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METHODS AND KITS FOR REMOVING CALCULUS 

USING A METAL ION AND BICARBONATE 

Cross Reference To Related Application 

This application claims the benefit of U.S. Provisional Patent Application No. 62/410711, 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 includes: a metal ion 

selected from the group of lithium ion (Li'), magnesium ion (Mg 2 ), calcium ion (Ca 2 ), and a 

combination thereof; and an aprotic base having a pKb in water of greater than 15.4; applying a 

component B to the tooth, wherein component B includes a bicarbonate ion; wherein components A and 

B are applied simultaneously or sequentially to the tooth, thereby generating a 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.  

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 metal ion selected from the group of lithium ion (Li'), 

magnesium ion (Mg 2
+), calcium ion (Ca 2 ), a precursor thereto, and a combination thereof; and an aprotic 

base having a pKb in water of greater than 15.4, or a precursor thereto; a component B comprising a 

bicarbonate ion or a precursor thereto; and instructions for applying components A and B to the tooth 

simultaneously or sequentially, thereby generating a 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.  

Definitions 

As used in this patent application: 
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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 

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 
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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, 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, applying a component B to the 

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

generating a 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 certain embodiments, component A includes: a metal ion selected from the group of lithium 

ion (Li), magnesium ion (Mg2l), calcium ion (Ca), a precursor thereto, and a combination thereof, and 
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an aprotic base having a pKb in water of greater than 15.4, or a precursor thereto. The aprotic base often 

is a halogen-containing anion. In certain embodiments, the aprotic base is a halide (e.g., iodide, bromide, 

and chloride).  

In certain embodiments, the aprotic base of component A includes triflate ion (OTf), iodide ion 

(F), perchlorate ion (C10 4 ), bromide ion (Br), chloride ion (Cl-), or a combination thereof 

In certain embodiments, a precursor of a metal ion of component A includes a solid salt (e.g., a 

lithium halide, a magnesium halide, a calcium halide, or a combination thereof). In certain embodiments, 

a precursor of an aprotic base having a pKb in water of greater than 15.4 includes a solid salt (e.g., a 

lithium halide, a magnesium halide, a calcium halide, a sodium halide, a sodium triflate, a sodium 

perchlorate, or a combination thereof).  

In certain embodiments, the metal ion and aprotic base of component A are provided by the same 

compound. For example, in certain embodiments, component A includes a lithium halide, a magnesium 

halide, a calcium halide, or a combination thereof In certain embodiments, component A includes LiCl, 

MgCl2, CaCl2, or a combination thereof 

In certain embodiments, the metal ion and aprotic base of component A are provided by different 

compounds. For example, component A could include lithium nitrate and sodium chloride. Component 

B could include a bicarbonate salt such as potassium bicarbonate or sodium bicarbonate. The key is that 

the lithium ion, chloride ion, and bicarbonate ion are all present on a tooth.  

In certain embodiments, component A is a solid when applied to the tooth that is at least partially 

dissolved upon mixing component A and component B on the tooth.  

In certain embodiments, component A is an aqueous solution when applied to the tooth. In 

certain embodiments, the aqueous solution comprises greater than 1 M of a metal salt that includes the 

metal ion. For example, the aqueous solution can contain greater than 1.5 M, greater than 2 M, or greater 

than 2.5 M of the metal salt that includes the metal ion. In certain embodiments, the aqueous solution 

includes a saturated solution of the metal ion, or the metal ion at a concentration up to the solubility limit 

of the metal salt. The concentration of component A is prior to mixing with component B.  

In certain embodiments, component A is an aqueous solution when applied to the tooth and the 

aqueous solution comprises greater than 1 M of a salt containing the aprotic base. The salt of the aprotic 

base often contains either one or two moles of aprotic base per mole of the salt. For example, the 

aqueous solution can contain greater than 1 M of the aprotic base or greater than 2 M of the aprotic base.  

In certain embodiments, the aqueous solution includes a saturated solution of the aprotic base, or the 

aprotic base at a concentration up to the solubility limit of the salt of the aprotic base. In certain 

embodiments, the salt of the aprotic base is the same as the metal salt. The concentration of component 

A is prior to mixing with component B.  

In certain embodiments, component B includes a bicarbonate ion or a precursor thereto.  

In certain embodiments, a precursor of a bicarbonate ion of component B includes a solid salt 

(e.g., potassium bicarbonate (KHCO 3) and sodium bicarbonate (NaHCO 3)).  
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In certain embodiments, a precursor to a bicarbonate ion includes a carbonate and an acid, which 

can form the bicarbonate. For example, component B can include a mixture of sodium carbonate plus 

hydrochloric acid, which forms sodium chloride and sodium bicarbonate.  

In certain embodiments, component B is a solid when applied to the tooth that is at least partially 

dissolved upon mixing component A and component B on the tooth.  

In certain embodiments, component B is an aqueous solution when applied to the tooth. In 

certain embodiments, the aqueous solution includes greater than 0.5 M of a bicarbonate ion. For 

example, the aqueous solution can have a concentration greater than 1 M, greater than 1.5 M, or greater 

than 2 M bicarbonate ion. In certain embodiments, the aqueous solution includes a saturated solution of 

the bicarbonate ion, or the bicarbonate ion at a concentration up to the solubility limit of the bicarbonate 

salt, or up to 3 M bicarbonate ion. The concentration of component B is prior to mixing with component 

A.  

Upon mixing components A and B (i.e., when components A and B are applied to a tooth), a gas 

is generated, thereby softening and/or loosening the calculus on the tooth. This gas is believed to be 

C02, although this is not a limitation of the present disclosure. The generated 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 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.  

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, 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 each 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.  

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, the part of the 
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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 solid LiCl in powder form is applied to a tooth surface that 

includes calculus. After one minute, a potassium bicarbonate rinse solution is applied to the tooth 

surface. After about two minutes, calculus is hand scaled.  

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

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, 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, 
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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 metal ion selected from the group of lithium ion (Li'), magnesium ion (Mg 2+), calcium ion 

(Ca2
+), a precursor thereto, and a combination thereof, an aprotic base having a pKb in water of greater 

than 15.4, or a precursor thereto; a component B including a bicarbonate ion or a precursor thereto; and 

instructions for applying components A and B to the tooth simultaneously or sequentially, thereby 

generating a 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.  

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

applying a component A to the tooth, wherein component A comprises: a metal ion selected from 

the group of lithium ion (Li'), magnesium ion (Mg 2+), calcium ion (Ca2
+), a precursor thereto, and a 

combination thereof, and an aprotic base having a pKb in water of greater than 15.4, or a precursor 

thereto; 

applying a component B to the tooth, wherein component B comprises a bicarbonate ion or a 

precursor thereto; 

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

generating a 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 the metal ion and aprotic base of 

component A are provided by the same compound.  

Embodiment 4 is the method of any one of embodiments I to 3 wherein the metal ion and aprotic 

base of component A are provided by different compounds. For example, component A could include 

lithium nitrate and sodium chloride. Component A is combined with component B, which contains a 

bicarbonate ion. The key is that the lithium ion, chloride ion, and bicarbonate ion are all present in that 

example.  
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Embodiment 5 is the method of any one of embodiments I to 4 wherein the aprotic base of 

component A comprises triflate ion (OTf), iodide ion (I), perchlorate ion (C104 ), bromide ion (Br-), 

chloride ion (Cl-), or a combination thereof 

Embodiment 6 is the method of any one of embodiments 1 to 5 wherein the precursor of a metal 

ion of component A and/or the precursor of an aprotic base comprises a solid salt.  

Embodiment 7 is the method of embodiment 5 or 6 wherein component A comprises a lithium 

halide, a magnesium halide, a calcium halide, a sodium halide, a sodium triflate, a sodium perchlorate, or 

a combination thereof 

Embodiment 8 is the method of embodiment 7 wherein component A comprises LiCl, MgC 2 , 

CaCl2 , or a combination thereof 

Embodiment 9 is the method of any one of embodiments 1 to 8 wherein component A is a solid 

when applied to the tooth that is at least partially dissolved upon mixing component A and component B 

on the tooth.  

Embodiment 10 is the method of any one of embodiments I to 9 wherein component A is an 

aqueous solution when applied to the tooth.  

Embodiment 11 is the method of embodiment 10 wherein the aqueous solution comprises greater 

than 1 M of a metal salt comprising the metal ion. In some embodiments, the aqueous solution 

comprises greater than 1 M of the metal ion and greater than 1 M of an aprotic base.  

Embodiment 12 is the method of embodiment 10 or 11 wherein the aqueous solution comprises a 

saturated solution of the metal ion, or the metal ion at a concentration up to the solubility limit of the 

metal salt.  

Embodiment 13 is the method of any one of embodiments I to 12 wherein the precursor of a 

bicarbonate ion of component B comprises a solid salt.  

Embodiment 14 is the method of any one of embodiments I to 12 wherein the precursor to a 

bicarbonate ion comprises a carbonate (e.g., a carbonate salt) and an acid, which can form the 

bicarbonate.  

Embodiment 15 is the method of any one of embodiments I to 14 wherein component B is a 

solid when applied to the tooth that is at least partially dissolved upon mixing component A and 

component B on the tooth.  

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

aqueous solution when applied to the tooth.  

Embodiment 17 is the method of embodiment 16 wherein the aqueous solution comprises greater 

than 0.5 M of a bicarbonate ion.  

Embodiment 18 is the method of embodiment 16 or 17 wherein the aqueous solution comprises a 

saturated solution of the bicarbonate ion, or the bicarbonate ion at a concentration up to the solubility 

limit of the bicarbonate salt, or up to 3 M bicarbonate ion.  
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Embodiment 19 is the method of any one of embodiments I to 18 wherein component B 

comprises potassium bicarbonate (KHCO 3).  

Embodiment 20 is the method of any one of embodiments 2 to 19 wherein component A is 

applied at least 30 seconds before applying component B.  

Embodiment 21 is the method of any one of embodiments 2 to 20 wherein component A is 

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

Embodiment 22 is the method of embodiment 21 wherein component A is applied for a period of 

less than 30 minutes before applying component B.  

Embodiment 23 is the method of embodiment 22 wherein component A is applied for a period of 

less than 1 minute before applying component B.  

Embodiment 24 is the method of embodiment 23 wherein component A is applied for a period of 

less than 30 seconds before applying component B.  

Embodiment 25 is the method of any one of embodiments 2 to 19 wherein component B is 

applied at least 30 seconds before applying component A.  

Embodiment 26 is the method of any one of embodiments 2 to 19 and embodiment 25 wherein 

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

Embodiment 27 is the method of embodiment 25 wherein component B is applied for a period of 

less than 30 minutes before applying component A.  

Embodiment 28 is the method of embodiment 27 wherein component B is applied for a period of 

less than 1 minute before applying component A.  

Embodiment 29 is the method of embodiment 28 wherein component B is applied for a period of 

less than 30 seconds before applying component A.  

Embodiment 30 is the method of any one of embodiments I to 29 wherein both component A 

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

Embodiment 31 is the method of any one of embodiments I to 30 wherein the removing step 

occurs within 1 day after the applying steps.  

Embodiment 32 is the method of any one of embodiments 1 to 31 wherein the applying steps and 

removing step are all completed in less than 1 day.  

Embodiment 33 is the method of any one of embodiments I to 32 wherein at least a part of the 

calculus is removed by mechanical means.  

Embodiment 34 is the method of embodiment 33 wherein at least a part of the calculus is 

removed by mechanical means other than tooth brushing.  

Embodiment 35 is the method of embodiment 33 or 34 wherein at least a part of the calculus is 

removed by a dental scaler.  

Embodiment 36 is the method of any one of embodiments I to 35 wherein component A and 

component B are aqueous solutions when applied to the tooth and wherein the aqueous solution of 
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component A comprises greater than 1 M of the metal ion and greater than 1 M of an aprotic base and the 

aqueous solution of component B comprises greater than 0.5 M of a bicarbonate ion.  

Embodiment 37 is a kit of parts for removing calculus from a tooth comprising: 

a component A comprising: 

a metal ion selected from the group of lithium ion (L), magnesium ion (Mg), calcium 

ion (Ca2"), a precursor thereto, and a combination thereof; and 

an aprotic base having a pKb in water of greater than 15.4, or a precursor thereto; 

a component B comprising a bicarbonate ion or a precursor thereto; and 

instructions for applying components A and B to the tooth simultaneously or sequentially, 

thereby generating a 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 38 is the kit of parts of embodiment 37 wherein component A and/or component B 

further includes one or more additives.  

Embodiment 39 is the kit of parts of embodiment 38 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.  

Embodiment 40 is the kit of parts of any one of embodiments 37 to 39 wherein component A and 

component B are aqueous solutions and wherein the aqueous solution of component A comprises greater 

than 1 M of the metal ion and greater than 1 M of an aprotic base and the aqueous solution of component 

B comprises greater than 0.5 M of a bicarbonate ion.  

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 

Calcium chloride (CaCl2) was obtained from EMD Millipore (Billerica, MA) and was dissolved 

into demonized water to prepare 3 M and saturated solutions.  

Lithium chloride (LiCl) was obtained from the Sigma-Aldrich Corporation (St. Louis, MO).  

Magnesium chloride (MgCl2) was obtained from CalBiochem (San Diego, CA) and was 

dissolved into demonized water to prepare 1 M, 3 M and saturated solutions.  

Potassium bicarbonate (KHCO3) was obtained from the Sigma-Aldrich Corporation and was 

dissolved in deionized water to prepare 0.5 M, 1 M, and 3 M solutions.  
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Strontium nitrate (Sr(N03)2) was obtained from Alfa Aesar (Ward Hill, MA) and was dissolved 

into demonized water to prepare a saturated solution.  

Barium nitrate (Ba(N0 3)2) was obtained from Mallinckrodt (St. Louis, MO) and was dissolved 

into demonized water to prepare a saturated solution.  

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 demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, solid LiC1 was applied, followed by 

the immediate application of 2-3 drops of KHCO 3 (3 M). After waiting approximately two minutes, 

hand scaling of this region was performed. This was identified as the treatment region of the tooth.  

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

treatment region when compared with the control region.  

Example 2.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, solid KHCO 3 was applied, followed 

by the immediate application of 2-3 drops of MgCl 2 (saturated solution). After waiting approximately 

five minutes, hand scaling of this region was performed. This was identified as the treatment region of 

the tooth.  

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

treatment region when compared with the control region.  

Example 3.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, 2-3 drops of KHCO 3 (1 M) was 

applied, followed by the immediate application of 2-3 drops of MgCl2 (3 M). After waiting a few 

seconds, hand scaling of this region was performed. This was identified as the treatment region of the 

tooth. The process was repeated on an additional five teeth.  
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For five of the six tooth samples, a noticeable improvement in the ease of calculus removal by 

hand scaling was observed for the treatment region when compared with the control region.  

Example 4.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, 2-3 drops of KHCO 3 (1 M) was 

applied, followed by the immediate application of 2-3 drops of CaCl2 (3 M). After waiting a few 

seconds, hand scaling of this region was performed. This was identified as the treatment region of the 

tooth. The process was repeated on an additional four teeth.  

For all five tooth samples, a noticeable improvement in the ease of calculus removal by hand 

scaling was observed for the treatment region when compared with the control region.  

Comparative Example 1.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, two drops of MgCl 2 (1 M) was 

applied, followed by the immediate application of two drops of KHCO3 (3 M). After waiting about 15 

seconds, hand scaling of this region was performed. This was identified as the treatment region of the 

tooth. The process was repeated on a second tooth.  

For both tooth samples, no improvement in the ease of calculus removal by hand scaling was 

observed for the treatment region when compared with the control region.  

Comparative Example 2.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, two drops of CaCl 2 (saturated 

solution) was applied, followed by the immediate application of two drops of KHCO 3 (0.5 M). After 

waiting about 15 seconds, hand scaling of this region was performed. This was identified as the treatment 

region of the tooth.  

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

region when compared with the control region.  

Comparative Example 3.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  
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To a second unsealed region of calculus on the same tooth, two drops of Sr(N 3)2 (saturated 

solution), followed by the immediate application of two drops of KHCO3 (3 M). After waiting about 15 

seconds, hand scaling of this region was performed. This was identified as the treatment region of the 

tooth. The process was repeated on a second tooth.  

For both tooth samples, no improvement in the ease of calculus removal by hand scaling was 

observed for the treatment region when compared with the control region.  

Comparative Example 4.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, two drops of Ba(N 3)2 (saturated 

solution), followed by the immediate application of two drops of KHCO3 (3 M). After waiting about 15 

seconds, hand scaling of this region was performed. This was identified as the treatment region of the 

tooth. The process was repeated on a second tooth.  

For both tooth samples, no improvement in the ease of calculus removal by hand scaling was 

observed for the treatment region when compared with the control region.  

Comparative Example 5.  

A region of calculus on an extracted tooth was treated with demonized water and then hand 

scaled. This was identified as the control region of the tooth.  

To a second unsealed region of calculus on the same tooth, two drops of KHCO 3 (1 M) 

(saturated solution), followed by the immediate application of two drops of aqueous NaCl (3 M). After 

waiting about 15 seconds, hand scaling of this region was performed. This was identified as the 

treatment region of the tooth. The process was repeated on two additional teeth.  

For all tooth samples, no improvement in the ease of calculus removal by hand scaling was 

observed for the treatment region when compared with the control 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.  
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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 metal ion selected from the group of lithium ion, magnesium ion, calcium ion, and a 

combination thereof; and 

an aprotic base having a pKb in water of greater than 15.4; 

applying a component B to the tooth, wherein component B comprises a bicarbonate ion; 

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

generating a 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.  

2. The method of claim 1, wherein component A is applied before or after component B is applied.  

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

applying component B.  

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

applying component A.  

5. The method of any one of claims I to 4, wherein the metal ion and aprotic base of component A 

are provided by the same compound.  

6. The method of any one of claims 1 to 5, wherein the aprotic base of component A comprises 

triflate, iodide, perchlorate, bromide, chloride, or a combination thereof.  

7. The method of any one of claims I to 5, wherein the metal ion of component A is provided as a 

solid salt.  

8. The method of claim 7, wherein component A comprises a lithium halide, a magnesium halide, a 

calcium halide, or a combination thereof.  

9. The method of any one of claims I to 8, wherein component A is a solid when applied to the 

tooth that is at least partially dissolved upon mixing component A and component B on the tooth.  

10. The method of any one of claims I to 8, wherein component A is an aqueous solution when 

applied to the tooth.  
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11. The method of claim 10, wherein the aqueous solution comprises greater than 1 M of a metal salt 

comprising the metal ion.  

12. The method of any one of claims I to 11, wherein the bicarbonate ion of component B is 

provided as a solid salt.  

13. The method of any one of claims 1 to 11, wherein the bicarbonate ion is derived from a 

carbonate and an acid.  

14. The method of any one of claims I to 13, wherein component B is a solid when applied to the 

tooth that is at least partially dissolved upon mixing component A and component B on the tooth.  

15. The method of any one of claims I to 13, wherein component B is an aqueous solution when 

applied to the tooth.  

16. The method of claim 15, wherein component B comprises greater than 0.5 M of a bicarbonate 

ion.  

17. The method of claim 1, wherein component A and component B are aqueous solutions and 

wherein component A comprises greater than 1 M of the metal ion and greater than 1 M of the aprotic 

base and component B comprises greater than 0.5 M of the bicarbonate ion.  
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