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(57) ABSTRACT

A pre-dosed, pre-packaged mixing system and associated
method for mixing, storing, and dispensing a two-part dental
composition that becomes less stable upon mixing. The mix-
ing system includes a pre-dosed, pre-packaged quantity of a
first component contained within a first chamber, and a pre-
dosed, pre-packaged quantity of a second component con-
tained within a second chamber. The chambers are separated
by separation means so as to separate the two-components
prior to mixing. Once mixed, the practitioner is able to record
a mixing and/or expiration date on at least a portion of the
mixing system so as to indicate a shelf-life of the less stable
mixed dental composition.
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METHOD FOR INDICATING SHELF-LIFE
AFTER MIXING PRE-DOSED,
PRE-PACKAGED TWO-PART DENTAL
COMPOSITIONS

RELATED APPLICATIONS

[0001] The present application is a Continuation of U.S.
patent application Ser. No. 11/537,807, filed Oct. 2, 2006
entitted METHOD FOR INDICATING SHELF-LIFE
AFTER MIXING PRE-DOSED, PRE-PACKAGED TWO-
PART DENTAL COMPOSITIONS, and a continuation-in-
part of U.S. patent application Ser. No. 11/258,502, filed Oct.
25, 2005 and entitled “TIME INDICATING CONTAINERS
FOR DENTAL COMPOSITIONS, now abandoned, and a
continuation-in-part of U.S. patent application Ser. No.
11/414,964, filed May 1, 2006 and entitled “TIME-INDI-
CATING SYRINGE-IN-SYRINGE MIXING DEVICES
AND RELATED METHODS FOR STORING AND DIS-
PENSING TWO-PART DENTAL COMPOSITIONS, now
abandoned, all of which are incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. The Field of the Invention

[0003] In one aspect, the present invention is directed to
devices for holding and dispensing dental compositions.
More particularly, in one aspect, the invention is directed to
containers for holding and dispensing dental compositions
having a given shelf-life after which the composition should
either be used up or discarded. For example, many multi-part
dental compositions require mixing of two separate compo-
nents, the mixed composition having a particular shelf-life,
after which time the mixed composition should be used up or
discarded. Another aspect of the invention is related to meth-
ods for mixing such compositions and indicating shelf-life of
the resulting compositions.

[0004] 2. The Relevant Technology

[0005] Many modern formulations are packaged in two
initially separate parts, often known as A and B components.
Upon mixing, the A and B components form a mixed com-
position having a particular viable shelf-life, after which the
composition should be used up or discarded. In the dental
field, for example, several such formulations include two-part
dental primers, peroxide and other two-part bleaching com-
positions, and disinfecting solutions.

[0006] It can be difficult for a dental practitioner to deter-
mine whether the shelf-life of a formulation has expired, or
how much of the formulation’s shelf-life remains. This diffi-
culty can be further complicated in some instances where the
shelf-life of a given formulation may depend on the environ-
ment in which the formulation is stored. For example, many
formulations may have an extended shelf-life if stored in a
refrigerated environment as compared to the shelf-life when
stored at room temperature.

[0007] Furthermore, when mixing a two-part composition
it is necessary to measure needed amounts of each compo-
nent. In addition to being tedious, even small variations in
measurement of one component relative to another compo-
nent may drastically affect the actual shelf-life of the mixed
composition because of errors in the mixing ratio of the
components.

[0008] It would be an advantage to provide a container
system for use with such a formulation that would allow the
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user to quickly and easily determine how much time remains
of the shelf-life of a given formulation. It would be a further
advantage if such a system could account for variability in
shelf-life due to changes in the formulation storage environ-
ment. It would be a further advantage to provide a simple
method that would indicate remaining shelf-life of a compo-
sition, and that would eliminate variability in actual shelf-life
due to errors in measuring needed quantities of the compo-
nents.

SUMMARY OF THE INVENTION

[0009] In one aspect, the present invention is directed to a
storage system for a dental composition having a given shelf-
life. The storage system includes a container (e.g., a syringe),
and activatable time sensitive marking means disposed on or
within the container, wherein upon activation, the time sen-
sitive marking means identifies time lapsed since activation of
the time sensitive marking means. The dental practitioner
may activate the time sensitive marking means at an appro-
priate time to monitor the shelf-life of the dental composition
(e.g., immediately after preparing the composition by mixing
together initially separate components). The time sensitive
marking means allows a dental practitioner to determine
whether a dental composition within the container has
expired, or how much time remains before the composition
expires and should either be used up or discarded.

[0010] Inoneexample, the activatable time sensitive mark-
ing means comprises an activatable label disposed on or
within the container. One such label includes a length of a
microporous material and a tinted liquid that migrates along
the microporous material by capillary action so as to have a
migration length that increases as a function of time. The label
is activated by causing the tinted liquid to contact the
microporous material. In one example, the tinted liquid may
initially be contained within a blister or similar packaging
adjacent to the microporous material. Upon pressing (i.e.,
activating) the blister packaging, the tinted liquid contacts the
microporous material and begins to wick up along the
microporous material due to capillary action. The progress of
the tinted liquid is a function of time, such that the migration
length of the tinted liquid indicates how much time has lapsed
since activation (and thus also the time remaining until the
shelf-life of the composition expires).

[0011] In another example, the activatable time sensitive
marking means may comprise a label including two adjacent
blister packets, each blister packet containing a composition
such that the compositions are initially separate from each
other. The user presses one or both of the blisters so as to
cause a thin membrane between the blister packets to break,
which allows the two compositions to mix together, activating
the label. The mixed composition begins as characterized by
having a first color, and progressively changes to a second
color as a function of time. Once the mixed composition has
changed to the second color, this indicates to the user that the
given shelf-life of a dental composition within the container
has expired and should be discarded.

[0012] Another activatable time sensitive marking means
may comprise a tape formed of a material that begins to
change color from a first color to a second color as a function
of time. Once the tape has changed to the second color, this
indicates to the user that the given shelf-life of a dental com-
position within the container has expired.

[0013] Another activatable time sensitive marking means
may comprise a label including a microchip configured to
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measure lapsed time. The microchip is readable by an asso-
ciated microchip reader so as to indicate to a user how much
time remains of a given shelf-life of a composition within the
container.

[0014] The activatable time sensitive marking means may
be temperature sensitive in addition to being time sensitive.
Temperature sensitivity of the marking means allows the
system to account for variability in shelf-life due to tempera-
ture changes in the storage environment of the dental compo-
sition stored within the container.

[0015] A dental composition within the container may have
a given shelf-life ranging from less than about a week to 2
years or more. Because of relative instability, many mixed
two-part dental compositions have a relatively short shelf-life
(e.g., 30 days or less). For example some two-part peroxide
bleaching compositions may have a shelf-life of about 10-14
days after mixing, some disinfecting solutions may have a
shelf-life of about a week or less, and some two-part dental
primers may have a shelf life of about 30 days. Relatively
stable single part dental compositions may have a longer
shelf-life (e.g., from 6 months up to 2 years or more). Such
compositions often include an expiration date stamped or
printed on the container, which can be difficult to identify.
The time sensitive marking means of the present invention
provides a more easily identifiable label, eliminating the need
for the user to search for a difficult to find date stamp.

[0016] Inanotheraspect,the present invention is directed to
a pre-dosed, pre-packaged mixing solution that includes the
two-components in an initially separate configuration, and an
associated method in which the dental practitioner is able to
record a mixing and/or expiration date of the less stable mixed
composition on the mixing system itself. The mixing system
includes a pre-dosed, pre-packaged quantity of a first com-
ponent contained within a first chamber, and a pre-dosed,
pre-packaged quantity of a second component contained
within a second chamber. The chambers are separated by
separation means so as to separate the two-components prior
to mixing. Once mixed, the practitioner is able to record a
mixing and/or expiration date on at least a portion of the
mixing system so as to indicate the shelf-life of the less stable
mixed composition.

[0017] Providinga pre-dosed, pre-packaged mixing system
advantageously eliminates any need for the dental practitio-
ner to measure the required quantities of each component
prior to preparing the two-part composition. In addition to
being convenient, because the pre-dosing is done during
manufacture, it is advantageously accomplished with a
greater degree of precision and accuracy than possible in the
dental office environment. This reduces or eliminates the
possibility of mistakes or errors in the measured quantities of
each component, which affects the mixing ratio of the two
components. This is particularly helpful as errors in the mix-
ing ratio may drastically affect the actual shelf-life of the
mixed composition. For example, a mixed dental priming
composition may have a nominal shelf-life of about 30 days
after mixing, but because of a small error (e.g., £10%) in
mixing ratio, the actual shelf-life of the composition may be
greatly reduced (e.g., to less than 15 days). If the composition
is used after its actual expiration date but before the nominal
expiration date, the composition will be ineffective, resulting
in waste and frustration to the dental practitioner and patient.
In other words, the indicated expiration date is much more
meaningful in the context of a pre-dosed, pre-packaged mix-
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ing system as compared to any other system where individual
measurement of one or more of the components is required.

[0018] These and other benefits, advantages and features of
the present invention will become more full apparent from the
following description and appended claims, or may be
learned by the practice of the invention as set forth hereinat-
ter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order that the manner in which the above recited
and other benefits, advantages and features of the invention
are obtained, a more particular description of the invention
briefly described above will be rendered by reference to spe-
cific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered limiting of'its scope, the invention
will be described and explained with additional specificity
and detail through the use of the accompanying drawings in
which:

[0020] FIG. 1A is a perspective view of an exemplary time
indicating system for containing a dental composition includ-
ing a syringe and an activatable time sensitive label disposed
on the syringe plunger stem;

[0021] FIG. 1B is a perspective view of another exemplary
time indicating container system including a syringe and an
activatable time sensitive label disposed on the syringe barrel;
[0022] FIG. 1C is a perspective view of another exemplary
time indicating container system including a syringe and an
activatable time sensitive label disposed on the syringe barrel
flange;

[0023] FIG. 1D is a perspective view of another exemplary
time indicating container system including a syringe and an
activatable time sensitive label disposed on the head of the
plunger stem;

[0024] FIG. 1E is a perspective view of another exemplary
time indicating container system including a syringe and an
activatable time sensitive label disposed at least partially
within the plunger stem of the syringe;

[0025] FIG. 2 illustrates a time indicating container system
including a syringe and an activatable time sensitive label
having two blister packets for forming a color changing com-
position;

[0026] FIG. 3 illustrates a time indicating container system
including a syringe and a color changing tape disposed on the
syringe barrel;

[0027] FIG. 4 illustrates a time indicating container system
including a syringe and an activatable label including a
machine readable time monitoring microchip;

[0028] FIG. 5A illustrates an exemplary pre-dosed, pre-
packaged syringe-in-syringe mixing system for use in an
exemplary method of the present invention;

[0029] FIG. 5B illustrates a perspective view of the second
hollow plunger of the syringe-in-syringe mixing system of
FIG. 5A;

[0030] FIG. 5C illustrates a cross-sectional view of a por-
tion of the second hollow plunger of the syringe-in-syringe
mixing system of FIG. 5B, the cross-section taken along line
5C-5C;

[0031] FIG. 6illustrates an alternative pre-dosed, pre-pack-
aged syringe-to-syringe mixing system for use in an exem-
plary method of the present invention;
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[0032] FIG. 7A illustrates the exemplary pre-dosed, pre-
packaged syringe-in-syringe mixing system of FIG. 5A prior
to mixing;

[0033] FIG. 7B illustrates the mixing system of FIG. 7A
when the first plunger is pressed in so as to break the ruptur-
able membrane, causing mixing of the two components;
[0034] FIG. 7C illustrates the mixing system of FIG. 7B
once the first plunger is fully inserted into the second hollow
plunger, and a mixing and/or expiration date has been written
on an exterior surface of the syringe barrel; and

[0035] FIG. 7D illustrates the mixing system coupled to a
dispensing tip and a portion of the less stable mixed dental
composition being dispensed onto a surface for use.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

1. Introduction

[0036] A detailed description of the invention will now be
provided with specific reference to figures illustrating various
exemplary embodiments. It will be appreciated that like
structures will be provided with like reference designations.
[0037] In one aspect, the present invention is directed to a
storage system for dental compositions having a given shelf-
life. The storage system includes a container (e.g., a syringe)
and an activatable time sensitive marking means disposed on
or within the container. Upon activation, the time sensitive
marking means begins to indicate time lapsed since activation
of the time sensitive marking means. The dental practitioner
may activate the time sensitive marking means at an appro-
priate time to allow the dental practitioner to monitor the
shelf-life of the dental composition (e.g., immediately subse-
quent to preparing the composition by mixing together ini-
tially separate components, exposing the dental composition
to air, or exposing the dental composition to light). The time
sensitive marking means allows a dental practitioner to deter-
mine whether a dental composition within the container has
expired, or how much time remains before the composition
expires and should be used up or discarded. The container and
activatable time sensitive marking means may be relatively
inexpensive, allowing the user to discard the entire system
once the dental composition has expired.

[0038] Inanotheraspect, the present invention is directed to
a pre-dosed, pre-packaged mixing solution that includes the
two-components in an initially separate configuration, and an
associated method in which the dental practitioner is easily
able to record a mixing and/or expiration date of the mixed,
less stable dental composition on the mixing system itself.
The mixing system includes a pre-dosed, pre-packaged quan-
tity of a first component contained within a first chamber, and
a pre-dosed, pre-packaged quantity of a second component
contained within a second chamber. The chambers are sepa-
rated by separation means so as to separate the two-compo-
nents prior to mixing. Once mixed, the practitioner is able to
record a mixing and/or expiration date on at least a portion of
the mixing system so as to indicate when a shelf-life of the
less stable mixed composition expires.

II. Exemplary Dental Composition Container Systems

[0039] FIG. 1A illustrates an exemplary system 100 for
both containing and dispensing a dental composition 102.
System 100 includes a syringe 104 and an activatable time
sensitive label 106. Syringe 104 includes a barrel 114 and a
plunger 116. Barrel 114 includes a flange 118 and plunger
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116 includes a head 120. Label 106 includes a length of a
microporous material 108 and a tinted liquid 110 that is
initially contained within a blister 112. In the illustrated sys-
tem, label 106 includes a hole through which the plunger 116
of syringe 104 passes. Label 106 may be adhered to flange
118 of syringe 104 or may slide with plunger 116.

[0040] Label 106 is activated by causing the tinted liquid to
contact the microporous material. In one example, the tinted
liquid may initially be contained within a blister or similar
packaging adjacent to the microporous material. Upon press-
ing (i.e., activating) the blister packaging, the tinted liquid
contacts the microporous material and begins to wick up
along the microporous material due to capillary action. The
progress of the tinted liquid is a function of time, such that the
migration length of the tinted liquid (i.e., how far along the
microporous material the tinted liquid has migrated) indicates
how much time has lapsed since activation (and thus also the
time remaining until the shelf-life of the composition
expires). As illustrated, microporous material 108 may
include markings spaced along its length to mark how much
time has lapsed since activation (e.g., a number of days,
weeks, or months) when the tinted liquid reaches the corre-
sponding mark. One such activatable label including a
microporous material and a tinted liquid initially contained
within a blister that may be suitable is available from
Timestrip Ltd., located in Hitchin, Hertfordshire, United
Kingdom.

[0041] FIG. 1B illustrates an alternative system 100
including a syringe 104 containing a dental composition 102
and alabel 106 adhered to the barrel 114 of syringe 104. Label
106 includes a length of a microporous material 108 and a
tinted liquid 110 that is initially contained within a blister
112. Upon pressing (i.e., activating) blister 112, the tinted
liquid 110 is brought into contact with the microporous mate-
rial 108 and begins to wick up along the microporous material
108 due to capillary action. The progress of the tinted liquid
110 indicates how much time has lapsed since activation.
[0042] FIG. 1C illustrates an alternative system 200 includ-
ing a syringe 204 containing a dental composition 202 and a
label 206 adhered to flange 218 of syringe barrel 214. Label
206 includes a length of a microporous material 208 and a
tinted liquid 210 that is initially contained within a blister
212. Upon pressing (i.e., activating) blister 212, the tinted
liquid 210 is brought into contact with the microporous mate-
rial 208 and begins to wick up along the microporous material
208 due to capillary action. The progress of the tinted liquid
210 indicates how much time has lapsed since activation.
[0043] FIG. 1D illustrates an alternative system 300 includ-
ing a syringe 304 containing a dental composition 302.
Syringe 304 includes a barrel 314 and a plunger 316. A label
306 is disposed on head 320 of plunger 316. Label 306
includes a curved length of microporous material 308 and a
tinted liquid 310 that is initially contained within blister 312.
A substantially straight length of microporous material may
alternatively be used. In addition, a curved length of
microporous material 308 may also be used with any of the
other illustrated embodiments. Such a curved length of
microporous material 308 may be particularly suited for the
embodiment of FIG. 1C.

[0044] Again referring to FIG. 1D, locating blister 312 on
head 320 makes it conveniently placed for activation as
plunger 316 is also used to dispense composition 302. Blister
312 can be pressed, forcing tinted liquid 310 into contact with
an end of the curve of microporous material 308. Liquid 310
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begins to wick up, progressing along microporous material
308 due to capillary action. The progress of the tinted liquid
310 indicates how much time has lapsed since activation
under given conditions (e.g., room temperature).

[0045] FIG. 1E illustrates an alternative system 300' includ-
ing a syringe 304' containing a dental composition 302.
Syringe 304' includes a barrel 314 and a plunger stem 316'. A
label 306' is disposed at least partially within plunger 316'.
Label 306' includes a length of microporous material 308' that
is sealed within plunger stem 316'. Microporous material 308’
is arranged so as to be along or parallel to the central longi-
tudinal axis of plunger stem 316'. A tinted liquid 310" is
initially contained within blister 312' disposed on head 320'.
Blister 312' can be pressed, forcing tinted liquid 310" into
contact with an end of microporous material 308'. Liquid 310’
begins to wick up, progressing along microporous material
308' due to capillary action. The progress of the tinted liquid
310" indicates how much time has lapsed since activation
under given conditions (e.g., room temperature). Sealing
microporous material 308' within plunger stem 316' provides
a controlled humidity environment for microporous material
308', which can provide increased accuracy when used in
both dry and humid environments where humidity may not be
constant. This is because the rate of progress along the
microporous material due to capillary action can be affected
by changes in humidity.

[0046] Labels 106, 206, 306, and 306' are examples of
activatable time sensitive marking means. Because the labels
rely on capillary action of a liquid migrating through a
microporous material, the rate of migration of the tinted lig-
uid may be dependent on temperature in addition to time. In
other words, the tinted liquid may migrate a given distance
(e.g., about the distance marked “7 days”) over a seven day
period when stored at room temperature, but may alterna-
tively migrate a shorter distance (e.g., about the distance
marked “3 days”) if stored in a refrigerated environment (e.g.,
as a result of increased viscosity of the tinted liquid and/or
decreased wetting ability of the microporous material). Sur-
prisingly, it has been found that the temperature dependent
variability of the capillary action roughly matches the tem-
perature dependent variability of the shelf-life of many dental
compositions. For example, the dental composition may be
stored in a refrigerated environment, and then later stored at
room temperature, and the progress of the tinted liquid along
the microporous material may vary according to the environ-
ment conditions. This characteristic is advantageous as it
allows the label to accurately indicate the remaining shelf-life
of a dental composition that varies due to differences in stor-
age environments.

[0047] FIG. 2 illustrates an alternative system 400 includ-
ing a syringe 404 containing a dental composition 402.
Syringe 404 includes a barrel 414 and a plunger 416. A label
406 is disposed on barrel 414. Label 406 includes a first
blister 422 and a second blister 424 near first blister 422. First
blister 422 contains a first composition and second blister 424
contains a different second composition. Blisters 422 and 424
are initially separated by a thin membrane. In order to activate
time sensitive label 406, the user presses one or both of
blisters 422 and 424 so as to break the thin membrane and
cause the compositions to mix together. The mixed composi-
tion begins as a first color and progressively changes to a
second different color over time. As long as the mixed com-
position is not of the second color, the user knows that the
dental composition within with container has not yet expired.
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Once the second color has been reached, the dental compo-
sition 402 or system 400 should be discarded. In some
embodiments, the mixed composition may include one or
more intermediate colors between the initial color and the
second color that signifies expiration of the dental composi-
tion. One such label including blisters containing initially
separate components for forming a color changing mixed
composition that may be suitable is available from Vitsab
Inc., located in Belmont, N.C.

[0048] Because label 406 relies on a color changing chemi-
cal reaction, the rate of reaction may also be dependent on
temperature. Surprisingly, it has been found that the tempera-
ture dependent variability of the color changing chemical
reaction roughly matches the temperature dependent variabil-
ity of the shelf-life of many dental compositions. This char-
acteristic is advantageous as it allows the label to accurately
indicate the remaining shelf-life of a dental composition that
varies due to differences in storage environments.

[0049] FIG. 3 illustrates an alternative system 500 includ-
ing a syringe 504 containing a dental composition 502.
Syringe 504 includes a barrel 514 and a plunger 516. A label
506 is disposed on barrel 514. Label 506 is formed of a
material that begins to change color from a first color to a
second color as a function of time. After activation, as long as
label 506 is not of the second color, the user knows that the
dental composition 502 within container 504 has not yet
expired. Once the second color has been reached, the dental
composition 502 or system 500 should be discarded. In some
embodiments, the label 506 may change colors so as to
include one or more intermediate colors between the initial
color and the second color that signifies expiration of the
dental composition. One such label formed of a color chang-
ing material that may be suitable is available from Wipak UK
Ltd., located in Welshpool, Powys, United Kingdom.

[0050] Label 506 may be activated by exposure of the mate-
rial to moisture within the air. As such, label 506 may initially
include a peelable moisture barrier foil 5064 that covers label
506. In order to activate label 506, the user simply removes
foil 506a.

[0051] Because label 506 relies on a color changing chemi-
cal reaction, the rate of reaction may also be dependent on
temperature. Surprisingly, it has been found that the tempera-
ture dependent variability of the color changing chemical
reaction roughly matches the temperature dependent variabil-
ity of the shelf-life of many dental compositions. This char-
acteristic is advantageous as it allows the label to accurately
indicate the remaining shelf-life of a dental composition that
varies due to differences in storage environments.

[0052] FIG. 4 illustrates an alternative system 600 includ-
ing a syringe 604 containing a dental composition 602.
Syringe 604 includes a barrel 614 and a plunger 616. A label
606 is disposed on barrel 614. Label 606 includes a microchip
626 configured to measure lapsed time. Microchip 626 is
readable by an associated microchip reader so as to indicate to
auser how much time remains in the shelf-life of composition
602 within container 604. One such label including a micro-
chip configured to measure lapsed time and an associated
microchip reading device that may be suitable is available
from Clinisense Corporation located in Los Gatos, Calif.
[0053] Microchip 626 may also be configured to account
for differences in temperature, so as to integrate monitoring of
both time and temperature. Such a configuration allows the
label accurately indicate the remaining shelf-life of a dental
composition that is stored in a variety of environments.
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[0054] The dental composition within the syringe or other
container may have a given shelf-life ranging from less than
about a week to 2 years or more. Because of relative instabil-
ity many mixed two-part dental compositions have a rela-
tively short shelf-life (e.g., 30 days or less). For example some
two-part peroxide bleaching compositions may have a shelf-
life of about 10-14 days after mixing, some disinfecting solu-
tions may have a shelf-life of about a week or less, and some
two-part dental primers may have a shelflife of about 30 days.
Container systems including activatable time sensitive mark-
ing means according to the present invention are particularly
suitable for use with such mixed dental compositions.
[0055] Inaddition, relatively stable single part dental com-
positions may have a shelf-life that is much longer (e.g., from
6 months up to 2 years or more). Such compositions often
include an expiration date stamped or printed on the con-
tainer, which can be difficult to identify. The time sensitive
marking means of the present invention provides a more
easily used system including a more easily identifiable label,
eliminating the need for the user to search for a difficult to find
date stamp. The container systems of the present invention
may also be used with such compositions.

1II. Exemplary Pre-Dosed, Pre-Packaged Mixing Systems

[0056] In an alternative embodiment, an initially separate
two-part dental composition may be provided as a pre-dosed,
pre-packaged mixing solution in which the dental practitioner
is able to record a mixing and/or expiration date of the less
stable mixed composition on the mixing system itself. Pro-
viding a pre-dosed, pre-packaged mixing system advanta-
geously eliminates any need for the dental practitioner to
measure the required quantities of each component prior to
preparing the two-part composition. In addition to being con-
venient, because the pre-dosing is done during manufacture,
it is advantageously accomplished with a greater degree of
precision and accuracy. This reduces or eliminates the possi-
bility of mistakes or errors in the measured quantities of each
component affecting the required ratio of the first component
relative to the second component. This is particularly helpful
as errors in the mixing ratio may drastically affect the actual
shelf-life of the mixed composition. For example, a mixed
dental priming composition may have a nominal shelf-life of
about 30 days after mixing, but because of a small error (e.g.,
+10%) in mixing ratio, the actual shelf-life of the composition
may be greatly reduced (e.g., to less than 15 days). If the
composition is used after its actual expiration but before the
nominal expiration, the composition will be ineffective,
resulting in waste and frustration for both the dental practi-
tioner and patient. In other words, the indicated expiration
date is much more meaningful in the context of a pre-dosed,
pre-packaged mixing system as compared to any other sys-
tem where individual measurement of one or more of the
components is required.

[0057] FIG. 5A illustrates an exemplary syringe-in-syringe
mixing system 750 including a pre-dosed, pre-packaged
quantity of first and second components 760a and 7605,
respectively. Components 760a and 76056 may both be lig-
uids, or one component may comprise a powder, as dictated
by the chemistry of the particular two-part composition. Mix-
ing system 750 includes a first plunger 752, a second hollow
plunger 758, and a syringe barrel 762. First plunger 752
includes an elongate stem 754 with a sealing plug 756 dis-
posed at the distal end of stem 754. A locking structure 755
may be disposed near proximal end of stem 754. Locking
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structure 755 and its function will be described in further
detail below. Plug 756 forms a seal against an interior surface
of'second hollow plunger 758, within which first plunger 752
is slidably disposed. A first component 760a is contained
within a first chamber 758' defined by second hollow plunger
758. Second hollow plunger 758 is concentrically and slid-
ably disposed within syringe barrel 762, which defines a
second chamber 762' in which is contained a second compo-
nent 7605. A cap 764 may be coupled to adistal end of syringe
barrel 762, which can be removed and/or replaced with a
dispensing tip for dispensing after mixing the two-part com-
position.

[0058] Referring to FIGS. 5B and 5C, second hollow
plunger 758 includes a wall 766 that defines an internal cham-
ber 758' which contains a first component 760a. Second hol-
low plunger 758 also includes a second sealing plug 768
having a rupturable membrane 770 or other separation means
(e.g., a duck bill or other type valve) at a distal end of second
hollow plunger 758, and a flange 772 at a proximal end of
second hollow plunger 758. Rupturable membrane 770 seals
off the distal end of second hollow plunger 758, separating
first component 7604 from the second component 76056 con-
tained within the syringe barrel 762 (see FIG. 5A) until the
user intentionally ruptures membrane 770 (or otherwise
forces first component 760a through the separation means),
causing first component 760a to be forced into syringe barrel
762, where the two components are mixed together. As seen
in FIG. 5C, rupturable membrane 770 initially seals off a
distal end of second hollow plunger 758. The distal portion of
second hollow plunger 758 over which sealing plug 768 is
fitted advantageously includes an enlarged annular ridge 774
that prevents plug 768 from being separated from second
hollow plunger 758 during rupture of rupturable membrane
770.

[0059] Sealing plug 768 and rupturable membrane 770 may
advantageously be formed of a thermoplastic elastomer
(TPE) material, which advantageously provides an excellent
seal against an interior surface of syringe barrel 762, while
also providing a desired strength to rupturable membrane
770. Advantageously, the system may be configured so that
the force required to rupture membrane 770 is approximately
equal to the force required to insert and engage the locking
structure 755 of first plunger 752 into second hollow plunger
758. Such a configuration advantageously provides a smooth
and continuous movement and feel during use of the system
as first plunger 752 is pressed into second hollow plunger 758,
rupturing membrane 770 and locking first plunger 752 into
second hollow plunger 758.

[0060] Rupturable membrane 770 preferably has a thick-
ness ranging from about 0.0005 inch to about 0.04 inch, more
preferably from about 0.002 inch to about 0.025 inch, and
most preferably from about 0.005 inch to about 0.015 inch. Of
course, the actual thickness of rupturable membrane 770 will
depend on the strength and other physical properties of the
material from which it is formed, along with the configuration
and desired level of force required to break the membrane 770
and/or engage the optional locking structure 755. One par-
ticularly suitable material from which to form sealing plug
768 and rupturable membrane 770 is ENGAGE, a TPE mate-
rial sold by DuPont-Dow Elastomers located in Wilmington,
Del.

[0061] FIG. 6 illustrates an alternative syringe-to-syringe
mixing system 850 including a pre-dosed, pre-packaged
quantity of first and second components. Mixing system 850



US 2010/0221678 Al

includes a first plunger 852, a first syringe barrel 858, a
second plunger 852a and a second syringe barrel 862. First
and second plungers 852 and 852a may be identical, each
including an elongate stem 854, 8544 with a sealing plug 856,
8564, respectively, formed at the distal end of stems 854,
854a. Each of plugs 856, 856a forms a seal against an interior
surface of syringe barrels 858 and 862, respectively, within
which each of plungers 852, 852a is slidably disposed.
[0062] First syringe barrel 858 defines an internal first
chamber 858' in which is contained a pre-dosed, pre-pack-
aged quantity of first component 860a. Similarly, second
syringe barrel 862 defines an internal second chamber 862' in
which is contained a pre-dosed, pre-packaged quantity of
second component 8605. Separation means (e.g., arupturable
membrane, duck bill valve, or other type valve) is disposed
(not shown) between first chamber 858' and second chamber
862' so as to initially separate first and second components
860q and 8605 during storage and prior to use, as any prema-
ture mixing may result in a partially mixed, less stable com-
position, which quickly becomes ineffective and useless. An
example of such separation means is the plug and rupturable
membrane illustrated in conjunction with FIGS. 5B and 5C.
In another example, the separation means may comprise a
small film of rupturable polymeric or other material (e.g.,
similar to SARAN wrap) stretched or otherwise disposed
over the distal end of one or both of syringe barrels 858 or 862,
which acts to initially separate chamber 858' from 862'".
[0063] In order to mix the two-part composition, the user
presses one of the plungers (e.g., first plunger 852) in, so as to
force the component contained within the associated syringe
barrel (e.g., first syringe barrel 858) through a rupturable
membrane or other separation means and into the other
syringe barrel (e.g., second syringe barrel 862). In order to
further mix the components so as to form a homogeneous
mixture, the other plunger (e.g., second plunger 852a) may
then be pressed in, forcing the intermingled first and second
components back into the other syringe barrel (e.g., first
syringe barrel 858). The plungers may be alternatingly
pressed as many times as needed (e.g., about 3-10 times) so as
to cycle the two-part composition back and forth, effecting
homogeneous mixing.

IV. Exemplary Methods of Use

[0064] Inone exemplary method of use, a dental composi-
tion having a given shelf-life is provided. For example, the
dental composition may comprise a mixed composition
formed by mixing together initially separate components in a
syringe-to-syringe mixing device or other suitable mixing
apparatus. A container including activatable time sensitive
marking means disposed on or within the container is also
provided. The container may comprise a syringe of the
syringe-to-syringe mixing apparatus such that the dental
composition may be contained within the syringe or other
container. Alternatively, the dental composition may be intro-
duced into the container (e.g., a syringe) including an activat-
able time sensitive marking means disposed on or within the
container.

[0065] The time sensitive marking means may be activated
when needed so as to begin to indicate the remaining shelf-
life of the composition. Typically the time of activation will
coincide with an event which affects the shelf-life of the
composition (e.g., mixing initially separate components to
form the dental composition or opening a container to expose
the dental composition to air or light). The time sensitive
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marking means indicates how much time has lapsed since
activation, indicating to the user whether the dental compo-
sition is usable or not.

[0066] The dental practitioner identifies whether the given
shelf-life of the composition is greater than or less than the
time lapsed since activation. Ifthe lapsed time is less than the
given shelf-life, then the dental practitioner may dispense and
use the dental composition. If the given shelf-life is less than
the time lapsed since activation, then the dental practitioner
may discard the composition or system. The container and
activatable time sensitive marking means may be relatively
inexpensive, allowing the user to discard the entire system
once the dental composition has expired.

[0067] FIGS. 7A-7D illustrate an alternative method for
indicating shelf-life employing the exemplary pre-dosed, pre-
packaged syringe-in-syringe mixing system 750 of FIG. 5A.
A syringe-to-syringe mixing system (e.g., mixing system 850
of FIG. 6) may alternatively be used according to a similar
method to provide a dental practitioner with an easy to use
mixing solution that indicates shelf-life of the less stable
mixed dental composition. Advantageously, such systems
provide a pre-dosed and pre-packaged system that may be
used for mixing, dispensing, and storing the mixed two-part
composition. Furthermore, such systems provide a pre-
dosed, pre-packaged mixing solution in which the two com-
ponents are pre-measured in the correct quantities for mixing
a desired quantity of the two-part composition. Pre-dosing
and pre-packaging the components reduces the work required
of the dental practitioner, and reduces the possibility that a
user (particularly an inexperienced one) will make a mistake
in measuring quantities of the components (i.e., affecting the
mixing ratio), which may drastically alter the effectiveness
and/or shelf-life of the mixed composition. In addition, the
pre-packaged amount of each component may advanta-
geously be sufficient (and no more) so as to provide a quantity
of the mixed two-part composition that would typically be
used up by the dental practitioner within the specific shelf-life
of the mixed, unstable two-part composition so as to reduce
waste of any unused composition. For example, the amounts
of'each component may be such as to prepare between about
0.05 and about 1 mL, more typically between about 0.1 and
about 0.8 mL, and most typically between about 0.2 and about
0.6 mL of the less stable mixed dental composition. The
actual amount of mixed dental composition depends on the
particular composition (e.g., a dental primer, a peroxide or
other two-part bleaching composition, or a disinfecting solu-
tion), as different compositions are used more or less fre-
quently in various amounts, and each composition also has its
own particular shelf life (e.g., less than about 90 days, less
than about 30 days, or less than about 2 weeks). Providing no
more than a quantity sufficient for the shelf-life of the com-
position is advantageous as the amount mixed is used up
within the particular shelf life of the composition, which
reduces waste.

[0068] As seen in FIGS. 7B-7C, the user presses first
plunger 752 into second hollow plunger 758 so as to compress
first component 760a. Once a sufficient force is applied, first
component 760a is expressed under pressure from second
hollow plunger 758 into syringe barrel 762 where it mixes
with second component 7605, which may occur through rup-
ture of rupturable membrane 770 or breaking, opening, and/
or parting of some other separation means.

[0069] Rupturable membrane 770, a valve, or other sepa-
ration means may advantageously be configured to only pass
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first component 760a for mixing with second component
76056 under a pressure sufficiently high to cause jetting of the
first component into the second component (e.g., so as to
create turbulence sufficient to homogeneously mix the two
components together). The system may advantageously be
configured such that a force required to rupture membrane
770 is approximately equal to a force required to insert and
lock locking structure 755 into second hollow plunger 758. In
use, locking structure 755 becomes inserted into second hol-
low plunger 758, where the locking structure 755 biases
against the inside surface of second hollow plunger 758. Such
an optional locking structure results in a configuration such
that when first plunger 752 is fully inserted into second hol-
low plunger 758, locking structure 755 extends distally into
second hollow plunger 758, past flange 772. Locking struc-
ture 755, illustrated as comprising an annular interlock ring,
causes the formation of an indentation or groove within the
inside wall of second hollow plunger 758. Annular interlock
ring locking structure 755 resides in the formed groove, pre-
venting, or at least inhibiting, pull out of first plunger 752
once fully inserted into second hollow plunger 758. Addi-
tional locking structures and mixing systems are disclosed in
U.S. patent application Ser. No. 11/414,964, filed May 1,
2006, already incorporated by reference, and in a U.S. patent
application bearing attorney docket number 7678.988.1, filed
the same day as the present application, which is also incor-
porated by reference in its entirety.

[0070] As seen in FIG. 7C, the user is able to record the
mixing and/or expiration date 776 on a surface of mixing
system 750 either immediately prior to or immediately sub-
sequent to fully pressing first plunger 752 into second hollow
plunger 758. As illustrated, the user may write a mixing
and/or expiration date directly onto the exterior surface.
Advantageously, a designated exterior writing surface (e.g.,
at least a portion of the syringe barrel) may be coated or
otherwise comprise a textured surface comprising a TPE
material, which provides an improved writing surface on
which a ball-point pen or similar writing device can be used
(i.e., the TPE material acts to “grab” the writing end of a
ball-point pen). Of course a felt-tip pen, marker, or even a
pencil may also be used. Alternatively, the date may be writ-
ten on a label (e.g., a pressure sensitive adhesive label) which
is adhered to the exterior surface of the syringe barrel 762.
Advantageously, the dental practitioner may apply a transpar-
ent or translucent adhesive protective covering (e.g.,
SCOTCH tape) over the recorded date so as to protect the date
from damage or alteration (e.g., by contact with a solvent, by
smearing, or rubbing which may otherwise wear away the
date or render it illegible).

[0071] Advantageously, the mixing system 750 may be
used for storing and dispensing the mixed composition, so
that no transfer to a separate dispensing device is required.
FIG. 7D illustrates the system 750 with a dispensing tip 764"
coupled at a distal end of barrel 762 so as to allow the user to
dispense the mixed two-part composition 760. As illustrated,
composition 760 may be dispensed onto a pad for subsequent
application (e.g., with a brush tool). Alternatively composi-
tion 760 may be dispensed directly onto a tooth or other
surface, depending on the preference of the user.

[0072] The inventive method advantageously provides a
simple, ready to use system in which the two-part composi-
tion is provided in a pre-dosed, pre-packaged, ready to mix
and use configuration. In addition, the user is able to record
the mixing and/or expiration date directly onto a surface of
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the mixing system for later reference, indicating to the dental
practitioner whether the less stable mixed dental composition
has expired or not. The system and associated method reduces
or eliminates the possibility of mistakes or errors in the mea-
sured quantities of each component affecting the required
mixing ratio and actual shelf-life of the mixed composition.
[0073] TItwill be appreciated that the present claimed inven-
tion may be embodied in other specific forms without depart-
ing from its spirit or essential characteristics. For example,
although several specific embodiments of activatable time
sensitive marking means have been described, it is to be
understood that any structure that can be disposed on or
integrated into the container with the ability to indicate time
lapsed since activation may be used. The described embodi-
ments are to be considered in all respects only as illustrative,
not restrictive. The scope of the invention is, therefore, indi-
cated by the appended claims rather than by the foregoing
description. All changes that come within the meaning and
range of equivalency of the claims are to be embraced within
their scope.

What is claimed is:

1. A syringe system for mixing and for recording the mix-
ing date to permit monitoring of the shelf life of a mixed
two-part dental composition, the syringe system comprising:

a first pre-dosed composition pre-packaged so as to be
contained in a first syringe having a barrel with a first
plunger slidable within the first barrel;

a second pre-dosed composition pre-packaged so as to be
contained in a second syringe having a barrel, with a
second plunger slidable within the second barrel, and the
separate compositions each having a shelf life signifi-
cantly greater than the shelflife of the two compositions
after they are mixed;

the first and second plungers being operable so that by first
sliding the first plunger into the first syringe barrel the
first pre-dosed composition is introduced into the second
syringe barrel so that it contacts the second pre-dosed
composition, the two compositions thereafter being
either further mixed using one or both syringe barrels, or
else applied in a dental procedure by expressing the
mixed contents from the second syringe barrel; and

an activatable label disposed on one of the first or second
syringes and having a material which, when exposed by
pealing back a cover upon mixing the two compositions,
begins to change from a first to a second color as a
function of time to thereafter provide a visual indication
which automatically changes over time, the second color
indicating elapsed time from when the two compositions
were mixed so that the shelf life of the mixed composi-
tions is easily ascertainable from the visual indication.

2. The system of claim 1, wherein the rate at which the
material of the label changes color from the first to the second
color is also a function of temperature so that the change to the
second color will be delayed when the mixed dental compo-
sitions are refrigerated to extend the shelf life of the mixed
dental compositions.

3. The system of claim 1 wherein the first syringe barrel is
connected end-to-end with the second syringe barrel so as to
form a syringe-to-syringe mixing system.

4. The system of claim 1 wherein the first syringe barrel fits
within the second syringe barrel so that the first syringe barrel
also functions as the plunger for the second syringe barrel,
thus forming a syringe-in-syringe mixing system.
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5. The system of claim 4 wherein an outlet end of the first
syringe barrel comprises a rupturable membrane so that when
the plunger is pushed into the first syringe barrel, the pre-
dosed dental composition packaged within the first syringe
barrel will be expelled under pressure sufficient to create
turbulence, into the second syringe barrel, thus mixing the
two dental compositions in the second syringe barrel.

6. The system of claim 4 wherein the plunger of the first
syringe barrel comprises a locking structure so that when the
plunger is pushed into the first syringe barrel a sufficient
distance, the syringe plunger inhibits the plunger from there-
after being withdrawn from the first syringe barrel.

7. The system of claim 6 wherein the locking structure
comprises an annular ring formed on a circumference of the
plunger of the first syringe barrel which cooperates with a
corresponding groove formed inside the first syringe barrel
for receiving the annular ring when the plunger is pushed far
enough into the first syringe barrel.

8. A syringe system for mixing and for recording the mix-
ing date to permit monitoring of the shelf life of a mixed
two-part dental composition, the syringe system comprising:

a first pre-dosed dental composition pre-packaged so as to

be contained in a first syringe having a barrel with a first
plunger slidable within the first barrel;

a second pre-dosed dental composition pre-packaged so as

to be contained in a second syringe having a barrel, with
a second plunger slidable within the second barrel, and
the separate compositions each having a shelf life sig-
nificantly greater than the shelf life of the two composi-
tions after they are mixed;

the first and second plungers being operable so that by first

sliding the first plunger into the first syringe barrel the
first pre-dosed composition is introduced into the second
syringe barrel so that it contacts the second pre-dosed
composition, the two compositions thereafter being
either further mixed using one or both syringe barrels, or
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else applied in a dental procedure by expressing the
mixed contents from the second syringe barrel; and

an activatable label having a microchip readable by an

associated microchip reader which indicates to a user the
time lapsed since mixing the two dental compositions.

9. The system of claim 8 wherein the microchip is config-
ured to account for differences in temperature so that the
lapsed time recorded by the microchip will be delayed when
the mixed dental compositions are refrigerated to extend the
shelf life of the mixed dental compositions.

10. The system of claim 8 wherein the first syringe barrel is
connected end-to-end with the second syringe barrel so as to
form a syringe-to-syringe mixing system.

11. The system of claim 8 wherein the first syringe barrel
fits within the second syringe barrel so that the first syringe
barrel also functions as the plunger for the second syringe
barrel, thus forming a syringe-in-syringe mixing system.

12. The system of claim 11 wherein an outlet end of the first
syringe barrel comprises a rupturable membrane so that when
the plunger is pushed into the first syringe barrel, the pre-
dosed dental composition packaged within the first syringe
barrel will be expelled under pressure sufficient to create
turbulence, into the second syringe barrel, thus mixing the
two dental compositions in the second syringe barrel.

13. The system of claim 11 wherein the plunger of the first
syringe barrel comprises a locking structure so that when the
plunger is pushed into the first syringe barrel a sufficient
distance, the syringe plunger inhibits the plunger from there-
after being withdrawn from the first syringe barrel.

14. The system of claim 13 wherein the locking structure
comprises an annular ring formed on a circumference of the
plunger of the first syringe barrel which cooperates with a
corresponding groove formed inside the first syringe barrel
for receiving the annular ring when the plunger is pushed far
enough into the first syringe barrel.
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