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FIELD OF THE INVENTION

10 The present invention relates to bioactive glass compositions. More particularly, the
present invention relates to improved compositions of bioactive glass including particles
having combinations of size ranges significantly lower than previous compositions. The
present invention also relates to various methods of treatment including the use of such

bioactive glass compositions.

15
BACKGROUND OF THE INVENTION
Human tooth enamel naturally undergoes a process of demineralization. Exposure of
enamel to saliva and food slowly leaches minerals from teeth and eventually leads to
20 increased susceptibility to decay. This process of demineralization results in incipient caries

which are typically very small defects in the enamel surface that are thus far usually left

untreated. Carious dentin demineralization also may occur in patients that have exposed

regions of dentin resulting from decay below the cementum-enamel junction. Accordingly,

there has been much work associated with slowing this natural process of demineralization
25 including the application of fluoride and other topical treatments.

For example, U.S. Patent No. 5,427,768 discloses calcium phosphate solutions which
are supersaturated with respect to calcium phosphate solids and carbon dioxide. The
solutions deposit calcium phosphate compounds with or without fiuoride on and in the tooth
weaknesses such as dental caries, exposed root, or dentin. U.S. Patent Nos. 5,268,167 and

30 5,037,639 disclose the use of amorphous calcium compounds such as amorphous calcium

phosphate, amorphous calcium phosphate fluoride and amorphous caleium carbonate
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2 10 exposure of the underlying tooth structure. Typically, this type of decay is treated by drilling

out the decayed region and inserting a semi-permanent filling material. However, there is a
need for a less invasive means of arresting and reversing decay.

Prophylactic pit and fissure sealants have become widely used in preventing decay in
areas that are particularly at risk for decay. These sealants have included polymer or other

15 cements that require a dry application and the use of a fixing agent These sealants are
temporary and do not provide for an optimal seal,

Liners and bases are materials that are used to treat newly exposed tooth surfaces such
as those surfaces exposed by drilling. After a cavity is prepared, it is common practice to
apply a liner or base before filling the cavity with a filling material. A liner is a thin coating

20 of material and a base is a thicker coating. Liner and base materials are designed to decrease
permeability of dentin at the tooth material interface and protect against microleakage around
and through the fill material and to seal dentin tubuies. Earlier liners or "cavity varnishes"
include materials such as organic "gums" dissolved in organic solvents. Upon evaporation of
the organic solvent, the gum is left behind. Disadvantages associated with these organic

25 gums are well documented and include leaky junctions, lack of adherence, acid vulnerability,
etc. Another method of lining is disclosed in U.S. Patent No. 4,538,990 which describes
applying a 1 to 30% w/v neutral oxalate salt solution, such as dipotassium oxalate to the
smear layer and then applying a 0.5 to 3% w/v of an acidic oxalate salt solution such as
monopotassium monohydrogen oxalate to the layer. Research has shown poor seal occlusion

30 of the tubules with this method.
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Earlier liners or, "cavity varnishes"”
dissolution of the ions from the surface of the glass and lack of bacterial adherence to the

glass surface. Stoor et al, Bioceramics Vol. 8 p. 253-258 Wilson et al (1995).

The bonding of the glass to bone begins with the exposure of the glass to aqueous
solutions. Na® in the glass exchanges with H+ from the body fluids causing the pH to

20  increase. Caand P migrate from the glass forming a Ca-P rich surface layer. Underlying this
Ca-P rich is a Jayer which becomes increasingly silica rich due to the loss of Na, Ca and P
ions {(U.S. Patent No. 4,851,046).

The behavior of the bioactive glass as solid implants in a dental application was
reported by Stanley et al., Journal of Prostetic Dentistry, Vol. 58, pp. 607-613 (1987).

25 Replicate tooth forms were fabricated and implanted into extracted incisor sockets of adult
baboons. Successful attachment of the implants to surrounding bone was seen after histologic
examination at six months. Clinical application of this technique is presently available for
human use. Endosseous Ridge Maintenance Implant ERMI®. Particulate bioactive glass has
been used for periodontal osseous defect repair (US Patent No. 4,851,046) utilizing a size

30 range of 90-710 pm and a compositional range described in the following chart.
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derived glasses. Okasuki et al. Nippon Seramikbusu Kyokai Gakijutsu Konbuski, Vol. 99,
10 pp. 1-6 (1991).

The 90-710 pm size range was determined to be the most effective for periodontal
applications when in direct contact with bone. However, size ranges smaller than 90 um
were ineffective due to their high rate of reactivity and rapid resorption at the bony site.
Moreover, size ranges smaller than 90 um were determined to be ineffective in soft tissue

15 sites also due to the presumption that the smaller particles were removed by macrophages
(see U.S. Patent No. 4,851,046). A size range of less than 200 pm was also found to be
ineffective in certain bone defects (see U.S. Patent No. 5,204,106) due to the high rate of
reactivity.

U.S. Patent No. 4,239,113 ("the '113 patent") also describes the use of a bone cement.

20 The '113 patent only discloses bioactive glass ceramic powder having a particle size of 10-
200 microns, Morcover,- the '113 patent also requires the use of methylmethacrylate
(co)polymers and vitreous mineral fibers.

None of the foregoing methods or compositions provide for the combined advantages
of both easy application and adherence to tooth structure including penetration into very

25 small tooth structure defects and the opportunity for continued chemical and physical
interaction with tooth structure after application.

Accordingly, it is an object of the present invention to provide a composition capable
of chemical and physical interaction with tooth structure that is easily applied and readily
adherent to tooth structure.

30 It is a further object of the invention to provide a method of using such a bioactive

glass composition to treat a variety of dental and other conditions.
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and/or pits, lining tooth structure, treating decay, capping pulp, treating sensitive post surgical
tooth structure, sealing dentinal tubules, and surface for tissue regeneration.

20 DESCRIP F

Figure 1 is a dentin control surface that has been treated with 37% phosphoric acid for
30 seconds to remove any smear Jayer after sectioning and grinding to emulate clinical
sensitivity. The surface has not been treated with bioactive glass in accordance with the
25 present invention (2000X magnification).
Figure 2 is a dentin control surface that has been treated with 37% Phosphoric acid for
30 seconds to remove any smear layer after sectioning and grinding to emulate clinical
sensitivity. The surface has not been treated with bioactive glass in accordance with the

present invention (3000X magnification).
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f
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bioactive glass composition in accordance with the present invention and placed in water for

10 3 days. There was no subsequent agitation, but the surface was water rinsed for 2 minutes
(Particle size range submicron to 90 pm, 2000X magnification).

Figure 6 is a dentin surface that has been acid etched and subsequently treated with a
bioactive glass composition in accordance with the present invention in water and todthpaste
for 2 minutes with agitation and a subsequent 2 minute water rinse (Particle size range

15 submicron to 3 um, 3000X magnification).

Figure 7 is a dentin surface that has been acid etched and treated with a bioactive glass
composition in accordance with the present invention in water and toothpaste for 2 minutes
with agitation and water rinse for 2 minutes (Particle size range submicron to 3 pum, 3500X
magnification).

20 Figures 8§ and 9 each include a dentin surface which has been acid etched with
phosphoric acid, treated with a bioactive glass in accordance with the present invention for 2
minutes and immersed in a phosphate buffered saline for 5 days (Particle size range
submicron).

Figure 10 depicts a dentin surface that has been acid etched and subsequently treated

25 with a single application of a bicactive glass composition in accordance with the present
invention.

Figure 11 depicts a dentin surface that has been acid etched and treated with three
separate applications of a bioactive glass composition in accordance with the present
invention.

30 Figure 12 is a Fourier Transform Spectroscopy (FTIR) performed on samples treated
with optimal sizes and shaped particulate bioactive glass.

7
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PCT | US97/ Odappikg agent, etc. Compositions in accordance with the present invention are also useful in
the treatment of surfaces after periodontal surgery to decrease dentinal sensitivity and
10 enhance tissue attachment. The compositions are active in treating various defects associated
with a variety of dental and other conditions and actually chemically and physically bond to
the tooth thereby remineralizing tooth structure.
As referred to herein, remineralization is the formation of hydroxyapatite. The
formation of hydroxyapatite begins with exposure of a bioactive glass composition to
15 aqueous solutions, It is believed that the sodium ions (Na+) in the bioactive glass exchanges
with H+ ions in body fluids causing pH to increase. Calcium and phosphorus then migrate
from the Bioactive glass forming a calcium-phosphorous rich surface layer. An underlying
silica rich zone slowly increases as the sodium ion in the bioactive glass continues to
exchange with the hydrogen ion of the solution. After time, the calcium-phosphorous rich
20 layer crystallizes into a hydroxyapatite material. Collagen can become structurally integrated
with the apatite agglomerates. As hereinafter referred to, an effective remineralizing amount
is any amount capable of forming hydroxyapatite.
As the term "a tooth structure” is used herein, it is intended to refer to any feature or
features of a tooth including but not limited to enamel, dentin, pulp, tooth root structure,
25 cementum, root dentin, coronal dentin, any dental manufacture, etc.
A bioactive glass in accordance with the present invention is a glass composition
that will form a layer of hydroxycarbonate apatite inz vitro when placed in a simulated body

fluid. For example, the following composition by weight will provide a bioactive glass:
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10 with the tooth structure. A biocompatible glass in accordance with the present invention is
one that does not trigger an overwhelmingly adverse immune response.

In accordance with the present invention, it has been found that bioactive glasses of
specified particle sizes are particularly useful in treating the above-mentioned conditions.
Specifically, surprising results are obtained by the present invention where small and very

15 small particles are combined. For example, when compositions including small particles that
are capable of bonding with tooth structure (¢.g. less than about 90 microns) as well smaller
particles (e.g. less than about 10) are used in combination, the larger of these particles adhere
to tooth structure and act as ionic reservoirs while the smaller are capable of entering and
lodging inside of various tooth structure surface irregularities. The larger of these particles

20 provide a reservoir of additional calcium and phosphorous so that the mineralization, or
depositing of the calcium phosphate layer begun by the small particles can continue.
Additional calcium and phosphorous can be leached to all tooth structure as well as to
particles which bave become attached to the inside or at the openings of surface irregularities -
of tooth structure such as dentinal tubules. This in turn provides for continuation of the entire

25 reaction and continued growth of the smaller of these particles which have lodged inside or
over the openings of such surface irregularities and can result in effectively coating or filling
the surface irregularity. This excess concentration of ions of calcium and phosphorous is
necessary for continued reaction of the smaller of these particles to take place because the
smaller particles quickly exhaust their ions as a result of their relatively high surface area.

30 The larger of these particles will react and release their ions more slowly as a longer term

effect. Furthermore, the larger of these particles will mechanically abrade the tooth surface
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also very useful in sealing pits and fissures and a much more effective and long lasting seal is
obtained.

In some embodiments of the present invention, extremely small particles are used.

10 For example, particles that are in the range of 2 um to submicron fit inside dentin tubules that
are approximately 1-2 pm in diameter. The occlusion of these tubules leads to a significant
reduction in the amount of sensitivity after, for example, periodontal surgery. Preferably, a
mixture of particles less than two microns and larger than 45 microns in diameter are’used. It
has been found that this combination yields a particularly effective composition.

15 Compositions in accordance with the present invention generally do not require time
to set. Previous compositions were easily washed away by mechanical abrasion caused by
brushing, exposure to mild acids in food, salivary flow or other liquids which normally come
in contact with the teeth. However, some compositions in accordance with the present
invention have been able to generally withstand significant agitation, rinsing with water and

20 long term soaking in simulated saliva for five days. Moreover, many of the small particles of
the present invention do not require a set time because they begin to chemically react and
adhere to tooth structure as soon as they come into contact with these surfaces and fluids
naturally present in the mouth. Although compositions in accordance with the present
invention are effective with a single application, it is likely that multiple applications will be

25 more efficacious.

Surprisingly, the relatively small bicactive particulate glass of the present invention
does not generate a significant immune response. Moreover, it is generally not engulfed by
macrophages and rendered inactive in this application.

The composition of the present invention is capable of providing a bioactive layer that

30 will form a new structural layer which is a lasting remineralization of tooth structure. This
has been verified by the reformation of a hydroxycarbonate apatite layer on dentin surfaces

10



Figure 5 is a dentin surface that has been acid etched and subsequently
“treated with a bi oactive glass conposition in accordance with the
present invention and placed in water for 10 3 days. There was no
subsequent agitation, but the surface was water rinsed for 2 m nutes

(Particle si 745 submicron to 90 [err]m 2000X magni fi cyLirRRd701785
Qe 5

Figure 6 is & surface that has been acid etched and subsequently
treated W t Ny eatment witlbdtiokibls 8RR MR th pRAGH TnAGEAT SN PGuril [ N L Ne
present inventron I n water and toothpaste for 2 mnutes wth

agi t ati on anTraasforn idfipoeisperostopy (FEIIRAt er rinse (Particle size range 15

submicron to 3 [err]m 3000X magni fj cati. re 71is a
ko L8

n) . . . Fi
dentin surface t hODR giEntie %é’ﬂah%ﬁprte?eé‘é_f"éfanm W"’B&'Bf’l(?ggi"le?e gl ass
conposi tion L Ni@e Gk SFdHest 2 thidrdnb KitRaBAL DO {)érﬂéi@ Bf the Pasitidle¥RkSiha® [ microns.
t oot hpaste for 2 mnutes . wth agitation and water rinse for 2
M nut es 5( Par n appthex¢mbodimeny én apgerdamee withithe Iyeseat ipyention thpparticles have an average
maghi fication),. .2 . |- ' de a dentin surface
whi ch has be%%mél%lgae Oe{ lc%%‘?%stﬁh&%ﬁgstgs%gﬁ'glzeﬁﬁ%ﬁhcﬁ%% , treated with a
bi oactive gl ass iTheaoapositineof tielprestiténventoramniy beforanblaed iftotoothpaste, In fact,
m nutes and i mersed in a_phgosphate buffered saline fQ_l[ 5. days (Particle
size range the particleg HBW‘?H‘%’H}I‘_" silica currently used in tooﬁqp@m ﬂsae@B%? uoride it i n

surface thatmbg&s? o8ftibf whll am&egp@meﬁeﬂuﬁ%dmsﬁcﬁa&eﬂ. a@dition to Pdef) @

singl e application of a biroactive glass conposition in accordance with the
pr esentl0 applicitionef thedmoactive glass to the teeth, the biogetive glass cappasition af the prasent

surface that. has. been .acid et.ched and treate i t.h thre separate
2ppl | cat | onsanionganaSt pEarRhidBe sifle s Rk Retdibeimme wi (n the
present | Theipositions®f the present invehtiqiithay alsd hefofimiiated in® mehtBwadhor m
Spectroscopy (FTIR) perforned on sanples treated wi th optimal sizes
and shaped peglor ay gy bpapniied by a deptigsas a paste.
7

15 Examples

The following working examples are non-limiting:

In vitro experiments were performed using a standardized slab of human tooth dentin
from extracted teeth. These discs were cut from the extracted teeth using an Isomet diamond
saw (Buchler Ltd.). The discs were 1.0 mm thick and the size of the tooth. The occlusal

20 surfaces were ground on a series of wet silicon-carbide papers ranging from 320 to 600 grit.
This was done to standardize the test surfaces. The surfaces were treated with 37%
phosphoric acid for 60 seconds to remove the smear layer created during the grinding process
and open and enlarge all the dentin tubules (See Figures 1 and 2). The surface was rinsed
with distilled water for 20 seconds and dried with a stream of oil free air. Each slab was split

25 in half and the experimental material placed on one-half of the specimen as described in the
examples. An untreated slab with open and enlarged tubules is shown in Figures 1 and 2.

Scanning electron microscopy was performed on the slab surface in each group. The
siabs were mounted on scanning electron microscope stubs using sliver paste. All specimens
were vacuum dried, sputter coated and examined in a JEOL-T200 scanning electron

30 microscope.

11



WD 97/ 27148

" PCT/ US97/ 01785 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The present invention provides a bioactive
gl ass conposition which is useful in, for exanpl e, enanel

rem'neralizg}i Lncipient caries remneralization, cario ’ﬂ %?i 5
remneraliz ﬂ9§ﬁ7l4§ari es prevention, arresting decay, revey‘zT gﬁg é@gy

anti-caries, pit and fi ssurew, prophyl acti c pastes,
fluoride treatnments, dentinal seal ant™s; ~ 1t can al so be

I ncluded in toothpastes, liners, bases, gels, and restorative material e.g.
packing, indire ul p cappi ng agent, etc. Conpositions in

accor dance wit h%{hﬁgmﬁ’i"@é’é?ﬁ’“i"f‘ﬂ?érﬂlfﬁ‘ﬁ%ﬂ“ iing;(¥o By weight); n t he
treatment of surfaces after pegjpodontal surgery tg decrease dentinal
sensitivity and 10 enhance tissue attachnent. The conpositions are

activedin treating various defleax s associ at ed 245 wth a variety of
dental and ot her conditions a%&ct ually chem caljliy5 and physically bond to
the tooth thereby rem nerali zi tooth structure.“™ As
referred to herein, remneralipg@fion is the formgion of hydroxyapatite.
The formati on of hydroxyapatite begins with exposure of a bioactive

gl ass conpddr ppigHrewas melted mypenvered platimumicoisible 3t 1350 @ &ri2chours to achievehe

sodi um i on L t ' | |§i§§l o W1 lons in
body fl ui d?oé‘gg%%zﬁgg%kﬁ%oﬂx%%g@eg cfg)r%ﬁg%g p%o‘g%ﬁc? ngc'\t,\ﬁ'té% Myt at e
from the biwasptacedingh appropriatemillingappartatus inslydirpstationitl ispactahills The gles isayer .
An underlyin ica rich zone slomy increases as the sodiumion

Si
in the bi o&'&ﬂ?‘b@’ ghaws a’&‘i)????’ﬁ‘ﬁ@ int gppropriate size ranges.
The particle size range less than 90 pm was obtained using this process and confirmed

by scanning electron microscopy and laser light scattering technique (Coulter LS 100). These
mixtures were placed on the dentin slabs previously described.

15 The exposure times to the dentin varied between two minutes with scrubbing to 3
days with no agitation. The occlusion of the tubules is depicted in Figures 3-7. Visible in
Figures 3-7 are total and partial occlusion of the dentin tubules with multiple size of small (1-
5 um) particles present. In addition, larger particles that are visible that will act as reservoirs
for the chemical composition. Early formation of hydroxyapatite crystals is beginning on the

20 dentin surface confirmed by FTIR. '

EXAMPLE 2

Figures 8 and 9 indicate the results obtainable by using submicron particles made in

25 accordance with Example 1. The samples of figures 8 and 9 are dentin surfaces which have
been acid etched with phosphoric acid, treated with a bioactive glass for 2 minutes and
immersed in a phosphate buffered saline for 5 days. With the lack of large particles for

reservoir activity, there was less complete regeneration as confirmed by FTIR.

12



_exchange with the hydrogen ion of the solution. After tine, the
“cal ci um phosphorous rich 20 | ayer crystallizes into a hydroxyapatite
material. Collagen can beconme structurally integrated with the
apatite agglomerates. As hereinafter referred to, an effective

rem nerali zi ol I's any anount capabl e of formﬂlﬂwssmms
hydr oxyapat it %20% ¥ As the term"a tooth structure” 1s used

herein, it is intended to refer to anymtmgﬁ_gor features of a
toot h incI uding but not limted to enanel, dentin, pulp, tooth root
structure, 25 cementum root dentin, coronal dentin, any dental
manuf acture, etc

, : i oacti ve ass . ccordance with the
present inventi onEXamRe %Wé%‘éonég‘?%@' lllf‘fs ﬁtetthe Benthi ?%gﬁ‘rkﬁ? FB‘?‘?RQ% | ayer of
hydroxycar bo Hﬁﬁlﬁa@&@%&‘é&nﬂo@mﬁhé ifh Qoo wills d préderit nweﬂwxatmt, A E¥d etched
fluid. For exanple, the follow ng conposition by weight will provide a
bi oacti e gl desm surface was treated with a single treatment of bioactive particulate glass for two
8
PCT/ US97/ 0 17ggnutcs and%c%]c‘e%ﬁﬂi%m 10. A dentin surface which has been acid etched and

treated three times for two minutes is depicted in Figure 11.
Figure 10 shows significant penetration and occlusion of the tubules with a bonding
over the surface of the dentin. There are not many large particles visible in Figure 10. In
10 Figure 11, there is even more significant penetration and occlusion of the tubules and a
greater number of particles present. This demonstrates the benefits associated with multiple
application including the tubules as well as increased presence of larger reservoirs of Ca and
P ions. This also demonstrates interparticle welding of the larger particles to the smaller

particles already bound to the surface.

15
EXAMPLE4
Example 4 further illustrates the benefits associated with the use of particles less than
2 microns in combination particles greater than 45 microns in size. FTIR spectra for the
20 following samples are included in figure 12 to illustrate remineralization:
Sample No. 1 Control (untreated dentin surface)
Sample No. 2 Acid etched dentin surface
25 Sample No. 3 Treated with particles of bioactive glass less than 2
microns in particle size for two minutes
Sample No. 4 Treated with particles of bioactive glass wherein 40%
were less than 2 microns, 15% were in the range of 8 to
30 2 microns, 15% were in the range of 8 to 20 microns,

15% were in the range of 20 to 38 microns and 15%
were in the range of 38-90 microns.

As illustrated in Figure 12, the control sample provides a representative view of the

35 spectrum of hydroxycarbonate apatite (HCA). The shape of the peaks between wave number

13



Sigerr] 40- 60 Cao

*10- 30 Na[err] O 10- 35
Plerr]O[err] 2-8 5
CaF[err] 0- 25
Blerr]O[errg 0-10 ‘
K20 Wo G4 PCT/USITOIT8F)

0-5 joactive, glasses W t hese operties provide a nore
ef ficaci UL?Q t?rgb(g?ngFr_nyB a?‘ﬁ't‘%‘f’&ﬁ"h _ Iiﬁampl%vﬁg? Hea@‘ﬂ_é"eldéfb'{ﬁﬁedsatfﬁeﬂct ure. A
bi oconmpagédahent Withthe adid a6KAL, daieeialinithe 1 150 tHHEGAREe. | THERNICABS 4 fss of
one that does not trigger an overwhel mi ngly adverse inmune response.

| n accortamizerglicompppantsnf thedpeth stmcture. Calciunant Bhosphaspust Gamplet hdiowsaoact i ve

gl asses of . . . SNeChE t | [e Gti,cularl v, u ul in
treati ng‘? atr?]aé o 85%11@%?%%8?@8@%% Pblfl%ﬁgahmct&e. SB%%%%%F gg?tfy‘{/v,"ﬁ‘g&gpri si ng
resglts éptsnad biz@ambshapymixiite f loative glassand sowswhalfoss tathpletand very 15

smal | particles are conbi ned. For exanpl e, when conpositions including
snmal | patepyinaraization, ;A photomicrograph ef Sample fds igeludedagiFigpred k-h tooth structure
(e.g. less than about 90 mcrons) as well snaller particles (e.qg.
| ess than about 10) are used in conbination, the |larger of these particles
adhere to tooth structure and act as ionic reservoirs while the
smal |l er are capable of entering amﬁ | odgi ng i nside of various
tooth structure surface irregul art . e |larger of these particles 20
prqgi de a reservoir of additional calciumand phosphorous so that the

m neralization, or ositing of the cal cium phosphate |ayer begun

d
by the small (bmmivegxmeég wsihebenefits associaieg ayithithewse of partitleniesshd
hosph . -t Q.al .
ot 11 Aty Afbebls ih EAbiEAoh 3l perd Attt bl o e B St o e o

sur f ace justpagislen déss thes 2 microns or 53£9010 G dontrbl samiplerof ustreatedadenthentrfanalvag ubul es.
This in turn vides for continyation.of the entire 25 reaction and
conti nue‘ff“&;f"dﬁpﬁmﬁ °f’??é fea ps °’t‘kf?8?81°ﬂart i cl es whi ch have | odged inside

or 15 over the openings of such surface irregularities and can result
in effectively coating or filling the surface irregularity. This
excess (oQfRlkEbALl i PN OfganpRs of |caggraimland phosphangidsvaions
Applications Composition
Single 53-90u 2 About 50% occluded tubules with large
patticles present
Control 0 No particles present
Single <Lu 2 Above 50% closure, no large particles seen
Control 4 Open tubules
20 Single 50% 53-90u +3 75%+ tubules occluded
50% <2u
Control 0 Open tubules
Muitiple 53-90u 2 Partial closure of tubules with large particles
present
Control 0 Minimal occlusion seen

14



necessary for continued reaction of the snmaller of these particles to take
- pl ace because the smal | er particles quickly exhaust their ions as a
result of their relatively high surface area. 30 The | arger of these
particles will react and release their ions nore slowy as a longer term

ef f ect.

Furt Qel PRLEs the larger of these particles will rrecpéﬂbgﬁ]ml,-)ﬁsabrade

the tooth surtace

9 WO 97 27148 '

PCT/ US97/ 0 78Multiple  { <24 openi ng yaridus ¢&amtigcdosure afduhulasiwitheumadl fagtioles
smal | particles to efqter and react{w th th¢present surface irregul aritly.
This effect i s very Reneficial in h variety of applications. For exanple,
in prevent Confrol es or decay@ t h¢ Minimabeechision seén t he present

i nvention S Td btetof cnetlatinglmut
of surface E\E

| ar ger
stored

fissures af
obt ai ned. T SONME enbodiments of The presemnt—TnventTom—

2440

lear if 508 5398k r ece| vi g a ¢ Bastiresylis- whyles glossd; idifficult tom
nea by particllé9¥ss2hat it{is abl e|fiod gpamulbalieser exhausting its
ioanuppIy. This is al so very useful in sealing pits and
d a nmuch rdloatref f ecti ve] and0 | ong Ministal oghsivalsedns

extrenely small particles are used. 10 For exanpl e, partlcles that are

in the

10

15

20

25

5 1 angg soaInp?t:s Eneﬁnr: ]ag(]n}col‘agllé t%v@rccsru jected Eo a ﬁ]lgils e%vggnr}xtlént for liQ 'lelo&rss agxgl 8;[

dried for 48 hours,

As seen above, the combination of particles less than 2 microns and 53-90u provided
the best results. It is believed that the presence of both size ranges permits the smaller
particles which bave lodged in the tubules to continue growth after they have exhausted their
own Ca and P ions and are able to make use of such ions from other nearby larger particles

acting as reservoirs of Ca and P ions.

OTHER EXAMPLES

The composition of the starting product for the following examples was the same as
Example 1 except the level of Si0O, was 45%, 55%, and 60%. Also, the method of
preparation was different. The mixture was melted in a covered platinum crucible at 1350°C
for 2 hours to achieve homogenization. The mixture was poured into a slab, aliowed to cool
to room temperature and crushed with a hammer. Crushed glass fractions were then
separated by sieving through a standard screen. Fractions were then separated and retained.

The particle size range less than 90 um was obtained using this process and confirmed
by scanning electron microscopy and laser light scattering technique (Coulter LS 100). These
mixtures were placed on the dentin slabs previously described.

Samples containing 45%, $§5%, and 60% SiO, were utilized in the preparations with
the same results seen in Example 1. Again, the key to this data was the presence of the size

range of particles. Present in these examples are ranges up to 60% silica with a size range in

15



.are approximately 1-2 [err]min dianmeter. The occlusion of these tubul es
‘leads to a significant reduction in the amount of sensitivity
after, for exanple, periodontal surgery. Preferably, a m xt ure of
particles less than two mcrons and | arger than 45 microns in dianeter are
used. It has been found that thls conbi nati on yields

paralcElarlvaFFEE?lve conposition. Cbnp05|tlﬁﬁguﬁﬁmggﬁordance
th t t
\Ié’mr evi oug 23 OSI S%%‘ r“geh g’?@f‘?‘%‘l‘“éﬁ@aﬂ g&% qvlnr cl%‘igﬁl mfpl:eall orh'BFggrft@nsgaused

by sbﬂmﬁﬁlng, exposure to mld acids in food, salivary flow or other
I i qui ds which normally come in contact with the teeth. However,

some conposi t i oddthpygh-the preseatinyentiop has brsn desceiberd in one or moreembedimients, thisv e
been abl e I rinsing with water
and 20 H?soagﬂﬁgr%bgiga ?érgkﬁ&ﬁﬁﬁ]ggﬁg@ pi%\%h? ﬁ?l ve days. Moreover,
many of the small particles of the present invention do not require
a set tinme because they begin to chemcally react and adhere to
tooth structure as soon as they conme into contact with these surfaces and
fluids naturally present in the nmouth. Al though conpositions in
accordance with the present invention are effective with a single.
application, it is likely that multiple applications will be 25 nor e
ef fi caci ous. Surprisingly, the relatively small bioactive
particul ate glass of the present invention does not generate a
significant i mmune response. Mreover, it is generally not engul fed by
macr ophages and rendered inactive in this application. The
conposition of the present invention is capable of providing a bioactive

| ayer that 30 will forma new structural layer which is a lasting

rem neralization of tooth structure. This has been verified by the
reformati on of a hydroxycarbonate apatite | ayer on dentin surfaces

10
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WD 97/ 27148
" PCT/ US97/ 01785 after.treatment with conpositions in accordance
with the present invention with Fourier 7T Transform Infrared

repesert eopttan. e o (MR ™t oo

20 mcrons wth about 30 percent’ of the barficles | ess than 10 mcrons. 5
I n anot her egbedisz®ent in accordance with the present invention the

particles have an average particle size of 10 m crons with at | east
25% smal | er than 12 ni érhipagtive glass composition comprisiag patiplatebiogpiveddt he present

I nvention e n%‘% .I'n fact, the particles
may repl acgq%(%%ﬁxg%ﬁlggiagﬁggﬁégy&g% I n t%%%hpastes. The addition of
fluoride in the gl ass conposi®j on wi |40-éhhance and strengthen the
tooth sgructure. In addition to dirggly 10 fip®g i cation of the bioactive
glass t0 the teeth, the bioactive glass conpositlon of the present

i nvention can also be applied in a MePne or Wil ed water based nedium

The conpositions of the present invégion nmay2-8l so bc fornmulated into

nmout hwash. gel or they may ltea appl i edy by a dentist as a paste. 15

. Fz . ~, . . . .
Exanpl es . The follown .worklgé:; exanpl es are non-limting:
In vitro experiments were performedBi@ing a s#4*dardi zed sl ab of human

tooth ggntin fromextractedg,eeth. Thege discs were cut fromthe
extracted teeth using an Isonet di ag}?qﬁl 0-5. Saw (Buchl er Ltd.). The
discs were 1.0 nmthick and the sizé ®©f the todth. The occlusal 20

surfaces werthe partienlate biragiive end bigcastpaiible elosy ineluding anbirlgelepeiban 90 pmagd Ay from
320 to 600 gifluye minqaé@%k@g&@?&?ﬂ@ﬁcstI&s?ﬁaﬂrlg%tq'(ﬁﬁn.t he test surfaces.

The surfaces Wwere trea

2. A method for preventing tooth decay comprising contacting a tooth sttucture
15 with the composition of claim 1.
3. A method for treating tooth decay comprising contacting a tooth structure with

the composition of claim 1.
4, A method for preventing incipient catries comprising contacting a tooth
structure with the composition of claim 1.
20 5. A method for remineralizing enamel comprising contacting a tooth structure
with the composition of claim 1.
6. A method for incipient caries remineralization comprising contacting a tooth
structure with the composition of claim 1.
7. A method for sealing fissures in tooth structure comprising contacting a tooth
25 structure with the composition of claim 1.
8. A method for sealing pits in tooth structure comprising contacting a tooth
structure with the composition of claim 1.
9. A method for lining tooth structure comprising contacting a teoth structure
with the composition of claim 1.
30 10. A method for capping pulp comprising contacting a tooth structure with the
composition of claim 1.
1. A method for treating tooth hypersensitivity comprising contacting a tooth

structure with the composition of claim 1.

Y

- 17 THIS SHEET HAS BEEﬁJ
REPLACED

This Sheet Hag Been T

LT



_ phosphoric acid for 60 seconds-to-renove t-he snmear | ayer created during the

" grinding process and open and enlarge all the dentin tubules (See
Figures 1 and 2). The surfacﬂ! Mllumﬂmlulill with distilled water for
20 seconds and dried with a {OMRER O e air. Each slab was split 25

in half and the experinmental material placed on one-half of {he speci-nmen as

descri bed YRHE® exanples. An untreated slab wt I‘F‘B%W’g enl ar ged

tubules is sho [ ' ﬁﬂq : [ .ectron

m cr oscopy vvaslv%er %F{rerg%ag%“geﬁe S é‘gsg‘tﬁcr“frgéagerip ﬁn%chgﬁal §§ gﬂg.‘:&%ﬁ‘g&ﬁ

sl abs wer entaeting £thotnsticmrawitigthe campostiionmif clains t.ope st ubs using sliver

paste. All spegci nens re,vacuhjm dried, sputter coated and exam ned

L
in a JEOL- T200!3s carfhforgpasition fordreating teeth comprsngthpeomposition of claim fanda o

IQDEZI'IZ Légg / tggt;xggste, liner, base, gel, restorative material, glycerin gel, mouthwash, prophylactic I‘:!%PL E |

The $t ar terindipcbpitp tapping agent) ortmikmratbereai ni ng (% by wei ght)

§i4.q5er "] 14. A bioactive glass.4 t%mp%siﬁon compris'mﬁ[p@pip]ﬂge bioactive and 0
24.5 biocompatible glass including by weight percentage: Pl err] A 6
Si0, 40-60
Ca0O 10-30
10 Na,O 10-35
P50 2-8
CaF, 0-25
B,0, 0-10
K,0 0-8
15 MgO 0-5,
the particulate bioactive and biocompatible glass including particles between 45u and 90 um
and an effective remineralizing amount of particles less than about 10 pm.
15. A method for preventing tooth decay comprising contacting a tooth structure
with the composition of claim 14.
20 16. A method for treating tooth decay comprising contacting a tooth structure with
the composition of claim 14.
17. A method for preventing incipient carries comprising contacting a tooth
structure with the composition of claim 14,
18. A method for remineralizing enamel comprising contacting a tooth structure
25 with the composition of ciaim 14.
19. A method for incipient caries remineralization comprising contacting a tooth
structure with the composition of claim 14,
20. A method for sealing fissures in tooth structure comprising contacting a footh
structure with the composition of claim 14.
30 21. A method for sealing pits in tooth structure comprising contacting a tooth

structure with the composition of claim 14.
22. A method for lining tooth structure comprising contacting a tooth structure

with the composition of claim 14.

T 18 THIS SHEET HAS BEEN
This Sheet Has Been Re{illard REPLAGED

AR



~The m xture was nelted in a covered platinumcrucible at 1350 C for 2 hours
"to achieve honogeni zati on. The m xture was | ater quenched in

dei oni zed water at O[err]C. HI ﬁﬂum 1 was placed in an
appropriate mlling apparat us”lm nﬁﬂul ﬁl i1l, inmpact mll. The glass
i's ' for 2 hours and® séparfat &d tnto appropri at ' ges.
The particl Mé%gzv@nge | ess than 90 [err] mwas obtai ned us?ﬁg (dé‘?d%r ocess
and confirnmed by sc‘g&ni ng, el ectron ,mi croscopy and | aser |jght
scattering technildue AcBehedior cappipg@plp cpwegng contacting Frf‘%?ﬁb?‘%@t% Peaced
on the dentidnyabalieh O famoys! y described. 15 The exposure tines

to the dentin varied between two mnutes with scrubbing to 3 days
wi th no agitatiod4. Thé methedifor treating taotiehypetsensitiyity soriprisieg contacting tpothes 3- 7.

Visible in Eigure -/ ara L o0fal and partial occlusion of the
dent -t ubulERee H i bipdion BE S 14

mal | (1- 5 [err]m particles
presents | n addi Q5on, Alméhed fopaédting tddth stfudturedfRr pérfodbhtal sulp@ty dWnlprisiagt as
reservoirs for the chem cal compgsition. Early formation of

hydr oxyapat icoBtagtings taeth structers withtherompesitiprofxiaim 14. dentin surface confi r ned
by FTIR - : - -

B qures 8 and o 2Sai cAETPRion for reating ecth comprising the composior of céiin 14 and o
particl es nadathpaste2Bner, base gelorestamtiee matetial Fplpoenih gel] motitherasha prophylacic pastgur es

8 and 9 are dentin surfaces whjich have been acid etched with
phosphori c a?é?‘gi,gm{;}rpé'thcgﬂplﬂﬁfﬁn °51“8§‘_{’Fiﬂ§?é°"§l ass for 2 minutes and
i merseg in a phegphansibidtitesiad c&ﬁﬁésﬂﬁnfc@ﬁxﬁﬂsiﬂg'iy&ﬁcu\ﬂté biokdiRe bk of large

particles for ) reservoir activity, there was | ess conplete
r egener at i orbieeompatitile glaasdnelydipgrpagticles less than 90 pm and an effective remineralizing

amount of particles less than about 10 pm.

28. A bioactive glass composition comprising particulate bioactive and

biocompatible glass including particles less than 90 pm and an effective remineralizing
15 amount of particles less than about 5 pm.

28. A bioactive glass composition comprising particulate bioactive and
biocompatible glass including particles less than 90 pm and an effective remineralizing
amount of particles less than about 2 pm.

30. A method for preventing tooth decay comprising contacting a tooth structure

20 with the composition of claim 27. '

31. A method for treating tooth decay comprising contacting a tooth structure with
the composition of claim 27.

32. A method for preventing incipient carries comprising contacting a tooth
structure with the composition of claim 27.

25 33. A method for remineralizing enamel comprising contacting a tooth structure
with the composition of claim 27.

34. A method for incipient caries remineralization comprising contacting a tooth
structure with the composition of claim 27.

35. A method for sealing fissures in tooth structure comprising contacting a tooth

30 structure with the composition of claim 27.
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"PCT/ US97/ 01785 EXAMPLE 3
Exanpl e 3 was conducted to illus m ﬂ l“ associated with multiple
applications of conpositions in Mmmnﬂ m ﬁl]r “Iﬁe present invention.
First, an acid etched 5 dent’i n“sulfate Wwas treated with a single
treat ment oMONBHBi ve particul ate gl ass for tvvo ’r’ﬁ:"r'm?’é@ Md is

depicted in Figyre 10. entin.surface has been aci d etched and
treated three ti%res gd?é}l“%o'n i tog ‘@F‘EEF ‘i°ﬂ‘p|‘—'F‘6%F‘é“ta_L"f‘“ga‘°°
Figure 10 gheiiere Withithd tonapakitiBeoRddiaiazon and occlusion of the tubules with a

bondi ng over the surface of the dentin. There are not nmany | arge
particles visibB® i nAFﬁ@mdd'Olllmmg teothGtructuyscgmprising contasting a toothesteitunor e
S|gn|f|cant &‘t etratol n qal | usi on of the tubules and a greater
nunmber Ba ‘f°é'§p|5 8 en'f I's denonstrates the benefits associated with
ml ti g e 38. apAlmeiedd forcappifg palpRemptising contictifg AdotiEsilucife witctheased
presence of |arger reseryvoirs of Ca and P ions. This also

denonst r at é%mP?ﬂt&“rPJPltaF‘Elzé wel ding of the larger particles to the smaller
particles alreagdy DoMRghiidd thitGealitg fodthGypersensitivity comprising contacting a tooth

structure with the composition of claim 27.
40. A method for treating tooth structure after periodontal surgery comprising
10 contacting a tooth structure with the composition of claim 27.

41. A composition for treating teeth comprising the composition of claim 27 and a
toothpaste, liner, base, gel, restorative material, glycerin gel, mouthwash, prophylactic paste,
or indirect pulp capping agent, or mixture thereof. )

42. A bloactive glass composition comprising particulate bioactive and

15 biocompatible glass including particles less than 90 pm and particles less than about 2 pm.

43. A method for remineralizing tooth structure comprising contacting a tooth
structure in need of remineralization with a bioactive glass composition including an effective
remineralizing amount of particles less than 90 pum.

44. A bioactive glass composition comprising particulate bioactive and

20 biocompatible glass including by weight percentage:

Sio, 40-60
Ca0 10-30
Na,O 10-35
P,0s 2-8
25 CaF, 0-25
B,0, 0-10
K,0 0-8
MgO 0-5,

the particulate bioactive and biocompatible glass including particles between 53y and 90 um

30 and an effective remineralizing amount of particles less than about 2 pum.
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15 EXAMPLE4

Exanple 4 further illustrates the benefits associated with the use of
particles |less than 2 mcrons in conmbination particles greater than
45 mcrons in size. FTIR spectra for the 20 foll ow ng sanples are
included in figWayrkfeg© i1 lustrate rem neralization: .
Sanmpl e No. | Control (untreated dentin surface) PCT/US97/01785
Sanmpl e No. 2 Acid etched dentin surfﬁzei 25 Sanpl e
No. 3 Treated with particles of bio ve gl ass less than 2

mcrons in particle size for two m nutes Sanpl e No.
4 Treated with particles of bioactive glass wherein 40%

were less than 2 mcrons, 15% were in the range of 8 to 30

2 mcrons, 15%were in the range of 8 to 20 m crons,

| 5% were in the range of 20 to 38 mcrons and 15%

were in the range of 38-90 m crons. As illustrated in
Figure 12, the control sanple provides a representative view of the 35
spectrum of hydroxycarbonate apatite (HCA). The shape of the peaks between
wave numnber 13
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WD 97/ 27148

PCT/ US97/ 01785 1150 to 500 are very characteristic of HCA In
sanple 2, the peaks are disrupted after treatment with the acid
etchant, especially in the 1150 to 900 range. This indicates a | oss of
the m neral comy@wRbGggof the tooth structure, Calciumand Phosphorous.
Sampl e 3 shows a partial rem neralization of the Ca anRCTUsaTetiss
tooth structure. Sanple 4 was treated wptjyghe 5 opti mal size and
shape m xture of bioactive glass and shows an al nost conpl ete

rem neralization. A photom crograph of Sanple 4 is included as Figure 11.
EXAMPLE 5 10 Conparative Exanple 5 shows the benefits
associated with the use of particles |ess than 10 microns in
conbination with particles greater than 45 microns in size over the use of
just particles less than 2 mcrons or 53-90u. A control sanple of untreated

dentin surface was used in addition to treated surfaces as
descri bed bel ow. 15 Nunber of Sanpl e Scor e
Qbservati ons Applications Conposi tion
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.Single 53-90[ err] 2 About 50% occl uded tubules with

‘| arge particl es
pr esent Cont r ol 0 No
particles present Singl e 2[ err]

Above 50% cl osure, no large particles seen trol
0 pen t WREIEW4S 50 Single  50%53-90[err] "CT’US"’""%Qs
75% tubul es occl uded / 50% <2[ err]

Cont r ol 0 Open tl:}bupes Mul tiple

53-90[ err] 2 Partial closure of tubules with |arge
particles pr esent
Cont r ol 0 M ni mal occl usi on seen

14
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PCT/ US97/ 01785 Mul tiple <2[err] 2

Partial closure of tubules with small particles

pr esent Contr ol 0 M ni ma

occl usi on seen wo 9777148 Mul tiple 50% 53-90[ err] +3 _
Best results-- tulglﬁ es closed; difficult to PCT/US97/017880 %0
<2[err] find open % es

Cont r ol 0 M ni mal occl dsion seen 5 Al sanples in
t he above Table were subjected to a noist environnment for 24 hours and then
dried for 48 hours. As seen above, the conbination of
particles less than 2 mcrons and 53-90[err] provided t he best
results. It is believed that the presence of both size ranges permts the
smal | er particles which have |odged in the tubules to continue
grom h after they have exhausted their 10 own Ca and P ions and are

able to make use of such ions fromother nearby |larger particles
acting as reservoirs of Ca and P ions.
OTHER EXAMPLES
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15 The conposition of the starting product for the foll ow ng
‘exanpl es was the sane as Exanpl e 1 except the level of SiJerr] was
45% 55% and 60% Also, the method of preparation was different.
The m xture was nelted in a covered platinumcrucible at 1350[err]C

for 2 hours to achi eve honogeni zation. The m xture was poured into a sl ab,
all owed to coowo9m2T48 to roomtenperature and crushed with BETHEEIHRY?ES
Crushed gl ass fractions were then 20 arated by sieving through a
standard screen. Fractions were then séHE ted and ret ai ned.

The particle size range less than 90 [err] mwas obtained using this process

and confirmed by scanning el ectron m croscopy and | aser |ight
scattering technique (Coulter LS 100). These m xtures were pl aced
on the dentin slabs previously descri bed. Sanpl es cont ai ni ng

45% 55% and 60% SiJerr] were utilized in the preparations wth 25 t he
sane results seen in Exanple 1. Again, the key to this data was the

presence of the size range of particles. Present in these exanpl es
are ranges up to 60%silica with a size range in
15

LY .
~

SUBSTITUTE SHEET (RULE 26)



MO 97/ 27148
"PCT/US97/ 01785 particles fromsubmcron to 90 m cron show ng |ike

reactions to Exanple | on the dentin surfaces. Al t hough the present
i nvention has been described in one or nore enbodi ments, this description
I's not intended to in any way limt the scope of the clains.

WO 97127148 PCT/USS7/01785 '

6/12
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A7 W claim 1. A bi oactive glass conposition conprising
particul ate bi oactive and bi oconpati bl e glass including by weight

per cent age: Sigerr] 40- 60

CaO 10- 30 Na20 10- 35
P205 2-8 CaP[ err] if8s

B[ err]O[ err] WO 9727148 1o : %397&7%

w0 0-5, the particulate
b| oactive and bi oconpatible glass incl ucﬁ ng particles less than 90 [err]m
and an effective remneralizing anount of particles |ess than about 10
[err]m 2. Use of the conposition of claim1 for the

manuf acture of a medi canment for preventing tooth decay.

SUBSTITUTE SHEET (RULE 26)



3. Use of the conposition of claim1 for the manufacture of a nedi canent

for treating tooth decay. 4. Use of the conposition of claim1l
for the manufacture of a nmedi canment for preventing incipient carries in
tooth structure, 5. Use of the conposition of clairml1 for the

manuf act ure of o%garrent for remneralizing enanel in tooth structure.
6. Use of th %ition of claim1 for the manuf act ur e of PCI/HRIAPB et
for incipient caries remneralization i rg)‘)?th structure.

28 J 1999
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e Use of the conposition of claim1 for the manufacture of a nedi canent

for sealing fissures in tooth structure. 8. Use of the
conposition. of claim1 for the manufacture of a nedi canment for sealing
pits in tooth structure. 9. Use of the conposition of claim1l

for the manufacture of a medicanment for lining tooth structur :
10. Use of tW@I¥MFosition of claiml for the manufacture d&ﬂgmﬁggv%%nent
for capping pulp in tooth structure. 10/ 11. Use of the conposition
of claim1l for the manufacture of a nmedicament for treatlng t oot h

hypersensitivity. aim1l for the
manuf acture of a ne BE® periodont al

surgery.

FIG. 11
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A conposition for treating teeth conprising the conposition of claim
| iner, base, gel, restorative material, glycerin gel,

or indirect pulp capping agent, or mxture

1:3.
1 and a toothpaste,
nout hwash, prophyl actic paste,
t her eof . 14. A bioactive glass conposition conprising

particul ate bi Gebipgegand bi ocorrpatl bl e gl ass including by weight .
Siqerr] PTY/RY 7101785

Egrocem e 10- 30 e
_ 11/1 o
10- 35 Plerrioferr] 28
CaF2 0- 25
REPLACEMENT SHEET
2 8 JUL 1999 [err] 5203
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_ K20 0-8 MO 0-5, the
"particul ate bioactive and bi oconpati ble glass including particles between
45 [err]Mand 90 [err]mand an effective rem neralizing anount of particles

| ess than about 10 [err]m 15. Use of the conposition of claim
14 for the namgwr8e of a nmedi canent for preventing tooth ®ETAFITO178S -
16. Use of the conposition of claim 14 for the manuf acture of a
medi canent for treating tooth decay. 1 Use of the conp05|t|on
of claim 14 for the manufacture ofaa%nxﬁcanent f or preventing incipient
carries in tooth structure. Use of the conposition of claim
14 for the manufacture of a nedicanent for rem neralizing enanel in tooth
structure. 19. Use of the conposition of claim14 for the
manuf acture of a medi canent for incipient caries remneralization in tooth
structure. 20. Use of the conposition of claim14 for the
manuf acture of a nedi canent for sealing fissures in tooth structure.
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33/ .
21. Use of the conposition of claim114 for the rranuﬁac?tljgr%'fgf a
medi canment for sealing pits in tooth structure. 20t ¢ wp?.’.'.of t he
conposi ti,on of claim 14 for the manufacture of a medicanent for [ining
tooth structure,
REPLACEMENT SHEET

;:%)8\] ULUégggf t he conposition of claim Y4 tor the — .
madi canent for capping pulp in tooth structure. \mmm‘jlmﬁml‘!m!ﬂ
We claim: »

1. A bioactive glass composition comprising particulate bioactive and

biocompatible glass including by weight percentage:

Si0O, 40-60

Ca0 10-30

Na,O 10-35

P,0Os 2-8

CaF, 0-25

B>0s 0-10 .
K0 0-8

MgO 0-5,

the particulate bioactive and biocompatible glass including particles less than 90 yum and

an effective remineralizing amount of particles less than about 10 pm.

2. Use of the composition of claim 1 for the manufacture of a medicament

for preventing tooth decay.

3. Use of the composition of claim 1 for the manufacture of a medicament

for treating tooth decay.

4, Use of the composition of claim 1 for the manufacture of a medicament

for preventing incipient carries in tooth structure.

5. Use of the composition of claim 1 for the manufacture of a medicament

for remineralizing enamel in tooth structure.

6. Use of the composition of claim 1 for the manufacture of a medicament

for incipient caries remineralization in tooth structure.

REPLACEMENT SHEET
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24. Use of the conposition of claim14 for the manufacture of a
medi canent for treating tooth hypersensitivity. 25. Use of the
conposition of claim 14 for the manufacture of a—medicaifent for treating

tooth structure after periodontal surgery. ition for
treating teeth conprising the conposition of cl allguuﬁmnmmmmgast‘e,
liner, base, gel, restorative material,, glycerin ¢ nout hwash, *

prophyl actic paste, or indirect pulp C&?)pl ng agent, or m xture thereof.

27. A bi oactive glass conposition for use in preparing a nedi canent for

preventing tooyh degayoftBEBsmPbsiordey ddifl R ShdthaFhdtne oFadhddiaaRppat i bl e
glass including particles less than 90 [err]mand an effective

rem ner al forisealingfissires wftogthstrnefuees | ess than about 10 [err]m. 28.
A bi oactive glass conposition for use in preparing a nedi canent for
preventing tooth decay conprising particul ate bioactive and bi oconpati bl e
gl ass includi ng parUsedfihie t@sositiviiofMailnel fof teanshuiictatlofa niedécament
rem neralizing amount of particles |ess than about 5 [err]m 29.
A bi oact i & sealingspitsdhfenth strefuteor use in preparing a nedi canent for
preventing tooth decay conprising particul ate bi oactive and bi oconpati bl e
gl ass

9. Use of the composition of claim 1 for the manufacture of a medicament

for lining tooth structure.

10.  Use of the composition of claim 1 for the manufacture of a medicament

for capping pulp in tooth structure.

11.  Use of the composition of claim 1 for the manufacture of a medicament

for treating tooth hypersensitivity.

12.  Use of the composition of claim 1 for the manufacture of a medicament
for treating tooth structure after periodontal surgery.

13. A composition for treating teeth comprising the composition of claim 1
and a toothpaste, liner, base, gel, restorative material, glycerin gel, mouthwash,

prophylactic paste, or indirect pulp capping agent, or mixture thereof.

14. A bioactive glass composition comprising particulate bioactive and

biocompatible glass including by weight percentage:

SiO, 40-60
CaO 10-30
NaO 10-35
P05 2-8
CaF, 0-25
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i ncluding particles less than 90 [err]mand an effective rem nerali zing
anount of particles |less than about 2 [err]m 30. A bi oactive
gl ass, conposition for use in preparing a nmedi cament for

REPLACEMENT SHEET

28 JUL 1999 treating tooth decay corrprmu

o : {e
mmﬂﬁ & [err]m
and an effective rem neralizing anmount“of particles*|ess s t 10

bi oactive and bi oconpati bl e gl ass incl ﬂ‘di ng partic

[err]m
B20; 0-10
K20 0-8
MgO 0-5,

the particulate bioactive and biocompatible glass including particles between 45 pm and
90 pm and an effective remineralizing amount of particles less than about 10 pm.

15.  Use of the composition of claim 14 for the manufacture of a medicament

for preventing tooth decay.

16.  Use of the composition of claim 14 for the manufacture of a medicament
for treating tooth decay.

17.  Use of the composition of claim 14 for the manufacture of a medicament

for preventing incipient carries in tooth structure.

18.  Use of the composition of claim 14 for the manufacture of a medicament

for remineralizing enamel in tooth structure.

19.  Use of the composition of claim 14 for the manufacture of a medicament

for incipient caries remineralization in tooth structure.

20.  Use of the composition of claim 14 for the manufacture of a medicament

for sealing fissures in tooth structure.

21.  Use of the composition of claim 14 for the manufacture of a medicament

for sealing pits in tooth structure.

22.  Use of the composition of claim 14 for the manufacture of a medicament

for lining tooth structure,
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31. A bioactive glass conposition for use in preparing a nedi cament for
preventing incipient carries in tooth structure conprising. partl cul ate

bi oact,j ve.and bi oconpati bl e glass including parti-cl es less t pm and
an effective rem neralizing anount of particles |g mr\ [err]m
32. A bioactive glass conposition for use in pr S arrent for
rem neralizing enanel in tooth struct ur corrprl SI part PcuT ate bioactive
and bi oconpati bl e gl ass including partl |l es less than 90 [err[mand an
effective rem neralizing amount of particles |ess than about 10 pm

33. A bioactpye gt@ésfme%Bﬁ?bgm&{lomamyﬁ@fdr%&hﬁaﬁadm oF aReHiCatant for
i nci pl ent caries remneralization in tooth structure corrprl Si ng pal’tl cul ate

bi oact i vefasapmingpaippatdoth sirugtarss i ncl uding particles less than 90 [err]m
and an effective remneralizing anmount of particles |ess than about 10
[err]m 34. A bioactive glass conposition for use in preparing a

nmedi cament f or 24.eal Us@of the Sbif P&lﬁéhémiﬁh B for €l henuFastie o a Mfedickiddne Ul at e
bi oactive _and bi oconpati bl e glass including particles Iess than 90 [err]m

and an ef fasdtepting toeth ypemensitivity. arount of particles |ess than about 10
[err]m 35. A bioactive glass conposition for use in preparing a
medi canent for sealing pits in tooth structure conprising particul ate

bi oactive and pj.ocoUpabf the eopasition ofdlaith Nofop did matfactireds atohelicadtent er r] m

and an effective rem neralizing ampunt of particles |ess than about 10
[err]m fortreating tooth structure after periodontal surgery.

26. A composition for treating teeth comprising the composition of claim 14
and a toothpaste, liner, base, gel, restorative material, glycerin gel, mouthwash,

prophylactic paste, or indirect pulp capping agent, or mixture thereof.

27.  Abioactive glass composition for use in preparing a medicament for
preventing tooth decay comprising particulate bioactive and biocompatible glass
including particles less than 90 pm and an effective remineralizing amount of particles

less than about 10 pm .

28. A bioactive glass composition for use in preparing a medicament for
preventing tooth decay comprising particulate bioactive and biocompatible glass
including particles less than 90 pm and an effective remineralizing amount of particles

less than about 5 pm.

29. A bioactive glass composition for use in preparing a medicament for
preventing tooth decay comprising particulate bioactive and biocompatible glass
including particles less than 90 um and an effective remineralizing amount of particles

less than about 2 pm.

30. A bioactive glass composition for use in preparing a medicament for
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REPLACEMENT SHEET
2 8 JUL 1999 . [err] T
36. A hioactive glass conposition for use in preparing a ' t for
lining tooth structure conprising particul ate bioa m‘\mﬂ i ﬁamti bl e
gl ass including particles less than 90 [err]m and‘ga‘ s *
rem neralizing amunt of particles | es$ t han about 10 [‘err‘] m 37.
A bi oactive glass conposition for use h preparing a nedi canent for capping
pulp in tooth structure conprising particul ate bioactive and bi oconpati bl e
gl ass i nGldadthPtholR8ddag comptisiag phitidRlalbibRAikt %@ﬁ@c&ﬂ%ﬁfﬂ@ﬁhés\&ﬁcluding
rem neralizing anount” of particles |ess than about 10 [err]m

particles less than 90 pum and an effective remineralizing amount of particles less than

22

about 10 um.

31.  Ahbioactive glass composition for use in preparing a medicament for
preventing incipient carries in tooth structure comprising particulate bioactive and
biocompatible glass including particles less than 90 pm and an effective remineralizing
amount of particles less than about 10 pm.

32. A bioactive glass composition for use in preparing a medicament for ¢
remineralizing enamel in tooth structure comprising particulate bioactive and
biocompatible glass including particles less than 90 pm and an effective remineralizing
amount of particles less than about 10 um.

33. A bioactive glass composition for use in preparing a medicament for
incipient caries remineralization in tooth structure comprising particulate bioactive and
biocompatible glass including particles less than 90 pm and an effective remineralizing

amount of particles less than about 10 pm.

34. A bioactive glass composition for use in preparing a medicament for
sealing fissures in tooth structure comprising particulate bioactive and biocompatible

glass including particles less than 90 pm and an effective remineralizing amount of

particles less than about 10 pm.

35. A bioactive glass composition for use in preparing a medicament for
sealing pits in tooth structure comprising particulate bioactive and biocompatible glass
including particles less than 90 pum and an effective remineralizing amount of particles

less than about 10 pum.
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38. A bioactive glass conposition for use in preparing a nedicament for
treating tooth hypersensitivity conprising particul ate bi‘oactive and

bi oconpatj bl e glass including particles |less than 90
effective rem neralizing amount of particles |ess tha u
39. A bi oactive glass conposition for use in preparifig & for

treating tooth structure after peri odon%al surgery conprising partlcul ate
bi oacti ve and bi oconpati bl e glass incldtling particles less than 90 [err]m
and an effective remneralizing anount of particles |ess than about 10

[err]m 36, 40A bé%a%g Eia?éé&rﬁ;ﬁﬁltfo‘flrfoxt sR3h beg%xgggﬁé Hw&i&ﬁﬁ%ﬁt%f‘g the

conposi tion of clai'm a toothpaste, line restorative
mat eri al , ligihy teoth strapddre cmnpnmngph:hcphtq&lm&eandbasampanbde glash inelodingul p
cappi ng I Xxtyre thereaq A bi_oact |.ass
conposi ti %H“E‘S?r%?ﬁ égbﬁ%‘ﬂd&m g%egtlgq: @&EP?W%WB%@SW*%?%Q&P@SS
I ncl udi nga%%”() {nes | ess than 90 [err]mand particles |ess than about 2
[err]m Use of a bioactive glass composition including an
effective rem neral i Zi ng
REPLACEMENT SHEET L . _ _ ,
2 8 JUL 1999 37.  Abioactive glass composition for use in preparing a medicament for
capping pulp in tooth structure comprising particulate bioactive and biocompatible glass
including particles less than 90 pm and an effective remineralizing amount of particles

less than about 10 pm.

38. A bioactive glass composition for use in preparing a medicament for
treating tooth hypersensitivity comprising particulate bioactive and biocompatible glass
including particles less than 90 um and an effective remineralizing amount of particles

less than about 10 yum.

39. A bioactive glass composition for use in preparing a medicament for
treating tooth structure after periodontal surgery comprising particulate bioactive and
biocompatible glass including particles less than 90 pm and an effective remineralizing
amount of particles less than about 10 pm.

40, A composition for treating teeth comprising the composition of claim 27
and a toothpaste, liner, base, gel, restorative material, glycerin gel, mouthwash,

prophylactic paste, or indirect pulp capping agent, or mixture thereof.

41.  Abioactive glass composition comprising particulate bioactive and

biocompatible glass including particles less than 90 pm and particles less than about 2 pum.

42.  Use of a bioactive glass composition including an effective remineralizing
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[err] 23 anount of particl.es | ess than
90 [err]mfor the nmanufacture of a nedicament for rem neralizing tooth

structure. " 43. A bioactive glass conpositio cul ate
bi oacti ve and bi oconpati bl e gl ass | ncl udi ng by wei ga mﬂm!gﬂgm”m

Sigerr] 40- 60

Na[ err] O 10- 35 P205

CaF[err] 0- 25 23 B[err]O[err] 0- 10
Klerr] O 0-8 0-5, the

particul %Gu&io?g&{ﬁgér@]lég%ﬁ %ﬁ%@&@kﬁn@a@ﬁ&d Cr*x&ﬁbé}ﬂerﬂ?&l i cles between

53 [err]mand 9 m and ctive remneralizing anount of particles
| ess t harenaberaliziRg feoth $tmcture.

43.  Abioactive glass composition comprising particulate bioactive and

biocompatible glass including by weight percentage:

Si0, 40-60

Ca0 10-30

Na;O 10-35

P,0s 2-8

CaF, 0-25 :
B;03 0-10

K,O 0-8

MgO 0-5,

the particulate bioactive and biocompatible glass including particles between 53 pm and

90 um and an effective remineralizing amount of particles less than about 2 pm.
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{54) Title: BIOACTIVE GLASS COMPOSITIONS AND METHODS OF TREATMENT USING BIOACTIVE GLASS

(57) Abstract

A novel silica-based bioactive glass composition that can be used in conjunction with a delivery agent such as a toothpaste, gel, etc.,
having a particle size range < 90 pm which wili form a rapid and continuous reaction with body fluids due to the immediate and long-rerm
ionic relcase of Ca and P from the core silica particles, to produce a stable crystalline hydroxy carbonate apatite layer deposited onto and
into the dentin tubules for the immediate and long-term reduction of dentin hypersensitivity and tooth surface remineralization.
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