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(57) ABSTRACT 

The present invention provides non-metallic compositions 
that are useful to repair, restore, adhere to, or protect, the 
Surface of a tooth and that harden in the mouth to form 
Substantially permanent features therein or to adhere fixtures 
to the Surface of a tooth in a Substantially permanent manner. 
The compositions comprise an amount of an essential oil 
effective to alter the Sensory properties, i.e. the taste, a Smell, 
of the composition and that desirably imparts a pleasant taste 
and/or order. The essential oil further advantageously pro 
vides the composition, once hardened in the mouth, with a 
Surface more hydrophobic than a corresponding conven 
tional composition, thereby inhibiting the deposition or 
formation of bacterial plaque. Also provided are a method of 
using the compositions to repair or Seal hard dental tissue, as 
well as a method to adhere one or more dental or orthodontic 
fixtures to hard dental tissue. 
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FIGURE 4. 
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METHODS FOR DENTISTRY USING 
COMPOSITIONS COMPRISING AN OIL 

0001 Reference to Related Application Reference is 
hereby made to commonly-assigned Application Ser. No. 

entitled FLAVORED TOOTH CONDITIONING 
COMPOSITIONS AND METHODS FOR USING THE 
COMPOSITIONS TO CONDITION ATOOTHSURFACE 
filed on even date herewith. 

FIELD OF THE INVENTION 

0002 This invention relates to compositions that harden 
in the mouth to repair, restore, adhere to, or protect, the 
Surface of a tooth. In particular, the present invention relates 
to non-metallic compositions that comprise an amount of an 
essential oil and that are intended to be Substantially per 
manent once hardened within the mouth. The inclusion of 
the essential oil can provide many advantageous properties 
to the compositions, e.g., a more pleasant flavor and/or odor; 
hydrophobicity, which in turn renders the hardened compo 
Sitions with a greater plaque resistance, and enhanced pro 
cessing and handling characteristics. The invention also 
relates to methods for repairing, restoring, adhering to, or 
protecting a tooth by using the compositions as Sealants, 
restoratives, composites and adhesives. 

BACKGROUND OF THE INVENTION 

0003) Adhesion procedures are utilized in many forms of 
dental treatment. For example, adhesives are used in orth 
odontic treatment to adhere metal or ceramic brackets 
directly to tooth enamel. For the prevention of tooth decay, 
resin-based materials, called pit and fissure Sealants, are 
often bonded to enamel to provide a coating that protects the 
enamel from decay. Additionally, adhesives may be used to 
Secure the adhesion of a tooth filling material at its margins 
with enamel and dentin, in order to reduce or eliminate the 
penetration of microbial agents across these margins. Adhe 
Sive materials may also be used to restore teeth in a number 
of ways. In particular, when a minor restoration or repair is 
required, e.g., as when a tooth is missing an incisal edge, 
new material can be bonded to the Surface of the tooth to 
replace the tooth material that has been lost. rather than 
removing extensive additional tooth material in order to 
place a crown. Adhesive materials are also used in Situations 
where a greater amount of oral rehabilitation is required, as 
in the cementing of inlays, crowns and bridges. Adhesive 
technology is also used in aesthetic dentistry, where veneers 
can be cemented on to the enamel facing of teeth to mask 
defects or areas of discoloration. 

0004. It can thus be seen that adhesion procedures are 
central to the practice of dentistry. Advantageously, in recent 
years, adhesive materials have been developed that are not 
only more durable than adhesive materials of years past, but 
that are also capable of forming Substantially permanent 
bonds with and between the materials to which they bond. 
Thus, when utilized in their respective applications, these 
materials are capable of performing their desired function 
for long periods of time, i.e., years or even a lifetime, thus 
potentially reducing the frequency of required dental treat 
ment. 

0005 Although these materials are widely used in con 
temporary dental practice, and are generally extremely 
effective in each of their respective applications, there still 
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exist areas in which improvements to adhesive materials 
would be desirable, i.e., that would result in the further 
enhancement or optimization of the properties of these 
materials. For example, many adhesive materials have a 
bitter taste, and leave an unpleasant after-taste in the mouth, 
which may be particularly problematic when the patient 
being treated is a child. Additionally, Some of these mate 
rials, when hardened, can attract and/or contribute to the 
formation of bacterial plaque on the Surfaces thereof due to 
the fact that these Surfaces are generally not Sufficiently 
hydrophobic to prevent Such plaque accumulation. Finally, 
Some of the aforementioned materials are difficult to handle 
or to mold into the desired shape and placement in the 
mouth, lengthening the time required to perform certain 
procedures utilizing these materials. 
0006. It would thus be desirable to provide materials with 
either no Substantial flavor and/or odor, or more preferably, 
with a pleasant flavor and/or odor. It would further be 
desirable to provide materials which inhibit the ability of 
bacterial plaque to form on these materials when hardened 
in the mouth. Finally, such materials would desirably be 
easily and conveniently shaped and placed within the mouth, 
So that the amount of time required to do So is desirably 
reduced. 

SUMMARY OF THE INVENTION 

0007. The present invention is drawn to compositions 
that harden in the mouth to repair, restore, adhere to, or 
protect, the Surface of a tooth. In particular, the present 
invention relates to non-metallic compositions that comprise 
an amount of an essential oil and that are intended to be 
Substantially permanent once hardened within the mouth. 
The inclusion of the essential oil can provide many advan 
tageous properties to the compositions, e.g., a more pleasant 
flavor and/or odor; hydrophobicity, which in turn renders the 
compositions when hardened with a greater plaque resis 
tance; and enhanced processing and handling characteristics. 
0008 Thus, in one aspect, the present invention provides 
non-metallic compositions for use in dentistry comprising an 
essential oil in an amount effective to alter one or more of 
the Sensory properties of the non-metallic composition and 
wherein the non-metallic composition hardens in the mouth 
to form a Substantially permanent feature within the mouth. 
0009. In another aspect, the present invention provides 
non-metallic composition for use in dentistry comprising an 
essential oil wherein the non-metallic composition hardens 
in the mouth to form a Substantially permanent feature and 
wherein the essential oil is present in an amount effective to 
provide the feature with a substantially hydrophobic surface. 
0010 Because the essential oil imparts a more hydropho 
bic nature to the Surface of the non-metallic compositions 
when hardened, the Surface of the hardened compositions 
are leSS Susceptible to the formation of bacterial plaque. 
Thus, the compositions of the present invention find par 
ticular utility when used in methods to repair or Seal a tooth 
Surface. As a result, in another aspect, the present invention 
provides a method for repairing or Sealing hard dental tissue 
comprising applying to Said tissue a non-metallic composi 
tion comprising an essential oil; and causing Said composi 
tion to harden on Said tissue. Once hardened, the composi 
tion is intended to be a Substantially permanent feature on 
Said tissue. 
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0011. In addition to the advantageous properties afforded 
to compositions by virtue of the inclusion of the essential oil, 
the essential oils also advantageously do not Substantially 
interfere with the ability of the inventive compositions to 
harden and to form Substantially permanent bonds with a 
tooth Surface, or between a tooth Surface and an additional 
dental material, e.g., Such as a crown or bridge. This is a 
Surprising and unexpected result inasmuch conventional 
dental knowledge teaches that Some oils can interfere with 
the ability of polymerizing materials to harden or cure, and 
also that in general, oils interfere with the adhesive bonding 
of materials to tooth Substance. 

0012. Thus, in another aspect, the present invention pro 
vides a method of adhering a dental or orthodontic fixture to 
hard dental tissue comprising applying to Said tissue a 
non-metallic composition comprising an essential oil, plac 
ing the dental or orthodontic fixture in adhesive contact with 
the composition; and causing the composition to harden on 
Said tissue to adhere the fixture to the dental tissue in a 
manner So as to render the fixture a Substantially permanent 
feature on the tissue. 

0013 AS used herein, the phrase “non-metallic compo 
Sition' is meant to indicate tooth-colored compositions, i.e., 
non-amalgam based compositions, useful to repair, restore, 
adhere to, or protect, the Surface of a tooth. Such composi 
tions are typically based upon polymer, compomer or iono 
mer Systems and although the term “non-metallic' is used to 
further clarify they types of materials contemplated to be 
useful in the compositions of the present invention, this term 
is not meant to preclude the compositions from comprising 
amounts of metals. For example, certain cements derived 
from glass-ionomers can contain amounts of metals, Such as 
Silver, in amounts that although not insignificant, do not 
interfere or participate in the hardening reaction and that do 
not result in the hardened materials having a metallic 
appearance. 

0.014. Also, as used herein, the phrase “substantially 
permanent' as it is used pertaining to the bond between the 
tooth (either enamel or dentin) and an composition accord 
ing to the present invention, or to the bond provided by the 
composition between a tooth and another dental material, 
e.g., a crown, is meant to indicate a bond that is Sufficiently 
Strong and Secure, So that the composition or applied dental 
material will be a substantially permanent feature within the 
mouth, i.e., that at least at the time that the composition 
and/or dental material is applied, the material is intended to 
remain adhered to the tooth structure indefinitely. Thus, the 
phrase “Substantially permanent” does not exclude dental 
materials that, due to extenuating circumstances unrelated to 
the initial integrity of the bond between the material and the 
tooth, fail prematurely. Generally speaking, a bond Strength 
of at least about 5 MPa, and preferably from about 15 MPa 
to about 35 MPa is sufficiently strong so as to render dental 
materials adhered to tooth structure with this bond strength 
“substantially permanent.” Of course, those of ordinary skill 
in the art readily recognize that bond strengths indicative of 
permanence can vary dependent upon the material being 
bonded, the tooth structure being bonded to, and further 
more, that measured bond Strengths are dependent upon the 
method of testing and the history of the extracted teeth used 
for the testing. Bond strength may be measured, for 
example, as described below in connection with Examples 7 
and 8. See also, e.g., William J. O’Brien, PhD, “Dental 

Jan. 31, 2002 

Materials and Their Selection,” 2nd ed., p. 332 (1997). It 
should be noted that higher bond strengths can be obtained 
using micro-testing methods Such as those disclosed in Sano 
et al., “Relationship between Surface area for adhesion and 
tensile bond strength- Evaluation of a micro-tensile bond 
test.” Dent Mater 10:236, July, 1994. 
0015 Additionally, the compositions in accordance with 
the present invention advantageously include an amount of 
an essential oil Sufficient to alter one or more of the Sensory 
properties, i.e., taste or Smell, of the compositions. That is, 
the essential oil may simply act to ameliorate and otherwise 
unpleasant taste, or desirably, may impart a more pleasing 
flavor and/or odor to the composition. 
0016 Finally, as used herein, the term “hydrophobic' or 
“hydrophobicity' as it relates to a Surface of a composition 
in accordance with the present invention once it has hard 
ened within the mouth, is meant to indicate that the Surface 
is more hydrophobic than the Surface of a hardened analo 
gous composition that does not comprise an amount of an 
essential oil. The hydrophobicity, or wettability, of a surface 
may be measure in a number of ways well known to those 
of ordinary skill in the art. For example, one method of 
measuring the hydrophobicity is by use of a dynamic contact 
angle analyzer, which is described further in connection with 
Example 9, hereinbelow. 
0017. Unless otherwise indicated, as used herein, all 
references to percentages are percentages by weight of the 
composition. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0018. The embodiments of the present invention 
described below are not intended to be exhaustive or to limit 
the invention to the precise forms disclosed in the following 
detailed description. Rather the embodiments are chosen and 
described So that otherS Skilled in the art may appreciate and 
understand the principles and practices of the present inven 
tion. 

0019. The present invention provides non-metallic com 
positions for use in dentistry that comprise one or more 
essential oils. The inclusion of one or more essential oils in 
the otherwise conventional compositions provides these 
compositions with many advantageous properties. 

0020 First of all, the essential oil(s) are capable of either 
ameliorating the unpleasant flavor, or imparting a pleasant 
flavor to, conventional compositions that otherwise would 
have a bitter and potentially unpleasant taste and/or odor. 
Additionally, the inclusion of an essential oil in conventional 
compositions is capable of rendering the Surface of Such 
compositions, when hardened in the mouth, with a more 
hydrophobic Surface than the same composition would have 
it not for the inclusion of the oil. The fact that the inclusion 
of one or more essential oils in conventional compositions 
provides the aforementioned benefits is extremely advanta 
geous when the inventive compositions are utilized in dental 
practice. 

0021 Furthermore, not only is the inclusion of such oils 
not otherwise detrimental to the properties of these compo 
Sitions, i.e., does not Substantially interfere with the ability 
of the composition to harden to form a Substantially perma 
nent feature within the mouth, but the essential oils may 
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actually improve the handleability of these compositions. 
That is, while many compositions are difficult to shape or 
place in the mouth in Some circumstances due to their 
putty-like consistency, the compositions in accordance with 
the present invention are provided with a more fluid con 
Sistency, which renders them easier to place. 

0022. The inclusion of oils in these types of compositions 
to provide the aforementioned benefits has not previously 
been considered a viable option to provide Such benefits due 
to the fact that oils have previously been thought to interfere 
with the ability of the compositions to form substantially 
permanent bonds to a tooth Surface or with an additional 
dental material. However, it has now been Surprisingly 
discovered that the oils suitable for use in the present 
invention can be easily and conveniently incorporated into 
conventional non-metallic compositions to provide these 
benefits, without concurrently detrimentally affecting the 
ability of the compositions bond to a tooth surface or to bond 
a tooth Surface to additional dental materials. In particular, 
it has now been found that certain oils do not interfere with 
free radical polymerization and/or acid-base reactions in the 
amounts used, and as a result, these oils can be utilized in 
conventional compositions to provide the aforementioned 
benefits. 

0023 The oils useful in the present invention are thus 
those oils which are capable of altering the Sensory proper 
ties of conventional materials and/or providing the materi 
als, when hardened in the mouth, with a more hydrophobic 
Surface than the hardened Surface of a material not com 
prising an essential oil, without detrimentally affecting the 
ability of the composition to form permanent bonds with the 
tooth Surface or other dental materials, i.e., that do not 
interfere with free radical polymerization, and which are 
orally non-toxic. Generally Speaking, these qualities are 
embodied by “essential” oils, i.e., oils which are derived 
from plant Sources or animal Sources. Examples of Such oils 
include, but are not limited to, Soybean oil, Safflower oil, 
Sesame oil, olive oil, Sunflower oil, canola oil, walnut oil, 
peanut oil, orange oil, eucalyptus oil, cod liver oil, castor oil, 
combinations thereof, and the like. Such oils are readily 
commercially available from a variety of Sources as will be 
readily appreciated by one of ordinary skill in the art. 
Furthermore, inasmuch as these oils are consumable food 
items in reasonable quantities, oral toxicity is generally not 
a COCC. 

0024. As used herein the phrase “non-metallic composi 
tion' is meant to indicate a tooth colored material that is 
used in the mouth to repair, replace or otherwise comple 
ment the Surface of a tooth, whether applied to enamel or 
dentin, and that once placed in the mouth and caused to 
harden, forms a Substantially permanent feature. Such mate 
rials include, for example, Sealants, adhesives, composites, 
restoratives, and the like. Although there are many different 
types of each of these materials, e.g., resin composites, 
compomers, glass-ionomers and resin-modified glass-iono 
mers, the type of material into which the oil is to be 
incorporated is not particularly restricted, and in fact, it is 
believed that the oil may be mixed into many if not all types 
of the aforementioned materials and provide the advantages 
disclosed herein. 

0.025 Resins and resin composites are materials that 
harden by a polymerization reaction mechanism. Generally, 
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the polymerization reaction is a free radical addition poly 
merization, activated either by chemicals, or more usually, 
by Visible light. Resins and resin composites may optionally 
contain inert inorganic fillers (silica, barium glass, Zirconia/ 
Silica glass are Some examples) to modify properties. These 
types of materials adhere micromechanically to tooth 
enamel following acid etching and bond to dentin Via 
application of an acid conditioner followed by a primer 
and/or adhesive, after which application a combination of 
micromechanical and interdiffusion bonding occurs. AS is 
well known to those of ordinary skill in the art, many 
different types of resins and resin composites are commer 
cially available, and typically vary in the type, concentration 
and properties of the filler. Representative examples of 
commercially available resin composites include, but are not 
limited to, Revolution (Kerr Corporation, Orange, Calif); 
Silux (3M, St Paul, Minn.); HRV Herculite (Kerr Corpora 
tion, Orange Calif); Restorative Z100 (3M, St Paul, Minn.); 
and Alert (Pentron Inc, Wallingford, Conn.). 
0026 Glass-ionomers sometimes referred to as polyalk 
enoate cements, Set and/or harden via an acid-base reaction, 
wherein an acidic polymer or copolymer aqueous Solution 
reacts with an ion-leachable glass. For example, poly(acrylic 
acid) and related copolymers- referred to here as PAA 
can react with a fluoroaluminosilicate glass (FAS) to give a 
Set product consisting of a core of Some unreacted FAS 
Surrounded by the acid-base reaction products. Glass-iono 
mers, when Set, contain an aqueous phase, and also fluoride 
ions from the chemical breakdown of the FAS. These 
materials are capable of chemical adhesion to a tooth 
Substance, because of ionic attraction between PAA anions 
and the calcium of enamel and dentin. Glass-ionomers are 
well-known compositions to those of ordinary skill in the art 
and are readily commercially available. One representative 
example of a commercially available glass-ionomer 
includes, but is not limited to, Ketac-Cem Radiopaque (Espe 
America, Inc, Norristown Pa.). 
0027. Resin-modified glass-ionomers are often used in 
Situations wherein properties intermediate between those of 
resins and glass-ionomers are desired. Resin-modified glass 
ionomerS Set and harden via a combination of an acid-base 
reaction and a polymerization reaction, which may be acti 
Vated chemically and/or by the application of visible light. 
These materials, like glass-ionomers, contain an aqueous 
phase when Set, which ensures that fluoride ions are present 
that can then leach from the hardened material Over time. 
Resin-modified glass-ionomers are well-known composi 
tions to those of ordinary skill in the art and are readily 
commercially available. One representative example of a 
commercially available resin-modified glass-ionomers 
includes, but is not limited to, GC Fuji II LC Improved (GC 
America Inc, Alsip, Ill.) 
0028 Compomers are also advantageously used in situ 
ations wherein properties intermediate between those 
achievable with resins and glass-ionomers are desired. Com 
pomers are polyacid-modified resin composites that Set 
and/or harden via a polymerization mechanism. Compomers 
are well-known compositions to those of ordinary skill in the 
art and are readily commercially available. One illustrative 
example of a commercially available compomer includes, 
but is not limited to, Compoglass(R (Ivoclar North America 
Inc, Amherst, N.Y.). 
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0029. The non-metallic compositions of the present 
invention may readily and conveniently be prepared at a 
point of use by one of ordinary skill in the art by simply 
combining the desired essential oil with any desired con 
ventional non-metallic composition. Such combining may 
take place immediately prior to the use of the composition, 
or alternatively, the oil may be combined with the conven 
tional composition and then Stored until the use thereof is 
desired. If the composition is to be stored for a period of 
time, the conditions of Storage are not Substantially impacted 
by the inclusion of the essential oil, and thus compositions 
in accordance with the present invention may be Stored in 
the manner appropriate for the conventional composition. 
0030 The oil is desirably included in the non-metallic 
composition in an amount that is effective to alter the 
Sensory properties of the composition and/or to render the 
Surface of the composition, when hardened, more hydro 
phobic than the corresponding conventional composition. AS 
a lower limit, at least enough of the oil should be included 
So that the oil is at least capable of reducing or eliminating 
any other unpleasant flavors of the composition and/or 
rendering the Surface of the hardened composition at least 
marginally more hydrophobic than its conventional coun 
terpart. As an upper limit, not So much oil should be included 
So that the effectiveness of the composition is Substantially 
detrimentally affected. Bearing these considerations in 
mind, and generally Speaking, the amount of oil that is 
thought to achieve the aforementioned objectives will likely 
range from about 0.1 weight percent (wt %) to about 10 wit 
%, preferably from about I wt % to about 5 wt %, more 
preferably from about 1.5 wt % to about 3 wt %, based upon 
the weight of the conventional composition without the oil. 
0.031 Of course, the particular amount of oil that is to be 
included in the composition will be dependent upon the 
particular conventional composition and oil chosen. For 
exemplary purposes only, and in that embodiment of the 
invention wherein the conventional composition is Restor 
ative Z100(3M, St. Paul, Minn.) and the oil is soybean oil, 
the oil is desirably included in the conventional composition 
in an amount of from about 0.1% to about 10% to prepare 
one representative non-metallic composition in accordance 
with the present invention. 
0032. Although it is contemplated that any of the essen 
tial oils listed above, or any other essential oil that does not 
substantially interfere with the ability of the composition to 
harden or cure to form a Substantially permanent feature 
within the mouth, will be capable in Some amount of at least 
minimizing the unpleasant flavor of, or imparting a pleasant 
flavor and/or odor to, any conventional composition, in 
Some instances it may be desirable to impart a Stronger 
flavor, or a particular flavor that is not readily available in an 
oil form. For example, children generally prefer Sweeter 
and/or Stronger flavors than adults and thus may prefer 
flavorS Such as cherry, Strawberry, blueberry, watermelon, 
lemon, lime, raspberry, apple, grape, cranberry, coconut, 
banana, tangerine, pineapple, bubble bum, almond, hazelnut 
and the like, rather than Spearmint or orange flavors. In these 
instances, the essential oil to be incorporated into the com 
position of the present invention may further have incorpo 
rated therein an amount of a flavoring agent Such as those 
previously mentioned, i.e., the essential oil may act as a 
carrier for other flavoring agents. Such flavoring agents are 
readily commercially available as either Syrups, Solutions or 
Solids, and may be incorporated into the essential oil simply 
by mixing the desired flavoring agent with the essential oil. 
Experiments have shown that the inclusion of Such a fla 
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Voring agent in the essential oil will not have a detrimental 
effect on the ability of the composition to substantially bond 
another dental material to, or itself to bond with a tooth 
Surface. 

0033. The non-metallic compositions of the present 
invention may optionally comprise other ingredients that 
may be used to further enhance the Sensory and/or mechani 
cal properties of the non-metallic compositions. For 
example, it has additionally been found that certain other 
liquids, Such as glycerol or propylene glycol, can be used as 
carriers for the flavoring agents mentioned hereinabove 
while not Substantially adversely affecting the properties of 
the compositions into which they are incorporated. Thus, 
Such liquids can be used, either alone or in conjunction with 
the essential oils, to incorporate additional flavoring agents 
in those embodiments of the invention where this is desired. 

0034. The non-metallic compositions of the present 
invention, comprising an essential oil, are advantageous 
over conventional compositions in that they have either a 
lesser unpleasant flavor and/or odor than their conventional 
counterparts, or may even have a pleasant flavor relative to 
conventional compositions. Furthermore, the present inven 
tive compositions, when hardened in the mouth, have a more 
hydrophobic Surface than analogous conventional composi 
tions. Surprisingly, utilizing an essential oil to provide these 
advantageous properties to conventional compositions does 
not adversely affect the ability of the inventive compositions 
to bond to a tooth Surface, or to bond a tooth Surface with 
other dental materials. As a result, the composition of the 
present invention may advantageously be used to repair, Seal 
or alter the position of teeth (as by the adherence of 
orthodontic fixtures to the tooth) and thus the present 
invention provides both a method of repairing or Sealing 
hard dental tissue, i.e., the Surface of a tooth, whether it be 
a dentin or enamel Surface, as well as a method of adhering 
a dental or orthodontic fixture to hard dental tissue. 

0035 More specifically, the methods of the present 
invention involve applying a non-metallic composition com 
prising an essential oil to the tissue to be So treated. The 
composition may be applied to the tissue that is to be 
repaired, Sealed or have a fixture adhered thereto by any 
conventional method known to those of ordinary skill in the 
art. In applications wherein no further treatment is desired, 
i.e., where no other dental fixtures are to be placed or 
adhered, Such as is the case in certain treatments to repair or 
Seal the teeth, the composition is simply caused to harden on 
Said tissue. The inclusion of the essential oil in conventional 
compositions Surprisingly does not Substantially adversely 
affect the ability of, or the manner in which, the conventional 
composition hardens or cures, and thus, the present inven 
tive composition may be caused to harden or cure by the 
Same method used to cause the corresponding conventional 
composition to harden or cure. In applications wherein a 
dental or orthodontic fixture is to be adhered to the tissue, the 
composition is applied to the tissue to be So treated, followed 
by the fixture. The composition is then caused to harden, 
thereby Substantially permanently adhering the fixture to the 
tissue. 

0036 Beneficially, the bond strength that may be 
achieved between a hard dental tissue and the compositions 
of the present invention, or that is achieved between the 
tissue and another dental fixture by virtue of the inventive 
compositions, is comparable to that that is achievable when 
a conventional composition is utilized to treat a tooth 
Surface, as is shown in Examples 5-8,hereinbelow. 
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0037. The present invention will be described below with 
reference to the following representative examples, wherein 
bond Strength was determined as follows. 

EXAMPLE 1. 

0.038. The following experiment was conducted to evalu 
ate the impact of the inclusion of an oil on the ability of 
conventional resin-based compositions to Set or harden. In 
particular, ten percent by weight of each of 10 oils (Soybean, 
canola, Sesame, olive, orange, eucalyptol, almond, Safflower, 
walnut and cod liver oil) and 5% by weight of ethanol, 
propylene glycol and glycerol was added to each of three 
resin based materials: Restorative Z100 (3M, St Paul, 
Minn.). 
0039) Coltene Brilliant Dentin (Coltene/Whaledent, 
Mahwah, N.J.), and System 1 + adhesive (Ormco, Glendora, 
Calif.) to prepare non-metallic compositions in accordance 
with the present invention. 
0040. The compositions, along with control samples of 
the conventional resin-based composites, were then irradi 
ated with blue light of wavelength 470-480 nm and mini 
mum intensity 450 mW/cm for 40 seconds (Visilux 2 curing 
light, 3M, St Paul, Minn.). Each inventive composition 
quickly hardened to form a Set mass, Similar to the conven 
tional resin-based composites. It was observed that the 
inclusion of the oils resulted in the inventive compositions 
having a Smoother texture relative to the conventional 
resin-based composites, thus rendering the inventive com 
positions easier to handle. 

EXAMPLE 2 

0041. The following experiment was conducted to evalu 
ate the impact of the inclusion of an oil on the ability of 
conventional resin-modified glass ionomer compositions to 
Set or harden. In particular, ten percent by weight of each of 
10 oils (Soybean, canola, Sesame, olive, orange, eucalyptol, 
almond, safflower, walnut and cod liver oil) and 5% by 
weight of ethanol, propylene glycol and glycerol was mixed 
with each of two resin-modified glass-ionomers (Vitremer, 
3M, St Paul, Minn. and Fuji II LC, GC America, Alsip, Ill.) 
to prepare non-metallic compositions in accordance with the 
present invention. 
0042. The compositions, along with control samples of 
the conventional resin-modified glass ionomers, were then 
irradiated with blue light of wavelength 470-480 nm and 
minimum intensity 450 mW/cm for 40 seconds (Visilux 2 
curing light, 3M, St Paul, Minn.). Each inventive composi 
tion quickly hardened to form a Set mass, Similar to the 
conventional resin-modified glass-ionomers. This example 
thus shows that the inclusion of the oil does not interfere 
adversely with either the free radical addition polymeriza 
tion (similar to Example 1) or with the ionic acid-base 
reaction between the PAA and the FAS. 

EXAMPLE 3 

0043. This experiment was conducted to further investi 
gate the effect of the inclusion of an oil on the acid base 
reaction between PAA and FAS. In particular, the ten oils 
listed in Examples 1 and 2, ethanol. propylene glycol and 
glycerol were each mixed with PAA Samples having a 
weight average molecular weight of from about 20,000 to 
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about 1,000,000 in aqueous form. In all cases, the oil or 
other carrier dissolved in the PAA, therebv allowing the 
inference that PAA exists in ionic form in the mixtures 
containing water. This provides a number of desirable char 
acteristics. First, the ionic nature of PAA allows the acid 
base reaction to occur. Also, there is an ionic nature to the 
mechanism of adhesion. 

EXAMPLE 4 

0044) The following experiment was conducted to evalu 
ate the impact of the inclusion of an oil on the ability of 
conventional compomer compositions to Set or harden. In 
particular, ten percent by weight of each of 10 oils (Soybean, 
canola, Sesame, olive, orange, eucalyptol, almond, Safflower, 
walnut and cod liver oil) and 5% by weight of ethanol, 
propylene glycol and glycerol was mixed with F2000 com 
pomer (3M, St Paul, Minn.) to prepare non-metallic com 
positions in accordance with the present invention. These 
Samples were irradiated as in Example 1. 
0045. In all cases setting occurred in a manner indistin 
guishable from the unmodified material. 

EXAMPLE 5 

0046) The following experiment was conducted to evalu 
ate the impact of the inclusion of an oil on the diametral 
tensile Strength of conventional resin composites. In par 
ticular, two percent by weight of each of 10 oils (Soybean, 
canola, Sesame, olive, orange, eucalyptol, almond, Safflower, 
vegetable and walnut) and 5% by weight of soybean oil was 
mixed with Restorative Z100 (3M, St Paul, Minn.) to 
prepare non-metallic compositions in accordance with the 
present invention. 
0047 The compositions were then placed in molds to 
form into cylindrical Specimens of height 3 mm and diam 
eter 3 mm. The cylindrical Specimens, along with control 
samples of Restorative Z100, were then irradiated with blue 
light of wavelength 470-480 nm and minimum intensity 450 
mW/cm for 40 seconds (Visilux 2 curing light, 3M, St Paul, 
Minn.). The specimens were compressed diametrally in an 
Instron testing machine (model 4204, Intron, Canton. Mass.) 
at a rate of crosshead movement of 1 mm/min. The force (F) 
to fracture the Specimens was recorded, and diametral tensile 
strength (DTS) calculated from the formula: 

0048 where h is the height of specimen and d is the 
diameter of the Specimen. In each case the reported data are 
the mean of Six determinations. All Specimens were Stored 
in distilled water at 37 C. for 24 hours prior to testing. 
0049. The results of this experiment are shown below in 
Table 1. 

TABLE 1. 

Diametral Tensile Strength of Inventive Compositions 

Composition DTS (MPa) 

Control 51.4 
2% soybean oil 48.9 
2% canola oil 46.7 
2% sesame oil 53.7 
2%. Olive oil 46.6 
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TABLE 1-continued 

Diametral Tensile Strength of Inventive Compositions 

Composition DTS (MPa) 

2% orange oil 42.2 
2% eucalyptol oil 46.8 
2% almond oil 53.1 
2% safflower oil 48.9 
2% vegetable oil 52.4 
2% walnut oil 52.7 
5% soybean oil 43.8 

0050. This experiment thus shows that the present inven 
tive compositions have diametral tensile Strength values 
Substantially equivalent, and in Some cases Superior, to 
conventional resin compositions. 

EXAMPLE 6 

0051. The following experiment was conducted to evalu 
ate the impact of the inclusion of an oil on the diametral 
tensile Strength of conventional composites. In particular, 
two percent by weight of each of Soybean oil was mixed 
with Vitremer (3M, St Paul, Minn.) to prepare non-metallic 
compositions in accordance with the present invention. 
0.052 The compositions were then placed in molds to 
form into cylindrical Specimens of height 3 mm and diam 
eter 3 mm. The cylindrical Specimens, along with control 
samples of Vitremer, were then irradiated with blue light of 
wavelength 470-480 nm and minimum intensity 450 
mW/cm for 40 seconds (Visilux 2 curing light, 3M, St Paul, 
Minn.). The specimens were compressed diametrally in an 
Instron testing machine (model 4204, Intron, Canton. Mass.) 
at a rate of crosshead movement of 1 mm/min. The force (F) 
to fracture the Specimens was recorded, and diametral tensile 
strength (DTS) calculated as described above. 
0053) The control had a DTS of 25.3 MPa, whereas the 
inventive composition had a DTS of 21.4 MPa. This 
examples thus shows that the non-metallic compositions of 
the present invention are capable of having diametral tensile 
Strength values Substantially equivalent to those of conven 
tional compositions. 

EXAMPLE 7 

0054. This example was conducted to evaluate the bond 
Strengths attainable by the present inventive compositions. 
In particular, extracted human teeth were used and each 
tooth was Sectioned to give a portion of the tooth with an 
intact enamel Surface. Each tooth portion was embedded in 
an autopolymerizing acrylic resin cement in an aluminum 
ring, to leave the enamel Surface exposed. The Surfaces were 
then polished wet under 5 1b pressure on 600 grit carbo 
rundum paper for 30 Seconds in an automatic polishing 
machine (Buehler Ecomet 3 with Automat 2 powerhead, 
Buehler Ltd, Lake Bluff, Ill.). Each specimen was etched 
with Scotchbond etchant (3M, St Paul, Minn.) for 20 sec 
onds, washed with distilled water for 20 seconds, then dried 
thoroughly by air from a pressure line. 
0055) To each surface, the control glass-ionomer (Vit 
remer, 3M, St. Paul, Minn.) was applied, or alternatively, 
Vitremer with 5% by weight of soybean oil, both of which 
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were cured by the application of Visible light of wavelength 
approximately 470-480 nm and intensity 450 mW/square 
centimeter (Visilux 2 curing light, 3M, St Paul, Minn.). The 
cements were used to Secure StainleSS Steel orthodontic 
brackets (Ormco, Glendora, Calif.) to Smooth enamel. 
Specimens were stored in water at 37 C. for 24 hours in 
distilled water prior to testing. 
0056 Testing was carried out using a shear bond testing 
rig and described and illustrated by Holtan et al (Journal of 
Dentistry. Vol 22, pages 92-96, 1994 Apr). The testing 
machine was Instron model 4204 (Instron, Canton, Mass.), 
used at a rate of croSS head movement of 1 mm/min. Data 
are the mean of five determinations. Specifically, the Shear 
bond strength of the conventional Vitremer was 2.47 MPa 
while the shear bond strength of the Vitremer with the 5% 
soybean oil was 2.27 MPa. These two values are not 
statistically significantly different. The relatively low values 
are due to the nature of the tests conducted. 

0057 The addition of stainless steel brackets causes 
greater leverage forces to be exerted on the bond. The 
relatively lower pressure of the bond was caused by gentle 
placement of the bracket rather than cylinder formation 
approaches which were used in the previous examples. Also, 
the Surface was polished very Smooth, So relatively little 
micromechanical adhesion occurred. This example thus 
shows that the non-metallic compositions of the present 
invention are capable of forming bonds with Strengths 
Substantially equivalent to those of conventional composi 
tions. 

EXAMPLE 8 

0058. This example was conducted to evaluate the bond 
Strengths attainable by the present inventive compositions. 
In particular, tooth Surfaces were prepared as described 
above in connection with Example 7 Cylinders of either 
Restorative Z100 (3M, St Paul, Minn.) or of Restorative Z 
100 with 2% by weight of soybean oil and the cylinders 
cured by the application of Visible light of wavelength 
approximately 470-480 nm and intensity 450 mW/square 
centimeter (Visilux 2 curing light, 3M, St Paul, Minn.). 
Specimens were stored in water at 37 C. for 24 hours in 
distilled water prior to testing. 
0059 Testing was carried out as described above in 
connection with Example 7. Data are the mean of five 
determinations. Specifically, the shear bond strength of the 
conventional Restorative Z 100 was 21.4 MPa while the 
shear bond strength of the Restorative Z 100 with the 2% 
soybean oil was 17.5 MPa. These two values are not 
Statistically significantly different. This example thus shows 
that the non-metallic compositions of the present invention 
are capable of forming bonds with Strengths. Substantially 
equivalent to those of conventional resin compositions 

EXAMPLE 9 

0060. This example was conducted to illustrate the 
impact of the inclusion of an oil on the hydrophobocity of 
conventional resin based compositions. In particular, an 
amount of a conventional resin composition (Restorative 
Z100, 3M, St Paul, Minn.) as well as an amount of an 
inventive composition (Restorative Z100+2% soybean oil) 
were allowed to harden and the hydrophobicity of the 
hardened Surface measured by a Cahn Dynamic Contact 
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Angle Analyzer 30 Model DCA-322 with Win-DCA soft 
ware (Cahn Instruments, Madison, Wis.). The conventional 
composition was found to have a contact angle with water of 
74, while the inventive compositions was found to have a 
contact angle with water of 84. That is, the surface of the 
inventive composition was shown to be more water repel 
lant, leSS easily wettable and thus more resistant to the 
deposition of bacterial plaque. 
0061. Other embodiments of this invention will be appar 
ent to those skilled in the art upon consideration of this 
Specification or from practice of the invention disclosed 
herein. Various omissions, modifications, and changes to the 
principles and embodiments described herein may be made 
by one skilled in the art without departing from the true 
Scope and Spirit of the invention which is indicated by the 
following claims. 

What is claimed is: 
1. A non-metallic composition for use in dentistry com 

prising an essential oil in an amount effective to alter one or 
more of the Sensory properties, handling characteristics and 
hydrophobic nature of the non-metallic composition and 
wherein the non-metallic composition hardens in the mouth 
to form a Substantially permanent fixture. 

2. The composition of claim 1, wherein the composition 
comprises a resin composite. 

3. The composition of claim 2, wherein the composition 
is Selected from the group consisting of Sealants or orth 
odontic adhesive cements. 

4. The composition of claim 1, wherein the composition 
comprises a resin-modified glass-ionomer. 

5. The composition of claim 1, wherein the essential oil is 
Selected from the group consisting of Soybean oil, Safflower 
oil, Sesame oil, olive oil, Sunflower oil, canola oil, walnut oil, 
peanut oil, orange oil, eucalyptus oil, cod liver oil, castor oil 
or a combination thereof. 

6. The composition of claim 5, wherein the essential oil is 
present in the composition in an amount of from about 0.1 
weight percent to about 10 weight percent, based upon the 
weight of the composition without the essential oil. 

7. The composition of claim 5, wherein the essential oil is 
present in the composition in an amount of from about 1 
weight percent to about 5 weight percent, based upon the 
weight of the composition without the essential oil. 

8. The composition of claim 7, wherein the essential oil is 
present in the composition in an amount of from about 1.5 
weight percent to about 3 weight percent, based upon the 
weight of the composition without the essential oil. 

9. A non-metallic composition for use in dentistry com 
prising an essential oil wherein the non-metallic composi 
tion hardens in the mouth to form a Substantially permanent 
feature and wherein the essential oil is present in an amount 
effective to provide the feature with a substantially hydro 
phobic Surface. 

10. The composition of claim 9, wherein the composition 
comprises a resin composite. 

11. The composition of claim 9, wherein the essential oil 
is Selected from the group consisting of Soybean oil, Saf 
flower oil, Sesame oil, olive oil, Sunflower oil, canola oil, 
walnut oil, peanut oil, orange oil, eucalyptus oil, cod liver 
oil, castor oil or a combination thereof. 

12. The composition of claim 9, wherein the essential oil 
is present in the composition in an amount of from about 0.1 
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weight percent to about 10 weight percent, based upon the 
weight of the composition without the essential oil. 

13. The composition of claim 12, wherein the essential oil 
is present in the composition in an amount of from about 1 
weight percent to about 5 weight percent, based upon the 
weight of the composition without the essential oil. 

14. The composition of claim 13, wherein the essential oil 
is present in the composition in an amount of from about 1.5 
weight percent to about 3 weight percent, based upon the 
weight of the composition without the essential oil. 

15. A method for repairing or Sealing hard dental tissue 
comprising: 

(a) applying to said tissue a non-metallic composition 
comprising an essential oil; 

(b) causing said composition to harden on said tissue, and 
wherein the hardened composition is a Substantially 
permanent feature on Said tissue. 

16. The method of claim 15, wherein the composition is 
caused to harden on Said tissue by illuminating the compo 
sition with visible light. 

17. The method of claim 15, wherein the composition 
forms a bond with the tissue, and wherein the bond has a 
bond strength of at least about 13 MPa. 

18. The method of claim 17, wherein the bond has a bond 
strength of from about 15 MPa to about 40 MPa. 

19. The method of claim 15, wherein the composition is 
a resin composite, a compomer, a resin-modified glass 
ionomer or a glass-ionomer. 

20. The method of claim 19, wherein the non-metallic 
composition is a Sealant. 

21. The method of claim 19, wherein the non-metallic 
composition is used to fill a tooth cavity or to rebuild a tooth 
Surface. 

22. The method of claim 21, wherein the hardened com 
position has a contact angle with water of at least about 78. 

23. The method of claim 22, wherein the hardened com 
position has a contact angle with water of at least about 80. 

24. A method of adhering one or more dental or orth 
odontic fixture to hard dental tissue comprising: 

(a) applying to said tissue a non-metallic composition 
comprising an essential oil; 

(b) placing the dental or orthodontic fixture in adhesive 
contact with the composition; and 

(c) causing the composition to harden on said tissue to 
adhere the fixture to the dental tissue in a manner So as 
to render the fixture a Substantially permanent feature 
on the tissue. 

25. The method of claim 24, wherein the fixture is a dental 
fixture. 

26. The method of claim 25, wherein the dental fixture is 
a veneer, a crown, an inlay, a crown or a bridge. 

27. The method of claim 24, wherein the fixture is an 
orthodontic fixture. 

28. The method of claim 27, wherein the orthodontic 
fixture is a ceramic bracket or a metal bracket. 

29. The method of claim 24, wherein the composition 
forms a bond between the tissue and the fixture, and wherein 
the bond has a bond strength of at least about 13 MPa. 

30. The method of claim 29, wherein the bond has a bond 
strength of from about 15 MPa to about 40 MPa. 


