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mineralizing agent by which a dense HAp is formed on a 
dentin Surface and HAp is deposited to a deep portion of a 
dentinal tubule, so that it can close the dentinal tubule. 
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DENTIN MINERALIZINGAGENT AND 
METHOD FOR PRODUCTION THEREOF 

TECHNICAL FIELD 

0001. The present invention relates to dentin mineralizing 
agents for mineralizing a dentin Surface and a deep portion of 
a dentinal tubule. 

BACKGROUND ART 

0002 Along with a so-called “8020 campaign' (improve 
ment in dental health, preservation of dentin (MI: Minimal 
Intervention)) to try to keep 20 or more own teeth even when 
being 80 years old, the ratio at which many teeth remain in 
aged persons have rapidly increased. In association with this, 
however, a problem of dentin exposure due to new dental 
diseases (e.g., wear of teeth, alveolar bone loss caused by 
periodontal disease, etc.) has arisen. Exposed dentin is not 
good in caries resistance because unlike the enamel, tissues 
constituting the dentin is low in mineral concentration, and 
the exposed dentin may cause development of for example, 
hyperesthesia when a dentinal tubule comes to be open by the 
action of an acid in an oral cavity. As a method of improving 
this, there have been known a method of coating with a 
polymeric material and a method of applying two materials 
alternately to make an inorganic salt deposit to form a physi 
cal barrier, thereby closing dentinal tubules. However, these 
methods have a problem that a cover is worn by a toothbrush 
or the like to be broken easily because only a surface or a 
shallow portion near openings of dentinal tubules are cov 
ered. Moreover, although being a material with high biocom 
patibility, there has been another problem with it that appli 
cation of the material makes a plaque adhere, causing 
inflammation and root caries. 
0003. On the other hand, a calcium phosphate cement 
(hereinafter sometimes abbreviated as “CPC) in which tet 
racalcium phosphate (hereinafter sometimes abbreviated as 
“TTCP) and dicalcium phosphate anhydrous (hereinafter 
sometimes abbreviated as “DCPA) has been known as a 
calcium phosphate composition having setting property, 
which has been reported to be converted, within a living body 
and within an oral cavity, gradually into a bioabsorbable 
hydroxyapatite (hereinafter sometimes abbreviated as 
“HAp': Cao(PO4)(OH)), which can further unite with a 
biological hard tissue with its form maintained. 
0004 For example, Japanese Patent No. 3017536 (patent 
document 1) discloses that a calcium phosphate composition 
including tetracalcium phosphate and dicalcium phosphate 
anhydrous reacts in the presence of water to form hydroxya 
patite. It has been reported that the thus obtained hydroxya 
patite can replace bone gradually when it comes into contact 
with a biological hard tissue, and the aforementioned calcium 
phosphate composition is usable as a remineralizing agent 
because it possesses remineralization potential. On the other 
hand, it has been disclosed that an alkali metal salt of phos 
phoric acid. Such as disodium hydrogen phosphate 
(NaHPO), is added in order to achieve rapid setting of the 
above-mentioned calcium phosphate composition. However, 
it has been neither disclosed nor Suggested that analkali metal 
salt of phosphoric acid is added for the purpose of improving 
the effect of mineralization. 

0005 JP 1-163127 A (Patent Document 2) discloses a 
composition for recovery from hyperesthesia comprising tet 
racalcium phosphate, calcium phosphate having a Ca/P molar 
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ratio of less than 1.67, and a thickener. This reports that the 
composition can reduce hyperesthesia when it is applied to a 
hyperesthetic site of a tooth and held for a prescribed time. 
The reason for such remarkable reduction in hyperesthesia is 
believed that calcium ions or phosphate ions eluted from a 
kneaded mass of Such a composition with water or the like 
diffuse and penetrate into dentinal tubules, then hydroxyapa 
tite deposits in the dentinal tubules, so that external mechani 
cal stimulation, thermal stimulation, and chemical stimula 
tion are intercepted. On the other hand, it is also disclosed that 
other ingredients, such as hydroxyapatite, calcium fluoride, 
titanium oxide, calcium hydroxide, Sodium phosphate, 
ammonium phosphate, alumina, and silica, may be added to 
the aforementioned composition for hyperesthesia treatment 
in order to adjust kneadability with water or paste viscosity. 
However, it has been neither disclosed nor Suggested that an 
alkali metal salt of phosphoric acid is added for the purpose of 
improving the effect of mineralization. 

PRIOR ART DOCUMENTS 

Patent Documents 

0006 Patent document 1: Japanese Patent No. 3017536 
0007 Patent Document 2: JP 1-163127 A 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0008. The present invention was devised in order to solve 
the above-described problems, and the object thereof is to 
provide a dentin mineralizing agent by which a dense HAp is 
formed on a dentin Surface and HAp is deposited to a deep 
portion of a dentinal tubule, so that it can close the dentinal 
tubule. 

Means for Solving the Problems 
0009. The aforementioned problems are solved by provid 
ing a dentin mineralizing agent comprising tetracalcium 
phosphate particles (A) and an alkali metal salt of phosphoric 
acid (B), wherein the dentin mineralizing agent contains the 
tetracalcium phosphate particles (A) in an amount of 1 to 80 
parts by weight relative to 100 parts by weight of the whole 
amount of the dentin mineralizing agent, and the blended 
amount of the alkali metal salt of phosphoric acid (B) relative 
to 100 parts by weight of the tetracalcium phosphate particles 
(A) is 1 to 100 parts by weight. 
0010. At this time, it is preferred that the alkali metal salt 
of phosphoric acid (B) is disodium hydrogen phosphate and/ 
or Sodium dihydrogen phosphate, and it is preferred that the 
agent further comprises acidic calcium phosphate particles 
(C). Preferably, the acidic calcium phosphate particles (C) are 
at least one member selected from the group consisting of 
dicalcium phosphate anhydrous CaHPO particles, mono 
calcium phosphate anhydrous Ca(H2PO4) particles, trical 
cium phosphate Ca(PO) particles, amorphous calcium 
phosphate Ca(PO).XH2O particles, calcium dihydrogen 
pyrophosphate CaFIPO, particles, dicalcium phosphate 
dihydrate CaFIPO2HO particles, and monocalcium 
phosphate monohydrate Ca(H2PO4).H2O particles, and it 
is preferred that the blending ratio (A/C) of the tetracalcium 
phosphate particles (A) to the acidic calcium phosphate par 
ticles (C) is from 40/60 to 60/40 in molar ratio. Preferably, the 
agent further comprises a fluorine compound (D), and it is 
preferred that the fluorine compound (D) is sodium fluoride. 
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Preferably, the average particle diameter of the tetracalcium 
phosphate particles (A) is 0.5 to 40 um, and it is preferred that 
an average particle diameter of the alkali metal salt of phos 
phoric acid (B) is 0.5 to 20 Lum. Preferably, an average particle 
diameter of the acidic calcium phosphate particles (C) is 0.1 
to 7 um, and it is preferred that the agent further comprise 
particles (E) of 0.002 to 2 um in average particle diameter 
selected from silica or metal oxides. 

0011. At this time, preferably, when a suspension is pre 
pared by adding 0.05 g of the dentin mineralizing agent into 
200 g of pure water of 25°C., a free alkali metal ion concen 
tration of the suspension at a time of 10 minutes after the 
adding is 0.2 to 100 mg/L, and it is preferred that a standard 
deviation a determined when an average of the free alkali 
metal ion concentration is expressed by d satisfies OO.3d and 
also preferred that the alkali metal ion is a sodium ion. 
0012. At this time, it is preferred that a dentin penetration 
inhibition ratio achieved when one side of a 700 um thick 
bovine tooth disc is treated with the dentin mineralizing agent 
satisfies the following formula (I): 

1-(penetrated amount of a mineralized bovine tooth 
disc) (penetrated amount of an unmineralized bovine 
tooth disc)x100270. . . (I). 

0013 A tooth surface-treating material comprising the 
dentin mineralizing agent is a preferred embodiment of the 
present invention, and a dentifrice comprising the dentin min 
eralizing agent is a preferred embodiment of the present 
invention. A chewing gum comprising the dentin mineraliz 
ing agent is a preferred embodiment of the present invention, 
a dentinal hypersensitivity inhibitor composed of the dentin 
mineralizing agents is a preferred embodiment of the present 
invention. 

0014) Another preferred embodiment of the present inven 
tion is a dentinal hypersensitivity inhibitor composed of the 
dentin mineralizing agent, wherein the dentinal hypersensi 
tivity inhibitor further comprises acidic calcium phosphate 
particles (C), the tetracalcium phosphate particles (A) has an 
average particle diameter of 0.5 to 40 um, the blended amount 
of the tetracalcium phosphate particles (A) relative to 100 
parts by weight of the whole amount of the dentinal hyper 
sensitivity inhibitor is 5 to 55 parts by weight, and the dentinal 
hypersensitivity inhibitor is a material to be used for closing 
dentinal tubules by rubbing a dentin surface therewith. 
Another preferred embodiment of the present invention is a 
dentinal hypersensitivity inhibitor composed of the dentin 
mineralizing agent, wherein when a suspension is prepared 
by adding 0.05 g of the dentinal hypersensitivity inhibitor into 
200 g of pure water of 25°C., a free alkali metal ion concen 
tration of the suspension at a time of 10 minutes after the 
adding is 0.2 to 100 mg/L. At this time, it is preferred that the 
agent further comprise acidic calcium phosphate particles 
(C). 
00.15 Moreover, the aforementioned problems are solved 
by providing a method for producing a dentin mineralizing 
agent, the method comprising mixing tetracalcium phosphate 
particles (A), an alkali metal salt of phosphoric acid (B), and 
a liquid or aqueous paste comprising water as a main ingre 
dient, wherein 1 to 100 parts by weight of the alkali metal salt 
of phosphoric acid (B) is blended to 100 parts by weight of the 
tetracalcium phosphate particles (A), and the blended amount 
of the tetracalcium phosphate particles (A) relative to 100 
parts by weight of the whole amount of the dentin mineraliz 
ing agent is adjusted to 1 to 80 parts by weight. 
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0016. At this time, preferably, a powder comprising the 
tetracalcium phosphate particles (A) and the alkali metal salt 
of phosphoric acid (B) or a powder comprising the tetracal 
cium phosphate particles (A), the alkali metal salt of phos 
phoric acid (B), and acidic calcium phosphate particles (C) is 
mixed beforehand, and it is preferred that at least one device 
selected from among a jet mill, a pestle and mortar machine, 
a ball mill, a high-speed rotation mill, a planetary mill, a 
hybridizer, a mechanofusion machine, or a mixing extruder is 
used in the mixing. 
0017. At this time it is preferred to add a liquid or aqueous 
paste comprising water as a main ingredient and also com 
prising the alkali metal salt of phosphoric acid (B) to a powder 
or nonaqueous paste comprising the tetracalcium phosphate 
particles (A) and then mix them. 
0018. The aforementioned problems are solved by provid 
ing a method for producing a dentinal hypersensitivity inhibi 
tor, the method comprising mixing tetracalcium phosphate 
particles (A), an alkali metal salt of phosphoric acid (B), 
acidic calcium phosphate particles (C), and a liquid or aque 
ous paste comprising water as a main ingredient, wherein the 
dentinal hypersensitivity inhibitor is a material to be used for 
closing dentinal tubules by rubbing a dentin Surface there 
with, the tetracalcium phosphate particles (A) has an average 
particle diameter of 0.5 to 40 um to 100 parts by weight of the 
alkali metal salts of phosphoric acid (B) is blended to 100 
parts by weight of the tetracalcium phosphate particles (A), 
and the blended amount of the tetracalcium phosphate par 
ticles (A) relative to 100 parts by weight of the whole amount 
of the dentinal hypersensitivity inhibitor is adjusted to 5 to 55 
parts by weight. 
0019. At this time, it is preferred to add a liquid oraqueous 
paste comprising water as a main ingredient and also com 
prising the acidic calcium phosphate particles (C) to a powder 
or nonaqueous paste comprising the tetracalcium phosphate 
particles (A) and the alkali metal salt of phosphoric acid (B) 
and then mix them. 

0020. The aforementioned problems are solved by provid 
ing a method for producing a dentinal hypersensitivity inhibi 
tor, the method comprising mixing tetracalcium phosphate 
particles (A), an alkali metal salt of phosphoric acid (B), and 
a liquid or aqueous paste comprising water as a main ingre 
dient, wherein 1 to 100 parts by weight of the alkali metal salts 
of phosphoric acid (B) is blended to 100 parts by weight of the 
tetracalcium phosphate particles (A), and the blended amount 
of the tetracalcium phosphate particles (A) relative to 100 
parts by weight of the whole amount of the dentinal hyper 
sensitivity inhibitor is adjusted to 1 to 80 parts by weight, and 
when a suspension is prepared by adding 0.05 g of the den 
tinal hypersensitivity inhibitor into 200g of pure water of 25° 
C., a free alkali metalion concentration of the Suspension at a 
time of 10 minutes after the adding is adjusted to 0.2 to 100 
mg/L. 
0021 Moreover the aforementioned problems are solved 
by providing a method for inhibiting dentinal hypersensitivity 
using a dentinal hypersensitivity inhibitor comprising tetra 
calcium phosphate particles (A), an alkali metal salt of phos 
phoric acid (B), and acidic calcium phosphate particles (C), 
wherein a dentin surface is rubbed with the dentinal hyper 
sensitivity inhibitor having the tetracalcium phosphate par 
ticles (A) having an average particle diameter of 0.5 to 40 um, 
a blended amount of the tetracalcium phosphate particles (A) 
of 5 to 55 parts by weight relative to 100 parts by weight of the 
whole amount of the dentinal hypersensitivity inhibitor, and a 
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blended amount of the alkali metal salt of phosphoric acid (B) 
of 1 to 100 parts by weight relative to 100 parts by weight of 
the tetracalcium phosphate particles (A). 
0022. The aforementioned problems are solved by provid 
ing a dentin mineralizing agent kit composed of a powder or 
nonaqueous paste comprising tetracalcium phosphate par 
ticles (A) and an alkali metal salt of phosphoric acid (B) and 
a liquid or aqueous paste comprising water as a main ingre 
dient. 
0023 The aforementioned problems are solved by provid 
ing a dentin mineralizing agent kit composed of a powder or 
nonaqueous paste comprising tetracalcium phosphate par 
ticles (A), an alkali metal salt of phosphoric acid (B), and 
acidic calcium phosphate particles (C) and a liquid or aque 
ous paste comprising water as a main ingredient. 
0024. The aforementioned problems are solved by provid 
ing a dentin mineralizing agent kit composed of a powder or 
nonaqueous paste comprising tetracalcium phosphate par 
ticles (A) and a liquid or aqueous paste comprising water as a 
main ingredient and also comprising an alkali metal salt of 
phosphoric acid (B). 
0025. The aforementioned problems are solved by provid 
ing a dentin mineralizing agent kit composed of a powder or 
nonaqueous paste comprising tetracalcium phosphate par 
ticles (A), a powder or nonaqueous paste comprising an alkali 
metal salt of phosphoric acid (B), and a liquid or aqueous 
paste comprising water as a main ingredient. 
0026. The aforementioned problems are solved by provid 
ing a dentinal hypersensitivity inhibitor kit composed of a 
powder or nonaqueous paste comprising tetracalcium phos 
phate particles (A) and an alkali metal salt of phosphoric acid 
(B) and a liquid or aqueous paste comprising water as a main 
ingredient and also comprising acidic calcium phosphate par 
ticles (C). 
0027. The aforementioned problems are solved by provid 
ing a dentinal hypersensitivity inhibitor kit composed of a 
powder or nonaqueous paste comprising tetracalcium phos 
phate particles (A), a powder or nonaqueous paste comprising 
an alkali metal salt of phosphoric acid (B), a powder or 
nonaqueous paste comprising acidic calcium phosphate par 
ticles (C), and a liquid or aqueous paste comprising water as 
a main ingredient. 

Effect of the Invention 

0028 By the present invention is provided a dentin min 
eralizing agent by which a dense HAp is formed on a dentin 
Surface and HAp is deposited to a deep portion of a dentinal 
tubule, so that it can close the dentinal tubule. Thanks to this, 
a false enamel is formed on a dentin Surface to impart caries 
resistance and treatment of hyperesthesia becomes possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 A SEM photograph of a surface of a bovine 
dentin in which a HAplayer was formed in Example 1. 
0030 FIG. 2 A SEM photograph in which a surface of a 
bovine dentin in which dentinal tubules have been closed with 
HAp is compared with a surface of a bovine dentin in which 
dentinal tubules are exposed in Example 1. 
0031 FIG. 3 A SEM photograph in which a surface of a 
bovine dentin in which dentinal tubules have been closed with 
HAp is compared with a surface of a bovine dentin in which 
dentinal tubules are exposed in Example 25. 
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0032 FIG. 4A SEM photograph of a cross section of a 
bovine dentin in which dentinal tubules were closed with 
HAp in Example 25. 

DETAILED DESCRIPTION OF THE INVENTION 

0033. The dentin mineralizing agent of the present inven 
tion comprises tetracalcium phosphate particles (A) and an 
alkali metal salt of phosphoric acid (B). If a composition 
containing tetracalcium phosphate particles (A) is mixed in 
the presence of water, it will convert into hydroxyapatite 
slowly. It has been made clear by the present inventors that 
through the use of a dentin mineralizing agent comprising 
tetracalcium phosphate particles (A) and an alkali metal salt 
of phosphoric acid (B) in certain amounts, a mineralization 
effect is highly achieved and hydroxyapatite deposits to espe 
cially deep portions of dentinal tubules, so that the dentinal 
tubules can be closed. While the reason for this is not neces 
sarily clear, the following mechanism is presumed. 
0034. That is, when a dentin mineralizing agent compris 
ing tetracalcium phosphate particles (A) and an alkali metal 
salt of phosphoric acid (B) in certain amounts is prepared in 
the presence of water and then is used, it seems that calcium 
ions produced due to dissolution of the tetracalcium phos 
phate particles (A) react with phosphorus ions produced due 
to dissolution of the alkali metal salt of phosphoric acid (B), 
so that energetically stable HAp is deposited. It seems that as 
a result a dense HAp layer is formed on a Surface of a dentin 
and HAp is deposited to deep portions of dentinal tubules, so 
that the dentinal tubules are closed. Thanks to this, a false 
enamel is formed on a dentin Surface to impart caries resis 
tance (prevention of root caries) and treatment of hyperesthe 
sia becomes possible. Moreover, since HAp deposits even to 
deep portions of dentinal tubules and thereby the dentinal 
tubules are closed, an apparent dentin mineral concentration 
increases and wear resistance is also improved. The present 
inventors have considered that the balance of Velocities at 
which calcium ions and phosphate ions are Supplied is impor 
tant for generating the above-mentioned effect. And they have 
confirmed that deposition of HAp does not proceed well 
when the solubility of a compound that Supplies calcium ions 
or a compound that Supplies phosphate ions is low or 
extremely high. Therefore, there is a great significance in 
adoption of Such a constitution of the present invention that 
Supply rates and a Supply balance of calcium ions and phos 
phate ions to dentin become adequate due to inclusion of 
certain amounts of tetracalcium phosphate particles (A) and 
an alkali metal salt of phosphoric acid (B). 
0035. In the present invention, the tetracalcium phosphate 
particles (A) in an amount of 1 to 80 parts by weight relative 
to 100 parts by weight of the whole amount of the dentin 
mineralizing agent are contained. When the content of the 
tetracalcium phosphate particles (A) is less than 1 part by 
weight, a mineralization effect may not be obtained due to 
inhibition of deposition of HAp; the content is preferably 5 
parts by weight or more, more preferably 10 parts by weight 
or more, and even more preferably 20 parts by weight or 
more. On the other hand, when the content of the tetracalcium 
phosphate particles (A) exceeds 80 parts by weight, a miner 
alization effect may not be obtained due to inhibition of 
deposition of HAp; the content is preferably 75 parts by 
weight or less, more preferably 70 parts by weight or less, and 
even more preferably 60 parts by weight or less. 
0036 When the dentin mineralizing agent of the present 
invention is used as a dentinal hypersensitivity inhibitor, the 



US 2012/0027829 A1 

blended amount of the tetracalcium phosphate particles (A) 
relative to 100 parts by weight of the whole amount of the 
dentinal hypersensitivity inhibitor is preferably 5 to 55 parts 
by weight. When the blended amount of the tetracalcium 
phosphate particles (A) is less than 5 parts by weight, a 
capability of closing dentinal tubules may deteriorate due to 
inhibition of deposition of HAp; the blended amount is pref 
erably 10 parts by weight or more, and more preferably 20 
parts by weight or more. On the other hand, when the blended 
amount of the tetracalcium phosphate particles (A) exceeds 
55 parts by weight, a capability of closing dentinal tubules 
may deteriorate due to inhibition of deposition of HAp; the 
blended amount is preferably 50 parts by weight or less, and 
more preferably 45 parts by weight or less. 
0037. A method for producing the tetracalcium phosphate 
Ca(PO) Oparticles (A) to be used in the present invention 
is not particularly restricted. Commercially available tetra 
calcium phosphate particles may be used as it is, or alterna 
tively, they may be used after appropriate regulation of their 
particle size by grinding. As a grinding method, a method 
which is the same as the grinding method of acidic calcium 
phosphate particles (C) described below can be used. 
0038. It is preferred that an average particle diameter of 
the tetracalcium phosphate particles (A) to be used in the 
present invention is from 0.5 to 40 um. When the average 
particle diameter is less than 5um, the tetracalcium phosphate 
particles (A) may dissolve excessively, so that the pH of the 
aqueous solution may become so high that hydroxyapatite 
does not deposit Smoothly and, as a result, a mineralization 
effect may not be obtained. The average particle diameter of 
the tetracalcium phosphate particles (A) is more preferably 5 
um or more, and even more preferably 10um or more. On the 
other hand, when the average particle diameter is greater than 
40 Lim, a paste to be obtained by mixing with a liquid agent 
may have unsatisfactory paste properties, for example, it may 
not show a sufficiently high viscosity. Moreover, sandy feel 
ing exhibited in paste mixing may be increased, so that opera 
tionality may be impaired, or it may become difficult to 
remove a paste from a static mixer to be used for mixing. 
Preferably, the average particle diameter of the tetracalcium 
phosphate particles (A) is 35um or less, and more preferably 
30 Lum or less. The average particle diameter of the tetracal 
cium phosphate particles (A) to be used in the present inven 
tion is calculated through measurement using a laser diffrac 
tion type particle size distribution analyzer. 
0039. The dentin mineralizing agent of the present inven 
tion contains the alkali metal salt of phosphoric acid (B) in an 
amount of 1 to 100 parts by weight relative to 100 parts by 
weight of the tetracalcium phosphate particles (A). Thus, due 
to the inclusion of a certain amount of the alkali metal salt of 
phosphoric acid (B) in addition to the tetracalcium phosphate 
particles (A), it is possible to provide a dentin mineralizing 
agent that is high in mineralization effect and allows 
hydroxyapatite to deposit especially to deep portions of den 
tinal tubules. When the content of the alkali metal salt of 
phosphoric acid (B) is less than 1 part by weight, a mineral 
ization effect may not be obtained due to inhibition of depo 
sition of HAp; the content is preferably 2 parts by weight or 
more, and more preferably 5 parts by weight or more. On the 
other hand, when the content of the alkali metal salt of phos 
phoric acid (B) exceeds 100 parts by weight, a mineralization 
effect may not be obtained due to inhibition of deposition of 
HAp; the content is preferably 98 parts by weight or less, 
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more preferably 95 parts by weight or less, and even more 
preferably 90 parts by weight or less. 
0040. The alkali metal salt of phosphoric acid (B) to be 
used in the present invention is not particularly restricted, and 
examples thereof include disodium hydrogen phosphate, 
dipotassium hydrogen phosphate, lithium dihydrogen phos 
phate, sodium dihydrogen phosphate, potassium dihydrogen 
phosphate, trisodium phosphate, tripotassium phosphate, and 
so on, among which one salt or two or more salts are used. 
Particularly, from the viewpoint of safety or easiness of 
obtaining a raw material with high purity, it is preferred that 
the alkali metal salt of phosphoric acid (B) is disodium hydro 
gen phosphate and/or sodium dihydrogen phosphate. More 
over, from the viewpoint of safety, it is preferred that the alkali 
metalion in the alkali metal salt of phosphoric acid (B) to be 
used in the present invention is a sodium ion. 
0041. It is preferred that an average particle diameter of 
the alkali metal salt of phosphoric acid (B) to be used in the 
present invention is from 0.5 to 20 Lum. Since when the aver 
age particle diameter of the alkali metal salt of phosphoric 
acid (B) is less than 0.5um, it becomes difficult to disperse the 
salt uniformly in a liquid agent or a powder agent due to the 
fact that flocculation may become remarkable, when the den 
tin mineralizing agent of the present invention has converted 
into hydroxyapatite, a hole may be formed in the hydroxya 
patite, so that a dentin penetration inhibition ratio may 
decrease; therefore the average particle diameter of the alkali 
metal salt of phosphoric acid (B) is preferably 1 um or more. 
On the other hand, in a case where the average particle diam 
eter of the alkali metal salt of phosphoric acid (B) exceeds 20 
um, when the dentin mineralizing agent of the present inven 
tion has converted into hydroxyapatite, a hole may be formed 
in the hydroxyapatite, so that a dentin penetration inhibition 
ratio may decrease. Particularly, if such a hole is formed in a 
dentinal tubule, it may become difficult to inhibit hyperesthe 
sia. Moreover, since operationality may deteriorate and also 
dentin may be damaged due to the increase of Sandy feeling 
resulting from the remaining of undissolved alkali metal salt 
of phosphoric acid (B) in a paste when inhibiting dentinal 
hypersensitivity by rubbing the paste to a dentin Surface, it is 
preferred that the average particle diameter of the alkali metal 
salt of phosphoric acid (B) is 15 um or less, and it is more 
preferred to be 10 um or less. 
0042 Preferably, the dentin mineralizing agent of the 
present invention further contains acidic calcium phosphate 
particles (C) in addition to the tetracalcium phosphate par 
ticles (A) and the alkali metal salt of phosphoric acid (B). This 
enables it to enhance the mineralization effect. The present 
inventors presume the reason for this to be that due to the 
inclusion of the acidic calcium phosphate particles (C) with 
low solubility in addition to the tetracalcium phosphate par 
ticles (A) and the alkali metal salt of phosphoric acid (B), 
calcium ions and phosphate ions can be Supplied for a longer 
time after the application of the paste and the Supply balance 
becomes more appropriate. 
0043. The acidic calcium phosphate particles (C) to be 
used in the present invention is not particularly restricted, and 
it is preferred that the acidic calcium phosphate particles (C) 
are at least one member selected from the group consisting of 
dicalcium phosphate anhydrous CaHPO particles, mono 
calcium phosphate anhydrous Ca(H2PO4) particles, trical 
cium phosphate Ca(PO) particles, amorphous calcium 
phosphate Ca(PO).XH2O particles, calcium dihydrogen 
pyrophosphate CaFIPO, particles, dicalcium phosphate 
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dihydrate CaHPO.2H2O particles, and monocalcium 
phosphate monohydrate Ca(HPO).HO particles. 
Among these, at least one member selected from the group 
consisting of dicalcium phosphate anhydrous CaHPO par 
ticles, monocalcium phosphate anhydrous Ca(H2PO) par 
ticles, dicalcium phosphate dihydrate CaHPO.2H2O par 
ticles, and monocalcium phosphate monohydrate Ca 
(HPO).HO particles is used more preferably, and 
particularly, at least one member selected from the group 
consisting of dicalcium phosphate anhydrous CaHPO par 
ticles and monocalcium phosphate anhydrous Ca(H2PO4). 
particles is used even more preferably. 
0044. It is preferable that an average particle diameter of 
the acidic calcium phosphate particles (C) to be used in the 
present invention is from 0.1 to 7 um. When the average 
particle diameter is less than 0.1 um, dissolution into a liquid 
agent proceeds excessively and, as a result, the Supply bal 
ance between calcium ions and phosphate ions may upset and 
the viscosity of a paste to be obtained by mixing with a liquid 
agent may become excessively high; more preferably, the 
average particle diameter is 0.3 um or more. On the other 
hand, when the average particle diameter exceeds 7 um, the 
acidic calcium phosphate particles (C) become less Soluble in 
a liquid agent and, therefore, dissolution of the tetracalcium 
phosphate particles (A) may proceed excessively. As a result, 
deposition of hydroxyapatite becomes less Smooth because 
the Supply balance of calcium ions and phosphate ions comes 
undone and also because the pH of an aqueous solution 
becomes high, so that the mineralization effect may deterio 
rate. The average particle diameter of the acidic calcium 
phosphate particles (C) is more preferably 3 um or less. The 
average particle diameter of the acidic calcium phosphate 
particles (C) is calculated in the same manner as that for the 
average particle diameter of the tetracalcium phosphate par 
ticles (A). 
0045. A method for producing the acidic calcium phos 
phate particles (C) having Such an average particle diameteris 
not particularly restricted. While commercial products may 
be used if available, it is often preferable to further grind a 
commercially available product. In Such a case, a grinding 
machine, Such as a ball mill, a pestle and mortar machine and 
a jet mill, can be used. Acidic calcium phosphate particles (C) 
can also be obtained by grinding a raw material powder of 
acidic calcium phosphate together with Such a liquid medium 
as alcohol by the use of a pestle and mortar machine, a ball 
mill, or the like to prepare a slurry, and drying the obtained 
slurry. As the grinding machine in this process, a ball mill is 
preferably used. As the material of its pot and balls, alumina 
or Zirconia is preferably used. 
0046 By adjusting the average particle diameter of the 
tetracalcium phosphate particles (A) to be larger than the 
average particle diameter of the acidic calcium phosphate 
particles (C), the balance between the solubilities of both of 
the materials becomes appropriate and it becomes possible to 
maintain the pH of an aqueous solution to be almost neutral. 
As a result, deposition of hydroxyapatite is Smoothened, so 
that the mineralization effect can be enhanced. Specifically, it 
is more preferable to adjust the average particle diameter of 
(A) to be not less than twice, even more preferably not less 
than four times, and particularly preferably not less than 
seven times the average particle diameter of (C). On the other 
hand, it is more preferable to adjust the average particle 
diameter of (A) to be not more than 35 times, even more 
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preferably not more than 30 times, and particularly preferably 
not more than 25 times the average particle diameter of (C). 
0047. While the blending ratio (A/C) of the tetracalcium 
phosphate particles (A) to the acidic calcium phosphate par 
ticles (C) is not particularly restricted, it is preferable for the 
particles to be used in a blending ratio within the range of 
from 40/60 to 60/40 in molar ratio. Thanks to this, the dentin 
mineralizing agent with high mineralization effect of the 
present invention can be obtained. The blending ratio (A/C) is 
more preferably from 45/55 to 55/45, and most preferably is 
substantially 50/50. 
0048 Preferably, the dentin mineralizing agent of the 
present invention further contains a fluorine compound (D). 
This enables it to impart acid resistance to dentin and also 
promote mineralization. The fluorine compound (D) to be 
used in the present invention, is not particularly restricted, 
and examples thereof include Sodium fluoride, potassium 
fluoride, ammonium fluoride, lithium fluoride, cesium fluo 
ride, magnesium fluoride, calcium fluoride, strontium fluo 
ride, strontium fluoride, barium fluoride, copper fluoride, Zir 
conium fluoride, aluminum fluoride, Stannous fluoride, 
Sodium monofluorophosphate, potassium monofluorophos 
phorate, hydrofluoric acid, titanium Sodium fluoride, titanium 
potassium fluoride, hexylamine hydrofluoride, laurylamine 
hydrofluoride, glycine hydrofluoride, alanine hydrofluoride, 
fluorosilanes, and diamine silver fluoride. Among these, 
Sodium fluoride, sodium monofluorophosphate, and Stannous 
fluoride are suitably used from the viewpoint of a mineraliza 
tion-promoting effect. The used amount of the fluorine com 
pound (D) is not particularly limited, and it is preferred that 
0.01 to 3 parts by weight of the fluorine compound (D) in 
terms of fluoride ion are contained relative to 100 parts by 
weight of the whole amount of the dentin mineralizing agent. 
When the used amount of the fluorine compound (D) in terms 
of fluoride ion is less than 0.01 parts by weight, there is a 
possibility that the effect of promoting mineralization may 
deteriorate, and it is more preferred that the used amount is 
0.05 parts by weight or more. On the other hand, when the 
used amount of the converted fluoride ions of the fluorine 
compound (D) exceeds 3 parts by weight, there is a possibility 
that safety may be impaired, and it is more preferred that the 
used amount is 1 part by weight or less. 
0049. The dentin mineralizing agent of the present inven 
tion may contain components other than the tetracalcium 
phosphate particle (A), the alkali metal salt of phosphoric 
acid (B), the acidic calcium phosphate (C), and the fluorine 
compound (D) as far as the effect of the present invention is 
not damaged. For example, a thickener may be blended 
according to need. Specific examples of the thickener may be 
one or two or more species selected from among carboxym 
ethylcellulose, sodium carboxymethylcellulose, hydroxypro 
pylcellulose, hydroxypropylmethylcellulose, polyvinyl alco 
hol, polyethylene glycol, polyacrylic acid, polystyrene 
Sulfonic acid, polystyrene Sulfonic acid salts, polyglutamic 
acid, polyglutamic acid salts, polyaspartic acid, polyaspartic 
acid salts, polyL-lysin, polyL-lysin salts, starch other than 
cellulose, alginic acid, alginic acid salts, carrageenan, guar 
gum, Xanthan gum, cellulose gum, hyaluronic acid, hyalu 
ronic acid salts, pectin, pectin salts, polysaccharides Such as 
chitin and chitosan, acidic polysaccharide esters such as pro 
pylene glycol alginate, and polymers such as proteins, e.g. 
collagen, gelatin and their derivatives. From aspects of solu 
bility in water and Viscosity, at least one species selected from 
Sodium carboxymethylcellulose, hydroxypropylcellulose, 
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hydroxypropylmethylcellulose, alginic acid, alginic acid 
salts, chitosan, polyglutamic acid and polyglutamic acid salts 
is preferred. The thickener may be blended with a powder, 
and may be blended with a liquid agent, and also may be 
blended with a paste under mixing. 
0050. According to need, inorganic fillers typified by 
silica and metal oxides, polyhydric alcohols, such as glycerol, 
ethylene glycol, propylene glycol, and diglycerol, Sugar alco 
hols, such as Xylitol, Sorbitol, and erythritol, polyethers. Such 
as polyethylene glycol and polypropylene glycol, artificial 
Sweeteners, such as aspartame, acesulfame potassium, liquo 
rice extract, Saccharin, and Saccharin Sodium, and so on may 
also be added. Among these, the dentin mineralizing agent of 
the present invention preferably contains an inorganic filler, 
more preferably contains particles (E) of 0.002 to 2 um in 
average particle diameter selected from silica or metal oxides, 
and even more preferably contains silica particles (E) having 
an average particle diameter of 0.002 to 2 um. 
0051 Moreover, all pharmacologically acceptable drugs 
can be blended. For example, antibacterial agents typified by 
cetyl pyridinium chloride etc., disinfectants, anticancer 
drugs, antibiotics, blood circulation improvers, such as 
Actosin and PEG1, growth factors, such as bFGF, PDGF, and 
BMP cells which promote hard tissue formation, such as 
osteoblasts, odontoblasts, and anaplastic bone marrow 
derived stem cells, embryonic stem (ES) cells, induced pluri 
potent stem (iPS) cells produced by dedifferentiating differ 
entiated cells such as fibroblasts by gene introduction and 
cells produced by differentiating the foregoing can be 
blended. 
0052. It is preferred for the dentin mineralizing agent of 
the present invention that when a suspension is prepared by 
adding 0.05 g of the dentin mineralizing agent into 200 g of 
pure water of 25°C., a free alkali metalion concentration of 
the suspension at a time of 10 minutes after the adding is 0.2 
to 100 mg/L. Thanks to that the aforementioned free alkali 
metal ion concentration is within Such a range, there is an 
advantage that a dentin mineralizing agent good in dentin 
penetration inhibition ratio can be obtained. When the afore 
mentioned free alkali metal ion concentration is less than 0.2 
mg/L, conversion to hydroxyapatite may become less Smooth 
due to shortage of phosphate ions Supplied together with 
alkali metalions, resulting in a fear that a dentin mineralizing 
agent good in dentin penetration inhibition ratio is not 
obtained; it is more preferably 0.5 mg/L or more, even more 
preferably 1 mg/L or more. On the other hand, when the 
aforementioned free alkali metal ion concentration exceeds 
100 mg/L, conversion to hydroxyapatite may become less 
Smooth due to that phosphate ions are Supplied excessively 
together with alkali metalions, resulting in a fear that not only 
a dentin mineralizing agent good in a dentin penetration inhi 
bition ratio is not obtained but also excess sodium ions inhibit 
conversion to hydroxyapatite; it is more preferably 50 mg/L 
or less, even more preferably 30 mg/L or less. As the method 
of measuring free alkali metal ions, any arbitrary method can 
be chosen. It is possible to collect Supernatant of a suspension 
and then measure it with an ICP emission spectrophotometer 
or ion chromatography, and it is also permissible to use a 
measuring method in which an electrode that responds to 
alkali metalion concentration is soaked directly in a suspen 
S1O. 

0053. It is preferred for the dentin mineralizing agent of 
the present invention that a standard deviation O determined 
when an average of the free alkali metal ion concentration is 
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expressed by d satisfies OsO.3d, in other words, that a value 
(O/d) produced by dividing a standard deviation O by an 
averaged of the free alkali metal ion concentration is 0.3 or 
less. This improves the uniformity of the alkali metal salt of 
phosphoric acid (B), and there is an advantage that a dentin 
mineralizing agent better in dentin penetration inhibition 
ratio can be obtained. Particularly, since capability of closing 
dentinal tubules becomes good, there is an advantage that the 
effect of inhibiting hyperesthesia is enhanced. While the rea 
son for this is not necessarily clear, the following mechanism 
is presumed. That is, it seems that when the uniformity of the 
alkali metal salt of phosphoric acid (B) is not good, the alkali 
metal salt of phosphoric acid (B) is in agglomeration and the 
agglomerated alkali metal salt of phosphoric acid (B) is incor 
porated into dentinal tubule together with the dentin miner 
alizing agent prepared in the presence of water. It is consid 
ered that the agglomerated alkali metal salt of phosphoric 
acid (B) dissolves when the dentin mineralizing agent of the 
present invention has converted into HAp to form holes in the 
HAp, so that the dentin penetration inhibition ratio decreases. 
0054. It is preferred for the dentin mineralizing agent of 
the present invention that a dentin penetration inhibition ratio 
achieved when one side of a 700 um thick bovine tooth disc is 
treated with the dentin mineralizing agent satisfies the fol 
lowing formula (1). The dentin mineralizing agent of the 
present invention that satisfies the following formula (I) has 
an advantage that false enamel is formed on a dentin Surface 
to impart thereto caries resistance and treatment of hyperes 
thesia becomes possible because HAp deposits to a deep 
portion of a dentinal tubule and thereby the dentinal tubule is 
closed. 

1-(penetrated amount of a mineralized bovine tooth 
disc) (penetrated amount of an unmineralized bovine 
tooth disc)x100 70. . . (I). 

0055. In the present invention, a dentin mineralizing agent 
in paste form can be obtained by mixing a powder containing 
tetracalcium phosphate particles (A) and an alkali metal salt 
of phosphoric acid (B) with a liquid or aqueous paste con 
taining water as a main ingredient. Since this dentin miner 
alizing agent in paste form containing water starts to develop 
a reaction of immediate conversion into HAp, it is preferred to 
be prepared just prior to use at a medical site. A mixing 
operation is not particularly restricted, and manual mixing 
and mixing with a static mixer are preferably adopted. The 
present inventors have confirmed that a mineralization effect 
is highly achieved if the content of the alkali metal salt of 
phosphoric acid (B) is within an appropriate range. However, 
since the solubility of the alkali metal salt of phosphoric acid 
(B) to water is not so high, the above-mentioned mixing 
method in which the alkali metal salt of phosphoric acid (B) 
is added in a powder form is preferably adopted. 
005.6 Adentin mineralizing agent obtained in such a man 
ner is used preferably, for example, by applying it to a dentin 
Surface. The liquid containing water as a mainingredient may 
be either pure water or a liquid that contains water as a main 
ingredient and also contains other ingredients, and the aque 
ous paste containing water as a main ingredient represents a 
liquid in paste form that contains water as a main ingredient 
and also contains other ingredients. The other ingredients are 
not particularly restricted, and examples thereof include the 
aforementioned acidic calcium phosphate particles (C), poly 
hydric alcohols, such as glycerol, ethylene glycol, propylene 
glycol, and diglycerol, Sugar alcohols, such as Xylitol, Sorbi 
tol, and erythritol, polyethers, such as polyethylene glycol 
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and polypropylene glycol. When acidic calcium phosphate 
particles (C) are contained as the other ingredient, a method 
of adding a liquid or aqueous paste comprising water as a 
main ingredient and also comprising acidic calcium phos 
phate particles (C) to a powder or nonaqueous paste compris 
ing tetracalcium phosphate particles (A) and an alkali metal 
salt of phosphoric acid (B) and then mixing them. is also 
adopted preferably. 
0057 Moreover, in the present invention, a dentin miner 
alizing agent in paste form can be obtained also by add a 
liquid or aqueous paste comprising water as a mainingredient 
and also comprising the alkali metal salt of phosphoric acid 
(B) to a powder or nonaqueous paste comprising the tetracal 
cium phosphate particles (A) and then mix them. Here, since 
a reaction in which tetracalcium phosphate particles (A) dis 
Solve to be converted to HAp occurs gradually in the presence 
of water, it is impossible to store a liquid or aqueous paste 
comprising water as a main ingredient with tetracalcium 
phosphate particles (A) having been mixed beforehand. 
Therefore, a method is preferably adopted in which a powder 
or a nonaqueous paste comprising a solvent other than water 
as a main ingredient comprising tetracalcium phosphate par 
ticle (A) is mixed with a liquid comprising water as a main 
ingredient and also comprising an alkali metal salt of phos 
phoric acid (B), and the method has an advantage that an 
operation to be done in preparing the agent by mixing just 
before use is convenient. The solvent other than water to be 
used for the nonaqueous paste is not particularly restricted, 
and examples thereof include polyhydric alcohols, such as 
glycerol, ethylene glycol, propylene glycol, and diglycerol, 
and polyethers, such as polyethylene glycol and polypropy 
lene glycol. 
0058. In the present invention, it is preferred that a powder 
comprising the tetracalcium phosphate particles (A) and the 
alkali metal salt of phosphoric acid (B) or a powder compris 
ing the tetracalcium phosphate particles (A), the alkali metal 
salt of phosphoric acid (B), and acidic calcium phosphate 
particles (C) is mixed beforehand. Since this makes capability 
of closing dentinal tubules good, there is an advantage that the 
effect of inhibiting hyperesthesia is enhanced. Therefore, the 
dentin mineralizing agent of the present invention is used 
suitably as a dentinal hypersensitivity inhibitor as described 
later. Here, it is preferred to use at least one device selected 
from among a jet mill, a pestle and mortar machine, a ball 
mill, a high-speed rotation mill, a planetary mill, a hybridizer, 
a mechanofusion machine, or a mixing extruder, in the mix 
ing. From the viewpoint of enhancing the capability of clos 
ing dentinal tubules, it is preferred to use at least one device 
selected from among a ball mill, a pestle and mortar machine, 
a high-speed rotation mill, and a jet mill. 
0059. The dentin mineralizing agent of the present inven 
tion is used suitably for various applications such as a tooth 
Surface-treating material, a dentifrice, or chewing gum. Since 
a reaction in which tetracalcium phosphate particles (A) dis 
Solve to be converted to HAp occurs gradually in the presence 
of water, an embodiment in which water is Supplied appro 
priately in use. Such as a dentifrice and chewing gum, is 
permitted and an embodiment in which the agent is mixed 
appropriately with a liquid agent just prior to use. Such as a 
tooth Surface-treating material, is also permitted. Moreover, 
the dentin mineralizing agent of the present invention can 
close dentinal tubules through the above-described deposi 
tion of HAp to a deep portion of a dentinal tubule; from such 
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a viewpoint, a dentinal hypersensitivity inhibitor composed 
of the dentin mineralizing agent is a preferred embodiment of 
the present invention. 
0060. It has been revealed by the present inventors that it is 
possible to close dentinal tubules by at least one treatment by 
rubbing a dentin surface with a dentinal hypersensitivity 
inhibitor composed of the dentin mineralizing agent compris 
ing tetracalcium phosphate particles (A) and an alkali metal 
salt of phosphoric acid (B), wherein the dentinal hypersensi 
tivity inhibitor further comprises acidic calcium phosphate 
particles (C), the tetracalcium phosphate particles (A) has an 
average particle diameter of 0.5 to 40 um, the blended amount 
of the tetracalcium phosphate particles (A) relative to 100 
parts by weight of the whole amount of the dentinal hyper 
sensitivity inhibitor is 5 to 55 parts by weight. While the 
reason for this is not necessarily clear, the following mecha 
nism is presumed. 
0061 That is, when a dentinal hypersensitivity inhibitor 
containing tetracalcium phosphate particles (A), an alkali 
metal salt of phosphoric acid (B), and acidic calcium phos 
phate particles (C) in certain amounts is prepared in the pres 
ence of water and then is rubbed into a dentin surface, it seems 
that calcium ions and phosphate ions Supplied from the tet 
racalcium phosphate particles (A), the alkali metal salt of 
phosphoric acid (B) and the acidic calcium phosphate par 
ticles (C) react together, so that energetically stable HAp is 
deposited. It seems that at this time the fine crystals of HAp 
are inserted into dentinal tubules together with a liquid agent 
containing the dentinal hypersensitivity inhibitor, so that the 
fine crystals of the HAp inserted into the dentinal tubules are 
grown due to the calcium ions and the phosphate ions con 
tained in the liquid agent and they become dense to unite with 
dentin at this time. Since this makes capability of closing 
dentinal tubules good, the effect of inhibiting hyperesthesia is 
enhanced. 
0062. Therefore, a dentinal hypersensitivity inhibitor 
characterized by being an agent to be used for closing dentinal 
tubules by rubbing a dentin surface therewith is a preferred 
embodiment of the present invention. Moreover, a method for 
inhibiting dentinal hyperSensitivity by rubbing a dentin Sur 
face with such a dentinal hypersensitivity inhibitor is also a 
preferred embodiment of the present invention. 
0063 Another preferred embodiment of the present inven 
tion is a dentinal hypersensitivity inhibitor composed of the 
dentin mineralizing agent comprising tetracalcium phosphate 
particles (A) and an alkali metal salt of phosphoric acid (B), 
wherein when a Suspension is prepared by adding 0.05 g of 
the dentinal hypersensitivity inhibitor into 200g of pure water 
of 25°C., a free alkali metal ion concentration of the suspen 
sion at a time of 10 minutes after the adding is 0.2 to 100 
mg/L. 
0064. The dentin mineralizing agent of the present inven 
tion may be in an embodiment that moisture is appropriately 
Supplied in use as mentioned above and also may be in an 
embodiment that it is mixed appropriately with a liquid agent 
just before use. Therefore, a dentin mineralizing agent kit 
composed of a powder or nonaqueous paste comprising tet 
racalcium phosphate particles (A) and an alkali metal salt of 
phosphoric acid (B) and a liquid or aqueous paste comprising 
water as a main ingredient is one of the embodiments of the 
present invention. Moreover, a dentin mineralizing agent kit 
composed of a powder or nonaqueous paste comprising tet 
racalcium phosphate particles (A), an alkali metal salt of 
phosphoric acid (B), and acidic calcium phosphate particles 
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(C) and a liquid or aqueous paste comprising water as a main 
ingredient is one of the embodiments of the present invention. 
Moreover, a dentin mineralizing agent kit composed of a 
powder or nonaqueous paste comprising tetracalcium phos 
phate particles (A) and a liquid or aqueous paste comprising 
water as a mainingredient and also comprising analkali metal 
salt of phosphoric acid (B) is one of the embodiments of the 
present invention. Moreover, a dentin mineralizing agent kit 
composed of a powder or nonaqueous paste comprising tet 
racalcium phosphate particles (A), a powder or nonaqueous 
paste comprising an alkali metal salt of phosphoric acid (B), 
and a liquid or aqueous paste comprising water as a main 
ingredient is also one of the embodiments of the present 
invention. 

0065. Furthermore, a dentinal hypersensitivity inhibitor 
kit composed of a powder or nonaqueous paste comprising 
tetracalcium phosphate particles (A) and an alkali metal salt 
of phosphoric acid (B) and a liquid oraqueous paste compris 
ing water as a main ingredient and also comprising acidic 
calcium phosphate particles (C) is one of the embodiments of 
the present invention. Moreover, a dentinal hypersensitivity 
inhibitor kit composed of a powder or nonaqueous paste 
comprising tetracalcium phosphate particles (A), a powder or 
nonaqueous paste comprising an alkali metal salt of phospho 
ric acid (B), a powder or nonaqueous paste comprising acidic 
calcium phosphate particles (C), and a liquid or aqueous paste 
comprising water as a main ingredient is also one of the 
embodiments of the present invention. 

EXAMPLES 

0066. The present invention is explained below more con 
cretely by way of Examples. In the Examples, as to each of the 
average particle diameters of tetracalcium phosphate par 
ticles (A), alkali metal salt of phosphoric acid (B) particles, 
acidic calcium phosphate particles (C), and sodium fluoride 
(D) particles, measurement was conducted using a laser dif 
fraction type particle size distribution analyzer (“SALD 
2100” manufactured by Shimadzu Corporation), and a 
median diameter calculated from the result of the measure 
ment was defined as an average particle diameter. 

Preparation of Bovine Tooth for Mineralization 

0067. A cheek-side center of a healthy bovine incisor 
tooth was trimmed with #80, #1000 sand papers by using a 
rotary grinder, so that dentin was exposed. The ground Sur 
face of the bovine tooth disc was further polished with wrap 
ping films (#1200, #3000, #8000, produced by Sumitomo 3M 
Ltd.) to be smoothened. This dentin portion was masked with 
manicure with a window of a test portion as large as 7 mm in 
both the ordinate direction and the abscissa direction (here 
inafter referred to as a “dentin window) left unmasked and 
was air-dried for one hour. As to this bovine tooth, a solution 
prepared by diluting a 0.5-M EDTA solution (produced by 
Wako Pure Chemical Industries, Ltd.) five times was applied 
to the dentin window for 30 seconds to perform demineral 
ization, followed by washing with water for 30 minutes or 
more. Moreover, it was cleaned by application of a 10% 
sodium hypochlorite solution (Neo-Cleaner “SEKINE pro 
duced by Neo Dental Chemical Products Co., Ltd.) for two 
minutes and then was washed in distilled water for about 30 
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minutes and air-dried for one hour, so that abovine tooth to be 
used for mineralization was prepared. 

Preparation of Artificial Saliva 
0068 Sodium chloride (8.77 g. 150 mmol), potassium 
dihydrogen phosphate (122 mg, 0.9 mmol), calcium chloride 
(166 mg, 1.5 mmol), and Hepes (4.77 g. 20 mmol) were 
separately weighed out on weighing dishes and then added 
one after another to a 2000-ml beaker containing about 800 
ml of distilled water. After confirmation of complete dissolu 
tion of the solutes, pH was adjusted to 7.0 by dropping a 10% 
aqueous Sodium hydroxide Solution while measuring the 
acidity of the solution with a pH meter (F55, manufactured by 
HORIBA, Ltd.). Subsequently, this solution was added to a 
1000-ml volumetric flask and diluted, so that 1000 ml of 
artificial saliva was obtained. 

Example 1 

Preparation of a dentin mineralizing agent 

1) Preparation of tetracalcium phosphate particles 
(A) 

0069. The tetracalcium phosphate particles (A1) (average 
particle diameter=23.1 um) to be used in this example were 
prepared by pulverizing crude tetracalcium phosphate pre 
pared by the following procedures. A cake-like equimolar 
mixture was obtained by adding commercially available 
dicalcium phosphate anhydrous particles (Product No. 1430, 
made by J.T. Baker Chemical Co., NJ) and calcium carbonate 
(Product No. 1288, made by J.T. Baker Chemical Co., NJ) in 
equimolar amount to water, followed by stirring for one hour, 
filtering and drying. The cake-like equimolar mixture was 
heated in an electric furnace (FUS732PB, manufactured by 
ADVANTEC MFS, INC.) at 1500° C. for 24 hours, and then 
a tetracalcium phosphate lump was prepared by cooling the 
mixture to room temperature in a desiccator. The resulting 
lump was further ground roughly in a mortar and then 
screened to remove fine powders and tetracalcium phosphate 
masses, thereby adjusting the particle size to a range of 0.5 to 
3 mm, so that crude tetracalcium phosphate was obtained. 100 
g of this crude tetracalcium phosphate and 200 g of Zirconia 
ball 20 mm in diameter were added to a 400-ml pulverization 
pot made of alumina (“Type A-3 HD Pot Mill' manufactured 
by Nikkato Corporation) and then were pulverized at a rota 
tion speed of 150 rpm for 15 hours, so that tetracalcium 
phosphate particles (A1) were obtained. 

(2) Preparation of Alkali Metal Salt of Phosphoric 
Acid (B) Particles 

0070. As one example of alkali metal salt of phosphoric 
acid (B) particles, the disodium hydrogen phosphate (B) par 
ticles to be used in this Example (1.7 um in average particle 
diameter) were obtained in the following manner. A slurry 
was obtained resulting from addition of 50 g of commercially 
available disodium hydrogen phosphate particles (produced 
by Wako Pure Chemical Industries, Ltd.), 240 g of 95% 
ethanol (“Ethanol (95)” produced by Wako Pure Chemical 
Industries, Ltd.) and 480 g of zirconia balls having a diameter 
of 10 mm into a 1000-ml grinding pot made of alumina 
(“HD-B-104 Pot Mill” manufactured by Nikkato Corpora 
tion) and Subsequent wet vibration pulverization at a rotation 
speed of 1500 rpm for 5 hours. Then, the slurry was subjected 
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to evaporation of ethanol with a rotary evaporator, followed 
by vacuum drying at 60°C. for 6 hours. 

(3) Preparation of Acidic Calcium Phosphate Particle 
(C) 

0071. As one example of the acidic calcium phosphate 
particles (C), the dicalcium phosphate anhydrous particles 
(C1) to be used in this Example (1.1 um in average particle 
diameter) were obtained in the following manner. A slurry 
was obtained resulting from addition of 50 g of commercially 
available dicalcium phosphate anhydrous particles (Product 
No. 1430, produced by J. T. Baker Chemical Co., 10.2 um in 
average particle diameter), 240 g of 95% ethanol ("Ethanol 
(95) produced by Wako Pure Chemical Industries, Ltd.) and 
480 g of zirconia balls having a diameter of 10 mm into a 
1000-ml grinding pot made of alumina (“HD-B-104 Pot 
Mill' manufactured by Nikkato Corp.) and subsequent wet 
vibration pulverization at a rotation speed of 1500 rpm for 15 
hours. Then, the slurry was subjected to evaporation of etha 
nol with a rotary evaporator, followed by vacuum drying at 
60° C. for 6 hours. 

(4) Preparation of Powder Agent for Dentin 
Mineralizing Agent 

0072 A powder agent for a dentin mineralizing agent was 
obtained by adding 26.2 g of the tetracalcium phosphate 
particles (A1) obtained above, 5 g of disodium hydrogen 
phosphate (B) particles, 9.8g of dicalcium phosphate anhy 
drous particles (C1), and 0.21 g of sodium fluoride (D) par 
ticles (average particle diameter 0.7 um) pulverized by the 
method disclosed in JP 2-258602A to a high-speed rotation 
mill (“SM-1” manufactured by AS ONE Corporation) and 
then mixing them at a rotation speed of 1000 rpm for 3 
minutes. The method for preparing a powder agent in which 
it is obtained by performing mixing in Such a way was named 
“Method 1. 

(5) Preparation of Paste in Liquid Form for Dentin 
Mineralizing Agent 

0073. A paste in liquid form for a dentin mineralizing 
agent was obtained by emulsifying and dispersing 1000 g of 
glycerol (produced by Wako Pure Chemical Industries, Ltd.), 
500g of propylene glycol (produced by Wako Pure Chemical 
Industries, Ltd.), 500 g of xylitol (produced by Wako Pure 
Chemical Industries, Ltd.), 300 g of polyethylene glycol 
(Macrogol 400, produced by Sanyo Chemical Industries, 
Ltd.), 5 g of cetyl pyridinium chloride monohydrate (pro 
duced by Wako Pure Chemical Industries, Ltd.), 400 g of 
silica particles (E) (AEROSIL 130” produced by Degussa 
Co., average particle diameter=0.016 um), and 1174 g of 
distilled water using a universal mixer (manufactured by 
Powlex Co., Ltd.). 

(6) Preparation of Dentin Mineralizing Agent 

0074 Adentin mineralizing agent was prepared by weigh 
ing out the powder agent obtained in the above-described (4) 
in an amount of 0.41 gaccurately and then adding thereto 0.59 
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g of the paste in liquid form obtained in the above-described 
(5). The composition of the dentin mineralizing agentis Sum 
marized in Table 1. 

Measurement of Alkali Metal Ion Concentration 
(0075 To 200 g of pure water of 25°C. under stirring on a 
magnetic stirrer was added 0.05 g of the above-described 
powder agent for a dentin mineralizing agent. At a time of 10 
minutes from the adding of the powder agent, stirring was 
stopped and the resulting Supernatant was collected and fil 
tered through a membrane filter, and then the free sodium ion 
concentration of the powder agent slurry was measured 
(n=50) by using an ICP atomic emission spectrometer (IRIS 
AP, manufactured by Japan Jarrel-Ash). The average (d) of 
the sodium ion concentration of the powder agent in Example 
1 was 10.4 mg/L, and the value (O/d) produced by dividing the 
standard deviation (a) of the sodium ion concentration by (d) 
was 0.06. The results obtained are summarized in Table 1. 

Mineralization Test 
0076. The bovine tooth for mineralization prepared above 
was immersed in distilled water and left at rest for 30 minutes, 
and then the dentin mineralizing agent in paste form was 
applied to a dentin window and then mineralized by perform 
ing incubation for 30 minutes under conditions of 37° C. 
100% RH. Then, the dentin mineralizing agent was washed 
away with distilled water, followed by storage in the artificial 
saliva at 37° C. The application of the dentin mineralizing 
agent was carried out once a day, continuously seven times in 
total. The sample was immersed always in the artificial saliva 
except for the times of the operations of application and 
removal of the dentin mineralizing agent. The artificial saliva 
was changed everyday (n=5). 

Morphological Evaluation 
(1) Preparation of Epoxy Resin 
0077. The preparation of an epoxy resin was performed in 
accordance with the Luft method, and there was used a 
method that comprises mixing an epoxy resin and a curing 
agent uniformly and then adding an accelerator. To a 100-ml 
disposable cup, 41 ml of Luveak 812 (epoxy resin, produced 
by Nacalai Tesque, Inc.), 31 ml of Luveak MNA (curing 
agent, produced by Nacalai Tesque, Inc.), and 10 ml of 
Luveak DDSA (curing agent, produced by Nacalai Tesque, 
Inc.) were measured with disposable syringes respectively 
and added, and then were stirred for 10 minutes. To the 
resultant was dropped slowly under stirring 1.2 ml of Luveak 
DMP-30 (accelerator, produced by Nacalai Tesque, Inc.) 
measured in a disposable Syringe, and stirring was continued 
for additional 10 minutes after the addition, thereby complet 
ing the preparation. 

(2) Production of Sample for SEM Observation 
0078. The mineralized bovine tooth was removed from the 
artificial saliva and was washed with water, and then it was 
immersed into a 70% aqueous ethanol solution contained in a 
vial. Immediately after the immersion, the vial was moved 
into a desiccator and was placed under a reduced pressure 
condition for 10 minutes. Then, the vial was taken out from 
the desiccator and it was attached to a low-speed stirrer (TR 
118, manufactured by AS-ONE), followed by stirring at a 
rotation speed of about 4 rpm for 1 hour. The same operations 
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were performed using a 80% aqueous ethanol solution, a 90% 
aqueous ethanol Solution, a 99% aqueous ethanol solution, 
and 100% ethanol (twice), wherein the bovine tooth was 
immersed in the second 100% ethanol continuously for one 
night. Next day, the same operations were carried out sequen 
tially for a 1:1 mixed solvent of propylene oxide and ethanol 
and for 100% propylene oxide (twice), wherein the bovine 
tooth was immersed in the second propylene oxide continu 
ously for one night. Moreover, the same operations were 
carried out also for a mixed solution of epoxy resin: propylene 
oxide 1:1, a mixed solution of epoxy resin: propylene 
oxide 4:1, and 100% epoxy resin (twice). As for these, the 
immersion time was determined to be two hours. Finally, the 
bovine tooth sample was put into a plastic container in which 
an epoxy resin was contained, and a curing reaction was 
carried out at 45° C. for one day and at 60°C. for two days. 
After the completion of the curing, the sample was cut 
together with the polyethylene container along a direction 
perpendicular to a demineralized surface by using a precision 
low-speed cutter (ISOMET1000, manufactured by BUE 
HLER), so that a slice of about 1 mm in thickness having a 
cross section of a portion to be tested was obtained. This slice 
was polished with wrapping films (#1200, #3000, #8000, 
produced by Sumitomo 3M Ltd.) to form a sample for SEM 
observation (n=5). 

(3) SEM Observation 
007.9 For SEM measurement was used an S-3500N 
(manufactured by Hitachi High-Technologies Corporation). 
The thickness of a hydroxyapatite layer formed on a dentin 
Surface and the deepest distance from a mineralized dentin 
surface at which distance the closure of dentinal tubules could 
be observed were measured at an accelerating Voltage of 15 
kV. The average thickness of the hydroxyapatite layer on the 
bovine dentin surface mineralized by the above-mentioned 
dentin mineralizing agent was 16 um, and the deepest dis 
tance at which the dentinal tubule closure by hydroxyapatite 
could be observed was 323 um on average. The results 
obtained are summarized in Table 4. As can be recognized 
from the SEM photographs of FIG. 1 and FIG. 2, it was 
confirmed that an HAplayer was formed on a dentin Surface 
and dentinal tubules was closed by HAp as a result of the 
application of the dentin mineralizing agent of the present 
invention to the dentin Surface. 

Dentin Penetration Inhibition Ratio Evaluation 
(1) Preparation of Bovine Tooth Disc for Mineralization 
0080 A cheek-side center of a healthy bovine incisor 
tooth was trimmed with #80, #1000 sand papers by using a 
rotary grinder, so that it was shaped into a disc form about 1.5 
cm in diameter and 0.9 mm in thickness. The ground Surface 
of the bovine tooth disc was further polished with wrapping 
films (#1200, #3000, #8000, produced by Sumitomo 3M 
Ltd.) to have a thickness of 0.7 mm and be smoothened. As to 
both surfaces of this bovine tooth, a solution prepared by 
diluting a 0.5-M EDTA solution (produced by Wako Pure 
Chemical Industries, Ltd.) five times was applied to the dentin 
window for 180 seconds to perform demineralization, fol 
lowed by washing with distilled water for about 30 seconds. 
Moreover, it was cleaned by applying a 10% sodium 
hypochlorite solution (Neo-Cleaner “SEKINE’ produced by 
Neo Dental Chemical Products Co., Ltd.) to it for 120 seconds 
and then was washed in distilled water for about 30 minutes, 
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so that a bovine tooth disc to be used for dentin penetration 
inhibition ratio evaluation was prepared. 

(2) Mineralization Test 
I0081. The bovine tooth disc for mineralization prepared 
above was immersed in distilled water and left at rest for 30 
minutes, and then the dentin mineralizing agent in paste form 
was applied to one of the disc Surfaces (enamel side) and then 
mineralized by performing incubation for 30 minutes under 
conditions of 37°C., 100% RH. Then, the dentin mineralizing 
agent was washed away with distilled water, followed by 
storage in the artificial saliva at 37°C. The application of the 
dentin mineralizing agent was carried out to the same Surface 
once a day, continuously seventimes in total. The sample was 
immersed always in the artificial saliva except for the times of 
the operations of application and removal of the dentin min 
eralizing agent. The artificial saliva was changed every day 
(n=5). 
(3) Dentin penetration inhibition ratio evaluation test 
I0082 Evaluation of a dentin penetration inhibition ratio 
was performed using a method according to the method of 
Pashley et al. (D. H. PASHLEY et al., J. Dent. Res.65:417 
420, 1986: K. C. Y. TAY et al., J. Endod. 33:1438–1443, 
2007). The same device was installed, and the mineralized 
bovine tooth was installed and fixed to a dividable chamber 
jig so that a liquid could penetrate in a direction from dental 
pulp towardenamel. The dentin surface to receive pressure of 
phosphate-buffered saline (Dulbecco's PBS, Grand Island 
Biological Company, Grand Island, N.Y.) was standardized to 
a surface area of 78.5 mm (5 mm in diameter) using an Oring 
and was pressurized at 10 psi (69 kPa), and then a penetrated 
amount was measured after a lapse of 24 hours. Moreover, a 
penetrated amount of a bovine tooth disc having not been 
Subjected to the mineralization was measured by the same 
operation, and a penetration inhibition ratio was calculated 
using the following formula. The penetration inhibition ratio 
of the bovine tooth disc mineralized by Example 1 was 85%. 
The results obtained are summarized in Table 4. Penetration 
inhibition ratio (%)={1-(penetrated amount of a mineralized 
bovine tooth disc)/(penetrated amount of an unmineralized 
bovine tooth disc)}x100 

Example 2 

I0083. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for failing to use the 
dicalcium phosphate anhydrous particles (C1) and preparing 
the rest by using purified water in Example 1, and then mea 
Surement of an alkali metalion concentration, morphological 
evaluation, and dentin penetration inhibition ratio evaluation 
were performed. The composition of the dentin mineralizing 
agent used is Summarized in Table 1, and the evaluation 
results obtained are summarized in Table 4. 

Example 3 

I0084. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for preparing it by 
adding the disodium hydrogen phosphate (B) particles to the 
paste in liquid form instead of by adding to the powder agent 
in Example 1, and then measurement of an alkali metal ion 
concentration, morphological evaluation, and dentin penetra 
tion inhibition ratio evaluation were performed. The compo 
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sition of the dentin mineralizing agent used is Summarized in 
Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 4 

0085. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
0.5 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 5 

I0086 A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for preparing it by 
adding 0.5 parts by weight of the disodium hydrogen phos 
phate (B) particles to the paste in liquid form instead of by 
adding 5 parts by weight of the disodium hydrogen phosphate 
(B) particles to the powder agent and preparing the rest by 
using purified water in Example 1, and then measurement of 
an alkali metal ion concentration, morphological evaluation, 
and dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentin mineralizing agent 
used is summarized in Table 1, the evaluation results obtained 
are summarized in Table 4. 

Example 6 

0087. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
25 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 7 

0088 A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for preparing it by 
adding 25 parts by weight of the disodium hydrogen phos 
phate (B) particles to the paste in liquid form instead of by 
adding 5 parts by weight of the disodium hydrogen phosphate 
(B) particles to the powder agent and preparing the rest by 
using purified water in Example 1, and then measurement of 
an alkali metal ion concentration, morphological evaluation, 
and dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentin mineralizing agent 
used is Summarized in Table 1, and the evaluation results 
obtained are summarized in Table 4. 

Example 8 

0089. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
2.5 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
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position of the dentin mineralizing agent used is Summarized 
in Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 9 
0090. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
12 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 10 
0091. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
18 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 11 
0092. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 73.5 
parts by weight and the used amount of the disodium hydro 
gen phosphate (B) particles to 14 parts by weight and failing 
to use the dicalcium phosphate anhydrous particles (C1). 
glycerol, propylene glycol. Xylitol, polyethylene glycol, and 
the silica particles (E) in and preparing the rest by using 
purified water Example 1, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentin mineralizing agent used is 
summarized in Table 1, and the evaluation results obtained are 
summarized in Table 4. 

Example 12 
0093. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 49 
parts by weight and the used amount of the disodium hydro 
gen phosphate (B) particles to 9.3 parts by weight and failing 
to use the dicalcium phosphate anhydrous particles (C1). 
glycerol, propylene glycol. Xylitol, polyethylene glycol, and 
the silica particles (E) and preparing the rest with purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 13 
0094. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 2.62 
parts by weight and the used amount of the dicalcium phos 
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phate anhydrous particles (C1) to 0.98 parts by weight, pre 
paring the agent by adding 0.5 parts by weight of disodium 
hydrogen phosphate (B) particles to the paste in liquid form 
instead of preparing it by adding 5 parts by weight of the 
disodium hydrogen phosphate (B) particles to the powder 
agent, and preparing the rest by using purified water in 
Example 1, and then measurement of an alkali metal ion 
concentration, morphological evaluation, and dentin penetra 
tion inhibition ratio evaluation were performed. The compo 
sition of the dentin mineralizing agent used is Summarized in 
Table 1, and the evaluation results obtained are summarized 
in Table 4. 

Example 14 

0095. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 2.62 
parts by weight, the used amount of the disodium hydrogen 
phosphate (B) particles to 0.5 parts by weight, and the used 
amount of the dicalcium phosphate anhydrous particles (C1) 
to 0.98 parts by weight and preparing the rest by using puri 
fied water in Example 1, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentin mineralizing agent used is 
summarized in Table 1, and the evaluation results obtained are 
summarized in Table 4. 

Example 15 

0096. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 5.24 
parts by weight, the used amount of the disodium hydrogen 
phosphate (B) particles to 1 part by weight, and the used 
amount of the dicalcium phosphate anhydrous particles (C1) 
to 1.96 parts by weight and preparing the rest by using puri 
fied water in Example 1, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentin mineralizing agent used is 
summarized in Table 2, and the evaluation results obtained are 
summarized in Table 4. 

Example 16 

0097. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 13.1 
parts by weight, the used amount of the disodium hydrogen 
phosphate (B) particles to 2.5 parts by weight, and the used 
amount of the dicalcium phosphate anhydrous particles (C1) 
to 4.9 parts by weight in and preparing the rest by using 
purified water Example 1, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentin mineralizing agent used is 
summarized in Table 2, and the evaluation results obtained are 
summarized in Table 4. 

Example 17 

0098. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for using 5 parts by 
weight of sodium dihydrogen phosphate (B) particles instead 
of using 5 parts by weight the disodium hydrogen phosphate 
(B) particles in Example 1, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 

Feb. 2, 2012 

tin penetration inhibition ratio evaluation were performed. 
The composition of the dentin mineralizing agent used is 
summarized in Table 2, and the evaluation results obtained are 
summarized in Table 4. 

Example 18 

0099. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for preparing it by 
adding 5 parts by weight of sodium dihydrogen phosphate (B) 
particles to the paste in liquid form instead of by adding 5 
parts by weight of the disodium hydrogen phosphate (B) 
particles to the powder agent and preparing the rest by using 
purified water in Example 1, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentin mineralizing agent 
used is Summarized in Table 2, and the evaluation results 
obtained are summarized in Table 4. 

Example 19 

0100. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for failing to use the 
Sodium fluoride (D) particles and preparing the rest by using 
purified water in Example 1, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentin mineralizing agent 
used is Summarized in Table 2, and the evaluation results 
obtained are summarized in Table 4. 

Example 20 

0101. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for using 12.3 parts by 
weight of dicalcium phosphate dihydrate particles (C) (aver 
age particle diameter 1.2 Lum) instead of using 9.8 parts by 
weight of the dicalcium phosphate anhydrous particles (C1) 
and preparing the rest with purified water in Example 1, and 
then measurement of an alkali metalion concentration, mor 
phological evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentin 
mineralizing agent used is Summarized in Table 2, and the 
evaluation results obtained are summarized in Table 4. Here, 
the above-mentioned dicalcium phosphate dihydrate par 
ticles (C) (average particle diameter=1.2 Lum) were obtained 
by the same method as that used for preparing the dicalcium 
phosphate anhydrous particles (C1) in Example 1 using com 
mercially available dicalcium phosphate dihydrate particles 
(produced by Wako Pure Chemical Industries, Ltd., average 
particle diameter=19 um). 

Example 21 

0102. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for using 16.7 parts by 
weight of monocalcium phosphate anhydrous particles (C) 
(average particle diameter 1.1 um) instead of using 9.8 parts 
by weight of the dicalcium phosphate anhydrous particles 
(C1) and preparing the rest with purified water in Example 1, 
and then measurement of an alkali metal ion concentration, 
morphological evaluation, and dentin penetration inhibition 
ratio evaluation were performed. The composition of the den 
tin mineralizing agent used is Summarized in Table 2, and the 
evaluation results obtained are summarized in Table 4. Here, 
the above-mentioned monocalcium phosphate anhydrous 
particles (C) (average particle diameter 1.1 um) were 
obtained by the same method as that used for preparing the 
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dicalcium phosphate anhydrous particles (C1) in Example 1 
using commercially available monocalcium phosphate anhy 
drous particles (produced by Wako Pure Chemical Industries, 
Ltd., average particle diameter-18 um). 

Example 22 

0103) A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for using 15.4 parts by 
weight of calcium dihydrogen pyrophosphate particles (C) 
(average particle diameter -1.0 Lm) instead of using 9.8 parts 
by weight of the dicalcium phosphate anhydrous particles 
(C1) and preparing the rest with purified water in Example 1, 
and then measurement of an alkali metal ion concentration, 
morphological evaluation, and dentin penetration inhibition 
ratio evaluation were performed. The composition of the den 
tin mineralizing agent used is Summarized in Table 2, and the 
evaluation results obtained are summarized in Table 4. Here, 
the above-mentioned calcium dihydrogen pyrophosphate 
particles (C) (average particle diameter 1.0 um) were 
obtained by the same method as that used for preparing the 
dicalcium phosphate anhydrous particles (C1) in Example 1 
using commercially available calcium dihydrogen pyrophos 
phate particles (produced by Taihei Chemical Industrial Co., 
Ltd., average particle diameter 13 um). 

Example 23 

0104. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 18.4 
parts by weight and the used amount of the disodium hydro 
gen phosphate (B) particles to 3.5 parts by weight and pre 
paring the rest by using purified water in Example 1, and then 
measurement of an alkali metal ion concentration, morpho 
logical evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentin 
mineralizing agent used is Summarized in Table 2, and the 
evaluation results obtained are summarized in Table 4. 

Example 24 
0105. A dentin mineralizing agent was prepared by mix 
ing a nonaqueous paste prepared using 26.2 parts by weight of 
tetracalcium phosphate particles (A1), 0.21 parts by weight of 
sodium fluoride (D) particles, 0.5 parts by weight of silica 
particles (E), 18.09 parts by weight of glycerol and 5 parts by 
weight of propylene glycol with an aqueous paste prepared 
using 5 parts by weight of disodium hydrogen phosphate (B) 
particles, 9.8 parts by weight of dicalcium phosphate anhy 
drous particles (C1), 5 parts by weight of xylitol, 3 parts by 
weight of polyethylene glycol, 0.05 parts by weight of cetyl 
pyridinium chloride monohydrate, 3.5 parts by weight of 
silica particles (E) and prepared the rest by using purified 
water instead of preparing the powder agent and the paste in 
liquid form in Example 1, and morphological evaluation and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentin mineralizing agent 
used is summarized in Table 3, and the evaluation results 
obtained are summarized in Table 4. 

Comparative Example 1 

0106. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
0.2 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
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etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 2, and the evaluation results obtained are summarized 
in Table 4. 

Comparative Example 2 

0107. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for preparing it by 
adding 0.2 parts by weight of the disodium hydrogen phos 
phate (B) particles to the paste in liquid form and preparing 
the rest by using purified water instead of by adding 5 parts by 
weight of the disodium hydrogen phosphate (B) particles to 
the powder agent in Example 1, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentin mineralizing agent 
used is Summarized in Table 2, and the evaluation results 
obtained are summarized in Table 4. 

Comparative Example 3 

0108. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the disodium hydrogen phosphate (B) particles to 
27 parts by weight and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 2, and the evaluation results obtained are summarized 
in Table 4. 

Comparative Example 4 

0109. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 81.3 
parts by weight and the used amount of the disodium hydro 
gen phosphate (B) particles to 15.5 parts by weight and failing 
to use the dicalcium phosphate anhydrous particles (C1). 
glycerol, propylene glycol. Xylitol, polyethylene glycol, and 
the silica particles (E) and preparing the rest by using purified 
water in Example 1, and then measurement of an alkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentin mineralizing agent used is Summarized 
in Table 2, and the evaluation results obtained are summarized 
in Table 4. 

Comparative Example 5 

0110. A dentin mineralizing agent was prepared in the 
same manner as in Example 1 except for adjusting the used 
amount of the tetracalcium phosphate particles (A1) to 0.87 
parts by weight, the used amount of the disodium hydrogen 
phosphate (B) particles to 0.17 parts by weight, and the used 
amount of the dicalcium phosphate anhydrous particles (C1) 
to 0.33 parts by weight and preparing the rest by using puri 
fied water in Example 1, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentin mineralizing agent used is 
summarized in Table 2, and the evaluation results obtained are 
summarized in Table 4. 
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Nonacqueous 
paste 

Aqueous 
paste 

Total 

TABLE 3 

Tetracalcium arts 
phosphate weigh 
particle (A) 
Sodium fluoride arts 
(D) particle weigh 
Silica particle arts 
(E weigh 
Glycerol arts 

weigh 
Propylene arts 
glycol weigh 
Disodium arts 
hydrogen weigh 
phosphate (B) 
particle 
Sodium arts 
dihydrogen weigh 
phosphate (B) 
particle 
Dicalcium arts 
phosphate weigh 
anhydrous 
particle (C) 
Xylitol arts 

weigh 
Polyethylene arts 
glyco weigh 
Cetylpyridinium (parts 
chloride weigh 
Silica particle arts 

(E) weigh 
Purified water arts 

weigh 

arts 
weigh 

Blended amount of (B) to 100 parts by weight 
of (A) (parts by weightiparts by weight) 
Mixing ratio (AC) (mol/mol) 

Tetracalcium phosphate particle (A1): average particle diameter = 23.1 um 

Example 
24 

26.2 

(A1) 

18.09 

9.8 

(C1) 

O.OS 

3.5 

23.65 

100 

19 

1 

17 

Example 
49 

36.5 
A4 

O.21 

6.29 

13.5 

(C1) 

O.OS 

21.45 

100 

19 

Dicalcium phosphate anhydrous particle (C1); average particle diameter = 1.1 um 

Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 

TABLE 4 

Morphological evaluation 

HAplayer 
thickness 

(Lm) 

Penetration 

HAp inhibition 
mineralization ratio 
depth (Lm) (%) 

323 85 
126 29 
268 77 
191 43 
185 41 
350 8O 
335 78 
252 64 
331 83 
342 81 
212 51 
2S4 63 
185 42 
18O 39 
219 46 
258 61 
221 53 
259 74 
305 79 
32O 84 
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TABLE 4-continued 

Morphological evaluation Penetration 

HAplayer HAp inhibition 
thickness mineralization ratio 

(Lm) depth (Lm) (%) 

Example 21 9 361 81 
Example 22 10 349 82 
Example 23 15 3O2 79 
Example 24 16 330 83 
Comparative Not observed 25 3 
Example 1 
Comparative Not observed 19 2 
Example 2 
Comparative 3 75 17 
Example 3 
Comparative 8 60 15 
Example 4 
Comparative Not observed 16 4 
Example 5 

Example 25 

Preparation of Dentinal Hypersensitivity Inhibitor 

(1) Preparation of Tetracalcium Phosphate Particles 
(A) 

0111. The tetracalcium phosphate particles (A4) (average 
particle diameter 5.2 um) to be used in this example were 
prepared by pulverizing crude tetracalcium phosphate pre 
pared by the following procedures. A cake-like equimolar 
mixture was obtained by adding commercially available 
dicalcium phosphate anhydrous particles (Product No. 1430, 
made by J.T. Baker Chemical Co., NJ) and calcium carbonate 
(Product No. 1288, made by J.T. Baker Chemical Co., NJ) in 
equimolar amount to water, followed by stirring for one hour, 
filtering and drying. The cake-like equimolar mixture was 
heated in an electric furnace (FUS732PB, manufactured by 
ADVANTEC MFS, INC.) at 1500° C. for 24 hours, and then 
a tetracalcium phosphate lump was prepared by cooling the 
mixture to room temperature in a desiccator. The resulting 
lump was further ground roughly in a mortar and then 
screened to remove fine powders and tetracalcium phosphate 
masses, thereby adjusting the particle size to a range of 0.5 to 
1 mm, so that crude tetracalcium phosphate was obtained. A 
slurry was obtained by adding 50 g of the crude tetracalcium 
phosphate, 200g of zirconia ball 10 mm in diameter, and 100 
g of 99.5% dehydrated ethanol (“Ethanol, Dehydrated (99. 
5) produced by Wako Pure Chemical Industries, Ltd.) to a 
1000-ml pulverization pot made of alumina (“HD-B-104 Pot 
Mill' manufactured by Nikkato Corporation) and then sub 
jecting them to wet vibration pulverization at a rotation speed 
of 1500 rpm for 12 hours. The slurry was subjected to removal 
of ethanol by using a rotary evaporator and then vacuum dried 
at 60°C. for 6 hours, so that tetracalcium phosphate particles 
(A4) were obtained. 
0112 Moreover, tetracalcium phosphate particles (A2) 
having an average particle diameter of 35.6 um were obtained 
by changing the pulverization time in the preparation of the 
tetracalcium phosphate particles (A4) to 1 hour. Similarly, 
tetracalcium phosphate particles (A3) having an average par 
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ticle diameter of 20.3 um were obtained by changing the 
pulverization time in the preparation of the tetracalcium 
phosphate particles (A4) to 4 hours. Similarly, tetracalcium 
phosphate particles (A5) having an average particle diameter 
of 1.5um were obtained by changing the pulverization time in 
the preparation of the tetracalcium phosphate particles (A4) 
to 24 hours. 

(2) Preparation of Alkali Metal Salt of Phosphoric 
Acid (B) Particles 

0113. The disodium hydrogen phosphate (B) particles to 
be used in this Example (1.7 um in average particle diameter) 
were obtained in the following manner. A slurry was obtained 
resulting from addition of 50 g of commercially available 
disodium hydrogen phosphate particles (produced by Wako 
Pure Chemical Industries, Ltd.), 240 g of 95% ethanol ("Etha 
nol (95)” produced by Wako Pure Chemical Industries, Ltd.) 
and 480 g of zirconia balls having a diameter of 10 mm into a 
1000-ml grinding pot made of alumina (“HD-B-104 Pot 
Mill' manufactured by Nikkato Corporation) and subsequent 
wet vibration pulverizationata rotation speed of 1500 rpm for 
5 hours. Then, the slurry was subjected to evaporation of 
ethanol with a rotary evaporator, followed by vacuum drying 
at 60° C. for 6 hours. 

(3) Preparation of Acidic Calcium Phosphate Particle 
(C) 

0114. The dicalcium phosphate anhydrous particles (C1) 
to be used in this Example (1.1 um in average particle diam 
eter) were obtained in the following manner. A slurry was 
obtained resulting from addition of 50 g of commercially 
available dicalcium phosphate anhydrous particles (Product 
No. 1430, produced by J. T. Baker Chemical Co., 10.2 um in 
average particle diameter), 240 g of 95% ethanol ("Ethanol 
(95) produced by Wako Pure Chemical Industries, Ltd.) and 
480 g of zirconia balls having a diameter of 10 mm into a 
1000-ml grinding pot made of alumina (“HD-B-104 Pot 
Mill' manufactured by Nikkato Corp.) and subsequent wet 
vibration pulverization at a rotation speed of 1500 rpm for 15 
hours. Then, the slurry was subjected to evaporation of etha 
nol with a rotary evaporator, followed by vacuum drying at 
60° C. for 6 hours. 

(4) Preparation of Powder Agent for Dentinal 
Hypersensitivity Inhibitor 

0115. A powder agent for a dentinal hypersensitivity 
inhibitor was obtained by adding 36.5g of the tetracalcium 
phosphate particles (A4) obtained above, 5 g of disodium 
hydrogen phosphate (B) particles, 13.5g of dicalcium phos 
phate anhydrous particles (C1), and 0.21 g of sodium fluoride 
(D) particles (average particle diameter=0.7 um) pulverized 
by the method disclosed in JP 2-258602 A to a high-speed 
rotation mill (“SM-1” manufactured by AS ONE Corpora 
tion) and then mixing them at a rotation speed of 1000 rpm for 
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3 minutes. The method for preparing a powder agent in which 
it is obtained by performing mixing in Such away was named 
“Method 1. 

(5) Preparation of Paste in Liquid Form for Dentinal 
Hypersensitivity Inhibitor 

0116. A paste in liquid form for a dentinal hypersensitivity 
inhibitor was obtained by stirring and mixing 0.5g of cetyl 
pyridinium chloride monohydrate (produced by Wako Pure 
Chemical Industries, Ltd.), 20 g of silica particles (E) 
(“AEROSIL 130” produced by Degussa Co., 0.016 um in 
average particle diameter) and 427.4 g of distilled water for 5 
hours. 

(6) Preparation of Dentinal Hypersensitivity 
Inhibitor 

0117. A dentinal hypersensitivity inhibitor was prepared 
by weighing out the powder agent obtained in the above 
described (4) in an amount of 0.55 g accurately and then 
adding thereto 0.45 g of the paste in liquid form obtained in 
the above-described (5). The composition of the dentinal 
hypersensitivity inhibitor is summarized in Table 5. 

Measurement of Alkali Metal Ion Concentration 

0118. To 200g of pure water of 25°C. under stirring on a 
magnetic stirrer was added 0.05 g of the powder agent for a 
dentinal hypersensitivity inhibitor obtained by the above 
described Method 1. At a time of 10 minutes from the adding 
of the powder agent, stirring was stopped and the resulting 
Supernatant was collected and filtered through a membrane 
filter, and then the free sodium ion concentration of the pow 
der agent slurry was measured (n=50) by using an ICP atomic 
emission spectrometer (IRISAP manufactured by Japan Jar 
rel-Ash). The average (d) of the sodium ion concentration of 
the powder agent in Example 25 was 7.7 mg/L, and the value 
(O/d) produced by dividing the standard deviation (O) of the 
sodium ion concentration by (d) was 0.04. The results 
obtained are summarized in Table 5. 

Dentin Penetration Inhibition Ratio Evaluation 

(1) Production of Bovine Tooth for Dentin Penetration Inhi 
bition Ratio Evaluation 

0119) A cheek-side dentin of a healthy bovine incisor 
tooth was trimmed with #80, #1000 sand papers by using a 
rotary grinder, so that a bovine tooth disc about 1.5 cm in 
diameter and 0.9 mm in thickness was produced. The surface 
of the bovine tooth disc was further polished with wrapping 
films (#1200, #3000, #8000, produced by Sumitomo 3M 
Ltd.) to have a thickness of 0.7 mm and be smoothened. The 
resulting bovine tooth disc was immersed in a solution pre 
pared by diluting a 0.5M EDTA solution (produced by Wako 
Pure Chemical Industries, Ltd.) five times, for 180 seconds 
and was washed in distilled water for about 30 seconds. It was 
further immersed in a 10% sodium hypochlorite solution 
(Neo-Cleaner “SEKINE’ produced by Neo Dental Chemical 
Products Co., Ltd.) for 120 seconds and then was washed in 
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distilled water for about 30 minutes, so that a bovine tooth 
disc to be used for dentin penetration inhibition ratio evalua 
tion was prepared. 
0120 About 0.1 g of the dentinal hypersensitivity inhibi 
tor prepared above was attached with a spatula to the cheek 
side dentin surface of the above-described bovine tooth disc, 
and then it was rubbed to a dentin of 5 mm in diameter within 
the centerportion of the treated dentin surface, for 30 seconds 
by using a microbrush (“REGULAR SIZE (2.0 mm), 
MRB400 produced by MICROBRUSH INTERNA 
TIONAL). Then, the paste on the dentin surface was removed 
with distilled water, and a dentin penetration inhibition ratio 
evaluation test (n=5) was carried out immediately. 

(2) Dentin Penetration Inhibition Ratio Evaluation Test 
0121 Measurement of a dentin penetration inhibition 
ratio was performed using a method according to the method 
of Pashley et al. (D. H. PASHLEYet al., J. Dent. Res.65:417 
420, 1986: K. C. Y. TAY et al., J. Endod. 33:1438–1443, 
2007). The same device was installed, and the bovine tooth 
disc having been subjected to the hyperesthesia inhibition 
treatment was installed and fixed to a dividable chamberjigso 
that a liquid could penetrate in a direction from dental pulp 
toward enamel. The dentin surface to receive pressure of 
phosphate-buffered saline (Dulbecco's PBS, Grand Island 
Biological Company, Grand Island, N.Y.) was standardized to 
a surface area of 78.5 mm (5 mm in diameter) using an Oring 
and was pressurized at 10 psi (69 kPa), and then a penetrated 
amount was measured after a lapse of 24 hours. Moreover, a 
penetrated amount of a bovine tooth disc having not been 
subjected to the mineralization (dentinal tubule closure) treat 
ment was measured by the same operation, and a penetration 
inhibition ratio was calculated using the following formula. 
The penetration inhibition ratio of the bovine tooth disc min 
eralized (dentinal tubule-closed) by Example 25 was 92%. 
The results obtained are summarized in Table 7. Penetration 
inhibition ratio (%)={1-(penetrated amount of a mineralized 
(dentinal tubule-closed) bovine tooth disc)/(penetrated 
amount of an unmineralized (dentinal tubule-unclosed) 
bovine tooth disc)}x100 

Morphological Evaluation 
(1) Production of Bovine Tooth for Morphological Evalua 
tion 

0122. A cheek-side center of a healthy bovine incisor 
tooth was trimmed with #80, #1000 sand papers by using a 
rotary grinder, so that a 2 mm thick dentin plate with a cheek 
side dentin exposed was produced. This cheek-side dentin 
surface was further polished with wrapping films (#1200, 
#3000, #8000, produced by Sumitomo 3M Ltd.) to be 
Smoothened. This cheek-side dentin portion was masked with 
manicure with a window of a test portion as large as 7 mm in 
both the ordinate direction and the abscissa direction left 
unmasked, and then was air-dried for one hour. As to this 
bovine tooth, a solution prepared by diluting a 0.5-M EDTA 
solution (produced by Wako Pure Chemical Industries, Ltd.) 
five times was applied to the dentin window for 30 seconds to 
perform demineralization, followed by washing with water 
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for 30 minutes or more. Moreover, it was cleaned by applying 
a 10% sodium hypochlorite solution (Neo-Cleaner “SEK 
INE produced by Neo Dental Chemical Products Co., Ltd.) 
to it for two minutes and then was washed in water for about 
30 minutes or more, so that a bovine tooth to be used for 
mineralization (dentinal tubule closure) evaluation was pre 
pared. After the above-described tooth surface treatment, half 
of the tooth surface along the ordinate direction of the tooth 
was masked with manicure, so that its untreated State was 
maintained. About 0.1 g of the dentinal hypersensitivity 
inhibitor prepared above was attached with a spatula to the 
cheek-side dentin surface of the above-described bovine 
tooth, and then it was rubbed to the entire dentin window for 
30 seconds by using a microbrush (“REGULAR SIZE (2.0 
mm), MRB400 produced by MICROBRUSH INTERNA 
TIONAL). Then, the paste on the dentin surface was removed 
with distilled water (n=10). 

(2) Production of Sample for SEM Observation 
(0123. After the above-described treatment, the bovine 
tooth sample was immersed in a 70% aqueous ethanol solu 
tion in a vial. Immediately after the immersion, the vial was 
moved into a desiccator and was placed under a reduced 
pressure condition for 10 minutes. Then, the vial was taken 
out from the desiccator and it was attached to a low-speed 
stirrer (TR-118, manufactured by AS-ONE), followed by stir 
ring at a rotation speed of about 4 rpm for 1 hour. The same 
operations were performed using a 80% aqueous ethanol 
solution, a 90% aqueous ethanol solution, a 99% aqueous 
ethanol solution, and 100% ethanol (twice), wherein the 
bovine tooth was immersed in the second 100% ethanol con 
tinuously for one night. Next day, the same operations were 
carried out sequentially for a 1:1 mixed solvent of propylene 
oxide and ethanol and for 100% propylene oxide (twice), 
wherein the bovine tooth was immersed in the second propy 
lene oxide continuously for one night, so that dehydration and 
removal of the manicure were performed. The sample from 
which propylene oxide had been evaporated away was deter 
mined as a sample for morphological observation of a min 
eralization (dentinal tubule closure)-treated surface of the 
bovine tooth disc. Moreover, after the evaporation of propy 
lene oxide, the mineralization (dentinal tubule closure)- 
treated dentin was fractured brittly by using two pliers, 
thereby obtaining a sample for morphological observation of 
a cross section of the dentin. 

(3) SEM Observation 

(0.124. For SEM observation was usedan S-3500N (manu 
factured by Hitachi High-Technologies Corporation). The 
Surface morphology in the vicinity of a boundary between a 
mineralization (dentinal tubule closure)-treated portion and 
an untreated portion of a bovine tooth disc beforefracture and 
the morphology in the vicinity of a mineralization (dentinal 
tubule closure)-treated surface of a cross section of the dentin 
were observed at an accelerating Voltage of 15 kV, and a 
deepest distance from a mineralized dentin Surface at which 
distance closure by a hypersensitivity inhibitor could be 
observed in the dentinal tubule direction (hereinafter some 
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times referred to also as a “dentinal tubule closure depth) 
was measured. The average of the dentinal tubule closure 
depth by the hypersensitivity inhibitor of Example 25 was 15 
um. The results obtained are summarized in Table 7, and the 
SEM photographs obtained are summarized in FIG. 3 and 
FIG. 4 (the arrow drawn in FIG. 4 indicates dentinal tubules 
closed by HAp). 

Example 26 

0.125. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding the disodium hydrogen phosphate (B) particles to 
the paste in liquid form instead of by adding to the powder 
agent in Example 25, and then measurement of analkali metal 
ion concentration, morphological evaluation, and dentin pen 
etration inhibition ratio evaluation were performed. The com 
position of the dentinal hypersensitivity inhibitor used is sum 
marized in Table 5, and the evaluation results obtained are 
summarized in Table 7. 

Example 27 

0126. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 0.15 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 28 

0127. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 0.3 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 29 

0128. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 2.5 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
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inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 30 

I0129. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 20 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 31 

0.130. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the tetracalcium phosphate particles (A4) to 
21.9 parts by weight, the used amount of the disodium hydro 
gen phosphate (B) particles to 21 parts by weight, and the 
used amount of the dicalcium phosphate anhydrous particles 
(C1) to 8.1 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 32 

I0131) A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the tetracalcium phosphate particles (A4) to 
21.9 parts by weight, the used amount of the disodium hydro 
gen phosphate (B) particles to 27 parts by weight, and the 
used amount of the dicalcium phosphate anhydrous particles 
(C1) to 8.1 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 33 

0.132. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the tetracalcium phosphate particles (A4) to 
5.5 parts by weight, the used amount of the disodium hydro 
gen phosphate (B) particles to 0.75 parts by weight, and the 
used amount of the dicalcium phosphate anhydrous particles 
(C1) to 2 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
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inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 34 
0133) A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the tetracalcium phosphate particles (A4) to 
7.5 parts by weight, the used amount of the disodium hydro 
gen phosphate (B) particles to 1.03 parts by weight, and the 
used amount of the dicalcium phosphate anhydrous particles 
(C1) to 2.8 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 35 
0134. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the tetracalcium phosphate particles (A4) to 
15 parts by weight, the used amount of the disodium hydro 
gen phosphate (B) particles to 2.06 parts by weight, and the 
used amount of the dicalcium phosphate anhydrous particles 
(C1) to 5.6 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 36 
0135 A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the tetracalcium phosphate particles (A4) to 
50 parts by weight, the used amount of the disodium hydro 
gen phosphate (B) particles to 6.86 parts by weight, and the 
used amount of the dicalcium phosphate anhydrous particles 
(C1) to 18.6 parts by weight and preparing the rest by using 
purified water in Example 25, and then measurement of an 
alkali metalion concentration, morphological evaluation, and 
dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 5, and the evaluation 
results obtained are summarized in Table 7. 

Example 37 
0136. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 5.58 parts by weight and the used amount of the 
dicalcium phosphate anhydrous particles (C1) to 19.3 parts 
by weight and preparing the rest by using purified water in 
Example 25, and then measurement of an alkali metal ion 
concentration, morphological evaluation, and dentin penetra 
tion inhibition ratio evaluation were performed. The compo 
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sition of the dentinal hypersensitivity inhibitor used is sum 
marized in Table 5, and the evaluation results obtained are 
summarized in Table 7. 

Example 38 
0.137. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 5.36 parts by weight, using 17.1 parts by weight of 
dicalcium phosphate dihydrate particles (C) (average particle 
diameter=1.2 Lum) instead ofusing 13.5 parts by weight of the 
dicalcium phosphate anhydrous particles (C1) and preparing 
the rest with purified water in Example 25, and then measure 
ment of an alkali metal ion concentration, morphological 
evaluation, and dentin penetration inhibition ratio evaluation 
were performed. The composition of the dentinal hypersen 
sitivity inhibitor used is summarized in Table 5, and the 
evaluation results obtained are summarized in Table 7. Here, 
the above-mentioned dicalcium phosphate dihydrate par 
ticles (C) (average particle diameter=1.2 Lum) were obtained 
by the same method as that used for preparing the dicalcium 
phosphate anhydrous particles (C1) in Example 25 using 
commercially available dicalcium phosphate dihydrate par 
ticles (produced by Wako Pure Chemical Industries, Ltd., 
average particle diameter-19 um). 

Example 39 
0.138 A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 5.98 parts by weight, using 23.3 parts by weight of 
monocalcium phosphate anhydrous particles (C) (average 
particle diameter=1.1 um) instead of using 13.5 parts by 
weight of the dicalcium phosphate anhydrous particles (C1) 
and preparing the rest with purified water in Example 25, and 
then measurement of an alkali metalion concentration, mor 
phological evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentinal 
hypersensitivity inhibitor used is summarized in Table 5, and 
the evaluation results obtained are summarized in Table 7. 
Here, the above-mentioned monocalcium phosphate anhy 
drous particles (C) (average particle diameter 1.1 Lm) were 
obtained by the same method as that used for preparing the 
dicalcium phosphate anhydrous particles (C1) in Example 25 
using commercially available monocalcium phosphate anhy 
drous particles (produced by Wako Pure Chemical Industries, 
Ltd., average particle diameter-18 um). 

Example 40 
0.139. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for adjusting the 
used amount of the disodium hydrogen phosphate (B) par 
ticles to 6.74 parts by weight, using 30.9 parts by weight of 
tricalcium phosphate particles (C) (average particle diam 
eter 3.2 um) instead of using 13.5 parts by weight of the 
dicalcium phosphate anhydrous particles (C1) and preparing 
the rest with purified water in Example 25, and then measure 
ment of an alkali metal ion concentration, morphological 
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evaluation, and dentin penetration inhibition ratio evaluation 
were performed. The composition of the dentinal hypersen 
sitivity inhibitor used is summarized in Table 6, and the 
evaluation results obtained are summarized in Table 7. Here, 
“O-TCP-B (average particle diameter 3.2 um) produced by 
Taihei Chemical Industrial Co., Ltd. was used as received as 
the above-mentioned tricalcium phosphate particles (C) (av 
erage particle diameter 3.2 Lum). 

Example 41 

0140. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for using 5 parts 
by weight of sodium dihydrogen phosphate (B) particles 
instead of using 5 parts by weight the disodium hydrogen 
phosphate (B) particles in Example 25, and then measure 
ment of an alkali metal ion concentration, morphological 
evaluation, and dentin penetration inhibition ratio evaluation 
were performed. The composition of the dentinal hypersen 
sitivity inhibitor used is summarized in Table 6, and the 
evaluation results obtained are summarized in Table 7. 

Example 42 

0141. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 5 parts by weight of sodium dihydrogen phosphate 
(B) particles to the paste in liquid form instead of by adding 5 
parts by weight of the disodium hydrogen phosphate (B) 
particles to the powder agent in Example 25, and then mea 
Surement of an alkali metalion concentration, morphological 
evaluation, and dentin penetration inhibition ratio evaluation 
were performed. The composition of the dentinal hypersen 
sitivity inhibitor used is summarized in Table 6, and the 
evaluation results obtained are summarized in Table 7. 

Example 43 

0142. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for failing to use 
the sodium fluoride (D) particles and preparing the rest by 
using purified water in Example 25, and then measurement of 
an alkali metal ion concentration, morphological evaluation, 
and dentin penetration inhibition ratio evaluation were per 
formed. The composition of the dentinal hypersensitivity 
inhibitor used is summarized in Table 6, and the evaluation 
results obtained are summarized in Table 7. 

Example 44 

0143 A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for failing to use 
the silica particles (E) for the paste in liquid form and prepar 
ing the rest by using purified water in Example 25, and then 
measurement of an alkali metal ion concentration, morpho 
logical evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentinal 
hypersensitivity inhibitor used is summarized in Table 6, and 
the evaluation results obtained are summarized in Table 7. 
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Example 45 
0144. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 2 parts by weight of the silica particles (E) to the 
powder agent instead of by adding to the paste in liquid form 
in Example 25, and then measurement of an alkali metalion 
concentration, morphological evaluation, and dentin penetra 
tion inhibition ratio evaluation were performed. The compo 
sition of the dentinal hypersensitivity inhibitor used is sum 
marized in Table 6, and the evaluation results obtained are 
summarized in Table 7. 

Example 46 

0145 A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 36.5 parts by weight of tetracalcium phosphate 
particles (A2) having an average particle diameter of 35.6 um 
instead of by adding 36.5 parts by weight of the tetracalcium 
phosphate particles (A4) having an average particle diameter 
of 5.2 um in Example 25, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentinal hypersensitivity inhibitor 
used is summarized in Table 6, and the evaluation results 
obtained are summarized in Table 7. 

Example 47 

0146 A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 36.5 parts by weight of tetracalcium phosphate 
particles (A3) having an average particle diameter of 20.3 um 
instead of by adding 36.5 parts by weight of the tetracalcium 
phosphate particles (A4) having an average particle diameter 
of 5.2 um in Example 25, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentinal hypersensitivity inhibitor 
used is summarized in Table 6, and the evaluation results 
obtained are summarized in Table 7. 

Example 48 

0147 A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 36.5 parts by weight of tetracalcium phosphate 
particles (A5) having an average particle diameter of 1.5um 
instead of by adding 36.5 parts by weight of the tetracalcium 
phosphate particles (A4) having an average particle diameter 
of 5.2 um in Example 25, and then measurement of an alkali 
metalion concentration, morphological evaluation, and den 
tin penetration inhibition ratio evaluation were performed. 
The composition of the dentinal hypersensitivity inhibitor 
used is summarized in Table 6, and the evaluation results 
obtained are summarized in Table 7. 

Example 49 

0.148. A dentinal hypersensitivity inhibitor was prepared 
by mixing a nonaqueous paste prepared using 36.5 parts by 
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weight of tetracalcium phosphate particles (A4), 0.21 parts by 
weight of sodium fluoride (D) particles, 2 parts by weight of 
silica particles (E), 6.29 parts by weight of glycerol and 5 
parts by weight of propylene glycol with an aqueous paste 
prepared using 5 parts by weight of disodium hydrogen phos 
phate (B) particles, 13.5 parts by weight of dicalcium phos 
phate anhydrous particles (C1), 5 parts by weight of xylitol, 3 
parts by weight of polyethylene glycol, 0.05 parts by weight 
of cetyl pyridinium chloride monohydrate, 2 parts by weight 
of silica particles (E) and prepared the rest by using purified 
water instead of preparing the powder agent and the paste in 
liquid form in Example 25, and measurement of an alkali 
metalion concentration, morphological evaluation and dentin 
penetration inhibition ratio evaluation were performed. The 
composition of the dentinal hypersensitivity inhibitor used is 
summarized in Table 3, and the evaluation results obtained are 
summarized in Table 7. 

Example 50 

0149. A powder agent was obtained by adding tetracal 
cium phosphate particles (A4), disodium hydrogen phos 
phate (B) particles, dicalcium phosphate anhydrous particles 
(C1), and sodium fluoride (D) particles in the same amounts 
as those in Example 25 together with 200g of 10-mm zirconia 
balls into a 400-ml pulverization pot made of alumina (“Type 
A-3 HD Pot Mill' manufactured by Nikkato Corp.) and mix 
ing them at a rotation speed of 200 rpm for 30 minutes instead 
ofusing Method 1 by which a powder agent was prepared by 
using a high-speed rotary mill. The method for preparing a 
powder agent in which it is obtained by performing mixing in 
such a way was named “Method 2. Subsequently, a dentinal 
hypersensitivity inhibitor was prepared in the same manner as 
in Example 25, and measurement of an alkali metal ion con 
centration, morphological evaluation, and dentin penetration 
inhibition ratio evaluation were performed. The composition 
of the dentinal hypersensitivity inhibitor used is summarized 
in Table 6, and the evaluation results obtained are summarized 
in Table 7. 

Example 51 

0150. A powder agent for a dentinal hypersensitivity 
inhibitor was obtained by adding tetracalcium phosphate par 
ticles (A4), disodium hydrogen phosphate (B) particles, 
dicalcium phosphate anhydrous particles (C1), and sodium 
fluoride (D) particles in the same amounts as those in 
Example 25 into a pestle and mortar machine (automatic 
mortar, “ANM-200” manufactured by AS ONE Corporation) 
and mixing them with a mortar at a rotation speed of 6 rpm 
and a pestle at 100 rpm for five hours instead ofusing Method 
1 by which a powder agent was prepared by using a high 
speed rotary mill. The method for preparing a powder agent in 
which it is obtained by performing mixing in Such a way was 
named "Method 3”. Subsequently, a dentinal hypersensitivity 
inhibitor was prepared in the same manner as in Example 25, 
and measurement of an alkali metal ion concentration, mor 
phological evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentinal 
hypersensitivity inhibitor used is summarized in Table 6, and 
the evaluation results obtained are summarized in Table 7. 
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Example 52 
0151. A powder agent for a dentinal hypersensitivity 
inhibitor was obtained by adding tetracalcium phosphate par 
ticles (A4), disodium hydrogen phosphate (B) particles, 
dicalcium phosphate anhydrous particles (C1), and sodium 
fluoride (D) particles in the same amounts as those in 
Example 25 into a 400-ml pulverization pot made of alumina 
(“Type A-3 HD Pot Mill” manufactured by Nikkato Corp.) 
without addition of Zirconia balls and mixing them at a rota 
tion speed of 1500 rpm for 30 minutes instead of using 
Method 1 by which a powder agent was prepared by using a 
high-speed rotary mill. The method for preparing a powder 
agent in which it is obtained by performing mixing in Such a 
way was named “Method 4. Subsequently, a dentinal hyper 
sensitivity inhibitor was prepared in the same manner as in 
Example 25, and measurement of an alkali metalion concen 
tration, morphological evaluation, and dentin penetration 
inhibition ratio evaluation were performed. The composition 
of the dentinal hypersensitivity inhibitor used is summarized 
in Table 6, and the evaluation results obtained are summarized 
in Table 7. 

Example 53 

0152. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 13.5 parts by weight of dicalcium phosphate anhy 
drous particles (C2) having an average particle diameter of 
10.2 pum instead of by adding 13.5 parts by weight of the 
dicalcium phosphate anhydrous particles (C1) having an 
average particle diameter of 1.1 um in Example 25, and then 
measurement of an alkali metal ion concentration, morpho 
logical evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentinal 
hypersensitivity inhibitor used is summarized in Table 6, and 
the evaluation results obtained are summarized in Table 7. 

Example 54 

0153. A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for preparing it 
by adding 13.5 parts by weight of dicalcium phosphate anhy 
drous particles (C3) having an average particle diameter of 
17.1 um instead of by adding 13.5 parts by weight of the 
dicalcium phosphate anhydrous particles (C1) having an 
average particle diameter of 1.1 um in Example 25, and then 
measurement of an alkali metal ion concentration, morpho 
logical evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentinal 
hypersensitivity inhibitor used is summarized in Table 6, and 
the evaluation results obtained are summarized in Table 7. 

Comparative Example 6 

0154) A dentinal hypersensitivity inhibitor was prepared 
in the same manner as in Example 25 except for failing to use 
the disodium hydrogen phosphate (B) particles in Example 
25 and preparing the rest by using purified water, and then 
measurement of an alkali metal ion concentration, morpho 
logical evaluation, and dentin penetration inhibition ratio 
evaluation were performed. The composition of the dentinal 
hypersensitivity inhibitor used is summarized in Table 6, and 
the evaluation results obtained are summarized in Table 7. 
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TABLE 7 

Penetration Dentinal tubule 
inhibition ratio closing depth 

(%) (Lm) 

Example 25 92 5 
Example 26 90 4 
Example 27 37 O 
Example 28 52 1 
Example 29 86 2 
Example 30 82 O 
Example 31 64 2 
Example 32 31 1 
Example 33 27 4 
Example 34 39 7 
Example 35 68 O 
Example 36 82 3 
Example 37 84 2 
Example 38 91 4 
Example 39 85 1 
Example 40 78 9 
Example 41 91 4 
Example 42 88 4 
Example 43 86 2 
Example 44 88 2 
Example 45 90 3 
Example 46 51 4 
Example 47 78 6 
Example 48 66 3 
Example 49 81 4 
Example 50 99 4 
Example 51 1OO 5 
Example 52 S4 3 
Example 53 52 6 
Example 54 42 4 
Comparative 22 O 
Example 6 

EXPLANATION OF SYMBOLS 

(O155 1 Dense HAp layer 
0156 2 Untreated portion 
(O157 3 Dentinal tubule closed by HAp 
0158 4 Untreated portion 
0159) 5 Mineralization (Dentinal Tubule closure)-treated 
portion 
1. A dentin mineralizing agent, comprising: 
at least one tetracalcium phosphate particle (A); and 
an alkali metal salt of phosphoric acid (B), 
wherein the agent comprises the at least one tetracalcium 

phosphate particle (A) in an amount of 1 to 80 parts by 
weight relative to 100 parts by weight of a whole amount 
of the agent, and 

wherein a blended amount of the alkali metal salt of phos 
phoric acid (B) relative to 100 parts by weight of the at 
least one tetracalcium phosphate particle (A) is 1 to 100 
parts by weight. 

2. The agent of claim 1, wherein the alkali metal salt of 
phosphoric acid (B) is at least one selected from the group 
consisting of disodium hydrogen phosphate and Sodium dihy 
drogen phosphate. 

3. The agent of claim 1, further comprising: 
at least one acidic calcium phosphate particle (C). 
4. The agent of claim 3, wherein the acidic calcium phos 

phate particle (C) is at least one member selected from the 
group consisting of a dicalcium phosphate anhydrous 
CaFIPO particle, a monocalcium phosphate anhydrous Ca 
(H2PO4) particle, a tricalcium phosphate Ca(PO) par 
ticle, an amorphous calcium phosphate Ca(PO).XH2O 
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particle, a calcium dihydrogen pyrophosphate CaFIPO, 
particle, a dicalcium phosphate dihydrate CaHPO.2H2O 
particle, and a monocalcium phosphate monohydrate Ca 
(HPO).HO particle. 

5. The agent of claim 3, wherein a blending ratio (A/C) of 
the at least one tetracalcium phosphate particle (A) to the at 
least one acidic calcium phosphate particle (C) is from 40/60 
to 60/40 in molar ratio. 

6. The agent of claim 1, further comprising: 
a fluorine compound (D). 
7. The agent of claim 6, wherein the fluorine compound (D) 

is sodium fluoride. 
8. The agent of claim 1, wherein an average particle diam 

eter of the at least one tetracalcium phosphate particle (A) is 
0.5 to 40 um. 

9. The agent of claim 1, wherein an average particle diam 
eter of the alkali metal salt of phosphoric acid (B) is 0.5 to 20 
lm. 
10. The agent of claim 1, further comprising: 
at least one acid acidic calcium phosphate particle, 
wherein an average particle diameter of the at least one 

acidic calcium phosphate particle (C) is 0.1 to 7 um. 
11. The agent of claim 1, further comprising: 
at least one particle (E) of 0.002 to 2 um in average particle 

diameter 
wherein the particle comprises silica or at least one metal 

oxide. 
12. The agent of claim 1, in the form of a suspension 

prepared by adding 0.05 g of the agent into 200 g of pure 
water of 25°C., 

wherein a free alkali metal ion concentration of the Sus 
pension at a time of 10 minutes after the adding is 0.2 to 
100 mg/L. 

13. The agent of claim 12, wherein a standard deviation, O, 
determined when an average of the free alkali metal ion 
concentration is expressed by d satisfies OsO.3d. 

14. The agent of claim 12, wherein the free alkali metalion 
is a sodium ion. 

15. The agent of claim 1, wherein a dentin penetration 
inhibition ratio, achieved when one side of a 700 um thick 
bovine tooth disc is treated with the agent satisfies formula (1) 

1-(penetrated amount of a mineralized bovine tooth 
disc) (penetrated amount of an unmineralized bovine 
tooth disc)x100270 (I). 

16. A tooth Surface-treating material, comprising the agent 
of claim 1. 

17. A dentifrice, comprising the agent of claim 1. 
18. A chewing gum comprising the agent of claim 1. 
19. A dentinal hypersensitivity inhibitor comprising the 

agent of claim 1. 
20. A dentinal hypersensitivity inhibitor, comprising: 
the agent of claim 1; and 
at least one acidic calcium phosphate particle (C), 
wherein the at least one tetracalcium phosphate particle 

(A) has an average particle diameter of 0.5 to 40 um, 
wherein a blended amount of the at least one tetracalcium 

phosphate particle (A) relative to 100 parts by weight of 
a whole amount of the inhibitor is 5 to 55 parts by 
weight, and 

wherein the inhibitor is suitable for closing at least one 
dentinal tubule by rubbing a dentin surface therewith. 
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21. A dentinal hypersensitivity inhibitor, comprising: 
the agent of claim 1, 
wherein when a suspension is prepared by adding 0.05 g of 

the inhibitor into 200 g of pure water of 25°C., a free 
alkali metalion concentration of the Suspensionata time 
of 10 minutes after the adding is 0.2 to 100 mg/L. 

22. The inhibitor of claim 21, further comprising: 
at least one acidic calcium phosphate particle (C). 
23. A method for producing a dentin mineralizing agent, 

the method comprising: 
mixing at least one tetracalcium phosphate particle (A), an 

alkali metal salt of phosphoric acid (B), and a liquid or 
aqueous paste comprising water as a main ingredient, 

wherein 1 to 100 parts by weight of the alkali metal salt of 
phosphoric acid (B) is blended to 100 parts by weight of 
the tetracalcium phosphate particle (A), and 

wherein a blended amount of the tetracalcium phosphate 
particle (A) relative to 100 parts by weight of a whole 
amount of the dentin mineralizing agent is adjusted to 1 
to 80 parts by weight. 

24-26. (canceled) 
27. A method for producing a dentinal hypersensitivity 

inhibitor, the method comprising: 
mixing at least one tetracalcium phosphate particle (A), an 

alkali metal salt of phosphoric acid (B), at least one 
acidic calcium phosphate particles particle (C), and a 
liquid or aqueous paste comprising water as a main 
ingredient, 

wherein the inhibitor is suitable for closing at least one 
dentinal tubule by rubbing a dentin surface therewith, 

wherein the at least one tetracalcium phosphate particle 
(A) has an average particle diameter of 0.5 to 40 um, 

wherein 1 to 100 parts by weight of the alkali metal salt of 
phosphoric acid (B) is blended to 100 parts by weight of 
the at least one tetracalcium phosphate particle (A), and 
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wherein a blended amount of the at least one tetracalcium 
phosphate particle (A) relative to 100 parts by weight of 
a whole amount of the inhibitor is 5 to 55 parts by 
weight. 

28. The method of claim 27, further comprising, before the 
mixing, 

adding a liquid or aqueous past; comprising (i) water as a 
main ingredient and (ii) the at least one acidic calcium 
phosphate particle (C) to a powder or nonaqueous paste 
comprising the at least one tetracalcium phosphate par 
ticle (A) and the alkali metal salt of phosphoric acid (B). 

29. (canceled) 
30. A method for inhibiting dentinal hypersensitivity, the 

method comprising: 
rubbing a dentin surface with a dentinal hypersensitivity 

inhibitor, 
wherein the inhibitor comprises at least one tetracalcium 

phosphate particle (A), an alkali metal salt of phosphoric 
acid (B), and at least one acidic calcium phosphate par 
ticle (C), 

wherein the at least one tetracalcium phosphate particle 
(A) has an average particle diameter of 0.5 to 40 um, 

wherein a blended amount of the at least one tetracalcium 
phosphate particle (A) of 5 to 55 parts by weight relative 
to 100 parts by weight of a whole amount of the inhibi 
tor, and 

wherein a blended amount of the alkali metal salt of phos 
phoric acid (B) of 1 to 100 parts by weight relative to 100 
parts by weight of the at least one tetracalcium phos 
phate particle (A). 

31-36. (canceled) 


