UK Patent Application «.GB 2 353 042 . A

{43) Date of A Publication 14.02.2001

(21) Application No 0019113.0
(22) Date of Filing 03.08.2000

(30) Priority Data

(31) 11226354 (32) 10.08.1999 (33) JP

(71) Applicant(s)
Kabushiki Kaisha GC
{Incorporated in Japan)
No 76-1 Hasunuma-cho, ltabashi-ku, Tokyo, Japan

{72) Inventor(s)
Kaori Okada
Kazuo Hirota

{74) Agent and/or Address for Service
Marks & Clerk
57-60 Lincoln's Inn Fields, LONDON, WC2A 3LS,
United Kingdom

(61) INTCL’
A61K 6/02 6/06 6/083

(62) UK CL (Edition S )
C3V VET
C3W W209

(656) Documents Cited
GB 2341393 A GB 2334527 A GB 2322860 A
EP 0554890 A1 EP 0329268 A2 WO 88/05651 A1

(58) Field of Search
UK CL (Edition R ) C3V VBF VET
INT CL7 AG1K 6/02 6/06 6/08 6/083
Online: WP, EPODOC, JAPIO

(64) Abstract Title

Method for setting dental glass monomer cement

(57) A method of setting a dental cement comprises irradiating a cement, which comprises
fluoroaluminosilicate, polycarboxylic acid and water, with light. The light preferably has an intensity of
200-3,000mW/cm?, a wavelength of 320-3,000 nm and lasts for 1-180 seconds. The acid may be a polymer of:
acrylic acid, methacrylic acid, chloroacrylic acid, aconitic acid, mesaconic acid, maleic acid, itaconic acid,
fumaric acid, glutaconic acid or citraconic acid. The cement may also comprise: polymerization inhibitors,
ultraviolet light absorbers, plasticizers, pigments, antioxidants, fungicides and surfactants.

vV ¢r0ESEC 99



2353042

METHOD FOR SETTING DENTAL GLASS IONOMER CEMENT

The present invention relates to a method for setting a
dental glass ionomer cement that is used for restoring a tooth

in the dental remedy or the like.

Variety of dental cements is generally used in the remedy
of teeth. Representative examples include a zinc phosphate
cement in which zinc oxide is reacted with phosphoric acid, a
carboxylate cement in which zinc oxide is reacted with a
polycarboxylic acid, a resin cement using the polymerization
of anacrylicmonomer, a calciumhydroxide cement inwhichcalcium
hydroxide is reactedwith anoily component, a zinc oxide eugenol
cement in which zinc oxide is reacted with eugenol, and a glass
ionomer cement using a fluorcaluminosilicate glass powder and
a polycarboxylic acid.

These dental cements are widely used in the dental remedy.
More specifically, they are widely used for cementing a dental
prosthesis such as a crown, an inlay, and a bridge, or cementing
an orthodontic device and a dentin, for filling a tooth cavity,
for sealing pit and fissure in enamel, for lining, and for

rebuilding base and core.



Of these, the dental glass ionomer cement has a superior
biocompatibility, it hasadhesivepropertiestoatoothstructure
and a set cement thereofistranslucent andsuperior inesthetics,
andithasanadvantage inthatitgraduallyreleasesafter setting
fluorinewithalapseof time, therebyacaries resistant function
can be expected. Accordingly, the dental glass ionomer cement
is adental cement that ismost generally used in the wide variety
of applications in the dentistry.

This dental glass ionomer cement is a dental cement inwhich
a fluoroaluminosilicate glass powder and a polycarboxylic acid
as the major components cause a setting reaction in the presence
of water and are set. More specifically, an aqueous polyacrylic
acid solution exerts the fluorcaluminosilicate glass powder to
liberate metal ions (such as alkali metal ions, alkaline earth
metal ions, and aluminum ion) in the glass, which then undergo
ionic bonding to a carboxyl group of the polyacrylic acid, to
form a crosslinking structure, thereby causing gelation and
setting (this reaction will be hereinafter sometimes referred
to as “ionomer reaction”). And, it is also known that the dental
ionomer cement continues to cause the ionomer reaction after
the initial setting, so that the compressive strength of a set
cement thereof gradually increases for one year after the start
of the setting.

In addition, there is developed a resin reinforcement type

of a dental glass ionomer cement in which a dental glass ionomer



cement is compounded with a polymerizable monomer, thereby
utilizing a polymerization reaction with the monomer in
combination with the ionomer reaction. This resin
reinforcement type of a dental glass ionomer cement is improved
in terms of mechanical strengths such as bending strength and
adhesive properties to a tooth structure, as compared with the
conventional dental glass ionomer cement that causes the setting
only relying upon the ionomer reaction.

The method for setting the dental glass ionomer cement is
generally carried out in the following manner. That is, the
fluorocaluminosilicate glass powder and the aqueous polyacrylic
acid solution are respectively weighed and mixed in an
appropriate ratio on a mixing pad for exclusive use by means
of an instrument such as a spatula; or prescribed amounts of
the fluoroaluminosilicate glass powder and the aqueous
polyacrylic acid solution are respectively weighed and
accommodated inacapsulesothatthe fluorocaluminosilicateglass
powder and the aqueous polyacrylic acid solution are isolated
from each other, and at the time of use, the partition is broken
to mix fluorocaluminosilicate glass powder and the aqueous
polvacrylic acid solution with each other by means of a capsule
mixer or the 1ike. The resultingmixture is filled inor applied
on a cavity or pit and fissure in ehamel. Some products which
is also available include a hydraulic dental ionomer in which

a mixture of a fluoroaluminosilicate glass powder and a



polyacrylic acid powder is provided to undergo setting upon
mixingwithwater. Therefore, theglass ionomer cements according
to the present invention comprise the fluorocaluminosilicate
glass powder, the polycarboxylic acid and water for setting.

As described above, since the dental glass ionomer cement
uses the ionomer reaction, a time is required for the initial
setting. Thus, it is impossible to perform the next clinical
operation until the initial setting. Further, it is pointed
out that the dental glass ionomer cement has a defect called
as sensitization towater: that is, beforeor after the initial
setting, whena surfaceof thedental glass ionomer cement mixture
comes intocontactwithwater, metal ionseluteduring the setting
reaction, or the content of water increases, whereby the cement
surface becomes cloudy or brittle, ultimately leading to a
decrease of the surface performance after the setting. This
is caused due to the ionomer reaction of the dental glass ionomer
cement which is an acid/base reaction Dbetween the
fluoroaluminosilicate glass (base) and the polycarboxylic acid
(acid radical) in the presence of water and is sensitively
influenced by water from outside.

In order to overcome this defect, the following measure
was carriedout. That is, thedental glass ionomer cement before
the initial setting is filled and applied carefully so that it
does not come into contact with water fromoutside such as saliva

and then a moistureproof material called as a varnish such as



resin-based materials is applied and dried to form a coating
film on the dental glass ionomer cement surface, so as to effect

a moistureproofing for 20 to 25 minutes during the initial

setting.

An object of the present invention is to provide a method
for setting a dental glass ionomer cement, upon which the dental
glass ionomer cement is made hardly sensitive to water even
without preventing sensitization to water with a varnish, and
the time for sensitization to water and the initial setting time
can be shortened.

We, the present inventors, paid attention to the matter
that the ionomer reactionused for thedental glass ionomer cement
is sensitive to and reactive with a change of the temperature
so that the setting reaction is rapidly promoted even by a slight
temperature increase, and made extensive and intensive
investigations. As a result, it has been found that the time
for sensitization to water and the initial setting time can be
shortened by irradiating the dental glass ionomer cement with
a light, leading to the accomplishment pf the present invention.

Morespecifically, thepresent inventionrelatestoamethod
for setting a dental glass ionomer cement bymeans of irradiation
withalight toaccelerateinitial setting, the cement comprising

a fluoroaluminosilicate glass powder, a polycarboxylic acid and

water.



In the method for setting a dental glass ionomer cement
according to the present invention, it is preferred that the
light to be irradiated has a wavelength in the range of from
320 to 3,000 nm, the irradiation intensity of the light is in
the range of from 200 to 3,000 mW/cm®, and the irradiation time
of the light is in the range of from 1 to 180 seconds.

The method for setting a dental glass ionomer cement
according to the present invention is a method for setting the
above-described dental glass ionomer cement by means of
irradiation with a light to accelerate initial setting, the
cement comprising the fluorocaluminosilicate glass powder, the
polycarboxylicacidandwater. Ascomparedwithasettingmethod
inwhichtheirradiationwithalightisnotperformed, thesetting
method according to the present invention enables to shorten
the time for sensitization to water and the initial setting time
only by undergoing the irradiation with a light for from several
seconds to several minutes without particularly performing an
operation for preventing the sensitization to water including
application of a varnish and drying. Further, according to the
setting method of the present invention, since the composition
of the dental glass ionomer cement is not changed, the superior
characteristics of the dental ionomer cement can be kept as they

stand.

Prior to the present invention, a phenomenon in which, when



the dental glass ionomer cement comprising the
fluoroaluminosilicate glass powder, the polycarboxylicacidand
waterisirradiatedwithalight, the ionomer reactionispromoted,
wherebythedental glass ionomer cement sets, hasnot beendrawing
an attention, in spite of the fact that a photopolymerization
type dental ionomer cement that undergoes initial setting upon

photopolymerization has been used over a long period of time.

The reason for this may be considered as follows. In the
dental field, it has been conventionally widely carried out to
irradiate a photopolymerization type dental composite resin or
photopolymerization typedental glass ionomer cementwitha light
to undergo photopolymerization for setting. These dental
materials always contain a photopolymerization initiator such
as camphor quinone and a polymerizable monomer. And, the
photopolymerization initiator is activated by the 1light
irradiation, thereby undergoing a polymerization reaction of
the polymerizable monomer to set the resin or cement.
Accordingly, the light irradiation was essential.

On the other hand, in the method for setting the dental
glass ionomer cement according to the present invention, the
temperature of the dental glass ionomer cement comprising the
fluorcaluminosilicate glass powder, the polycarboxylicacidand
water is increased upon irradiation with a light, thereby
promoting the ionomer reaction to set the dental glass ionomer

cement. Accordingly, a large advantage is given to the dental



glass ionomer cement having neither photopolymerization
initiator nor polymerizable monomer compounded therewith.

The dental glass ionomer cement that is used in the present
invention refers to a whole of cements having a mechanism in
which the fluoroalumincsilicate glass powder and the
polycarboxylic acid cause a setting reaction (i.e., the ionomer
reaction) in the presence of water, whereby the cement sets.
The setting method according to the present invention is
effective to conventional type dental glass ionomer cements not
containing a polymerizable monomer, in which the setting occurs
only by the ionomer reaction; dental glass ionomer cements for
base, comprisinga conventional type dental glass ionomer cement
having a metal added thereto; resin reinforcement type dental
glass ionomer cements comprisingaconventional typedental glass
ionomer cement having a polymerizable monomer compounded
therewith; and the like.

The fluoroaluminosilicate glass powder that is used in the
general dental glass ionomer cement has a major composition of
from 10 to 25% by weight of Al**, from S5 to 30% by weight of
Si*", from 1 to 30% by weight of F', from O to 20% by weight of
Sr?*, from 0 to 20% by weight of Ca’’, and from 0 to 10% by weight
of an alkali metal ion (e.g., Na*, K*, etc.), based on the total
weight of the glass. The raw material containing these metal
ionsismixedandmolten, andthencooledandpulverizedtoprepare

a powder having a mean particle size of from about 0.02 to 20



The polycarboxylic acid as referred to herein is a polymer

of an «,PB-unsaturated monocarboxylic acid or of an

o, B-unsaturated dicarboxylic acid and is generally a copolymer
or homopolymer having a weight average molecular weight of from
5,000 to 40,000, of acrylic acid, methacrylic acid,
2-chloroacrylic acid, 3-chloroacrylic acid, aconitic acid,
mesaconic acid, maleic acid, itaconic acid, fumaric acid,
glutaconic acid, citraconic acid, or the like.

In addition, if desired, the general dental glass ionomer
cement is added with known polymerization inhibitors,
ultraviolet light absorbers, piasticizers, coloring pigments,
antioxidants, fungicides, surfactants, etc.

Examples of the device that can be used for the light
irradiation in the present invention are those using a light
source capable of emitting a light having a wavelength ranging
from 320 to 3,000 nm, which are widely used in the dentistry
at present, including irradiationmachine of an infrared light,
a visible light, or a ultraviolet light. When the wavelength
is shorter than 320 nm, a detrimental effect to bodies becomes
strong, and hence, such is not preferred. On the other hand,
a light having a wavelength region exceeding 3,000 nm is low
in the action to promote the setting reaction of the dental glass

ionomer cement. Of these, it is easy and desired for a dentist



to use a visible light irradiation machine capable of effecting
irradiation with a light having a wavelength of from 390 to 510
nm, which is generally used for polymerizing the resin
reinforcement type glass ionomer cement or composite resin.

In the method for setting the dental glass ionomer cement
according to the present invention, since the irradiation with
a light having awavelength ranging from 320 to 3, 000 nm increases
the temperature of the dental glass ionomer cement within an
appropriate period of time and promotes the setting reaction,
it is preferred to carry out the light irradiation at an
irradiation intensity of at least 200 mW/cm®. Taking into
account the operability, it is preferred that the time for
effectingthe light irradiation isasshort aspossible. However,
in order to obtain the advantage by the light irradiation, in
the case where the above-described light irradiation machine
is used, the light irradiation time is required to be at least
one second. On the other hand, since the initial setting time
of the general dental glass ionomer cement is from 4 minutes
to 8 minutes, it is preferred to complete the light irradiation
within 180 seconds.

The use example of the method for setting the dental glass
ionomer cement according to the present invention will be
described below.

1. First of all, atooth inwhichacariesor thelike is removed

by cavity preparation, etc. to forma cavity is filled or applied
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with a dental glass ionomer cement, which has been mixed by a
hand, a capsule mixer, etc. In the case where the dental glass
ionomer cement is used for filling, the fairly hard mixture is
filled in the cavity, or in the case where it is used as a sealant,
the cement having high fluidity is applied to pit and fissure
in enamel.
2. Next, the filled or applied dental glass ionomer cement
is irradiatedwith a light. Although, at the time of completion
of the light irradiation, it is not always necessary that the
dental glass ionomer cement’s initial setting is completed, in
the case that the dental glass ionomer cement is used as the
sealant, it is preferred that its initial setting is completed.
3. After the dental glass ionomer cement used for filling has
completed initial setting, the surface is polished to effect
final finishing. While the timing of the polishing varies
depending on the type of the material to be used, in the case
that the light irradiation has been performed, the polishing
can be carried out earlier than usual because the period of the
time for sensitization to water is apparently more shortened
as compared with the case that the light irradiation has not
been performed.

The method for setting the dental glass ionomer cement
according to the present invention will be described in more
detail with reference to the following Examples.

Incidentally, all of the four dental glass ionoiner cements
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used in the Examples and Comparative Examples are a dental glass
ionomer cement that sets only by the reaction of the
fluoroaluminosilicate glass powder and the polycarboxylic acid
in the presence of water, which does not contain a polymerizable
monomer.
Example 1:

A commercially available type dental glass ionomer cement
(a product name: Fuji Ionomer Type II, made by GC Corporation)
was mixed in a weight ratio of powder to liquid of 2.7:1 for
30 seconds, and then filled in an acrylic resin-made ring having
adiameter of 10 mm and a height of Smm. A transparent celluloid
plate was put on and brought into press contact with the acrylic
resin-made ring, and one minute after the start of mixing, a
light was irradiated on the celluloid plate for 20 seconds by
means of a visible light irradiation machine (a product name:
GC LABOLIGHT VL-II, manufactured by GC Corporation, wavelength
from 400 to 520 nm, irradiation intensity 780 mW/cm?) .
Immediately after the light irradiation, the celluloid plate
was removed, and the sample together with the acrylic resin-made
ring was immersed in water at 37°C. Other samples were each
irradiated with a 1light in the same manner and allowed to stand
in a room for 2 minutes (in this case, 40 seconds after the light
irradiation), 3minutes, 4 minutes, and sequentially, every one

minute after the start of mixing until 30 minutes. Then, the

samples were each immersed in water at 37°C. Twenty-four hours
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later, each sample was taken out from water, dried and then
visually observed for the presence of cloudiness on the sample
surface by the sensitization to water. And, a time when the
cloudiness of the sample had become not observed after the start
of mixingwas takenas atime for sensitizationtowater. Further,
the time for sensitization to water was measured in the same
manner, except that the light irradiation time was changed to
40 seconds and 60 seconds, respectively. The results obtained
are shown in Table 1.

With respect to the type dental glass ionomer cement mixed
in the above-describedmethod, thelight irradiationwas carried
out for 20 seconds, 40 seconds, and 60 seconds, respectively.
And, the initial setting time fromthe start of mixing including
the light irradiation time was measured in accordance with %5.4
Setting Time Test” of JIS T-6607 (dental glass polyalkenol
cement). The results obtained are also shown in Table 1.
Example 2:

A commercially available type dental glass ionomer cement
(a product name: Ketac-Cem, made by Espe AG) was mixed in aweight
ratio of powder to liquid of 2:1 and evaluated in terms of the
time for sensitization to water of the sample surface and the
initial setting time in the same manner as in Example 1. The
results obtained are shown in Table 1.

Example 3:

A commercially available type dental glass ionomer cement

13



(a product name: Fuji IX GP, made by GC Corporation) was mixed
in a weight ratio of powder to liquid of 3.6:1 and evaluated
in terms of the time for sensitization to water of the sample
surface and the initial setting time in the same manner as in
Example 1. The results obtained are shown in Table 1.
Example 4:

A commercially available type dental glass ionomer cement
(a product name: Ketac-Mclar (capsule), made by Espe AG) was
mixed by means of a Capsule Mixer CM-1 (manufactured by GC
Corporation) andevaluatedintermsof the time for sensitization
to water of the sample surface and the initial setting time in

the same manner as in Example 1. The results obtained are shown

in Table 1.
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Table 1

Time for sensitization to water

Initial setting time

Light Light Light Light Light Light
irradiation | irradiation iradiation | irradiation | irradiation irradiation
for 20 for 40 for 60 for 20 for 40 for 60
seconds seconds seconds seconds seconds seconds
Example | 10 minutes 7 minutes 2 minutes 4 minutes 3 minutes | At the time of
1 completion of
the irradiation,
initial setting
already
occurred.
Example | 3 minutes Since just Since just 2 minutes and | At the time of | At the fime of
2 after the after the 15 seconds | completion of | completion of
irradiation, no { irradiation, no the irradiation, | the irradiation,
sensitization | sensitization initial setting | initial setting
to water to water already already
occurred. occurred. occurred. occurred.
Example | 5 minutes Since just Since just 3 minutes and | Atthe time of | At the time of
3 after the after the 45 seconds | completion of | completion of
irradiation, no | irradiation, no the irradiation, | the irradiation,
sensitization | sensitization initial setting | initial setting
to water to water already already
occurred. ocecurred. occurred. occurred.
Example | 12 minutes 8 minutes 5minutes | 4 minutes and | 3 minutes and 3 minutes
4 30 seconds | 45 seconds

Comparative Examples 1 to 4:

Using the same commercially available dental glass ionomer

cements as in Examples 1 to 4,

the tests were carried out in

the same manner as in Example 1, except that no light irradiation

was carried out and that the samples were each immersed in water

at 37°C for 10 minutes, 11 minutes, and sequentially, every one

minute after the start of mixing until 30 minutes, to measure

the time for sensitization towater and the initial setting time.

The results obtained are summarized and shown in Table 2.
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Table 2

Time for sensitization to water Initial setting ime
Comparative Example 1 20 minutes 7 minutes
Comparative Example 2 15 minutes 6 minutes
Comparative Example 3 17 minutes 6 minutes and 30 seconds
Comparative Example 4 25 minutes 7 minutes and 45 seconds

As is clear from the Examples and Comparative Examples,
it can be understood that since the method for setting the dental
glass ionomer cement according to the present invention can
promote the initial setting of the dental glass ioncmer cement,
it iseffective for preventing the sensitizationtowater without
particularly performing an operation for preventing the
sensitization to water with a varnish or the like.

In addition, since, by the method for setting the dental
glass ionomer cement according to the present invention, the
time for sensitization to water and the initial setting time
can be shortened by the time for irradiation with a light, an
operator can control set up the initial setting time.
Accordingly, this invention is very valuable in contributing

to the dental remedy.
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17
CLAIMS

1. A method for setting a dental glass ionomer cement by means of
irradiation with light to accelerate initial setting, the cement comprising a

fluoroaluminosilicate glass powder, a polycarboxylic acid and water.

2. A method as claimed in claim 1, wherein the light to be irradiated

has a wavelength in the range of from 320 to 3,000 nm.

3. A method as claimed in claim 1 or 2, wherein an irradiation intensity
of the light is in the range of from 200 to 3,000 mW/cm?, and an irradiation

time of the light is in the range of 1 to 180 seconds.

4. A method for setting a dental glass ionomer cement substantially as

herein described in any of the foregoing Examples 1 to 4.
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