(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert N
o amisaton " > A
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2024/059259 A1

21 March 2024 (21.03.2024) WIPOIPCT

(51) International Patent Classification:
A61C 5/50 (2017.01) AG61K 6/54 (2020.01)
A61K 6/50 (2020.01) A61K 6/80(2020.01)

(21) International Application Number:
PCT/US2023/032861

(22) International Filing Date:
15 September 2023 (15.09.2023)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
63/407,018 15 September 2022 (15.09.2022) US

(71) Applicant: RUTGERS, THE STATE UNIVERSITY
OF NEW JERSEY [US/US]; 83 Somerset Street, New
Brunswick, New Jersey 08901 (US).

(72) Inventor: SAGHIRI, Mohammad Ali; 83 Somerset
Street, New Brunswick, New Jersey 08901 (US).

(74) Agent: AGOSTINO, Joseph; GREENBERG TRAURIG,
LLP, 500 Campus Drive, Suite 400, Florham Park, New Jer-
sey 07932-0677 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP,KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: COMPOSITION AND METHOD FOR A ROOT CANAL SEALER

(57) Abstract: A composition comprises a polyol part comprising a catalyst, a defoamer, and modified nanoparticles, and a diisocynate
part, where the polyol part and the diisocynate part are present at a 1:1 molar ratio and where the composition is an elastomeric
O polyurethane sealer.

20247059259 A1 | I N0 00 0 0010 0O 0



10

15

20

25

30

WO 2024/059259 PCT/US2023/032861

COMPOSITION AND METHOD FOR A ROOT CANAL SEALER

CROSS REFERENCE TO RELATED APPLICATION
This patent application claims the benefit of priority from U.S. Provisional Patent
Application No. 63/407,018, filed September 15, 2022, where the entirety of which is
incorporated herein by reference.
FIELD
Some embodiments of the present disclosure relate to compositions and methods for
use in endodontic treatment and, more particularly, compositions for root canal filling and

methods for use of same.

BACKGROUND
Endodontic treatment or root canal therapy (RCT) is a commonly performed tooth
treatment in the field of dentistry. Conventionally, RCT is directed towards the treatment of
a tooth inner space, which contains a soft tissue known as “dental pulp tissue”, and then filling
the inner space with biocompatible materials. After the removal of dental pulp from, and after
the cleaning, shaping and/or irrigation of, the tooth root canal space, the cleaned, disinfected,

and shaped root canal space is dried out and then filled by biocompatible materials.

BRIEF SUMMARY

Some embodiments disclosed herein relate to compositions and methods for the
synthesis of polymer foam materials which is biocompatible, and methods for using the
polymer foam materials. Some of the embodiments of the polymer foam materials include
expandable polymers (including expandable biocompatible polymers), wherein their
expansion characteristics are in three dimensions that can be controlled to meet a particular
application. Some of the embodiments of the expandable biocompatible polymers can be
applied to many dental applications, such as for example but not limited to a filler, a sealer, a
filling, a root canal filler, and combinations thereof. Some of the embodiments of the polymer
foam materials can be placed in contact with, for example but not limited to, dentin, enamel,
etc. In some embodiments, the polymer foam materials can be formed within different tissue

conditions, pH, temperature, and level of humidity, such that, for example, the polymer foam
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material has an improved biocompatible property that does not negatively affect the tissue
conditions contacting or near the polymer foam material. For example, some embodiments
of the polymer foam materials do not negatively impact the contacting tissue conditions.
Examples of negative impact of the contacting tissue conditions include changing (i.e.,
significantly lowering or raising) one or more of the properties of the tissue, wherein the
properties include, but are not limited to, pH, temperature, and level of humidity.

In some embodiments, the present disclosure relates to a composition including: a
polyol part including: a catalyst, a defoamer, and modified nanoparticles; where the
composition is an elastomeric polyurethane sealer.

In some embodiments, the polyol part includes hydroxyl terminated polybutadiene.

In some embodiments, the catalyst is pentamethylguanidine.

In some embodiments, the catalyst includes 0.4 wt % to 0.6 wt % of the total
composition.

In some embodiments, the defoamer includes Antifoam A concentrate.

In some embodiments, the defoamer is a silicone defoamer configured to control
expansion of the composition.

In some embodiments, the defoamer includes 0.1 wt % to 0.3 wt % of the total
composition.

In some embodiments, the modified nanoparticles include 5 wt % stearic acid.

In some embodiments, the modified nanoparticles include surface hydroxyl groups
configured to react with diisocynates.

In some embodiments, the composition further includes a diisocynate part.

In some embodiments, the diisocynate part includes L-lysine diisocynate and a
moisture scavenger.

In some embodiments, the polyol part and the diisocynate part are present at a 1:1

molar ratio.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a schematic views of root canal spaces in a tooth, according to embodiments of the

present disclosure.
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FIG. 1B is a top cross-sectional views of root canals which illustrate complex and irregular
tooth root canal patterns, according to embodiments of the present disclosure.

FIG. 2 is a schematic view of filled/obturated tooth root canal spaces, according to
embodiments of the present disclosure.

FIG. 3A is a perspective view of a prototype of an EPS sealer, according to embodiments of
the present disclosure.

FIG. 3B is a perspective view of a pre-prototype of EPS, according to embodiments of the
present disclosure.

FIG. 4 is a box plot graph of the means and standard deviations of surface porosity of various
sealers, according to embodiments of the present disclosure.

FIG. 5A is a box plot graph of the means and standard deviations of cell viability in MTS for
various sealers at 24 hours, according to embodiments of the present disclosure.

FIG. 5B is a box plot graph of the means and standard deviations of cell viability in MTS for
various sealers at 48 hours, according to embodiments of the present disclosure.

FIG. 5C is a box plot graph of the means and standard deviations of cell viability in MTS for
various sealers at 72 hours, according to embodiments of the present disclosure.

FIG. 5D is a box plot graph of the means and standard deviations of cell viability in MTS for
various sealers at 96 hours, according to embodiments of the present disclosure.

FIG. 6 is a box plot graph of the means and standard deviations of CNV surface area (um?) of
various sealers, according to embodiments of the present disclosure.

FIG. 7 is a box plot graph of the means and standard deviations of penetration depth (um) for
various sealers, according to embodiments of the present disclosure.

FIG. 8A is an SEM micrograph showing the surface porosity of AH Plus, according to
embodiments of the present disclosure.

FIG. 8B is an SEM micrograph showing the surface porosity of Sure Seal, according to
embodiments of the present disclosure.

FIG. 8Cis an SEM micrograph showing the surface porosity of PES, according to embodiments
of the present disclosure.

FIG. 8D is an SEM micrograph showing the surface porosity of EPS, according to embodiments

of the present disclosure.
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FIG. 9A is a box plot graph of means and standard deviations of flow diameters of various
sealers, according to embodiments of the present disclosure.

FIG. 9B is a box plot graph of means and standard deviations of setting times of various sealers,
according to embodiments of the present disclosure.

FIG. 9Cis a box plot graph of means and standard deviations of radiopacity of various sealers,
according to embodiments of the present disclosure.

FIG. 9D is a box plot graph of means and standard deviations of flow surface area of various
sealers, according to embodiments of the present disclosure.

FIG. 10 is a graph depicting in-vitro weight loss of various sealers during a test period of 16
weeks using an accelerated aging model, according to embodiments of the present disclosure.
FIG. 11 is a schematic view of a multi-barrel syringe containing embodiments of a first fluid
and a second fluid contained in respective barrels, according to embodiments of the present
disclosure.

FIG. 12 is a flowchart for a process according to an embodiment, according to embodiments

of the present disclosure.

DETAILED DESCRIPTION

Among those benefits and improvements that have been disclosed, other objects and
advantages of this disclosure will become apparent from the following description taken in
conjunction with the accompanying figures. Detailed embodiments of the present disclosure
are disclosed herein; however, it is to be understood that the disclosed embodiments are
merely illustrative of the disclosure that may be embodied in various forms. In addition, each
of the examples given regarding the various embodiments of the disclosure which are
intended to be illustrative, and not restrictive.

Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrases “in one
embodiment,” “in an embodiment,” and “in some embodiments” as used herein do not
necessarily refer to the same embodiment(s), though it may. Furthermore, the phrases “in
another embodiment” and “in some other embodiments” as used herein do not necessarily

refer to a different embodiment, although it may. All embodiments of the disclosure are

intended to be combinable without departing from the scope or spirit of the disclosure.
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As used herein, the term “based on” is not exclusive and allows for being based on
additional factors not described, unless the context clearly dictates otherwise. In addition,

n u

throughout the specification, the meaning of “a,” “an,” and “the” include plural references.
The meaning of “in” includes “in” and “on.”

FIGS. 1A and 1B show exemplary views of a tooth 10 having complex and irregular
patterns of tooth root canal spaces 12 according to an embodiment. Tooth root canal spaces
12 may have very complex structures and irregular patterns, as they can include main canals
14 and accessory canals 16. Thus, cleaning, disinfecting and filling such irregular patterns may
pose difficulties.

In an embodiment, a filling material 18 comprises at least one expandable material.
The at least one expandable material of the filling material 18 may include at least one of: a
swellable material, a foamable material, the like, or any combination thereof. In some
embodiments, the expandable material of the filling material 18 may be a crosslinkable
material that expands upon crosslinking. In some embodiments, the crosslinking may be
performed in situ. In an embodiment, the filling material 18 is configured to expand so as to
fill most, substantially all of, or all of the main canals 14 and accessory canals 16 of tooth root
canal spaces 12. In an embodiment, the filling material 18 comprises at least one
biocompatible material. In an embodiment, the at least one at least one biocompatible
material is an expandable material.

FIG. 2 shows a schematic view of an embodiment of a filled or obturated root canal
space 12 showing main and accessory canals 14, 16 being filled with the filling material 18.

In some embodiments the expandable material of the filling material 18 expands using
isocyanate chemistry (i.e., the chemistry of a material that includes at least one isocyanate
group). For instance, in one embodiment, the isocyanate chemistry may be utilized to induce
cross-linking of the expandable material of the filling material 18. In one embodiment, the
isocyanate chemistry may be utilized to induce foaming of the expandable material of the
filling material 18.

Materials including isocyanate groups can become unstable when exposed to various
conditions including, but not limited to: the presence of, water, the presence of moisture, the

presence of other compounds, and the like. Therefore, various conditions can lead to the
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decomposition of the isocyanate groups, thereby cross-linking one or more polymers to which

the isocyanate groups are attached and releasing carbon dioxide (CO>) gas.

R—N=C=0 + H0O —=>= R—NH, + CO;1}

{socyanate Water Amine Carbondioxide

The CO; gas that is released form pores in some embodiments. In some embodiments,
the production or releasing of the CO; gas is controlled, thereby controlling the formations of
the pores in the biocompatible cross-linked polymers. By controlling the production or
releasing of the CO; gas, the three-dimensional structure and thereby its physical properties
(such as for example, compression and/or expansion properties) are also controlled to a
specific and desired amount. Further, the controlling of the CO, gas that are exposed to
nearby tissue can beneficially minimize the pH change effect in the tissue.

For example, physiologically normal intracellular pH is most commonly between 7.0
and 7.4, though there is variability between tissues (e.g., mammalian skeletal muscle tends
to have a pH of 6.8-7.1). Generally, dental infections have some infected tissue which has
acidic pH. For example, the pH of pus from a periapical abscess of infected tissue can have a
range between 6.0 and 7.3. Therefore, a biocompatible material that does not alter the
surrounding tissue pH can be beneficial and advantageous. The embodiments of the
biocompatible polymers disclosed herein can be configured to (e.g., controlled) to release low
amount of CO; (e.g., less than 7% of weight). Accordingly, the embodiments of the
biocompatible polymers and methods disclosed herein have substantial benefits and

advantages over conventional materials and methods.
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A non-limiting exemplary mechanism by which a material containing an isocyanate

group is crosslinked is shown below. The nonlimiting exemplary mechanism below may be

referred to as the “lysine model” of isocyanate crosslinking.

\

In an embodiment, the filling material 18 includes multiple expandable materials. In
some embodiments, the multiple expandable materials are configured to expand upon cross-
linking. In an embodiment, the use of multiple expandable materials ensures that the filling

material 18 is stable in water and saline.
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In an embodiment, an expandable material of the filling material 18 comprises at least
one condensation polymer. In an embodiment, the at least one condensation polymer
comprises poly glycerol-sebacate (“PGS”). In an embodiment, the at least one condensation
polymer is formed by the condensation polymerization of glycerol and sebacic acid. A non-
limiting exemplary synthesis pathway by which glycerol and sebacic acid are reacted by

condensation polymerization to form PGS is shown below:

In an embodiment, a polymer of the expandable material of the filling material 18
comprises at least one of: poly (lactic acid) (PLA), poly (glycolic acid) (PGA), at least one
polymer from the polycaprolactone (PCL) class of polymers and their copolymers (e.g., poly
(lactate-co-caprolactone) or poly (glycolate-caprolactone)), or any combination thereof. In an
embodiment, copolymerization of at least one lactide, glycolide, or caprolactone monomer
present on at least one polymer of the expandable material of the filling material 18 described
herein, in various ratios, can yield materials with a wide range of mechanical properties,
thermal characteristics and degradation times. In an embodiment, a structure of an
exemplary PLA/PGA/PCL copolymer (and associated properties such as molecular weight) can
be tailored by adjusting, for example, a type of initiator used, a molar ratio of the initiator to

the at least one monomer unit, or any combination thereof.
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A non-limiting synthesis pathway for poly(glycolide-co-caprolactone) (PGCL) according
to one exemplary embodiment is shown below. In the non-limiting pathway below,

pentaerythritol is used as an initiator to form 4-armed, branched structures.
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In an embodiment, the at least one polymer of the expandable material of the filling
material 18 (or the compounds used to make the polymer of the expandable material of the
filling material 18) may comprise one or more pendant hydroxyl groups. In an embodiment,
the hydroxyl groups may serve, for example, as sites at which pendant groups are attached

10  to the at least one polymer. In an embodiment, glycerol and sebacic acid both contain
pendant hydroxyl groups that may be used to impart a desired functionality to PGS. In an
embodiment, the filling material 18 may include at least one radiopaque material. In an
embodiment, the at least one radiopaque material may include at least one of the following:
gold, platinum, tungsten, platinum-tungsten, palladium, iridium, platinum-iridium, rhodium,

15  tantalum, barium sulfate, bismuth subcarbonate, bismuth oxychloride, bismuth trioxide, the
like (e.g., a radiopaque metal, a radiopaque alloy, or a radiopaque ceramic), or any
combination thereof.

In an embodiment, the filling material 18 may include at least one biostable material.

In an embodiment, the at least one biostable material prevents the degradation of the filling
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material 18 by one or more endogenous enzymes. In a non-limiting exemplary embodiment,
the biostable material includes at least one biostable metal oxide, such as for example but
not limited to one or more of titanium oxide, ruthenium oxide, and iridium oxide.
In an embodiment, porous polyurethane scaffolds are synthesized when the (PCLG)
5  triol and isocyanate react, with CO; acting as a blowing agent to create pores.
In an embodiment, at least one expandable material of the filling material 18
comprises at least one polymer foam. In some embodiments, the polymer foam incudes a

polymer material including a compound of Formula [A]:

.\\l
.. 0 O ° 0
o P& * Pt A
4 ‘}/\o NWN ~
{ im H H

by

15 According to an embodiment, a compound of Formula [B] can be prepared and be

mixed with a compound of Formula [C]:

[B]
HO © H

20

The mixing of the compound [B] and compound [C] leads to polymerization to form
the compound of Formula [A]. In an embodiment, the material that includes the compound
of Formula [A] has a density of 0.10-0.40 g/cm?3.

In some embodiments, a number of units “m” in the polymer comprising the Formula

30 [A]lisanintegerin arange of 1 to 100 million.

10



10

15

20

25

30

WO 2024/059259 PCT/US2023/032861

In some embodiments, a number of monomer units “n” in the polymer comprising the
Formula [A] is an integer in a range of 2 to 100 million. In some embodiments, the number of
monomer units “n” in the polymer comprising the Formula [A] is an integer in a range of 2 to
50 million. In some embodiments, the number of monomer units “n” in the polymer
comprising the Formula [A] is an integer in a range of 2 to 10 million. In some embodiments,
the number of monomer units “n” in the polymer comprising the Formula [A] is an integer in
a range of 2 to 5 million. In some embodiments, the number of monomer units “n” in the
polymer comprising the Formula [A] is an integer in a range of 2 to 1 million. In some
embodiments, the number of monomer units “n” in the polymer comprising the Formula [A]
is an integer in a range of 2 to 100,000. In some embodiments, the number of monomer units
“n” in the polymer comprising the Formula [A] is an integer in a range of 2 to 10,000. In some
embodiments, the number of monomer units “n” in the polymer comprising the Formula [A]
is an integer in a range of 2 to 1000. In some embodiments, the number of monomer units
“n” in the polymer comprising the Formula [A] is an integer in a range of 2 to 500. In some
embodiments, the number of monomer units “n” in the polymer comprising the Formula [A]
is an integer in a range of 2 to 100.

In some embodiments, the number of monomer units “n” in the polymer comprising
the Formula [A] is an integer in a range of 100 to 100 million. In some embodiments, the
number of monomer units “n” in the polymer comprising the Formula [A] is an integer in a
range of 1000 to 100 million. In some embodiments, the number of monomer units “n” in the
polymer comprising the Formula [A] is an integer in a range of 10,000 to 100 million. In some
embodiments, the number of monomer units “n” in the polymer comprising the Formula [A]
is an integer in a range of 10,000 to 100 million. In some embodiments, the number of
monomer units “n” in the polymer comprising the Formula [A] is an integer in a range of 1
million to 100 million. In some embodiments, the number of monomer units “n” in the
polymer comprising the Formula [A] is an integer in a range of 10 million to 100 million. In
some embodiments, the number of monomer units “n” in the polymer comprising the
Formula [A] is an integer in a range of 50 million to 100 million.

Turning to FIGS. 3A and 3B, a sealer is disclosed according to embodiments of the
present disclosure. In some embodiments, the sealer is a polymeric sealer. In some

embodiments, the sealer is an elastomeric polyurethane sealer (EPS). FIG. 3A depicts a

11
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prototype of an EPS sealer according to embodiments of the present disclosure. FIG. 3B
depicts a pre-prototype of EPS according to embodiments of the present disclosure. In some
embodiments, the EPS formulation includes a polyol part including a catalyst, a defoamer,
modified nanoparticles. In some embodiments, the EPS formulation includes a diisocyante
part. In some embodiments, the polyol part includes hydroxyl terminated polybutadiene
(HTPB). In some embodiments, the catalyst is pentamethylguanidine at 0.5 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.35 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.4 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.45 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.5 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.55 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.6 wt. % to 0.7 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.65 wt. % to 0.7 wt. %.

In some embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.65 wt. %.
In some embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.6 wt. %. In
some embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.55 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.5 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.45 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.4 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.3 wt. % to 0.35 wt. %.

In some embodiments, the catalyst is pentamethylguanidine at 0.4 wt. % to 0.6 wt. %.
In some embodiments, the catalyst is pentamethylguanidine at 0.45 wt. % to 0.55 wt. %. In
some embodiments, the catalyst is pentamethylguanidine at 0.5 wt. % to 0.65 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.35 wt. % to 0.45 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.4 wt. % to 0.5 wt. %. In some
embodiments, the catalyst is pentamethylguanidine at 0.4 wt. % to 0.65 wt. %.

In some embodiments, the defoamer is Antifoam A concentrate. In some
embodiments, the defoamer is 100% active silicone polymer. In some embodiments, the
defoamer is present at 0.2 wt. %. In some embodiments, the defoamer is Antifoam A

concentrate at 0.1 wt. % to 0.3 wt. %. In some embodiments, the defoamer is Antifoam A

12
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concentrate at 0.15 wt. % to 0.3 wt. %. In some embodiments, the defoamer is Antifoam A
concentrate at 0.2 wt. % to 0.3 wt. %. In some embodiments, the defoamer is Antifoam A
concentrate at 0.25 wt. % to 0.3 wt. %.

In some embodiments, the defoamer is Antifoam A concentrate at 0.1 wt. % to 0.25
wt. %. In some embodiments, the defoamer is Antifoam A concentrate at 0.1 wt. % to 0.2
wt. %. In some embodiments, the defoamer is Antifoam A concentrate at 0.1 wt. % to 0.15
wt. %.

In some embodiments, the modified nanoparticles include 5 wt. % stearic acid to
improve their dispersion and the adhesion between the filler and polymer matrix. In some
embodiments, the diisocynate part includes L-lysine diisocyanate (LDI) and a moisture
scavenger. In some embodiments, the polymeric sealer prepared by mixing the polyol and
diisocyanate parts based on a 1:1 molar ratio of diisocyanate and HTPB.

In some embodiments, the EPS formulation is capable of controlling the amount of
foaming by improving the hydrophobicity of the material through HTPB, thereby reducing the
diffusion of moisture into the dentinal tubules and the subsequent release of CO2. In addition
to controlling the amount of expansion, HTPB has a structure compatible with gutta-percha,
preventing any phase separation in the structure of these two compounds and indicating the
likelihood of using the EPS formulation in combination with other filling materials. In some
embodiments, surface modification of essential fillers by the EPS formulation will ensure
proper distribution of the fillers to reduce water absorption and prevent their agglomeration.
Further, unmodified nanoparticles contain surface hydroxyl groups that may react with

diisocyanates in the polymerization reaction as evidenced in the first formulation below.

13
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Testing was performed to evaluate the biocompatibility, porosity, and penetration
ability of our newly developed expandable sealer. Testing of the sealers AH Plus, Sure Seal,
polyurethane expandable sealer (PES), and EPS in terms of their cytotoxicity was performed
according to I1SO 10993-5. MTT assays showed that both formulations of EPS were significantly
less cytotoxic in all time intervals, possibly because of its less release of toxic by-products in
comparison with the other tested sealers.

The second model utilized in this study was the laser-induced mouse CNV model.
Image) software was used to measure the total area (in um2) of CNV associated with each
spot hit by the laser in the mice. Results of the CNV assay showed that both formulations of
EPS were more proangiogenic than other tested sealers, which may favor apical tissue
regeneration.

Furthermore, results showed that the penetration depth of EPS was significantly
higher than AH Plus and Sure Seal. The deeper penetration may not only be due to lower film
thickness, viscosity, and surface tension of EPS but also due to the superior expandability of
EPS caused by the production of CO2 that pushes the sealer into the dentinal tubules. SEM
micrographs showed that the surface porosity was significantly higher in AH Plus, Sure Seal,

and PES compared to EPS.

14
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In the next set of testing, evaluations of the sealers AH Plus, EndoSequence BC, as well
as PES and EPS in terms of flow, radiopacity, and setting time were performed according to
ISO 6876:2012. Results showed that the highest surface area and diameter of flow were
detected in EPS, allowing the filling material to penetrate the dentinal tubules and
irregularities of the root canal space significantly more than other tested sealers. The shorter
setting time of EPS might be explained by the rapid reaction of these sealers, which was more
accelerated for the newly developed formula. It can be hypothesized that by increasing the
expansion rate, the setting time is reduced. Moreover, the reduced radiopacity of PES
compared to AH Plus might be explained by differences in the ratio of radiopaque agents
and/or the nano form of zirconium oxide used in the composition of PES.

Cytotoxicity testing was also performed according to ISO 10993-5. Results showed that
the EPS formulation was more proangiogenic than other tested sealers, which may favor
apical tissue regeneration.

Testing was also performed for the improved polymer radiopacity and catalyst ratios
in the filler ingredients of the EPS formulation (including nano zinc oxide, zirconium oxide
nanoparticles, and nano calcium tungstate). Results showed that the EPS formulation had a
higher radiopacity compared to EndoSequence BC and PES.

FIG. 4 depicts box plots of the means and standard deviations of surface porosity for
the various sealers.

FIGS. 5A-5D depict box plots of the means and standard deviations of cell viability in
MTS for various sealers are shown at: 24 hours (FIG. 5A), 48 hours (FIG. 5B), 72 hours (FIG. 5C)
and 96 hours (FIG. 5D).

FIG. 6 depicts box plots of the means and standard deviations of CNV surface area
(um?) of various sealers.

FIG. 7 depicts box plots of the means and standard deviations of penetration depth
(um) for various sealers.

FIGS. 8A-8D depict SEM micrographs showing surface porosity at the gutta-percha and
root canal dentin interface. FIG. 8A depicts the porosity visible in AH Plus. FIG. 8B depicts
gaps visible for Sure Seal due to shrinkage. FIG. 8C depicts that porosity is visible for PES due

to polyethylene glycol. FIG. 8D depicts that no porosity is visible for EPS due to HTPB.
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FIGS. 9A-9D depict box plots of means and standard deviations of experimental sealer
groups. Specifically, FIG. 9A depicts flow diameters (mm) of various sealers; FIG. 9B depicts
setting time (min) of various sealers; FIG. 9C depicts radiopacity (mm Al) of various sealers;
and FIG. 9D depicts flow surface area (mm?) of various sealers.

FIG. 10 depicts in-vitro weight loss of various sealers during a test period of 16 weeks
using an accelerated aging model. An EPS formulation, according to embodiments of the
present disclosure, was found to be significantly more stable than all other sealers. Gutta-

percha was used as a control.

Example Method of Use 1: In an exemplary non-limiting embodiment, the filling material

18 can be prepared in a dental operating room setting by the following steps:

1. Adding a hardener to isocyanate in a sterile canister.

2 Inserting the canister into a fixture loading tray.

3. Lowering an impeller into the canister at a pre-set mixing height.

4 Mixing the isocyanate and hardener mixture in the canister for about 40 seconds at

about 11,000 RPM.

5. Withdrawing the shaft from the canister.
6. Removing the canister from loading tray.
7. Injecting polyurethane into the mixed isocyanate and hardener mixture.

Example Method of Use 2: In another exemplary non-limiting embodiment, the filling

material 18 can be prepared in a dental operating room setting by the following steps:

1. Adding a hardener to isocyanate in a sterile canister.

2. Inserting the canister into a fixture loading tray.

3. Lowering an impeller into the canister at a pre-set mixing height.

4, Mixing the isocyanate and hardener mixture in the canister for 30-50 seconds at

10,000 to 12,000 RPM. For example, mixing the isocyanate and hardener mixture in the
canister for 40 seconds at 11,000 RPM.

5. Withdrawing the shaft from the canister.
6. Removing the canister from loading tray.
7. Injecting biopolymer into the isocyanate and hardener mixture.

16



10

15

20

25

30

WO 2024/059259 PCT/US2023/032861

In an embodiment, the resulting mixture results in middle or low level porous and
biocompatible biopolymers that can be use as the root filing material 18.

FIG. 11 shows a nonlimiting exemplary embodiment of a multi-barrel syringe 30 (e.g.,
a double barrel syringe) comprising a first barrel chamber 32 containing a first fluid 34, and a
second barrel chamber 36 containing a second fluid 38.

In an embodiment, the first fluid 34 includes the compound of Formula [B] according
to the above, and the second fluid 38 includes the compound of Formula [C] according to the
above.

In another embodiment, the first fluid 34 includes the prepolymer of Formula [D]
according to the above, and the second fluid 38 includes a crosslinking agent (i.e., a chain
extending catalyst), such as for example, glycerol.

When the plunger(s) 40 of the multi-barrel syringe 30 is(are) pressed, the pressure
forces the first fluid 34 and the second fluid 38 to flow downstream. At or near the tip 42 of
the multi-barrel syringe 30, the first fluid 34 and the second fluid 38 are mixed together.

According to an embodiment, the first fluid 34 and the second fluid 38 are mixed
together the outside of the multi-barrel syringe 30.

According to an embodiment, the first fluid 34 and the second fluid 38 are mixed
together downstream of the first barrel chamber 32 and the second barrel chamber 36 of the
multi-barrel syringe 30.

According to an embodiment, the mixing together of the first liquid 34 and the second
liquid 38 is not outside of the multi-barrel syringe 30.

According to an embodiment, the tip 42 is a mixing tip 42, which may or may not be a
separable component, and the first fluid 34 and the second fluid 38 are mixed together as
they flow through the mixing tip 42.

FIG. 12 shows a nonlimiting exemplary embodiment of a method 50 of producing an
expandable biocompatible polymer material. In the first step 52, at least one polymer is
obtained, wherein the at least one polymer comprises at least one monomer unit or a
prepolymer such as for example one or more chosen from: at least one lactide unit, at least
one glycolide unit, at least one caprolactone unit, or any combination thereof. In the second

step 54, at least one compound comprising at least one isocyanate group is obtained.
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According to an embodiment, in the first step 52, the monomer unit is a compound of
Formula [B] and in the second step 54, the compound includes that of Formula [C].

According to an embodiment, in the first step 52, the prepolymer is a compound of
Formula [D] and in the second step 54, the compound includes a crosslinking agent (i.e., a
chain extending catalyst), such as for example, glycerol.  In the next step 56, the at least
one polymer with the at least one at least one compound comprising the at least one
isocyanate group are mixed together such that they react to form a biocompatible polymer
material. The biocompatible polymer material can be used to fill at least one portion of a
cavity or an empty space, such as for example, a tooth or a tooth canal.

In some embodiments of the methods for making the polymer material, the method
does not include using a surfactant. That is, the process of making the polymer material does
not require any surfactant. Examples of the surfactants include, but are not necessarily limited
to one or more of the following: silane, sodium lauryl sulphate (SLS), cocamidopropyl betaine
(tego betain) and sodium methyl cocoyl taurate (adinol). In some embodiments of the
methods for making the polymer material, the method does not include using an additive
bonding agent. That is, the process of making the polymer material does not require any
additive bonding agent. Examples of the bonding agents include, but are not necessarily
limited to one or more of an adhesive, an epoxy, a resin, or acetone. In some embodiments
of the methods for making the polymer material, the method does not include using both of
the surfactant and the bonding agent.

While a number of embodiments of the present disclosure have been described, it is
understood that these embodiments are illustrative only, and not restrictive, and that many
modifications may become apparent to those of ordinary skill in the art. Further still, the
various steps may be carried out in any desired order (and any desired steps may be added
and/or any desired steps may be eliminated).

The following aspects are provided as exemplary embodiments of the present
disclosure.

Aspect 1. A composition including:

a polyol part comprising:
a catalyst,

a defoamer, and
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modified nanoparticles;
where the composition is an elastomeric polyurethane sealer.

Aspect 2. The composition of aspect 1, where the polyol part includes hydroxyl
terminated polybutadiene.

Aspect 3. The composition of aspect 1, where the catalyst is pentamethylguanidine.

Aspect 4. The composition of aspect 1, where the catalyst includes 0.4 wt % to 0.6 wt %
of the total composition.

Aspect 5. The composition of aspect 1, where the defoamer includes Antifoam A
concentrate.

Aspect 6. The composition of aspect 1, where the defoamer is a silicone defoamer
configured to control expansion of the composition.

Aspect 7. The composition of aspect 1, where the defoamer includes 0.1 wt % to 0.3
wt % of the total composition.

Aspect 8. The composition of aspect 1, where the modified nanoparticles include 5
wt % stearic acid.

Aspect 9. The composition of aspect 1, where the modified nanoparticles include
surface hydroxyl groups configured to react with diisocynates.

Aspect 10. The composition of aspect 1, further including a diisocynate part.

Aspect 11. The composition of aspect 10, where the diisocynate part includes L-lysine
diisocynate and a moisture scavenger.

Aspect 12. The composition of aspect 10, where the polyol part and the diisocynate

part are present at a 1:1 molar ratio.
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CLAIMS
What is claimed is:
1. A composition comprising:
a polyol part comprising:
a catalyst,
a defoamer, and
modified nanoparticles;

wherein the composition is an elastomeric polyurethane sealer.

2. The composition of claim 1, wherein the polyol part comprises hydroxyl terminated

polybutadiene.

3. The composition of claim 1, wherein the catalyst is pentamethylguanidine.

4. The composition of claim 1, wherein the catalyst comprises 0.4 wt % to 0.6 wt % of

the total composition.

5. The composition of claim 1, wherein the defoamer comprises Antifoam A

concentrate.

6. The composition of claim 1, wherein the defoamer is a silicone defoamer configured

to control expansion of the composition.

7. The composition of claim 1, wherein the defoamer comprises 0.1 wt % to 0.3 wt %

of the total composition.

8. The composition of claim 1, wherein the modified nanoparticles comprise 5 wt %

stearic acid.

9. The composition of claim 1, wherein the modified nanoparticles comprise surface

hydroxyl groups configured to react with diisocynates.

20
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10. The composition of claim 1, further comprising a diisocynate part.

11. The composition of claim 10, wherein the diisocynate part comprises L-lysine

diisocynate and a moisture scavenger.

12. The composition of claim 10, wherein the polyol part and the diisocynate part are

present at a 1:1 molar ratio.
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