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ENDODONTIC POINT CONTAINING
ULTRASONIC DEFORMABLE MATERIAL

BACKGROUND

1. Field

The present disclosure relates to endodontic fillers, and 1n
particular, to an endodontic point containing ultrasonic
deformable matenal.

2. Description of the Related Art

Endodontics, or root canal therapy, 1s a part of dentistry
that deals with the biology and pathology of the dental pulp
and periapical tissues, as well as the prevention, diagnosis,
and treatment of diseases and injuries 1n these tissues. One
way of treating infected tissue 1s to remove the diseased
tissue, which usually requires mechanical instrumentation of
the root canal of the infected tooth. Once the diseased tissue
1s removed, obturation of the root canal with material that
seals the canal 1s performed. Multiple techniques for such
treatment are known in the art. These involve drilling
through the outer tissue to reach the root canal space,
removing the inner/diseased/infected tissue, mechanical and
chemical cleaning of the canal, and then filling with a
biocompatible obturation material. The tooth 1s then fully
sealed, often using another material for the coronal part.

The obturation of the root canal space has traditionally
been achieved through the use of solid, shaped material,
known as “points”, or “endodontic points”. These are often
tapered 1n shape, or cone shaped, reflecting the shape of the
space created 1n the tooth, or root canal, after removal of the
inner tissue. Differently sized points can be used to corre-
spond to the size of the root canal space, which corresponds
to the size and shape of the endodontic file that 1s used to
prepare the root canal space to be filled.

Endodontic fillers provide three primary functions: (1)
sealing against the ingrowth of bacteria from the oral cavity;
(2) entombment of remaining microorganisms, such as bac-
teria; and (3) obturation to prevent infection or re-infection
of the root canal space.

Gutta-percha 1s a known material for endodontic points.
Gutta-percha refers to trees of the genius Palaguium and the
rigid latex from the sap of these trees, although for endodon-
tic work today, with many different additives, there are
various compositional make ups of what 1s referred to as
gutta-percha endodontic points. Resilon™ (Resilon 1s a
trademark of Resilon Research, LLC) 1s a synthetic, poly-
ester-based polymer having properties similar to gutta-
percha that 1s also used as an obturation material 1n root
canal therapy.

Although a great many fillers, adhesives, sealers, pastes,
and other compositions and endodontic techniques have
been used 1n root canal therapy, there still remain problems
with filling all of the voids and maintaining a nearly her-
metic seal of the root canal 1 order to protect against
re-infection. Thus, an endodontic point containing ultrasonic
deformable material solving the aforementioned problems 1s
desired.

SUMMARY

The endodontic point containing ultrasonic deformable
material 1s a filler used for root canal therapy that decreases
in viscosity when subject to ultrasonic waves. Once the point
1s 1serted nto a prepared tooth space, such as a prepared
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and cleaned root canal, the point 1s subjected to ultrasonic
waves. The ultrasonic waves cause the viscosity of the point
to lower, thus allowing the point to flow nto voids 1n the
tooth space and allow air to escape from the voids. The point
then hardens and remains in the shape acquired when at low
viscosity once application of the ultrasonic waves 1s
stopped.

These and other features of the present disclosure will

become readily apparent upon further review of the follow-
ing specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 15 an environmental section view of a tooth prior
to preparation for receiving an endodontic point.

FIG. 1B 1s an environmental section view of the tooth of
FIG. 1A after preparation showing the prepared tooth space.

FIG. 1C 1s an environmental section view of the tooth of
FIG. 1A with endodontic points loosely inserted into the
prepared tooth space.

FIG. 1D 1s an environmental section view of the tooth of
FIG. 1C after ultrasonic waves have been applied to the
endodontic points, showing the points merged together and
filling the voids of the prepared tooth space.

FIG. 2A 1s an environmental section view of a tooth prior
to preparation for receiving an endodontic point.

FIG. 2B 1s an environmental section view of the tooth of
FIG. 2A after preparation, showing the prepared tooth space
and inserted endodontic point.

FIG. 2C 1s an environmental section view of the tooth of
FIG. 2B with an endodontic point inserted into the prepared
tooth space and the head of an ultrasonic source contacting
the point.

FIG. 2D 1s an environmental section view of the tooth of
FIG. 2C after ultrasonic waves have been applied to the
endodontic point and the point has filled the voids of the
prepared tooth space.

Similar reference characters denote corresponding fea-
tures consistently throughout the attached drawings.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

The term “point” or “endodontic point™ 1s used to describe
a filler matenial or element suitable for use 1n endodontic
treatment, 1.¢., to fill a space 1n a tooth. The point may be any
shape suitable for isertion into a tooth or, for example, the
prepared root canal of a tooth, for endodontic treatment.
Suitably, the point will be a solid or semi-solid at room
temperature. The points may define a tapered shape, a wedge
shape, or a cone shape, 1n part or as a whole. The points may
come 1n different sizes and shapes, as required, suitable for
insertion 1n the tooth. Typically these sizes will correspond
to the size of dental drill bits or burrs, thus corresponding to
the size and/or shape of the mechanically made bore/hole 1n
the tooth. Similarly, the endodontic points will correspond to
or match the taper and size of a rotary {ile or other mechani-
cal mstrument that 1s used to prepare the root canal or tooth
space. In some embodiments, the endodontic points waill
correspond to the standard sizes of the industry. The points
may be shaped to aid packing with other points or filler
material. The points may be used alone to fill a tooth space,
or may be used with a number of other points to fill a tooth
space, such as a prepared tooth root canal.

Embodiments of the endodontic point containing ultra-
sonic deformable material 9, shown 1n FIG. 1A-2D, may
include any suitable material that 1s ultrasonically deform-
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able or sonic-activated. In other words, the point 9 may
include a material that deforms when exposed to ultrasonic
energy or deforms when subject to ultrasound waves for a
suitable period of time. Preferably, the point 9 comprises
ultrasonic deformable material that 1s ultrasonically deform-
able when positioned within the tooth, for example, in the
root canal space after preparation for endodontic treatment.

The ultrasonic deformable materials may be deformable
by a range of ultrasonic frequencies and intensities. Some
embodiments of the point may be deformable by ultrasonic

waves having frequencies that are in the range of, but not
limited to, 2.5 MHz to 3.5 MHz, 2.75 MHz to 3.25 MHz, 10

kHz to 75 kHz, or 15 kHz to 70 kHz.

Ultrasound may be applied continuously or intermittently
during a procedure. In some embodiments, the ultrasound
may be used for only a few seconds to deform the point 9.
Exemplary times for exposure to the ultrasound may be 10
seconds, 15 seconds, 20 seconds, 30 seconds, between 10
and 20 seconds, between 5 and 25 seconds, between 7 and
35 seconds, less than 30 seconds, or less than 60 seconds.

Power refers to the total amount of vibrational energy
being applied over the course of the treatment and 1s often
expressed 1n terms ol “watts”. Any range ol power that
allows the deformation of the ultrasonic deformable point 9
may be used. In some embodiments, the power will be low.
In other embodiments, a strong ultrasound exposure for a
short period of time may be used. The power of the ultra-
sound may be 1n the range of 0 to 22 Watts.

Intensity of the ultrasound refers to the total amount of
vibrational energy being delivered per unit area, which 1s
usually given in terms of, “watts per square centimeter
(W/cm?®)”. Any intensity that enables the point 9 to deform
adequately can be used. In some embodiments, the intensity

may be in the range of 0.5 W/cm” to 2.5 W/cm>, 1 W/cm”
to 2.5 W/ecm?, 1.5 W/cm® to 2.5 W/ecm?, 1.75 W/cm? to 3
W/cm?, 2.1 W/em? to 3 W/ecm?, or 2.5 W/cm~ to 3.5 W/cm”.

The four factors above, frequency, time, power, and
intensity, provide numerous combinations. Some embodi-
ments may select from the above ranges for time, frequency,
power and intensity to give various amounts of ultrasound
exposure, while other ranges may also be used, since the
present disclosure 1s not limited to these disclosed ranges
only. In some embodiments, the combination of time, fre-
quency, power and intensity used will deform the endodontic
point suiliciently to enable the endodontic point to reach nto
the voids of the tooth space and/or root canal while not
completely denaturing the material of the point. This enables
the endodontic point to reach 1nto the voids as mentioned,
but without going through the apical foramen and into the
subapical space. Some endodontic points of the present
disclosure and related techniques may allow control of the
swelling of the endodontic point, thus improving filling of
the tooth space and/or root canal.

The endodontic point containing ultrasonic deformable
material may include any material that 1s ultrasonically
deformable. In some embodiments, the endodontic point of
the present disclosure comprises a swellable ultrasonic
deformable material. When exposed to, or subjected to,
ultrasound the swellable ultrasonic deformable matenal
swells and/or deforms in shape. Swells or swellable 1s
intended to signify an increases in size or volume. Alterna-
tively, swells or swellable may signily deformation 1n shape
and/or structure, where the volume of the material stays the
same, but the deformation causes the material to be forced
into unoccupied voids. In other words the shape of the
ultrasonic swellable material may be increased 1n size or
volume, or may just appear to do so as 1t deforms 1n shape
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and/or structure while the actual volume of the material may
or may not remain the same. In some embodiments, the
actual volume will remain the same when exposed to
ultrasound and after exposure to prevent the possible nega-
tive eflects discussed above.

The ultrasonic deformable material may not be com-
pletely dissolved or denatured when exposed or subject to
ultrasound. In some embodiments, the endodontic point
containing ultrasonic deformable material may be 1 a
deformed or flow state for typically 3 to 6 seconds after
exposure to ultrasound, although these times may vary.
Remaining 1n a tlow state for 3 to 6 seconds may enable the
endodontic point to flow or spread into the voids of the tooth
without going through the apical foramen 1nto the subapical
space. The endodontic point containing ultrasonic deform-
able material may provide control of the swelling, resulting
in improved filling of the tooth space and/or root canal. The
endodontic point containing ultrasonic deformable material
helps reduce the risk of material (such as the endodontic
point, cement, or sealer) going through the apical foramen
and reaching the subapical space.

The endodontic points may be deformable to an extent
that eases isertion of the endodontic point into the root
canal prepared for endodontic treatment, 1.e., the space of
the root canal inside the tooth. In some embodiments, this
space may be created by mechanical drll or burr. In some
instances the space may be cone-shaped. However, the
endodontic point may be used in a space having any shape.

The ultrasonic deformable material may change from a
solid or semi-solid structure to a semi-solid or liquid state
when exposed or subjected to ultrasound. Accordingly, the
ultrasonic deformable material may decrease in viscosity
when subjected or exposed to ultrasound. In some embodi-
ments, the ultrasonic deformable material may decrease in
viscosity by 5%, 10%, 15%, 20%, 25%, 40%, 50%, 60%,
710%, 75%, or 80% when exposed or subjected to ultrasound.
In some embodiments, the ultrasonic deformable material
may decrease 1n viscosity 1n the range of 5 to 25%, 10 to
35%, 15 to 45%, 10 to 50%, 10% to 80%, or 5 to 75% when
exposed ultrasound, relative to the solid or semi-solid state
when not exposed to ultrasound. Ultimately 1t 1s the
endodontic point, not just one composition of 1t, which 1s
important to decrease 1n viscosity. Some embodiments of the
endodontic point may decreases 1n viscosity by 5%, 10%.,
15%, 20%, 25%, 40%, 50%, 60%, 70%, 75%, or 80% when
exposed or subjected to ultrasound, relative to the typical
solid or semi-solid state when the ultrasonic deformable
point 1s not exposed to or subjected to ultrasound. Similarly,
some embodiments of the endodontic point may decrease 1n
viscosity 1n the range of 5 to 25%, 10 to 35%, 15 to 45%,
10 to 50%, 10% to 80%, or S to 75% over the solid or
semi-solid state relative to the state when not exposed or
subjected to ultrasound.

The endodontic point may be deformable when subjected
to ultrasound to the point where 1t spreads into voids,
crevices/dentine tubules, and similar structures 1n the pre-
pared space and/or root canal. In some embodiments, the
endodontic point may remain deformed, or in a flow state for
at least 3 to 6 seconds after exposure to the ultrasound. This
time period may vary and can include the ranges of 2 to 7
seconds, 3 to 7 seconds, 4 to 10 seconds, or 2 to 20 seconds.
When deformed, the point may remove air from the root
canal and fills voids or crevices such as dentine tubules. The
deformable nature of the endodontic point allows air to
escape as the point 1s being nserted or manipulated, unlike
points which remain solid or semi-solid.
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The endodontic point may be quickly deformable when
subjected to ultrasound. For example, the point may deform
immediately or as immediately as possible when subjected
to ultrasound. Also, the ultrasonic deformable materials used
in the point may be reversible or partly reversible in nature,
meaning that once deformed, or deformable, or swollen, or
in a more liquid type of state when subjected to ultrasound,
these materials will revert back to solid or semi-solid
materials 1n normal conditions. Thus, the ultrasonic deform-
able material of the point may not retain a deformed struc-
ture, or a more liqud type structure, forever, or for very
long, once subjected to ultrasound. In some embodiments,
the ultrasonic deformable material of the point will be
shape-retaining when not exposed to ultrasound. Thus, after
exposure to ultrasound, the point will harden up and remain
present 1n the voids of the root canal and/or prepared tooth
space wall, and still retain the shape created when the point
was deformed by ultrasound. In some embodiments, the
point will remain 1n a deformed flow state after exposure to
ultrasound has stopped for times in the range of 2 to 20
seconds, 3 to 6 seconds, 2 to 7 seconds, or 2 to 12 seconds.

In some embodiments the ultrasonic deformable material
of the point may include gutta-percha, or be derived from
gutta-percha. The gutta-percha used 1n the present disclosure
may be 1n the Alpha or Beta forms, each of which has
slightly different properties. The total gutta-percha portion
ol the ultrasonic deformable material may be 90 to 99%, or
85 to 95%, or 70 to 80% or 70 to 75% or 50 to 90%. The total
gutta-percha portion of the endodontic pomnt may be 90 to
99%, or 85 to 95%, or 70 to 80% or 70 to 75% or 50 to 90%.

In some embodiments, the endodontic point may com-
prise Resilon™ (trademark of Resilon Research, LLC).
Resilon 1s a thermoplastic synthetic polymer often used with
heat for softening. In some embodiments, the endodontic
point may comprise bioceramics.

In some embodiments, the ultrasonic deformable material
of the point may include silicon, be silicon-based, or be
s1licon-based gutta-percha. The ultrasonic deformable mate-
rial may be silicon-based gutta-percha, such as, Gutta-Flow,
or Roeke Seal, or Lee Endo-Fill. The ultrasonic deformable
material may comprise a mixture of silicon and gutta-percha.
The mixture of silicon to gutta-percha used 1n the point may
beimntheratioof 1to 2, 1to3,1to4,1to5, 5to1, 4 to
1,3t0o1,2to 1, or1 to 1, respectively. The total silicon
portion of the ultrasonic deformable material may be 1n the
range of 90 to 99%, 85 to 95%, 70 to 80%, 70 to 75%, or 50
to 90%. The total silicon portion of the endodontic point may
be 1n the range of 90 to 99%, 85 to 95%, 70 to 80%, 70 to
75%, or 50 to 90%.

The endodontic point containing ultrasonic deformable
material may include endodontic points comprising gutta-
percha, Resilon, or silicon, silicon-derived materials, or
other rubbery-type matenials. It was previously thought that
such materials would not be capable of being deformable
under ultrasound, as they were too rubbery in physical
nature, and that the ultrasound would permanently destroy
the structure of these products. However, the presently
disclosed combinations of materials 1n conjunction with the
presently disclosed methods have been found to resist
destruction when being used as endodontic fillers.

Embodiments of the endodontic points may also include
agents or medicaments that help healing, reducing loss of
blood, reduce pain, or kill or inhibit microorganisms, e.g.,
bacteria. For example, the endodontic points may include
hemostatic agents, anti-microbial agents, anti-inflammatory
agents, calcium hydroxide, chlorhexidine, and/or 1odoform.
The points may also include dyes or metal salts, such as zinc
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oxide, for color and radiographic contrast. Accordingly, the
endodontic point may be substantially opaque to X-ray
radiation to facilitate the location and identification of the
endodontic point to a dental professional.

An embodiment of a method or system for treating a tooth
10 with an ultrasonic deformable material 1s shown 1n FIGS.
1A-1D. A tooth 10 requiring treatment, as shown 1n FIG. 1A,
has enamel 11, dentin 12, a root canal 13 (which, in this
example, 1s infected tissue) and gums 14. A mechanical
apparatus such as a drill or burr, may be used to drill through
a portion of the healthy enamel and dentine to reach the root
canal, creating an access cavity. The root canal and soft
tissue 1s then largely removed, leaving a prepared tooth
space 15, as seen 1 FIG. 1B. The prepared tooth space 15
may be rinsed or washed one or more times to remove as
much loose tissue and debris as possible, sterilized to
remove or reduce the number of microorganisms, and dried
to remove moisture. Once fully prepared for receiving the
ultrasonic deformable pomnt 9, one or more endodontic
points 9 are inserted into the tooth space 5, substantially
filling the tooth space 15, as seen 1n FI1G. 1C. The endodontic
points 9 may be loosely filling the prepared tooth space 15.
The endodontic points 9 are then subjected to ultrasound
from an ultrasonic source 30, which causes endodontic
points 9 to change 1n structure to be more tluid 1n nature. The
fluid nature of the points 9 allows the points 9 to spread nto
volds of the root canal wall and merge together to form a
singular filler 8. After exposure to ultrasound has stopped,
the endodontic points 9 harden (become more solid in
nature) and remain in the deformed shape, occupying the
voids of the tooth space 15 wall. In some embodiments, an
upper portion of the prepared tooth space 15 may remain
voild of the point 9 material to provide for an additional a cap
of a harder material that can resist the wear of a functioning
tooth. In some embodiments, the cap may be a sealer. The
endodontic point 9 may be of a composition that aids 1n
adherence to the cap.

FIGS. 2A, 2B, 2C, and 2D show an embodiment of
treatment using only one endodontic point 9 to substantially
f1ll the prepare root canal 23 or tooth space 25. FIG. 2A
shows the tooth 20 before treatment, including the root canal
23 and voids 29. A prepared tooth space 25 1s created by
mechanical creating a tooth access cavity and removing a
portion of the mner tissue, leaving the prepared tooth space
25 open to the mouth, as shown in FIG. 2B. The prepared
tooth space 25 may optionally be cleaned, washed, rinsed or
sterilized, etc., as explained above. An endodontic point 9 1s
inserted nto the root canal 23 area of the prepared tooth
space 23, and the transmitting head of an ultrasonic source
32 1s positioned 1n contact with the endodontic point 9 and
held 1n position for a desired time while the endodontic point
9 15 subjected to ultrasound, as seen 1n FIG. 2C. While the
endodontic point 9 1s subject to ultrasound, 1t deforms and
swells or spreads 1nto the voids 29, thus filling the voids 29.
The transmitting head of the ultrasound source 32 1s then
removed, leaving the endodontic point 9 filling the tooth
space 25, which includes the root canal 23 and voids 29 1n
the wall of the tooth space 25. In this embodiment, the
endodontic point 9 i1s sized and shaped to correspond or
match the shape of the mechanical drll or burr head so that
the endodontic point 9 fits well and does not require much
deformation to swell or spread into the voids 29 of the tooth
space 23 walls. Minimal or no material of the endodontic
point passes into the subapical space of the tooth.

The ultrasonic source 30 may be any suitable source able
to deliver ultrasound to the desired position, the tooth area,
or one or more endodontic points. The ultrasonic source 30
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may have a relatively small ultrasonic head 32 for localising
the ultrasound to a small area at any one time. The source 30
may also be suitably sized to easily {it into a patient’s mouth.

During use, the ultrasonic source 30 may be placed in
contact with a portion of at least one of the endodontic points
9. Other endodontic points 9 may be 1n contact with the at
least one endodontic point 9 1n contact with the ultrasonic
source. In some 1nstances, the ultrasonic source 30 may be
in contact with the hard or soft tooth tissue when subjecting
the endodontic points 9 to ultrasound. By the term “in
contact with™ this 1s not necessarily limited to direct contact,
but includes indirect contact, for example, when a gel or
other form of liquid or intermediate substance 1s used to aid
ultrasound reaching the desired target.

Detformation of the endodontic point 9 may be controlled
by placing the source 30 of the ultrasound at a particular end
of the endodontic point 9, causing greater deformation of the
endodontic point 9 at the end where the ultrasound 1s 1n
contact with the endodontic point 9. Controlling deforma-
tion of the endodontic point 9 can prevent or minimize
deformation of the point 9 at the apical foramen end, thus
mimmising or preventing any material from going through
the apical foramen into the apical space, while allowing
voids further away from the apical foramen to be filled.

With exposure to the ultrasound, the endodontic points 9
deform and decrease 1n viscosity so that a portion of the
endodontic points 9 are able to {ill small dentine tubules 29
and other small crevices 1n the walls of the tooth space
and/or tooth tissue. When more than one endodontic point 9
1s used, exposure to the ultrasound causes the endodontic
points 9 to merge together, knot, or entwine so that the
individual endodontic points are hard or impossible to
distinguish. Both the entering of the dentine tubules/crevices
29 and the merging of endodontic points 9 aid in holding the
endodontic points 9 in the tooth space 15, 25. This may
relieve entirely, or proportionally, the required amount of
cement and/or sealer that would traditionally be required. By
reaching into small crevices, such as dentine tubules 29, the
void spaces 1n the tooth that can harbor microorganisms are
mimmized. In addition, as the endodontic points 9 are 1n a
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liguid or semi-solid state when flowing into the small
crevices and dentine tubules, air 1s able to escape out of the
tooth space 15, 25 and 1s not blocked, as may occur with
traditional solid endodontic points 9.

Some embodiments may be furnished in the form of
endodontic systems or kits that comprise endodontic points
9 as described herein. These kits and systems may also
comprise an ultrasonic source 30.

It 1s to be understood that the endodontic point containing,
ultrasonic deformable material 1s not limited to the specific
embodiments described above, but encompasses any and all
embodiments within the scope of the generic language of the
following claims enabled by the embodiments described
herein, or otherwise shown in the drawings or described
above 1n terms suilicient to enable one of ordinary skill 1n
the art to make and use the claimed subject matter.

I claim:

1. A method of treating a tooth, consisting of the steps of:

removing a portion of a tissue of the tooth to form a tooth

space, wherein the tooth space includes a prepared root
canal;
providing a single endodontic point comprising an ultra-
sonic deformable material, the ultrasonic deformable
material having a predetermined 1nitial viscosity;

placing into the tooth space the single endodontic point
while at the predetermined 1nitial viscosity, wherein the
single endodontic point substantially fills the prepared
root canal;
alter filling the prepared root canal, applying only ultra-
sonic waves to the single endodontic point to cause the
predetermined initial viscosity of the endodontic point
to decrease, wherein the ultrasonic waves have a fre-
quency 1n the range of 15 kHz to 3.5 MHz and applied
to the single endodontic point for a time in the range of
3 to 6 seconds; and

stopping application of the ultrasonic waves to cause the
viscosity of the endodontic point to increase, wherein
the point returns to the predetermined initial viscosity
after application of the ultrasonic waves has stopped.
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