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(57) Abstract: Disclosed are endodontic filling materials and methods. A method for filling a dental root canal may include provid-
ing a hydrosetting filling material and inserting the hydrosetting filling material into the dental root canal, the material setting in the

- 100t canal to form a biocompatible filling. The hydrosetting filling material comprises a hydrogel former and a filler. The hydrogel
&N\ former is at least one of a reactive organic hydrogel formers, an inorganic hydrogel formers, and a non-reactive organic hydrogel
&\ formers, and the filler is at least one of a self-hardening and a non-hardening filler. Plural filling material precursor compositions

that collectively contain hydrogel formers and fillers may be provided.
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DENTAL AND ENDODONTIC FILLING MATERIALS AND METHODS

CROSS REFERENCE TO RELATED APPLICATION

[001] This international application claims priority to prior U.S. provisional application Serial
No. 60/728,838, filed October 21, 2005 and to prior U.S. patent application no.
11/550,543, filed October 18, 2006, the contents of each of which are incorporated by
reference in their entireties. Additionally, this international application contains subject
matter that in some embodiments is related to some of the subject matter described in
U.S. provisional application Serial No. 60/728,888, filed October 21, 2005, and entitled
“Rapid Hardening Dual-Paste Premixed Calcium Phosphate Cements for Bone Defect
Repair,” and 1n U.S. patent application Serial No. 11/550,586, entitled “Dual-Phase
Cement Precursor Systems for Bone Repair,” filed on October 18, 2006. These

additional applications likewise are incorporated by reference in their entireties.
STATEMENT OF FEDERALLY SPONSORED RESEARCH

[002] The invention was made in the course of research supported at least in part by Grant
DE11789 from the National Institute of Dental and Craniofacial Research and carried
out at the National Institute of Standards and Technology. The U.S. government may

have certain rights to the invention.
TECHNICAL FIELD
[003] This invention is in the field of dental and endodontic filling materials and methods.

BACKGROUND OF THE INVENTION

[004] The root canal is a channel in the tooth that runs from the crown to the root in a normal
tooth and that contains pulp, which is composed of connective tissue, nerves, and blood
vessels. If the pulp is damaged by disease, trauma, or invasion of decay, a root canal
treatment 1s recommended to avoid tooth loss. Treatment typically involves removal of
irritants, necrotic tissue, and infected material from the root canal, enlarging and
sanitizing the canal, and finally the sealing the canal. The sealing generally is followed

with a post canal treatment such as a crown.

[005] In such endodontic treatment, sealers and filling materials are sometimes placed directly

on or against vital tissues. Accordingly, it is highly desirable that a material that is used
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for such a filling or sealing purpose be highly biocompatible. Currently, zinc oxide-
eugenol, glass ionomers, amalgams, composite resins, and mineral trioxide aggregates
(MTA) are used for root-end and perforation repair. Of these, MTA is currently thought
to be one of the more biocompatible materials; see Hauman C.H.J., Love R.M.,
Biocompatibility Of Dental Materials Used In Contemporary Endodontic Therapy: A
Review. Part 2 Root-Canal Filling Materials, [nt. Endod. J. 36:147-160 (2003).

Apexification is an endodermic procedure that is related to the root canal procedure. In
the apexification, a non-vital tooth with an open apex is filled with an interim filling
material to control infection and to enable closure of the apex so that a definitive root
canal treatment can be formed at a later time. Calcium hydroxide historically has been
used to establish apical closure and to avoid surgery in the apexification procedure; see
Frank, A., Therapy For The Divergent Pulpless Tooth By Continued Apical Formation,
J. Am. Dent. Ass. 72:87-93 (1966). Calcium hydroxide is effective, but requires high
patient compliance and multiple appointments extending over a long period of time.
Additionally, in connection with calcium hydroxide treatment, susceptibility to coronal

leakage and fracture of the root has been reported; see Weisenseel J.A. et al., Calcium

Hydroxide As An Apical Barrier, J. Endod. 13:1-5 (1987) and Schumacher J.W.,
Rutledge R.E., An Alternative To Apexification, J. Endod. 19:529-531 (1993). A
number of studies demonstrate that MTA is effective in apexification procedures; see
Kratchman, S., Perforation Repair And One-Step Apexification Procedures, Dent. Clin.
N. Am. 48 291-307 (2004); Giuliani V. et al.: The Use Of MTA In Teeth With Necrotic
Pulps And Open Apices, Dent. Traumatol. 18(4):217-21 (2002); Shabahang, S.,
Torabinejad, M., Treatment Of Teeth With Open Apices Using Mineral Trioxide
Aggregate, Pract. Periodont. Aesthe. Dent. 12(3):315-320 (2000). MTA, however, has
poor handling properties relative to calcium hydroxide, including long hardening times

and a consistency that some deem too dry for delivery by injection.

The invention seeks, in certain embodiments, to provide endodontic materials and

methods useful for root canal and/or apexification procedures.
SUMMARY OF THE INVENTION

Generally, endodontic materials and methods are provided. The endodontic materials
are single-paste hydrosetting filling materials or plural-paste filling material precursor

compositions. When in the form of a single-paste material, the material comprises a
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hydrogel former and a filler, the hydrogel former in some embodiments being at least
one of a reactive organic hydrogel former, an inorganic hydrogel former, and a non-
reactive hydrogel former, and the filler in some embodiments being at least one of a
self-hardening and a non-hardening filler. The filling material may be formed in situ in
the root canal, or just prior to insertion into the root canal, from plural precursor
composttions. In accordance with these embodiments, at least first and second filling
material precursors, upon blending and prior to setting, contain a hydrogel material and
a filler. The hydrogel material is a hydrogel former as described above, and optionally
a stable hydrogel, and similarly, the filler is one or both of a self-hardening and non-
hardening filler as discussed hereinabove. Endodontic methods and kits likewise are

contemplated 1n one or more of the various embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWING

The FIGURE 1s a side sectional view of a mold in which the endodontic materials

described in certain Examples were evaluated.
DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

In some embodiments, the mvention is directed towards an endodontic filling material.
It 1s contemplated that the filling material may be used in lieu of conventional filling
materials, such as gutta percha, with a suitable separate sealer, such as any conventional
sealer known in the art. Alternatively, it 1s contemplated that the filling material may be
used as a single endodontic filling material, without the need for a separate sealer.
Generally, 1t 1s contemplated that a superior tooth treatment, such as a post or crown,
will be used to complete the tooth restorative efforts, although 1t 1s also contemplated
that in some instances no superior tooth treatment is employed. In many cases, it is
contemplated that the materials are of such consistency and viscosity that they can be

delivered to the root canal by injection, possibly with the assistance of a heating step.

A number of properties are desired for endodontic materials, and it is contemplated in
many embodiments that the materials used in conjunction with the claim;d invention
will satisfy most or all of these properties. Specifically, it is desired that the endodontic
material be highly biocompatible, by which is contemplated compatibility with both soft
and hard tissues. Desirably, no chronic inflammatory tissue response is observed using

the materials. The materials should be resistant to leakage, and should provide a high
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level of sealing ability against the penetration of bacteria and bacterial products. For
similar reasons, the materials themselves in many cases are highly alkaline, such that
they are able to neutralize the acid products of bacteria or of inflamed cells. Alkaline
material may be incorporated as part of the filler in the filling material; alternatively, in
some embodiments, a separate antibacterial component may be employed. The filling
materials should be insoluble in normal physiological environments and under locally
acidic conditions that may result upon exposure to bacteria or inflamed cells. The

materials should be stable and resistant to washout in the root canal.

The endodontic materials generally are contemplated to set to form a filled hydrogel
filling. Without intending to limit the invention to a particular theory of operation, the
hydrogel is believed to serve as a cohesive and washout-resistant matrix for holding the
filler particles in place, thereby providing a stable mass for filling and sealing the root
canal. For certain reactive fillers, the hydrogel serves as an aqueous matrix to allow the
fillers to take the form of a hardened mass. Similarly, the hydrogel is believed to
provide leakage resistance by filling pores that ordinarily would otherwise be present in
the filling material . Without intending to limit the invention to a particular theory of
operation, the fillers are believed to provide bulk and mechanical strength, thereby
allowing the filling the material to be solid and stiff. Fillers provide leakage resistance
and alkalinity, and can provide radio opacity. For certain reactive hydro gels, the filler
provides ionic calcium and/or alkalinity needed to react with polymers. Similarly, the
filler 1s insoluble in the locally acidic environment resulting from production of acid by

bacteria or inflamed cells.

As heretofore stated, the filling materials may take the form of single-paste filling
materials or plural-paste filling materials. The term “paste” is not intended to be
limiting or to necessarily connote any adhesive properties other than those stated.
When 1n the form of a single paste filling material, the filling material should include a
hydrogel former and a filler. Any suitable hydrogel former and filler may be used in
conjunction with the invention. In many embodiments, the hydrogel former includes a
reactive organic hydrogel former, a non-reactive organic hydrogel former, or an
inorganic hydrogel former. These embodiments are not mutually exclusive, and it is

contemplated in some embodiments that plural types of hydrogel formers are included.
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[014] When an inorganic hydrogel former or a reactive organic hydrogel former is employed,

[015)

[016]

generally the filling material will be non-aqueous, by which is contemplated the
complete or substantial absence of water to the extent practicable, or the absence of
water to the extent sufficient to provide a filling material that is stable prior to
introduction into a root canal. The inorganic or reactive organic hydrogel former may
be disposed 1n a non-aqueous liquid carrier. In such embodiments, after the material is
placed into the root canal, water from surrounding tissue gradually replaced the non-
aqueous liquid carrier, thereby allowing the reactive organic hydrogel former or the
inorganic hydrogel former to form a hydrogel. In some cases, chemical reactions also
occur between the hydrogel former and the filler when the environment becomes

aqueous, thus forming a hardened hydrogel.

Exemplary organic hydrogel formers include chitosans and biocompatible derivatives
thereot which are believed to form a hydrogel by settling out of liquid phase due to an
increase in pH produced by the dissolution of fillers in an aqueous environment. Other
hydrogel formers include alginates and pectinates, such as sodium alginate and sodium
pectinate, which form a gel by cross-linking with calcium derived from the dissolution
of soluble calcium-contained fillers in aqueous environment; and polyacrylic, poly-
itaconic, or other poly-alkenoic acids or copolymers thereof, the hardening of which
generally requires a base and calcium. The pectinates or alginates may be derived from
pectinic and alginic acids. The liquid carrier may be any suitable non-aqueous material
such as ethanol, propanol, glycerol, certain polyethylene glycols, and propylene glycol,
these materials being liquid at 25° C. Exemplary inorganic hydrogel formers include

tricalcium silicate, dicalcium silicate, and sodium silicate.

Alternatively, or in addition thereto, the filling material may include a non-reactive
organic hydrogel former. Generally, such materials comprise polymers that are blended
in a non-aqueous liquid, such as those hereinbefore described. After introduction into a
root canal, the non-aqueous liquid is gradually replaced by water that migrates from
surrounding tissues. The polymer thus forms a hydrogel, but may not undergo a
chemical reaction with the fillers. Exemplary non-reactive organic hydrogel formers
include polyvinyl acetate, polyvinyl butyral, polyvinyl alcohols, hydroxymethyl

cellulose, and konjac.
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Mixtures of the foregoing types of hydrogel formers may be employed. In other
embodiments, the paste may include a formed hydrogel. In some such embodiments, it

may be desirable to heat the hydrogel to assist in transferring the filling material into a

root canal, or to use mechanical assistance.

The filling material generally further includes a filler. Any suitable filler may be used
in conjunction with the invention. In many embodiments, a self-hardening filler or non-
hardening filler is employed. These embodiments are not mutually exclusive, and it is
contemplated in some instances that both a self-hardening and a non-hardening filler

may be employed.

Selt-hardening fillers are those filling materials that do not harden in a non-aqueous
environment, thereby allowing the filling material to remain soft and malleable in the
provided package. These materials will, however, harden after being placed into a root
canal, upon migration of water from surrounding tissues. Additionally, the self-
hardening fillers may further react with the hydrogels by providing ionic calcium, or
alkalinity, or both. Exemplary self-hardening fillers are the various self-setting calcium
phosphate cements that have been reported in the scientific and patent literature,

mineral trioxide aggregate (MTA), Portland cement, calcium silicates, and gypsum.

Non-hardening fillers are contemplated to include those fillers that, in the absence of
hydrogel former, do not harden readily upon exposure to water. Such fillers may react
with a reactive hydrogel after the material is placed into the root canal by providing
calcium or alkalinity as needed to cause the hydrogel former to form a hydrogel.
Exemplary non-hardening fillers include hydroxyapatite, fluorapatite, tricalcium
phosphate, calcium oxide, barium sulfate, bismuth sulfate, calcium hydroxide, calcium
fluoride, calcium silicate, calcium gluconate, calcium glycerophosphate, tetracalcium
phosphate, and calcium aluminate. For those hydrogel formers that form hydrogels
with calcium, calcium fillers, such as the heretofore mentioned calcium compounds,
calctum chloride, and calcium acetate, may be employed. Generally, whether a self-
hardening or non-hardening filler is employed, the filler should be selected to be
consistent with the hydrogel former employed in the filling material. For instance,
when a chitosan hydrogel former is employed, the filling material should include an
alkaline species. Similarly, when a pectinate is employed, the filling material should

include calcium. Those of skill in the art will recognize the various workable
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combinations of hydrogel formers and fillers that are suitable for use and conjunction

with the invention.

The filling material may include other suitable ingredients. For instance, one or more
radio opaque fillers may be employed. The radio opaque filler may, for instance, be a
suitable bismuth, barium, or iodide compound, such as barium sulfate or bismuth
hydroxide. Additionally, other fillers in addition to those heretofore described may be
employed. The filling material may include components that modify the physical
properties of the material, such as viscosity modifying agents. In some embodiments,
the filling material may include medicaments or antibacterial agents, it being noted that
some of the fillers are alkaline and possess antibacterial properties. Other suitable
antibacterial components include eugenol, iodide materials, and other biocompatible
components with antibacterial properties. When a calcium silicate compound 1is

employed, excess calcium silicate beyond that needed for the hydrogel may function to

an extent as a filler.

The filling material may be prepared from plural filling material precursor
compositions, by which 1s contemplated that two or more precursor compositions, upon
blending, form a filling material. The various components may be present in any
suitable amounts relative to one another. For instance, in some embodiments, the
hydrogel former is present in an amount of 5-85% by weight, or in some cases 20-66%.

The filler may, 1n some embodiments, be present in an amount of 15-95% by weight,

and in some cases 34-80%.

When in the form of plural pastes, generally, the filling material is formed by blending
the precursors in situ in the root canal or immediately prior to application to the root
canal. Each of the pastes may be aqueous or at least substantially non-aqueous, as
discussed hereinabove. In some embodiments, one of the pastes is aqueous and the
other one of the pastes is non-aqueous. When aqueous, the aqueous carrier may be
water, saline, or, more generally, any suitable aqueous carrier. In still further
embodiments, more than two precursor pastes are employed, although more than two
pastes may not be necessary in many embodiments. The filling material precursor
pastes form a filling material when mixed, the filing material containing a hydrogel
former and filler as discussed hereinabove. Generally, it is contemplated that reactive

organic hydrogel formers, non-reactive organic hydrogel formers, and inorganic
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hydrogel formers, and mixtures thereof, may be employed in connection with the plural
paste embodiments of the invention. It is also contemplated that at least one of the
pastes may include a formed hydrogel. Similarly, it is contemplated that self-hardening
fillers and non-hardening fillers may be used in conjunction with these embodiments of
the invention. The self-hardening filler may comprise plural components that harden
upon introduction to one another; in these embodiments, one of the components may be

present in one of the precursor pastes and the other component may be present in

another precursor paste.

As with the single-paste filling materials, any one of the precursor pastes may contain
additional components such as those described hereinabove, including materials such as
radio opaque fillers (barium and bismuth sulfate being examples of such fillers), other
fillers, antibacterial components, and components for modification of viscosity or other
physical properties. Similarly, the amounts of hydrogel and filler may be present in any
suitable amountg in each paste relative to one another. Generally, if a non-aqueous
paste 1s employed, the hydrogel and filler may in some embodiments be present in
amounts similar to those of the single-paste embodiments. For an aqueous paste, the
hydrogel may be present in an amount of at least 5%, inclusive of water, and the filler

may be present in any suitable amount, such as the balance of weight of the paste.

In some embodiments, the filling material, whether provided in the form of a single-
paste filling material or a multiple-paste filling material precursor system, may be
provided in the form of a kit. When a dual-paste system is employed, the kit may
include the two pastes and separate containers suitable to maintain the pastes separately.
In either case, the kit may include a tool for introducing the filling material to a root
canal. The tool may comprise, for instance, a conventional syringe. When multiple
pastes are employed, a microdispenser with a mixing tip, the mixing tip comprising an
auger-like structure that allows the two pastes to be blended rapidly and subsequently: to
be applied to the desired area, may be employed. An example of such a device is the
Dual-Barrel 9 ml Micro Dispensing System by Tah Industries, Robbinsville, NJ. The
invention contemplates the use of this device, or an analogous device that is specifically
designed for medial usage. In some embodiments, the micro dispensers may include a
region that serves as the container for the pastes, by providing separate holding

chambers for the first and second pastes.
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[026] Each paste preferably is sufficiently stable to permit transport and reasonable storage

[027]

[028]

[029]

1030]

[031]

prior to use. Stability may be measured by any technique or using any criteria deemed
appropriate. In accordance with one such technique, a sample of the material or
materials constituting the paste or pastes is heated to a temperature of 50° C, and held at
this temperature for seven days. The material then is used in the formation of a filling
material, and the setting time of the material is evaluated as compared with the original
setting time of a similar filling material made without thermal treatment. If the setting
time of the filling material made with the thermally treated phase is approximately
equal to the setting time of the similar filling material, the paste may be deemed suitably
stable for use in conjunction with the present invention. The invention is not limited to
pastes that meet this criterion; rather, the foregoing is provided to illustrate one of but

many possible methods for evaluating stability.

As heretofore described, in use, the filling materials may be employed in endodontic
and specifically apexification procedures. The filling material may be placed into a root
canal, and optionally sealed with a secondary sealer. When the filling material is
formed from plural precursor pastes, the pastes may be injected or otherwise introduced
simultaneousiy into the root canal, or blended immediately prior to insertion into the
root canal. In various embodiments, the material is useful generally as an endodontic
material, as a filler or core, or sealer, as a material for retrofilling of root ends, for root

canal perforation repairs, and in apexification procedures.
The tollowing non-limiting Examples are provided to illustrate the invention.
Examples 1-19 describe premixed hydrogel pastes.

EXAMPLE 1

A hydrogel phase was prepared by blending 0.3 grams of chitosan malate (Vanson,
Redmond, Washington, USA) with 1.2 grams of glycerol. The filler phase was
composed of 3 grams of Portland cement (the ingredient of mineral trioxide aggregates,
also known as MTA) and 0.3 grams of calcium oxide (CaO). The hydrogel and the

fillers were then thoroughly mixed to form a filling material, and this filling material

was stored in an airtight vial.

An aliquot of approximately 0.3 grams of the premixed filling material was placed into

a cylindrical mold 1 (6 mm D x 3 mm H). The top and bottom faces of the mold were
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covered with fritted glass plates 2, as depicted in the Figure, and the assembly was
placed in a 37° C water bath to allow ingress of water into and egress of glycerol from
the sample. Diffusion of water into the sample allowed Portland cement to dissolve,
leading to an increase in the pH. The pH increase caused the chitosan to settle out of
the solution and to form a hard, rubber-like elastomeric gel. The sample set within 20
minute and was demolded. The initial setting of the sample was caused by the
hardening of the chitosan. The Portland cement in the filler phase hardened in about 1
to 2 hours. The sample then was allowed to set fully by placing it into water at 37° C

for an additional 24 hours.

The fully set sample then was subjected to a dye penetration test. The sample was
placed in 5 mL of a 1% poly-R (Sigma Chemical, St Louis, MO) solution whose pH
was adjusted to 7.4, and held at 37° C for 3 days. Dye penetration into the sample,

measured on fractured sample surfaces under an optical microscope (25X), was 0.11

mm =+ 0.11 mm (mean + s.d.; n = 6).

The filling material of this Example may take the form of a prepackaged product that
hardens rapidly after is placed in a root canal, where the moisture in the tissue will
initiate the setting. This filling material is significantly better than MTA-based filling
materials currently available for endodontic treatments. It is highly cohesive and
therefore can be easily placed into the root canal, and it sets much faster than

conventional MTA-based filling materials.

EXAMPLE 2

A hydrogel phase was prepared by blending 0.8 grams of chitosan malate (Vanson,
Redmond, Washington, USA) with 1.2 grams of glycerol. The filler phase was
composed of 1.5 grams of fluorapatite and 1.5 grams of CaQ. The hydrogel and the
fillers were then thoroughly mixed and stored in an airtight vial. An aliquot of
approximateiy 0.3 grams of the premixed material was placed in a cylindrical mold and
into a water bath as described in Example 1. Diffusion of water into the sample allowed
CaO to dissolve, leading to an increase in the pH. The increased pH caused the chitosan
to settle out of the solution, forming a hard gel. The sample set within 15 minute and
was demolded. The sample was allowed to fully set by placing it into water at 37° C for

an additional 24 hours, and was then subjected to a dye penetration test as described

above. Dye penetration into the sample was 0.38 mm = 0.17 mm (mean + s.d.; n = 0).
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[035] Although the fillers did not harden, the material had a hard, rubber-like consistency, and

[036]

[037]

was chemically and dimensionally stable. The cement of this Example can be used as a
prepackaged product that hardens rapidly after it is placed in a root canal, where the
moisture in the tissue will initiate setting. This material is significantly better than
many currently available endodontic materials treatments because it is highly

brocompatible, it is cohesive, and it sets rapidly.

EXAMPLE 3

The hydrogel phase was prepared by blending 0.2 grams of konjac Glucomannan
powder (Konjac Foods, Sunnyvale, CA) with 0.8 grams of glycerol. The filler phase
was composed of 2 grams of a self-hardening calcium phosphate cement (CPC) powder
that included 72.6 % tetracalcium phosphate and 27.4% dicalcium phosphate
anhydrous. The hydrogel and the fillers were then thoroughly mixed and stored in an
arrtight vial. An aliquot of approximately 0.3 grams of the premixed material was
placed in a cylindrical mold and the assembly placed in a water bath as in Example 1.
The sample set within 2 hours and was demolded. The sample was allowed to fully set
by placing it into water at 37° C for an additional 24 hours and was then subjected to a

dye penetration test as described above. Dye penetration into the sample was 0.38 mm

+ 0.17 mm (mean = s.d.; n = 6). This material also is an excellent endodontic filling

material.

EXAMPLE 4

A non-reactive hydrogel was prepared by blending 0.1 grams of polyvinylbutyral
powder (mw = 88,000, Scientific Polymer Products, Inc., Ontario, NJ ) with 0.4 grams
of n-propyl alcohol (Mallinckrodt). The filler phase contained 1 gram of a self-
hardening calcium phosphate cement (CPC) powder that was composed of 72.6 %
tetracalcium phosphate and 27.4% dicalcium phosphate anhydrous, 0.25 grams of
ground tetracalcium phosphate, and 0.25 grams of Ca;SiOs. The hydrogel and the
fillers were thoroughly mixed and stored in an airtight vial. A mold was prepared and

subjected to a dye penetration test as described above. Dye penetration into the sample

was 0.04 mm + 0.03 mm (mean + s.d.; n = 5). In this example, Ca;SiOs primarily plays

the role of a filler that provides alkalinity.
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EXAMPLES 5-7

[038] A non-reactive hydrogel containing 0.5 gfams of polyvinylbutyral powder (mw =

[039]

[040]

[041]

[042]

88,000, Scientific Polymer Products, Inc., Ontario, NJ ) dissolved in 1.5 grams of
absolute ethanol was provided. A premixed paste was prepared by mixing the hydrogel
and a Portland cement powdered filler thoroughly at a ratio (g/ g) (P/L) of 3. A mold
was prepared and bathed as described above. The sample was demolded after 4 hours
and was placed into water at 37° C for an additional 20h, and subsequently subjected to

a dye penetration test as described above. Seven-day dye penetration into the sample

was 0.05 mm (n = 5).

Samples were also prepared using P/L = 2 (Example 6) and 1 (Example 7). In these

cases, the dye penetration were 0.08 mm and 0.63 mm (n = 5), respectively.
EXAMPLES 8-10

A non-reactive hydrogel was prepared by dissolving 0.2 grams of polyvinylbutyral
powder (mw = 88,000, Scientific Polymer Products, Inc., Ontario, NJ ) in 1.8 grams of
absolute ethanol. A premixed paste was prepared by mixing the hydrogel and a
Portland cement powdered filler thoroughly at a ratio (g/g) (P/L) of 3. The paste was
molded and bathed as described above. The sample was demolded after 4 hours and
placed into water at 37° C for an additional 20h It was subjected to a dye penetration
test as described above. Seven-day dye penetration into the sample was 0.03 mm (n =
5). The test was repeated, except that the samples were held for 37° C for one week.

No significant difference in test results was observed.

Samples were also prepared using P/L = 2 (Example 9) and 1 (Example 10). In these

cases, the dye penetration were 0.09 mm and 0.44 mm (n = 5), respectively.
EXAMPLE 11

A non-reactive hydrogel was prepared by blending 2.5 grams of polyvinyl acetate
powder (PVAc) (mw = 45,000, Polysciences, Inc., Warrington, PA) with 7.5 mL of
absolute ethanol. A non-hardening filler phase that was composed of 2 grams of
fluorapatite (FA) (General Electric Company, Cleveland, Ohio) and 1 grams of CaO
(Fisher Scientific, Fair Lawn, NJ) was prepared. The hydrogel and the fillers were
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thoroughly mixed and stored in an airtight vial. The material was molded and bathed as
described above, then demolded after 18 hours and placed into water at 37° C for an
additional 48 hours. The molded filler material was observed to be slightly swelled.
Dye penetration into the sample was 0.18 mm % 0.09 mm (mean = s.d.; n = 6). For this

and the following Examples, the samples were in the dye solution for at least three days,

sometimes three to five days.

EXAMPLE 12-19

[043] The following Examples were performed, and dye penetration results were observed.

The hydrogels in these Examples were prepared as described above.

, : Dye
Example Hydrogel Fillers Penetration!

Control - 1 g glycerol (without 2.2g Cay(PO4),0+0.8 g >1.5
polymer) CaHPO4

12 1.6 g chitosan malate + 2.4 g 1.5 g CPC*+ 1.5 g CaO 0.38 + 0.24
glycerol

13 0.1 g Naalginate + 0.9 g glycerol 3.2 g CPC+ 1g CaO 0.10+ 0.08

14  PVAC + ethanol® 3 g CPC 0.07 £ 0.01

15  0.375 g PVB’ + 1.125 g ethanol 3 g Portland cement 0.02 £ 0.03

16  0.25PVB + 0.75 g ethanol 2gCPC+1 gCaO 0.35+0.20

17 0.385 g PAAC® + 1.155 g water 3 g CPC 0.16 + 0.08

18 0.1 gPVB’+ 0.4 g ethanol 1.5gCPC+0.1¢ 0.26 + 0.08

Na3PO4.12H,0
19 0.1 gPVB>+ 0.4 g ethanol 1gCPC+0.5gTTCP+  0.13+0.05

0.15 g NazP0,4.12H,0

'values are in mm (mean = s.d.; n=6)

2CPC was composed of 72.6 % tetracalcrum phosphate and 27.4% dicalcium phosphate anhydrous
polyvmyl acetate (mw = 45,000, Polysciences Inc., Warrington, PA)

‘water free ethanol (200 proof)

polyvynylbutyral (mw = 88,000, Scientific Polymer Products, Inc., Ontario, NJ)

*polyacrylic acid (mw = 240,000) came with liquid (25%) (Aldnch Chemical Company, Inc., Milwaukee,
WI) .

[044] Examples 20-33 describe two-paste systems.
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EXAMPLE 20
[045] A non-aqueous paste that contained 0.6 grams of chitosan malate in 0.9 grams of

[046]

glycerol as a reactive hydrogel precursor and 3 grams of Portland cement as a self-
hardening filler system was provided. Also provided was an aqueous paste that
contained 0.05 grams of poly vinyl alcohol (PVA) dissolved in 0.45 grams of water as a
non-reactive hydrogel and 2 grams of fluorapatite (FA) as a non-hardening filler. Upon
combination of the two pastes, chitosan malate dissolved in the water and formed a
hardened gel within 7 min with the aid of base derived from Portland cement.
Additionally, the water from the aqueous phased allowed Portland cement to harden.
Because water was provided by one of the pastes, the mold described above was not
used. For setting time measurement in this and the following two-paste examples, the
mixed paste was placed into a stainless steel mold (6 mm d x 3 mm high) that was
covered with two regular glass plates and left in 100% humidity air at 37° C. The
sample was allowed to fully set by placing it into water at 37° C for an additional 24

hours and was then subjected to a dye penetration test as described above. Dye

penetration into the sample was 0.31 mm # 0.09 mm (mean £ s.d.; n = 6).

EXAMPLE 21

A non-aqueous paste that contained 0.6 grams of chitosan malate in 0.9 grams of
glycerol as a reactive hydrogel precursor and 2 grams of tetracalcium pho sphate (TTCP)
as an mcomplete portion of a self-hardening (TTCP + DCPA) calcium phosphate
cement filler system was provided. Also provided was an aqueous paste that contained
0.056 grams of PVA dissolved in 0.5 grams of water as a non-reactive hydrogel and 1
gram of dicalcium phosphate anhydrous (DCPA) as the other portion of the calcium
phosphate cement filler system. Once the two pastes were combined, chitosan lactate
dissolved in the water and formed a hardened gel within 15 min with the aid of base
derived from TTCP. Additionally, the TTCP and DCPA react to form hardened cement
with hydroxyapatite as the product. The sample was molded as described above, and
was allowed to fully set by placing it into water at 37° C for an additional 24 hours and

was then subjected to a dye penetration test as described above. Dye penetration into

the sample was 0.17 mm + 0.10 mm (mean £ s.d.; n = 6).
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EXAMPLE 22

[047] In this Example, the non-aqueous paste contained 0.6 grams of chitosan malate in 0.9

[048]

[049]

grams of glycerol as a reactive hydrogel precursor and 2 grams of FA as a non-
hardening filler. The aqueous paste contained 0.1 grams of PVA dissolved in 0.9 grams
of water as a non-reactive hydrogel and 2 grams of TTCP as a non-reactive filler. The
two pastes were combined and allowed to set, then allowed to fully set by placing it into

water at 37° C for an additional 24 hours. Dye penetration into the sample was 0.35 mm

+ 0.08 mm (mean + s.d.; n=6).
EXAMPLE 23

In this Example, the non-aqueous paste contained 0.6 grams of chitosan malate in 0.9
grams ot glycerol as a reactive hydrogel precursor, 2.5 grams of Portland cement as a
self-hardening filler system, and 0.5 grams of calcium chloride as a soluble calcium
source. The aqueous paste contained 0.2 grams of sodium alginate in 0.8 grams of
water as a reactive hydrogel and 1 gram of FA as a non-hardening filler. Once the two
pastes were combined, the paste hardened within 10 minute. The hardening
mechanisms included (1) chitosan malate dissolved in the water and formed a hardened
gel with the aid of base derived from Portland cement, (2) the alginate gel hardened by
cross linking with the calcium from the calcium chloride originally present in the non-
aqueous paste, and (3) the water from the aqueous allowed Portland cement to harden.
The sample was allowed to fully set by placing it into water at 37° C for an additional

24 hours and was then subjected to a dye penetration test as described above. Dye

penetration into the sample was 0.35 mm + 0.07 mm (mean + s.d.; n = 6).
EXAMPLE 24

In this Example, the non-aqueous pastes contained 0.1 grams of sodium alginate in 0.9
grams of glycerol as a reactive hydrogel precursor, 2 grams of tetracalcium phosphate
(I'TCP) as an incomplete portion of a self-hardening (TTCP + DCPA) calcium
phosphate cement filler system, and 0.5 grams calcium chloride to cause alginate
hardening. The aqueous paste contained 0.5 grams of polyacrylic acid (PAAc) (Aldrich
Chemical Company, Inc., Milwaukee, W1 ) dissolved in 0.5 grams of water as a reactive
hydrogel and 1 gram DCPA as the other portion of the calcium phosphate cement filler

system. The two pastes were combined, whereupon the PAAc gel hardened due to the



CA 02625143 2008-04-08

WO 2007/047994 PCT/US2006/041164

[050]

[051]

[052]

16

alkalinity of TTCP and the calcium from both TTCP and DCPA. Additionally, sodium
alginate dissolved in water and formed a hardened gel by cross linking with the calcium
from the calcium chloride. The material set after about 15 minutes. The sample was
allowed to fully set by placing it into water at 37° C for an additional 24 hours and was
then subjected to a dye penetration test as described above. Although dye appeared to

have completely penetrated into the sample, the intensity of the dye was extremely low.

EXAMPLE 25

In this Example, the non-aqueous paste contained 0.25 grams of polyvinyl butyral
(PVB) in 0.75 grams of ethanol as a non-reactive hydrogel precursor and 3 grams of
Portland cement as a self-hardening filler system. The aqueous paste contained 0.05
grams of sodium polyvinyl alcohol (PVA) in 0.45 grams of water as a non-reactive
hydrogel and 1.5 grams of FA as a non-hardening filler. Once the two pastes were
combined, the water allowed the Portland cement to harden in 10 min. The sample was
allowed to fully set by placing it in water at 37° C for an additional 24 hours and was

then subjected to a dye penetration test as described above. Dye penetration into the

sample was 0.38 mm + 0.17 mm (mean = s.d.; n = 6).
EXAMPLE 26

In this Example, the non-aqueous pastes contained 0.25 grams of PVB in 0.75 grams of
absolute ethanol as a non-reactive hydrogel precursor and tetracalcium phosphate
(TTCP) as an incomplete portion of a self-hardening (TTCP + DCPA) calcium
phosphate cement filler system. The aqueous paste contained 0.05 grams of PVA
dissolved in 0.45 grams of water as a non-reactive hydrogel and 1 gram of dicalcium
phosphate anhydrous (DCPA) as the other portion of the calcium pho sphate cement
filler system. Once the two pastes were combined, the paste hardened in about 5 min.
I'TCP and DCPA reacted to form hardened cement with hydroxyapatite as the product.

The sample was allowed to fully set by placing it into water at 37° C for an additional .

24 hours and was then subjected to a dye penetration test as described above. Dye

penetration into the sample was 0.27 mm + 0.18 mm (mean + s.d.; n = 6).

EXAMPLE 27

In this Example, the non-aqueous paste contained 0.25 grams of PVB in 0.75 grams of

absolute ethanol as a non-reactive hydrogel precursor and 2 grams of Portland cement
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as a self-hardening filler system. The aqueous paste contained 0.15 grams of chitosan
malate 1n 0.85 grams of water as a reactive hydrogel and 1.5 grams of FA as a non-
hardening filler. Once the two pastes were combined, chitosan malate hardened due to
the base from the Portland cement, and the water allowed Portland cement to harden.
After 5 min, it was placed into water. The sample was allowed to fully set by placing it
into water at 37° C for an additional 24 hours and was then subjected to a dye

penetration test as described above. Dye penetration into the sample was 0.46 mm =+

0.26 mm (mean =+ s.d.; n = 6).
EXAMPLE 28

In this Example, the non-aqueous paste contained 0.3 grams of Ca3;SiOs in 0.2 grams of
glycerol. The aqueous paste contained 1 gram of DCPA in 0.5 grams of 0.5 M
Nap,HPO4 solution. Once the two pastes are combined, the phosphate solution allowed
Ca3S105 and DCPA to react and harden. After 40 min, the hardened filler material was
placed into water at 37 °C. The sample was allowed to fully set by placing it into water

at 37° C for an additional 24 hours and was then subjected to a dye penetration test as

described above. Dye penetration into the sample was 0.02 mm + 0.02 mm (mean =

s.d.; n=125).
EXAMPLE 29

The non-aqueous paste of this Example contained 0.6 grams of Ca;SiOs in 0.4 grams of
glycerol. The aqueous paste contained 1.79 grams of DCPA in 0.93 grams of 1.5 M
NaH,PO4 solution. Once the two pastes were combined, the phosphate solution allowed
CasS105 and DCPA to react and harden. After 15 min, the hardened filler material was
placed into water at 37 °C. The sample was allowed to fully set by placing it into water

at 37° C for an additional 24 hours and was then subjected to a dye penetration test as

described above. Dye penetration into the sample was 0.001 mm + 0.001 mm (mean =
s.d.; n=25).

EXAMPLE 30

The non-aqueous paste of this Example contained 1.4 grams of tetracalcium phosphate

(I'TCP) as an incomplete portion of a self-hardening (TTCP + DCPA) calcium
phosphate cement filler system, 0.6 grams of Ca3SiOs, and 0.2 grams of Na,HPO,, in

1.17 grams of glycerol. The aqueous paste contained 1 gram of dicalcium phosphate
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anhydrous (DCPA) as the other portion of the calcium phosphate cement filler system,
1.2 grams of BaSO4, and 0.165 grams of chitosan lactate in 0.935 grams of water.
Once the two pastes were combined, chitosan lactate formed a hardened gel within 60
min with the aid of base derived from TTCP. Additionally, the TTCP and DCPA
reacted to form a hardened cement with hydroxyapatite as the product. NayHPOq
crystals promoted the setting reaction. The filler material sample was allowed to fully
set by placing it into water at 37° C for an additional 24 hours and was then subjected to

a dye penetration test as described above. Dye penetration into the sample was 0.05

mm £ 0.02 mm (mean + s.d.; n=5).
EXAMPLE 31

[056] In this Example, the non-aqueous paste contained 1.5 grams of a self-hardening calcium
phosphate cement filler system and 0.5 grams of Ca3SiOs in 1.2 grams of glycerol. The
aqueous paste contained 0.75 grams of monocalcium phosphate monohydrate (MCPM),
0.75 grams BaSO4, 0.1 grams of chitosan lactate, and 0.11 grams of glycerol in 0.9
grams of water. Once the two pastes were combined, chitosan lactate formed a
hardened gel within 10 min with the aid of base derived from CazSiOs. Additionally,
the TTCP and DCPA reacted to form hardened cement with hydroxyapatite as the
product. The filler material sample was allowed to fully set by placing it into water at

37° C for an additional 24 hours and was then subjected to a dye penetration test as

described above. Dye penetration into the sample was 0.04 mm =+ 0.03 mm (mean =+
s.d.; n=25).

EXAMPLE 32

[057] In this Example, the non-aqueous paste contained 3 grams of Portland cement in 1.2
grams of glycerol. The aqueous paste contained 2 grams of MCPM and 0.1 grams of
glycerol in 1gram of 8.5 M glycolic acid solution. Once the two pastes were combined,

the water allowéd the Portland cement to harden. The filler material hardened at 9.3

min £+ 0.6 min (mean =+ s.d.; n = 3). The sample was allowed to fully set by placing it

into water at 37° C for an additional 24 hours and was then subjected to a dye

penetration test as described above. Dye penetration into the sample was 0.001 mm =

0.001 mm (mean + s.d.; n=15).
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EXAMPLE 33
[058] The non-aqueous paste of this Example contained 0.6 grams of Ca3;SiOs in 0.4 grams of

[059]

[060}

[061]

glycerol. The aqueous paste contained 1.2 grams of MCPM in 0.5 grams of 8.5 M
glycolic acid solution. Once the two pastes were combined, MCPM reacted with
Ca3510s, and also glycolic acid formed a calcium salt, which hardened. After 10 min,
the hardened filler material was placed into water at 37 °C. The sample was allowed to

fully set by placing it into water at 37° C for an additional 24 hours and was then

subjected to a dye penetration test as described above. Dye penetration into the sample

was 0.02 mm =+ 0.02 mm (mean + s.d.; n = 5).

Compositions similar to the compositions given in the following additional examples
are described in copending U.S. application serial no. 11/550,586, entitled “Dual-Phase

Cement Precursor Systems for Bone Repair” and filed on 18 October 2006.

EXAMPLE 34

The non-aqueous paste contains 3 grams of Portland cement as a self-hardening filler in
1.22 grams of glycerol. The aqueous paste contains 1.508 grams of MCPM and 0.23
grams of chitosan lactate in 1.31 graihs of water. Once the two pastes are combined,
chitosan lactate hardens due to the base from Portland cement and the water allows
Portland cement to harden. After 5 min, it was placed into water. The sample was
allowed to fully set by placing it into water at 37° C for an additional 24 hours and was

then subjected to a dye penetration test as described above. Dye penetration into the

sample was 0.006 mm + 0.007 mm (mean + s.d.; n = 5).

EXAMPLE 35

Paste 1 was prepared by blending 3g of MCPM into 1.35 g of an aqueous solution
containing 0.15 g of chitosan lactate. Paste 2 was composed of 3g of a calcium

phosphate cement (CPC) mixture (containing 73 wt% TTCP and 27 wt% DCPA) and

1.2 g of glycerin. The combined pastes hardened in 5.7 min + 1.2 min (mean + s.d.; n =
3), and was placed in water at 37° C. The sample was allowed to fully set by placing it

mnto water at 37° C for an additional 24 hours and was then subjected to a dye
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penetration test as described above. Dye penetration into the sample was 0.03 mm -

0.03 mm (mean + s.d.; n = 5).
EXAMPLE 36

[062] Paste 1 was prepared by blending 3g of MCPM into two liquids, the first liquid being
4.8 g of an aqueous solution containing 8.5M glycolic acid and 10 wt% chitosan lactate,
and the second liquid being 2g of glycerin. Paste 2 was composed of 3g of a calcium
phosphate cement (CPC) mixture (containing 73 wt% TTCP and 27 wit% DCPA) and
1.2 g of glycerin. Once the two pastes were combined, chitosan lactate hardened due to
the base from the CPC, and the water allowed CPC to harden. Also, glycolic acid
reacted with calcium from CPC to form a calcium salt. After 10 min, the sample was
placed into water at 37 °C. The sample was allowed to fully set by placing it into water

at 37° C for an additional 24 hours and was then subjected to a dye penetration test as

described above. Dye penetration into the sample was 0.02 mm =+ 0.02 mm (mean =+
s.d.; n=15).

EXAMPLE 37

[063] The non-aqueous paste contains 3 grams of Portland cement in 1.2 grams of glycerol.
The aqueous paste contains 3 grams of MCPM and 0.4 grams of chitosan lactate in 3.6
grams of 8.5 M glycolic acid. ~Once the two pastes are combined, chitosan lactate
hardens due to the base from Portland cement and the water allows Portland cement to

harden. Also glycolic acid reacts with Ca from CPC to form Ca-salt, After 5 min, 1t was

placed into water at 37 °C. The sample was allowed to tully set by placing it into water

at 37° C for an additional 24 hours and was then subjected to a dye penetration test as

described above. Dye penetration into the sample was 0.05 mm + 0.04 mm (mean =+
s.d.; n=Y5).

EXAMPLE 38

[064] The non-aqueous paste contains 3.01 grams of Portland cement in 1.22 grams of
glycerol. The aqueous paste contains 3 grams of MCPM, 0.017 grams of HPMC, and
0.5 grams of glycerol in 1.5 grams MCPM-DCPD saturated solution. Once the two
pastes are combined, the water allows Portland cement to harden. Also MCPM reacts

with Portland cement to form hydroxyapatite. After 5 min, it was placed into water at

37 °C. The sample was allowed to fully set by placing it into water at 37° C for an
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additional 24 hours and was then subjected to a dye penetration test as described above.

Dye penetration into the sample was 0.04 mm = 0.05 mm (mean % s.d.; n = 5).

It 1s thus seen that, in certain embodiments, the invention provides a root canal filling

material. In other embodiments, endodontic methods are provided.

All references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference. In any listing of possible ingredients or components,
mixtures of the possible ingredients or components are contemplated unless expressly
indicated otherwise.  The description of certain embodiments as “preferred”
embodiments, and other recitation of embodiments, features, or ranges as being
preferred, is not deemed to be limiting, and the invention is deemed to encompass
embodiments that are presently deemed to be less preferred. All methods described
herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., "such as") provided herein, is intended to illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. Any statement herein as to the nature or benefits of the invention or of the
preferred embodiments is not intended to be limiting, and the appended claims should
not be deemed to be limited by such statements. More generally, no language in the
specification should be construed as indicating any non-claimed element as being
essential to the practice of the invention. This invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all
possible variations thereof is encompassed by the invention unless otherwise indicated
herein or otherwise clearly contradicted by context. The description herein of any
retference or patent is not intended to constitute a concession that such reference is

available as prior art against the present invention.
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Claims
1. A method for filling a dental root canal, comprising:

providing a hydrosetting filling material;

inserting said hydrosetting filling material into said dental root canal, said material

setting in said root canal to form a biocompatible filling;
said hydrosetting filling material comprising a hydrogel former and a filler:

said hydrogel former comprising at least one hydrogel former selected from the group
consisting of reactive organic hydrogel formers, inorganic hydrogel formers, and non-reactive

organic hydrogel formers and mixtures thereof:

said filler being at least one selected from the group consisting of self-hardening and

non-hardening fillers.

2. A method according to claim 1, said hydrogel former comprising a reactive hydrogel
former.
3. A method according to claim 2, said reactive hydrogel former comprising at least one

selected from the group consisting chitosans, alginates, pectinates, and polyacrylic acids.

4. A method according to claim 1, said hydrogel former comprising an inorganic hydrogel
former.

5. A method according to claim 4, further comprising a reactive hydrogel former.

6. A method according to claim 4, said inorganic hydrogel former comprising at least one

selected from the group consisting of tricalcium silicate, dicalcium silicate, and sodium silicate.

7. A method according to claim 1, said hydrogel former comprising a non-reactive

hydrogel former.

8. A method accordiﬁg to claim 7, said non-reactive hydrogel former being selected from -
the group consisting of polyvinyl acetate, polyvinyl butyral, polyvinyl alcohols, hydroxymethyl

cellulose, and konjac.

9. A method according to claim 1, said filler comprising a self-hardening filler.
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10. A method according to claim 9, said self-hardening filler being at least one filler

selected from the group consisting of self-setting calcium phosphate cements, mineral trioxide

aggregate, calcium silicates and gypsum.

11. A method according to claim 9, said filler comprising Portland cement.
12. A method according to claim 1, said filler comprising a non-hardening filler.
13. A method according to claim 12, said filler being at least one filler selected from the

group consisting of tetracalcium phosphate, hydroxyapatite, fluorapatite, tricalcium phosphate,

calcium oxide, calcium hydroxide, calcium fluoride, calcium silicate, and calcium aluminate.
14." A method according to claim 1, said filling material comprising a radio opaque filler.

15. A method according to claim 1, said filling material comprising an antibacterial agent.

16. A method for filling a dental root canal, comprising:

providing a first filling material precursor composition and a second filling material

precursor composition;

inserting a blend of said filling material composition and said second filling material
composition into a root canal, said first and second filling material compositions forming a

hydrosetting, biocompatible root canal filling material, said filling material, said upon blending

and prior to setting, comprising:

a hydrogel material selected from the group consisting of (1) a stable hydrogel and (2)
a hydrogel former selected from the group consisting of a reactive organic hydrogel formers,

inorganic gel formers and non-reactive organic hydrogel formers and mixtures thereof: and

a filler, said at least one filler selected from the group consisting of a self-hardening

filler and a non-hardening filler.

7. A method according to claim 16, said hydrogel material comprising a hydrogel former.
18. A method according to claim 16, said first precursor composition comprising a stable
hydrogel.

19. A method according to claim 18, said stable hydrogel comprising at least one selected

from the group consisting of polyvinyl acetate, polyvinyl butyral, polyvinyl alcohol,
hydroxymethyl cellulose, and konjac hydrogels.
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20. A method according to claim 19, said hydrogel material comprising a reactive hydrogel

former.

21. A method according to claim 16, said hydrogel former comprising at least one selected

from the group consisting of chitosans, alginates, pectinates, and polyacrylic acids.

22. A method according to claim 16, said hydrogel comprising an inorganic hydrogel

former.
23. A method according to claim 22, further comprising a reactive hydrogel former.
24. A method according to claim 22, said inorganic hydrogel former comprising at least one

selected from the group consisting of tricalcium silicate, dicalcium silicate, and sodium silicate.

25. A method according to claim 24, said hydrogel former comprising a non-reactive
hydrogel former.
26. A method according to claim 25, said non-reactive hydrogel former comprising at least

one selected from the group consisting of polyvinyl acetate, polyvinyl butyral, polyvinyl
alcohols, hydroxymethyl cellulose, and konjac.

27. A method according to claim 16, said filler comprising a self-hardening filler.

28. A method according to claim 27, said self-hardening filler comprising at least one filler
selected from the group consisting of self-setting calcium phosphate cements, mineral trioxide

aggregate, calcium silicates and gypsum.
29. A method according to claim 27 said filler comprising Portland cement.
30. A method according to claim 16, said filler comprising a non-hardening filler.

31. A method according to claim 30, said filler being at least one filler selected from the
group consisting of tetracalcium phosphate, hydroxyapatite, fluorapatite, tricalctum phosphate,

calctum oxide, calcium hydroxide, calcium fluoride, calcium silicate, and calcium aluminate.
32. A method according to claim 16, said filling material comprising a radio opaque filler.
33. A method according to claim 16, said filling material comprising an antibacterial agent.

34. A hydrophilic, water-setting dental root canal filling material comprising a hydrogel
former and a filler, said hydrogel former being at least one hydrogel former selected from the
group consisting of reactive organic hydrogel formers, inorganic hydrogel formers, and non-

reactive organic hydrogel formers, said filler being selected from the group consisting of self-
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hardening fillers and non-hardening fillers, said material being at least substantially non-

aqueous.

35.  Aroot canal filling material according to claim 34, said hydrogel former comprising a

reactive hydrogel former.

36.  Aroot canal filling material according to claim 35, said reactive hydrogel former being

selected from the group consisting chitosans, alginates, pectinates, and polyacrylic acids.

37.  Aroot canal filling material according to claim 34, said hydrogel former comprising an

inorganic hydrogel former.

38.  Aroot canal filling material according to claim 37, further comprising a reactive

hydrogel former.

39.  Aroot canal filling material according to claim 37, said inorganic hydrogel former
being selected from the group consisting of tricalcium silicate, dicalcium silicate, and sodium

silicate.

40.  Aroot canal filling material according to claim 34, said hydrogel former comprising a

non-reactive hydrogel former.

41.  Aroot canal filling material according to claim 40, said non-reactive hydrogel former
being selected from the group consisting of polyvinyl acetate, polyvinyl butyral, polyvinyl
alcohols, hydroxymethyl cellulose, and konjac.

42.  Aroot canal filling material according to claim 34, said filler comprising a self-

hardening filler.

43, A root canal filling material according to claim 42, said self-hardening filler being at
least one filler selected from the group consisting of self-setting calcium phosphate cements,

mineral trioxide aggregate, calcium silicates and gypsum.

44, A root canal filling material according to claim 42, said filler comprising Portland

cement.

45.  Aroot canal filling material according to claim 34, said filler comprising a non-

hardening filler.

46. A root canal material according to claim 45, said filler being at least one filler selected

from the group consisting of tetracalcium phosphate, hydroxyapatite, fluorapatite, tricalcium
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phosphate, calcium oxide, calcium hydroxide, calcium tluoride, calcium silicate, and calcium

aluminate.

47.  Aroot canal material according to claim 46, said filling material comprising a radio

opaque filler.

48.  Aroot canal material according to claim 47, said filling material comprising an

antibacterial agent.

49. A kit comprising the filling material of claim 34 and an instrument for inserting said

material into a root canal.
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