions of only
slightly water-soluble calcium phosphates, calcium fluorides
and calcium fluorophosphates, and their use in dental care
compositions. The calcium salts contained in the suspen-
sions are prepared by precipitation in an alkaline medium,
the calcium salts being obtained in the form of crystals
(primary particles) having thicknesses (diameters) of 0.005
to 0.05 um and lengths of 0.01 to 0.15 um. In order to
stabilize the suspensions, the precipitation of the calcium
salts is carried out in the presence of agglomeration inhibi-
tors, such as water-soluble surfactants or water-soluble
polymeric protective colloids. In this manner, suspensions of
hydroxyapatite crystals and fluorine-doped hydroxyapatite
crystals can also be prepared. The calcium salt crystals
prepared in this way in some cases have rod-shaped struc-
tures. Inherent in the method, however, is the disadvantage
that on account of the overlapping length and breadth values
of the crystals a numerically large amount of crystals is also
produced whose length-to-breadth ratio is in the range from
1 to 2, i.e. these crystals have no pronounced rod form or
only a slightly pronounced rod form.

[0007] In WO 01/01930, composite materials are
described which comprise calcium salts which are poorly
soluble in water, such as calcium phosphates and calcium
fluorophosphates, and a protein component. The calcium
salts, which also include hydroxyapatite, fluoroapatite and
fluorine-doped hydroxyapatite, are prepared by precipitating
them in the alkaline medium in the presence of the protein
component. Optionally, the calcium salts (at least partially)
also have rod-shaped structures, a numerically large amount
of crystals having a length-to-breadth ratio of 1 to 2 resulting
on account of the likewise overlapping length and breadth
values of the calcium salt crystals prepared using this
method. The crystals are deposited on the surface of the high
molecular weight protein component employed, as a result
of which they represent the spatial structure of the protein
component to a certain extent. These composite materials
can be used for “biomineralization” (mineral crystallization
in a protein matrix), i.e. protein and calcium salt crystals are
incorporated into the protein matrix of the teeth or bone.
Consequently, the 3-dimensional structure of the composite
materials is applied to the previous (tooth) surface, while, as
mentioned above, hydroxyapatite crystals form laminar,
2-dimensional layers on the (tooth) surface. The biominer-
alization process, however, is comparatively slow and leads
to composite materials applied to the (tooth) surface whose
mechanical properties can differ considerably from those of
the pure crystals.

[0008] WO 98/18719 describes a process for the length-
ening of rod-shaped hydroxyapatite crystals in suspensions
and the adjustment or concentration of the solids content of
hydroxyapatite crystals in these suspensions. By means of
alternate stirring and filtering off at defined time intervals
and using defined stirrer speeds, on the one hand the original
crystal length of 0.05 to 0.1 yum can be increased to 0.1 to 0.5
um with constant breadth of 0.01 to 0.02 um, on the other
hand a solids content of 7 to 96% of hydroxyapatite crystals
can be established in the suspension. As a result of the
numerous stirring and filtering steps, the process is compli-
cated; moreover, it is exclusively restricted to suspensions of
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hydroxyapatite crystals. The crystal length moreover also
appears to be dependent on the solids content in the sus-
pension.

[0009] The object underlying the invention consists in the
provision of rod-shaped apatite crystals which have an
improved length-to-breadth ratio compared with the prior
art, and in which the ratio of hydroxide ions to fluoride ions
based on the total amount of the crystals can be simply
varied. At the same time, suspensions of the rod-shaped
apatite crystals having a variable solids content should also
be provided.

[0010] The object is achieved by a process for the prepa-
ration of dispersions which contain the rod-shaped apatite
crystals described beforehand. The process according to the
invention contains the following steps:

[0011] a) in an autoclave, a mixture is produced
which contains the starting materials and water,

[0012] b) a temperature of at least 100° C. and a
pressure of >1 bar is generated in the interior of the
autoclave and these conditions are maintained for at
least 1 hour,

[0013] o) if appropriate, following step b), at least
one fluoride-containing compound is added to the
mixture present as a dispersion situated in the auto-
clave and mixed with this dispersion over a period of
time of at least 1 hour.

[0014] The pure apatite crystals can be isolated from the
dispersions thus obtained by subjecting the dispersions to
drying, in particular spray drying, in an additional process
step.

[0015] The advantage of the solution according to the
invention lies in the fact that a novel process is provided
with which apatite crystals can be prepared which are
exclusively rod-shaped. Moreover, the process is restricted
not only to the preparation of hydroxyapatite crystals, but
mixtures of rod-shaped hydroxyapatite crystals and rod-
shaped fluoroapatite crystals or rod-shaped mixed crystals of
hydroxyapatite and fluoroapatite can also be prepared.

[0016] The rod-shaped apatite crystals prepared using the
process according to the invention have a length-to-breadth
ratio of >5. This means that the crystals have a length-to-
breadth ratio of 5 in the “most unfavorable” case, whereas,
however, there are also a significant number of crystals
which have a length-to-breadth ratio of markedly greater
than 5, for example 8 to 15. In most processes according to
the prior art, however, as already mentioned beforehand, a
numerically large amount of crystals having a length-to-
breadth ratio of 1 to 2 is produced.

[0017] Since all apatite crystals have a length-to-breadth
ratio of =5, the adsorption on the tooth surface and the
self-organization associated therewith functions, with for-
mation of laminar structures, significantly better than with
apatite crystals which have an unfavorable length-to-breadth
ratio, because the apatite crystals according to the invention
can also be packed particularly tightly. This is also an
advantage compared with that prior art in which the apatite
crystals used there are applied to the surface of proteins and
are incorporated into the tooth or bone material together
with these in a biomineralization process. The crystals
incorporated by this process cannot be packed so tightly on
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the tooth surface as those produced by the process according
to the invention. Moreover, the preparation costs of these
mixtures of proteins and apatite crystals are much higher
than the preparation costs of the rod-shaped apatite crystals
of the process according to the invention, in which no
protein component is necessary.

[0018] A further advantage of the process according to the
invention can be seen in the simple handling of the adjust-
ment of the fluoride ion concentration. In the first process
section, the hydroxyapatite crystals have already been pro-
duced in rod form, in the second process section a defined
number of hydroxide ions can be replaced by fluoride ions
in an ion-exchange process without the rod form of the
crystals being modified in this process. By means of this
process, in which both pure fluoroapatite crystals and mixed
crystals of fluoroapatite and hydroxyapatite are produced, a
total amount of apatite crystals is prepared which contains a
defined, freely adjustable amount of fluoride ions. This is
particularly of importance in the use of the apatite crystals,
since the apatite crystals applied to the tooth surface for the
sealing of holes or fissures form a mineral protective film,
which solidifies more rapidly due to the incorporation of
fluoride ions and thus also becomes identical to dental
enamel more rapidly. As a result, the pores and fissures on
the tooth surface are particularly effectively and rapidly
sealed, and the danger of the formation of caries no longer
exists at these sites.

[0019] The process according to the invention is suitably
carried out in an autoclave, in particular a stirred autoclave.
Furthermore, other vessels or devices known to the person
skilled in the art can also be used, which withstand the
reaction conditions under elevated pressure.

[0020] In the first step (a) of the process according to the
invention, a mixture, for example in the form of a suspen-
sion, is produced in the autoclave from the starting materials
and water.

[0021] Suitable starting materials are, as the calcium-
containing component, calcium hydroxide and, as the phos-
phorus-containing component, phosphoric acid. Optionally,
additives such as calcium chloride, calcium nitrate (tetrahy-
drate), ammonium hydrogenphosphate or diammonium
hydrogenphosphate can also be admixed to the reaction.
Calcium hydroxide and phosphoric acid are particularly
suitable, the latter is preferably employed in 85% strength by
weight form. Water is understood in the process according to
the invention as in particular meaning completely deionized
water, optionally the water, however, can also have a high
residual ion content, for example of hydroxide ions and/or
protons.

[0022] 1Inapreferred embodiment of the process according
to the invention, completely deionized water is introduced
into the autoclave and calcium hydroxide is added to the
autoclave with stirring at room temperature. The suspension
thus obtained is warmed to 40 to 50° C. and the phosphoric
acid, which is optionally diluted with completely deionized
water, is allowed to run into the autoclave with stirring over
a suitable period of time.

[0023] In the second step (b) of the process according to
the invention, which can also be regarded as a hydrothermal
process, a temperature of at least 100° C. and a pressure of
>1 bar is generated in the interior of the autoclave, and these
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conditions are maintained for at least 1 hour, preferably 5 to
16 hours. Preferably, the second process step is carried out
at pressures between 1.5 and 6 bar, particularly preferably
between 2 and 5 bar. Preferred temperature ranges are 105°
C. to 150° C., and 110° C. to 130° C. are particularly
preferred. If appropriate, temperature gradients can also be
used, temperature changes also causing pressure changes. In
a particularly preferred embodiment of the process accord-
ing to the invention, the conditions of the second process
step are maintained for 10 to 14 hours with stirring. If
appropriate, the second process step can also be carried out
in less than 1 hour.

[0024] By means of the second process step, dispersions
are obtained which contain rod-shaped hydroxyapatite crys-
tals and which are preferably homogeneous. The solids
content of these dispersions is 5 to 70% by weight, prefer-
ably 10 to 40% by weight, particularly preferably 15 to 30%
by weight, of hydroxyapatite crystals; if appropriate, the
solids content can also be <5% by weight. The hydroxya-
patite crystals prepared in this way (nearly always) have a
rod-shaped form, the length-to-breadth ratio of the (indi-
vidual) crystals being 25, but being >20 only in exceptional
cases. A length-to-breadth ratio of 8 to 15 is preferred,
particularly preferably of 9 to 12. In particular, rod-shaped
hydroxyapatite crystals can be prepared which have a length
of 0.1 to 0.2 um and a breadth of 0.01 to 0.02 um, in each
case based on the individual crystals. In a furthermore
preferred embodiment, the thickness (i.e. the 3rd dimension)
of the crystals corresponds to their breadth. It is thus evident
that the crystals prepared by the process according to the
invention only have a length-to-breadth (or thickness) ratio
of 5 in the “most unfavourable” case. This case occurs with
a crystal length of 0.1 um and a crystal breadth or thickness
of 0.02 um. The length-to-breadth ratio can, however, also
be at most 20 (length: 0.2 wm; breadth: 0.01 um). The
length-to-breadth ratio of the individual crystals can be
controlled by the parameters pressure, temperature and
reaction time in the second process step.

[0025] The rod-shaped hydroxyapatite crystals can also be
isolated from the dispersion. The dispersant can be removed
by simple evaporation, if appropriate with the aid of
vacuum. Furthermore, the dispersion can also be subjected
to freeze drying for the isolation of the apatite crystals.
Preferably, the rod-shaped hydroxyapatite crystals prepared
using the process according to the invention are isolated
from the dispersion by spray drying, and the device neces-
sary for this and the carrying out of the spray drying are
known to the person skilled in the art. The isolated
hydroxyapatite crystals can be redispersed again in water
without problems to give homogeneous dispersions. If
appropriate, instead of water, organic compounds such as
water-soluble, lower alcohols and glycols, polyethylene
glycols, glycerol and mixtures of the organic compounds
mentioned beforehand with one another and/or with water as
dispersant can also be used for the redispersion.

[0026] In a third process step (c), the hydroxide ions in the
hydroxyapatite crystals prepared according to the invention
can be (partially) replaced by fluoride ions. For this, at least
one fluoride-containing compound is added to the dispersion
prepared in the second process step. Suitable fluoride-
containing compounds are sodium fluoride, calcium fluo-
ride, potassium fluoride and arnmonium fluoride, and
sodium fluoride is preferably suitable. The mixture thus
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obtained is mixed over a period of time of at least one hour,
preferably 10 to 14 hours. Preferably, it is stirred at room
temperature, if appropriate higher temperature values and/or
lower mixing times than 1 hour can also be used. The third
process step is presumably based on an ion-exchange
mechanism.

[0027] On the basis of the additional third process step,
dispersions according to the invention comprising rod-
shaped apatite crystals of the formula Cas(PO,);(OH).F,
can be prepared, where x+y=1. If x or y=0, the total amount
of the crystals is present as a mixture of individual
hydroxyapatite crystals and fluoroapatite crystals (i.e. in the
crystal the hydroxide ions have been completely replaced by
fluoride ions) and/or as mixed crystals of fluoroapatite and
hydroxyapatite, where, based on the total amount of the
crystals, (1-x)-100% of the hydroxide ions present if y=0 are
replaced by fluoride ions.

[0028] Provided in the third process step fluoride-contain-
ing compounds or mixtures of fluoride-containing com-
pounds are employed which contain no calcium ions as
cations or do not exclusively contain calcium ions, the
calcium ions of the rod-shaped apatite crystals can be
partially substituted by the cations deriving from the fluo-
ride-containing compound. In the following text, those rod-
shaped apatite crystals in which the calcium ions are par-
tially replaced by the cations deriving from the fluoride-
containing compounds should also be included by the
formula Cas(PO,);(OH),F,.

[0029] As a result of the replacement of the hydroxide ions
by fluoride ions and, if appropriate, as a result of the partial
calcium ion replacement, neither the form or size of the
apatite crystals nor the solids content in the dispersion have
changed, i.e. the details given with respect to this for the
hydroxyapatite crystals (x=1) also apply for the apatite
crystals of the formula Cas(PO,),(OH).F . It may again be
expressly mentioned that by means of the process according
to the invention rod-shaped apatite crystals of the formula
Ca (PO,);(OH) F, can be prepared in which the length-to-
breadth ratio of the crystals is =5, preferably 8 to 15,
particularly preferably 9 to 12. It is furthermore preferred
that the thickness of the crystals corresponds to their
breadth.

[0030] Any desired values for y from 0 to 1 can be set; this
is controlled by the amount of the fluoride-containing com-
pounds added, the temperature values and the duration of the
mixing process in the third process step. Preferably, rod-
shaped apatite crystals are prepared in which, based on the
total amount of the crystals, 0.01 to 30%, particularly
preferably 0.5 to 20%, of the hydroxide ions present if y=0
are replaced by fluoride ions. The rod-shaped apatite crystals
of the formula Cas(PO,);(OH)F, are isolated from the
dispersion analogously to the details for the case where x=1
(hydroxyapatite crystals).

[0031] In a further embodiment of the present invention,
the rod-shaped apatite crystals of the formula
Ca (PO,);(OH) F, contained in the dispersion can be sur-
rounded by one or more surface-modifying agents. Surface-
modifying agents are understood as meaning substances
which adhere physically to the surface of the crystals, but do
not react chemically with these. Surface-modifying agents
are particularly to be understood as meaning dispersants; the
latter are known to the person skilled in the art, for example,
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also under the terms emulsifiers, protective colloids, wetting
agents or detergents. Suitable surface-modifying agents are
described, for example, in WO 01/01930. Furthermore,
antiallergics and/or antiinflammatory active compounds can
be used as surface-modifying agents. The surface-modifying
agents are applied to the surface of the rod-shaped apatite
crystals following the process for the preparation of rod-
shaped apatite crystals according to the invention by pro-
cesses known to the person skilled in the art.

[0032] The  apatite crystals of the formula
Ca (PO,);(OH).F, prepared using the process according to
the invention are suitable in isolated form and/or in the form
of dispersions for use as a remineralizing component for
teeth and/or bone. The apatite crystals can be present both in
cleansing and care formulations and in formulations for the
treatment of tooth and bone defects. Tooth gels, toothpastes
(or tooth creams), mouthwash (or mouth rinses) and chew-
ing gum may be mentioned in particular. Furthermore, the
apatite crystals according to the present invention are used
as a constituent of formulations for the induction or promo-
tion of the new growth of bone tissue and for the coating of
implants.

[0033] The invention is additionally illustrated with the
aid of the following examples.

EXAMPLE 1

[0034] 16.0 kg of completely deionized water were intro-
duced into a (stirred) autoclave of volume 55 1. 5.925 kg of
calcium hydroxide (Schifer white lime hydrate, Precal 54)
were added in while stirring with an anchor stirrer at 90
revolutions per minute (rpm) and the suspension resulting
therefrom was heated to 45° C.

[0035] 5.534 kg of 85% strength phosphoric acid, which
was diluted with 10.390 kg of completely deionized water,
were allowed to run in at this temperature over the course of
120 min.

[0036] The autoclave was then sealed and the temperature
was raised to 100° C. After stirring at 100° C. for 20 min, the
temperature was raised to 120° C., whereupon a pressure of
2.3 bar was established.

[0037] The mixture was stirred under these conditions for
12 h, then cooled to room temperature.

[0038] After cooling, a solids content of 21.6% and a Ca/P
ratio of 1.69 was determined for the dispersion thus
obtained. A sample of the dispersion was taken, from which
the dispersing agent was then removed by drying at 120° C.
and about 10 mbar. The dried crystals showed the diffraction
reflections of pure hydroxyapatite in the X-ray diffracto-
gram.

[0039] The hydroxyapatite obtained consisted of stalk-
shaped crystals of prismatic cross-section with breadths and
thicknesses of 0.01 to 0.02 um and lengths of 0.1 to 0.2 um.
The specific surface area was 49.4 m?/g.

EXAMPLE 2

[0040] Example 2 was carried out analogously to example
1. After the dispersion containing the hydroxyapatite had
been cooled to room temperature, 0.168 kg of sodium
fluoride was added to the autoclave and the dispersion was
stirred at room temperature for a further 12 h.
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[0041] The suspension was then drawn off from the auto-
clave. The X-ray diffractogram of a dried sample showed
that about 20 mol % of the hydroxide ions, based on the total
amount of the crystals, had been replaced by fluoride ions.
The form and the dimensions of the crystals have not
changed compared with those of the crystals from example
1. The specific surface area was 49.4 m*/g.

EXAMPLE 3

[0042] Example 2 was repeated with the difference that
after 20 min the reaction contents were heated at 100° C. to
150° C. and the reaction time at this temperature was
reduced to 4 h. The pressure under these conditions was 4.5
bar. After the dispersion containing the hydroxyapatite had
been cooled to room temperature, 0.067 kg of sodium
fluoride was added.

[0043] The X-ray diffractogram of the dried sample
showed that about 8 mol % of the hydroxide ions, based on
the total amount of the crystals, had been replaced by
fluoride ions. The specific surface area was 46.8 m?/g, the
Ca/P ratio was 1.65, and the shape and the dimensions of the
crystals corresponded to those from example 1.

COMPARISON EXAMPLE C1

[0044] 16.0 kg of completely deionized water were intro-
duced into a stirred container of volume 55 1 and 5.925 kg
of calcium hydroxide (Schifer white lime hydrate, Precal
54) were added in while stirring with an anchor stirrer at 90
rpm and the suspension resulting therefrom was heated to
70° C.

[0045] 5.534 kg of 85% strength phosphoric acid, which
was diluted with 10.39 kg of completely deionized water,
were allowed to run in at this temperature over the course of
30 min while cooling and keeping the temperature constant.
The reaction mixture was stirred at 70° C. for a further 2 h
and then cooled to room temperature.

[0046] A solids content of 21.3% was determined for the
dispersion thus obtained after cooling. The X-ray diffracto-
grams of the crystals which were isolated from the disper-
sion showed the diffraction reflections of hydroxyapatite.
The hydroxyapatite had the form of irregular spheres having
diameters of 0.4 to 5 um.

1. A rod-shaped apatite crystal of the formula
Cas(PO,);(OH)F , wherein

a) the length-to-breadth ratio of the crystals is at least 25
and

b) x+y=1, where if x or y=0 the total amount of the
crystals is present as a mixture of individual hydroxya-
patite crystals and fluoroapatite crystals and/or as
mixed crystals, such that, based on the total amount of
the crystals, (1-x) 100% of the hydroxide ions present
if y=0 are replaced by fluoride ions.

2. A rod-shaped apatite crystal as claimed in claim 1,
wherein if y=0 the calcium ions are partially substituted by
other cations, in particular sodium, potassium and/or ammo-
nium ions.

3. Arod-shaped apatite crystal as claimed in claim 1 or 2,
wherein the length-to-breadth ratio of the crystals is 5 to 20,
preferably & to 15, particularly preferably 9 to 12.
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4. Arod-shaped apatite crystal as claimed in one of claims
1 to 3, wherein, based on the total amount of the crystals,
0.01 to 30%, in particular 0.5 to 20%, of the hydroxide ions
present if y=0 are replaced by fluoride ions.

5. Arod-shaped apatite crystal as claimed in one of claims
1 to 4, wherein the thickness of the individual crystals
corresponds approximately to their breadth.

6. Arod-shaped apatite crystal as claimed in one of claims
1 to 5, wherein the thickness and the breadth are 0.01 to 0.02
um and the length of the crystals is 0.1 to 0.2 um.

7. A dispersion comprising rod-shaped apatite crystals as
claimed in one of claims 1 to 6, wherein the solids content
of apatite crystals is 5 to 70% by weight, preferably 10 to
40% by weight, particularly preferably 15 to 30% by weight.

8. A process for the preparation of dispersions as claimed
in claim 7, which comprises

a) producing, in an autoclave, a mixture which contains
the starting materials and water,

b) generating a temperature of at least 100° C. and a
pressure of >1 bar in the interior of the autoclave and
maintaining these conditions for at least 1 hour,

¢) if appropriate, following step b), adding at least one
fluoride-containing compound to the mixture present as
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a dispersion situated in the autoclave and mixing with
this dispersion over a period of time of at least 1 hour.

9. A process as claimed in claim 8, wherein the starting
materials used are calcium hydroxide and phosphoric acid.

10. A process as claimed in claim 8 or 9, wherein the
fluoride-containing compound is sodium fluoride, calcium
fluoride, potassium fluoride and/or ammonium fluoride.

11. A process as claimed in one of claims 8 to 10, wherein
a pressure of between 1.5 and 6 bar, in particular between 2
and 5 bar, is generated in the interior of the autoclave.

12. A process for the preparation of rod-shaped apatite
crystals as claimed in one of claims 1 to 6, wherein a
dispersion is prepared by the process as claimed in one of
claims 8 to 11 and the rod-shaped apatite crystals are then
isolated from the dispersion by spray drying.

13. The use of rod-shaped apatite crystals as claimed in
one of claims 1 to 6 and/or of dispersions as claimed in claim
7 as a remineralizing component for teeth and/or bone in
cleansing and care formulations, and formulations for the
treatment of tooth and bone defects, in particular in tooth
gel, toothpaste, mouthwash and chewing gum, in formula-
tions for the induction or promotion of the new growth of
bone tissue and for the coating of implants.
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