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LIQUID JET APPARATUS AND METHODS FOR DENTAL TREATMENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims ,thevbeneﬁt under 35 U.S.C. §119(e) of U.S.
Provisional Patent Application No. 61/261,293, filed November 13, 2009, entitled
“APPARATUS AND METHODS FOR ROOT CANAL TREATMENTS,” which is hereby
incorporated by reference herein in its entirety and made part of this specification.

BACKGROUND

[0002] The presént disclosure generally relates to methods and apparétus for
treatment of a tooth and, more particularly, methods and apparatus using liquid jets for
remoyving organic matter from a tooth.

Description of the Related Art

[0003] In conventional root canal procedures, an opening is drilled through the

crown of a diseased toofh, and endodontic files are inserted into the root canal system to open

 the canal spaces and remove organic material therein. The root canal is then filled with solid

matter such as gutta percha .or' a flowable obturation material, and the tooth is restored.

Howévef, this procedure will not remove all organic material from the canal spaces, which

can lead to post-procedure complications such as infection. In addition, motion of the

endodontic file may force organic material through an apical opening into periapical tissues.

In-some cases, an end of the endodontic file itself may pass through the apical opening. Such

events may result in trauma to the soft tissue near the,-apical opening and lead to post-
procedure complications. |

SUMMARY"
[0004]  Various non-limiting aspects of the present disclosure will now be
provided to illustrate features of the disclosed apparatus and methods.

| [0005] In one aspect, a dental iﬁstrumeht comprises a positioning member having

a Channél configured to deliver a high-velocity liquid jet to a cavity in a tooth. The

' positio_ning member may have a proximal end pbrtion and a distal end portion. The distal

end portion may be configured to direct the 1i"quid jet into the cavity in the tooth. In one

-1-



WO 2011/060327 PCT/US2010/056620

embodiment, the positioning member may comprise an elongated member such as, e.g., a
guide tube. -

[0006]  In another aspect, the dental instrument may include a backﬂbw restrictor
that is configured to be applied to the tooth. The backflow restrictor may be configured to
inhibit backflow of fluid out of an opening in the tooth during operation of the liquid jet. At
least a portion of the backflow restrictor may be disposed between the proximal end portion
and the distal end portion of the positioning member.

[0007]  In another aspect, a method for treatment of a root canal of a tooth is
described.  The method - comprises disposing an impingement member having an
impingement surface, separate from a tooth, in a cavity in the tooth. The method also
comprises generating a high-velocity, éoherent, collimated liquid jet, and directing the jet
through air toward the cavity such that liquid enters the cavity in the tooth and fills at least a
substaiitial portion of the cavity. _The method also comprises impacting the jet on the

-impingement surface, and passing the jet through at least a portion of the liquid filling the at
'least a substantial portion of the cavity prior td the impacting. ’
[0008] In another aspect, a method for treatment of a root canal in‘ a tooth is
disclosed. The method comprises generating a high-vel'ocity. Hqﬁid beam with a ndzzle
disposed in an interior of a tooth, and impacting an impingement surface disposed in a fluid
environment located in the interior of the tooth with the high-velocity liquid beam. |
[0009] For purposes of this summary, certain aspects, advantages, and novei
- features of the inventions are summarized. It is to be understood that not necessarily all such
: adVantages may be achieved in accordance with any particular embodiment of the invention.
‘Thus, for example, those skilled in the art will recognize that the inventions disclosed herein
may be embodied or carried out in a manner that achieves one advantage or group of
advantages as taught herein without necessarily achiéving other advantages as rriay be taught
. or éuggested herein. | ,
' v BRIEF DESCRIPTION OF THE DRAWINGS '
[0010] FIGURE 1 is a cross-section view schematically illustrating a root canal -

system of a tooth.
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[0011] FIGURE?2 is a block diagram schematically illustrating an embodiment of
a system adapted to produce a high-velocity liquid jet.

_ [0012] FIGURE 3 is a side .view schematically illustrating an embodiment of a
handpiece comprising an embodiment of a guide tube for delivery of the liquid jet to a
portion of a tooth. |

[0013] FIGURES 4 and 4A are cross-section views schematically illustrating
another vembodinient of a handpiece that can be used to deliver the high-velocity liquid jet.

[0014] FIGURES 5A and .SB are cross-section views that schematically illustrate
embodiments of a nozzle having an orifice.

[0015] FIGURE 6 is a side view schematically illustrating the distal end of an
~ embodiment of a handpiece comprising an embodiment of a guide tube. '

[0016] FIGURES 7A-7B are side views schematically illustrating embodiments
~of the distal ends.of handpieées comprising embodiments of guide tubes.

[0017] FIGURES 8A-8C are side views that schematically illustrate additional
. embodiments of guide tubes. _

‘[0018] FIGURES 9A-9D are cross-section views thét schematically illustrate

various embodiments of handpieces, g‘uide tubes, and nozzle locations.

[0019] FIGURES 10A-10F are ;cros's—section views schematically illustrating

embodiments of guide tubes. '

| [0020] FIGURES 11A-11D are cross-section views schematically illustréting

additional embodiments of guide tubes. .

[0021] FIGURES 12A-12E include perspective views (léﬁ-hand panel) and side
views (right-hahd panel) schematically illustrating embodiments of the impingement .
member.

[0022] FIGURES 13A-13E include perspective views (left-hand panel) and side
 views (right-hand panel) schematically illustrating additional embodimenté of the
impingement member. | o o , _

| [0023] FIGURES 14A and 14B are a perspective view (FIG. 14A) and a top view
(FIG. 14B) schematically illustrating an embodiment of an impingement member comprising

blades that may assist forming a vortex flow in fluid in a tooth during treatment.
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[0024] FIGURES 15A-15C are side views of enibodiments of impingement
members that include flexible portions to assist inducing circulation into the fluid in the tooth
- during treatment. .

[0025]  FIGURES 16A and 16B are side views that schematically illustrate further
embodiments of the guide tube that may assist in forming a variable fluid circulation near the
distal end of the guidg tube.

[0026] FIGURES 17A-17D  schematically illustrate embodiments of an
impihgement member comprising a material at least partially permeable to the liquid jet.
FIGURE 17A is a side view along the line A-A shown in FIGURE 17B. FIGURE 17C is a
side view along the line C-C shown in FIGURE 17D. » |

[0027] FIGURE 18 is a perspective view schematically illustrating an
embodiment of a guide tube comprising posts disposed near the distal‘ end of the guide tube.

[0028] o FIGURES 19A-19E each include a perspective view (upper figure) and a
cross-Section view (lower figure) taken along the line 19-19 of the upper figure schematically
illustrating an embodiment of a guide tube. ‘

[0029] FIGURES 20A-20E are top views schematically illustrating examples of
distribliltions. of the spray that can be produced by various émbodiments of guide tubes
. comprising posts and/of openings. -
| [0030] FIGURES 21A-21C are side views schematically illustrating embodiments
of guide tubes having curved or angled impingement members. |

| 10031] FIGURES 22A-22C are cross-section views schematically illustrating
embodiments of handpieces in which nozzle is not oriented perpendicular to the axis of the
guide tube. | |

[0032] - FIGURE 23 schématically illustrates an embodiment of a handpiece
comprising a liquid ﬂow tube configured to provide a stream of liquid to a tooth location.

[0033] | FIGURES 24A-24F are cross-section views schematically illustrating
embodiments of guide tubes. ,

[0034] FIGURE 25 schefnatically illustrates use of a handpiece during a dental

treatment.
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[0035] Throughout the drawings, reference numbers may be re-used to indicate a
general correspondence between referenced elements. The drawings are provided to illustrate
example embodiments described herein and are not intended to limit the scope of the
disclosure.

' | DETAILED DESCRIPTION
Overview

[0036] The preé.ent disclosure describes apparatus and methods for performing
dental procedures such as, e.g., endodontic procedures. The disclosed apparatus and methods
advantageously may be used with root canal cleaning treatments, for example, to efficiently
remove organic and/or inorganic matter from a root canal system. The apparatus and
methods may be used for other dental treatments such as, e.g., tooth cleaning, treatment of
dental caries, removal of calculus and plaque, etc. Organic material (or organic matter)
includes organic substances typically found in healthy or diseased teeth or root canal systems

“such as, for example, soft tissue, pulp, blood vessels, nerves, connective tissue, cellular
matter, pus, and mic;roofganisms, whether living, inflamed, infected, diseased, necrotic, or
decompoéed. Inorganic matter includes calcified tissue and calcified structures, which are -
frequently present in the root canal system. :

[0037] In some embodiments, the disclosed apparatus and methods utilize a high-
velocity collimated beam of liquid to clean the root canal system, to clean tooth surfaces
(e.g., to treat dental caries), etc.. The high-velocity liquid beam may generate a pressure wave
that can propagate through the tooth and root canal system and. éan detach or dissolve organic
and/or inorganic material from dentinal surfaces and/or dissociate pulpal tissue. The liquid
beam and/or the pressure wave may cause or increase the efficacy of various effects that may

~occur in the tooth including, but not limited to, acoustic cavitation (e.g., bubble formation
and collapse, microjet formation), fluid agitation, fluid circulation, éonopo‘ratién,
sonochefnistry, and so forth.

| [0038] For example, in one aspect of ‘fhe ,di'sclosure, an apparatus for removing
organic and/or inorganic material from a tooth comprises a pressure wave generator
configured to provide acoustic energy to a tooth. The acoustic energy may be sufficient to

~ cause 'organic and/or inorganic material in the tooth to be detached from surrounding dentin.
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It is believed (although not required) that the effects caused (or enhanced) by the acoustic
energy may lead to a cleaning action that delaminates or detaches the pulpai tissue from the
root canal wali, dentinal surfaces, and/or tubules, and inay further break such tissue down
into smaller pieces.

[0039] In some implementations, the pressure wave generator comprises
embodiments of the apparatus described herein. For example, the pressuie wave generator
may comprise a positioning member (e.g., a guide tube) having a channel or lumen along
which or through which a liquid jet can propagate. The distal end portion of the positioning
member may include an impingement surface on which the liquid jet impinges and is
deflected into jets or spray. The distal end portion of the positioning member may include
one or more openings that permit the deflected liquid to exit the positioning member and
interact with the surrounding environment in the tooth. In some trea’tnient methods, the
openings disposed at or near the distal end portion of the positioning member are submerged
in liquid in the tooth. Without subscribing to or being limited by any particular theory or
mode of operation, the flow of the submerged portion of the liquid jet may generate a
cavitation cloud within the treatment fluid. The creation and collapse of the cavitation cloud
and/or the jet impacting the impingement surface may, in some cases, generate a substantial |
hydroacoustic field in the tooth. This a.coustic' field may generate pressure waves,

oscillations, and/or vibrations in or near the canal spaces of the tooth and/or interior dentinal
| surfaces, which are filled with dentinal tubules. Further cavitation effects méy be possible,
including growth, oscillation, and collapse of cavitation bubbles formed in or near the tubules
(e.g., possibly at the high surface-energy sites of the tubules). These (and/or other) effects
may lead to cfﬁcient cleaning of the pulp éavity of the tooth. In some implementations, the
Apr.essure wave generator may be coupled to a handpiece or portable jet housing that may be
maneuvered in the mouth of t}ie patient so as to position or orient the pressure wave generator
relative to a desired tooth under treatment.

Example Embodiments of Apparatus and Methods for Dental Treatments

[0040] FIGURE 1 is a cross section schematically illustrating a typical human
tooth 10, which comprises a crown 12 extending above the gum tissue 14 and at least one

root 16 set into a socket (alveolus) within the jaw bone 18. Although the tooth 10
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- schematically depicted in FIGURE 1 is a molar, the apparatus and methods described herein
may be useq on any type of tooth such as an incisor, a canine, a bicuspid, or a molar. The
hard tissue of the tooth 10 includes dentin 20 which provides the primary structure of the
tooth 10, a very hard enamel layer 22 which covers the crown 12 to a cementoenamel
junction 15 near the gum 14, and cementum 24 which covers the dentin 20 of the tooth 10
below the cementoeﬂamel junction 15.

[0041] A pulp cavity 26 is defined within the dentin 20. The pulp cavity 26
comprises a pulp chamber 28 in the crown 11 and a root canal space 30 extending toward an
apex 32 of each root 16. The pulp cavity 26 contains dental pulp, which is a soft, vascular
tissue comprising nerves, blood vessels, connective tissue, odontoblasts, and other tissue and
cellular components. The pulp provides innervation and sustenance to the tooth through the
epithelial lining of the pulp chamber 26 and the root canal space 30. Blood vessels and
nerves enter/exit the root canal space 30 through a tiny opening, the apical foramen 32, near a
tip of the épex 32 of the root 16.

| [0042] FIGURE 2 is a block diagram that schematically illustrates an erﬁbodiment
of a systerri 38 adapted to generate a high-velocity jet 60 of fluid for use in dental procedures.
- The system 38 comprises a‘ motor 40, a fluid source 44, a pump 46, a pressuré sensor 48, a
controller 51,‘a user interface 53, and a handpiece 50 that can be operatéd by a dental
- practitioner to direct the jet 60 toward desired locations in a patient’s mouth. The pump 46
can preséurize fluid received from the fluid source 44. The pump 46 may comprise a piston
pump in which the piston is actuatable by thé motor 40. The high-pressure liquid from the
pump 46 can be fed to the pressure sensor 48 and then to .the handpiece 50, for example, by a
length of high-pressure tubing 49. The pressure sensor 48 may be used to sense the pressure
_ of the liquid and communicate pressure information to the controller 51. The controller 51
cén ﬁse the pressure information to make adjustments to the motor 40 ahd/or the pump 46 to
provide a target pressure for the fluid delivered to the handpiece 50. For example, in
- embodiments in which the pump 46 comprises a piston pump, the controller 51 may signal
.the motor 40 to drive the piston more rapidly or more slowly, depending on the pressure
information from the pressure sensor 48. In Some embodiments, the pressure of the liquid

that can be delivered to the handpiece 50 can be adjusted within a range from about 500 psi
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to about 50,000 psi (1 psi is 1 pound per square inch and is about 6895 Pascals (Pa)). In
certain embodiments, it has been found that a pressure range from about 2,000 psi to about
15,000 psi produces jets that are particularly effective for endodontic treatments. In some
embodiments, the pressure is about 10,000 psi.
[0043] The fluid source 44 may comprise a fluid céntainer (e.g., an intravenous
~ bag) hdlding sterile water, a medical-grade saline solution, an antiseptic or antibiotic solution
(e.g., a bleach such as sodium hypochlorite), a solution with chemicals or medications, or any
combination thereof. More than one fluid source may be uséd. In certain embodiments, it is
advantageous for jet formation if the liquid provided by the fluid source 44 is substantially
free of dissolved gases (e.g., less than about 0.1% by volume, less than about 1 mg of gas per
liter of solution, or less than some other value), which may reduce the acoustic effects of
cavitation. In some embodiménts, the fluid source 44 comprises degassed distilled water. A
bubble detector (not shown) may be disposed between the fluid source 44 and the pump 46 to
detect bubbles in the liquid and/or to determine whether liquid flow from the fluid source 44 '
has becn_interrupted or the container has emptied. The Hquid in the fluid source 44 may be at
room temperature or may be heated and/or cooled to a different temperature. For example, in
some embodiments, the liquid in the fluid source 44 can be chilled to reduce the temperature
of the high velocity jet generated by the system 38, which rriay reduce or control -the
temperature of the fluid inside a tooth. In some treatmenf methods, the liquid in the fluid
sburce 44 can be heated, which may incfease the rate of chemical reactions that may occur in
the tooth during treatment. '

[0044] The handpiece 50 can be configured to rccéive the high pressure liquid and
can be adapted at a distal end to generate a high-velocity beam or jet 60 of liquid for use in
dental procedures. In some embodiments, the sbystem 38 may produce a coherent, collimated
jet of liquid (further described below). The handpiece 50 may be sized and shaped to be
maneuverable in the mouth of a patient so that the jet 60 may be directed toward or away
from various portions of thé tooth 10. In some embodiments, the handpiece comprises a

- housing or cap that can be coupled to the tooth 10.
[0045] The controller 51 may comprise a microprocessor, a special or general

purpose computer, a floating point gate array, and/or a programmable logic device. The
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controller 51 may be used to control safety of the system 38, for example, by limiting system
pressures to be below safety thresholds and/or by limiting the time that the jet 60 is permitted
to flow from the handpiece 50. The system 38 may also include a user interface 53 that -
outputs relevant system data or accepts user inf)ut (eg., a tafget pressure). In some |
embodiments, the user interface 53 comprises a touch screen graphics display. In some
embodiments, the user interface 53 may include controls for a dental practitioner to operate
the liquid jet apparatus. For example, the controls can include a foot switch to actuate or
deactuate the jet.
| [0046] The system 38 may include additional and/or different components and
may be configured differently than shown in FIGURE 2. For example, the system 38 may
include an aspiration pump that is coupled to the handpiece 50 (or an aspiration cannula) to
permit aspifatibn of organic matter from the mouth or tooth 10. In other érhbodiments, the
system 38 may comprise other pneumatic and/or hydraulic systems adapted to generate the
high-velocity beam or jet 60. Also, certain embodiments of the system 38 may utilize or be
configured similarly to embodiments of the apparatus and systems described in U.S. Patent
No. 6,224;378', issued May 1, 2001, entitled “METHOD AND APPARATUS FOR DENTAL
TREATMENT USING HIGH PRESSURE LIQUID JET,” U.S. Patent No. 6,497,572, issued
December 24, 2002, entitled “APPARATUS FOR DENTAL TREATMENT USING HIGH
PRESSURE LIQUID JET,” U.S. Patent Publication No. 2007/0248932, published Octqber
25, 2007, entitled “APPARATUS AND METHODS FOR TREATING ROOT CANALS OF
TEETH,” and/or U.S. Patent Publication No. 2010/0143861, published June 10, 2010,
entitled “APPARATUS AND METHODS FOR MONITORING,A‘ TOOTH,” the entire
disclosure of each of which is hereby incorporated by reference herein for all that it teaches or
discloses. |
[0047] In certain embodiments, the system 38 may be configured to produce a
-liquid jet 60 that forms a substantially parallel beam (e.g., is “collimat;:d’;) over distances
| ranging from about 0.01 cm to about 10 cm. In some embodiments, the velocity profile
transverse to the propagation axis of the jet is substantially constant (e.g., is “coherent™). For
eXample, in some implementatioﬁs, away from narrow boundary layeré near the outer surface

of the jet 60 (if any), the jet velocity is substantially constant across the width of the jet.
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Therefore, in certain advantageous embodiments, the liquid jet 60 delivered by the dental
handpiece 50 may comprise a coherent, collifnated jet (a “CC jet”). In some
~ implementations, the CC jet may have velocities in a range from about 100 m/s to about 300
m/s, for eXample, about 190 m/s in some embodiments. In some implementations, the CC jet
can have a diameter in a range from about 5 microns to about 1000 microns, in a range from
about 10 microns to about 100 microns, in a raﬁge from about 100 microns to about 500
microns, or in a range from about 500 microné to about 1000 microns. Further details with
respect to CC jets that can be produced by embodiments of the system and apparatus
described herein can be found in U.S. Patent Publication No. 2007/0248932, which is hereby '
‘ incorporated by reference herein in its entirety for all that it discloses or teaches.

[0048] FIGURE 3 is a side view schematically illustraﬁng an embodiment of a
handpiece 50 comprising an embodiment of a posit_ibning member configured to deliver the
liquid jet 60 to a portion of the tooth 10. In various embodiments, the positioning member
comprises a guide tube "1'00.‘ Embodiments of the handpiecé 50 can be used with any of the
,embodiments of the guide tubes 100 described herein. The handpiece 50 comprises an
elongated tubular barrel 52 having a proximal end 56 that is adapted to engage tubing 49
from the system 38. The barrel 52 may include features or texturés 55 that enhance grasping
the handpiece 50 with the fingers and thumb of the operator. The handpiece 50 can be
configured to be handheld. In some cases, the handpiece 50 can be configured to be portable,
movable, orientable, or maneuverable with respect to the patient. In some implementations,
the handpiece 50 can be configured to be coupled to a positioning deviée (eg., a

' maneuverable or adjustable arm).

[0049] The handpiece 50 can be shaped or sized‘ differently than shown in
FIGURE 3 (or other figures herein). For example, the handpiece 50 can cbmprise a housing
or cap that can be coupled to the tooth 1'0. In some such implementations, the elongated
tubular barrel 52 may not be used, and a dental practitioner rﬁaneuvers the housing into a
desired location in the patient’s mouth.

[0050] Optionally, a flow restrictor 210 can be disposed at the distal end 58 of the
~ handpiece 50. In the illustrated embodiment, the flow restrictor 210 suBstantially surrounds

the guide tube 100. As will be further described with reference to FIGURE 25, the flow
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restrictor 210 may be configured to contact a portion of the tooth 10 during a dental treatment
and may restrict, inhibit, or reduce backflow of fluid out of the tooth during treatment.
| [0051] FIGURES 4 and 4A are cross-section views that schematically illustrate
another embodiment of a handpiece 50 adapted for delivering the high-velocity jet 60. The
handpiece 50 has a central passageway 54 extending axially therethrough and at the proximal
end 56 is adapted to engage the tubing 49 from the system 38 in order for the passageway 54
. to be in fluid communication with the high pressure liquid delivered by the system 38. A
distal end 58 of the barrel 52 (shown in close-up in FIG. 4A) includes a threaded recess
adapted to engage complementary threads of a nozzle mount 62, which is configured to hold
a nozzle 64. The nozzle mount 62 may be tightly screwed into the distal end 58 of the barrel
52 to secure-the nozzle 64 adjacent to a distal end of the passageway 52. As will be
described with reference to FIGURES 11A-11C, the nozzle 64 can be disposed in different -
locations in other embodiments of the handpiece.
| [0052] FIGURE 4A schematically illustrates an embodiment of a guide tube 100
- secured to the nozzle mount 62. In some embddiments, the guide tube 100 can be formed
' integraﬂy with the nozzle mount 62. In other gmbodiments, the guide tube 100 can be
secured to the nozzle mount 62 via.welding (e.g.; laser welding), adhesives, fasteners, etc.
Embodiments of the guide tube 100 can be manufactured using a variety of process
including, e.g., metal injection molding, laser cutting or weldihg, micro welding, etc.
Various embodiments of the guide tube 100 will be further described below. In some
implementations, the handpiece 50 may be configured to deliver two or more jets, and in
some such embodiments, two or more nozzles 62 and/or guidé tubes 100 may be disposed at
the distal end 58 of the handpiece 50.
[0053] The nozzle 64 can corflprise a circular, disc-like element having an orifice
66 formed therein. The nozzle 64 may be fabricated from a suitably rigid material that resists
deformation under high pressure such as, for example, metal, vceramic, or synthetic sapphire
-or ruby. Embodiments of the nozzle 64 can be manufactured by a variety of processes
including, e.g., electroforming (inciuding nickel-cobalt electroforms), micro-plunge electrical

discharge machining (EDM), laser cutting, etc.
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[0054] In the illustrated embodiment, the nozzle mount 62 secures the nozzle 64

substantially ﬁerpendicular to the passageway 54 so that high pressure liquid in the
~ passageway 54 can flow through the orifice 66 and emerge as a highly collimated beam of
fluid traveling along a longitudinal jet axis 80 that is substantially coaxial with the barrcl 52
of the handpiece 50. The orifice 66 may have any desired shape such as, e.g., circular, oval,
rectangular, polygonal, etc. The orifice 66 may, but need not be, substantially centered in the
nozzle 64. In some embodiments, the nozzle 64 may have two or more oriﬁées 66, with each
orifice configured to emit a liquid jet. In some embodiments, fhe distal end 58 of the
handpiece 50 may include additional components, for example, to assist guiding or directing
the jet 60 and/or to provide aspiration. \ ‘

[0055] Various aspects of the nozzle 64 (e.g., surface finish of the orifice) may be
selected  to brovide ‘desired fluid flow or jet properties. For example, in] various
embodiments, the liquid jet erhifted from the orifice 66 can be a CC jet, a jet with a perturbed
surface, or a spray of fluid (as measured in air). Without subscribing to or requiring any
particular theory or mode of operation, it is believed.that anozzle 64 configured to produce a
CC jet may create a higher power acoustic field (e.g., pressure w'aves) in a tooth (e.g., in
dentin or in liquid in the pulp cavity) than a nozzle 64 that is configured not to produce a CC
jet. For example, it is believed that a CC-Jet may create a large velocity grédient that may
result in a large pressure gradient that may cause stronger cavitation, Which may cause a
higher power acoﬁsticl ﬁéld. Therefore, in some treétment methods, a System configured to
produce a CC jet may be used for root canal cleaning; and in other treatment methods, system |
configured to produce a non-CC jet may be used for tooth cleaning (e.g., caries treatmeﬁt, |
removal of calculus and plaque, superficial cleéning, etc;). _ ' _

[0056] Different types of fluid streams (e.g., a jet or a spray) can be generated by
the nozzle 64 and/or orifice 66 based at least in part on. flow parameters, nozzle geometry,
surface quality of the orifice 66 (or other surfaces in the nozzle 64), and so forth. FIGURES
.5A and 5B are cross-section views that schematically illustrate embodiments of a nozzle 64
having an orifice 66. .Nozzles an-d/or orifices can be configured in a number of ways to
provide a CC jet. For example, as schematically illustrated in FIGURE 5A, in some

embodiments a relatively sharp-edged, cone-down orifice 66 can be used. In other
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- embodiments, other shapes can be used, e.g., conical orifices, capillary orifices, cone-
capillary orifices, etc. Arrow 72 shows the direction of fluid flow through the orifice 66
during operation of the liquid jet apparatus. _

[0057] In the illustrated embodiments, the orifice 66 is substantially circularly
symmetric, although this is not a requirement. The orifice 66 may, but need not, be formed at
an angle to a proximal surface 70a of the nozzle 64. The angle may be about 0 degrees (e.g.,
the orifice is substantially perpendicular to the proximal surface 70a), about 10 degrees, about
20 degrees, about 30 degrees, about 40 degrees, about 50 degrees, about 60 degrees; or some
other angle. The orifice 66 shown in FIGURES 5A and 5B compriseé a proximal portion 68a
that can be substantially cylindrical with a length L, and a diameter D;. The orifice 66 can
comprise a distal portion 68b that can be substantially conical with a cone angle o and can

' have a length L, and a diameter D,. As schematically illustrated in FIGURE 5B, the cone
engle a can be about 180 degrees, so that the distal portion 68b is substantially eylindr'ical.'
The _diameter D, can, but need not be, different from the diameter D;. For example, in
various emBodiments, D, can be approximately the same as D; D, cari be larger than Dy, or
D; can be smaller than D;. The length L, can, but need not be, different from the length L. -
"For example, in various embodiments, L, can be approximately the same as Lj, L, can be
larger than L,, or L, .céln be smaller than L;. The orifice geometry schematically illustrated in
FIGURES 5A aﬁd 5B may cause a relatively abrupt change in velocity of the quu’id flowing

: through the orifice 66. | ‘ |

[0058] For length-to-diameter ratios L;/D; vin a rahge from about 0 to about 0.7,
the flow may be constricfed, may not reattach to the walls of the orifice, _and may form a CC-

Jet with a relatively long break-up length. For length-to-diameter ratios Li/D; in a range

from about 0.7 to about 4, cavitation may be induced. Initially, the flow out of the nozzle 64

may reattach to the walls of the oriﬁee 66, and the fluid stream may not be 'c; CC jet. For

sufﬁcienfly high pressures (near fhe inlet 74 to the nozzle 64), cavitation may occur near the
~ inlet 74. The cavitation region can grow and may form an air entrainment region sufficiently
large to induce air from dewnstream to flow up to the nozzle’s outlet 76 and separate liquid
from the walls of the orifice 66, which may help create a CC  jet. In other embo\diments,

length-to-diameter ratios L;/D; above 4 can be used.

-13-
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- [0059] A possible advantage of using length-to-diafneter ratios L;/D; in the range
from about 0 to about 0.7 is that cavitation, which may cause damage to the nozzle, may not
occur. A possible disadvantage is that a sufficiently hard material able to withstand relatively

-high pressure may be used for the nozzle 64. A possible advantage of using length-to-
diameter ratios 1,/D; in the range from about 0.7 to about 4 is that the larger L;/D; ratio
allows the nozzle’s geometry to be ’adapted for a wider range of materials. A possible
disadvantage of higher L;/D; ratios is that cavitation may cause damage to the nozzle 64 and
lead to a shorter working life for the nozzle. |
| [0060] It is believed, although not required, that for L;/D; ratios at least in the
range from about 0 to about 4, the nozzle design may be relatively insensitive to the cone
angle a. Accordingly, éone angles near about 0 degreeé can be used (e.g., the orifice 64 is
" approximately a cylinder over the length L; and L,). In this case, the orifice 66 may be
thought of as comprising just the proximal portion 68a and not the distal portion 68b. In
other embodiments, only the distal portion 68b is used, and the orifice 66 is substantially
conical. Many possible configurations of the oriﬁce 66 can be used, and the examples in
FIGURES 5A and 5B are intended to be illustrative and not to be limiting.

[0061] For example, as schematically illustrated in FIGURE 5B, cone angles of
about 180 degrees can be used. In this éxarhple, both'the_proximal portion 68a and the distal
portio,ri 68b are substantially cylindrical, with the diameter D, of the distal portion 68b larger
than the diameter D; of the proximal portion 68a. In other embodiments, the diameter D, of
the distal portion 68b may be smaller than the diameter D; of the proxirrial portion 68a.

- Shaping the proximal portion 685 or the distal portion 68b substantially as cylinders may
_advantageously make manufactuﬁng the oriﬁce simpler. In other embodiments, cone angles
in a range from about 0 degrees to about 20 degrees, about'20 degrees to about 45 degrees,
about 45 degrees to about 90 degrees, about 90 degrees to about 120 degrees, or some other

| range can be used. '
[0062] In various embodiments of the nozzle 64, the orifice 66 may have a
diameter D; at the inlet 74 or a diameter D at the outlet 76 that may be in a range from about

5 microns to about 1000 microns. ther diameter ranges are possible. In various

embodiments, one or both of the diameters D; or D, may be in a range from about 10 microns
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to about 100 microns, a range from about 100 microns to about 500 microns, or range from
about 500 microns to about 1000 microns. In various other embodiments, one or both of the
orifice diameters D; or D, may bé in a range of about 40-80 microns, a range of about 45-70
microns, Or a range of about 45-65 microns. In one embodiment, the orifice diameter D; is
about 60 microns. The ratio of axial length L, to diameter D;, the ratio of axial length L to
diameter D2, or the ratio of total axial length L; + L, to diameter D, D,, or average diameter
(D1+D2)/2 may, in various embodiments, be about 50:1, about 20:1, about 10:1, about 51,
~ about 1:1, or less. In one embodiment, the axial length L, is about 500 microns. In some

cases, the axial length Lz (or the ratio L,/D,) can be selected so that the flow thfough the
‘orifice 66 does not reattach to surface 70c. The axial length L,, the diameter D,, or other
parameters shown in FIGURES 5A and 5B may be selected so that the nozzle 64 has
' s’u‘fﬁ'éient structural rigidity to withstand load from pressurized fluid.

[0063] With reference to the example nozzle 64 schematically illustrated in
FIGURE 5A, the curvature of corner or edge 69 is denoted by r, and the surface roughnessi of
surfaces 70a, 70b, and 70c is denoted by Ra. Relatively abrupt geometry changes in the |
nbzzle 64 may induce a relatively large velocity change, which may lead to a relatively
constricted jet. For example, the ratio of surface roughness Ra to orifice diameter Dy, Ra/Dy,
for some or-all of the surfaces 70a-70c may be less than about 0.01, less than about 0.005, or
less than about 0.001 in various embodiments. The ratio of corner curvature radius r to
orifice diafneter.Dl, 1/Dj, may be less than about 6.1, less than about 0.05, less than about
0.04, less than about 0.02, or less than about 0.01 in various embodiments. The surface

- roughness Ra of the surfaces 70a, 70b, or 70c can have a root-mean-square (fms) surface
roughness less than aboﬁt 10 microns, less than about 1 micron, or less than about 0.1
microns. | 4

[0064] In certain embodiments, the nozzle 64 (or surface portions adjacent the

‘liquid) can be formed from a hydrophobic material. In certain such embodiments, the contact
angle (e.g., the angle formed between a solid surface and a liquid) of the hydrophobic
- material may be smaller than about n/2 radians. In some implementations, the nozzle 64 may

comprise stainless steel or a plastic such as, e.g., acrylic. Other materials may be used such
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as, e.g., aluminum, copper, or polycarbonate, but in some cases, nozzles formed from such
'materialé may not produce a substantially constricted jet.
| [0065] FIGURE 6 is a side view schematically illustrating the distal end 58.of an

embodiment of a handpiece 50 comprising an embodiment of a guide tube 100. FIGURES
7A-7B are side views schematically illustrating alternative embodiments of the distal ends 58
of handpieces 100 comprising embodiments of guide tubes 100. In the illustrated
embodiments, the guide tube 100 comprises a substantially straight, elongated, cylindrical
tube. In other embodiments, the guide tube 100 may have a different shap‘e (e.g., curved) or a
different cross-section (see, e.g., FIGS. 10A-10F below). In some embodiments, the guide
tube 100 comprises a plurality of tubes that may at least partially disposed in, on, or around
each other (e.g., to form a “telescoping” configuration). For examplé, the guide tube 100
" may comprise at least a first tube and a second tube configured such that the proximal end of
_the second tube is disposed in the distal end of the first tube (see, e.g., an example shown in
FIG. 22A).

[0066] With reference to FIGURE 6, the guide tube 100 has a proximal end 102
- that can Be attached or disposed adjacent the distal end 58 of the handpiece 50 and a distal
, e'nd._104 that, during tréatment, can be disposed in, near, or on a portion of the tooth 10 under
treatment. For example, the distal end 104 of the guide tube 100 can be disposed in a cavity
in 'the tooth 10.. The cavity may include natural or artificial spaces, openings, or chambers in
the tooth such as, e.g., the pulp chamber 28, a canal space 30, an opening d_rilled or férmed in:
the tooth by a dental practitioner, etc. The guide tube 100 has a channel 84 that permits
propagation of the liquid jet 60 along at léast a portion of the length of the guide tube 100.
For example, the liquid jet 60 may propagate along the longitudinal jet axis 80. In the
embodiments schematically depicted in FIGURES 6 and 7A-7B, the longitudinal jet axis 80
is _Substantially collinear with the 1ongitudinal axis of the channel 84 and the guide tube 100.
In other embodiments, the longitudinal jet axis 80 may be offset from the longitudinal axis of
~ the channel 84 and/or the guide tube 100, for example, by offsetting the orifice 66 of the
- nozzle 64 from relative to the axes of the channel 84 and/or guide tube 100.

[0067] In various embodiments of the guide tube 100, the cross-section of the
channel 84 can be substantialiy closed (e.g., a lumen) (see, e.g., FIGS. IOA—IOF described
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below). In other embodiments, the cross-section of the channel 84 can be partially open at
least along a portion of the length of the guide tube 100. For example, the cross-section of
the channel 84 may have a generally C-shape or U-shape. A possible advantage of certain
embodiments of guide tubes 100 comprising a substantially closed channel 84 is that the jet is
protected from df‘sruption by elements outside the channel 84 as the jet propagates through
the guide tube 100. Also, use of a substantially closed channel 84 may reduce the likelihood
of air entering the pulp chamber 26 during treatment. |

10068] The proximal end 102 of the guide tube 100 can be attached to the distal
end 58 of the dental handpiece 50. The liquid jet 60 (which may be a CC jet) can propagate
“from the handpiece 50 along the jet axis 80, which can pass through the channel 84 of the
guide tube 100. It is advantageous, in some embodiments, if the guide tube 100 is positioned
- and/or oﬁented on the handpiece 50 so that the jet axis 80 is aligned substantially parallel to
the longitudinal axis of the channel 84 of the guide tube 100 in order that the '1iquid jet 60
propagates along the channel and does not impact a wall of the guide tube (except as further
described below). In some embodiments, the jet axis 80 may be offset from the longitudinal
axis of the channel 84 or the guide tube 100.

- {0069] Embodiments of the guide tube 100 can be sized or shaped such that the
distal end 104 can be positioned through an endodontic access opening formed in the tooth
10, for example, on an occlusal surface, a buccal surface; or a lingual surface. For example,

the distal end 104 of the guide tube may be sized or shaped so that the distal end 104 can be
| .pos‘itiéned in the pulp cavity 26 of the tobth 10, e.g., near the pulpal floor, near openings to
the canal space 30, or inside the canal openings. The size of the distal end 104 of the guide
‘tube 100 can be selected so that the distal end 104 fits through the access opening of the tooth
10. In some embodiments, the width of the guide tube 100 can be approximately. the width of
a Gates-Glidden drill, for example, a size 4 drill. In some embodiments, the guide tube 100
can be sized ’simifarly to gauge 18, 19, 20, or 21 hypodermic tubes. The width of the guide
tube 100 may be in a range from about O.i mm to ébout Smm, in a raﬁge from about 0.5 fn'm
to about 1.5 mm, or some other range. The length of the guide tube 100 can be selected so
that the distal end 104 of the guide tube 100 can be disposed at a desired location in the
~mouth. For example, the length of the guide tube 100 between the proximal end 102 and the
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distal end 104 may be in a range from about 1 mm to about 50 mm, from about 10 mm to
about 25 mm, or in some other range. In some embodiments, the length is about 18 mm,
which may allow the distal.end 104 of the guide tube 100 to reach the vicinity of the pulpal
floor in a wide range of teeth. For teeth that may not have a pulpal chamber or a pulpal floor
(e.g., anterior teeth), the distal end 104 of the guide tube 100 can be inserted into the canal
space of the tooth 10.

[0070] As schematically illustrated in FIGURES 6 and 7A-7B, certain
embodiments of the guide tube 100 can comprise an impingement member 110 (which also
may be referred to herein as a deflector). The jet 60 can propagate along the channel 84 and

-impinge upon the impingement member 110, whereby at least a portion of the jet 60 can be

slowed, disrupted or deﬂected,'which can produce a spray 90 of liquid. The spray 90 may

~ ~ comprise droplets, beads, mist, jets, or beams of liquid in various implementations.

Embodiments of the guide tube 100 which include an impingement member 110 may reduce
or prevent possible damage that may be caused by the jet during certain dental treatments.
For’example, use of the impingement member 110 may reduce the likeiihood that the jet may
undesirably cut tissue or propagate into the root canal spaces 30 (which may undesirably
pressurize the canal spaces in some cases). The design of the impingement member 110
(further described below) may also enable a degree of control over the fluid circulation or
pressure waves that can occur in the pulp cavity 26 during treatment. |

| [0071] The impingemént member 1 10 may be disposed in a cavity in the tooth 10.
In some methods, the impingement member 110 is disposed in fluid in the tooth 10, and the
- liquid jet 60 impacts an impingement surface of the impingement member 110 while the
impingement member 110 is disposed in the cavity. The liquid jet 60 may be generated in air
or fluid, and in some cases, a portion of the liquid jet 60 passes through at least some (and
possibly a substantial portion) of fluid in the cavity in the tooth 10 before impacting the
' i_mpingement member 110. In some cases, the fluid in the tooth cavity may be relatively
static; in other cases, the fluid in the tootﬁ cavity may. circulate, be turbulent, or have fluid
velocities that are less than (or substantially less than) the speed of the high-velocity liquid
jet.
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[0072] In some Vimpllementations, the impingement member 110 is not used, and
the jet 60 can exit the guide tube 100 without substantial interference from portions of the
guide tube 100. In some such implementations, after exiting the guide tube 100, the jet 60
- may be directed toward a dentinal surface, where the jet may impact or impinge upon the
dentinal surface to provide acoustic energy to the tooth, to superficially cléan the tooth, and
so forth.

[0073] The guide tube 100 can include an opening 120 that permits the spray 90
to leave the distal end 104 of the guide tube 100. In some embodiments, multiple openings
120 can be used (see, e.g., FIGS. 18-20E), for example, two, three, four, five, six, or more
‘openings. The opening 120 can have a proximal end 106 and a distal end 108. The distal
end 108 of the opening 120 can be disposed near the distal end 104 of the guide tube 100.
" The opeéning 120 can expose the liquid jet 60 (and/or the spray 90) to the surrounding
environment, which may include air, liquid, organic material, etc. For exémple, in some.
tréaﬁnent methods, when the distal end 104 of the guide tube 100 is inserted into the pulp
cavity 120, the opening 120 permits the material or fluid inside the pulp cavity 26 to interact -
Mmﬂwkwomqmy%“Am&mmmmﬁ&ﬂq&m%@mWW%&wmmmmgxd@
rﬁay be established in the tooth 10 (e.g., in the pulp cavity 26, the canal spaces 30, etc.) by the
impingement of the jet 60 on the impingement member 110, interaction of the fluid or
material in the tooth 10 with the jet 60 or they spray 90, fluid circulation or agitation
generated in the pulp cavity 26, or by a combination of these factors (or other factors). The
hydroacoustic field may include aéoustic power over a relatively broad range of acoustic
, fréquencies (e.g., from about a few kHz to severai hundred kHz or higher). The
hydroaéoust_ic field in the tooth may influence, cause, or increase the strength of effects
including, e.g., acoustic cavitation (e.g., bubble formation and collapse, microjet formation),
fluid agitatioﬁ, ﬂuid circulation, sonoporation, sonochemistry, and so forth. It is believed,
although not required, that the hydroacoustic field, some or all of the foregoing effects, or a
combination thereof may act to disrupt or detach organic material in the tooth, which may -
effectively clean the pulp cavity 26 and/or the canal spaces 30. | |
} [0074] The length of the opening 120 between the proximal end 106 and the distal
~end 108 is referred to as X (see, e.g., FIG. 6). In various embodiments, the length X may be
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in a range from about 0.1 mm to approximately the overall lengfh of the guide tube 100. For
example, FIGURES 6 and 7A-7B show three guide tube embodiments having different
opening lengths. In some embodiments, the length X is in a range' from about 1 mm to about
10 mm. In some cases, the length X is selected so that the opening 120 remains submersed
by fluid or material in the pulp cavity 26 of the tooth 10 during treatment. A length X of
~about 3 mm can be used for a wide variety of teeth. In some embodiments, the length X is a
fraction of the overall length of the guide tube 100. The fraction can be about 0.1, about
0.25, about 0.5, about 0.75, about 0.9, or a different value. In some embodiments, the length
- X is a multiple of the width of the guide tube 100 or the channel 84. ,Thé multiple can be
. about 0.5, about 1.0, about 2.0, about 4.0, about 8.0, or a different value. The multiple can be
in a range from about 0.5 to about 2.0, about 2.0 to about 4.0, about 4.0 to about 8.0, or more.
In other em’bodiments, the length X is a multiple of the width of the jet, e.g., 5 times, 10
times, 50 times, or 100 times the width of the jet. The multiple can be in a range from about
5 to about 50, about 50 to about 200, about 200 to about 1000, or more. In some
implementations, the length X of the opening 120 can be selected (at least in part) such that
V‘the hydroacoustic field generated in a tooth has desired properties including, e.g., desired
acoustic power in the tooth at one or more acoustic frequencies.

[0075] FIGURES 8A-8C are side views that schematically illustrate additional
embodimenté of guide tubes. The embodiments of the guide tubes 100 shown in FIGURES-
8A-8C comprise a body 130 that extends from the proximal end 102 of the guide tube 100 to-
the proximal end 106 of the opening 120. In the embodiment schematically depicted in
FIGURE 8A, the body 130 does not include any holes and the wall or walls of the body 130
are substantially solid. In the embodiments schematically depicted in FIGURES 8B and 8C,
the body 130 includes one or more holes 124. The holes 124 can have lany desired shape,
arrangement, or placement along the body 130. During operation of fhe jet 60, the relatively
high speed of the jet 60 may tend to draw air into the channel 84 of the guide tube 100 |
through any holes 124 (if present and if not submersed in surrounding fluid). The air can
travel alongside the jet 60 toward the distal end 104 of the guide tube 100. In some treatment

. methods, the drawn air may enter the puip cavity 26, which may, in some cases, may draw air

into- the canal spaces 30. Also, the drawn air may, in some cases, diminish the acoustic
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power or fluid qirculation provided by the jet 60. Therefore, a possible advantage of the
guide tube 100 schematically depicted in FIGURE 8A is that the lack of holes on the body
130 can inhibit or prevent air from being drawn into the guide tube during treatment. In
some embodiments, holes 124 are used on the guide tube, but the holes 124 are disposed near
fhe proximal end 106 of the opening 120 so that during freatment the holes remain submersed
- in fluid present in the pulp cavity 26. In othef embodiments, holes 124 that may be exposed
to aif are used on the guide tube 100, and the size of such holes 124 are sufficiently small not
to substantially draw air into the guide tube 100 during treatment with the liquid jet 60. For
example, such holes 124 may have sizes less than about 300 pm, less than about 700 uni, less
than abbut 1000 pm, or sofne other size.

[0076] FIGURES 4 and 4A schematically illustrate an embodiment of the
) handpiece 50 in which the nozzle 64 is disposed in a nozzle mount 62 near the distal end 58
of the handpiece‘ 50. In other embodiments, the nozzle 64 can be located in other locations in
the handpiece 50 or the guide tube 50. FIGURES 9A-9D are’ cross-section views that
'schematically illustrate various embodiments of handpieces 50, guide tubes 100, and
locations of nozzles 64. In FIGURES 9A-9D, the handpiece 50 comprises a conduit 57
having a passageway 54 through which pressurized liquid delivered by the system 38 can
flow. In the embodiments of the handpiece 50 shown in FIGURES 9A, 9B, and 9D, an
exterﬁal portion 57a of the conduit 57 extends away from the distal énd 58 of the handpiece.
The guide tube 100 comprises the external pbrtion 57a of the conduit 57 and (optionally) an
end portion 57b. In the embodiments shown in FIGURES 9A, 9B, and 9D, the end portion
57b comprises the impingement member 100 and the opening 120. In the embodiments
shown in FIGURES 9A, 9B, and 9D, the nozzle 64 is disposed at the distal end of the
external conduit 57a. In the example embodiments shown in FIGURES 9A and 9B, the
overall length of the guide tube 100 is about the same, with the external conduit 57a being
longer (shorter)‘ and the end portion 57b being shorter (longer) in FIGURES 9A and 9B,
.fespe,ctiVely. In other embodiments, the relative lengths of the external conduit 57a (if any)
énd thé end portion 57b (if any) may be selected as desired. For example, in some cﬁses, the
external conduit 57a may be more rigid than the end portion 57b (e.g., because the conduit

may have thicker walls), and if increased rigidity is desired, th'e'length of the external conduit
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57a may be longer than the length of the end portion 57b (if any). As another example, in
other cases it may be easier to form the opening 120 in the end portion 57b (e.g., because the
~ end portion may have thinner walls), and in /some such cases, the end portion 57b may be
made relatively longer. In some embodiments, the nozzle 64 can be formed inteé;rally with:
the conduit 57 or 57a. In some such embodiments, the orifice 66 may be formed at a distal
end surface of the conduit 57 or 57a (e.g., via laser cutting or EDM). .

[0077] FIGURE 9D shows an embodiment of the handpiece 50 in which the guide
tube .100 comprises a bend 59. In this illustrative example, the bend 59 is located on the
external conduit 57a. In other embodiments, the bend (or additional bends) may be located
elsewhere along the guide tube 100, e.g., along the end portion 57b (if used). Guide tubes
comprising bends may assist a dental practitioner in disposing the distal end 104 of the guide
tube 100 in a desired location in the patient’s mouth. A guide tube 100 comprising one or
more bends may have a shorter profile length Lp measured perpendicularly‘ from a distal
surface 58a of the handpiece to the distal end 104 of the guide tube 100 than a straight guide
tube 100 having the same overall length (measured along the guide tubé). The shorter profile
length of some guide tube embodiments. may allow the guide tube to be more easily
positioned ih the mouth or to reach pulpal cavities. Certain teeth may lack a pulpal floor
(e.g., anterior teeth) or a crown. For such teéth, a relatively short profile guide tube 100 may
make delivering the jet 60 or spray 90 to the desired region in the tooth easier.

[0078]  FIGURE 9C shows an embodiment of the handpiece 50 in which an
external conduit 57a is not used. In this embodiment, the proximal end 102 of the guide tube
100 is disposed at the bottom 58a of the distal end 58 6f the handpiece 50, énd the nozzle 64
is disposed near the proximal end 102 of the guide tube 100. In other embodiments, the
nozzle 64 is disposed near the distal end of the gﬁide tubeAIOO (é.g., near the proximal end
106 of the opening 120).
| [0079] Therefore, in various embodiments, the nozzle 64 can be disposed at a
position upstream of the guide tube 100 (e.g., in the conduit 57 inside the handpiece 50), at a
~ position at 6r_near the proximal end 102 of the guide tube 100, at a position inside the guide
tube 100 between the proximél end 102 of the guide tube 100 and the proximal end 106 of

the opening 120, or at a position at or near the proximal end 106 of the opening 120. In some
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embodiments, guide tube 100 comprises a proximal portion and a distal portion. The nozzle
64 can be disposed in the distal portion of the guide tube 100 such that the distal portion
extends distally beyond the nozzle 64. ‘The distal portion extending distally beyond the
nozzle 64 may include the ifnpingement member 110. In some such embodiments, the
proximal portion comprises a proximal half of the guide_ tube 100, and the distal portion
comprises a distal half of the guide tube 100. | 7

[0080] FIGURES 10A-10F are cross-section views ‘schematically illustrating
various embodiments of the guide tubes 100. The cross-section of the channel 84 and/or the
guide tube 100 may be substantially circular (see, e.g., FIGS. 10A, 10B, 1OD), oval (see, e.g.,
FIG. 10F), rectangular, polygonal (e.g., hexagonal as shown in FIG. iOC for the guide tube
and pentagonal as shown in FIG. 10D for the channel), or some other shape. The cross-
sectional shape and/or size of the guide tube 100 and/or the channel 84 can vary along fhe'
longitudinal axis of the guide tube 100. The cross-seétional shape of the channel 84 can be
the same as or different from the cross-sectional shape of the guide tube 100 (see, e.g., FIGS.
10C and 10D). In certain embodiments, the cross-sectional shapes of thé channel and the
guide tube are substantially circular, and the channel is substantially concentric with the
guide tube (see, e.g., FIGS. 10A and 10B). The guide tube 100 may comprise one or more
extensiéns 88, which may run longitudinally along the guide tube 100, which may increase
\ the strength of the tube (see, e.g., FIG. 10E).
| [0081] In some embodiments, the cross-section of the guide tube 100 is larger at
the proximal end 102 than at the distal end 104, which may increase the rigidity of the guide
tube 100. In various embodiments, the cross-section of the channel 84 may change alohg the
longitudinal axis 80 of the guide tube (e.g., narrowing toward the distal end 104) or the cross-
section of the channel may be substantially constant. The longitudinal axis of the channel 84
can, but need not, be substahtially collinear with the longitudinal axis 80 of the guide tube
"100. In some embodiments, the orifice 66 is aligned with the longifudinal axis of the channel
or the guide tube. The surfacé of the channel 84 may be substantially smooth, 'which.
beneficially may reduce the likelihood of turbulent air flow interfering with or disrupting the
jet. In some embodiments, the surface of the channel 84 can be contoured, curved, spiraled,

or twisted.
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[0082] FIGURES 11A-11C are cross-section views schematically illustrating
embodiments of guide tubes 100 capable of propagating multiple jets. In the embodiments
shown in FIGURES 11A and 11B, the guide tubes 100 comprise multiple channels. For
- example, FIGURE 11A shows an embodiment of the guide tube 100 having three channels
84a-84c. Each of the three channels 84a-84c is capable of propagating a jet along the
corresponding longitudinal jet axes 80a-80c. FIGURE 11B shows an embodiment of the
guide tube 100 having four channels 84a-84d. Each of the four channels 84a-84d is capable
of propagating a jet along the corresponding longitudinal jet axes 80a-80d. In other
embodiments, a different number of channels may be used such as, e.g., two channels, five
channels, or more. The guide tubes 100 can have structural elements 92 (e.g., baffles) that
separate the channels, for example, as shown in FIGURES 11A and 11B. The structural
"~ elements 92, if used, may extend along substantially all or only a portion' of the length of the
* guide tube 100. In some embodiments, the structural elements extend from the proximal end
102 of the guide tube 100 to the upper portion of a window in the guide tube (described
below). 4

[0083] FIGURE 11C schematically illustrates an embodiment of the guide tube
100 having a single channel 84 through which multiple jets (e.g., two jets in this
embodiment) can propagate along longitudinal jet axes 80a and 80b. In other embodiments,
the guide tube can be configured so that three, four, or more jets can pfopagate through the
channel 84. In the illustrated embodiment, both jet axes 80a and 80b are offset from the
longitudinal axis 86 of the channel 84. In other embodiments, one (or more) of the jet axes
could be substantially aligned with the longitudinal axis 86. In some embodiments of the
guide tube 100 depicted in FIGURE 11C, a single nozzle 64 comprising multiple orifices 66
(e.g., two orifices for the example shown in FIG. 11C) can be used to previde the jets. In
other embodiments, multiple nozzles can be used. |

[00841 In some embodiments of the handpiece 50, multiple guide tubes 100 (e.g.,
f\ivo, three, four, or more) can be disposed at the distal end 58 of the handpiece 50. Each
guide tube 100 can propagate one (or more) jets: FIGURE 11D is a cross-section view that
échematically illustrates an embodiment having two guide tubes 100a and 100b. In the guide
tube 100a, the jet propagates along the jet axis 80a, which is santantially coaxial with the
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longifudinal channel axis and the longitudinal guide tube axis. InAthe guide tube 100D, the jet
axis 80b is offset from the longitudinal axis 86 of the channel 84. In the illustrated
embodiment, the cross-sections of the channels 84a, 84b and the guide tubes 100a, 100b are
substantially circular. In other embodiments, the cross-sections of the channels or guide
tubes can be different than illustrated in FIGURE 11D (e.g., either or both of the guide tubes
100a, 100b could be configured similar to any of the guide tubes schematically shown in
FIGS. 10A-10F or FIGS. 11A-11C). Also, in any embodiment, the cross-sections of the
channels or guide tubes can be different from each other (e.g.., the cross-section of the
channel 84a or the guide tube 100a can be different from the cross-section of the channel 84b
or the guide tube 100b). In the embodiment schematicaily -illustrated in FIGURE 11D, the
guide tubes 100a, 100b are disposed next to each other and are in contact. In some
““embodiments, the guide tubés can be arranged in a closely-packed configuration, whereas in
other embodiments, some or all of the guide tubes may be physicallif spaced from each other.
[0085] FIGURES 12A-12E and FIGURES 13A-13E include perspective views
(left-hand panel) and side views (right-hand panel) schematically illustrating various
embodiments of the impingement membér 110, which may be used to convert the liquid jet
60 into the spray 90. The impingement member 110 has an impingement surface 114 upon
which the liquid jet 60 can impinge during operation of the jet apparatus. The impingemént
surface 114 may, but need not, include a substantially flat section 118 that may be disposed
near the center of the impingement member 110 to intercept the jet 60 (see, e.g., FIGS. 124,
12B, 12E and FIGS. 13A, 13B, and 13E). The impingement surface 114 may, but need not,
include angled or curved sections 122 that angle or curve back toward the direction of the -
bncbming jet 60 (e.g., away from the distal end 104 of the guide tube) and which may help
direct some of the jet 60 (or the spray 90)' back towards the proximal end 106 of the opening
120 (see, e.g., the spray 90 schematically shown in FIGS 6A-6C). For example, FIGURE
12A (right-hand panel) schematically shows the jet 60 impinging on the substantially flat
section 118 of the impingement member 110 and liquid (e.g., jets or sprays) flowing in the
* directions indicated by arrows 82a. A possible advantage of re-directing the liquid back
toward the proximal end 106 of the opening 120 is that there may be a reduced ﬁkelihood that
pressurized liquid (e.g., jet or spray) enters the canal épaces 30. Although FIGURES 12A
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and 13A schematically examples of use in which the spray 90 is directed toward the proximal
end 106 of the opening 120 (see, e.g., the arrows 82a, 82b), the impingement surface 114 may
be configured to direct the spray away from the proximal end 106 of the opening 120. For
‘example, in other embodiments, the impingement surfaces 114 may have shapes generally
similar to the surfaces 114 shown in FIGURES 12A-12E and FIGURES 13A-13E but which
bulge away from the distal end 104 and toward the proximal end 106 of the opening 120
(e.g., portions of the surfaces 114 are convex rather than concave). Some such shapes may
direct the jet or spray toward the distal end 104 of the guide tube and may increase fluid
circulation within the pulp chamber 28 or the canal spaces 30.

[0086] The impingement surface 114 can have a variety of shapes, some of which
are depicted in the examples schematically shown in FIGURES 12A-12E and 13A-13E. The
impinge‘ment surfaces 114 of the embodiments in FIGURES 13A-13E may be generally
'similar to the corresponding embodiments shown in FIGURES 12A-12E, respectively. The
embodiments in FIGURES 13A-13E include an (optional) outer substantially flat surface
| 126, which may cause the re-directed liquid to flow along the directions indicated by arrows

8Avadue to, e.g., the Coanda effect (see, e.g., the right-hand panel of FIG. 13A).

[0087] In various embodiments, the vimpingement surface 114 may be
-substantially flat (see, e.g., FIGS. 12E, 13E). The impingement s_ufface 114 may include one
or more sections 122 that angle (see, e.g., FIGS 12A, 12D, 13A, 13E) or curve (see, e.g.,
- FIGS. 12B, 12C, 13B, 13C) back toward the oncoming jet 60 (e.g;, away from the distal end
104 of the guide tube). In some embodiments, the section 122 is formed at an angle in a
range from about 5 degrees to about 45 degrees, from about 10 degreeé to about 30 degrees,
from about 35 to about 60 degrees, about 60 degrees to about 80 degrees, or some other
rangé. In some embodiments, the section 122 is formed at an angle such as, e.g., about 40

degrees, about 45 degrees, about 50 degrees, or about 55 degrees. In some embodiments, the
| .curved section 122 corﬁprises a portion of a sphere, ovoid, ellipsoid, toroid, conic section, or
other curved surface. In FIGURES 12A-12D, and 13A-13D, the impihgem_ent surface 114 is
" con_cave‘ toward the oncoming jet, but in other embodiments, the impingement surface 114
fnay be convex (e.g., portions of the impingement surface 114 could exténd away from, rather

than toward, the distal end 104 of the guide tubé). In the embodiment shown in FIGURE
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13E, the outer substantially flat section 126 is raised above the substantially flat section 118.
The height of the raised section 126 may be selected to deflect the jet spray 90 away from the
| impingement surface 114 by a desired amount.

_ [0088] = The impingement member 110 may have a cross-sectional shape or size
that is the same as or different from the cross-sectional shape or size, respectively, of the
channel 84 or the guide tube 100. For example, in various embodiments the width of the
impingement plate 110 can be larger (or smaller) than the width of the channel 84 or the
width of the guide tube 100.

| [0089] . FIGURES 14A and 14B are a perspective view (FIG. 14A) and a top view
(FIG. 14B) schematically illustrating an embodiment of an impingement member 110
comprising blades 131 to assist forming a vortex flow or circulation in the fluid in the tooth
durlng freatment. In this embodiment, three curved blades 131 are substantially
symmetrically disposed around the impingement membér 110. In other embodiments, a
diffefent number of blades 131 can be used (e. g., one, two, four, or more), and the blades 130
~may be straight or may be shaped or curved differently than shown in FIGURES 14A and
14B. Arrows 132 indicate the di;éctioﬁ of the vortex flow or circulation that may be induced,
at least in part, by the blades 131, which in this case is counterclockwise (as seerilv from the
top view in FIG. 14B). In other embodiments‘, the blades 131 may be configured to produce a
clockwise vortex flow or circulation. In other embodiments, additionally or alternatively to
the blades 130, the impingement surface 114 may include grooves, ridges, or other features to
induce vorticity or circulation, or to otherwise modify the liquid flow or jet spray. In some
treatment methods, the distal end 104 of the guide tube 100 can be positioned off-center in
the tooth 10 to assist forming fluid circulation or vorticity. B
[0090] " FIGURES 15A-15C are side views of embodiments of impingemént
members 110 that include flexible portions 136 to assist inducing circulation into the fluid in
the tooth 10 during treatment. The flexible portions 136 may be relatively thin so thaé the
portions 136 can flex (as shown by arrows 138) as the jet impinges on the impingement
surface 114 and fluid. flows across the flexible portions 136. For example, it is believed,
although not required, that the jet entrains fluid as it propagates toward the impingement

surface 114 and, due to the variable nature of the fluid entrainment, the jet may not impinge
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at precisely the same location over time (e.g., the impingement point may oscillate across the
impingement surface 114). Therefore, the fluid flow past the flexible porﬁons 136 may also
be variable, vibratory, or oscillatory, and the flexible portions 136 fnay adjust their shapes
and positions in response to the resulting variable fluid forces. Flexure, vibration, or motion
of the flexible portions 136 therefore ‘may'aid the impingement member 110 in generating
fluid circulation or fluid agitation near the distal end 104 of the guide tube 100. In some
embodiments, the flexible portions 136 can be formed by laser machining, wire EDM cutting;
or injection molding. In the embodiment shown in FIGURE 15C, the flexible portions 136
comprise a flexible material (e.g., an elastomer) that can be attached or bonded to the
impingement member 110. | ‘
| [0091] FIGURES 16A and 16B are side views that schematically illustrate further ,
~~~—embodiments of the guide tube 100, which may assist in forming a variable fluid circulation
near the distal end 104 of the guide tube. As discussed above, variable entrainment of fluid
can cause the liquid jet 60 to oscillate slightly as it propagates near the distal end 104 of the
_guide tube 100. In the embodiment shown in FIGURE 16A, a plate 140 mounted on fulcrum
144 (e.g., via a ball-and-socket hinge) cén oscillate in directions indicated by arrows 142 as
~ the liquid jet 60 variably impinges on the plate 140. In the embodiment shown in FIGURE
16B, a ball 148 having a diameter slightly less than the diameter of the channel 84 is disposed
-on the impingement member 110. The ball 148 can oscillate and alter the direction and
characteristics of tﬁe spray 90 produced by impingement of the jet 60 onto the surface of the
 ball 148. | -

[0092] FIGURES 17A-17D schematically illustrate embodiments of an
impingemenf member 110 comprising a permeable material. FIGURE 17A is a side view
along the line A—A shown in FIGURE 17B. FIGURE 17C is a side view along the line C-C
shown in FIGURE 17D. In the embodiment of the impingement member 110 shown in
FIGURES 17A and 17B, a region 152 of ‘the impingemenf member 110 on which the jet 60
impinges comprises the permeable material. The permeable material may be at least partly
permeable to the liquid of the jet 60, which may allow some of the jet liquid to pass through
the material (schematically illustrated by arrows 60a) and some of the jet liquid to be

deflected (schematically illustrated by arrows 60b). It is believed, although not required, that
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jet liquid 60a that passes through the permeable matérial may help promote fluid circulation
or fluid agitation in the pulp cavity 26 during treatment.
[0093]  The permeable material may comprise mesh, screen, or a porous material.
In some implementations, the permeable material comprises one or more layers of a woven
metallic mesh. In some implementations, the permeable material is porous such as, e.g., a
“machined material comprising openings sized smaller than the cross-sectional size of the jet
which act to at least partially inhibit flow of the jet liquid through the porous material. In
various embodiments, some or all of the impingement member 110 may be formed from one
or more permeable materials. For example, FIGURES 17C and 17D depict an embodiment
in which sub_stantially all of the impingement member 110 comfn‘ises a woven mesh. |
[0094] FIGURE 18 1s a perspective view | schematically illustrating an
- ‘embodiment of a guide tube 100 comprising posts 160 disposed near the distal end 104 of the
guide tube 100. In the embodiment shown in FIGURE 18, the guide tube 100 can have three
posts 160 associated wfth three openings 120. In other embodiments, the guide tube 100 may -
comprise a different number of posts (and/or opénings), e.g., one, twb, four, five, six, or more
(see, .8, FIGS. 19A-19E and 20A-20E). Portions of the guide tube 100 ahd/or the posts. 160
can be formed by laser cutting, laser welding, metal injection molding, EDM, or other
fabrica'tibn techniques. For example, in some fabrication techniques, the openings 120 are
~ laser cut from the guide tube 100, thereby forming the posts 160. The posté 160 may extend
substantially from the proximal end 106 to the distal end 108 of the openings 120. The
impingement member 110 can be formed separately and attached to the body 130 of the guide
‘tube 100 or can be formed integrally with the guide tube 100 (e.g., during metal injection
molding of the guide tube). |
[0095] The sizé, cross-sectional shape, orientation, and/or angular position of the
posts 160 can be different than shown in FIGURE 18. For example, each of FIGURES 19A-
19E includes a perspective view (upper figure) and a cross-section view (lower figure), taken
along the line 19-19 of the upper figure, schematically illustrating an alternate embodimenf of
a guide tube 100 comprising posts 1.60. The posts 160 can have cross—sectionai shapes that
are circular, polygonal, arcuate, wedge-shaped, etc. In any particular embodiment of the

guide tube 100, one (or more) of the posts 160 can be sized, shaped, or oriented differently -
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from one (or more) other posts 160. One or more of the posts 160 may be curved and/or
angled (see, e.g., FIG. 19C) which may help induce vorticity or fluid circulation in the fluid
surrounding the distal end 104 of the guide tube 100. '

[0096]  The size, shape, orientation, and/or angular distribution of the posts 160

(or the size, shape, orientation, and/or angular distribution of the openings 120) can be used
| to, at least in part, control the angular distribution of the spray 90 produced when the liquid
jet 60 impinges.on the impingement plate 110. For example, by suitably configuring the
posts 160 and/or the openings 120, the angular distribution of the spray (as viewed from the
direction of the liquid jet 60) can be made to have a desired angﬁlar pattern, be made to be
approximately symmetric (e.g., having two-, three-, four-, or higher-order rotational
symmetry about the jet axis), be made to be non—synimetric, or be made to have some other
~angular distribution about the jet axis.

[0097] FIGURES 20A-20E are top views$ that schematically illustrate some
possible examples of distributions of the spray 90 that can be produced by various
embodiments of guide tubes comprising posts 160 and/or openings 120. In .certain
implementations, the spray 90 can exit the guide tube 100 through the opening(s) 120, or,
 alternatively, be thought of as being substantially blocked by the posts 160. A desired
angular width of the spray 90 can be selected by suitably selecting the angular size of the
post(s) 160 (and/or the opening_(_s) 120). For example, the angular width of the spray may be
about 360 degrees to provide spray to substantially all regions surrounding the distal end 58
of the guide tube 100. In other embodiments, the angular width of a spray may be about 270
degrees, about 180 degrees, about 120 degrees, about 90 degrees, about 60 degrees, about 45
degrees, about 30 degrees, about 20 degrees, or about 10 degrees. Sprays having relatively
narrow angular widths (e.g., about 10 degrees to about 30 degrees) may be used to direct
energy of the jet or spray toward a desired location in or near a tooth. In various
embodiments, the angular width of a spray may be in a range from about 30 degrees to about
- 60 degrees, about 45 degrees to about 90 degrees, about 100 degrees to about 145 degrees,
about 120 degrees to about 240 degrees, or some other range.

[0098] In FIGURES 20A-20E, spray. is schemaﬁcally represented by outwardly-
pointing arrows. FIGURE 20A schematic_ally illustrates one post 160 and one opening 120,
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with the spray 90 being directed through the opening 120 substantially toward one side of the
guide tube 100 (e.g., toward the top of FIG. 20A). FIGURE 20B schematically illustrates
two posts 160a, 160b and two openings 120a, 120b that are spaced about 180 degrees apart to
provide a spray 90 having two-fold rotational symmetry about the jet (or guide tube or
channel) axis. FIGURES ZQC and 20D schematically three posts 160a-160c and three
openings 120a-120c. In FIGURE 20C, the posts 160a-160c and the openings 120a-120c are
spaced substantially symmetrically to produce a spray haVing substantially three-fold
rotational symmetry. In FIGURE 20D, the posts 160a, 160b are positioned closer to the post
160c (e.g., the angular width of the opening 120a is larger than the angular widths of the
openings 120b, 120c) so that more of the liquid is deflected to the spray 90a 'théin the sprays
90b, 90c. In FIGURE 20E, four posts 160a-160d and- four openings 120a-120d are used to
provide a spray 90a-90d having substantially four-fold rotational symmetry. In other
embodiments, the post(s) 160 and/or the opening(s) 120 can be configured differently than
~ shown in FIGURES 20A-20E to produce a spray 90 having desired characteristics.

[0099]} In many of the guide tube embodiments described herein, the impingement
member 110 can be oriented approximately perpendicularly with respect to the longitudinal
axis 80 along which the jet 60 prdpagate‘s (or to the longitudinal axis 86 of the channel 84 or
 the longitudinal axis of the guide tube 100). In other embodiments, the impingement member
110 can be oriented at an angle that is non-perpendicular with respect to the longitudinai éxis
80 along which the jet 60 propagates (or to the longitudinal axis 86 of the channel 84 or the
longitudinal axis of the guide tube 100). For example, FIGURE 21A is a side view that
shows an embodiment of a guide tube 100 having an impingement member 110 that is not
- oriented »perpendicular‘to the axis 80 of the liquid jet 60 (which in this example propagates
along the channel axis 86 and the guide tube axis). Any of the embodiments of impingement
members 110 described herein (including, but not limited to, the impingement members
shown in FIGS. 12A-17D) can be oriented non-perpendicularly to the jet, channel, or guide
tube axis. The orientation of the impingement member 110 may be used to direct or deflect
."the spray toward desired locations (e.g., away from canal spaces during treatment) or to assist

providing a desired fluid circulation or agitation in the tooth during treatment.
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[0100] FIGURE 21B is a side view that schematically illustrates an angle 6 that
may be used to describe an orientation of the impingement member 110 with respect to the
guide tube 100. In FIGURE 21B, the angle 0 is defined between the jet axis 80, the channel
axis 86, or the guide tube axis (not labeled in FIG. 21 B, but collinear with the channel axis
86 in this example) and a normal 180 to the impingement member 110. For guide tubes 100
in which the angle 6 is about zero degrees, the impingement member 110 is approximately
perpendicular fo the jet, channel, or guide tube axis, as appfopriate. In the example shown in
FIGURE 21B, the angle 6 is positive when the impingement member 110 is angled away
from the proximal end 106 of the opening 120 (e.g., angled downward as shown in FIG.
21B), and the angle 0 is negative when the impingement member 110 is angled toward the
proximial end 106 of the opening 120 (e.g., upward in FIG. 21B). When the angle 0 is
positive, the spray 90 will tend to be deflected away from the distal end 104 of the guide tube
100 (sée, e.g., the example schematically shown in FIG. 21A). When the angle 8 is negative,

\ the spray 90 will ténd to be deflected toward the distal end 104 of the guide tube 100. In
various embodiments, either positive Qalues or_negative,Values of the angle 68 may be utilized
“to tend to direct the spray 90 away from or toward, respectively, the distal end 104 of the
guide tube 100. The absolute magnitude of the angle 6 may be about 0 degrees, about 10
degrees, about 20 degrees, aboilt 30 degrees, about 45 degrees, about 50 degrees, about 60
degrees, about 70 degrees, or about 80 degrees. In various embodiments, the absolute
magnitude of the angle 8 may be in a range from about 0 degrees to about 80 degrees, about
20 degrees to about 60 degrees, about 30 degrees to about 50 degrees, or some other range.
-In some embodiments, the angle 6 can be adju.stable by an operator and may be set or
changed to a desired angle prior to (or during) dental treatment. | |
[0101] FIGURE 21C is a side view that shows an embodiment of a guide tube
~ 100 comprising a curved impingement member 110. In this example, the impingement
.member 110 is shaped as an arcuate flap that extends away from the proximal end 106 of the
opening 120. The curvature of the impingement member 110 may be selected to provide a
desired direction or distribution of the spray 90. In some embodiments, two, three, four or

more curved impingement members can be used.
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[0102] FIGURES 22A-22C are cross-section views schematically illustrating
embodiments of handpieces 50 comprising nozzles 64 that are not oriented perpendicular to

- the axis 86 of the channel 84 in the guide tube 100 or the axis of the guide tube 100. In

- FIGURES 22A-22C, the nozzle 64 is disposed toward the distal end 58 of the guide tube 100.

The nozzle 64 can be angled such that the liquid jet 60 emitted from the orifice 66 of the
nozzle 64 propagates along a jet axis 80 that forms an angle with respect to the longitudinal
axis 86 of the channel 84. The angle may be about 0 degrees (e.g., the jet 60 is emitted
substantially along the channel axis 86), about 10 degrees, about 20 degrees, about 30
- degrees, about 45 degrees, about 50 degrees, about 60 degrees, about 70 degrees, about 80
degrees, or about 90 degrees. In various embodiments, the angle may be in a range from

about 0 degrees to about 80 degrees, about 20 degrees to about 60 degrees, about 30 degrees

~t5 about 50 degrees, about 50 degrees to about 90 degrees, or some other range. In some

embodiments, the angle can be adjustable by an operator and may be set or changed to a
desired angle prior to (or during) dental treatment. In some embodiments, the guide tube 100
comprises an opening through which the jAef 60 from the nozzle 64 exits the guide tube. In
some embodimenté, the nozzle 64 (or muitiple nozzles or orifices) may be formed in or on a
side wallllof the guide tube 100. In some such embodiments, one (or more) jets, beams, or
sprays may be delivered from such nozzles or openings. In some such cases, the jets, beams,
. or sprays are delivered at angles that ére approximately perpendicular to the longitudinal axis
of the guide tube 100 or channel 84. In other such cases, one or more nozzles 64 dr orifices
66 in the side wall of the guide tube 100 can be oriented toward the distal end 104 of the
guide tube 100 (e.g., to direct the jet, beém, or spray toward the distal end 104) and/or can be
oriented toward the proximal end 102 of the guide tube 100 (e.g., to direct the jet, beam, or
. spray toward the proximal end 102). |

| [0103] In the embodiment shown in FIGURE 22A, the impingement member 110
comprises an outer tube 100a that is disposed around a distal end of an iﬁner tube 100b. As
the jet 60 exits the angled nozzle 64, the jet 60 impacts an inner surface of the outer tube
100a and is deflected into the spray 90. In the embodiments shown in FIGURES 22B and
22C, the impingement member 110 compriseé‘one or more flaps, plates, or structures 110a,

110b upon which the jet 60 can impinge and be deflected into the spray 90. The size, shape,
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oriehtation, and/or arrangement of the flaps, plates, or structures can be selected to provide a
desired direction or distribution of the spray 90. |

[0104] FIGURE 23 schematically illustrates an embodiment of a handpiece 50
, -comprising a liquid flow tube 200 configured to provide a stream of liquid to a tooth location.
FIGURE 23 is a partial cutaway view in which the flow tube 200 is cutaway to show the
guide tube 100 disposed in the flow tube. In the illustrated embodiment, the flow tube 200 is
disposed around the guide tube 100, and the stream of liquid flows in a channel 204 between
an outer surface 208 of the guide tube 100 and an inner surface 206 of the flow tube 200.
The stream of liquid may increase the amouht of fluid or induce additional circulation in the
pulp cavity 26 during treatment. The stream of liquid may also reduce or prevent

introduction of air into the pulp cav1ty 26 during treatment. The liquid provided by the flow

Ttube 200 may, but need not, be dlfferent from the liquid used for the jet 60.  The handpiece

50 may be configured so that an operator can provide the stream of liquid from the flow tube
200 additionally or alternatively to the jet 60. In some treatments, the flow tube 200 can be
used to provide an antiseptic or antibiotic solution (e.g., a bleach such as sodium
hypochlorite), a solution with chemicals or medications, or some other liquid. In other
embodiments, the flow tube 200 can be diéposed adjacent the guide fube 100 or multiple flow
tubes 200 cén be used. In some embodiments, additionally or alternatively to the flow tube
| 200, a stream of liquid can be provided along the channel 84 of the guide tube 100 ,

[0105] FIGURES 24A-24F are cross-section views schematically illustrating
embodiments of guide tubes 100 having a variety of configurations at the distal end 104 of
the guide tube 100. FIGURES 24A and 24B schematically illustrate guide tube embodiments
in which the distance between the impingement surface 114 and a distal-most surface 114a of
the -of the impingement member 110 is different. - This distance can act to separate the
impingement surface 114 from the floor of the pulp chamber 28 or the canal spaces 30 and
« may reduce the likelih_ood fhat duﬂng treatment an operator will position the impingement
| surface 114 too close to the floor or canal spaces. One or more portions of the distal-most
surfacé 114a (or other surfaces near the disfa_l end 104) may be substantially flat (see, e.g.,
FIGS 22A-22B), curved (e.g., partially spherical or elliptical; see, e.g., FIG. 22E), conical or
pyramidal (see, e.g., FIGS. 22D, 22F), or textured, roughened, or irregular (see, e.g., FIG.
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22C). The distal-most surface 114a may include a tip 116 (see, e.g., FIGS. 22D, 22E), which
may be rounded or sharp. Texturing or a tip on the surface 114a may assist the operator in
positioning the distal end 104 of the guide tube 100 at or near a desired location in or on a
tooth.

[0106] In some implementations, the impingement surface 114 (or other surfaces
of the guide tube) may be coated with one or more substances that resists degradation of the
surface 114 under the influence of, e.g., fluid stresses from impingement of the jet 60,
cavitation near the distal end 104 of the guide tube 100, and so forth. In some such
implementations, the impingement member 110 can be formed from a material that is
relatively easy to shape, machine, mold, or form but Which may tend to wear under the
impingement stresses or cavitaﬁon. The coating may advantageously protect such materiél.

“".“"On'e or more coatings may be applied to the impingement surface 114a (or other surfaces of
the guide tube). Methods including, e.g., plating, chemical solution deposition (CSD),
chemical - vapor deposiﬁon (CVD), plasma enhanced CVD, sputtering, pulsed laser
deposition, cathodic arc deposition (ar_c-PVC), or physical vapor deposition '(PVD) can be
used fo form the coating(s). |

[0107] In some embodiments, the coating can be about 1 to about 7 micron thick,
and in some instances (e.g., PVD), may comprise different alloys depending on‘th'e amount of

- wear resistance desired. For example, the alloys may include titanium nitride (TiN), titanivm

carbon nitride (TiCN), titanium aluminum nitride (TiAIN), aluminum titanium nitride
(AITiN), titanium aluminum silicon nitride (TiAlSiN), zirconium nitride (ZrN), chromium
nitride (CrN), or aluminum chromium nitride (AICrN). Coatings can include materials such
as nickel titanium (NiTi) or diamond. In some cas‘es‘, a coating comprising one or fnore of
these alloys may bevabIe to increase the surface hardness of the impinge'men_t surface to be in
a range from about 1500 HV to about 3500 HV (HV is the Vickers pyramid number) in
hardness on the Vickers scale. In other cases the coating may have a hardness in a range
from about 500 HV to about 1000 HV, from about 10003 HV to about 4000 HV, or some
“other range. | a V

[0108] In one  implementation, the impingement member 110 and the

. impingement surface 114 are machined and laser manufactured out of 301 stainless steel in
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the full hard condition (e.g., w_ith a hardness of about 44 HRC oﬁ the Rockwell scale, which
is approximately 434 HV on the Vickers scale). The impingement surface 114 is then coated
- with a 1.5 micron thick layer of AlTiN via PVD. In various embodiments, some or all of the
guide tube 100 can be formed from stainless steel (e.g., austentic or 300 series stainless steel,
ferritic or martensitic stainless steel), carbon steel, titanium, or nickel. In some embodiments,
| the guide tube 100 is formed from INCONEL® available from Special Metals Corporation,
New Hartford, New York, forv example, INCONEL 625 or INCONEL 750 X. Further
examples of materials that can be used for embodiments of the guide tube 100 include, but
are not limited to, Zirconié YTZB, cobalt alloys such as, e.g., CoCrWNi or CoCrMo MP35N,
stellite alloys such as, e.g., STELLITE® 33 available from Deloro Stellite, Goshen, Indiana,
HASTELLOY® alloys available from Haynes International, Inc., Kokomo, Indiana,
“graphene, diamond, silicon nitride, nano-particulated stainless s'teelé, nanocrystalline alloys
such as, e.g.,, NANOVATE®, available from Integran, Pittsburgh, Pennsylvania, ceramics,
and so forth. In some embodiments, other materials may be used such as, for example, rigid
. polymeric materials, carbon nanotubes,v boron fiber composite tubes, tungsten fiber composite
tubes, etc. In some implementations, the material can comprise fibers embedded in rigid
polymeric materials and/or metals. Other materials include metal-matrix compoéites and/or -
ceramic-metal composites. In some'embodiments, different portions of the guide tube 100
are formed from different materials and/or from combinations of any of the above materials.
[0109] FIGURE 25 schematically illustrates use of a handpiece 50 during a dental
tfeatment such as, e.g., a root canal procedure. A drill or grinding tool can initially be used to
make an opening (not shown in FIG. 25) in the tooth 10. The opening may extend through
the enamel 22 and the dentin 20 to expose and provide access to pulp in the pulp cavity 26.
The opening may be made in a top po_ﬁion of the crown 12 of the tooth 10 or in another
portion such as a side of the crown 12 or in the root 16 below the gum 14. The opening may
be sized and shaped as needed to provide suitable access to the diseased pulp and/or some or
all of the canal spaces 30. The handpiece 50 may be used to deliver a jet 60 of liquid to a
portion of the tooth 10 such as,. e.g., the pulp cavity 26. The jet 60 advantageously may, but

need not, be a CC jet. In some treatment methods, the operator can maneuver the handpiece
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50 to direct the jet 60 (or the spray 90) around the pulp chamber 28,.if desired during the
treatment process. ’

[0110]  The handpiece 50 may comprise any of the embodiments of the
handpieces 50 described herein. The handpiece 50 may comprisé any of the guide tubes 100
or other structures, elements, or features described herein (e.g., the impingement member
100, the opening 120; the flow tube 200, etc.) in any suitable combination. As some non-
'limi.ting‘ examf)les, any of the embodiments of the handpieces 50 shown and described with
reference to FIGURES 3, 4, 4A, 6, 7A-7B, 9A-9C, 21A-21B, 22A-22C, 23, or 25 can be used
with any of the embodiments of the guide tubes 100 shown and described yvith reference to
the foregoing figures and/or to FIGURES 8A-8C, 10A-10F, ilA-llD, 16A-16B, 18, 19A-
19E, and/or 24A-24F. Also, any of the embodiments of the guide tubes 100 de‘scribed with
- —reference to the foregoing figures may utilize the impingement members 110 shown and

described with reference to. the foregoing figures and/or to FIGURES 12A-12E, 13A-13E,
14A-14B, 15A-15C, 17A-17D, and/or 20A-20E. '
[0111] The handpiece 50 can be positioned by an operator so that the distal end
104 of the guide tube 100 is disposed at a desired location in, on, or near the tooth 10 or a
tooth surface (e.g., a dentinal surface). For example, the distal end 104 of the guide tube 100
may be disposed in the pulp cavity 26 of the tooth. The handpiece 50 can be used to provide
a high—veloéity liquid beam. (e.g., a CC jet in some treatments) that may generate a pressure
wave that can propagate through the tooth 10 or root canal system 30 and can detach organic
matérial from the tooth 10 or dentinal surfaces. The liquid beam and/or the pressure wave
may cause of increase the efficacy of various effects that may occur in the tooth including,
but not limited to, acoustic cavitation (e.g., bubble formation and collapse, microjet
formation), fluid agitation, fluid circﬁlation, sonoporation, sonochemistry, and so forth. In
" some treatment, méthods, submersing the distal end 104 of the guide tube 100 in fluid in the
footh 10 under treatment may increase the efficacy of some or all of the foregoing effects,
which may lead to effective cleaning of the root canal spaces 30. In certain treatment |
methods, the nozzle 64 may be disposed toward the distal end 104 of the guide tube 100 so
that the orifice 66 of the nozzle 64 is submersed in fluid in the tooth under treatment. In

certain such embodiments, the liquid jet emérging from the orifice 66 is delivered in a fluid,
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rather than air, environment and may, in some cases, provide an acoustic field that may be
larger than an acoustic field obtainable from a liquid jet formed in an air environment that
subsequenﬂy impacts fluid-in the tooth. _

[0112] Optionally, a flow restrictor 210 can be dispbsed at the distal end 58 of the
handpiece 50. In some treatment methods, the flow restrictor 210 can be used to inhibit
backflow of fluid from the tooth under treatment. For example, the flow restrictor 210 may
inhibit backflow of fluid out of an opening in the tooth 10. The flow restrictor 210 can be

~substantially cylindrical and can substantially surround the guide tube 100. The flow
restrictor 210 may be configured to contact a portion of the tooth 10 during the dental
treatment. In some cases, the flow restrictor 210 is disposed loosely around the guide tube
100. The flow restrictor 210 may be remova‘bly attached to the guide tube 100 in somé cases.
~—The flow restrictor 210" can be configured to conform to the crown of the tooth 30 under
 treatment. The flow restrictor 210 may help to contain fluid or reduce or inhibit backflow of
liquid that emanates from the distal end 104 of the guide tube 100 (e.g., jet or spray from the
opening 120), liquid that is delivered into the tooth from a flow tube 200 (if used), fluid
within the pulp cavity, and so forth. The flow restrictor 210 can be configured such that jet
§r spray that emerges from the opening 120 (or liquid from other sources such as, e.g., the
flow tube 200) is sufficiently retained within the pulp cavity 26 so that the distal end 104 of
the guide tube 100 may be contained or submersed in the fluid. The opening 120 of the guide
tube 100 can be contained or submersed in fluid in the tooth 10. For example, both the
proximal end 106 and the distal end 108 of the opening 120 can be contained in fluid in the
tooth, e.g., for a lower tooth 10, both the proximal end 106 and the distal end 108 of the
. opening 120 can be submersed below the level of fluid in the tooth. In some treatment
methods, the guide tube 100 may be disposed in a tooth cavity such that only a portion of the
| opening 120 is contained within fluid (e.g., one of the proxfmal end 106 or the distal end 108
is contained in fluid). It is believed (although not required) that treatment rhethods utilizing a
flow restrictor 219 may improve the opportunities for cavitation and pressures waves to be
formed in the tooth 30. The flow restrictor 210 can be configured such that the liquid
émerging from the opening 120 of the guide tube 100 is not substantially impeded by the

flow restrictor 210. For example, the distal surface of the flow restrictor 210 may not extend
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~to or beyond the proximal end 106 of the opening 120. In some treatment methods, the flow
restriétor 210 is applied to the tooth 10, and the handpiece 50 is then maneuvered into.
position near the tooth 10.

[0113] In certain treatment methods, the flow restrictor 210 rriay, but does not
need to, substantially seal the opening to a cavity in the tooth 10 such that thé cavity is
subsfantially water tight. For example, in certain treatment methods, the flow restrictor 210
inhibits back flow of fluid out of the cavity but needlnot prevent all fluid outflow from the
tooth 10. For example, in some treatment methods, one or more olpenings may be formed in
the tooth (e.g., via drilling) to allow some fluid to flow out of the cavity in the tooth 10, and
the restrictor 210 can be used to reduce or prevent fluid backflow out of other opening(s)
(e.g.,a coronél access opening). ‘

[0114] In some embodiments, the flow restrictor 210 is formed from a material
fhat is not adversely affected by chemicals or irrigation solutioﬁs such as, e.g., sodium
hypochlorite, used during root canal procedures. The flow restrictor 210 may comprise any
suitable porous and/or absorbent material (or materials) such as, e.g., a sponge. For examplé,
- the flow restrictor 210 may comprise a porous material (e.g., elastomeric, plastic, rubber,
cellulose, fabric, foam, etc.) that can at least partially absorb liquid. The flow restrictor
~ material may bé deformable and may be capable of deforming to contours of tooth surfaces.
In some embodiments, the flow restrictor 210 comprises a material having a density in a
range from about 1 to about 1000 kvg/m3 , or in a range of about 10 to about 100 kg/m®. The
flow restrictor 210 can have a tensile strength in a range from about 1 kPa to about 3000 kPa
or in a range of about 50 kPa to about 400 kPa. The flow restricto: 210 can have an ultimate
elongation in a range of about 5% to about 800% or in a range of about 50% to abou’; 220%.
In some embodiments, the flow restrictor 210 comprises cells and can have a visual cell
- count in a range of ab.out 1 to about 250/cin or in a range from about 10 to about.40/cm.
‘Material used for the foam may compﬁse an ester or another type of foam.

[0115] Although the tooth 10 schematically depicted in some of the figures is a
molar, the procedures may be performed on any type of tooth such as an incisor, a canine, a
bicuspid, or a molar. Also, the disclosed apparatus and methods are capable of treating root

canal spaces having a wide range of morphologies, including highly curved root canal spaces.
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Moreover, the disclosed apparatus and methods may be applied to human teeth (including
juvenile teeth) and/or on animal teeth.

[0116] Reference throughout this specification to “some embodiments” or “an
uémbodiment” means that a particular feature, structure, element, act, or characteristic
described in connection with the embodiment is included in at least one embodiment. Thus,
appearances of the phrases “in some embodiments” or “in an embodiment” in various places -
throughout this specification are not necessarily all referring to the same embodiment and
may refer to one or more of the same or different embodiments. Furthermore, the particular

features, structures, elements, acts, or characteristics may be combined in any suitable

. manner, as would be apparent to one of ordinary skill in the art from this disclosure, in one or

more embodiments. Further, in various embodiments, features, structures, elements, acts, or

“*c}raracteris't‘ics can be combined, merged, fearranged, reordered, or left out altogether. Thus,

no single feature, structure, element, act, or characteristic or group of features, structures,
elements, acts, or characteristics is necéssary or required for each embodiment. All possible
combinations and subcombinations are intended to fall within the scope of this disclosure.
[0117] = As used in this application, the terms “éomprising,” “including,” “having,”
and the like are synonymous and are uéed inclusively, in an open-ended fashion, and do not
eXclude additional elements, features, acts, operations,l and so forth. Also, the term “or” is
vsed in its inclusive sense I(and not in its exclusive sense) so that when used, for example, to
connect é list of elements, the term “or” means one, some, or all of the elements in the list.
0118} Similarly, it should be appreciated that in the above description of
embodiments, various features are sometimes grouped together 'in a single embodiment,
'ﬁgure, or description thereof for the purpose of streamlining the disclosure and aiding in the
-understanding of one or more of the various inventive aspects. This method of disclosure,
however, is not to be interpreted as reflecting an intention that any claim require more
features than are expressly recited in that claim. Rather, inventive aspects lie in a
combination of fewer than all features of any single foregoing disclosed embodiment.

- [0119] The foregoing description sets forth various example embodiments and

other illustrative, but non-limiting, embodiments of the inventions disclosed herein. The

- description provides details regarding combinations, modes, and uses of the disclosed
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.inventions.  Other variations, combinations, modifications, equivalents, modes, uses,
implementations, and/or applications of the disclosed features and aspects of the
emBod_iments are also within the scope of this disclosure, including those that become
apparent to those of skill in the art upon reading this specification. Additionally, certain
objects and advantages of the inventions are described herein. It is to be understood that not
necessarily all such objects or advantages may be achieved in any particular embodiment.
Thus, for example, those skilled in the art will recognize that the inventions may be
embodied or carried out in a manner that achieves or optimizes one advantage or group of
advantages as taught herein without necessarily achieving ovther objects or advantages as may
be taught or suggested herein. Also, in any method or process disclosed herein, the acts or
operations making up the method or process may be performed in any suitable sequence and

~-are-not necessarily limited to any particular disclosed sequence.
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WHAT IS CLAIMED IS:

1. A dental instrument comprising;:
| a positioning member having a channel configured to deliver a high-velocity '
liquid jet to a cavity in a tooth, the positioning member having a proximal end portion
and a distal end portion, the distal end portion configured to direct the liquid jet into
the cavity in the tooth; and
a backflow restrictor configured to be applied to the tooth and to inhibit
backflow of fluid out'of an opening in the tooth during operation of the liquid jet, at
least a portion of the backflow restrictor disposed between the proximal end portion
and the distal end portion of the positioning member.

2. The dental instrument of Claim 1, wherein the positioning member comprises

~anelongated member having a longitudinal axis.

3. The dental instrument of Claim 2, wherein at least a portion of the elongated
member has a cross-section perpendicular to the longitudinal axis that is substantially circular
or substantially polygbnal.

4. . The dental instrument of Claim 2; wherein the elongated member is
substantially straight between the proximal end portion and the distal end portion.

5. | The dental instrument of Claim 2, wherein the channel has a channel axis, and
the channel axis is substantially parallel to the longitudinal axis of the elongated mémber.

6. . The dental instrument of Claim 5, wherein the high-velocity liquid jet
propagatés along a jet axis, the jet axis substantially parallel to the channel axis or the
longitudinal axis of the elongated member.

7. The dental instrument of Claim 1, further comprising a nozzle configured to
output a high-velocity liquid jet.

8. The dental instrument of Claim 7, wherein the nozzle comprises a proximal
surface and a distal surface, the nozzle further compﬁsing an orifice extending from the

. proximal surface to the distal surface and comprising at least one side wall, the orifice having
a width, wherein at least one of the proximal surfacé, the distal surface, or the side wall has a

surface roughness less than about 0.01 times the width of the orifice.
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9. The dental instrument of Claim 8, wherein the orifice has a corner disposed
between the side wall and the proximal surface, and a ratio of a curvature of the corner to the
- width of the orifice is less than about 0.1.

10.  The dental instrument of Claim 8, wherein the orifice has a length between the
proximal surface and the distal surface, and the ratio of the length to the width of the orifice
is less than about 4.

11.  The dental instrument of Claim 7, wherein the nozzle is disposed in the
proximal end portion of the positioning member.

12.  The dental instrument of Claim 7, wherein the nozzle is disposed in the distal
end portion of the pbsitioning member. |

13. The dental instrument of Claim 7, wherein the channel has a channel axis, and
~the nozzle is disposed in the positioning member at a non-zero angle to the ’c‘hanriel axis.

14. The dental instrument of Claim 7, wherein the channel has a channel axis, and
the nozzle is configured to output the high-velocity liquid jet at an angle to the channel axis.

15.  The dental instrumént of Claim 1, whefein the distal end portion of the
positioning member comprises an impingement member having an impingement sﬁrface, the
instrument configured such that the high-velocity liqﬁid jet impacts the.impingement surface
during operation of fhe high-veloéity liquid jet. |

16. | The dental instrument of Claim 15, wherein the impingement member 'is
oriented at a non-zero angle to a channel axis of the channel or a longitudinai axis of the
positioning member.

17.  The dental instrument of Claim 15, wherein the impingezment surface of the
impingement member is concave.

18.  The dental instrument of Claim 15, wherein the impingemenf surface of the
impingement member is convex. ,

19. The dental instrument of Claim 15, wherein the impingement surface of the
impingement member comprises one or more angled or curved portions

20.  The dental instrument of Claim 19, wherein the one or more angled or curved
portions of the impingeﬁlent surface are configured to at least partially direct at least a -

portion of the liquid jet toward the proximal end portion of the positioning member.
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21.  The dental instrument of Claim 19, wherein the one or more angled or curved
. portions of the impingement surface are conﬁgured to at least partially direct at least a
portion of the liquid jet away from the proximal end portion of the positioning member.

22.  The dental instrument of Claim 19, wherein the one or more angled or curved
portions of the impingement surface are configured to impart vorticity or circulation to at
least a portion of the liquid jet that impacts the impingement surface.

23.  The dental instrument of Claim 15, wherein the impingement member is
configured to produce a spray of liquid upon impact of the liquid jet.

24.  The dental instrument of Claim 23, wherein the spray of liquid comprises a
first spray directed in a first direction and a second spray directed in a second direction, the
' éecon(_i direction substantially different from the first direction.
~25.  The dental instrument of Claim 15, wherein the impingement member
comprises one or more flexible members. '

26.  The dental instrument of Claim 15, wherein at least a portion of the
impingement member comprises a material that is at least partially permeable to the liquid
jet. _ » ‘

27. The dental instrument of Claim 26, wherein the material that is at least
partially permeable to the liquid jet comprises mesh.

28.  The dental instrument of Claim 15, wherein the distal end portion of the
positionirig member comprises one or more openings configured to allow output of liquid
from the liqﬁid jet after impact with the impingement surface. |

29.  The dental instrument of Claim 1, wherein the distal end portion of the
positioning member corhpn'ses a pointed, rounded, or textured region.

30.  The dental instrument of Claim 1, further comprising a flow tube configured
to deliver a low-velocity stream of fluid to the cavity in a tooth.

31.  The dental instrument of Claim 30, wherein the positioning member is at least
partially disposed in the flow tube.

| 32.  The dental instrument of Claim 1, wherein the backflow restrictor is disposed

substantially around the positioning member.
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33.  The dental instrument of Claim 1, wherein at least a portibn of the backflow
restrictor is disposed in or along the proximal end portion of the positioning member.

34.  The dental vinstrument of Claim 1, wherein the backflow restrictor comprises a
material that is at least partially porous or at least partially absorbent.

35.  The dental instrument of Claim 1, wherein the backflow restrictor comprises a
material that is capable of deforming to contours of the tooth.

36. - The dental instrument of Claim 1, wherein the positioning member is
| configured to be coupled to a handpie‘ce positionable by an operator of the dental instrument.

37.  The dental instrument of Claim 36, further comprising the handpiece.

38. A method for treatment of a root canal of a tooth, the method comprising:

disposing an impingement member having an impingement surface, separate
from a tooth, in a cavity in the footh; |

generating a high-velocity, coherent, collimated liquid jet; |

directing the jet through air toward the cavity such that liquid enters the cavity
in the tooth and fills at least a substantial portion of the cavity;

. impécting the jet on the impingement surface; and

passing the jet through at least a portion of the liquid filling the at leaét a
substantial portion of the cavity prior to said impacting. |

39.  The method of Clairh 38, wherein generating the high-velocity, cohefent,
collimated liquid jet comprises generating a jet having velocities that are subStantially
constant across a width of the jet. | |

~ 40.  The method of Claim 38, wherein directing the jet thrdugh air comprises
directing the jet through an enclosure substantially surrounding the jet.

41.  The method of Claim 40, wherein a distal end of the enclosure comprises the

.impingement member.

42.  The method of Claim 38, wherein disposing the impingement member
comprises positioning at least some of the impingement surface in the portion of the liquid
filling the at least a substantial portion of the cavity.

43.  The method of Claim 38, further comprising disposing near an obening to the
tooth a ‘backﬂow restrictor that is configured to inhibit backflow of fluid out of the opening.
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44. A method for treatment of a root canal in a tooth, the method comprising:
generating a high-velocity liquid beam with a nozzle disposed in an interior of -
~ atooth; and _ |
impacting an impingement surface disposed in a fluid environment located in
the interior of the tooth with the high-velocity liquid beam. 4
45.  The method of Claim 44, wherein generating the high-velocity liquid beam
coniprises generating a high-velocity, coherent, collimated liquid jet.
46.  The method of Claim 44, further comprising passing at least a portion of the
high-velocity liquid beam through the fluid environment prior to said impacting.
47.  The method of Claim 46, wherein the at least a portion of the high-velocity
liquid beam comprises substahtially all the high-velocity liquid beam.
' 48.  The method of _Claifn 44, furthér comprising disposing the nozzle in the
interior of the tooth such that the nozzle is at least partially disposed in the fluid environment.
49.  The method of Claim 48, wherein generating the high-velocity liquid beam
occurs after the nozzle is at least partially disposed in the fluid environment.
50.  The method of Claim 44, further comprising disposing near an opening to the
tooth a backflow restrictor that is configured to inhibit backflow of fluid out of the opening.
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