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METHODS AND KITS FOR REMOVING CALCULUS USING A NON-ENZYMATIC, 

HYDROGEN PEROXIDE DECOMPOSITION CATALYST 

Cross Reference To Related Application 

This application claims the benefit of U.S. Provisional Patent Application No. 62/410706, filed 

October 20, 2016, the disclosure of which is incorporated by reference herein in its entirety.  

BACKGROUND 

Dental calculus may lead to periodontal diseases including gingivitis and periodontitis. The 

existing methods of removing dental calculus rely upon mechanical means such as scaling by trained 

dental professionals. Such existing removal procedures can be painful and uncomfortable for patients.  

In addition, the existing removal procedures can put a significant physical burden on the hygienist, often 

times leading to muscular and repetitive movement ailments (e.g., carpal tunnel syndrome). Moreover, a 

significant amount of time during the dental prophylaxis procedure is allocated to calculus removal. It is 

therefore desirable to create a better solution to remove calculus.  

SUMMARY 

Some aspects of the present disclosure provide a method of removing calculus from a tooth. The 

method can include applying a component A to the tooth, wherein component A comprises a hydrogen 

peroxide, a hydrogen peroxide adduct, a hydrogen peroxide precursor, a peroxide generating enzyme, a 

perborate, a percarbonate, a metal peroxide, an organic peroxide, an inorganic peroxyacid or salt thereof, 

or a combination thereof; applying a component B to the tooth, wherein component B comprises a non

enzymatic, hydrogen peroxide decomposition catalyst for generating oxygen gas; wherein components A 

and B are applied simultaneously or sequentially to the tooth, thereby generating oxygen gas to soften 

and/or loosen at least part of the calculus on the tooth; and removing at least a part of the calculus from 

the tooth, wherein component A is applied before or after component B is applied.  

Some aspects of the present disclosure provide a kit of parts for removing calculus from a tooth.  

The kit can include: a component A including a hydrogen peroxide or a precursor thereto; and a 

component B including a non-enzymatic, hydrogen peroxide decomposition catalyst for generating 

oxygen gas; and instructions for applying components A and B to the tooth simultaneously or 

sequentially, thereby generating oxygen gas to soften and/or loosen at least part of the calculus on the 

tooth, and for removing at least a part of the calculus from the tooth.  
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Definitions 

As used in this patent application: 

The term "comprises" and variations thereof do not have a limiting meaning where these terms 

appear in the description and claims. Such terms will be understood to imply the inclusion of a stated 

step or element or group of steps or elements but not the exclusion of any other step or element or group 
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of steps or elements. By "consisting of'is meant including, and limited to, whatever follows the phrase 

"consisting of." Thus, the phrase "consisting of'indicates that the listed elements are required or 

mandatory, and that no other elements maybe present. By "consisting essentially of'is meant including 

any elements listed after the phrase, and limited to other elements that do not interfere with or contribute 

to the activity or action specified in the disclosure for the listed elements. Thus, the phrase "consisting 

essentially of' indicates that the listed elements are required or mandatory, but that other elements are 

optional and may or may not be present depending upon whether or not they materially affect the activity 

or action of the listed elements.  

The words "preferred" and "preferably" refer to embodiments of the disclosure that may afford 

certain benefits under certain circumstances. Other embodiments may also be preferred, however, under 

the same or other circumstances. Furthermore, the recitation of one or more preferred embodiments does 

not imply that other embodiments are not useful, and is not intended to exclude other embodiments from 

the scope of the disclosure.  

In this application, terms such as "a "an," and "the" are not intended to refer to only a singular 

entity, but include the general class of which a specific example may be used for illustration. The terms 

"a, "an," and "the" are used interchangeably with the term "at least one." The phrases "at least one of' 

and "comprises at least one of' followed by a list refers to any one of the items in the list and any 

combination of two or more items in the list.  

The phrases "at least one of' and "comprises at least one of' followed by a list refers to any one 

of the items in the list and any combination of two or more items in the list.  

As used herein, the term "or" is generally employed in its usual sense including "and/or" unless 

the content clearly dictates otherwise.  

The term "and/or" means one or all of the listed elements or a combination of any two or more of 

the listed elements (e.g., preventing and/or treating an affliction means preventing, treating, or both 

treating and preventing further afflictions).  

Herein, various sets of numerical ranges (for example, of the number of carbon atoms in a 

particular moiety, of the amount of a particular component, or the like) are described, and, within each 

set, any lower limit of a range can be paired with any upper limit of a range. Such numerical ranges also 

are meant to include all numbers subsumed within the range (for example, I to 5 includes 1, 1.5, 2, 2.75, 

3, 3.80, 4, 5, and so forth).  

Also herein, all numbers are assumed to be modified by the term "about" and preferably by the 

term "exactly." As used herein in connection with a measured quantity, the term "about" refers to that 

variation in the measured quantity as would be expected by the skilled artisan making the measurement 

and exercising a level of care commensurate with the objective of the measurement and the precision of 

the measuring equipment used. Herein, "up to" a number (e.g., up to 50) includes the number (e.g., 50).  

Reference throughout this specification to "one embodiment," "an embodiment," "certain 

embodiments," or "some embodiments," etc., means that a particular feature, configuration, composition, 
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or characteristic described in connection with the embodiment is included in at least one embodiment of 

the disclosure. Thus, the appearances of such phrases in various places throughout this specification are 

not necessarily referring to the same embodiment of the disclosure. Furthermore, the particular features, 

configurations, compositions, or characteristics may be combined in any suitable manner in one or more 

embodiments.  

The above Summary section is not intended to describe every embodiment or every 

implementation of the disclosure. The detailed description that follows more particularly describes 

illustrative embodiments. Throughout the detailed description, guidance is provided through lists of 

examples, which examples can be used in various combinations. In each instance, a recited list serves 

only as a representative group and should not be interpreted as being an exclusive list.  

DETAILED DESCRIPTION 

Dental calculus (also referred to as dental tartar) is defined as mineralized dental biofilm filled 

with crystals of various calcium phosphates or dental plaque that has partially or completely calcified. It 

may be caused by the continual accumulation of minerals from fluids in the oral environment on plaque 

on the teeth. Dental calculus is a common oral condition afflicting humans and a variety of animal 

species and the presence of dental calculus may lead to periodontal diseases. The existing methods of 

removing dental calculus, which rely upon mechanical means such as scaling, are time consuming and 

laborious for dental professionals, and can be a painful and unpleasant experience for patients.  

The present disclosure generally relates to methods and kits of removing calculus from a tooth.  

Generally, the method can include applying a component A to the tooth, wherein component A includes 

a hydrogen peroxide or a precursor thereto; applying a component B to the tooth, wherein component B 

includes a non-enzymatic, hydrogen peroxide decomposition catalyst for generating oxygen gas; wherein 

components A and B are applied simultaneously or sequentially to the tooth, thereby generating oxygen 

gas to soften and/or loosen at least part of the calculus on the tooth; and removing at least a part of the 

calculus from the tooth. In certain embodiments, component A is applied before or after component B is 

applied.  

The method of the present disclosure can, for example, provide an easier removal of dental 

calculus. In addition, the method of the present disclosure can reduce the time of calculus removal. For 

example, after the application of component A and component B, removing the calculus is easier and 

quicker. Thus, the method of the present disclosure can enable improved procedural efficiency, 

opportunities for more patients, additional time for other procedures and increased rest periods for the 

dental professional.  

In some embodiments, component A can include hydrogen peroxide. The hydrogen peroxide 

can be generated by a peroxide generating enzyme in combination with the corresponding substrate, 

(e.g., glucose oxidase and Superoxide Dismutase (SOD)). For example, glucose oxidase can catalyze the 

oxidation of glucose to hydrogen peroxide. In some embodiments, the hydrogen peroxide may be in a 
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form of a hydrogen peroxide adduct, such as carbamide peroxide, percarbonate salts or acids, 

polyvinylpyrrolidone (PVP) peroxide, or a combination thereof Suitable percarbonate salts or acids can 

include, but are not limited to, percarbonic acid, sodium percarbonate, potassium percarbonate, 

magnesium percarbonate, calcium percarbonate, and zinc percarbonate.  

In some embodiments, component A can include a hydrogen peroxide precursor, such as 

perborate salts or acids, metal peroxides, organic peroxides, inorganic peroxyacids or salts, or 

combinations thereof Suitable perborate salts or acids can include, but are not limited to, perboric acid, 

sodium perborate, potassium perborate, magnesium perborate, calcium perborate, and zinc perborate.  

Suitable metal peroxides can include, but are not limited to, calcium peroxide and magnesium peroxide.  

Suitable organic peroxides can include, but are not limited to, peroxycarboxylic acids, such as peracetic 

acid or salts thereof, permalonic acid or salts thereof, pertartaric acid or salts thereof, and percitric acid or 

salts thereof In some embodiments, the organic peroxide can be a peracetate salt. Suitable inorganic 

peroxyacids or salts thereof can include, but are not limited to, peroxymonosulfuric acid, 

peroxyphosphoric acid, and a potassium salt of a sulfuric peroxyacid.  

In some embodiments, component A can include at least 1.0 molar (M) hydrogen peroxide. In 

some embodiments, component A can include at least 1.1 M, or at least 1.2 M, or at least 1.3 M, or at 

least 1.4 M, or at least 1.5 M, or at least 2.0 M, or at least 3.0 M hydrogen peroxide. In some 

embodiments, component A can include up to 12 M, up to 10 M, up to 8 M, up to 6 M, or up to 5 M 

hydrogen peroxide. In some of these embodiments, component A can include from 1.0 M to 12 M 

hydrogen peroxide. In some of these embodiments, component A can include from 1.5 M to 5 M 

hydrogen peroxide.  

In some embodiments, component A can include hydrogen peroxide in an amount of 3 weight 

percent (wt. %), 5 wt. %, 10 wt. %, 30 wt. %, 35 wt. %, or a range between and including any two of 

these values. In other embodiments, component A can include a hydrogen peroxide precursor or 

hydrogen peroxide adduct capable of producing a similar concentration of hydrogen peroxide, for 

example, at least 1.5 M hydrogen peroxide. For instance, a 15 wt. % carbamide peroxide solution can 

produce a solution that includes 5 wt. % hydrogen peroxide.  

In some embodiments, component B can include a water-soluble inorganic compound, an Fe(III) 

complex, a water-insoluble inorganic compound, a metalloporphyrin complex, a mononuclear metal non

porphyrin complex, a dinuclear metal non-porphyrin complex (which may be symmetric or asymmetric), 

a trinuclear metal non-porphyrin complex, a tetranuclear metal non-porphyrin complex, and a 

combination thereof 

In some embodiments, component B includes a water-soluble inorganic compound. In this 

context, "water-soluble" is an inorganic compound that is able to form at least 1 millimolar (mM) 

aqueous solution at 200C, or is dispersible in water with primary particle sizes less than 5 nanometers 

(nm).  
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Suitable water-soluble inorganic compounds can include, but are not limited to, an iodate 

precursor (e.g., KI), a molybdate precursor (e.g., Na 2MoO 4 , as disclosed in Nardello et al., Journal of 

Molecular Catalysis A: Chemical, 251(1-2), 185-193 (2006)), a polyoxometallate (e.g., 

Na1 2 [WZn3 (ZnW90 34 )2 ], as disclosed in Nardello et al., Journal ofMolecular Catalysis A: Chemical, 

251(1-2), 185-193 (2006)), an HC-C12 solution (as disclosed in Livingston et al., Journal of the 

American Chemical Society, 47(8), 2069-2082 (1925)), and a combination thereof 

Suitable iodate precursors can include, but are not limited to, iodide sources such as alkali metal 

iodides, alkaline earth iodides, transition metal iodides (as disclosed in Bray et al., Journal of the 

American Chemical Society, 53(1), 38-44 (1931)), or combinations thereof, most of which are soluble in 

water (see, e.g., https://en.wikipedia.org/wiki/Iodide). Suitable alkali metal iodides include LiI, Nal, KI, 

RbI, and CsI. Suitable alkaline earth iodides include MgI 2 , CaI2, and SrI2. Suitable transition metal 

iodides include Fe2 and ZnI 2.  

In some embodiments, component B includes greater than 0.05 M, or at least 0.1 M, of an iodate 

precursor in water. In some embodiments, component B includes up to the solubility limit in water of an 

iodate precursor (e.g., 8.4 M for KI at 20 0C), but often lower, such as up to 2 M, or up to 1 M, of an 

iodate precursor. Typically, the concentration of the iodate precursor is below that which would stain 

teeth and/or produce a bad taste in the mouth of a subject.  

In some embodiments, component B includes an Fe(III) complex. Suitable Fe(III) complexes 

include, but are not limited to, Fe(III)-ethylenediaminetetraacetic acid (i.e., Fe(III)-EDTA, as disclosed in 

Walling et al., Inorganic Chemistry, 9(4), 931-937 (1970)), FeTrFPh-p(SO 3 )2 -corrole 2- (as disclosed in 

Tovmasyan et al., Free Radic BiolMed, 86, 308-321 (2015)), 5,14-dihydro-5,9,14,18-tetraaza-di(2,2

dimethyl-[5,6]benzo-[1,3]dioxolo)[a,h]cyclotetradecene-Fe(III) chloride (i.e., TAA-1/Fe(III)Cl, as 

disclosed in Rauen et al., Chem Biol Drug Des, 73(5), 494-501 (2009), and a combination thereof The 

structures of such exemplary compounds are as follows: 

0. 0 

Fe 

Fe(1)-EDTA 
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F 
F F 

F 

F F" F F 
F ~N, N 

W /N \ F F 

SO" 

FeTrF5Ph-p(SO,3)rCorrafe2

le 

TAA-1/Fe Cl 

In some embodiments, the Fe(III) complex is Fe(III)-ethylenediaminetetraacetic acid (i.e., 

Fe(III)-EDTA).  

In some embodiments, component B includes at least 0.02 M of an Fe(III) complex. In some 

embodiments, component B includes up to the solubility limit in water of an Fe(III) complex. In some 

embodiments, component B includes up to 0.2 M of an Fe(III) complex.  

In some embodiments, component B includes a water-insoluble inorganic compound. In this 

context, "water-insoluble" is an inorganic compound that is not able to form at least 1 millimolar (mM) 

aqueous solution at 200C, or is dispersible in water with primary particle sizes greater than or equal to 5 

nanometers (nm).  

Suitable water-insoluble inorganic compounds include, but are not limited to, iron oxide 

nanoparticles (as disclosed in Chen et al., ACSNano, 6(5), 4001-4012 (2012)), calcium hydroxide (as 

disclosed in Nardello et al., Chemical Communications(5), 599-600 (1998)), a lanthanum-doped zinc 

hydroxycarbonate (as disclosed in Wahlen et al., Journal of Catalysis, 249(1), 15-23 (2007)), a zeolite

supported lanthanum (e.g., LaNa-ZSM-5, as disclosed in Wahlen et al., Journal of Catalysis, 233(2), 

422-433 (2005)), a layered double hydroxide (LDH)-supported molybdate (e.g., 

MgxAlox>)(OH)2(MoO4)o.sox>, as disclosed in Nardello et al., Journal ofMolecular Catalysis A: 

Chemical, 251(1-2), 185-193 (2006)), a clay-supported lanthanum (e.g., LaNa-montmorillonite, as 

disclosed in Wahlen et al., Journal of Catalysis, 233(2), 422-433 (2005)), and a combination thereof 

In some embodiments, component B includes a metalloporphyrin complex. Suitable 

metalloporphyrin complexes (i.e., porphyrinic metal complexes) include, but are not limited to, FeTE-2
-6-
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PyP" (as disclosed in Tovmasyan et al., Free Radic BiolMed, 86, 308-321 (2015)), FeTnOct-2-PyP 5 (as 

disclosed in Tovmasyan et al., Free Radic BiolMed, 86, 308-321 (2015)), Manganese(III) tetrakis(4

benzoic acid)porphyrin chloride (i.e., MnTBAP Cl) (as disclosed in Day et al., Biochem Pharmacol, 

77(3), 285-296 (2009)), Manganese(III)meso-tetrakis(di-N-ethylimidazole)porphyrinchloride (i.e., 

MnDTEIP Cl, as disclosed in Day et al., Biochem Pharmacol, 77(3), 285-296 (2009), or available as 

AEOL 10150 from Aeolus Pharmaceuticals, http://www.aolsrx.com/product-pipeline/aeol-10150), and a 

combination thereof The structures of such exemplary compounds are as follows: 

N- +- 4N
F6/ 

N~ N 

FeTE.2-PyP$* FeTnOct 2PyP5+ 

N 

N ( 

MnTBAPCI MnDTEIPCI 

In some embodiments, component B includes a mononuclear metal non-porphyrin complex.  

Suitable mononuclear metal non-porphyrin complexes (other than the Fe(III) complexes described 

herein) include, but are not limited to, [Mn(S0 3-salpn(OH))]- (as disclosed in Signorella et al., 

Coordination Chemistry Reviews, 256(11-12), 1229-1245 (2012)), [Mn"(chedam)(bipy)(H 20)] (as 

disclosed in Signorella et al., Coordination Chemistry Reviews, 256(11-12), 1229-1245 (2012)), and a 

combination thereof The structure of the ligand S3-salpn(OH) of [Mn(S0 3-salpn(OH))]-as exemplified 

by the disodium salt (wherein Y = OH) is as follows: 
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Y 

I N 

NaOs - SO 

The structures of the ligands chedam and bipy of [Mn"(chedam)(bipy)(H 20)] are as follows: 

OH 

\/// \ / 

f hN N-
H02C 1 N ' CO 2H 

bipy 

chedam 

In some embodiments, component B includes a dinuclear metal non-porphyrin complex (which 

may be symmetric or asymmetric). Suitable dinuclear metal non-porphyrin complexes include, but are 

not limited to, [Mn(bpia)( L-OAc)]2 (a symmetric ligand complex, as disclosed in Wu et al., Chemical 

Reviews, 104(2), 903-938 (2004)), [MnW 2(salpn)( -0)]2 (a symmetric ligand complex, as disclosed in 

Wu et al., Chemical Reviews, 104(2), 903-938 (2004)), [Mn"I(2-OHsalpn)] 2 (a symmetric ligand 

complex, as disclosed in Wu et al., Chemical Reviews, 104(2), 903-938 (2004)), [Mn2 P(p-OAc)( i

OH2)(benzimpnO)]2+ (a symmetric ligand complex, as disclosed in Signorella et al., Coordination 

Chemistry Reviews, 256(11-12), 1229-1245 (2012)), [Mn 2(bphpmp)( L-OAc)2]* (an asymmetric ligand 

complex, as disclosed in Signorella et al., Coordination Chemistry Reviews, 256(11-12), 1229-1245 

(2012)), and a combination thereof The structures of such exemplary compounds are as follows: 

O MN 0M_ 

CK 

/ 0 N 

[Mn v 2(salpn)(pr02)1 2  [Mn"1(2 OHsalpn)] 2 
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-1 ' N 7.  

Mn2 OAc)(p- OH2)(benzimpnO M p ( ] 

NN 

The structure of the ligand bpiaof [Mn(bpia)( .- OAc)] 2 isas follows: 

bpia 

In some embodiments, component B includes a trinuclear metal non-porphyrin complex.  

Suitable trinuclear metal non-porphyrin complexes include, but are not limited to, 

p-Mn" 2Mn"(saladhp) 2(OAc) 4(CH30H)2 (as disclosed in Wu et al., Chemical Reviews, 104(2), 903-938 

(2004)), which has the following structure: 

I'H 

H 
0 

Q-Mn.Mn (saladhp)2 (OAc)4(CHOH) 2 

In some embodiments, component B includes a tetranuclear metal non-porphyrin complex.  

Suitable tetranuclear metal non-porphyrin complexes include, but are not limited to, 

(Ba,Ca)2[Mn4( L-0)( L-OH)(O2-CCH3)2(dahpta) 2] (as disclosed in Wu et al., Chemical Reviews, 104(2), 

903-938 (2004)), [Mn40 6(bpea)4 ]3+ (as disclosed in Wu et al., Chemical Reviews, 104(2), 903-938 

(2004)), and a combination thereof The structures of the ligands dahpta and bpea are as follows: 

-9-



WO2018/075149 PCT/US2017/050052 

HO, ,O OH 

OH O 

dahpta 
bpea 

Depending on the conditions of the reaction between components A and B (i.e., the conditions 

under which components A and B are applied to a tooth), oxygen gas and/or free radicals may be formed.  

Thus, for the methods of the present disclosure, the conditions are selected such that oxygen gas is 

generated preferentially to free radicals. Such "conditions" include pH and the correct combination of 

components to form a catalyst (e.g., having EDTA in the presence of ferrous or ferric ions in solution).  

In some embodiments, component B has a pH of at least 5. For certain catalysts, if the pH is too 

acidic, free radicals are formed. In some embodiments, component B has a pH of up to 10, or up to 9, or 

up to 8, or up to 7. For certain catalysts, if the pH is too basic, it may not be sufficiently safe to use in the 

mouth of a subject. In some embodiments, component B has a pH of 7.  

The pH of component B may be adjusted through the use of a pH buffer. In some embodiments, 

the component B pH buffer may include compounds such as citric acid, sodium phosphate dibasic, 

sodium phosphate monobasic, 2,2-bis(hydroxymethyl)-2,2',2"-nitrilotriethanol, glycine, diglycine, N

[tris(hydroxymethyl)methyl]glycine, N,N-bis(2-hydroxyethyl)glycine, 2-amino-2-(hydroxymethyl)-1,3

propanediol, sodium chloride, calcium chloride, potassium chloride, sodium hydroxide, and 

combinations thereof In some embodiments, the pH buffer includes, but is not limited to, phosphate 

buffered saline, citric acid-sodium phosphate buffer, citric acid-sodium citrate buffer, bis-tris buffer (i.e., 

2,2-bis(hydroxymethyl)-2,2',2"-nitrilotriethanol buffer), glycine-sodium hydroxide buffer, diglycine 

buffer, tricine buffer (i.e., N-[tris(hydroxymethyl)methyl]glycine buffer), bicine buffer (i.e., N,N-bis(2

hydroxyethyl)glycine buffer), and tris buffer (i.e., 2-amino-2-(hydroxymethyl)-1,3-propanediol buffer).  

Generally, in methods of the present disclosure component A is applied to the tooth surface 

before or after component B is applied to the tooth surface. In some embodiments, component A is 

applied at least 30 seconds before or after component B is applied. Either component A or component B 

can be (independently) in any form suitable for oral cavity delivery, such as in the form of aqueous 

solutions (e.g., a rinse), a gel, a paste, or a powder. For example, component A and component B can be 

applied both as rinses. In some embodiments, component A can be applied as a gel and component B 

can be applied as a rinse.  

In some embodiments, methods of the present disclosure include relatively short exposure times 

of component A, such that no noticeable bleaching is observed by the naked eye when the method is 

performed, (e.g., in a single instance, and in some cases, over multiple instances).  
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In some embodiments, component A or component B is applied for a period of less than 1 hour, 

less than 30 minutes, less than 10 minutes, less than 5 minutes, less than 2 minutes, less than 1 minute, or 

less than 30 seconds, particularly before applying the other component. In some of these embodiments, 

component A or component B is applied for 10 minutes, 5 minutes, 2 minutes, 1 minute, 30 seconds, 15 

seconds, or a range between and including any two of these values. In some embodiments, both 

component A and component B are applied for a period of less than 1 hour, less than 30 minutes, less 

than 10 minutes, less than 5 minutes, less than 2 minutes, or less than 1 minute.  

As the hydrogen peroxide adduct or hydrogen peroxide precursor is applied to the tooth, it 

dissociates in the environment within the oral cavity to produce hydrogen peroxide. Hydrogen peroxide, 

in the presence of a non-enzymatic, hydrogen peroxide decomposition catalyst generates oxygen gas, 

thereby softening and/or loosening the calculus on the tooth. The generated oxygen gas can, for 

example, weaken the adhesion between the calculus and tooth surface so that the calculus can be 

removed easily after relatively short exposure times to component A and component B. In some 

embodiments, the generated oxygen gas can soften and/or loosen the calculus so that the removal of the 

calculus, for example, by hand scaling is much easier. For instance, the calculus can be removed in a 

shorter time or with a less force.  

After component A and component B are applied, at least a part of the calculus can be removed 

from the tooth by a suitable mechanical means, (e.g., scaling (such as using a dental scaler), brushing, 

swabbing, wiping, ultrasonic scaling, air polishing or jetted water). In some embodiments, part of the 

calculus may be removed by mechanical means other than tooth brushing, for example, by a dental 

scaler. In some embodiments, the removing step occurs within 1 day, 12 hours, 6 hours, 3 hours, 1 hour, 

30 minutes, 10 minutes, 5 minutes, 2 minutes, 1 minute, 30 seconds, or 15 seconds, after the applying 

steps. In some embodiments, the removing step lasts for a period less than 10 minutes, less than 5 

minutes, less than 2 minutes, or less than 1 minute. In other embodiments, the removing step lasts 10 

minutes, 5 minutes, 2 minutes, 1 minute, 30 seconds, or a range between and including any two of these 

values. Thus, the method of the present disclosure can, for example, provide an easier and/or quicker 

removal of the calculus. In some embodiments, the applying steps and removing step are all completed 

in less than 1 day, less than 12 hours, less than 6 hours, less than 3 hours, less than 1 hour, less than 30 

minutes, less than 10 minutes, less than 5 minutes, less than 2 minutes, or less than 1 minute.  

In an exemplary embodiment, first a non-enzymatic, hydrogen peroxide decomposition catalyst 

for generating oxygen gas is applied to a tooth surface that includes calculus. After one minute, a 

hydrogen peroxide aqueous rinse solution is applied to the tooth surface. After about 15 seconds, the 

calculus is hand scaled.  

In some embodiments, additives can be applied to the tooth surface. In some embodiments, 

additives can be applied with component A and/or component B. The additives used in the method can 

include, but are not limited to, antiseptics and preservatives, antibiotics, flavoring materials, surfactants, 
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abrasives, thickeners and binders, propellants, carriers, tartar control agents, calcium sequestrants, 

fluoride salts, and dyes.  

Suitable antiseptics and preservatives can include, but are not limited to, chlorhexidine and salts 

thereof, polyhexamethylene biguanide, octenidine, quaternary ammonium salts and polymers thereof, 

organic acids, chelating agents, for example, a calcium chelating agent (e.g., ethylenediaminetetraacetic 

acid (EDTA)), essential oils, and parabens. Non-limiting examples of antibiotics can include penicillin, 

tetracycline, minocycline, and the like. Examples of antibiotics can also include those described in U.S.  

Pat. No. 6,685,921 (Lawlor). Examples of flavoring materials can include artificial sweeteners, plant 

oils, and synthetic flavors. Examples of abrasives can include silica particles, synthetic inorganic 

particles, and synthetic or plant derived organic particles. Suitable surfactants can include those 

described in U.S. Pat. Pub. No. 2006/0051385 (Scholz). Examples of such surfactants include cationic 

surfactants, zwitterionic surfactants, nonionic surfactants, and anionic surfactants. Examples of 

thickeners can include glycerol, silica, cellulose-based polymers, plant gums (e.g., guar and xanthan 

gum), petroleum derived materials such as petrolatum, polyethylene glycols, polyvinyl pyrrolidone and 

copolymers thereof, polylactic acids, long chain fatty acid alcohols, and acrylate polymers. Suitable 

binders can include those described in U.S. Pat. No. 8,647,608 (Yang et al.). Suitable carriers can 

include those described in U.S. Pat. No. 8,647,608 (Yang et al.). Carriers can include any alcohols 

suitable for use in a subject's oral cavity, including ethanol, isopropanol, and glycerol. Suitable dyes 

include those conventionally used in dental products. Examples of tartar control agents can include those 

described in U.S. Pat. No. 6,685,921 (Lawlor). Anti-tartar agents known for use in dental care products 

can include, but are not limited to phosphate. Phosphates can include pyrophosphates, polyphosphates, 

polyphosphonates, and mixtures thereof Pyrophosphate salts can include the dialkali metal 

pyrophosphate salts, tetra-alkali metal pyrophosphate salts, and mixtures thereof Examples of fluoride 

salts can include those described in U.S. Pat. No. 6,685,921 (Lawlor), U.S. Pat. No. 3,535,421 (Briner et 

al.), and U.S. Pat. No. 3,678,154 (Briner et al.).  

The kits of removing calculus from a tooth of the present disclosure can include a component A 

including a hydrogen peroxide or a precursor thereto; and a component B including a non-enzymatic, 

hydrogen peroxide decomposition catalyst for generating oxygen gas; and instructions for applying 

components A and B to the tooth simultaneously or sequentially, thereby generating oxygen gas to soften 

and/or loosen at least part of the calculus on the tooth, and for removing at least a part of the calculus 

from the tooth. In such kits, component A and/or component B may further include one or more 

additives as described herein.  

EMBODIMENTS 

The following embodiments are intended to be illustrative of the present disclosure and not 

limiting.  
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Embodiment 1 is a method of removing calculus from a tooth comprising: applying a 

component A to the tooth, wherein component A comprises a hydrogen peroxide or a precursor thereto; 

applying a component B to the tooth, wherein component B comprises a non-enzymatic, hydrogen 

peroxide decomposition catalyst for generating oxygen gas; wherein components A and B are applied 

simultaneously or sequentially to the tooth, thereby generating oxygen gas to soften and/or loosen at least 

part of the calculus on the tooth; and removing at least a part of the calculus from the tooth.  

Embodiment 2 is the method of embodiment 1 wherein component A is applied before or after 

component B is applied.  

Embodiment 3 is the method of embodiment 1 or 2 wherein component A comprises at least 1.0 

M, or at least 1.1 M, or at least 1.2 M, or at least 1.3 M, or at least 1.4 M, or at least 1.5 M, or at least 2.0 

M, or at least 3.0 M hydrogen peroxide.  

Embodiment 4 is the method of any one of embodiments I to 3 wherein component A comprises 

up to 12 M, or up to 5 M hydrogen peroxide.  

Embodiment 5 is the method of any one of embodiments I to 4 wherein the hydrogen peroxide is 

a hydrogen peroxide adduct.  

Embodiment 6 is the method of embodiment 5 wherein the hydrogen peroxide adduct is selected 

from the group of carbamide peroxide, percarbonate salts or acids, polyvinylpyrrolidone (PVP) peroxide, 

and a combination thereof 

Embodiment 7 is the method of any one of embodiments I to 4 wherein the hydrogen peroxide 

precursor is selected from the group of perborate salts or acids, metal peroxides, organic peroxides, 

inorganic peroxyacids or salts, and combinations thereof 

Embodiment 8 is the method of embodiment 7 wherein the precursor is an organic peroxide, and 

wherein the organic peroxide is peracetic acid or a salt thereof 

Embodiment 9 is the method of any one of embodiments I to 4 wherein the hydrogen peroxide is 

generated by a peroxide generating enzyme.  

Embodiment 10 is the method of embodiment 9 wherein the peroxide generating enzyme is 

glucose oxidase.  

Embodiment 11 is the method of any one of embodiments I to 10 wherein component B 

comprises a water-soluble inorganic compound, an Fe(III) complex, a water-insoluble inorganic 

compound, a metalloporphyrin complex, a mononuclear metal non-porphyrin complex, a dinuclear metal 

non-porphyrin complex (which may be symmetric or asymmetric), a trinuclear metal non-porphyrin 

complex, a tetranuclear metal non-porphyrin complex, and a combination thereof 

Embodiment 12 is the method of embodiment I Iwherein component B comprises a water

soluble inorganic compound.  

Embodiment 13 is the method of embodiment 12 wherein the water-soluble inorganic compound 

is selected from the group of an iodate precursor (e.g., KI), a molybdate precursor (e.g., Na2 MoO 4), a 

polyoxometallate (e.g., Na1 2[WZn3(ZnW 9 O34)2 ]), an HC-C12 solution, and a combination thereof.  
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Embodiment 14 is the method of embodiment 13 wherein the water-soluble inorganic compound 

comprises an iodate precursor.  

Embodiment 15 is the method of embodiment 14 wherein the iodate precursor comprises an 

iodide source.  

Embodiment 16 is the method of embodiment 15 wherein the iodide source is selected from the 

group of an alkali metal iodide (e.g., LiI, Na, KI, RbI, CsI), an alkaline earth iodide (e.g., MgI 2, CaI2 , 

SrI2), a transition metal iodide (e.g., FeI 2, ZnI 2), and a combination thereof 

Embodiment 17 is the method of any one of embodiments 14 to 16 wherein component B 

comprises greater than 0.05 M of an iodate precursor.  

Embodiment 18 is the method of embodiment 17 wherein component B comprises at least 0.1 M 

of an iodate precursor.  

Embodiment 19 is the method of any one of embodiments 12 to 14 wherein component B 

comprises up to the solubility limit of an iodate precursor (e.g., 8.4 M for KI at 20C).  

Embodiment 20 is the method of embodiment 19 wherein component B comprises up to 2 M of 

an iodate precursor.  

Embodiment 21 is the method of embodiment 20 wherein component B comprises up to 1 M of 

an iodate precursor.  

Embodiment 22 is the method of embodiment 11 wherein component B comprises an Fe(III) 

complex.  

Embodiment 23 is the method of embodiment 22 wherein the Fe(III) complex is selected from 

the group of Fe(III)-ethylenediaminetetraacetic acid (i.e., Fe(III)-EDTA), FeTrFPh-p(SO3) 2-corrole 2

5,14-dihydro-5,9,14,18-tetraaza-di(2,2-dimethyl-[5,6]benzo-[1,3]dioxolo)[a,h]cyclotetradecene-Fe(III) 

chloride (i.e., TAA-1/Fe(III)Cl), and a combination thereof 

Embodiment 24 is the method of embodiment 23 wherein the Fe(III) complex is Fe(III)

ethylenediaminetetraacetic acid (Fe(III)-EDTA).  

Embodiment 25 is the method of any one of embodiments 22 to 24 wherein component B 

comprises at least 0.02 M of an Fe(III) complex.  

Embodiment 26 is the method of any one of embodiments 22 to 25 wherein component B 

comprises up to 0.2 M of an Fe(III) complex.  

Embodiment 27 is the method of embodiment 11 wherein component B comprises a water

insoluble inorganic compound.  

Embodiment 28 is the method of embodiment 27 wherein the water-insoluble inorganic 

compound is selected from the group of iron oxide nanoparticles, calcium hydroxide, a lanthanum-doped 

zinc hydroxycarbonate, a zeolite-supported lanthanum (e.g., LaNa-ZSM-5), a layered double hydroxide 

(LDH)-supported molybdate (e.g., MgAlox)(OH) 2(MoO 4)o. 5 ()), a clay-supported lanthanum (e.g., 

LaNa-montmorillonite), and a combination thereof 

-14-



WO 2018/075149 PCT/US2017/050052 

Embodiment 29 is the method of embodiment 11 wherein component B comprises a 

metalloporphyrin complex.  

Embodiment 30 is the method of embodiment 29 wherein the metalloporphyrin complex (i.e., 

porphyrinic metal complex) is selected from the group of FeTE-2-PyP 5 +, FeTnOct-2-PyP5 *, 

Manganese(III) tetrakis(4-benzoic acid)porphyrin chloride (i.e., MnTBAP Cl), Manganese(III) meso

tetrakis(di-N-ethylimidazole)porphyrin chloride (i.e., MnDTEIP Cl or AEOL 10150), and a combination 

thereof 

Embodiment 31 is the method of embodiment 11 wherein component B comprises a 

mononuclear metal non-porphyrin complex.  

Embodiment 32 is the method of embodiment 31 wherein the mononuclear metal non-porphyrin 

complex (other than the Fe(III) complexes described herein) is selected from the group of [Mn(S0 3

salpn(OH))]-, [Mn"(chedam)(bipy)(H20)], and a combination thereof 

Embodiment 33 is the method of embodiment 11 wherein component B comprises a dinuclear 

metal non-porphyrin complex.  

Embodiment 34 is the method of embodiment 33 wherein the dinuclear metal non-porphyrin 

complex is selected from the group of [Mn(bpia)(-OAc)] 2, [MnIV 2(salpn)( -0)] 2 , [MnI(2-OHsalpn)] 2, 

[Mn211(pL-OAc)(L-OH2)(benzimpnO)]2+, [Mn2(bphpmp)(L-OAc)2]*, and a combination thereof 

Embodiment 35 is the method of embodiment 11 wherein component B comprises a trinuclear 

metal non-porphyrin complex.  

Embodiment 36 is the method of embodiment 35 wherein the trinuclear metal non-porphyrin 

complex is P-Mn112MIn"(saladhp) 2(OAc) 4(CH30H)2.  

Embodiment 37 is the method of embodiment 11 wherein component B comprises a tetranuclear 

metal non-porphyrin complex.  

Embodiment 38 is the method of embodiment 37 wherein the tetranuclear metal non-porphyrin 

complex is selected from the group of (Ba,Ca)2[Mn4( -0)( L-OH)(O 2-CCH3) 2(dahpta) 2], 

[Mn406(bpea)4]3+, and a combination thereof.  

Embodiment 39 is the method of any one of embodiments I to 38 wherein component B has a 

pH of at least 5.  

Embodiment 40 is the method of any one of embodiments I to 39 wherein component B has a 

pH of up to 10 (or up to 9, or up to 8, or up to 7).  

Embodiment 41 is the method of any of embodiments I to 40 wherein component B comprises a 

pH buffer.  

Embodiment 42 is the method of embodiment 41 wherein the component B buffer comprises 

compounds selected from citric acid, sodium phosphate dibasic, sodium phosphate monobasic, 2,2

bis(hydroxymethyl)-2,2',2"-nitrilotriethanol, glycine, diglycine, N-[tris(hydroxymethyl)methyl]glycine, 
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N,N-bis(2-hydroxyethyl)glycine, 2-amino-2-(hydroxymethyl)-1,3-propanediol, sodium chloride, calcium 

chloride, potassium chloride, sodium hydroxide, and combinations thereof 

Embodiment 43 is the method of embodiment 42 wherein the buffer is selected from the group of 

phosphate buffered saline, citric acid-sodium phosphate buffer, citric acid-sodium citrate buffer, bis-tris 

buffer (i.e., 2,2-bis(hydroxymethyl)-2,2',2"-nitrilotriethanol buffer), glycine-sodium hydroxide buffer, 

diglycine buffer, tricine buffer (i.e., N-[tris(hydroxymethyl)methyl]glycine buffer), bicine buffer (i.e., 

N,N-bis(2-hydroxyethyl)glycine buffer), and tris buffer (i.e., 2-amino-2-(hydroxymethyl)-1,3

propanediol buffer).  

Embodiment 44 is the method of any of embodiments 2 to 43 wherein component A is applied at 

least 30 seconds before applying component B.  

Embodiment 45 is the method of any of embodiments 2 to 44 wherein component A is applied 

for a period of less than 1 hour before applying component B.  

Embodiment 46 is the method of embodiment 45 wherein component A is applied for a period of 

less than 30 minutes before applying component B.  

Embodiment 47 is the method of embodiment 46 wherein component A is applied for a period of 

less than 1 minute before applying component B.  

Embodiment 48 is the method of embodiment 47 wherein component A is applied for a period of 

less than 30 seconds before applying component B.  

Embodiment 49 is the method of any of embodiments 2 to 43 wherein component B is applied at 

least 30 seconds before applying component A.  

Embodiment 50 is the method of any of embodiments 2 to 43 and embodiment 49 wherein 

component B is applied for a period of less than 1 hour before applying component A.  

Embodiment 51 is the method of embodiment 50 wherein component B is applied for a period of 

less than 30 minutes before applying component A.  

Embodiment 52 is the method of embodiment 51 wherein component B is applied for a period of 

less than 1 minute before applying component A.  

Embodiment 53 is the method of embodiment 52 wherein component B is applied for a period of 

less than 30 seconds before applying component A.  

Embodiment 54 is the method of any of embodiments I to 53 wherein both component A and 

component B are applied for a period of less than 1 hour.  

Embodiment 55 is the method of any of embodiments I to 54 wherein the removing step occurs 

within 1 day after the applying steps.  

Embodiment 56 is the method of any of embodiments I to 55 wherein the applying steps and 

removing step are all completed in less than 1 day.  

Embodiment 57 is the method of any of embodiments I to 56 wherein at least a part of the 

calculus is removed by mechanical means.  

-16-



WO 2018/075149 PCT/US2017/050052 

Embodiment 58 is the method of embodiment 57 wherein at least a part of the calculus is 

removed by mechanical means other than tooth brushing.  

Embodiment 59 is the method of embodiment 57 or 58 wherein at least a part of the calculus is 

removed by a dental scaler.  

Embodiment 60 is a kit of parts for removing calculus from a tooth comprising: acomponentA 

comprising a hydrogen peroxide or a precursor thereto; and a component B comprising a non-enzymatic, 

hydrogen peroxide decomposition catalyst for generating oxygen gas; and instructions for applying 

components A and B to the tooth simultaneously or sequentially, thereby generating oxygen gas to soften 

and/or loosen at least part of the calculus on the tooth, and for removing at least a part of the calculus 

from the tooth.  

Embodiment 61 is the kit of parts of embodiment 60 wherein component A and/or component B 

further includes one or more additives.  

Embodiment 62 is the kit of parts of embodiment 61 wherein the one or more additives are 

selected from antiseptics and preservatives, antibiotics, flavoring materials, surfactants, abrasives, 

thickeners and binders, propellants, carriers, tartar control agents, calcium sequestrants, fluoride salts, 

and dyes.  

EXAMPLES 

The following examples are given to illustrate, but not limit, the scope of this invention. As used 

herein, all parts and percentages are by weight unless otherwise specified. All commercial materials 

were used as obtained from the vendor. Unless otherwise specified, materials can be obtained from 

Sigma-Aldrich Corp. (St. Louis, MO).  

Materials and Methods 

Hydrogen peroxide (H202 ), in the form of a 30 wt. % aqueous solution, was obtained from 

Avantor Performance Materials (Center Valley, PA) or Acros Organics (Geel, Belgium). Diluted 

aqueous hydrogen peroxide solutions (about 3 M, 1.5 M, and 0.3 M) were prepared using either 

demonized or distilled water. The molarity of each aqueous hydrogen peroxide solution at room 

temperature (about 23°C) was calculated from the weight percent and approximate density of the solution 

(densities were calculated at 25°C using Equation (3) in Easton, M.F., Mitchell, A.G., Wynne-Jones, 

W.F.K., "The Behaviour of Mixtures of Hydrogen Peroxide and Water. Part I. Determination of the 

Densities of Mixtures of Hydrogen Peroxide and Water", Trans. Faraday Soc., 48, 796 (1952)).  

Potassium iodide was obtained from EM Science (Gibbstown, NJ) and was dissolved into 

demonized water to prepare 1 M and 0.1 M solutions.  

Ethylenediaminetetraacetic acid iron (III) sodium salt (NaFeEDTA) was obtained from Sigma

Aldrich Corporation. The NaFeEDTA solutions (0.2 M, 0.025 M, and 0.01 M) were prepared in 0.2 M 

phosphate buffer solution (PBS), pH 7.9.  
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Extracted human teeth containing multiple regions with calculus deposits (available from various 

suppliers such as enretec GmbH, Velten, Germany) were stored in 0.5-1.0 wt. % aqueous chloramine-T 

solution prior to use. To prepare the extracted teeth for calculus removal testing, each tooth was rinsed 

with deionized water. Hand scaling of calculus deposits as described in the following examples was 

performed using a universal (i.e., Columbia) curette commercially available from OSUNG MND CO., 

LTD. (Korea).  

Example 1.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of NaFeEDTA (0.2 

M) solution was applied, followed 15 seconds later by the application of 2-3 drops of hydrogen peroxide 

(10 wt. %, about 3 M) solution. After waiting approximately 30 seconds, hand scaling of this portion 

was performed. This was identified as the treatment portion of the calculus region.  

A noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  

Example 2.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of NaFeEDTA 

(0.025 M) solution was applied, followed immediately by the application of 2-3 drops of hydrogen 

peroxide (10 wt. %, about 3 M) solution. After waiting approximately 30 seconds, hand scaling of this 

portion was performed. This was identified as the treatment portion of the calculus region.  

A noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  

Example 3.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of potassium 

iodide (1 M) solution was applied, followed immediately by the application of 2-3 drops of hydrogen 

peroxide (10 wt. %, about 3 M) solution. After waiting approximately 30 seconds, hand scaling of this 

portion was performed. This was identified as the treatment portion of the calculus region.  

A noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  
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Example 4.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of potassium 

iodide (0.1 M) solution was applied, followed immediately by the application of 2-3 drops of hydrogen 

peroxide (10 wt. %, about 3 M) solution. After waiting approximately 30 seconds, hand scaling of this 

portion was performed. This was identified as the treatment portion of the calculus region.  

A noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  

Example 5.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of potassium 

iodide (1 M) solution was applied, followed 15 seconds later by the application of 2-3 drops of hydrogen 

peroxide (5 wt. %, about 1.5 M) solution. After waiting approximately 30 seconds, hand scaling of this 

portion was performed. This was identified as the treatment portion of the calculus region.  

A noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  

Comparative Example 1.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of NaFeEDTA (0.2 

M) solution was applied, followed 15 seconds later by the application of 2-3 drops of hydrogen peroxide 

(1 wt. %, about 0.3 M) solution. After waiting approximately 30 seconds, hand scaling of this portion 

was performed. This was identified as the treatment portion of the calculus region.  

No noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  

Comparative Example 2.  

A region of calculus on an extracted tooth was treated with deionized water. A portion of the 

region was hand scaled and this was identified as the control portion of the calculus region.  

To an unsealed portion on the same region of calculus on the tooth, 2-3 drops of NaFeEDTA 

(0.01 M) solution was applied, followed 15 seconds later by the application of 2-3 drops of hydrogen 

peroxide (10 wt. %, about 3 M) solution. After waiting approximately 30 seconds, hand scaling of this 

portion was performed. This was identified as the treatment portion of the calculus region.  
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No noticeable improvement in the ease of calculus removal by hand scaling was observed for the 

treatment portion of the calculus region when compared with the control portion of the calculus region.  

The referenced descriptions contained in the patents, patent documents, and publications cited 

herein are incorporated by reference in their entirety as if each were individually incorporated. Various 

unforeseeable modifications and alterations to this disclosure will become apparent to those skilled in the 

art without departing from the scope and spirit of this disclosure. It should be understood that this 

disclosure is not intended to be unduly limited by the illustrative embodiments and examples set forth 

herein and that such examples and embodiments are presented by way of example only, with the scope of 

the disclosure intended to be limited only by the claims set forth herein as follows.  

Throughout this specification and the claims which follow, unless the context requires otherwise, 

the word "comprise", and variations such as "comprises" or "comprising", will be understood to imply 

the inclusion of a stated integer or step or group of integers or steps but not the exclusion of any other 

integer or step or group of integers or steps.  

The reference in this specification to any prior publication (or information derived from it), or to 

any matter which is known, is not, and should not be taken as, an acknowledgement or admission or any 

form of suggestion that that prior publication (or information derived from it) or known matter forms part 

of the common general knowledge in the field of endeavour to which this specification relates.  
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The claims defining the invention are as follows: 

1. A method of removing calculus from a tooth comprising: 

applying a component A to the tooth, wherein component A comprises a hydrogen 

peroxide, a hydrogen peroxide adduct, a hydrogen peroxide precursor, a peroxide generating 

enzyme, a perborate, a percarbonate, a metal peroxide, an organic peroxide, an inorganic 

peroxyacid or salt thereof, or a combination thereof, or a combination thereof; 

applying a component B to the tooth, wherein component B comprises a non-enzymatic, 

hydrogen peroxide decomposition catalyst for generating oxygen gas; 

wherein components A and B are applied simultaneously or sequentially to the tooth, 

thereby generating oxygen gas to soften and/or loosen at least part of the calculus on the tooth; 

and 

removing at least a part of the calculus from the tooth, 

wherein component A is applied before or after component B is applied.  

2. The method of claim 1, wherein component A is applied for a period of less than 1 hour before 

applying component B.  

3. The method of claim 1, wherein component B is applied for a period of less than 1 hour before 

applying component A.  

4. The method according to any one of claims 1 to 3, wherein component B comprises a water

soluble inorganic compound, an Fe(III) complex, a water-insoluble inorganic compound, a 

metalloporphyrin complex, a mononuclear metal non-porphyrin complex, a dinuclear metal non

porphyrin complex, a trinuclear metal non-porphyrin complex, a tetranuclear metal non-porphyrin 

complex, or a combination thereof.  

5. The method of claim 4, wherein Component B comprises a water-soluble inorganic compound.  

6. The method of claim 5, wherein the water-soluble inorganic compound is selected from the 

group of an iodate precursor, a molybdate precursor, a polyoxometallate, an HC1-C2 solution, and a 

combination thereof.  

7. The method of claim 6, wherein component B comprises greater than 0.05 M of an iodate 

precursor.  

8. The method of claim 4, wherein component B comprises an Fe(III) complex.  
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9. The method of claim 8, wherein component B comprises at least 0.02 M of an Fe(III) complex.  

10. The method of claim 8, wherein the Fe(III) complex is selected from the group of Fe(III)

ethylenediaminetetraacetic acid, FeTrFPh-P (SO3)2-corrole2-, 5,14-dihydro-5,9,14,18-tetraaza-di(2,2

dimethyl-[5,6]benzo-[1,3]dioxolo)[a,h]cyclotetradecene-Fe(III) chloride, and a combination thereof.  

11. The method of claim 10, wherein the Fe(III) complex is Fe(III)-ethylenediaminetetraacetic acid.  

12. The method of claim 1, wherein component B has a pH of at least 5 up to 10.  

13. The method of claim 12, wherein component B comprises a pH buffer.  

14. The method of claim 13, wherein the component B buffer comprises compounds selected from 

citric acid, sodium phosphate dibasic, sodium phosphate monobasic, 2,2-bis(hydroxymethyl)-2,2',2"

nitrilotriethanol, glycine, diglycine, N-[tris(hydroxymethyl)methyl]glycine, N,N-bis(2

hydroxyethyl)glycine, 2-amino-2-(hydroxymethyl)-1,3-propanediol, sodium chloride, calcium chloride, 

potassium chloride, sodium hydroxide, and combinations thereof.  

15. The method of any one of claims I to 14, wherein component A comprises at least 1.0 M 

hydrogen peroxide.  

16. The method of any one of claims I to 15, wherein at least a part of the calculus is removed by 

mechanical means.  
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