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(57) Abstract: A dental curing light for curing a light-cure synthetic com -
posite material used i dentistry 1s described. The dental curing light 1n-

cludes a hand-held curing light instrument having a curing light source, and
a light conducting tip detachably mounted to the hand-held curing light in-

strument. The light conducting tip has an mput end, removably engaged to
R the hand-held curing light mmstrument and receiving light from the curing
| light source, and a remote output end, emitting the curing light therefrom.
The light conducting tip has a tlexible tubular body extending between the
mput and output ends, and includes at least a light conducting mnner core
and a radially outer metallic body surrounding the light conducting inner
core. The light conducting mner core forms a flexible optical waveguide.
The outer metallic body i1s flexible and plastically deformable such that the
outer metallic body, and therefore the light conducting tip, retains a given
curved shape until repositioned by a user.
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DENTAL CURING LIGHT WITH FLEXIBLE TIP

TECHNICAL FIELD

[0001] The present disclosure relates generally to medical devices, and more

particularly to instruments for conducting dental procedures.

BACKGROUND

[0002] Composite resins are often used in dentistry applications and procedures, for
example as restorative material or adhesives. Such composite resins are often
synthetic resins, which became popular for use as restorative materials because of
favourable properties such as insolubility, ease of manipulation, etc. Synthetic resins
which are “light cured” are also now relatively common. These light-cured synthetic

resin-based composites are typically cured using a dental curing light.

[0003] Several different types of dental curing lights exist. All of such known dental
curing lights are used to polymerize light-cured synthetic resin-based composites for
dentistry applications. Known dental curing lights include employ, for example, laser,
plasma arc curing (PAC), Tungsten halogen and light-emitting diode (LED) systems
for curing the synthetic composites. LED based dental curing lights are, at present,

most commonly used.

[0004] However, there exist disadvantages with the LED curing lights that are
currently known and employed in dentistry applications. All of these curing lights
typically employ a similar LED light-source and have short rigid tips from which the
light i1s emitted. However, such known LED curing lights can be difficult to
manipulate into a comfortable position for the dentist, and provide little to no
adjustability or flexibility in terms of position of the instrument. Thus, known curing
lights fall short Iin terms of delivering proper accessibility. As a result, dentists or
other users of these devices therefore sometimes need 1o raise their
hands/shoulders into uncomfortable positions, making regular and continued use of
such products undesirable. Over time, chronic muscle fatigue or other undesirable

Issues resulting from the use of these products can occur.
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SUMMARY
[0005] Accordingly, there is provided an improved dental curing light, an improved tip for

such a dental curing light, and/or an improved method of curing light-cure synthetic

composite materials during a dental procedure.

[0006] In accordance with one aspect of the present invention, there is provided a dental curing

light for curing light-cure synthetic composite materials used in dentistry, comprising: a hand-held
curing light instrument having a curing light source including a light emitting diode (LED) light
engine; and a light conducting tip detachably mounted to the hand-held curing light instrument, the
light conducting tip having an input end and a remote output end, the input end of the light
conducting tip being removably engaged to the hand-held curing light instrument and receiving a
curing light from the LED light engine, the remote output end of the light conducting tip emitting the
curing light therefrom, the light conducting tip having a tlexible tubular body extending between the
input and output ends thereof, the flexible tubular body including at least a light conducting inner
core and a radially outer metallic body surrounding the light conducting inner core, the light
conducting inner core forming a flexible optical waveguide , the outer metallic body being
substantially light impervious and fluid impervious, the outer metallic body being flexible and
plastically detormable such that the outer metallic body, and therefore the light conducting tip, retains
a given curved shape until repositioned by a user.

[0007] There is also provided, in accordance with another aspect of the present invention, a
light conducting tip for a hand-held dental curing light which emits a light emitting diode (LED) light
to cure a synthetic composite dental material by polymerization, the light conducting tip comprising:
an input end including at least a portion of a releasable engagement mechanism for detachably
mounting the light conducting tip to the hand-held dental curing light, the input end having an optical
input for receiving the LED light into the light conducting tip from the hand-held dental curing light;
a remote output end spaced apart from the first end and having an optical output which emits the LED
light therefrom; and a flexible tubular body extending between the input end and the output end, the
elongated tubular body having a light conducting core extending a length of the light conducting tip,
the tlexible tubular body including at least a light conducting inner core and a radially outer metallic
body surrounding the light conducting inner core, the light conducting inner core providing an optical
waveguide which 1s in optical communication with both the optical input and the optical output and
which transmits the LED light therebetween, the outer metallic body being substantially light

impervious and fluid impervious, the outer metallic body being flexible and plastically deformable

such that the outer metallic body retains a given curved shape; wherein the flexible tubular body is
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configured to be bent into a curved shape and is plastically deformable to enable the light conducting

tip to retain said curved shape until repositioned by the user.

[0008] There is further provided, in accordance with another aspect of the present invention, a

method of curing a light-cure synthetic composite material during a dental procedure, comprising:

affixing a detachable light conducting tip to a hand-held curing light instrument operable to produce a
curing light with a light emitting diode (LED), the light conducting tip having a flexible tubular body
that is selectively positionable in any number of different curved configurations; bending the
flexible tubular body of the light conducting tip into a desired curved configuration, the flexible

tubular body of the light conducting tip maintaining said desired curved configuration until being
repositioned; positioning a light-emitting output end of the light conducting tip proximate to a site
having the light-cure synthetic composite material; and activating the hand-held curing light
instrument to emit said curing light from the light-emitting output end of the light conducting tip, the
curing light being transmitted through the desired curved configuration of the flexible tubular body of
the light conducting tip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Reference is now made to the accompanying drawings, showing by way of 1llustration
a preferred embodiment thereof, and in which:

[0010] Figs. 1 is a perspective view of a dental curing light in accordance with the present
disclosure, having a flexible tip portion;

[0011] Fig. 2A is a schematic side view of a flexible tip portion of the dental curing light of
Fig. 1;

[0012] Fig. 2B is a cross-sectional view of the flexible tip of Fig. 2A, taken through line 2B-
2B;
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[0013] Fig. 3 Is a perspective view of an alternate flexible tip portion in accordance

with another embodiment of the present disclosure;

[0014] Fig. 4 I1s a perspective view of another alternate flexible tip portion In

accordance with another embodiment of the present disclosure; and

[0015] Fig. 5 Is a perspective view of a further alternate flexible tip portion in

accordance with another embodiment of the present disclosure.

DETAILED DESCRIPTION

[0016] Referring to Fig. 1, the dental curing light 10 of the present disclosure
includes generally a hand-held dental curing light instrument 12 having a light

conducting wand, or tip, 14 which is mounted thereto.

[0017] The hand-held dental curing light instrument 12 includes therein a curing light
source, which may be a light emitting diode (LED) or another type of suitable curing
light source, such as but not limited to laser, plasma arc curing (PAC) and Tungsten

halogen light sources, for example.

[0018] In a particular embodiment, the light source used for the present dental curing
light 10 Is a LED light source. One advantage of using an LED light source is that it
remains cold, in that little to no temperature rise occurs during operation of the
instrument 12 and thus during the light curing process. In at least one particular
embodiment, the LED “light engine” of the curing light instrument 12 of the present
dental curing light 10 has a 5 watt (W) power capacity, produces a maximum light
intensity of about 2200 me/cm using the 5 W LED, and has a wavelength range of
between 430 nanometers (nm) and 490 nm, with a peak at 460 nm. This particular
wavelength range ensures correct and efficient polymerization during the curing of
the light cure dental materials. In at least one embodiment, the working voltage of
the present curing light instrument 12 is from 100-240 volts (V) AC, at 50-60 Hz, In

order to ensure as universal use as possible.

[0019] The hand-held dental curing light instrument 12 includes generally a hand grip
portion 13 and user actuated controls 15 thereon, which may include one or more
buttons or switches (three control buttons are shown Iin the depicted embodiment of
Fig. 1) used to operate the hand-held curing light instrument 12 of the dental curing

light 10. The Instrument 12 may also include an LCD screen 17 or other display

-4 -



CA 02874233 2014-11-20

WO 2014/169391 PCT/CA2014/050384

device(s) disposed directly on the handle of the device, which provides information to
the user of the device, such as duration of operation, wavelength of light emitted, etc.
The user actuated controls 15 are in communication with an electronic control unit
disposed within the hand-held instrument 12, and which may include processor and a
memory storage unit, and signal producing means including both visual signals, such
as lights, on-screen displays, etc, as well as audible signals. For example, in one
embodiment, the control system is configured to produce an audible signal (such as
a "beep”) at predetermined, and adjustable, intervals, and/or to sound an audible
signal after a pre-determined duration of time during which the dental curing light 10
has been emitting light, such as to accurately control the curing time during which the
materials are exposed to the curing light produced by the device 10. The LCD
screen 1/ may also provide this information. Such audible alert can be used to notify
the operator of the device of the elapsed time of light emission, thereby facilitation

incremental composite layer fillings.

[0020] Further, the controls 15 may also permit the power output of the emitted light
to be adjusted, such that it can be modified as required. In this regard, in one
particular embodiment, the control system of the instrument 12 is programmed to
have at least three (3) different curing modes, including the following: 1) mode 1 is a
“full mode”, wherein a full power output Is provided during the entire determined
treatment period; 2) mode 2 is a “‘ramp up mode”, wherein the power output gradually
iIncreases from 30% to 100% during the first third of the treatment and then stays at
100% for the balance (two thirds) of the treatment period; and 3) mode 3 is a "pulse
mode”, wherein light power output goes from zero to full power for half a second and

then remains off for the three subsequent seconds.

[0021] Other embodiments and variations of treatment period and power output are
also possible, and can be varied, controlled and set as desired. An additional "auto
off’ feature may also be included, whereby the device automatically turns itself off

after a predetermined period of time in use (such as 30 seconds, for example).

[0022] As seen In Fig. 1, the hand-held instrument 12 of the dental curing light 10
may be powered by a rechargeable battery contained therein, which may be re-
charged when not in use by placing the instrument 12 into a recharging cradle 19. In
one particular embodiment, an alert (visual and/or audible) is provided to the user

when the battery level is low.
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[0023] The light conducting tip 14 of the dental curing light 10 is mounted to the
hand-held dental curing light instrument 12 in optical communication therewith. In
the embodiment described and depicted herein, the light conducting tip 14 Is
detachably mounted to the hand-held instrument 12, such that the tip 14 can be

removed when desired from the hand-held instrument 12 when not in use.

[0024] However, it is to be understood that this is not necessary, and that the flexible
tip 14 as described herein may, in an alternate embodiment, be permanently fixed to
the hand-held portion 13 of the instrument 12. Regardless, in the embodiment
described herein where the tip 14 is detachably mounted to the hand-held instrument
12, this enables the tip 14 to be replaceable and/or to be removed during storage,

transport, and the like.

[0025] When the dental curing light is to be used, the tip 14 is engaged in place on
the hand-held dental curing light Iinstrument 12. A releasable engagement
mechanism 18 is thus provided for detachably mounting the tip 14 to the hand-held
instrument 12, at least a portion of which is disposed on one end of the tip 14 and the
other mating or cooperating portion of which Is disposed on the output end of the
instrument 12. This releasable engagement mechanism 18 may include, for
example, quick-connect type fastening/release mechanisms, such as a luer-lock
connection, a threaded connection, or a combination of one or more of such
mechanisms. The coupling mechanism 18 may also permit the flexible tip 14 to be

iInterchanged with other tips, such as rigid tips or alternate flexible tip designs.

[0026] Referring now to the light conducting tip 14 in more detail and with reference
to Figs. 2A-2B, the light conducting tip 14 includes an input end 20 and a remote
output end 22. The input end 20 is removably engaged to the hand-held curing light
iInstrument 12 via the releasable engagement mechanism 18 and therefore, when so
connected, Is positioned and/or aligned such as to receive the light from the curing
light source within the hand-held dental curing light instrument 12. The input end 20
therefore has an optical input for receiving the light (LED or otherwise) from the
instrument 12, and the remote output end 22 of the light conducting tip 14 has an
optical output which emits the curing light therefrom when the device is activated. In
one possible embodiment, although not necessarily required, the remote output end

22 may also Include a lens 23 or other light focusing device.
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[0027] The light conducting tip 14 has a generally tubular and elongated body 24,
which extends between the input end 20 and the output end 22 and which is
“flexible”, as will be described In further detail below. The term “flexible® as used
herein Is understood to mean non-rigid and thus bendable or repositionable into any
number of different shapes (e.g. curved or otherwise), without causing any significant
damage to the body. Additionally, the flexible body 24 as described herein iIs
plastically deformable and thus configured so as to retain its given bent shape or

curved configuration until such time as it is manually re-positioned by the user.

[0028] The flexible body 24 of the light conducting tip 14 has a light conducting core
26 therein which extends the complete length of the light conducting tip, namely from
the input end 20 to the output end 22 thereof. The light conducting core 26 provides
an optical waveguide which iIs In optical communication with both the optical input
and the optical output at the input and output ends 20 and 22 respectively, and which
transmits the curing light along the full length of the body 24. As noted above, and as
shown in Fig. 2, the elongated body 24 of the light conducting tip 14 is flexible, and it
IS therefore able to be readily bent into any desired curved shape by a user, without
requiring the use of any significant force or tools. The body 24 of the light conducting
tip 14 is thus sufficiently flexible to enable it being bent into a desired curved shape.
Further, unlike many thin optical waveguides or typical fibre optic wires, the body 24
of the light conducting tip 14 Is plastically deformable, in that it retains any curved
shape given to it until such time as it is repositioned by a user. The flexible body 24
of the light conducting tip 14 Is therefore configured for and operable to retain its
given shape (i.e. when bent or curved, it will stay in position), which may be curved,

bent, straight or any combination thereof, until repositioned by a user.

[0029] Referring now to Fig. 2B, the specific configuration of the flexible tip 14 will
now be described in further detail. Although several different specific constructions
of the flexible tip 14 are possible, in one particular embodiment the body 24 of the
flexible tip 14 Is composed of an outer main body 28 and the light conducting core
26. The outer main body 28 may be metallic, and may comprise a metallic outer
braiding 30 (made of #304 stainless steel wire, for example) which surrounds an
iInner conduit 32 made of galvanized steel having a PVC or silicone outer jacket. The
outer main body 28 may also comprise a "gooseneck” type configuration. This outer

main body 28 is highly flexible, liquid tight and substantially light impervious. The

.7 -
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metallic outer braiding 30 may also comprise foam and/or rubber covered wire arms,
and super-flex steel alloy wires. It is the outer main body 28 which enables the tip 14
to be both flexible and to retain its position once curved into the desired shape. The
light conducting core 26 which serves as an optical wave guide is flexible without any
loss of light transmission, without being itself plastically deformable (i.e. the optical
wave guide formed by the light conducting core 26 is itself flexible but elastically
deformable, and thus is held in position by the plastically deformable outer main body
28 of the flexible tip 14). The light conducting core 26 may comprise a bundle of
optical fibres which transfer the light therethrough.

[0030] In at least one possible embodiment, the flexible tip 14 includes a hollow wire
iInner construction composed of a super flex steel alloy, and may be completely
encapsulated and covered In soft silicone/PVC or a similar material. Although
various lengths of tips may be used, in one embodiment the tip 14 has an unbent
length of about 6 inches. Much as for the instrument 12, the tip 14 may also be

easily wiped clean after use, for disinfection purposes.

[0031] In one particular embodiment, the dental curing light 10 may also include a
protective shield 21 (see Fig. 2A) mounted at the base of the tip at the input end 20,
between the flexible tip 14 and the hand-held instrument 12. This protective shield
21 may be circular in shape, for example, and project radially out from the base of
the tip 14. This protective shield may also be removably mounted to the instrument

12, such as to enable ease of cleaning, installation and shipping of the product for

example.

[0032] Accordingly, during use, the present dental curing light 10 is used to cure a
light-cure synthetic composite dentistry material during a dental procedure. This
process may include, for example, the steps of. providing the dental curing light 10
having a hand-held instrument 12 and a flexible light conducting tip 14 as described
above; bending the flexible body of the light conducting tip into a desired curved
configuration such that the flexible body 24 of the light conducting tip 14 maintains
the desired curved configuration; positioning the light-emitting output end 22 of the
light conducting tip 14 proximate to a site having the light-cure synthetic composite
dentistry materials therein; and activating the dental curing light to emit curing light

from the light-emitting output end 22 of the light conducting tip 14.
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[0033] The flexible light conducting tip 14 accordingly delivers the dental curing light
(which may be LED light for example), and is bendable and malleable into any
desired shape or configuration (which may be typically, but is not limited to, a curved
or compound curved shape). This Increased flexibility provides improved
accessibility to all teeth surfaces, and makes use of the device more comfortable for
the dentist, dental hygienist or user of the device, as the most comfortable hand
and/or shoulder position can be chosen and the flexible tip 14 can be bent
accordingly to accommodate this position while maintaining the light on the teeth
surfaces to be cured. This may particularly enable improved access to the posterior
teeth, as once the flexible tip 14 is bent into a desired curved shape such as to
access buccal, lingual and/or proximal sides of the posterior teeth, the user of the
device need not raise his or her hands, elbows and/or shoulders to correctly position

the curing light over the surfaces to be cured.

[0034] The entire instrument 12 and the tip 14 of the present curing light 10 is
designed to be grip-friendly, and to have a suitable weight for ease of operation. The
hand grip portion 13 of the Iinstrument 12 may include silicon cover therein, for

improved grip and comfort. Both the hand-held instrument 12 and the flexible tip 14

are also easily cleaned and disinfected.

[0035] Figs. 3-5 depict alternate flexible tip portions 114, 214 and 314 in accordance
with other possible embodiments of the present disclosure. Each of the flexible tip
portions 114, 214 and 314 is configured to be mounted, either detachably or fixed, to

the hand-held curing light instrument 12 as described above.

[0036] The flexible tip 114 of Fig. 3 comprise two separate flexible bodies 124
through which curing light is directed to two separate output ends 122. A common
input end 120 receiving the light from the light source of the handheld instrument 12,
and similarly includes an attachment mechanism 118 for removable mounting of the
tip 114 to the instrument 12. Accordingly, the “two-headed” flexible tip 114 may be
used so as to simultaneously providing curing light to two different locations In the
mouth, or alternately so as to direct the curing light to the same target location from

two different (e.g. opposed) directions.

[0037] The above description iIs meant to be exemplary only, and one skilled in the

art will recognize that changes may be made to the embodiments described without

-9 .-
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departing from the scope of the invention disclosed. The scope of the claims should not be
limited by the preferred embodiments set forth herein, but should be given the broadest

interpretation consistent with the description as a whole

- 10 -
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CLAIMS:

1. A dental curing light for curing light-cure synthetic composite materials used in dentistry,
comprising:

a hand-held curing light instrument having a curing light source including a light emitting
diode (LED) light engine; and

a light conducting tip detachably mounted to the hand-held curing light instrument, the
light conducting tip having an input end and a remote output end, the input end of the light
conducting tip being removably engaged to the hand-held curing light instrument and
receiving a curing light from the LED light engine, the remote output end of the light
conducting tip emitting the curing light therefrom, the light conducting tip having a flexible
tubular body extending between the input and output ends thereof, the flexible tubular body
including at least a light conducting inner core and a radially outer metallic body surrounding
the light conducting inner core, the light conducting inner core forming a flexible optical
waveguide , the outer metallic body being substantially light impervious and fluid
impervious, the outer metallic body being flexible and plastically deformable such that the
outer metallic body, and therefore the light conducting tip, retains a given curved shape until
repositioned by a user.

2. The dental curing light of claim 1, wherein the outer metallic body of the light conducting tip
includes a metallic outer braiding and a metallic inner conduit disposed radially inwardly from
the metallic outer braiding, the metallic inner conduit being disposed between the metallic outer
braiding and the light conducting core.

3. The dental curing light of claim 2, wherein the metallic outer braiding is composed of stainless
steel wire.

4. The dental curing light of claim 2 or 3, wherein the metallic inner conduit is composed of flexible
galvanized steel tubing.

5. The dental curing light of claim 4, wherein the galvanized steel tubing has a PVC or silicone

outer jacket.

6. The dental curing light of any one of claims 2 to 5, wherein the metallic outer braiding 1s coated
in foam or rubber.

7. The dental curing light of claim 2, wherein the metallic outer braiding is composed of super-flex

steel alloy wires.
8. The dental curing light as defined in any one of claims 1 to 7, wherein the LED light engine

produces light having a wavelength range of between 430 nanometers and 490 nanometers, and

-11 -
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the light conducting inner core of the light conducting tip is operable to transmit light having a
wavelength within said wavelength range.

The dental curing light as defined in any one of claims 1 to 8, wherein the curing light source has

a 5 watt power capacity and produces a maximum light intensity of about 2200 me/cm.

10. A light conducting tip for a hand-held dental curing light which emits a light emitting diode

1.

12,

13.

(LED) light to cure a synthetic composite dental material by polymerization, the light conducting
tip comprising:

an input end including at least a portion of a releasable engagement mechanism for
detachably mounting the light conducting tip to the hand-held dental curing light, the input
end having an optical input for receiving the LED light into the light conducting tip from the
hand-held dental curing light;

a remote output end spaced apart from the first end and having an optical output which
emits the LED light therefrom; and ‘

a flexible tubular body extending between the input end and the output end, the elongated
tubular body having a light conducting core extending a length of the light conducting tip, the
flexible tubular body including at least a light conducting inner core and a radially outer
metallic body surrounding the light conducting inner core, the light conducting inner core
providing an optical waveguide which is in optical communication with both the optical input
and the optical output and which transmits the LED light therebetween, the outer metallic
body being substantially light impervious and fluid impervious, the outer metallic body being
flexible and plastically deformable such that the outer metallic body retains a given curved
shape;

wherein the flexible tubular body 1s configured to be bent into a curved shape and is
plastically deformable to enable the light conducting tip to retain said curved shape until
repositioned by the user.

The light conducting tip of claim 10, wherein the outer metallic body of the light conducting tip
includes a metallic outer braiding and a metallic inner conduit disposed radially inwardly from
the metallic outer braiding, the metallic inner conduit being disposed between the metallic outer
braiding and the light conducting core.

The light conducting tip of claim 11, wherein the metallic outer braiding is composed of stainless
steel wire.

The light conducting tip of claim 11 or 12, wherein the metallic inner conduit 1s composed of

flexible galvanized steel tubing.
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16.

17.

18.

19.
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The light conducting tip of claim 13, wherein the galvanized steel tubing has a PVC or
silicone outer jacket. '

The light conducting tip of any one of claims 11 to 14, wherein the metallic outer braiding
1s coated 1n foam or rubber.

The light conducting tip of claim 11, wherein the metallic outer braiding i1s composed of
super-flex steel alloy wires.

The light conducting tip as defined in any one of claims 10 to 16, wherein the hand-held
dental curing light includes a light emitting diode (LED) light engine.

The light conducting tip as defined in claim 17, wherein the LED light engine produces
light having a wavelength range of between 430 nanometers and 490 nanometers, and the
light conducting inner core is operable to transmit light having a wavelength within said
wavelength range.

The light conducting tip as defined in any one of claims 10 to 18, wherein the hand-held
dental curing light has a 5 watt power capacity and produces a maximum light intensity of

about 2200 me/cm.
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