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| NVENTI ON [ 011 The present invention to nethods and devices for neasuring

t he ext enwvoebosdepsnsi ti on or uptake of agents (e.g., oralpcaaiscoms/oagsnt s)
onto substrates (e.g., hydroxyapatite surfaces to mmc tooth surfaces).
The amount or concentration of an agent may be efficiently determ ned on a

substrate (e.g., wth the ge oth in solid form, using
Near - I nf rar ed (Near- ER) spectégggg%éﬂg%wlgggl olet (UV) spectroscopy.

BACKGROUND OF THE | NVENTI ON [ 02] Conventional nethods for anal yzing the

deposi t i ony QIA[AGHBISE SUBBTRA IRH BAEINE S GERNEDESSAITED demtREOSET €,
i nvol ve incubating the agent with a substrate, washing the incubated
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xtract is analyzed using h&%ﬁgBéﬁFggﬂiﬁéé%$§H§ﬁ§ chromat ography (HPLC) to
provi de an indirect quantification of the deposited agent. In a particul ar

t ype ofdluchharpranaitysiventionatelees itvenaglenis asdcliedsesT o npsanyingi theer i n
neat solutions or in dentrifrice formulations, are incubated w th
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vvhgent is deposited. As a uent
or concentration of an agent may be efficiently determined on a substrate (e.g.,

with the agent and substrate both in solid form), using Near-Infrared (Near-
IR) spectroscopy or Ultraviolet (UV) spectroscopy.
BACKGROUND OF THE INVENTION

[02] Conventional methods for analyzing the deposition of agents, such as oral
active agents used in dental care, involve incubating the agent with a
substrate, washing the incubated substrate, and then subjecting it to solvent
extraction. Subsequently, the extract is analyzed using high-performance
liquid chromatography (HPLC) to provide an indirect quantification of the
deposited agent. In a particular type of such an analysis, oral active agents
such as Triclosan, either in neat solutions or in dentrifrice formulations, are
incubated with saliva-coated hydroxyapatite disks used to model hard tissue
substrates, prior to performing solvent extraction on the disk.

[03] The solvent-extraction/HPLC method, however, has limitations.  For
example, the method relies on the indirect analysis of an extract rather than
the direct analysis of the surface onto which the agent is deposited. As a

result of the extraction and subsequent HPLC steps, the analysis often takes



considerable tine. Mreover, the nethod relies on the use of an extracting
agent which may not al ways be conpatible with a given agent/substrate
system (e.g., nay deconpose or adversely affect, for exanple by reaction
with, the agent to be analyzed or otherw se influence the formof the
agent). 5[04) Therefore, a need exists in the art for nethods that can
efficiently analyze or characterize the rate or anmount of deposition of an
agent onto a substrate. ldeally, such nethods can be performed via direct
anal ysis of the agent/substrate system and provide fast results. [04a] Any
di scussi on of docunents, acts, materials, devices, articles or the |ike

whi ch has %n@&%lc Al %‘?&v&n{hé H&@th&f :%ﬁc% 1 th%l%ﬁ‘&dffah 9@&&1&@ apeht Qwﬁat:h iy be taken
as an adn155|o the prior art
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i nt eger or wethqss carbegpedermedfia direstrandysis of the ex}e\isybmwersepsandm@ FSUMMARY OF
THE | NVENTI @hitg.04c] The present i nvention provides an in situ nmethod for

measuri ng dﬁ@ﬂs"&w ﬁllgcug)sgonao@ dQJuﬁlents acts, materials, devices, articles or the like which has

10 been included in the present specification is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the field
relevant to the present invention as it existed before the priority date of cach claim of this
application.

{04b] Throughout this specification the word "comprise”, or variations such as “comprises”

15 or "comprising”, will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or sieps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.

BRIEF SUMMARY OF THE INVENTION
[04c] The present invention provides an in situ method for measuring deposition of an oral

'0  agent from a dentifrice on & substrate, the method comprising (a) contacting the substrate
with the oral agent to deposit an amount of the oral agent thereon, wherein the substrate is
coated with saliva and (b) analyzing the substrate using a Near-Infrared (Near-IR)
spectroscopy or an Ultraviolet (UV) spectroscopy probe contained within a toothbrush,
wherein a wavelength used in step (b) is specific to said oral agent and wherein a reference

5 signal of the dentifrice without the oral agent is subtracted from the analysis to provide an
amount for the oral agent.
105] The invention relates to efficient, reliable methods such as screening methods for
characterizing the deposition of agents {(e.g., oral active agents) onto surfaces. Such methods
can be used to assess and compare different formulations comprising the agent to be

0 deposited, as well as different delivery systems for the agent. The methods are also
applicable for evaluation or diagnostic purposes in patients or other users, and can therefore
be applied to in vivo systems, for example, in the analysis of deposition of an oral active
agent onto the tooth surface of a patient. The methods are also suitable for personal use, for
example, in the case of a user desiring to monitor the effectiveness of a particular dental care

5 regimen.



10 agent froma dentifrice on a substrate, the nethod conprising (a)
contacting the substrate with the oral agent to deposit an anount of the
oral agent thereon, wherein the substrate is coated with saliva and (b)
anal yzing the substrate using a Near-Infrared (Near-IR) spectroscopy or an
Utraviolet (UV) spectroscopy probe contained within a toothbrush, wherein
a wavel ength used in step (b) is specific to said oral agent and wherein a
reference 5 signal of the dentifrice without the oral agent is subtracted
fromthe analysis to provide an amount for the oral agent. [051 The
invention relates to efficient, reliable nmethods such as screeni ng nethods
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di stribut Edubmg Near-Infrared (Near-IR} spectroscopy or Ultraviolet {UV) spectroscopy.

[09] Other aspects of the invention relate to a method for evaluating the effectiveness of an

5  oral delivery system. The method comprises depositing an oral agent onto a substrate using
the dental instrument, and additionally analyzing the substrate using Near-Infrared (Near-IR)
spectroscopy or Ultraviolet (UV) spectroscopy to measure the extent of deposition,

[10] Other aspects of the invention relate to devices or instruments for performing any of
the above methods.

0 [11} Other aspects of the invention relate to one or more tangible computer readable media
storing executable instructions that, when executed, cause a data processing system to
perform a method comprising steps of analyzing a Near-IR spectrum or a UV spectrum
generated according to the methods



[07) Accordingly, aspects of the invention relate to a nethod for neasuring
deposition of an oral agent such as an oral care active on a substrate. The
met hod cowpri®e4ziont acti ng the substrate with the oral pegarstomwosgsposit an
anount of the oral agent thereon, and anal yzing the substrate using
Near-Infrared (Near-IR) spectroscopy or Utraviolet (UV) |I Ospectroscopy.

[8] O her aaé?&?%;?doib&@? Jdsfivent ﬁﬁ%éﬁé%&a@ hOtR TR Rasktad ,f%lﬁgﬂfés'%ﬂﬁ;ﬁ he

oral condition a patient.” The nmethod conprises neasuring the presence of

an oral agent in a patient sanple ysing.Near-|nfrared (Near-IR).

spect r oscop§PHStE PAUTY %"t‘f @%“dsg‘é@t’ \s‘cdﬁf?L arF@]m'&gf('FetFopasWé%}?]sleéft t he
invention relate to a nethod for evaluating the effectiveness of an 5 oral
del i very sysqetres Thegmetibhod (Ebfpr ilses:ldepbsik i ngnerrsomal naglipie ohiheara
substrate using the dental instrunent, and additionally analyzing the

substrate u?é%}gss%@raiwldrgﬁe rgpsdﬂ}%rtfobﬁ%{g.?P@%lS@%%Yk%{ou%iL%@ﬂ]@[ et (W)

spectroscopy ‘to medsure ‘'t he extent o position. |1 aspects of
the invention relate to devices or instrunents for perform ng any of the

above hotge rRethdd} atliherviaspaele @h Bdesddireite disohab aheasioenogt of nor e
tangi bl e conput er readabl e nmedia storing executable instructions that, when

execut ed, cause data praocessi syst e p. é“t N a ho 1.8i ng
st eps of anﬁw i S’g nge‘%P- %r%%(g%t réjrsn %gb%t%uv% 6%@ ruré%éne‘?aggg&?c%brdi ng
to the nethods described above, usi ng> a mat hematical nmethod is sel ected
from the gréligreaislst ithy Bethadss mayndpes aseshdod ePfajat Jaladive @arO e 20T
integration, partial |east
concentrations of these agents (e.g., in the case a monitoring application). The
methods may be used to compare the extent of deposition of an agent as a
function of its concentration in an initial composition (¢.g., in a dentrifrice
used to incubate a substrate according to methods described herein), as a
function of the use of differing delivery systems (e.g., a paste versus a gel
system), or as a function of any of a number of other parameters that will be

appreciated by those having skill in the art, having regard for the present

disclosure.

[13] These and other aspects of the invention will become apparent from the

following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

[14] A more complete understanding of the present invention and the advantages
thereof may be acquired by referring to the following description in

consideration of the accompanying drawings, which should be understood to



squares regression (PLS), Kubel ka-Mi.nk conversion, nultiple Linear and
spectral subtraction (e.g., to subtract background signals [12] The nethods
and devi cwe 2alporeg3i6an be used in the absol ute neasur enercTafS2@omBYsss OFr
concentrations of agents deposited onto a substrate. Alternatively, the
met hods may be used to obtain relative amobunts or concentrations of these
agents (e.g L : LiarlLr | i 1:0N) 11 S be
dsed o conpieet pRTLGRERIh FPRAkALL AIpARG AL 18 ol EndFH BRI °F
concentration in an initial conposition (e.g., in a dentrifrice used to

i ncubate a BUSY¢heeddebeieding t o net hods described herein), as a function
of the use of differing delivery systens (e.g., a paste versus a gel

Syst em,,.,or function of any,of a number of other par ters.that wll
o applh af B Byt PROLLSRaBim g bRf I Re iRy P e T BERR Fub e
present disclosure. [13] These and ot her aspects of the invention wll
become apparentlehgdm fohase o1 Near-hg obét\aspedrddesey;i pti on. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 14] A nore conpl ete understanding at he present invention
an the_advapt ages thereof nay be acquired by referring to the foll ow ng
descri E@ﬁjon% L insh B‘@F‘&E‘?o“h’e‘é‘?‘u’ﬁhé CeBEaky i TP APHR ngs ,tf“‘?/\mfélha%th‘ﬁhl d be
understood to present an illustration of various aspects of the invention
and/ or pri naggitericlovat,ved, and wherein: [15] FIG 1 is an illustration of
the el ectromagneti c spectrum including suitable wavel engths for use in.
Near-1R or UV spectroscopy.; [16] FIG 2 is a Near-IR spectrum 'show ng

t he' fi Hgdr pFiGaitdis she Hedespativeatimfseargdhspectiing b d sigtosan;

[18] FIG. 4 depicts the relationship between the Triclosan peak area, measured
using Near-IR, and the Triclosan concentration (in ppm) measured using
HPLC;

[19] FIG. 5 depicts the data obtained during validation of the Near-IR analysis

method;

[20] FIG. 6 depicts an experimental step in which HAP disks are introduced into

Near-IR or UV spectrometers;

[21] FIG. 7 depicts a process whereby Near-IR analytical methods are correlated

with conventional solvent extraction/ HPLC methods;

[22] FIG. 8 depicts the use of data analysis techniques in correlating a Near-IR

analytical methods with conventional solvent extraction/ HPLC methods;
[23] FIG. 9 depicts the use of data analysis techniques, including partial least
squares regression, in correlating a Near-IR analytical methods with

conventional solvent extraction/ HPLC methods;

It




[17] FIG 3 is the 2'nd derivative of a Near-

R spectrum of Tricl osan;

[ 18]

FIG 4 depicts the relationship between the Tricl osan peak area, neasured

usi ng Neawel2By9/@amdot he Tricl osan concentration (in ppm PORASREWM39%S] NQ
FIPLC, [19] FIG 5 depicts the data obtained during validation of the

Near -1 R an
HAP di
depi C![ ?&i

conventi on

of data anaPyarss gegeasigiesd melsiplell J@@a‘ﬁgt&ftrxﬁam BReariglagtricca Neaths x

/ Fl PLChods;

[25]

[26]

[27]

[28]

[29]

[30]

alysis method; [20] FIG 6 depicts an experinental step in mhich

at’;%‘i {6 %%%%%? q}uls R%g &!e ta ﬁllaﬁ fSlWFaPI? {ﬁhes? m%tﬁfd%h Eg\]f}la{: g tith

process ereby ar-| |ca ods are c¢

al sol vent extractlon/HPLC nethods [22] FIG 8 depicts the use

M5 9 depicts the use ot data nal ysis techniques, inducting
partiai | eastalytical methods with conventional solvent extraction/ HPLC methods;

FIG. 11 depicts a UV spectrum for a mixture of two components, obtained
using UV spectroscopy, with the spectrometer modified with an integrating

sphere accessory;

FIG. 12 depicts UV spectra for various samples, including placebo samples

and substrates incubated with Triclosan for 5 minutes and 30 minutes;

FIG. 13 illustrates a representative computer system environment embodying

one or more aspects of the invention;

FIG. 14 illustrates a representative oral care implementation environment

embodying one or more aspects of the invention; and

FIG. 15 is a schematic representation of a toothbrush/probe embodying one

or more aspects of the invention.
DETAILED DESCRIPTION OF THE INVENTION

Aspects of the invention relate to methods and devices for the detection of
agents (e.g., oral agents) that have been delivered and deposited onto a
substrate (e.g., a substrate in the oral cavity such as a tooth or soft tissue).
Other substrates include bodily fluids such as blood and saliva, which may be
analyzed according to methods described herein for analyzing the uptake or
deposition of agents (e.g., pharmaceutical compounds). The methods allow

the guantification of the amount of uptake of the agent by the substrate and
q P g 3




squares regression correlating a Near-IR anal ytical nethods with
ccaivcntkonal 50.1.11.e.int exXtrath [24] FIG O depicts the use of data
anal ysi s wechwquas, including partial |east squares regrceas2a/ 0398l
multiple linear regression, in correlating a Near-ER anal ytical nethods

wi th conventional solvent extraction, HPLC nmethods; [25] FIG 11 depicts a

W spectr umcfz%@q@%ﬂ{ﬂ\x HHsE rEthbYe aFOTRINE @éxsexalﬁ Ieahﬂ@é;h 8HAG thV uptake

spect r oscopy, t‘he spectroneter nodi'f an integrating sphere
accessory; [2 12 depicts traf r various sa | udi ng
pl acebo san‘{ﬂt%%a%fkgors‘i&’t%ltarl peat ‘Pgr;%/&%’gt @O%t? uﬁ*??%?%@éjﬁgfgfdgl%sn ¥s and
30 mnutes; [27] FIG 13 illustrates a representative conputer system

envi r onnent metihatly kiregaleneiseful nor ércasgedmgofhet haturawénnicongtiqr2BetvRle@. 14
illustrates a representative oral care inplenentation environnment enbodyi ng

one or mret@s%%ﬁggngfthé h&ndyent i on; and

[31] Agents such as oral agents include those used in oral care and/or those used
as model oral agents. Examples include phosphates, amino acids, potassium
salts, and stannous compounds. Triclosan and sodium lauryl sulfate are
representative examples of active agents used in oral care. In the case of oral
agents, they may be used in the methods and devices as pure compounds, but
are often in the form of solution with an aqueous or organic solvent.
Solutions are typically physiologically acceptable, in order to best simulate
the conditions of actual use. Oral agents may also be in the form of a

dentrifrice such as a paste, gel, or slurry.

[32] The agents are generally brought into contact with a substrate, such that the
resulting agent-containing substrate can be analyzed using methods
discussed herein to determine the agent uptake or deposition onto the
substrate. In the case of oral agents, a commonly-employed substrate is a
hydroxyapatite (HAP) sample, such as a HAP disk used to model a tooth
surface. For example, a saliva-coated HAP disk (scHAP) may be treated or
contacted with the oral agent under conditions which result in the deposition
of at least some of the oral agent onto the substrate. “Saliva” can refer to

natural saliva or, alternatively, saliva that is purified and/or otherwise

~1



[29] FIG 15 is a schematic representation of a toothbrush/probe enbodyi ng
one Oore aspec s of the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 30] AspewD=0@f128316 i nvention relate to nethods and devipceasbamo/obdsst
detection of agents (e.g., oral agents) that have been delivered and
deposited onto a substrate in the oraluch as a tooth. or soft tissue)..
Qlily flui 88,846l oB%vBhogthRaEL SRl Aesithie@NoTBUNAN dhY ZRIEGOELHB DAL O

met hods destcri bed herein for analyzing | Uptake or i don ot agents

(e.g., pharnace tifal conpounds). The qgthods all ow the ctuantifi eof
upt aket he dﬁ%ﬁﬁ’ﬁﬁ‘v%gﬁgggﬁﬁﬁ?ﬁ FH@UYHEt hods are useful, for exanple, in

conpari ng he uptake rates and/or total amount of agent deposited under

varyin ondi ti c 1% he r eful W.ngeh terd . zi t he
mat ar ol b b R e R R R s such
as or- [ agents include those used in oral care and/or those used as nodel
oral agent sexapxplpthedopiepisdt Braepta dentabpd g ta¥ i Wt iBeaEsr dRriERet s, and
st annous conpounds. Triclosan and sodium |l aurvl sulfate are representative
exanpl es of kasticdgeagent sxtesedf dopositibnednae. orhhagde @asehotoahalurfagent s,
they may be used in the nethods and devices as pure conpounds, but are
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I
are typi cal ysi ol ogi Cc y acceptab in or est sinmulate the
conditions of actual use. Oral agents nay

) al so be int Z forg1of a
dentrifri ceombereayolespiggpboyaimingpteged, py yhe paventhimsgdéheseldr e general Iy
brought into contact with a substrate, such that the resulting

agent -cantaj ni ng substrate can. be anal yzed using net LScus erein
to deté@ﬂin ?ﬁ%ﬂﬁ éﬁ?mﬁﬁﬁgﬁ838?uﬁé38§¥%?%ﬁS8ﬁ gs?ﬁggggiggkégéigﬁﬁ he case
of oral agents, a commonly-enployed substrate is a h¥9roxyapatite (HAP)
sanpl e., sugmtaged Wih diskralsagent csusbdes Eriglesarh in the form of a liquid
dentrifrice solution or a dentrifrice slurry. The resulting agent-containing
substrate (i.e., having the oral agent deposited thereon) is then analyzed using
Near-IR spectroscopy or UV spectroscopy, or a combination of these methods.
Results of these analyses show that the deposition can be accurately
measured, based on a comparison with conventional methods involving

solvent extraction, which are significantly more cumbersome and time-

consuming,.

[35] In other embodiments, the methods described herein are applicable for
diagnosing an oral condition (e.g., the deposition of an oral active agent, the
deposition of a biofilm, or the extent of tooth whitening or tooth gloss),
including the progress of an oral treatment regimen (e.g., to improve oral
health, whiten teeth, or provide tooth gloss) in a patient. In still other
embodiments, the method is applicable to determining the effectiveness of an

oral care delivery system. Devices for performing these methods are also



For exanple, a saliva.-coated HAPFI may be h contactedder conditions which
result the deposition of at est sonme of the oral agent onto the substrate.
"Sal i va" wenoeefnesot o natural sahva orl alternatively., pealusy@otbams i s
purifiedand/ or otherw se processed, or even synthetic saliva designed to
mmc the performance of natural saliva for purposes of in analysis. 133]
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exanpl e, the too oft“tissue of a dental patient or dentrifrice user

desiring know edge of th tent of deposition of an oral.. nt _onto the
tooth surfac¥. exﬂ%@’%enf”‘é@i%?%ﬁam %"&?I BAnPaYo ‘FléaB%Flg%gg‘}taﬁ@g&gti ent

adm ni stered by an oral care professional or adm nistered by the patient
hi msel f / herdsbfbantd4br reflativepoeseanatitvelat nbgri aenayelangthss ardameleuch as
a scHAP disk is treated or contacted with an oral agent such as Tricl osan

in the formafi.a.Ld oyl d denhs %I‘cffiaé:s?oﬁe@ | K4 QQV@%_Iﬁoﬁeﬂﬁﬁfieﬁrda%ﬁbﬁitﬂ LY. The

resulting agent-contai ning substrate (i.e€., having the oral agent deposited

thereon) is then. analyzed using Near-1R spectroscopy Qr spect roscopy,
or a conbi NAERYHCGLSPHEEKS rﬁ%ﬁfh é{}lﬁﬁ&m’ ?%ﬁ%?g'i“ﬁége”%h*g?’}g%sr@%%ﬂ?%at t he

deposition can be accurately neasured, based on a conparison with
convent i onadremehdnedgeristivobiarg @ral vent esubstetd cwstewhi eh infesessi @rd f iacant | y
nore cunbersone and timconsum ng. [35] In other enbodi nents, the nethods

descri bed hﬁ&fcﬂla?%‘??laﬁ@ik%eg?cmtﬁ s{ré’t‘énﬂi agnosi ng an oral condition the

deposi tion an oral active agent, the deposition ot a biodim or the e
extent of tooth whitening or tooth gloss.), inctudinr Hi
[36] Even simpler devices are applicable for home use by a consumer to monitor,

for example, an ongoing oral treatment regimen by determining relative
amounts of deposited agents over time. Such devices may be used alone or
may alternatively be incorporated into toothbrushes or other oral care
devices. Users of the device will advantageously be able to obtain quick
results to allow effective monitoring of an oral care regimen. Also, users can
respond to such results by adapting the regimen appropriately (e.g., by

brushing and/ or flossing more often or for a longer period).

[37] In this manner, methods described herein will be useful for monitoring the
extent, or trend over time, of a desired agent (e.g., a beneficial, oral active
agent such as Triclosan). The methods are also applicable, however, to the
characterization of deposited, undesired agents such as detrimental tooth film
buildup, which may be countered by an appropriate response. The methods
may be combined with other methods such as fluorescence, if necessary to

adequately characterize a particular agent/substrate system.
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[38]

[39]

[40]

Analysis of the substrate, having agent deposited thereon, is performed using
Near-Infrared (Near-IR) spectroscopy of Ultraviolet (UV) spectroscopy.
Generally, the spectroscopy instrument is adapted with accessories for solid
measurement, in order to perform direct measurement (amount or
concentration) of the agent deposited onto the substrate. In the case of a
Near-IR spectroscopy instrument or a UV spectroscopy instrument, the solid
measurement accessory can be a rapid content analyzer (RCA) or an
integrating sphere, respectively. In the case of the integrating sphere, the
sample of the agent-containing substrate to be analyzed may be positioned
(e.g., centrally positioned using a light beam) onto a reflective disk plate, such

as a white ceramic plate commercially available under the name Spectralon®.

A representative technique for preparing the substrate sample, onto which the
agent has been deposited, involves drying this sample, for example to a
predetermined water concentration to minimize sample-to-sample variations
in the results which are not due to the parameter being studied.
Representative parameters to be studied include changes in the amount of
agent deposited under controlled conditions, as a function of either (i) the
agent concentration, such as the agent concentration initially present in a
solution or dentrifrice composition, or (ii) the concentration of agent delivery
enhancers or agent delivery retardants (e.g., initial concentrations in such

solutions or dentrifrice compositions).

The Near-IR or UV analysis of the agent-containing sample (sample onto

which at least a portion of the agent initially present, for example, in a

10
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WO 2009/ 124310PCT/ US2009/ 039651 cont enpl ated, havin.g conple.xities thato
their intended use. For exanple, while | aboratory devices nmay have the ca
pabi | i t v wo 2amail2yze absorbance (or reflection) over an extrasdedosmsage of
wavel engt hs, a sinpler device used by a dental professional nmay have a nore
Iini}ed Cﬁpability and neasure absorbance only at distinct wavel engths or
wavel engt , t:erd.sti.c .ok 0 . 1{; system
of Tnter Ssﬁo e R R S e
simpl er devices are applicable for_hone use by a consumer to itqr, for
exanpl e, an@éhg@ﬁﬁ@*grépe$¥%%hﬁ%nﬂp%éﬁﬁﬁﬁﬁnﬁythéqé?ﬁaﬁﬁﬁﬁepé?ifgﬁet nount s
of deposited agents over tine. Such devices may be used al one or nay

al t er nat i vetejathenshiys bepaseat td santpde hbabribbnuses tir watvhength abedalretldevi ces.
Users of the device will advantageously be able to obtain quick results to

al | ow eff ecllne, MDp 9% &ﬂnﬂ{(ﬁgﬂ.cﬁftgilneﬁaﬁs%1 SQ § %rgﬁbﬁ%hg‘é&eﬁ§ aCRJlr espond

to such results by adapting i egl nen. appropri , by brushing
and/or flossing nore often or faor a | onger perio?r%ﬂ.’ [371 1n this nner,
met hods des@CRBEENHE! eRFFeRiqTy) behe S8Rl PRYCTHBRI P51 Ry CRarask#td Bt trend
over time, of a desired agent (e.g., a beneficial, oral active agent such
as Tricl osap¥lecilbe wet Radslaighal sohapplritadion \|dweyenayt ddavhever, be
characterizatiireti agents such as detrinmental toed buil dup, which nay be

counter ed by A, ABRGLIPLIALBAHBIRPRSGbING JRLBART by perforfiRAPLOR M

ot her hods suc uorescence ecessary adequaretv characterize a

particul ar ag /substrat | .
operations such as a Kubelka-Munk conversion.

[41] In the case of either Near-IR or UV spectra obtained from analysis according
to the methods described herein, it is often desired to subtract a background
or reference signal due to materials such as known additives present in
solution with the agent. Thus, data analysis methods often require
performing spectral subtraction to better resolve the spectrum of the agent of
interest (e.g., to obtain a resolved spectrum, by subtracting a reference
spectrum such as that obtained from saliva alone). Additional data
manipulation techniques that are advantageously performed include
determining first or second derivatives of the Near-IR or UV spectra (which
may be converted, in the case of UV, and /or resolved as described above) to
improve the peak clarity (e.g., by distinguishing the sample peaks from
interfering peaks). Once peak clarity is resolved to a desired extent using
these (and optionally other data manipulation techniques), the areas under

various relevant, resulting peaks may be determined by integration, with the
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138] Anal ysis of the substrate/ having agt.nt deposited thereon, is
performed using Near-infrared (Near-1R) spectroscopy of Utraviolet (W)
spect r oscwpyoos@es@Enal | y, he spectroscopy instrunent is adaptseahorsdchi
accessories for solid nmeasurenment, in order to performdirect measurenent
(amount or concentration) of the agent deposited onto the substrate. In the

case of a Neg,d B{)ﬁ%ﬁ;&ﬁﬁﬁgo&y doRSEAYAIRMNs OF fosMite PEGLLASC @PYddpsitbdment
the solid neasurene accé&ssory can be a rapid co tent analyzer (RCA) or an

integrating sphere, reﬁ:spectively. In the case of the integrating sphere,
the sanpl e AR BEERE cont ai ni ng substrate to be anal yzed rmay be
positioned (e.g., centrally positioned using a light beam onto a

fleqti di sk _pl at.e, ;. ' L ; ' . [
under A s b PHEIRIAY Tl M BT e N B PR o A e g

t he substrate sanple, onto which the agent has been deposifed, jnvolves
dryi ng t hi sedunpltes Poenlephnptataing pegkedBtre FraHBE WAYST OEBMFF‘&E on to
m nimze sanple-to-sanple variations in the results which are not due to

t he paramet@htbRiNGush udi additRens es@aiatcsy er parcaamatiditiortad dpentt wdiced
|ncggde changes in the anbunt of agent deposited under controUed
condi ti ons,

OIRRRIER. e LNl Bl b loablieod! BnB4RE L EABAE HLAHPRInERHEN @S

ea
Initial y present 1na solution or entrifrice

conposition.,the concentration of agent delivery enhancers or agent
del i veryi griint fhengasienols acmixigreof gipasited j agents, Py %?E@ﬁ%’oﬁ%‘g@iﬂ@%&‘h@r[ 401The
Near-i R or UV analysis Mthe agent-containing sanpl e(sanple onto icfl at

Least a pO:ﬂe};i‘@Bieriiﬂ% st sqE@lel ré@mRsgon dany befusthig)for esirbdting fort he
generation of a correspondi ng spectrum (e.g., Near-LR spectrumor W

interference or overlap of peaks from the different agents in the mixture.

[43] The wavelengths used in the Near-IR and UV analysis methods described
herein may be fairly broad wavelength ranges over a portion of the
electromagnetic spectrum. These wavelengths may be in the UV vacuum
wavelength range, the near UV range, the visible light range, the Near-IR
range, and/or the IR range. Often, it will be desired to tailor the wavelengths
(or wavelength ranges) used for analysis to those that are specific to a
particular agent or agent/excipient combination (i.e., those wavelengths that
are characteristically absorbed or reflected by the analyzing radiation, and can

be thus used to “fingerprint” the agent of interest).

441 The selection of only the most pertinent wavelengths (e.g., only 3 or 4
. J o TG #

characteristic waveleneths) for a given svstem can be beneficial in reducing

el & J (%)

the complexity and/or cost of the spectroscopy instrument. The selection

process of wavelengths for use in the analysis can be based, for example, on a

linear regression or least squares analysis of the integrated peak area about a

12



m that is characterized by the relationship between the sanpLe absorbance
and the wavel ength used. In the case of a UV spectrum (e.g., obtained using
an i nt egrabi2og/pdere as a solid nmeasurenent accessory) pCcrhus2o0joBdcal
spectrum may. be characterized by reflection vs wavtlerigth. These
reflection values may, however, be converted to a correspondi ng absorbance
spectrum by.pef 100, rsk@n..operat i : b : "

conver si on.mF‘?ﬂl&I{?%%gfé@ggg @?&eﬁ ggﬁtﬁdég?-élcgfggn%%ug%gt rgjéé%%té%?rﬁgd from
anal ysis according to the ne@&gds descrjbed herein, it is often desired to
subtract a W&é%ﬁgdﬁa"%wqﬁe‘f EHEE §?Qjﬁiﬂs (e CORAHRPE KOV 98 CRICEE N own
additives present in solution wwth the agent. Thus, data anal ysis nethods
of ten requigraopars of magents pediheakelsutbn ackilanidlogbetmber alses ahwave hihe
spectrum of the agent of interest (e.g., to obtain a resolved spectrum by

ubt 2t [ N9y A LR ERRNCE SRBELIUT SUER DR AAL 2 OBLAL0eT, Lromisaht Yeedl 0ne)
uv

Addi ti onal data mani pu ni queS that are advant ageous r med

i nclude determning first or second deriyvatives of the Nea}r-,lR or

spectra (whilchtergyt @é-c%?@r‘f%é,sﬂeﬁ“?ﬁbog‘é‘é’ée frogya By HiuterR AR eas
descri bed above) to int pro e eat< claritydistinguishing the sanple peaks
frominterfeswdgpehkam oDthe agedgsim bavextiaithall otdrérge wWidngeslpt bbdlhdry ot her
data n lipulation technkiuc WO 2009/124310PCT/ US2009/ 039651 ar eas

corr espondi gt e OSRGOS BERDS AbtEEuRTRUN s decHloRASHIRGI QANT S Of

interest. 1 sone ‘e nts, other mani pul ati on techni ques may

be used to reduce the extent of nterfering, peaks, for e e those

obt ai ned f rHaRE viavsleagthin réée M@Ff?@@@g’sisdﬁgﬁﬂql?% @Ff@ghoé‘am %eonal
agents whose deposition or uptake is to be neasured using the nethods
descri bed heirgen.ofl To(dhES0dase ofid 21802800 enraf  Hejalslet edvelgagtis, fdrothe
exanple, nultiple linear regression or partial |east squares regression my

be useful for.,coE LASHRGMRE drit &HHRTRRAGE BHiANELLAR sAlfaREFSulE RO
different agents in the m xture. ’
in the ranges of 1192-2198 nm, 1626-1814 nm, and 2250-2400 nm. Suitable

wavelengths using UV analysis include those in the range of 200-500 nm.

[45] Near-IR and UV/V can be used separately or even in combination to obtain
desired information about the delivery of agents such as oral active agents,
key ingredients, and additives such as excipients. According to some
embodiments, Near-IR analysis can provide a total amount of deposited
agents and UV analysis can determine concentrations of individual
components in a mixture of agents or a mixture of one or more agents and one
or more additives.

[46] The methods and devices described herein thus provide a number of possible
advantages in various applications. For example, the methods are useful in
the development of rapid analytical methods for direct quantification of active

delivery on oral surface models. Representative methods allow the direct

13



[43] The wavel engths used in the Near-1R and UV anal ysis net hods descri bed
herein may be fairly broad wavel ength ranges over a portion of the

el ect r onagoaviscizsaect rum These wavel engt hs may be in tlreT[usYhov@sasam

wavel ength range, the near UV range, the visible light range, the Near-IR

range, and/or the IRrange. Oten, it Nevill be desired to tailor the
wavel engt NS aly IAKEL SIOND LANGSSH dIGD: LAl AIALXSLE 1R ADASE At @
specific to a particular agent or agent/ exciptent conbination (i.e., those

wavel engths that are characteristically absorbed or reflected by the

anal yzi ng ragthrdsoare additeamliyeuseful fos egaponingi agdrditivist agends dgetheinof
interest). [441 The sel ection,only the nost pertinentngthsonly 3 or 4

char act eri statgverauel @ngtibstifricermarsi mehfor Ladyihg rhesield sialdceduei vigwt he
conplexity atof the spectrosc )sel ection process of wavek.ngt.hs for use in

t he anal ysi Lo hased! tor exz C..0n.a tinear . e
regr essioni (?]ft gg‘?éﬁ b%)‘if? ggg%)gﬁgslr’ dlgt%ﬁ\?v?’\}‘eﬁ%tr?gtt E,it \??A@l?(% Flg‘é%%%gcﬁ ) 1‘ft‘}'ueb('
concentration of the agent,as neasured in various calibration sanples (Le.,
cont ai ni n. gadtrievasl endofbanedvantaggent yesuftiemas| lee vbtrinedt Hodwilloglyo ey al so

i nvol ve the determ nation of absorption wavel engths that are unique to a pa
ticular agemppetiatdit eHa@%he (:tBods HAaS eldvRos deSRERd A velhal medisbdamtpur e
solution or pure powdered form of the agent) or have mnimal overlap with

peaks of other_ . ri;als. Usj l.eact | on pt. r._ax e, if. has
been detern?ﬁ 8H?ﬁa6dgﬂi?g§$%a%%§e1§%dfﬁg%gég %§§%%E%§§?FE'Q%EFV%i§hbf
Triclosan include those in the ranges of 16044804 nm and 2190-2300 nm

Sui t abl e wavai@igrchanges conlsl Rea . i the yahayeoppphetases) andt meghagdsent
sodi um Lauryl sulfate, include those in the ranges of 1192-2198 rim

1626- 1814 fvithout defadidiplfrd0hentbpSut tiabpesuayelseloglis itus ingnldvd ahal ysi s
i nclude those in the range of 200-%00 nm

all matter contained in this application shall be interpreted as illustrative only.

COMPUTER DATA PROCESSING ENVIRONMENT

[47] Various aspects of the present invention may be implemented in the context
of data structure, program modules, program and computer instructions
executed in a computer implemented environment. Thus, it is helpful to
briefly discuss a general purpose computing environment. Accordingly, one
or more aspects of the invention may be embodied in one or more computer
systems, such as is illustrated in Figure 13. In Figure 13, computer 100
includes a central processor 110, a system memory 112 and a system bus 114
that couples various system components including the system memory 112 to
the central processor unit 110. System bus 114 may be any of several types of
bus structures including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architectures. The structure

of system memory 112 is well known to those skilled in the art and may

14




[45] Near-1R and UV/V can be used separatelyv or even in conbination to
obtain desired information about the delivery of agents such as oral active
agents, kwypo0gnedoents, and additives such as exci pi eneT/UAc@onskdesg t O
sone enbodi ments, Near-IN analysis can provide a total anobunt of deposited
agents and UV anal ysis can determ ne concentrations of individual

conponents | Xt Ur e. [ ' | f.;one. Qr_nore. ~and
one or mor el Gestic s FREE, Rdncterblh Sl B r T R G,
possi a'dantags' 1n rarious appliexanple,, nmethods re useful in the
devel opnenl (Ifsng)aand BAR. P INeE Pregiol sEpdetesq bt |45 eneiasngasy debye
nmeasur enent of the deposition of oral active agents on HAP substrates. The
met hods ar eapﬂlﬂ&zﬁi(@n?hbgraﬁ%xaﬁéi nbogranadatacitbmel agenhSoinnatdeed mdrabiyve
state in a de idand for assaying finished products In view of the present
disclosure,géghgill be seen that other advantages may be achi eved and ot her
re

advant ageou ults may be obtained. It will also be appreciated that the

nmet hods and devi ces descri bed above may be used with, or performed in

conj ung;sf] ONCWniuteE AUV EALY M iERENOASy ARelydEN | 18Fac BnME QU ri¢ Banges
could be made in the above apparatuses and net hods w t hout departing from

cont ai ned |t SBpH T Reoni Pt Uiar sbestaar Wb diees Berd i

COVPUTER DATA PROCESSI NG ENVI RONVENT
interface 116 and a removable memory interface 120 respectively coupling a
hard disk drive 118 and a removable memory drive 122 to system bus 114.
Examples of removable memory drives include magnetic disk drives and
optical disk drives. The drives and their associated computer-readable media,
such as a floppy disk 124 provide nonvolatile storage of computer readable
instructions, data structures, program modules and other data for computer
100. A single hard disk drive 118 and a single removable memory drive 122
are shown for illustration purposes only and with the understanding that
computer 100 may include several of such drives. Furthermore, computer 100
may include drives for interfacing with other types of computer readable
media.

[49] A user can interact with computer 100 with a variety of input devices. Figure

13 shows a serial port interface 126 coupling a keyboard 128 and a pointing
device 130 to system bus 114. Pointing device 128 may be implemented with
a mouse, track ball, pen device, or similar device. Of course one or more
other input devices (not shown) such as a joystick, game pad, satellite dish,

scanner, touch sensitive screen or the like may be connected to computer 100.




1471 Various aspects of the present invention may be inplenented in the
context of data structure, program nodul es, program and conputer

i nstruct iwoeexeeabed in a conpute.r inplenmented enviroroenis20098ms1it IS
hel pful to briefly discuss a general purpose conputing environnment.
Accordingly, one or nore aspects of the invention may be enbodied in one or
nore c ut 8 . i S| .. Fl ; i,nEi.gure. 13,
O S I R g A T B g
system bus 114 that coupl es vanoi s system conponents including the system
menory the &efierabuplbteddgireur? showpmyupyerdy spfakaye(EPBbudeeesidddir es

i ncluding a nmenory bus or nenory controller, a peripheral 'us, and a | ocal.
bus ustietycofiphus a vihiot ectugied. canddre B uctustem basliude AnbBESHE 1394

i nput/out put system (BIOS) stored in a read only nenory (ROM and one or

nore progras such sas ratj ysi K I.O and
pr ogram dat gﬂ tg{}g?%ag‘%? nl%(rgign or%gg%ctgjs&s lrgmﬁ/cg%ﬁfag* tg?tt!&o%ﬁﬁ'g}ggm may

al so include a variety of interface units and drives for reading and
writing dat &urthgripare.i vyieragce édpmueerbergoniigeraddés eparated waths ari¢@pr ace
116 and a renovable nenory interface 120 respectively coupling a hard disk
drive 118 anthruficoesrabtatdamesonsh di FireWiz2 dboclsped & Applelddmpoxangies of
renovabl e menory drives include magnetic di sk drives and optical disk

drives. The.drivgs,, . i i . ter.-r q?g&l I, S as a
fl oppy disknggiggggp %iggéégﬁgﬁﬁﬁg@é gF%gggﬁfg%Sﬁgh erl%%%%§%§%n1ﬂﬁp
instructions, data structures, program nodul es and ot her data for conputer
100. A si ngltét Hanomedy %n@aéﬁfll%mxg@ garge st gPel beptd ap1aay rethst yntarface 122
are shown for illustration purposes only and with the understandi ng that
conput er 10Qsetayo tapplude ispyedaticofo suehpdtdrves, Fa thelltore, conputer 100
may include drives for interfacing wwth other types of conputer readable
nedia.§£49] A user can interact with conmputer 100 with a variety of input

devi ce$1]Fi §omputsr $tdaksh andudesa volgyl adapter 140tdygding a1 dBpimyoderipol4bi n
ti1114. Pointing device 128 MIV be irnplcirie
to system bus 114. Display device 142 may include a cathode ray tube (CRT),
liquid crystal display (LCD), field emission display (FED), plasma display or
any other device that produces an image that is viewable by the user.

Additional output devices, such as a printing device (not shown), may be

connected to computer 100.

[52] Sound can be recorded and reproduced with a microphone 144 and a speaker
146. A sound card 148 may be used to couple microphone 144 and speaker
146 to system bus 114. One skilled in the art will appreciate that the device
connections shown in Figure 13 are for illustration purposes only and that
several of the peripheral devices could be coupled to system bus 114 via
alternative interfaces. For example, video camera 134 could be connected to
[EEE 1394 interface 136 and pointing device 130 could be connected to USB

interface 132,

16




1501 Conputer 100 may include additional interfaces for onnecting devices
to systembus 1.14. Figure 13 shows a uni serial bus (USB) intertace 132
coupl i ng wo 2vivessior digital canera 134 to system bus 1péT/UAROOMBEISSIL394
interface 136 may be used to couple additional devices to conputer 100.
furthernore, interface 136 may be configured to operate with particul ar

manufa re agﬁs ch ¥ ped, gﬁiml and
i.Link vnglgggdﬁEI nyC§H g?dtgew \(?!es&r?g%yg%tgo& elp(%:houpl eg‘[ Hgfcem bus
114 through a parallel port, a gane port, a PC. | board or ai ot her
interface u§‘e‘d’@£“808§)dﬁl‘%neaﬁ‘rrfﬂ%{ﬁ f%ﬂ?f@cémf“@uéerédﬁpmﬁf E[‘S‘f?f @6%@?«9’% 100
al so includes a video adapter 140 coupling a display device 142 to system
bus 114. Di spivay, adeviteea b2y ory pemschaldenmpaat hogeer dyitaeothCRIpmntdrqui d
crystal display (LCD) field emssion display (FED), plasma display or any
ot her devi cg.fhgh g&&@&%ﬁf&%%&%&ﬂétoﬂ Svid élg eleso?XI Ht@ﬁﬁs sistant.
Addi ti onal output devices, suc printing not nmay be
connected tqg conput er [ 521 Sound can be recorde reproduced with a
mi crophone SAMRHHET 50%%&6&8 weetwser&éﬂwafaeeﬂa() g tﬁﬁykﬁé&a@% o Libil e

m crophone 144 and speaker 146 to system bus 114. One skilled in the art

w | | apprechadel bhat nétherld¢Lindd IGanMeetir@Ringhovitoimefisgue eodBnamgador
illustration urposes only that of the perpherai devicesCould he coupled to

svsteri bus;1 _ 0 34 could
he connect ed Mlc%%ﬁﬁtefgéﬁe |"}\r711td Sriac elﬁ%g%eta%rkg)é?gmﬁe gg;%gssfgr %\%oul d be
connected to USB interface 1 [531 Conputer 100 can operate in a networked

envi r ofplNt AUSHAY atROh&Aork IR i188Ssticth SNEOMERICE MBTRIR BORRMEIS of
ot her devices, such as a server, a router, a network personal conputer, a

peer devi ce or oth [k ,node e ne or W eI ess
peer dovt cey O St FRITRIAEIYS, 908 u Bt Pl SR beLeRnane.of s o) o

t hat coupl es system bus 114 to a | ocal ea network (LAN) 152. NetworKking
envi r onment dteffece d¥reng| tacW ANnLYE f Maskere el pré seaynbe doesdegh yvighinnet wor ks
and honme conputer systens. 1541 A wide area network (WAN) -154, such as the
I nternet, mayteahdl QoRONGs0EE 3601 aBY BRIt ATy &Y. ot @icatibBalshRdenasiadem
unit 156 connected to serl aI port interface 126 and to V\AN 154. Mobdem uni t

156 mey be Logatad il or SHHEl faliho CRAPHEAL 109, a0, By e ARy, type

of conventi dhal e “nbdem or-a 152
may al so be used to connect to V\AN 154. Figure 13 shows a rout er 158 t hat
may connect tCARANS254.0 Figwre1 b shaws & semtent!o8rihpt manepnngcs3]ANt 155 a4 be
appreci ated that the network connections shown are exenplary and ot her ways

of establ i stWAY Bicamavhveatibagismhhidk. bet ween the conputers can be used.
The exi stence of any of various well-known protocols, such as TCP/IP, Frane

Rel ay, Ethernet, ETP, HITP and the like, is presumed, mtd conputer 100 can

be opel® edltiwilbbe hppteviated thahtbe webw pdgesweistibas ebdoweradre exerpldriyenvbr e,

an

’ other ways of establishing a communications link between the computers can

be used. The existence of any of various well-known protocols, such as
TCP/1IP, Frame Relay, Ethernet, FTP, HTTP and the like, is presumed, and
computer 100 can be operated in a client-server configuration to permit a user
to retrieve web pages from a web-based server. Furthermore, any of various

conventional web browsers can be used to display and manipulate data on

web pages.
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veb browsers can be used to display and nmani puiate tab on web pages, WO
2009/ 124310PCT/ US2009/ 039651 1 6]rhe operati on of conputer 100 can be
control | estolrgosm2vani ety of different program nodul es. Epampiseaoodospr ogr am
nodul es are routines, prograns, objects, components, data structures,
|ibraries, etc. that performparticular tasks or inplenment particul ar
abstra da t . NV i 1SR, i - W ot her
comput r]sygﬁgﬁ¥%%%??%gﬁd$#§§§g&ﬂ#@fﬁg¥hgqhanﬁﬁgPdghEV?%géé ﬁﬁﬁ#ﬁ%%ﬂgessor
systens, m croprocessor-based or. programmabl e consuner el ectronics, network
PCS, ni ni coRPRAIERS MOpiIRs 1 Fediiep B diTO P8 BEHEICS RIS TOMNSE s PLIHARS,
nobi | e tel ephones and the like. Furthernore, the invention may al so be
practiced i pbjedissttohpuredtsatpatdngtery) tibrmenl $t¢ hbne feaSks paetiqdsf or med
by renote processing devices that are Linked through a wireless or wred
conmmuni cat i : a.dj.sLr , UL ' Ja) e qram
rodul o5 may PBE® DD me R b T T A D R

[ 57] As prevjously discussed, various inventive nethods may be enpbodi ed as
conput er r edadiediapkeqd pEthopibes FYPpH G yateEd AP st ratignganr e dipg hamsly nedi a
such as a floppy disk, CD-ROM renovable storage device, hard di sk, system
menory, enbadded denioey ormatthevcedba stostags, mediitrapréhwscobgpuetier seadabl e
medi um st ores conput er execut abl e conponents, or software .modul s. Mre

or fe ni Odu%g(?%rlggﬁn%lgcr&@dr%%hi REuHRRY, FRANLACMRCd, AN EXESIRARLS,

progrdata | a contagul

mainframe computers, personal digital assistants, mobile telephones and the
like. Furthermore, the invention may also be practiced in distributed
computing environments where tasks are performed by remote processing
devices that are linked through a wireless or wired communications network.
In a distributed computing environment, program modules may be located in

both local and remote memory storage devices.

[57] As previously discussed, various inventive methods may be embodied as
computer readable instructions stored on a computer readable
medium/media such as a floppy disk, CD-ROM, removable storage device,
hard disk, system memory, embedded memory or other data storage
medium. The computer readable medium stores computer executable
components, or software modules. More or fewer software modules may
alternativelv be used. Each component may be an executable program, a data
link library, a configuration file, a database, a graphical image, a binarv data
file, a text data file, an object file, a source code file, or the like. When one or

more computer processers execute one or more of the software modules, the
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a database, a graphita. binatV data abject file, a sourcelike. Wen one or
nore coneexecute software nodules interact to cause one or nore conputer
svst ens twopesdrssmaccordi ng to the teachings of the presgnts2000089%5i on.
TOOTHBRUSH PROBE ENVI RONVENT [58] As illustrated in FIGS. 14 and 15, the
user hol ds the toothbrush/probe 300 and may brushes hi s/ her teeth 401. On

occast on t NSSRLAIRN A R, Brus e thel, cr DA QRSO { he
SRR ¥

t oot hbrush/pro vari ous sanp i ng ft- sensor
system 305, and _in conj unctl on vvlth t he rocessor 110 to provi de for hone
use by a coREQHEINE te the tgachmgsidthe pressneinvantioRgoi ng oral treat nent

regi men by determning relative anounts of deposited agents oer tine. Such
t oot hbrush/ probe devices may be used al one or may alternatively be

i ncor por at egtOOTMHBROSHMROBheN VIR ignToral care devices. Users of the
device wil|l advantageously be able to obtain quick results to allow
effective nonitoring of an oral care reginen. Al so, users can respond to

such r 8l t dsbiuaidaietl imgFiGe THeghddd, dpprspr hatds! the(@oghhrukl/ prakshdiily
and/or flossing nore often or for a |l onger period). [59] Referring to FIGS.

14 and 15, Lhe xﬁ”%l?{?ﬂ%%%l@y REet3A0 40aS @n%@&kx&@lﬁén@%e‘i’@ﬂ% r&lPBrusthe head

301 may include an oral care region conprising one or nore tooth cleaning
el ement s 30}%13/ Rer Qogguep 40§t | fi op-fl;paetlone at%esg)aotﬁbrusg?gldolbe 300 may obtain

various samples using the diagnostic sensor system 305, and in conjunction
with the processor 110 to provide for home use by a consumer to monitor, for
example, an ongoing oral treatment regimen by determining relative amounts
of deposited agents over time. Such toothbrush/probe devices may be used
alone or may alternatively be incorporated into toothbrushes or other oral
care devices. Users of the device will advantageously be able to obtain quick
results to allow effective monitoring of an oral care regimen. Also, users can
respond to such results by adapting the regimen appropriately (e.g., by

brushing and/ or tlossing more often or for a longer period).

[59] Referring to FIGS. 14 and 15, the toothbrush/probe 300 has a head 301 and
handle 302. The head 301 may include an oral care region comprising one or
more tooth cleaning elements 303, such as bristles. The head 301 and handle
302 may be made from a desired material, such as rigid plastics, resins,

rubber, etc., such as polypropyvlene.

[60] As used herein, the term "tooth cleaning elements" or “cleaning elements ”

includes any type of structure that is commonly used or is suitable for use in
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r. be made froma riesirek.plastics. resins c. such as pol ypropyl ene. [60]
As used herein, the ternh cleaning elenents or "cleaning elenents " rides
an type owetwecietzie at k coin WO 2009/ 124310PCT/ US2009/,032682009/039651

provi dingl ealth benefits (e.g., tooth cleaning, tooth polishing, tooth
whitening mas ging, stinulating, etc.) by making contact with portions If
the teeth a C t .eani ng ts.incl Lare

i ted to Porra: opyt e BE eEiee e BR EH AR e StknBl Ot

di fferent shapes_and sizes and el astaneric cleaning nenbers that can be
formed to hafeteninMyipaysaginglistinalefngstiapday arking fegtachwith perhans oh of
both tufts of bristles and el astoneric cl eaning nenbers. [61]

Toot hbr ush/ piicoketi368d paynd. SekcHdeoth HeghihbngedenisGacl3dé, burueh rds limited
light-emtting diode (LED), or any other desired form of visual output to

rovi de the r e, f n r gtrum | ysi.s.. For,exanpl e,
[ anting. dett g 05 BREHE har (RS Rkt i HREF L HMBRP LB Eb Rt o
desired characteristic such as color, tenperature, intensity
el ect r omagn@hil ¢l4gavatd sERsFOMAKC Chaning encrobap theé lvapl iyforeasd thdasatredded
into the toothbrush nolding, or can be applied to the surface of the

t oot hbr ush haghber bt diff@uhesig e pdarsi@por By otibasicekbl bad tifts bherigflés t hat
the present invention is not limted to any particular type of |ights used

in the analXﬁ&§kﬁ&§%g?§pﬁaﬁﬁigéﬁ%ﬂﬁ%g!probe 100 may al so include a
ystem or b )

di agnostic Ssensor s 0-sensor system 305. The di agnostic sensor
syste. m 305 may i nclude one or nore individualized senso- - or sensor

sui t es[g1p debsGbr¥aH /[ HBe CIRY @ay include a lighting device 307, such as light-
emitting diode (LED), or any other desired form of visual output to provide
the electromagnetic frequency for spectrum analysis. For example, lighting
device 307 may be an Organic LED that can be tuned to provide a desired
characteristic such as color, temperature, intensity, electromagnetic
wavelength and the like. OLED technology can be embedded into the
toothbrush molding, or can be applied to the surface of the toothbrush body.
It should be understood by those skilled in the art that the present invention

is not limited to any particular type of lights used in the analysis.

[62] The toothbrush/probe 100 may also include a diagnostic sensor system or
bio-sensor system 305. The diagnostic sensor system 305 may include one or
more individualized sensors or sensor suites to detect various characteristics
according to the described methods including providing light for Near-
Infrared (Near-IR) spectroscopy or Ultraviolet (UV) spectroscopy.  For

example, the diagnostic sensor system 305 may include a sensor configured




ethods incroviding light tor Ne aviol eFor W) 2009/ 124310PCT/ US2009/ 039651
the presence of certain chemcals c:ir actives in theor any other desired
char act erwet2n@gi2amodescri bed herein. 163] The sensor sygrerus3@s/ossscri bed
above rnav be electrically or cornrnunicatwelv coupled to a central
processor 110, for exanple or an onboard processor. The processor 110

general l'y h%§%1%§elji&%%fic,[@{]t§{r{@{né QR.gakhened yinkhe aﬁgrﬁyﬁgh@m@% and

reports an analysis o ormation to the user, informthe
user of the conditions within his/her nouth, For exanple, the toothbrush/
probe 300 prlrEacsrstiesd deyriPeddeteithat it has detected a | evel of Trioscan
in the upper-Left portion of the user's teeth. 1641 The foll ow ng exanpl es

are set.forth as representatiyg-of, the present inyvention. These,exanples
are nokﬂﬁo @Eecéﬁgﬁgheayﬁéﬁﬁiﬁﬁﬁiﬁ%*?%39£c8§8‘%f‘?%% ﬁ%Veﬁ@f%%%gg these and
ot her equival ent enbodi nents will be apparent in view of the present

di scl osur e. CERANPLETEXANVRPEPIed B52 w@taﬁwowa?gorpém dpredanplevalanage and
devel op rapid anal ytical nethods for direct quantification of active

delivery onpgsdl pybédsaee NPHE! srockoral i(atedetdR Us@dds Nearinfdimation
spectroscopy to analyze Triclosan delivery on saliva-coated hvdroxyapatite

di sks, and correlate results w.th conventional solwuvent ex i ar IR
Spect r osc op%awgé&stﬁh‘, gh%isemsg{ isbﬁgmow ! repor?s an amﬁy sxg of tltlgtq%h%r at{}ﬁ\
to the user, to help inform the user of the conditions within his/her mouth.

For example, the toothbrush/ probe 300 processor 110 may report that it has

detected a level of Trioscan in the upper-left portion of the user’s teeth.

[64] The following examples are set forth as representative of the present
invention. These examples are not to be construed as limiting the scope of the
invention as these and other equivalent embodiments will be apparent in

view of the present disclosure.
EXAMPLE 1

[65] A study was performed to evaluate and develop rapid analytical methods for
direct quantification of active delivery on oral surface models, to validate the
use of Near-IR spectroscopy to analyze Triclosan delivery on saliva-coated
hvdroxyapatite disks, and correlate results with conventional solvent

extraction methodology.

Near IR Spectroscopy measures vibrations of
molecules. The —CH, =NH, ~OH, and -5SH signals are strong. Overtones in
Near-IR display unique combination bands for analysis. Instrument allows

for measurement over a greater surface area.



-=NH,d -SH signals are strorg. Overtones r-1R display uniq conbi nati on bands
for analysis. Instrunent allows for .11St [66] Human saliva was coll ected
and neasuwwedoodBarahi . | . rn-stirnu.|l.ated whol e saliva wagsctalsb@ongssfrom
heal thy adults in. sterile centrifuge tubes. The whole saliva was clarified
by centrifuging for 10 m nutes at 10,000 RPM (SorvaLl SS-34 rotor), The

sal i AL R%‘E Swab %Bfl+été£ nd r}ﬁ&{gu%{ﬂ P?{]Atmxfno &'{ B Gart,

m'nute Thecarl |ed sterilize Iva was enreay or use in pellicle
formati on Pellicle faormati on on HAP invol ved incubating HAP di sks (0.5"
di amet er x Wagsolleepd kronmhgalay Adeks bnslesdt eprgiiuganigbes waﬁ wihale selivr i f i ed
sterilized salivain a 14 m sterile round bottomtube for 20 hours in a

37C shaki ngweat@iiribad by Thersagingaforas) nemavedaby0a0Qi RV Govrvdldess-34
sal i va- coat ed HAP di sks were incubated with 1 nil of Triclosan treatnent

solutions for. A e e
ones o BOurLRSERS bl T Laek o, B RIS 2.
wer e directlg measur ed by ar-lR, with 3 disks per treatnent sol ution.
Each si de wak4pBHBUkSd tlwr%@lfﬁtrd@@rﬂﬂrﬁ% seli vk wagehen masly lonpse duestlice
nmeasured by sol vent extraction (using ethanol) and HPLC. [67] As a result

of the st udfornidtiosas PéldididfdriatioNeat HARP speckvedsieopatean HEP utields (005"
directly measure the deposition of Triclosan on scHAP substrates. Al so, the

i reront aplToachd I dhER LR GieRstouahRy M LoRaTn ag WY Ve

Anal ysis by Near IR and | N s -ticai Protocol [701 Blank sanmples were
prepar ed fopterligedeakva dpantsml stapegosnd; lfwfém@rﬁlbatfpbﬁo heyurp |ia @ebo sanpl es
omtreated sanples

shaking water bath. The saliva was removed by aspiration. The saliva-coated

HAP disks were incubated with 1 ml of Triclosan treatment solutions for 5
minutes (in triplicate). The treated disks were washed 3 times with DI water,
the dried for 1 hour in a 37°C oven. The treated disks were directly measured
by Near-IR, with 3 disks per treatment solution. Each side was measured
three times. The disks were also subsequently measured by solvent extraction

(using ethanol) and HPLC.

[67] As a result of the study, it was found that Near-IR spectroscopy can be used
to directly measure the deposition of Triclosan on scHAP substrates. Also,
the developed method can be used to rapidly evaluate the deposition

achieved by ditferent active delivery systems.
EXAMPLE 2

[68] Direct methods of Active Analysis by Near IR and Uv/Vis

[69] 1) Analytical Protocol {sample preparation & data collection)

I
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In] 2) Wavel ength selection (perfornmed in several ways) [721 Pure
materials were neasured as powders or as solutions and the signature m nus
t he bl ankwoasoomasur ed. The spectral fingerprint of thepcmgsesivepdcspf
interest was viewed and regions arid wavel engths were identified that
appear free frominterfering conponents. In some instances, first or second

deriva e S a :

i ngr ed’ﬁﬁt s@pr esgﬁﬁﬁl%hqge tg@géd F%S%ﬁ)ﬁ Q@LP&H Iﬁltg g (sggh” gﬁf? FW‘% on of
wavel engt hs of choice included 1) use of 2- D correlatlon spectroscopy using
ot her netho&gpgﬁého§§“Pﬁ8ﬁﬁxﬁéﬁﬁﬁﬁéﬁ@ﬁ€‘%he wavel engths required in both NwW
and W/. Using 2-D correlation of data sets that consisted of sanples
prepar«g.;l1 ovel & .Lange osf a tlvcncee t.ratlvln , thS regi ons that change
with c é Sf—car—oe ot ] p—trake—exact band assignnents in
t he Near IR and UV regions using Md IR to guide these interpretations. 2)
Anot hegzaret pag. fiofte AL ERGHILSALECK AR UBS biad BS1LURES %dsm&rmz%mlmear

regressi on nethods to find individual® bands which were highly correlated to
concentration. exact wav ths were.idea old. a |n I udi pg, but
ot o poak s bl A TlogRerecs qu el Bl BrT LoGt RIS Pba. was
the "Genetic lo-orithn . This was a nmethod that found the .r regression
error usi ngigarast alaslveased sgdarg®nsrnduivavgkegihisnvear idegtigsd thort appahysi s.
1741 3) Test Equi pnent 1751 FOSSTM Di spersive Near IR Model XDS with Rapid

Cont ent  ACCERSOF¥nk %rf&r% RehpbRerdts Ternlaghda i 2QardesVitsst or second
Spectrophotoneter with UV Lab

derivative preprocessing was applied to sharpen the separation among

ingredients present in a mixture.

[73] Other methods for identification of wavelengths of choice included 1) use of
2-D correlation spectroscopy using other methods such as IR to help define
the wavelengths required in both NIR and UV. Using 2-D correlation of data
sets that consisted of samples prepared over a range of active concentrations,
the regions that change with concentration can be correlated to help make
exact band assignments in the Near IR and UV regions using Mid IR to guide
these interpretations. 2) Another method for wavelength selection was to the
use of simple linear regression methods to find individual bands which were
highly correlated to concentration. Once the exact wavelengths were
identified, methods of quantitation could be applied, including, but not
limited to, peak area method, multiple linear regression and partial least
squares regression. 3) A final method for wavelength selection was the use of
“Genetic algorithms”. This was a method that found the right combination of

wavelengths for enhancing the correlation statistics and minimizing

[
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I ntegrating Sphere 60rru-n [77] 4) Data collection [78] In the case of
Near 1R analysis, the sanples were placed on top of the RCA neasurenent

wi ndow. TWwe 28@mekmowas neasured using 32 co-added scanspCraseeb®039%s1t 0 2500
rim The average neasurenment was stored. For HAP di sk anal ysis, each
treatment was applied to 3 separate HAP di sks. The Near IR neasurenents
were made 3.t | de, Lot f. 6. ; er. . di sk, 18
pe. concent r S af tiaao i Parfll Rabfolualh B TARICHRIS Rttt
treatment. In orderdeterm ne the e or exciptim(such as SLS), the 21'd
derivative FAdYpEak area was integrated using peak

[74] 3) Test Equipment

[75] FOSS™ Dispersive Near IR Model XDS with Rapid Content Accessory (RCA)

[76] Perkin Elmer Lambda 650 UV Vis Spectrophotometer with UV WinLab5
Enhanced Security software. Sampling accessory consists of a L650

Integrating Sphere 60mm

[77] 4) Data collection

[78] In the case of Near IR analysis, the samples were placed on top of the RCA
measurement window. The sample was measured using 32 co-added scans
trom 400 nm to 2500 nm. The average measurement was stored. For HAP
disk analysis, each treatment was applied to 3 separate HAP disks. The Near
IR measurements were made 3 times on each side for a total of 6
measurements per disk, 18 per each treatment. In order to determine the
concentration of deposited active or excipient (such as SLS), the 2nd derivative
was taken of each spectrum. The peak area was integrated using peak
integration software commercially sold by Thermo Galactic. The wavelengths
used depended upon the isolated regions identified above. Triclosan includes
1604-1804 nm and/or 2190-2300 nm. For SLS the Near IR regions included
1192-1298; 1626-1814 and 2250-2400 nm. In the UV, the region used for Active

analysis included the region from 200-500nm. The average results for each




integration software commercially sold by Therno Gal actic. The wavel engt hs -

used depended upon the isolated regions identified above. Triclosan

i ncl udes W6Q4eolBIonm and/ or 2i 92300 nut For SLS the Neamr/dskoosgiedns

i ncluded 1197-1298i 1626-1814 and 2250-2400 nn in the WV, the region used
for Active analysis included the region from 200-500nm The average results

for each dissk were eval uated to ensure reproducibilit 2t ween di sks with
sanme treat ngﬁstif‘ app iee‘cf&u%h%] Pon etnﬁ'érecﬁ%méf ngg’naﬁ“l%ﬁsg ‘?‘gléb SR BI€ yer e
centrally mounted on 99%refl ective Spectral on di sk usi ng doubl e sided
tape. The sé&igpieenieppidsured from 200 to =umurn at an ii of inm spacing.
The UV detection was recorded as %Refl ection versus wavel ength. The

oRefl ectj.on was conver.t i nt o Kubhel ka- Nl onk absorbance units which were
correl ﬁd&d ) %‘Sn@éﬁﬂia‘s\?o’ ?’atlf‘l"ﬁ% “efi‘%}éweéfwﬁfer @Bty i%?%?i Pheé r?B%
subtracted fromthe average of n placebo disks. the 2nd Derivative using a
10 poi nt snodtduiimg Spuricslioonlislassingkimubldsideatppoilht seinphewapeadasareh of
the band of interest was performed, or PLS Regression from 262 nm324 rim

d. 1, . ! . ]
was used. [ &Qh, 98! J00ARRI fasRe R0k éfmn@ig%ﬁl a%.anr@{ee it Ia@{e%fﬂ%ewas

eval uated anal ytical techniques using Tric a nodel oral active

agent. Anal yses re,c ucted using Near-| R and UV spectroscopy. Various
Tet hods. of HAOAIHEA? pff?‘%fﬁicaﬁﬂvvéﬁf@l% Brevegth Abe daﬁ*‘f@%@&kwa? gitverted

determ nation, nmultiple liner regression (MR), partial |east squares (PLS)
(chenonet ri ogp. Kubrelkdhdédenlexpenrbammnt snitnewidnaley¢ coaklatat hnicuestaeine.
correlated withwith conventional solvent extraction nethodol ogy. [81] The

met i devel op rei 7. |\ Berden h teri ' s such
e orai norFheEEAR, B HRPlARE Rerclthdl uPARIEA] B0 3hy ORAEIAEH
enhanced net hods for, the deljver. and retentiqn t-urfaces. The .

met hodsappl Pg’deg‘? hi2Se ﬁﬁe gléd 168“&3’%‘? iUSE 6f]%d?‘3m6ﬁ¥’530tﬂf‘ﬂé‘g unction was

taken. At that point either peak area of the band of interest was performed, or

PLS Regression from 262 nm-324 nm was used.

[80] Overall Approaches for the above examples therefore evaluated analytical
techniques using Triclosan as a model oral active agent. Analyses were
conducted using Near-IR and UV spectroscopy. Various methods of data
manipulation were employed, including peak area determination, multiple
liner regression (MLR), partial least squares (PLS) (chemometrics). In these
experiments, new analytical techniques were correlated withwith

conventional solvent extraction methodology.

[81] The methods described and developed herein are applicable in the
characterization of new agents such as oral active agents. The methods are
useful in the development of enhanced methods for the delivery and retention
of active agents on oral surfaces. The methods are applied where it is

necessary or useful to quantify the amount of deposition (uptake) onto the

o
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surface. In the experinmental exanples described above, the nethods utilized
hydr oxyapatite (HAP) disks as nodel hard tissue substrates The net hods
devel opedwovescammovari ous |imtations of the con -cnti eoa/sekey®sIes1
extracti on/ HPLC net hod, including the indirect nature of the analysis, the
time consum ng steps involved, and the |ack of information about potenti al
agent - subst Interactions, [ 82 Near - ti ! based
on neasurin%%%(%“&%ﬂ#éf% %Q§PJ%D %%%F §§%ﬁ%§h§ﬁ§§§5%é?§§g§§%g p@%%%%ing
direct and rapid analysis of solid and |iquid substrates and fini shed
product s, ab}fwﬁyaﬁétléo%ff\é’bemlﬁt pomastel Juedttissgachbagaigsal This mefleodgent s
in a mxture. Thus, multi-conponent analysis is possible (e.g., of a

m xture sucle@dopéd ChosaipnandvsedhdiNMihatitihssWf ahe) codB3kioHae Wvent

anal ytical technique, based on electronic transitions between energy

| evel s, als vi2@§P rect, and id analyveis.of soli nd._ L qui
substrates.gvgér‘:iq%ﬁ1 adggﬁﬁsggg’é?égeggﬁg%iPéﬁggglggggi8gﬁgﬂg&%$ﬁgtﬂgadirect
anal yti cal nethods described herein, including the ability to characterize
agent s suchtigy enwuniegi sfepagomtsed muchéig laghtofviatermatéon abauideatentipl ce
matri x, increased throughput, and expedited new formul a screening and

anal yti cal gg&ﬁﬂgm@mxzﬁqnhﬂbtﬁ@midescription has set forth varios

ni bodi rents of the ?rocesses via the use of block diagrans,
flowmcharts, and exanples. |.nsoar as such block diagrans, harts, and
exanpl ] cofhai NeanBR canalyticed faghoiquensbamnd/ on opesatingnthet viliratiobeof
understood by thosi, diagrans, flowharts, or exanples can be inplenented,
i ndi vi dual | yh ARMN&, hﬁ_@'t}h@_ﬁabé(ﬁtlages BY pPoviti ey 8RBAGHRS 38 ANaLRIs SOIJINET €,
firmvare, or any conbination thereof. In one enbodi nent, thg aspects may be
impl emented via Application Specific integrated Grcuits (ASlICs). Those,
however , sk?’i“}[é]dl”i‘ .s‘utbr'iga ta#ﬁn@%g;ﬁ%t@hﬁs{ WHeas BRBGARTSKRES N dPs el osed
herein, in whole or in part, can be equivalently inplenmented in standard

| nt egr at ed @ardsitush as cakenput ergeptodgn sanmixtmieng dsa molpotmpeneast a
program running on a processor, as firmvare, or as virtually any

conbi nati Onaﬁaﬂ?éiﬁ% pﬁﬁgibtlé‘%.g.g%?'zgmmﬁlrb%cﬁ' &< Wi d1b¥are BHE o dMfint lad@ylt he
cod, for the software or firmvare would be well within the skill of” one of
ordi nary Skimlﬂkatie)n the art in light of this disclosure. CLAIMS:

[83] The UV analytical technique, based on electronic transitions between energy
levels, also provides direct and rapid analysis of solid and liquid substrates.
Various advantages and benefits are assoicated with the direct analytical
methods described herein, including the ability to characterize agents such as
oral active agents in their native state in a dentifrice matrix, increased

throughput, and expedited new formula screening and analvytical testing.

i84] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and
examples. Insofar as such block diagrams, flowcharts, and examples contain
one or more functions and/or operations, it will be understood by those

within the art that each function and/or operation within such block
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l.An in situ nethod for neasuring deposition of an oral agent froma
dentifrice on a substrate, the nethod conprising (a) contacting the

subst r at ewoi20dp/2l|oor al agent to deposit an anount of treTAS2009A8WB1

t hereon, wherein the substrate is coated with saliva and (b) anal yzing
the substrate using a Near-Infrared (Near-1R) spectroscopy or an

U traviolet p p . ' it hi Ty ale[AVE erein
a wavel engt Hgad%%@%l ﬁgé{cg%ﬁ%’b%& %a%ls?@eeg ?? 1:;‘ ?ep gﬂgg%%%&é&%%%%ggngg%%ei n a
reference si%haL of the dentifrice without the oral agent is subtracted
fromthe an&Phestisebio BY o¥i Welayrapgpuh Mesdwere wffvamgeitmwape, Pheatiet hod
of claim1, wherein the oral agent is an oral care active. 3. The nethod
of claim1l esmBinaver giefedfhelrs uhs ehdicligenpris espbitd maxy dpabiplenchal) , 4.
The net hod of any one of the preceding clains, further conprising, after

oot oi not | no 4 Spopsyforf B nic B AT R i@ I GRTH BN b rat €

agent - cont ai ni.ng substrate obtained in step (a) is dried to a predeterm ned
wat er conceft tgtarofvill recogriee that fegiembodhyents sligoseddhgrive Erndyle pains,
wherein the oral agent is in a solution. 7. The nethod of claim®6, wherein
the sol uti opagpopi ibees dibhgentialingdementndirasdetame [ytegfitad alinguiageBbta
computer program running on a computer, as a program running on a
processor, as firmware, or as virtually any combination thereof and that
designing the circuitry and/or writing the code for the software or firmware

would be well within the skill of one of ordinary skill in the art in light of this

disclosure.




8. The method of any one of the preceding clains, wherein the oral agent is
in a dentrifrice forrmulation. 9. The nethod of any one of the preceding
clainms, wherein the substrate is anal yzed using a Near-1R spectroscopy
probe or a WV spectroscopy probe having a solid nmeasurenent accessory. 10.
The met hod of claim9, wherein the substrate is analyzed using a Near-IR
spectroscopy probe and the solid neasurenent accessory is a rapid content
anal yzer (RCA). 11. The method of claim9, wherein the substrate is
analyéﬁghg_ing a UV spectroscopy probe and the solid neasurenent accessory
i s an“Hft %rating sphere accessory. 12. The nethod of claim 11, further
conprising, after step (a) and prior to step (b), positioning an oral

agent - contai nin rate obtained in ste a). on fl ective disk plate
in thé |nfEUFéW?WGH§g B PESHERECBOT NP ?iﬁomﬁ%%? ‘% 6§ ‘@MY one of the
pr ecedwbgtreﬁé aherl’sethcfdwoh]besfng:orrprl Si ng, after step (b), applying a

nathe to 0 uantitati.ve infor ion froma Near-1R
epect Fusbia By Ciutt i B tafbdee pibout Byt TSRt MPeBa of ol ai m
13, mheﬂenmmthEﬁmmnhemmﬂmmhhﬂnebhbd is selected fromthe group consisting
o et 0 RR AL BT AL A P BERL e

subt r @€ emctrostﬁpy ,@rcdbechmeurk(brwt&enfa)rtmttrlgustlhevhﬂemh@wa@élerrgthamsm fh.steplB). One
5%8&: HERh ol:a?g%ﬁtbz!ng Wil r%%e%nte“g%ﬂ%ré’fﬁ biffick Wh% Ghe 9P o n%ﬁf" when

execug cause a data processing syste ertorma ne hod co
st eps subfracted from the analysis to provide an amount for the oral agent

2. The method of claim 1, wherein the oral agent is an oral care active.

3. The method of claim 1 or 2, wherein the substrate comprises hydroxyapatite
(HAP).

4. The method of any one of the preceding claims, further comprising, after step

(a) and prior to step (b), drying an oral agent-containing substrate obtained in step (a).

5. The method of claim 4, wherein the oral agent-containing substrate obtained in step (a) is dried

to a predetermined water concentration,

6. The method of any one of the preceding claims, wherein the oral agent is in a
solution.
7. The method of claim 6, wherein the solution comprises the oral agent and a

delivery enhancing agent.

8. The method of any one of the preceding claims, wherein the oral agent is in a

dentrifrice formulation.

9. The method of any one of the preceding claims, wherein the substrate is analyzed using

a Near-IR spectroscopy probe or a UV spectroscopy probe having a solid measurement accessory.

10.  The method of claim 9, wherein the substrate is analyzed using a Near-IR spectroscopy

probe and the solid measurement accessory is a rapid conlent analyzer (RCA).
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anal yzing a Near-1R spectrumor a UV spectrum generated according to the
nmet hod of any one of clains 1-12 using a mathematical nethod is sel ected
fromthe group consisting of first and second derivative, peak area
integration, partial |east squares regression (PLS), Kubel ka-Munk
conversion, nultiple linear regression, and spectral subtraction. 17. The
conput er readable nedia of claim 16, wherein the nethod conprises

per form ng spectral subtraction fromthe Near-1R spectrumto obtain a
resolv? h@ar- ectrun1for the deposited oral agent, determ ning the
second! Her il %ﬂ??@ﬁoP tchEm r 2sBPER, PRSHPIER §p@@b?ﬁhﬁm&h&‘ﬁHf%ﬁWﬁFWWQ t he

area up@sd a@m@eogohtrnﬁ@smah@yadaéesmalﬁs a®fintt h@ingepond adegsbrvat i ve of the
resol ved, Near- 1R spectrun1 18. The conputer readabl e nedi a of claim 16,

wher ei th r erfornln rS|o to convert
the’ ospedtt TeD EOERT Lo SR RG TRE At oTR ot SR B A D p PRIk A5

spect r alal @ammoatammgmulﬁstmm dblaéred dr stegs GO ndam@e@ke&bﬁqﬂd&am@l& isfpgeting iphdére
obtain, a d; oIved correspondi ng UV absorbance spectrum for t he
dep05|te agent, determ ning the second derivative of the resolved,
corres ondlng UV absorbance spectrum and integrating the area under one or
nor e rg?evdhﬁ“ﬁ@@ﬂ@fQMfWﬁeﬁéét@ﬁ@dﬁéﬂhV@tﬁvéwbﬁmmﬁ@m&eé@Tve@ cor respondi ng

WV absaybapese %%%ﬁ]h'tma! %&hmoloetaﬁi Jubnt TR A RRERT SUNINERIRs ?écmn:h &qr
measur| ng deposition of an oral agent on a substrate substantially as

her ei nH&fBFEvRERs el s¥A@excl uding, if any, conparative exanpl es.

14, The method of claim 13, wherein the mathematical method is selected from the group
consisting of first and second derivative, peak area integration, partial least squares regression

(PLS), Kubelka-Munk conversion, and spectral subtraction.

15. A device for performing the method of claim 1.

16.  One or more computer readable media storing executable instructions that, when executed,

cause a data processing system to perform a method comprising steps of:

analyzing a Near-IR spectrum or a UV spectrum generated according to the method of any one of
claims 1-12 using a mathematical method is selected from the group consisting of first and second
derivative, peak area integration, partial least squares regression (PLS), Kubelka-Munk conversion,

multiple linear regression, and spectral subtraction.

17.  The computer readable media of claim 16, wherein the method comprises performing
spectral subtraction from the Near-IR spectrum to obtain a resolved, Near- IR spectrum for the
deposited oral agent, determining the second derivative of the resolved, Near-IR spectrum, and
integrating the area under one or more relevant peaks

of the second derivative of the resolved, Near-IR spectrum.

18.  The computer readable media of claim 16, wherein the method comprises
performing Kubelka-Munk conversion to convert the UV spectrum to a corresponding UV absorbance
spectrum, performing spectral subtraction from the corresponding UV absorbance spectrum to obtain

a resolved, corresponding UV absorbance spectrum for
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the deposited oral agent, determining the second derivative of the resolved,
corresponding UV absorbance spectrum, and integrating the arca under one or more relevant peaks

of the second derivative of the resolved, corresponding UV absorbance spectrum.

19.  An in situ method according to claim 1 for measuring deposition of an oral agent on a
substrate substantially as hereinbefore described and excluding, if any,

comparative examples.
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