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apparatus for treating dental caries. In general, the | ves
kKilling wwthin or on a tooth bacteri,a associated with dental caries and
then sealing the treated area to prevent re-infection. There are several
situations in which the invention is useful including: i. Preventive
dentistry: killing bacteria in fissures and on the surface of the tooth
prior to sealing and al so on the surface of enamel and dentine prior to
restoration placenment. 2. In conventional treatnent as a nmeans of killing

residual bacteria in a carious lesion after conventional cavity
preparation. 3. Amninally i [ technique with infilling of the |esion
with a dentine substitute. Bgt@-ri’i&mg’l!the | nvention Dental caries is a
chronic invasive diggast aﬂﬂ‘hﬁ%ﬁﬁfb I*o?i’ﬂa{iggidreﬁ%%ﬂ@ e destruction of
tooth tissue. The IESI bacteria in the

pl aque. These netabol i se carbohydrates and sugars in the plaque and produce

acid. The |lesion develqgps first by a dem neralisation praocess of the
enanel , the bYEARVenten &lates) 1o)p Method ang dpparatys.for trsating depial cdBRs: nBY al i sati on

pr oduce r S awhieh- Wil ey . | & wigr ation of
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dest r oyduitaleyridsaindrBen SRLAE @ treatedaréde prévbnancinfi@gtidem neral i sation front

reaches the enanel dentine junction, it _spreads laterally along the enanel
dent i ne j uncThess areseyerd situations infyehichidgimyention sasefghinglyding:-br oad front. The

tructure of,the we i ffers,. 14V ' trix,
ich is cal &fi eggvﬁléﬁee g‘? aug‘slélil{“%t%a% ro]hg¢‘g¥eﬁ£gﬂ‘g% ﬁhg%cl ally in the
young WiRe Q368Y pRdr R6 TSROt 488 1oh theSsurfabe 29 Qpardel and dentine prior to
restoration placement.
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2. In conventional treatment as a means of killing residual bacteria in a
carious lesion after conventional cavity preparation.
3. A minimally invasive technique with infilling of the lesion with a dentine
substitute.
Background to the Invention

Dental caries is a chronic invasive disease, which can lead to irreparable
destmctibn of tooth tissue. The lesion is created by acid producing bacteria in the
@ plaque. These metabolise carbohydrates and sugars in the plaque and produce acid.
The lesion develops first by a demineralisation process of the enamel, the outer
covering of the crown of the tooth. The demineralisation produces the porous
surfaces, which will eventually permit of migration of bacteria though tubules into the
dentine. |

Enamel is acellular and once destroyed may not be replaced. Once the
advancing demineralisation front reaches the epamel dentine junction, it spreads
laterally along the enamel dentine junction leading to further demineralisation on a
broad front. The structure of the dentine differs from enamel having an organic

matrix, which is calcified. Cell processes run through the dentine mitially in the young




frompulp to enamel dentine junction. Wth age this structure becomes nore '
cal ci f wamloo/d2ream t he outer surface of the dentine i nwardecrigdondsasshg SEP 2003
carious process, the dentine is first dem neralised, and then this Is

foll owed by a phase where the bactera col onise the denatured dentine. The
dentine tubules beconme dilated and the bacteria can then lie within the

| umen of the tubules. They receive nutrients through sinple diffusion
processes fromthe outer surface of the enanel. It has been well

est abli shed that the bacteria, which are anaerobic, wll becone dormant or
die if Y, off ConventiQn nt al t ment
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E P 2003will fracture under load and frequently has to be cut back
Currently there are three main commonly used groups of materials available for
restoration of the diseased tooth:- dental amalgam, composite resins and glass
polyalkenoate cements. The use of gold and ceramic involves a minimum of two
visits to the dentist and the costs then become excessive. These materials are generaily
.‘ used where there has been substantial tooth loss and the conventional materials are not
able to withstand the clinical loads applied.
Dental amalgam has proved to be the material of choice for the last one
hundred years but its use is now being questioned both on environmental, safety and

aesthetic grounds. It is however the material which most practitioners find the easiest
to use. Dental composites overcome the problem of aesthetics and can withstand
moderate degrees of wear but their shrinkage on setting and their demanding
technique and technique sensitivity have meant that their time of placement is about
one and half that of a dental amalgam. They also require the use of a dentine adhesive

to reduce the marginal leakage. These are again technique sensitive. Glass




pol yal kenoate cenents, while being therapeutic because of their fluoride
rel easg oA 7giPt ake, are brittle materials and as yet ng@@;@oomM3n&tgeﬂEPam@
avai l abl e are suitable for universal use in the oral cavity. Al th
materials require that as nuch as po8sible of the decay be renoved |n a
manner, which was described by Black in 1890. Identification of infected
dentine is reliant on radi ographs, probing and visual assessnent. At best
these are rather crude nethods. It is certain that all cavities when
conpleted will retain a number of viable bacteria- Failure to provide a
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exceeded. Similarly, as the amount of tooth tissue which is left decreases, then the
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structural integrity of the tooth is reduced leading to failure of the tooth tissue

Summary of the Invention

A primary object of the present invention is to provide a techmique for
. minimally invasive treatment of dental caries with the minimal removal of tooth tissue,
in contrast to current practice. In one aspect, this technique involves the preparation
of a small turmel from the outer surface of the tooth to the site of the carious lesion.
The access may be made using a very fine round bur in a high-speed dental handpiece.
This will permit the removal of enamel and dentine to produce a narrow tunnel about
400 to 1000 microns, preferably 500 to 800, e.g. about 600 microns in diameter.
Instead of a dental drill, a laser-cutting device may be used to cut the tunnel. This will

result in a painless and anaesthesia free treatment which can attract those groups of the
population who have a phobia about dental treatment and those who currently do not

attend for any treatment except for emergencies.




Once access to the | esion has been obtained, the carious dentine will be

I nocul shisbgn a i ght photosensitising conpound, e.g. tiye dye.
Exanpl ?go{é%@ui t abl e photosensitisers are given in Euro%%lzﬁﬂ‘gié léér?'t 01905 EP 2003
0637976. The bacteria w |l take up the dye or other photosensitiser and
once sensitised, the lesion will be irradiated with [ight of a specific
wavel ength. The interaction between the |laser and the dye | eads to singlet
oxygen release and results in the death of the bacteria and this 1is the
basi s of photodynam c therapy- Once the bacteria have been killed, the

|l esion & the,dem neralised . dentine surrounding.it, wll be infiltrated
with a denti c§uﬁ%ﬁef§méﬁeﬁﬁl% R | pecpe0 Pes £ 4799 8% i de can.
be i ncl yggdiddl WithS fgR PRofRERARNINS SoinpbthdEQ! hdenddtivd \@feaP Efthrpleg hf ect
after the phot odynam’%ﬂpﬁgrapy (P[%I’) hgs gge(né corrplleétﬁlgi. Acco?di ng to one
aspect chithbie photosedsitizarst dve rgiveansinpE oroipeard Patene Nooo 8637916 eafThe yaciduat al
caries whjch conprises the steps of-, (a) gaining access . tqQ a cartj pus

| esi on; Wi)t2ke upbe dyg arrsheraphatpsensitisehad PRES Ff‘é’éﬁ"éﬁ’Fﬁvﬁ‘F esipn wil be

phot osengi. ki, Sl s | ' tog,@fp b 4o g Lhe | esion
to Iightqﬁlg %9 wm%é@%%ﬁ%ﬁ%%%ﬂgﬁw%‘g@%%r be E{;[/ér?ﬁg{np o‘fvgérgﬁ%itiser usi ng an
optical the@yeleads 16 sihglogoxygeh weleamtdndreafltstih eheodeath of thettiacteeiaiand thip ki | |
bacteria in the region of the lesion; and (d) _ infusing the treated dentine

with a petyneasissfiphetosgpamisghenpy-i IPnasghe bastershave beenkiled e lesgndai d

conposition to cure, .Since the trea . f. ' 1 OUS | :
accor dantbgq\mr%jﬁgd idﬁeté‘ﬁet f‘gﬁomfjmgoft\ﬁ@i Pgn%%ﬁgﬁw %%#ﬁuﬁém 0 ljflg%t h
nat eri alwhﬁﬁmactk@lytnmisé@ﬁ ghf IHu&sdeedin s mdlud&y ircthid tesig compotition of

rrow diameter. Activation of the photosensitiser within the cavity is
achi evediobyravideng therapoutic aiffett pfter theiphgtedyamic theranye(BPTAdas thegdbwhich i s
| ess than é rrajland preferably about 800 m crons or |less. For very small
cavities® 85 ssures, the ti p may have a maxi mum | ateral di nension of 400
mcrons or | eagcording to ohEApect BPtHY BV tHé18 iCpravided athéthed ofkedtinpes of
carious | esions which are advantageously treated in accordance with the
i nvent i odentdllvasies Which gomprasasgbestaps ofie | esion by drilling WO 00/ 62701
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a) gamnmg access to a carious lesion;

(b) contacting the bacteria within the lesion with a photosensitiser;

(©) activating the photosensitiser by exposing the lesion to light of a
wavelength which is absorbed by the photosensitiser using an optical fibre permitting
illumination of the area of the lesion to kill bacteria in the region of the lesion; and

(d) infusing the treated dentine with a polymerisable sealing or filling
. composition and causing said composition to cure.

Since the treatment of the carious lesions in accordance with the invention
involves removing the minimum of tooth material, access to the lesions is established
by cutting cavities of narrow diameter.  Activation of the photosensitiser within the
cavity is achieved by using an optical fibre having a small diameter and tip which is less
than 1 mm and preferably about 800 microns or less. Far very small cavities and
fissures, the tip may have a maximum lateral dimension of 400 microns or less, €.g.
about 200 microns.

There are a number of types of carious lesions which are advantageously

treated in accordance with the invention. These include accessing the lesion by drilling




I an access tunnel fromthe tooth surface to a | esion |ocated beneath the
crown. Lavention is also applicable to the treatne doRlizscami
fissurga-(gg%?z:" g, in advanced restorative work and in t?ecg?(r;lr;lg recurtﬂeqﬁgEP 2003
caries beneath a restoration or artifdcial crown. Thus, the invention

I ncl udes according to another aspect “use in the manufacture of materials
for sterilising and sealing a carious |esion, which has been exposed by
mechani cal renoval of diseased dentine to forma cavity, of a kit of parts
conprising:- (a) a flowable photosensitises; (b) an optical fibre which is
shaped and di nensioned to enter the cavity, said fibre being caonnectable

pr oXi maldnyadcessmeand fiam the neothtsirface ‘aseﬂCSi:inglnt:atad baneaglhthel @a¥Dn Wi ch i s

capabl e of being absorbed by the photosensitiser_. and said.fj aving a
di stal gByentien 5Ake arplcapleda the Hﬁﬁﬁgﬁﬂﬁ toPh S1S- F5sYFY “F@'f%‘g%‘?‘;n"g“’rd;yer and

i's shaped to.sp ' ga,%qt | o¥rid At §alebtpratiofl, orpareificianbl v,
uni f or mvggF%ﬂ’%d&ﬁﬂ(gﬁ%%ﬁ{%&q%tﬁ c??{ gxg%s;%%t or filling conposition for
filling dh@mcavity. The invention also includes use in the manufacture of

materials for treating root caries at the cervicgl margin of ]tnhqhé:romn and

the root faceTbes,athe tnvsntipar ingludes naxcrximg,: to Anothef | HRAH &S°
hot It : . I cal .. f. ' | 2 4 ; [ ly t
oans.f oReggnis phipefiaBolet eiiind A \GuEl, & afARRS0N AR S ¥ O

absor bede s std8y RRRhASEN Thrhbwg bf dRBsbedttieifhemsformai stvit, ¢f pkivof phrtss free

froman internally reflecting |ayer and is shaped to spread |ight around
an arc otomprismg:360, the fibre being associated with a reflecting surface

faor reflecting |ight, ba t .said.cervical margin, and (c) a sealing or
j 1 1ing corrpogfi‘)t i oﬁﬂ‘%"%t"e@?"lt?ﬁ%’s‘ed dentine after treatment with the
ot osensi ti sefy anGnE3RRIU e Whikh #5hape® ahi ememsiored| to fenkarahe favity, t her
aspect of the't’nvention 1s the use in the manufacture of matgrials for a

prel i m nasiy fibreabeingtcopnéatable @roximelly do smeansnfprogensrating lgperplightsat a
compri s r\]a?a:vel\t/z\o %ﬁz@ﬁ ?slcz?pable of being absorbed by the photosensitiser, and said fibre
having a distal portion which is free from an internally light-reflecting layer and is
shaped to spread light substantially isotropicaily and, preferably, uniformly around the
cavity; and
©) a sealant or filling composition for filling the cavity.

The invention also inchudes use in the manufacture of materials for treating

root caries at the cervical margin of the crown and the root face of a kit of parts
comprising:-
. (@) a flowable photosensitiser;

(b) an optical fibre which is connectible proximally to means for generating
laser light at a wavelength which is capable of being absorbed by the photosensitiser
and which has a distal tip which is free from an internally reflecting layer and is shaped
to spread light around an arc of up to 360°, the fibre being associated with a reflecting
surface for reflecting light back at said cervical margin, and

{c) a sealing or filling composition for sealing exposed dentine after
treatment with the photosensitiser and exposure to light from the optical fibre.

A further aspect of the invention is the use in the manufacture of materials for a

preliminary treatment prior to fissure sealing of a kit of parts comprising:-




PCT/ GBOO' 01433 0 9 SEP 2003 (a) a flowabl e photosensitiser; (b) an optical
fibre v@qc&jd'z?%connect able proximally to nmeans for generq,%nolmqmr 09 §BP 2003

at a wavel eng capabl e of being absorbed by the photosensitiser and which
has a substantially isotropic distal tip which is free froman internally
reflecting |ayer, the tip being shapéd and di nensioned so that it can be
drawn along the fissure system to activate the photosensitises, and (c) a
seal ant conposition which is capable of flowing into the fissures and then
caused to cure. - The invention further includes the use in the

manuf acture of nmaterials for the treatnent of recurrent caries beneath a

restoration whiagh hagowssle phxeeaeitiséty cutting a tunnel cavity fromthe .
surface of the tooth the carious site, of a kit of parts conprising: (a) a

f1 owabl e phot o®@nsi an egtical firy whichos cprnectablepreximsally fo mreagh K3 LENEFHNE

di i oned to enter t ity id £ib i : imally -
o mans Ly IghtEh & eiteRt Hpable pfbRing ascings BF (CPRC NS BR Saikh 1® 1Y
bei ng ab\ﬁlﬁﬁ%ﬁ&b@ﬁmmy BHRE RS aRA tipS@Hich mlqlg@ fboth 4 Bli@malhardfleGring Mived, al

portion chi1s free froman internally light-reflecting |layer and is

shaped t othspipeteing shpiped anddimensihaedcsovibat it cande [deywm along|the fisswe systemng
conposition for fjt- the cavity. The bacteria associated wth dental caries

can be ki'oaHvHEi %‘11’}?‘_3??8’?‘3?5 Ftiser and an activation system The
concentration PJ) thg &M&Rtmﬁaﬁﬁbh%ﬁyﬁ cﬁir'a]alﬂé Bgﬁo,,,mgoﬁlwmggh&granand t he
|

sensitisation me are well In the clihical requirenents of the
practi si nheflenbsedtio the. general i sed effects of photodynam c therapy have

been shown to be limted to the internal, structure of the togth tissue and

Qer e appears #8¢€HaverHoR fyrther ef jthe vsq Hns&‘ﬁ/in?"‘m“f?“f‘ﬁﬁ ‘ifhéﬂ?tﬁ'l""’qug‘frpt.heThe
fects o l.on. aof t. |G Mol a) | EaRSEbY bhRimgh

dem ner al ﬁ%%%}eglggﬁé%ﬁ#@ %(Ealggtr)]%ir a |as§e§%£et§t{ | ne cﬁglsak E))g%ﬂ; quantiTied. gI t has

been found tuhhélt cdvity fhiat heensiats afrthwitbbthperetaiims sityi ofea il ofdatisnt i ne

and the |aser fight wll WO 00/62701 7
comprising:-

(a) a flowable photosensitiser;

(b)  an optical fibre which is shaped and dimensioned to enter the cavity,
said fibre being comnectable proximally to means for generating laser light at a
wavelength which is capable of being absorbed by the photosensitiser, and said fibre
having a distal portion which is free from an internally light-reflecting layer and is
shaped to spread light around the cavity; and

(c) a sealant or filling composition for filling the cavity.

9 The bacteria associated with dental caries can be killed using a photosensitiser

and an activation system. The concentration of the light sensitive dye or other
photosensitiser and the sensitisation time are well within the clinical requirements of
the practising dentist

The generalised effects of photodynamic therapy have been shown to be
limited to the internal structure of the tooth tissue and there appears (o be no effect on
the cells within the dental puip.

The effects of attenuation of the light source during its passage through
demineralised and partly demineralised dentine has been quantified. It has been found

that the photosensitiser will penetrate demineralised dentine and the laser light will




PCT/ GB00/ 01433 0 9 SEP 2003 pass through a significant thickness of

dentingr Bﬁ@ﬁﬁ findings will pernmit the dentist to Iin}ETkﬁﬁm@ﬂggnﬂgﬁEPZMJ
dent i n¥ Wi is renmoved, conpared with conventional practice. A range of
resins with suitable properties for ijnoculating dowmm a narrow bore hole
has been identified and their therap€éutic effects may be enhanced by the
addition of fluoride. For sealing and filling the narrower cavities
envisaged in the practice of this invention, seal ant conpositions have
been devised which are of |ow viscosity and are capable of flowng into
narrow cavities and fissures. Such sealing conpositions conprise mxtures

of tetrahdnabugh osighifiemithhickydsabé dedtieMA h¢ss will permig the detisbf ) | with
one or nore nono and difunctional, acr%l tes and/ ot mt@%l{)}{%@ﬁ%ﬁi& The

seal ant tedimib8ieramn pbdgniing which is BETRONSHFPIORASTE BYRCARLARUCH € cavity or
recess after the ph NS | %gﬁgt- idean £axMréy boay have a
di anet er of é‘b’gﬂgc gt)%gﬁé%ggbﬁﬁt%b%;b({hé&ﬁ ypl (%Izlaolca%%gosi ties are 0.6 to 1350
centi poi §&le hB¥ BESY aGstificd 22k Air terapeaiit efiecss maybe iepbancedibythe addtiont | east
one resin containing on average at |east twy.acrylate, or,methacrylate

gr oups aofifleoridspo Fpmsedliogisnd fﬁ’mﬂ@&%&t"@" 6?““‘356‘%5%‘? Rdhs ﬁﬁ?&l\ﬁ/ﬁ?ég h has a
| ow viscQsity conpared with t.he resin. o5&k Wehibaysiy land €
nmonormer E‘X’ﬁ'&lﬁ cam ?rf"?al%:as}ﬁlrbaeflg? e. S%ﬂi&f/fﬁ@%lﬁe resi Eyi S

preferably &Egﬁlﬁt&%iﬁé RS RAGRHW! Givitie8land fighures. d\Suchi sealingaromgpasitionssuch as
f

an epoxy di hacryl ate. Such conpositions ar'eggﬁgﬁ%bzg n.nore. detail in
our co- peomprise niixiuréss bf petrahydr anethaerylgte o1 AU e case
C). filed concurreptl herewith. Thesg.resi b E}ﬂér;fl&&s.
’ ol ogi cé‘l‘efﬁ‘?ﬁ’emtgb‘?% PTG Y Bg‘inﬁﬁ'ﬂcg‘frﬁonﬁgf’é}g%ﬁge& fﬁgd?%i\% a -

| ocompaljyfi Liaks Shifpbéfiod Shdblid beomhidelughnaien tibinged mtdathd calisy or

bi oconpatibilrty in dentistry 1SO [ TR74053. Detai|ls of .suitable.resins are
al so  gi weteshaftai thafphetosensitisation meatmgnte | ﬂmm@cammﬁéw??ﬂ%“ t into

the narrow bore hole in the _tooth . the. ' ' Uspggriddoht

del i ver ectbeyt 00 91 40micrqns, Wﬁ'ﬂwﬁcqsgggr%%aq?'ﬁg‘?\ ﬁg?)ggo riggt ePf\%gvel ength

which is &Hﬁﬁ{&ﬁ%po%hfoﬁ?%ﬁpﬁé 4 PBrRR0s 0 sl dnesresin cohminingor Bvergghatenpl oyed
on the a

depends sorption spectra of the photosensi t,|§ r. Tol 'td' ne blue O

(or t ho- t Oleasit ctiwee acriykatey oe fraetbarirylatengramps (ind s2 (SRRC &%@Gﬁﬂ Snd wWo

00762701 gcr;?lat%Erﬁoxgo%)e?f which has a low viscosity compared with the resin. Preferably, the

methacrylate monomer is a heterocyclic dimethacrylate, e.g. THFMA. The resin is
preferably a urethane dimethacrylate or a glycidyl dimethacrylate, such as an epoxy
dimethacrylate. Such compositions are described in more detail in our co-pending
British patent application No. 0000886.2 (Qur ref: DFX Case C) filed concurrently
9 herewith.

These resins have been tested for biological acceptability and has been
demonstrated to have a biocompatibility similar to Zinc oxide/eugenol, the standard
for biocompatibility in dentistry ISO [TR7405]. Details of suitable resins are also
given hereinafter.

After introducing the photosensitising agent into the narrow bore hole in the
tooth, the agent is activated using light delivered by an optical fibre from a laser at an
appropriate wavelength which is absorbed strongly by the photosensitiser.  The
wavelength employed depends on the absorption spectra of the photosensitiser.

Toluidine biue O (ortho-toluidine) is preferably employed as the photosensitiser and




PCTI GBOO' 01433 8 0) has an absorption maxinumin the range of 600 to 700

nm nofe cifically at 630 to 640 nm Seniconductor |aser 09 SEP 2003
galliuﬁ%ﬁﬁ@@ﬁpde and heliunm neon | asers nay be used. Th@éﬁgggwnﬁpght may

be continuous or pulsed. If the light is pulsed, preferably there is a
short interval between the pul ses, e.é. a fraction of a second to one

second, preferably about % second. It has been found to be inportant to
spread the laser light uniformy within the bore hole rather than focus it
on a small target area. One way of achieving this is to provide an opti cal
fibre which termnates in an isotropic tip, e.g. a generally spherical

tip. A npisheditRbrtioh MAEmEMGH the fanpe bf 608 8¢ T0M afh, inbréSpecirulbnit 630.10 l
5,073,402. Essentially, the light-spreading distal tip may be conveniently

f (r)]r maddb«j40 mrt]nul cﬁemjcwlductfmtl&sng, galbumédpsepide) agidthelivamenan ?ﬁ#é"%’&%’é@t i on OR
: : > j ; STt .
opti cal helases s g samoubpeB sty sttt BT Brlied, Do el BP 0P "

Pl ot whi Le. A ot " and L .
rople ?\ggfobiuggkgg?%ﬁf% e Qﬁ]t&% Rlgi i FachiBA-ofMaSkkBh® thidHe sbeokd)r i Ng may

be effec ht o & appropriate wavel engths for curing

al ong t herefgrablgadbotii b secofidi t alil lesheky rfewnds tthbe iwpontad ite ispread thenlebarde |i ght
curable acrylate and_ netbacryl ate c sitjons, includin hose scri bed
bel ow as Lighti ynifsrmlyswithig the Pﬁf"eh‘?lﬁlrét?‘gﬁ‘“ﬁé—%‘ﬁe‘t Bﬁﬁiﬁ”éaglité%ei)afeﬁcl S%'g a

i ght - scgpt erd ng..aptar tal, whidi R AR RiniiRE & drPikotkdpid f5) ease

t he uni fg%a%\%tfy oF@?@%%oi%L@?%?ﬁgcgoot canaL However, the ((;:byrgﬁ tip
will be Tefgafhsﬁ@'fe%ly SpheficAnsy. ucAninethnd| éfufotrmixg suchen tipiie desvgibéd elU8ct ed f or
sensitising the dye. Qther shaped tips maybe fornmed by noul di ng or casting
,he desi Petens Mep8,09414892- t he end of the optical fibre. An isotropic

ight-emtting tip. may al e f o . NG t 'rﬂérﬁﬁrr”ﬁ’]dn)!db
reflective out ’Rﬁgg’r ug? ﬁ@ﬁﬁ?}gﬁ%@%?&?%?@%&% égﬁgét di stance fromthe
di stal enRfbulfing oPXaktBizld telabRUighh eransihiesivd eytapositiort dxathei andicf theooptizpbl i ed to
the distal end. The photo sensitising _agent may be ﬁg’glivered i n.a.uni dose

system Thee.dehsphrsicakiup maythetformed by dippingrthg °§Fiﬁ§ll © J3 2P frently
e 2 R SN T ol iR Batgal s o
subst i t utgisiblel ligadi | t Catigg tigy der rifleered| bpepassinpt light of the appropriate

wavelengths for curing along the optical fibre. Suitabie polymerisabie compositions

include light curable acrylate and methacrylate compositions, including those described

below as suitable sealant materials. It may be desirable to include a light-scattering

material within the polymerisable material to increase the uniformity of irradiation of

the root canal However, the cured tip will be transparent or transhicent to light of

. the wavelength selected for sensitising the dye.

Other shaped tips maybe formed by moulding or casting the desired shape onto
the end of the optical fibre.

An isotropic light-emitting tip may also be formed by removing the internaily
reflective outer layer of the optical fibre over a short distance from the distal end, or
by restricting the outer layer so that it is not applied to the distal end.

The photosensitising agent may be delivered in a unidose system. The dentine
substitute will act in d similar way to the currently available dentine adhesives which
set out to infiltrate dentine which has been partly demineralised using acid

demineralising agents. The dentine substitute will infiltrate the demineralised dentine
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secondary role is the strengthening of this |ayer produgi tin@at
subst | WW63fich has properties akin to dentine and whi g’ﬁél\[)\n&F@“ﬂ?épport %quﬂ}
smal| restoration sealing the access cavity. The photosensitiser The

phot osensi ti sing conpound is used for%he disinfection of the tooth surface
and internal structure by placenent using a liquid or gel or varnish in
contact with the Ilesion and irradiating the tissue with light of an
appropriate wavelength that will be absorbed by the photosensitiser. The
l'iquid, gel or varnish are generally aqueous. A gel may be fornmed by

| ncl udi ng, 4 P@Ji&é nE 1RGENC k&Lt ey askREUs; folk @ tenstedngtheningpdfothissleyeri t i ser .

Sui t abl e geP I ng agents include hydrophilic polyners such aa (iﬁl | ul.ose

deri vat i gpeslueing apdrngiue type spbstitmei‘umnlegﬂwrpéml&@ pkig|tgy dentgne apg ﬁ“ﬁ’é‘ent S

such as colloidal_silica (e.g. basil) nay be added, e.g. in anmobunts of
up to 10S8RRPTLRGRY FeSt‘@ql@%%%qcﬁfﬁsszWusef ul in pre-treatnment prior
to fissure sealing or where the cavity 1is shallow. In preferred aspects of

the invention the photosensitiser and | aser conbination my be applied to:
A) D si nfiaet pRotosénsitisuri | i sation of the drilled out carious lesion. B)

Destruction of carious m.crobes in or on, the tqot Lr r.e J r to
treat or prevekhe RISt9SESIPRE, FERANT Féﬁsﬁ‘b%%fd‘gﬁﬁ?mg%%gn:éﬁ%ﬁg&ﬁ%ﬁ%%i on are
general |y _non-1t ox| t b G IRRSS of Bell divabisiCBtontici with thnvi saged
and part%gﬁﬁﬁ;ﬁ"%r%%?%ﬁrg ﬂé@l?édcﬁﬂ?\e%?%aﬁhtissue? owever there is no,

r equi r emagiort haid irfadiapingtthes eissuie tviske fighthofiind approphiatetwavelengd thetwilhper obes.

Sipce the exposure tinme are short it be acceptabl e t unds
%i ch hawabs by [theyphotpssosigisery  dbehgu Bgls?fe‘fafﬁ“ﬁ‘ fIg %P%’(f)’]éf i‘@%f"r ?%g?@ t he
ot osensitisers u | . I %pqﬂtth@ hnBodsh Solutidf ofrtHe of t he

vi sible sﬁfiéﬁ%%eo?&g?w: @n&%&%?ﬁ%@% as these \r/\h;afl\ll/lel engths wi |l have

gr eat er peebdeatitifg. PSNiRibie gdllidg¥zentsincdlads hydrophili¢ polymises suh poeeliuigss

00/ 62701 10 . . . R h
derivatives and polyvinyl pyrrolidope. Alternatively, thickening agents such as
colloidal silica (e.g. Cabasil) may be added, e.g. in amounts of up to 10% by weight.
Gels are particularly useful in pre-treatment prior to fissure sealing or where the cavity
is shallow.

In preferred aspects of the invention the photosensitiser and laser combination

may be applied to:-

A) Disinfection or sterilisation of the drilled out carious lesion.

B) Destruction of carious microbes in or on the tooth structure in order to
. treat or prevent caries.

Photosensitising agents used in this invention are generally non-toxic to the
target microbes in the concentrations envisaged and particularly to the surrounding
tissue. However there is no requirement that the photosensitiser should not be toxic to
the microbes. Since the exposure time are short it may be acceptable to use
compounds which have some slight toxicity to the tissue.

It is preferred that the photosensitisers used will be capable of absorption m the
red end of the visible spectrum or at longer wavelength as these wavelengths will have

greater penetrating powers in the tissue surrounding the lesion.




PCTIGBOO 0433 0 9 S E P 2003 The preferred photoinitiators are those

ef fectjve against G am Negative bacteria associated w I |

These ‘Q’Peoq’%éoldyes. O these the currently preferred i ?ETZ‘F’E#“@‘.’?@@ Séf’ @UJ
Al ternatively al um ni um di sul phonat ed pht hal ocyani ne chl oride, nethyl ene
bl ue, azure blue chloride may be useld Wile the dye may be non specific
It can be made specific to the mcrobes within the carious |esion The
concentration of photo-initiator and | aser power are nmatched to provide
maxi mum penetration of tissue and kill rates The concentrations of dye
range from 0.00001%to 0.1% The preferred concentration is 0.001 to
0.01% The preferprefiredsptiotbinftRtirat dre NthokéreefRitivd aghihet dSrans iNdgative i S ,
bet ween 10 seconds and 90 seconds and the preferred exposure tine is 20 to
60 secorwsteriacaspeditad lwitledental opfies e Jbnsis areTthe dysser Qfdlhiese the qyrepdy abl y

bet ween 20_and .600 .g.. 40, t o 200 . the D referr.e l.ng 40 to .
150 mw }’Fﬁgnﬁﬂdﬁ (Sglé‘ﬂgct ﬁggp‘s&lfﬁ‘?%w%%?e%#&@weﬂé’mﬁ# glﬁlggd by any
extri “S'é{ﬂoii&élh&%t?i&w%ﬁlf%ﬂ%%me@mdmx i} VeBRe8d Wik IFPERSRAEbE Abnt his. I n
order to Inprove dr Increase the rate of "access to bacterially infected
cari ous speeificlit ¢anstsmadenspetific snthb indcrobes phbindbepariqusdésmp. agent s to have
maxi mum effect, the agent pay be used in con{aunction Wi t.h rior..to or

subsequent t o 1h¢ FenesmiRteR AL PROteTiRgatos and f4ssh PO AL W‘Fg:tgﬁﬁ’ﬂgeto
pr oduce m%h%ﬂ%ﬁo%fﬂssﬁcgﬁdb%%& e.g. 45t0 5 Acids to penetrate
; e

and renove or ganr cl 1 norganic rrs + Wetting agents such as HEMA

[ hydr oxyEhéybommehtratione| af edyearntngs Woat 20.00096 to Deritmer dlhiesiprefesrgdnt s such
as chelating agents of the type EDTA di sodium Such materials may be citric

QCi d, poteutertaikisd0P1de| ®sphoni ¢ acid, phosphoric acid, EDTA and HEMA
r other such.acidscas .a knowa for..use 4 ' ] nd
citric acid hﬁg Bﬁfeéff\?eiag%r (g%'togo%ﬁ?h%f tli;%‘%: gﬁtlog%&ﬁl?ﬂ qélgﬁf%mlgsed

si nul t angaustldy addt 90 t EomIB0LAE BRS iptdferrdll) ekpesukerrinbe iSTI28sto i60 sétvendsse of

these additives, they should be used prior to or after treatnent with the

phot osensspecially 28rtd 40@=@0Hs2701 11
The laser power is preferably between 20 and 600 mW, e.g. 40 to 200 mW,

the most preferred being 40 to 150 mW.

The photosensitiser solution concentration may be influenced by any extrinsic
fluid and concentration may increased to compensate for this.

In order to improve or increase the rate of access to bacterially infected carious
tooth tissue and to enable the photosensitising agents to have maximum effect, the
agent may be used in conjunction with, prior to or subsequent to, the photosensitising
. solution. These may be:-

e Acids to produce a solution pH of 4.5 or above, e.g. 4.5t0 5

e Acids to penetrate and remove organic/inorganic debris

e Wetting agents such as HEMA [hydroxyethyl methacrylate] and glutaraidehyde
e Demineralising agents such as chelating agents of the type EDTA disodium.

Such materials may be citric acid, polyalkenoic and polyphospbonic acid,
phosphoric acid, EDTA and HEMA ar other such acids as are known for use mn this
technique. EDTA and citric acid have an adverse effect on the bacterial kill rate if
used simultaneously with the photosensitising treatment. Thus, in the case of these

additives, they should be used prior to or after treatment with the photosensitiser and
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prior to treatnment with the photosensitiser. Phosphori ' t D §WEAZNN
when bYW H: o a pH of 4.5 or above appears to have agcg}e\dﬁgwgﬁél ef f ect

on bacterial kill rates when used at the sane tine as the

phot osensitisation treatment. A furthler addition to the photosensitising
phase is the addition of remneralising solution to be applied with or
subsequent to the application of the dye. Suitable agents are described by
Causton BE and Newel | Johnson NW 1982, BDJ: 152, 9-11, Levine RS, Beech DR
and Garton B, 1977, BDJ, 143, 275-277 or Pearse and Nel son Caries Research

1988 22,3620 ardd flished WRAM Rikh lidhdd phidtesaragmeiisvidotirgihotorensifiere with
the photo sensitising process. In particular the use of free radical and

si ngl et Rhoppleoricsarid; gragtiouturkyewleni ufferedstiocupld ofd-00rheve apBe3E] £ The
phot osensi t ] ser be deliver by a syrin for, ex |l e. by..aqunit dose
devi ce ttl’ﬁnﬁﬁ"g}ﬂ \Eﬁ?éh OPhg.a‘ftF’B eﬁ'ﬂlptrgtgs p?’g‘fﬂa '%E?} Ble ﬂﬂ)is%g& qu.] g.asaéﬁg;escr! bed
bel ow. bé[utt@genﬁi{?ﬁaéigﬂ%eﬁfdl&thas been killed, the bore hole in the tooth is

seal ed Introducing a resin as a Dentine Substitute which will inpfiltrate
the remai ni ngAdeftthere additionctter ¢hei rpliotosengjtising peasouds sthe yadditien dhe resin

filling material can pbe a _syripgeahble resin with | ow.vi. ' I ch may
be pol ynisppREAlISng Wt}%ﬁlbeépp‘%% gt S%%ﬁoslgf F%#c}ig%?ﬂh%ﬁig Ty the
resin may rel gg L%{Qﬁ' - I €sistonl BE 4o Newdlojohagor N8, 1982ght of a
sui tabl e vvave?gl?%tl{) 0 gc%?edctg{{ye?gjgi%ﬁégbr? 1l§)e c'ondetrcl:t ed into the hole using
t he sanmeBpgiliseab-Tii, irevine RS, Pesch@R ol Gixrtors BallRT. BB 4Bx&150de arr from
the treated areg,

@ s PrrsnaaNekon e ke h P EE L 36 be as i n PCT/ GB921 02128
CT/ GB98/ 00072, lsuﬁnlﬁdrgazt?tgaqe‘thysg Deedfs3 dé Hot tePiefed wifi Lint 2plidhoRBSASAS
process. In particular the use of free radical and singlet oxygen scavenging materials
should be avoided as adjuncts.

The photosensitiser may be delivered by a syringe, for exampie, by a unit dose
device through which the fibre optic probe may be passed, e.g. as described below.

After the bacteria has been killed, the bore hole in the tooth is sealed by
introducing a resin as a Dentine Substitute which will infiltrate the remaining dentine
structure infilling the porous structure. The resin filling material can be a syringeable
resin with low viscosity which may be polymerised using light or by auto-
polymerisation.  Additionatly the resin may release fluoride.  If the resin is light-
polymerised, light of a suitable wavelength to cure the resin can be conducted into the
hole using the same optical fibre. The purpose of the sealant is to exclude air from

.\_z

the treated area, e.g. cavity or recess.

Possible resins which may be used to seal the hole in the tooth include:-

Those as in:-

PCT/GB92/02128
PCT/GB98/00072
US 5,172,763
US 5,063,257
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4,267,097 US 4,001, 483 1CTJGB00/ 01433 0 9 S E P 2003 Th i ¢ sgal
after RRO¥PIAY kil ng is an integral part of the non iﬁ(y‘g@f“\g@““% cﬁnistgl‘jemm

since it is by these neans that the bacterial re-infection is mnimsed.
This may be achi eved using existing Hental materials. The preferred
materials may have a viscosity, which may be varied to suit the
application. Preferred viscosities are fromO0.33 to 1340 centi poi se. \Were
it is used as a dentine substitute, the viscosity is simlar to that of
wat er and has nmechanical properties such as flexural strength after

pol ymeri sati ogp (346888 r ange 80 to 170 Mpa. Shrinkage during pol ynerisation
will be in the range of 0.5 to 4.5% by volunme. The dentine substitute is
made of a bl eiB @107 841 ns, which will provide a range of viscosities to

suit the inte l_cation. These may be di nethacryl ates or

nmet hacr yl at esrigigégﬁsp)@ét In the patents nentioned above. The preferred
formul ation i qjg;\ldrm_'z?gtlgge of urethane di nethacrylate (UDMA),

bi sphenol - A-gl'yci dyl’ di net hacryl ate (Bi sGVA) and tetrahydrofurfuryl

met hacryl at e (WERPD006Bhese nay be in various proportions, the preferred
conposi tion being THEMA 50% UDMVA 33% and Bi sGVA 17% The material may be
pol ymeri sed cHéfd §3I493or by the application of light of a particular
wavel engt h. S(ﬁéargﬁ?%eri al s based on light-curable acrylates or

met hacryl ates are”commonly cured with |ight having a wavel ength of about
450- 470nm WO 19946501 ¥83PCTI GB00/ 01433 0 9 SEP 2003 13 4 Cold cure initiator
systens which do not require the addition of external energy

The hermetic seal after bacterial killing is an integral part of the non mvasive
technique since it is by these means that the bacterial re-infection is minimised. This
may be achieved using existing dental materials.

The preferred materials may have a viscosity, which may be varied to suit the
application. Preferred viscosities are from 0.33 to 1340 centipoise. Where it is used
as a dentine substitute, the viscosity is similar to that of water and has mechanical
properties such as flexural strength after polymerisation in the range 80 to 170 Mpa.
Shrinkage during polymerisation will be in the range of 0.5 to 4.5% by volume. The
dentiné substitute is made of a blend of resins, which will provide a range of viscosities
to suit the intended application.

. These may be di-methacrylates or methacrylates as set out in the patents
mentioned above. The preferred formulation is a mixture of urethane dimethacrylate
(UDMA), bisphenol-A-glycidyl dimethacrylate (BisGMA) and tetrahydrofurfuryl
methacrylate (THFMA). These may be in various proportions, the preferred
composition being THFMA 50% UDMA 33% and BisGMA 17%.

The material may be polymerised chemically or by the application of light of a
particular wavelength. Sealant materials based on light-curable acrylates or
methacrylates are commonly cured with light having a wavelength of about 450-
470nm.




(heat or light) are materials such as benzoyl peroxide as an initiator and
N, N- divyBlobbrer P-tol uidine as an activator. Preferred |igpt/caebhiati D9 SEP 2003
systens are those including canphorqui none and an am ne. Qther activation
systems nmay al so be used. The initiatpors should be present in an
appropriate anount to provide an adequate |evel of conversion and adequate
rate of conversion. They are usually present in anmounts between 0.1% and
12% of the weight of the nononer m xture. Preferred values are between 0.5
and 5% by wei ght of the nonomer m xture. Various additives may optionally

be included in, the mXxture such as. .antioxidants,, stabilisers using W

i nhibitors aﬁ"t?ki)ﬁirﬁﬁ‘ﬂ?‘?tgéﬂsﬁﬁ?’% Wﬁbedenge‘hyFﬁgléerﬁdﬁu%ﬂfj?‘%ﬁa@jﬁgﬂﬂ g agent s
such as I, bij: Qt4 , =11l t.enrni I LG such as
s ARE bfldh) &R mESHAL SR SfiRhity BRGNS i Tiflate AR POORBIYELICD

steril i pabhidin®ois albastivetora associ ated with dental caries. Stave 1 Lethal
phot osensitisation_of Streptococcus nmutans jn a, saline suspension.

Experi ments Rasferreddghicagtivaben systenyssaugthgse plydingreagiphe B 2BH &0 of
Tol ui d . bl 0 . T t ' h b ' | ated int
ol ui eg‘%‘ht%.u ghef(&;-[@@ﬂgﬁsgﬁ&ﬁﬁ?%g&%wns ave been inoculated into a

sal i ne Spension ococctus mutans and then irradi ated using the

| aser equi prEme inkBOYYR sHduld Ge ASresuHp difYyim Gppropriateg amodntl & @eodde power
densities and exposure tinmes were evaluated. Full details of exposure
times andequateelevebnéconensipniaad adequaty drate of 6RRYFHR- ond heY &8s 38l o set

t in Table 1. WO 0046270 TABL P 0 R
Célyue/ :BQCPE?SF'% E‘a%?"’giﬁ’ﬁélﬁ% alrrk{?ea%oﬁ%%n(f raig %ﬁ%u@%ﬁ Gdﬁnég\/\nélr%&?%e?]y e[ m ]
.VOl UNe [prdfbrrdd¥ainds £28Reditedd. SR HOnGBhtHT tRO thohdmeOmixture.

Various additives may optionally be included in the mixture such as
antioxidants, stabilisers using UV inhibitors and polymerisation inhibitors, pigments

and therapeutic agents such as antibiotics, corticosteroids and other medicinal agents
such as metal ions.

The following illustrates the conditions required to effect sterilisation of
bacteria associated with dental caries.

Stage 1
Lethal photosensitisation of Streptococcus mutans in a saline suspension.

Experiments have been carried out using a range of concentrations of

‘ Toluidene blue O (TBO). These concentrations have been inoculated into a saline
suspension of Streptococcus mutans and then irradiated using the laser equipment

shown in the accompanying drawings. A range of power densities and exposure times

were evaluated. Full details of exposure times and laser power densities and dye

concentrations assessed are set out in Table 1.
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Dye sol utions were made up y on each
occasion using distilled water. Initjally, 100 pl of a saline suspension
of Streptococcus nmutans was added to mcro well of a mcrotitre plate.
These were derived from Streptococcus nutans NCTC 10449 and suspensi on was
made up to give a concentration of bacteria ranging between 108 to 109
colony formng units (cfu). [These had an optical density of approxinmtely
0.10]. This solution was then gently agitated for the remainder of the WO
00/ 62701 PCT/ GL300/01433 0 9 S E P 2003 15 4 experinent. To this was added.

either 100l of TBO or saline. Sali ed as a control. 30 seconds after
the addition of the dye, the isotr be was i mMmersed in suspension

combi naf ‘oa‘s kit ?fa{ ca | Bugpatiihal a”%enf’Lf%"PF“ o W PHie iR the
base of le ﬁ ?Pt he B ('E'E%ﬂ EE | ate event] | aser radi ation
affectin AF-t-er——+adh "*:on, +he
nunber ¢f surviS®ors in Jeach weP® was deterni #d by 30
50 200 43 30
50 200 15 30
50 200 80 60
.' 50 200 48 60
50 200 15 60
50 200 15 90
20 200 80 30
20 200 15 30
20 200 80 60
20 ' 200 15 90
20 200 15 60
20 50 40 10
20 50 40 20
) 20 50 40 30
. 5 50 40 20
5 50 40 50
5 50 40 80

Dye solutions were made up freshly on each occasion using distilled water.
Initially, 100 pl of a saline suspension of Streptococcus mutans was added to a micro
well of a microtitre plate. These were dcnved from Streptococcus mutans NCTC
10449 and suspension was made up to give 2 concentration of bacteria rangmg
between 10° to 10° colony forming units (cfu). [These had an optical density of

approximately 0.10].  This solution was then gently agitated for the remainder of the




viabl e counting on tryptone soya agar. 100l of liquid fromthe mcro well

was renoved and diluted progressively tenfold. The di | ygd;BssReRs!
then cY®Md% on the tryptone soya agar plate for 24 hours. Pl ates %re:grgeﬁis‘m‘.i

then selected with densities of colopny formng units of between 50 -- 300
cfu and these were exam ned for urb$V|ng bacteria over the whole of the
sanple on the plate. Results A range of kill' |evels was achieved wth the
di fferent conbinations of |aser power exposure tine and dye concentration.
This shows that the kill levels required may be achieved at certain |aser
power/ exposure tinme/ dye concentrations. There is a range of conbinations,

whi ch égﬁgéﬁpropé Rk Svaks Qfdded @ithdri 100pRbE TR(Poasaint: Aaliex@etedras 2i ne of
thirty se was arbitrarily established as the_ baseline. valu to be
exani nedeonthe. | Mseromaranetheradditionef tee dysethedsptionic RFGPH §FS gPefswd M rrachl ne

and 80 and 15nw se| ected, as the outer .lim UddrisR
concent r suspersion,ands irfadiationgaryed Qut 3 g © é 0%%3 és@bjjsl y been estab?| shed

for penetr he results of the four stages are set out
bel ow. V@ﬁgwg%gﬁdf%%mfgxn%gseure Time 30 Seconds Stage 1: Maxi.num dye
concent rat i on Agaeinbdax ifeilimak aaeppgioavenndchy mgmlfoeﬂalsav@l @@%ﬂ#’?&ﬁé Dye

Concentrati onLaser Power rTWI nitial CFUO/ Bac felyo/ mLI Mean
5080E9- Epbesiolprewot fapeigi: e‘i“l‘?ﬁl"fﬁgﬁé i\? th%{e %\ere very substanti al

K poourat ¢+ oL Hagst il m@% 516,990V alcHowal idsi detprinic yar
exposure tine ni rru ye concentration and M ni.mum | aser power
Dye Concepini@bbitiag ol triinoRs sayé/\hgam t i dD0raPlikpad fom she KO YEl vas
. removed and diluted progressively tenfold.  The diluted suspension was then cultured
on the tryptone soya agar plate for 24 hours. Plates were then selected with densities
of colony forming units of between 50 — 300 cfi and these were examined for

surviving bacteria over the whole of the sample on the plate.

Results
A range of kill'levels was achieved with the different combinations of laser

power exposure time and dye concentration. This shows that the kill levels required
may be achieved at certain laser power/exposure time/dye concentrations. There is 2
range of combinations, which may be appropriate for use clinically.

‘ Phase 1:

An exposure time of thirty seconds was arbitrarily established as the baseline
value to be examined.  The laser parameters were defined by the outputs of the
machine and 80 and 15mw selected as the outer limits for initial evaluation. Dye
concentrations were fixed at values that had previously been established for
penetration of dentine.

The results of the four stages are set out below.
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This indicated that there were very substantial kills but total kills were not on
the 99.9% value at this particular exposure time. ;

Stage 2: Minimum dye concentration and Minimum laser power

Dye Concentration | Laser Power [mW] | Initial CFU % Bactenal kill
fug/ml] Mean
20 15 i.1E9 0 20.0
40.0

This showed that the minimum ocutput from laser and low dye concentration
did not produce adequate kills.

Stage 3: Minimum dye concentration and Maximum laser power

Dye Concentration | Laser Power [mW] | Initial CFU % Bacterial kill
) | Ieg/ml] Mean
. 20 80 E9 - E10 99.99 99.99
99.99

This demonstrated that the kill levels, which were required, were achievable at

this laser power and dye concentration

Stage 4: Maximum dye concentration and Minimum laser power

Dye Concentration | Laser Power [nW] | Initial CFU % Bacterial kill
[ng/mi} Mean
0 15 2.1E10 0 7.05
2.8EC 14.1
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Conclusions

From this is became apparent that successful kills were obtainable with the
minimum dye concentration and maximum laser output. Increasing the dye
concentration at that laser power reduced the kill rate.  From this it was deduced that
the maximum dye concentration was in excess of that required and that better results
were achievable at lower concentrations. This was confirmed by the stages two and
. four where although the kill rates were not very high, the higher dye concentrations
produced lower kill rates.

Further work was then carried out using different exposure time and laser
energy densities in an attempt to establish the range of combinations, which would
prove to be effective.  For clarity, the results have been reported in sequence for
increasing exposure time.

Exposure time : 10 sec

Dye Concentration | Laser Power [mW} Initial CFU % Bacterial kill
[pe/mL] Mean
20 40 2.6E7 20.23 36.34
52.45

.--.._/

This was regarded as unsuitable for use. It was not repeated with a lower dye
concentration as the increase in kill rates cxj)ected was considered to be insufficient to

achieve and the exposure time was increased.

Exposure Time : 20 sec
Dye Concentration | Laser Power [mW] | Initial CFU % Bacterial kill
[pg/mL] Mean
5 40 1.7E7 0 30.1
1.1E8 60.3
20 40 3.0E7 7936 81.1
1.8E7 82.90




PCT/ GB06101433 0 9 SEP 2003 The exposure time of 20 seconds produced kill
rates i re substantially higher. At the 20 ag/nL oncentration

t est edwﬁe‘@gré(ﬁ;% kill levels were obtained. Exposure Ti nﬁ%@ﬂ”@é?3Dyeﬂ 9 SEP 2003
ConcentrationLaser Power [mWInitial CFU% Bacterial kill nmiMean

5407. 1E784. 43 87. 14 1. 3E889. 85 The ekfosure tinme was extended to 50 seconds
with a | ow dye concentration and |low | aser power. The kill rates while not
being total were extensive. This indicated that the | ower dye concentration
[59gg/mM] is probably the bottomlevel that is applicable. It would require

a high | aser output and |onger exposure time for total killing to be

Gt Bact er| a1 KR 0B A oo e SRR TS W e piiraiil! 1 1 20
2080E9- E£h&9. 89 1RDMR/A0. 3R GtbHrakailasted herel¥YR KOs BeresiMadBEL099. 76

99. 78 1. 3E999. 8 5080E9- E1099. 99 99. 99 99. 99 Wen the exposure tine was
extended to 60 seconds with a range of |aser powers and dye

concent ' .1t hec apparent that kill rates were high for a range
ERhAGIE it s 10 RS

of dye | aser power outputs. It was apparent that the
m ni MUNDyk 268hce@¥8n | Daler Waswer 1P I Iuitial CFBChI evi NdBdcteriadkils 11 the
region| alo/pg was 45mV at this tinejinterval. Mean
5 40 T.1E7 84.43 87.14
1.3E8 2 89.85
.! The exposure time was extended to 50 seconds with a low dye concentration

and low laser power. The kill rates while not being total were extensive. This
indicated that the lower dye concentration {Sug/ml] is probably the bottom level that is

applicable. It would require a high laser output and longer exposure time for total
killing to be achieved.

Exposure Time : 60 sec

Dye Concentration | Laser Power {[mW?73 | Initial CFU % Bacterial kill
 [peg/ml] Mean
20 15 1.2E9 86.32 5229
1.1E9 18.26
20 80 E9-E10 99.99 9999
) 99.99
¢ 50 15 1.3E9 120 1216
2.8E9 12.32
50 48 2.3E10 99.76 99.78
1.3E9 99.8
50 80 E9-E10 99.99 69.99
99.99

When the exposure time was extended to 60 seconds with a range of laser
powers and dye concentrations, it became apparent that kill rates were high for a range
of dye concentrations and laser power outputs. It was apparent that the minimum
laser power that was successful in achieving kill rates in the region of 10° was 45mW

at this time interval.
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phot osemeitbicsati on of Strep nutans in a collagen matrix FhirfcsBaidon of the
study was designed to repeat phase | study using a collagen matrix EDSEP 2003
determ ne the effect of collagen on | ight/dye penetration using |aser
exposure tinmes determned initiall y.lgThe outconme was to denonstrate that

in a collagen matrix kill rates of 10% to 101 coul d be achi eved. Mt hod
The nethod is nodified fromthat described previously in Caries Research

[ 1995129: 192-197. The dye solution selected for use was an aqueous sol ution
with a pH adjusted to 5. No additives were included in this study.
Additives were not included at this stage as the work in bacteri al

suspension s O}ﬁ?ghth%:tg additjives were reducing the effectiveness of the
PDT pro € 2t iliethal photosepsitisation ofPirep pautaps in aceBasenmatidy i n the next

phase. 1009f, tiﬁqh | 0 : S
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produce matpixitg deterimir® th¢ effeet dfickiageansiliphedey/perettdtion usiBOlaséhexposure

phot osensi ti ser] was, t hen iﬂécted into the centre of the plug using a

ni cr opi pépeedetemingdingialbyg putcpmme as tg slenonsirate dhadrl a callagreimati® ar ound
t he si deﬁﬂ?{iteégfldﬂtylﬂmc%?ﬁ&ﬁc%h?cv crfd formed a puddle on the top of the
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plug. Thrs 0 a rather ‘uneven di'stribution of the dye. Currently, there
does notMethg®ar to be a way of avoiding this. this is one of the
limtations of the.experimental nethod. This inoculation of the dye
effectively rébtdesthadés mpdifiednfrem: that idescribed apreviguslyrin dfarfes Ukeseqrplidi t i on
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qui ckly. For this reason, a nunber of contact tines were evaluated to find
t he nost inchaded apthisisiage asrthe Work @mheacterial suspension shibwashihat additivasevdsact eri a
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1009ul. of treated rat tail collagen and 50ul. of a2 Strep mutans suspension
were mixed together and the solution partly dried overnight to produce a plug with a
jelly like consistency. 50uL of TBO [the photosensitiser] was then injected into the

centre of the plug using a micropipette. It was noted that the dye solution tended to
well up around the sides of the micropipette tip and formed a puddle on the top of the
| plug. This Jed to a rather uneven distribution of the dye. Currently, there does not
. appear to be a way of avoiding this. this is one of the limitations of the experimental
method. This inoculation of the dye effectively reduces the dye concentration by a
factor of four. {Addition of 40pl/ml. to the 150pl/mL collagen/Strep mutans mixture

produces this dilution} this is equivalent to an overall concentration of 10uL.

It was noted that the dye did not penetrate into the collagen matrix very
quickly. For this reason, a number of contact times were evaluated to find the most
appropriate time. Too short a time would mean that the bacternia within the plug
might not come into contact with the dye. This would mean a reduction in the

number of bacterial kills. Too long an exposure to the dye would lead to “dark kills™




20 4 where the sensitiser alone had an effect. In order to evaluate this

ef f ect s hg@8gcoOntact tinmes were investigated, 30 sec, Lout es. ald) $Aren;
hour . Three&?rradi ation tinmes were used 30, 60 and 180 s‘gtg.%%émﬁ%?ser

powers used were 80mWand 60 mW Follow ng irradiation, the collagen plug
was treated with 50nL of O.5ngy/m t%%e 1A col | agenase for three hours to
| i berate the survivors and enable the enuneration by viable counting as
descri bed above in stage 1. To eval uate the poor penetration of the
sensitiser into the plug, a technique of shredding the collagen plug to
make it porous was investigated. This was considered to have a greater

si m | ar ilierd the Gefiditised albe thad an leffadt. t heorder totevaRlateatianeffokt) ShreResnthés The
prelimnary contact tinme of 60 m nutes was used to evaluate the perneation
of the dmestareinyestigated) sRsec, Soninytys angpboghoWont act tinme of 30 seconds

produced good-kills w.th the dye/la conbj Hati on he dye al ong havi ng
o ef foct Con TS IEadiR e S s 50, of SR The Syt SudiE (e,

| rradi atyQe gdmMPandB0d npgnt act tine are set out below, together with the
kill rates achi eved and percentage kills. The nunmbers highlighted indicate

those achi eviliofjonrg mirddiaticonahe Colldgay qriugPivag teatedaditht 0ol Gff Gme/1B0
i 1 oAVERR Dy RBEEES 4F [ WHRFCAPIS 1%, 15out 206 Ao 00 ADRCHI o
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To evaluate the poor penetration of the scnsitiser. mto the plug, a technique of
.-. shredding the collagen plug to make it porous was mmvestigated. This was considered
to have a greater similarity to carious dentine than the solid collagen plug.
Results

The preliminary contact time of 60 minutes was used to evaluate the
permeation of the dye through the dense collagen plug.

Contact time of 30 seconds produced good kills with the dye/laser
combinations, the dye along having no effect on the bacteria.  The results of the
different power densities, irradiation times and contact time are set out below,
together with the kill rates achieved and percentage kills. The numbers highlighted
indicate those achieving the milestone.

Coliagen Plug
‘ Irradiation Time : 30 seconds. Dye concentration: 10pg/mL.

Contact Time Laser power Number killed % killed Mean %
Dye/bacteria [mW] kill
{min]
0.5 80 2.07E9 77.2 78.7
1.28E9 80.2
3 80 1.36E9 64.8 75.2
2.95E9 85.6
60 20 3.28E8 100 100
0.5 60 1.12E9 51.9 61.8
2.21E9 71.6




2.21E971.6 WD 00/62701 21 Irradiation Tine : 60 seconds. Dye concentration:
109/ nL WCT0&Bm0101433 0 9 S E P 2003 Contact Ti meLaser pavwegeRbiHass Kipl %
ki |l edVean % Dye/bacteria [mAkill nin 0.5802. 72E985. 442. 7 (B0 0'd S fong
3804. 85E994. 592. 6 4. 29E990. 7 60802. 299100100 0. 5601. 12E972. 973. 8 2.4974.7
Irradiation Time : 180 seconds. Dye concentration: 10pg/ nL Cont act

Ti meLaser power Nunber killed% killedMean % Dye/ bacteria [mMAKill [mni
0.5802. 96E991. 051.9 012. 7 3802. 23E991. 0293. 2 5. 7E995. 32 60803. 08E8100100

0. 5601. 89E985.979. 1 2.21E972.36 It is clear that kill |levels of the order

of 109 are achievable at both 60 and 80mWw th exposure tine in excess of
30 secolgadiation Times : 60 speondsntByecduicepgatioheiug/miicr ease with the cont act

ti me wirtHrthe-hacterira—Tthi-s—denrornstrat-es—he—pertanceeft—enstr+Hng t hat
t he dyébé)gf‘ﬁecg'lruﬂfo cqnt LB ROPAT ¢ fhNmbrekifled 1% leilld) agignh’ﬁﬂ?{}é}:m )
Dye/bacteria [mW] kill
[min]
0.5 80 2.72E9 85.4 42.7
0 0
3 80 4.85E9 94.5 92.6
4.29E9 90.7
60 80 2.20E9 100 100
0.5 . 60 - 1.12F9 1 729 73.8
2.49 74.7

Irradiation Time : 180 seconds. Dye concentration: 10pg/mL

Contact Time Laser power | Number killed % killed Mean %
Dye/bacteria [mW] kill
[min]
0.5 80 2.96E9 91.0 51.9
0 12.7
3 80 223E9 91.02 93.2
5.7E9 95.32
60 80 3.08E8 100 100
0.5 60 1.89E9 85.9 79.1
2.21E9 72.36

It is clear that kill levels of the order of 10° are achievable at both 60 and
80mW with exposure time in excess of 30 seconds. In terms of percentage kills, these

.'-._/‘

increase with the contact time with the bacteria. This demonstrates the importance of
ensuring that the dye comes into contact with the bacteria. =~ The collagen plug
represents a severe test, as it is not porous and dye/bacteria contact depends on the
rate of diffusion through the solid mass of the plug.

In summary, dye contact/dwell times of between 30 seconds and 3 minutes
have been found to be satisfactory. Laser irradiation times of between 30 and 180
seconds are generally preferred.

In order to simulate a carious lesion more closely, the collagen matrix was

shredded. This provides a porous structure with the bacteria still bound within the
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PCT/ GBOWw1433 0 9 SEP 1003 22 i collagen. This is simlar to a carious

| esion where the dentine is porous. The results of this study are set out

bel ow. Sollggkted TEY ik SHSRAr &R cARbusT eS8k o VB2’ -

Dye/ bact er | apower Ti meki | | edki | | edkil | At O R 318 Sl s 2001 6

380605. #dEbis study@rssed 066Bd0@, 4 3801806. 84E995. 7392. 1 1. 97E987. 42 This

denonstrgt eg,t a high kill rate may be achieved in this nediumw th a
ireaged Foy

short d Aghtact tine and short |aser exposure tines. Conclusions
1) It JaMoR&SESB | KT LS of Qg of —Strgprutansyare—gehieyable in
both baghe. a%erri% ’l%e n%{t'%}g%llt?agen i 111& T x UEEB TBO aht-3?fé | aser
descri | l"ﬁ . PO Wen nat [ i%-°Ct udy enonst K&t ed t he
i npor t dAeea d j het ween dye and bacteria  Thus, it may be
desiraljle to i n89he phot3ensi t{ 38BEPn confhtt with|HPhes
3.26E9 91.0
3 1 80 60 5.46E9 1913 90.3
. 3.66E9 90.4
. ' 3 80 180 6.84E9 95.73 92.1
: 1.97E9 87.42

This demonstrates that a high kill rate may be achieved in this medivm with a
short dye bacteria contact time and short laser exposure times.

Conclusions

1) It can be seen that kill levels of 10° of Strep mutans are achievable in
both bacterial suspension and collagen matrix using TBO and the laser described

below.
2) The collagen matrix study has demonstrated the importance of contact
) time between dye and bacteria. |
. Thus, it may be desirable to maintain the photosensitiser in contact with the

lesion for an extended period, e.g. up to about 5 minutes or more, preferably 30
seconds to 3 minutes, before treatment with the laser. During this period, the lesion
may be flushed with a solution of the photosensitiser so that the bacteria is contacted
with a stream of fresh photosensitised solution.

Experiments with slices of dentine cut from extracted human teeth have shown
that it is desirable to pretreat a tooth cavity or recess with a demineralisation solution,
e.g. of EDTA prior to the photosensitisation treatment. Even a short pre-treatment
with EDTA, e.g. as a 0.1 molar aqueous solution, substantially increases the distance

through which the laser light can pass. Even pre-treatment of the dentine with 0.1




| esion for an extended period, e.g. up to about 5 m nutes or nore,
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phot osensitiser so that the bacteria i%ﬁcont acted with a stream of fresh

phot osensiti sed sol ution. Experinents th slices of dentine cut from
extracted hunman teeth have shown that it is desirable to pretreat a tooth
cavity or recess with a dem neralisation solution, e.g. of EDTA prior to
t he photosensitisation treatnent. Even a short pre-treatnent wth EDTA,
e.g. as a 0.1 nol ar aqueous solution, substantially increases the distance
t hrough whinelar 3T Aawerthen dgmineralisapian Solbve foPae iftle OAt TR Slcofls fdgadant i ne
with 0.1 0 %g%%gﬁaéﬁ nol ar, EDTA or other demneralisation solution for as
little as 18 9B { HRnssussion anddyenepetration significanty. anEhis ssinimparndntdy e

penetrati ofghBhOhd | I ISl g, andnportant finding and enables the
Renet ot A LGRS e aFligt d B AhUTRORh ARloerkhd b0l S, E1EDES

ext endi ng extémlinighéntoetht i deatiné of & nRai@didomt h. The «Bilest dQbineralisation . .
dem neralisation treatnment on the light transm ssion and dye Abaor ption is

shown gr agfFarnyon theright, transrgissich end: dfre alpsogiticnhis shiewn gesphichlyain Figuaddi ti ve

togb | hat thg,.. ' dem Aalised t end
et al 13 ompeetest dfubd AlminrSfion, iy EroprES 16 B ceRbmiRE MBzcde: oS
| esi on. Theadsennenistalsidl @sh bifentd LsHR) ol RMEHA] G Yot {he

method of the invention. Figure 1 is a I ¢ cross-section through a
tooth V\Atrﬁ%ﬁtféﬂm%mqlﬁﬂ@lqm place in a bole drilled into a decayed

i'nternal porti Lhe. th: _.Figure a) is a plan vjew of  the tooth
@own in Figure ;LLI%‘IU\_ ?&%Qﬁ%&%ﬂgﬁ%h E"’g’é‘?ftq%ﬁb’mﬁi%% mgthednt al
handpi ece dfith¢ ateitidnh an optic fibre tip and a tube for introducing
phot osensitiser_into the cavity , Figure 3 is -a perspective view of the

| aser housi ng cOEWECH &ya seheanatie rress-septionitbraigh; a Fioghuvathian sptical fibie inn t he

direction eqﬁrqmggﬁ]%' Ei ﬁ:gi ARG S48, 2 eks (8. 4r aph showi ng the
effect on liﬂélccregsi ng t gninlg:%t R ss?%rﬁiggf)fh{?a{?? s dentine by

demi neral i sat i oFiguiet I{a)EDEAlan/vitw @f khe(tbpth sholh s Figdfd 1; ed with a fine dental
drill or with a laser to forma

®)

Figure 2(a) is a schematic sectional view of a dental handpiece fitted with an
optic fibre tip and a tube for introducing photosensitiser into the cavity;

Figure 3 is-a perspective view of the laser housing connected to a dental
handpiece; ‘

‘ | Figure 4 is a view in the direction of arrow X in Figure 3; and

Figure 5 is a graph showing the effect on increasing the light transmission of
carious deatine by demineralisation with EDTA.

A tooth (1) is first drilled with a fine dental drill or with a laser to form a
narrow tunnel (2) to a decayed area (3). After completing the tunmel, a flexible
optical fibre (4) is introduced into the hole until the tip (5) is located close to the
closed end of the tunnel.  The fibre is formed with a generally spherical transparent
tip to ensure that light passing down the fibre (4) and emerging at the tip is scattered
generally uniformly around the cavity (3).



narrow tunnel (2) to a decayed area (3). After conpleting the tunnel, a
flexible optical fibre (4) is introduced into the hole until the tip (5)
is located close to the closed end of ©@He tunneL The fibre is forn8d SEPLAN3
a generally spherical transparent tip to ensure that |ight passing down
the fibre (4) and energing at the tip is scattered generally uniformy
around the cavity (3). 24 0 9 SEP 2003 Photosensitises conprising an
aqueous solution of toluidine blue having a concentration of 50g/m, is

injected into t unnel., e.g. using a syringe., After allow ng a contact
time of about 1%"%‘2&’ ,lﬁieﬁé%@&ﬁ%fé}q@@m isglufien efatadeidine binenhadng g t he
proxi mal e : I:pr. a. |l aser .source and the i

phot osensi '?'lg g%gtr%ﬂ@ﬁ?%@@rp% %é@e&r%pa]ﬂ{'%t % WLG%gS‘é‘E’Bﬁd% SYfmge.| yafer
power | evehll®Wing0a sMitaRdtieVvet aBGLH 105]'.1'%@ leAliBLdrOfs Qb Gavity
(3) was substantially conpletely sterili seblq'géy %Tﬁf%éeﬁrg%étrrr%nt%%%\%gq ﬁ’é’
tunnel was cotrectihg | thed redstimala ehd ubfl, thecupdbllesbesitd, a elaGer WG andY fHaN0E-
The conposijion eppl oyed was_a _mxture o tetrahydrofurfuryl nethacrylate

(THFMR) ,  SORGRSSESIISSE I cavili 6 Hendiatidnier 6ceyondsat a(luiva)oves leetl gift60

t ' = A-al vck gyl di h | at Bi 17 i ght |,
et cont . T SRLSAOEARE S8 boll TThe Selof T ASEREN [Vergs gLy,
wavel engt hcopRislyitsttiiBed %4@& REARAt 2831 the TR SviUniR ﬁﬁ’ec{?h@iﬂf%ﬂ?@l aser

light using an optical fibre having a I'ight spreading tip. may
be gener at edralyle rasiED esg.cusing adsyringel 70 The compdsiiionr eRpldysdVwas b rabaeepsisur e

time of be n.5.a 30 .second S Qptical fibre can be used to
appl y | i gh%é%%fﬂ%&g%mfwgmr @Eﬁ%%ﬁfﬂéﬁmeﬁs wiethane,dimatheqrylpteat i on

tep. HoweygDMA 3BSwEi?ﬁP Srdknt drfdl BRphéndliA] dith@ E,gﬁg e of
the different vva?/el eng hsﬁ_errp‘?ioyed. hcedjﬁ%rgﬁﬁgd}li S cggrr‘{)r?'%?éje?ﬁg ogtLii%cal
fibre may Meeighit patente. grhiniresin aisr bglargnrabley dudade neyst séffaebivelsnappddaofaf and
t he upper surfgee sr@?’t@hegs over, Fr shows a nodification of the optical
fibre whi cRAREBEBRLADRE Qg 410 s | RS0 Teayehey ered byfdifpsting Jases lightser
and resin kBinghinSoptida BERERfng 5. p%ﬁg’ Eilnﬁf' r ' eaded fhrough a
cat heter (6). éAt aﬂ%oi nt beyond P%g X1 mu ?ﬂgngﬂ%é %ﬁlﬂcﬁm&%ﬁugggﬁmaby '
i nt r oduced LiBR’s cantresbatd 70 mp or 8 §8 roy R00smP withreah P siae aine of betoekenResal Voi r
(7) contai ghg sepsitiser an eservoir contai:ns uncyred resin, In
order to :‘%ﬁt rodéjc'e gﬁ_ﬁts%é%ﬂ F?ﬂge HF&B%MF’&EEWW‘%@WPP% thofiesses
the reservasifof érryingvout thersugilisatisn stefENPlowter, 103 R06ksat Vase a different
phot osensitiser to flow between the ‘

source because of the differemt wavelengths employed. Once curing is
complete, the pptical fibre may be cut off, e.g. with a rotary saw blade or simply
snapped off and the upper surface smoothed over. _
Figur 2o showsa modification of the optical fibre which incorporates a catheter

having reservoirs of photosensitiser and resin. In this arrangement, the optical fibre

(4) is threaded through a catheter (6). At a point beyond the maximum length which

would be introduced into a tooth, two reservoirs (7) and (8) are provided. Reservoir

(7) contains photosensitiser and reservoir (8) contains uncured resin. In order to

introduce photosensitiser into the cavity, the dentist compresses the reservoir (N,

which ruptures 2 membrane (10) and allows photosensitiser to flow between the

optical fibre and the catheter and out of the distal end of the catheter. Once the

sterilisation step has been completed, reservoir (8) is squeezed.  This causes resin to

- flow thi'ol;;gh the gap between the optical fibre and the catheter and displace the



optical fibre and the catheter and out of the distal end of the catheter.
Once the sterilisation step has been conpleted, reservoir (8) is squeezed.
This causes resin to flow through the gap between the optical fibre and
the catheter and displace the 25 pHotosensitiser to fill the tunnelﬂgﬂﬁ?zmu
resin is then cured as described above and the optical fibre and catheter
can then be cut off and the treated dental caries area sealed. Figure 2(a)
shows a devel oped form of the system The handpiece (42) has a plug in'
optic fibre (4) having an isotropic tip (5). The fibre 1is received as a

snap Bhiotosensitises th fillthe aamel. 42 ThaRekid & REL & ggﬁgg t hr,augh t he

handpi. %Léglaébo a | aser source in the consol elﬁ?él%fi urr%%%g'lc dtqcﬁg optic

fibr &R I, ap ¢tghean thpn beowitoff aretitheittehied dehiral BadRi@GRaREE T €Servoirs
wi th photosensitiser dye and seal ant

(7) ‘and ( ;oL espectively,

conpositi ?ﬁgﬁefeie(gp%%‘%ssggﬁyd%ﬁé %Ff(ﬂft DRFEEEe t he reservoirs to the tube
(6) . ThathahéSiete/@D) fadR Y, : guches so that on, _applying pressure
to the re_sﬁ%ct i (\J;ﬂeZE p?ﬁl:cl‘ﬁmgﬁqjgﬁé@% @) }lg‘g{lg'w&éqqfrgglc tﬂmiﬁc@a% required

i nt 013 fRECVad @s @csnap i . in tthe hawipidtt (42K R | ecess in

t he 5‘%‘8‘&}8' Preferably, the respervgi rgjﬂlfim&?ﬁ’p‘g@r{\%&%ﬂg%%ggﬁe | sposable. A
nor e ?‘:Sp@das‘%ﬁ“éisﬁﬂmﬁfmt‘ﬁé qoasale (¢bnsoberanding densmic HerdgiLce carrying
the @pfy iy e bSnah in Figures.3 and 4. Figure 3 shows a perspective
Vi ew gf‘"ﬁtatlﬁgé ; s'ert ous e%)‘ﬁ%ﬁ%@?ﬁeﬁa TReRYRls GArndi B dilled2) . An

opt i cespedtivelye widBphotoshisitider e b€ sPadd: hg}oEﬁ angpie hch will be

I nt rgﬂtgced I nto tﬁe pati en'fl'- s?ermut ﬁ The"QJ pti 8%1 H%Pégr e%‘(‘%@) "i'ILd a

i spOSALFTSH Hhy Fepervelinsnion thewhibeh(&).ar r Thes reserviok® U hapibe dguBesle descri bed

oY Bou ) O PGS o B Srk R e S i 207
e e 1 e ML S S DR 1
hous Fthipe teath. mgbm reservoisyifibre tyand wbe arel digfvisalfie. a wavel ength of about
OT0 L g S R R Lt e LRt e
Doaie e f Wb dankde i 4 ke e il el hcen46) ror
optical fibre (43) is a disposable “plug in” element which carries an isotropic tip as
described above in relation to Figures 110 2.  Housing (41) contains laser generating
_ equipment whose output is connected to a flexible heavy duty optical fibre within the
. handpiece, th; output from the fibre (44) is connected to the disposable fibre (43).
Two laser sources may be accommodated in the bousing (41), one capable of emitting
laser light at a wavelength of about 670 nm for effecting the photosensitising
treatment, and the other capable of emitting laser light for curing the resin sealant.
Light guides and a beam splitter may be proﬁded so that light from each laser source
can be selectively switched to the tip (43). The fibre tip may be chaﬁged after the
photosensitising treatment has been carried out and a fresh tip plugged in to the

)

handpiece in order to carry out curing of the resin sealant.
Figure 4 shows a control panel (45) having a touch screen (46) for
programming the laser power and duration of treatment. For convenience, the

apparatus can be made in portable form and incorporate a rechargeable battery.




progranmm ng the | aser power and duration of treatnent. For conveni er@as Hhﬁj
appar aW@st0¢@idlbe made in portable form and incorporate arcBeangesbl EP
battery. 09 SEP2003 WD 00/ 62701 26 PCT/ G000/ 01433 9 9 SEP 2003 The
following illustrates various ways i25 whi ch the photodynam c therapy (PDT)
system of the present invention may be applied to the treatnent of
different kinds of caries. 1. PDT with or without the novel resin nay be
used in a conventional cavity. Here, the cavity nay be prepared with burs
and hand instrunments in the conventional manner. Once the soft bacteria

I nfested caries Ss_beep renoved,.the cavity.js filled wth the solution
of the dye, ﬁ? Ctlﬁﬁ?xgmgép?stfaé;s avaf)"é’luﬁo‘ﬂayéfmt‘f"ﬁ’éhﬁg?\}a@@'r?%mn CHPYseconds,
the pre £ ' > : tion is
S e e R S L
appr opr kindeofwariebengt h to activate the sensitiser for a period of tine. The
time of expQsure \ﬂ'[;[lel ,‘glg bet ween 20 and 90 seconds, and the preferred
exposure tim wi | PHJeWithep owlothenBoYeh resan idsbe 13rd BodwsPnyienali es wi | |

range b, en . 40 : ferped range
bei ng 4€£t .851%%7\[3{3%%9@%'%% pqesglggtégm%ﬁloﬁ)h%hﬁ%% é%ngll {sl{% of a
fibre opdnventienall manner. pOeice nhblsyft bactediatinfepied cafies hiscbeent renitavell) the Thi s
woul d provi de nmeans. of uni formradiation, qver. the internal = surface of
the prefBfRds éﬁeql fjth the selutian of thendye, vhiddr isefp e periadyo bHme heBvesBcess to
bact eri gt IoNdNG 3§ ' ' ~of,at ot n ensure
tho - phal SREROLnb L Seleftatalfd B baBEl20 sl 40, M8dd  TpB08 03 2

.;ol ut i osslutidn shremopved and theeintbendil i stefacésubiilescavith expowduicdlifie ose@ prior to
pplication of the photosensitiser. Such solutions are those acids,
deni ner APPIEPHRE Npvelesgthin aivalentde segatites fora pesed jofdmeaboVke timeeofcavi ty

may be By ' I 0 | t tively,
The novEreRhr Rt kel 30 hd 90 spE G bR e rBRRRA Bxffopre Bkt
appl yi ngetweenri@sami 60Iseddnds. arThe tptRveradunbivie ill hahge etetwed 40 tagdfédol ed form
since this will provide a_noul dabl e East e. Preferably, light of an
appr opr MY ee-gaFemeAion] 3} mW.pke prefered snge byingrilse §aW.es
pl acenmegiaaf Py kR HiNE6ARE ¢ £ 8dle optic wand with preferably an isotropic
emitter at the tip. This would provide a means of uniform radiation over the internal
surface of the prepared cavity. A preferred method of treatment o enhance access to
bacteria remaining within the mineralised part of the tooth and to ensure the
photosensitising agent achieved maximum effect, would be to use solutions which

open up the dentinal tubules. These would be used prior to application of the

.~_/

photosensitiser.  Such solutions are those acids, demineralising agents and wetting
agents as described above.

The cavity may be restored with conventional restorative agents or,
alternatively, the novel resin may be used as a base. This may be achieved by first
applying the resin solution and then applying the resin in its filled form, since this will
provide a mouldable paste. Preferably, light of an appropriate waveiength will be
used to polymerise the resin after placement and provide a hermetic seal
Alternatively, auto-polymerisation may be carried out. The outer covering of the

material may be with conventional restoratives.

2. PDT/Resin use in the treatment of caries.




Al ternatively, auto-polynerisation may be carried out. The outer covering
of thewgwmi@rdial nmay be with conventional restoratives. 12 PD';I'/ R%%i n use in
the treatnent of caries. WO 00/62701 27 PCT/ GBOQ 01433 HeVEBOWHED) oion s

found at the cervical margin of the,crown and on the root five. The IOe%BB}PIZ[mJ

Is generally extensive but relativel'y shallow The lesion is initially
treated with the photosensitiser. This may be in solution or gel form and
will be worked into the |esion using appropriate inplenents such as
brushes or gel applicators. The time of exposure will be within the range
of 20 to 90 _seconds. The lesion is then exposed to light of the

appr opri at e Hesgs dhe legion i dound atethe regmaéal gndrgmnof3be crowf@nd endhelsootThe power
densities used,will. be in the ran of ,40 to 0 e.g. .abqut 40 to 100
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ey beyeaeasi tHeQilosndidek D WK Al bOLPLORNiof BEIRF K rfifige- This is
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enhanc@PlIsdtorhe hedims okGingsyrs yall ther2aea b 1o A setondey Jdgure to the
phot os ey ' | SGASI ' - ' over the
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wavel engOd sesuinds. UFheusmdert dengitiby 089di will behin the Shdgeadfi 40 tPbGLRME Y. g.and
provi de a herneti-c seal Al ternatively, auto-polynerisation nmay be carried

out . 32b@pAOHedOR m¥. ;Teifacilitate the sxpasure ¢fithe jasipnde lighbdheisoppis@Punct t o
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The phaicosagfise of gerlesion and kéfRdts! Bhdk batd theNesidrosurfiRef | TN Ragistem for a
period of between 10 to 40 seconds. Excess solution is renoved and the

fi ssur &gl beof aimilas shape and ¢opdiguestion ta ihe tanth swEacs enfhauptakaef dyef i br e

optic L: I Sotr opi | h . The,isatropic tips.is drawn
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an appropriate wavel ength. )
surface and worked into the lesion. Preferably, light of an appropriate wavelength

will be used to polymerise the resin after placement and provide a hermetic seal.

Alternatively, auto-potymerisation may be carried out.

3. PDT/Resin as a fissure sealant.

PDT may be used as an adjunct to conventional fissure sealing. Prior to use of

the conventional resin, the fissures are acid etched with 35% phosphoric acid for 15 to

‘ 30 seconds. The photosensitiser is applied in solution form to the fissure system for a
period of between 10 to 40 seconds.  Excess solution is removed and the fissures
irradiated with light of a suitable wavelength using a fibre optic wand with an isotropic
tip at the end. The isotropic tip is drawn along the fissure system. After exposure,
the fissures- are coated with fissure sealant which is then pelymerised using a visible
light source of an appropriate wavelength.

4. PDT as an adjunct to convention advanced restorative work.

It is well accepted that afier any cavity or crown preparation, there are a
substantial number of bacteria, which contaminate the dentine surface. The

elimination of these prior to cementation of crowns and bridges reduces the risk of

(




4. PDT as an adjunct to convention advanced restorative work. It isU\/\éeII
accept egolgdabrpaf t er any cavity or crown preparation, there are a SEP
subst anti al gnu@nber of bacteria, which contamnate the deRCIfB%9i43ace. Thze[m‘}
elimnation of these prior to cenentggion of crowns and bridges reduces the
risk of 0 9 SEP 2003 WD 00/ 62701 28 / GB00I 01433 O 9 SE P 200 recurrent
decay under the restoration. The use of PDT will reduce the risk by killing
the bacteria on the surface of the preparation. The crown preparation is
coated with the photosensitiser, which is left for a period of between 10
and 40 seconds. The preparation is then exposed to |ight of the

appr opr resuErenhdedayipder the regoratiane TheusephfRIDE avill iréduze ithe FOBE killingt | M€ i S

bet ween ;20 _and. 90 seconds, fhe preferred exposure tine being between 20
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reflecting material over the preparation. | bre opti'c ive tipis

pl aced ptaparagion ishthen aaxpodeletor glitesf theeasptoprinte waveRagthNnioC aRjvRCEHeON Wi t h
the i sot{;o i C E‘%E ovides, a . uniformirradi ation over the preparation
sur f aceP 9{1%15%95 bo surg fiEnccls Sanves2Omad Seseeondsdthe prefemedemesurenay .
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r ecur r emWc arThesrrbdiatied may &6 enhaickd b$ plaBiig aahebddheitn 8y RterhAShfador be used

to treat Jecurrent. gecay beneath, restorations. Once the |esion has been
di agnosEdeclpg oNef the gr i hBe fbre anyis|delivaay tipys plaerd thrasigbur f ace of

he too }s .S V: b rI:l .QUL _Uusi.ng.. conventi onal
‘nstrurremrﬁ r3tB‘|:lt(§iri1#'e§éuc hgés]sug%?@ = r%u%@ﬁ%‘ﬁ?bx?g‘?@néﬁedfoﬁ?%fce p. Prpyiges a
phot os e ngif¢:ins dnradistiomnpee tthel petparation sutfaed) e| Afer Sirk,QBe ichdwn hﬁ? weari ous
| esi on. ure time is in the_ range of 20 to 90 seconds. Fol[low ng

Ex
exposur 8"’%‘5‘%{2&@ theagrasbway« i Again, theuptake pbphatosensibieerimay bet ¢nbenesdd down

the tunggl,. gggl?’%'& Stk ilﬁ | L at e ith Llight of the
appropri glpéB\%vave engtgﬁthfeg)?%a raér?ge 0 etclrhr%}g’éc eciq‘]\f\)n\gééinw%' and 90 seconds. The
exposure tines ar €lteatnidaeof fRgeret| caries benedh reg6RMeas . USing a 40 to 150 nW

power densitm_il’he upt ake and penetration of the photosensitiser nmay be
enhanced by tHRT Ao the, 8avelf resie may abe usoshitentraat) recymentndecayi bencathe dent i ne

and restorations. Once the lesion has been diagnosed, access is gained by cutting a tunnel
cavity from the surface of the tooth to the lesion. This may be carried out using
conventional instrumentation such as a small round bur (0.8mm diameter). The

photosensitiser is injected down the tunnel preparation into the carious lesion.

Exposure time is in the range of 20 to 90 seconds. Following exposure to the

.\—.'

photosensitiser, the isotropic probe is introduced down the tunnel preparation. The
site is irradiated with light of the appropriate wavelength for a range of times between
20 and 90 seconds. The exposure times are in the range of 20 to 60 seconds using a
40 to 150 mW power density. The uptake and penetration of the photosensitiser ﬁ:ay
be enhanced by the prior use of chemicals, which will demineralise the dentine and
rehydrate the collagen. The novel resin may then be syringed down the access tunnel
and polymerised in situ, either by the use of light of the appropriate wavelength, or by

auto-polymerisation.




rehydrate. the collagen. The novel resin may then be syringed down the

access tunnel and polynerised in situ, either by the use of |ight oﬂgﬂﬁﬁzmn
appropri ate wavel ength, or by auto-polynerisation. 09 SEP2003 29 CLAI MVs:

1. Use, in the manufacture of a kit of parts for use in sterilising and
sealing a carious |esion which has pgen exposed by nechani cal renoval of

di seased dentine to forma cavity (3), of: (a) a flowabl e photosensitiser
whi ch is absorbed by bacteria; (b) an optical fibre (4,44) which is shaped
and di nensioned to enter the cavity (3), said fibre (4,44) being

connectable proximally to nmeans for generating laser |light at a wavel ength
whi ch izgm,g of being absorbed by the photosensitiser, and said fibre
havi ng “portion (5) which is free froman internally

light-reflecting layer and is shaped to spread |light around the cavity;
and (c) a sealant or filling conposition for filling the cavity, the
phot osensi ti sbr  bUEsgidn tiefmpamifacture of a kitex parts for ke infseerilising and seghingt o ki | |

bacteria, thereby sterilising the arious .l esion. .. Use according to
e m 1 ks Jearev Bk hasberd, xpeven B p it Ferhoial pEdiseasd GHOTe 6 ) ¢
conposi tfo@f-a cAvity B, gecording to claim2 wherein the sealant or filling

conmposition has ~ a’low viscosity such that the conmposition is syringeable
into the cavitay. 4aflowablephotosénsitis¢roviaclyisahsorbéd by bdcnsial to 3 wherein the

kit of parts . includes. materials se|lected fromacjds, . wetting agents and
demi nergl i sin 5age‘?'Pc QP‘F“g‘fﬁ%fer Z"a%f)n\j hds é%ﬂﬂegfﬂard"@@%?é?negdoc?%?ﬁgt% denti ne
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er vi cal lightmagianwaifelanigth whiohris aapblehef beingt atfsarbed byfthe padtoserisitiosvahhd

hot osensiii.ser, c ri.sing a,photosensitive dye; 9 SEP.~~d3. 30
P sagdt fibre hawonrépa dlsstal g]laorticl'.?n ?55 which is free ﬁo¥n an %tema]]y light-reflecting

layer and is shaped to spread light around the cavity; and
(©) a sealant or filling composition for filling the cavity, the photosensitiser
being effective to interact with the laser light to kill bacteria, thereby sterilising the

carious lesion..

2. Use according to claim 1 wherein the sealant or filling composition is a

light curable composition.

3. Use according to claim 2 wherein the sealant or filling composition has

a low viscosity such that the composition is syringeable into the cavity.

4. Use according to any one of claims 1 to 3 wherein the kit of parts
includes materials selected from acids, wetting agents and demineralising agents for
treating the cavity in order to open up dentine tubules prior to treating the lesion with

a photosensitiser.

5. Use, in the manufacture of a kit of parts for use in treating root caries
at the cervical margin of the crown and the root face, of:-

(a)  aflowable photosensitiser comprising a photosensitive dye;




I* (b) an-optical fibre (4,44) which is connectible proximally to ans for
generating |laser light at a wavel ength which is capable of being ab é*ﬂﬁﬁfﬂ
by the photosensitiser and which has a distal tip (5) which is free from
an internally reflecting layer and is shaped to spread |ight around an arc
of up to 360, the fibre being assocfdted with a reflecting surface for
reflecting light back at said cervical margin, and (c) a sealing or filling
conposition for sealing exposed dentine after treatnent with the

phot osensiti ser and exposure to light fromthe optical fibre. 6. Use
according to claim5 wherein said reflecting surface conprises a strip

having a refl@gtivgn %gﬁéﬂ%réi!@,ﬂﬁthidhpisocfonhé'&ib!bp?:icﬁﬂha]l?itlarﬁeﬂistﬂﬁds
through said strip. 7. Use, in the manufacture of a kit of parts for use
in a pregdneratiagylasestlight [at si wgvelengsh rvdnch fr capableoof bejngirabsarbed brigheof : (a) a

f 1 owabl e_ph i tiser i.Si i.tive dye: (b i cal
{1 bre. (POPISRRISE nd Wstiep e th GAPVETS 528 nmbin meaparbgbadling g T aser
l'ight  at ;e ae ke Mpld G8PPRA Bdht DRbMM aﬁ%@ats Red, 5»{) \?\E?“éﬁﬁ@tﬁﬁﬁeeliéih%i ser and

whi ch has™ a substantially’isotropic distal tip ) his free froman
i nt er nal 4sgociated mathtd refedtmgsurfacetfor teflpcting)lightbank a haig ecdrvaatimaigmeasd oned so

that it can be noved | on e fissure systemjio activate the
phot osensi ti s¥7; aﬁdsef‘@}g é’gs@gﬁ\rﬁo'@é’ﬁ‘ﬂf}gi fts"lrosﬁﬂb&ﬁ (?ﬁp‘i’s§8_(:§e_ﬁ‘élﬂ?eaftﬂ f | owi ng
i nto therldiHehd with 8lkPholdieitifer Rl BrSLs S e VpBbaifbiee dye being
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effective to Interact wth the Iasé‘&) l'ight“to kill bacteria, thereby
sterilising the fissure system 8. Use, in the manufacture of a kit of

arts for use_int treat.rent of. ecurrent..cari es beneath a restoration

i ch has beefr exp@gﬁﬁcpw IBEtt?icif’émag E'\g‘ﬁ Sa‘@éﬁ%‘iﬁ‘?c?"% ﬁ‘)“rtl?c_reo‘?_ﬂnfm’éessﬁrfape of
the t 00t kb lifivin@'d Rilctie! ©rfabd and e f bF MEBRAPBLQERAL thidegn shach i o
absorbed by carious bacteria; 09 SEPICG 31 0 (b) an optical Tibre (4, 44)
whi ch i sstehaped and di nensioned to enter the cavity, said fibre being

connectable proximally to neans for generating laser light at a wavel ength
whi ch is capabl e of being absorbed by the photosensitiser, and said fibre

7. Use, in the manufacture of a kit of parts for use in a preliminary
sterilising treatment prior to fissure sealing, of*-

(a) a flowable photosensitiser comprising a photosensitive dye;

(b)  an optical fibre (4,44) which is connectable proximally to means for
generating laser light at a wavelength capable of being absorbed by the photosensitiser
and which has a substantially isotropic distal tip (5) which is free from an internally
reflecting layer, the tip (5) being shaped and dimensioned so that it can be moved
. along the fissure system to activate the photosensitiser; and

(c)  a sealant composition which is capable of flowing into the fissures and
then caused to cure the photosensitive dye being effective to interact with the laser

light to kill bacteria, thereby sterilising the fissure system.

8. Use, in the manufacture of a kit of parts for use in the treatment of
recurrent caries beneath a restoration which has been exposed by cutting a tunnel
cavity (2) from the surface of the tooth the carious site, of’-

(a)  aflowable photosensitiser which is absorbed by carious bacteria,




(4,44) having a distal portion (5) which is free froman internally
light-reflecting layer and is shaped to spread |ight around the cavity;
and (c) a sealant or filling conmposition for filling the cavity, mﬂ?SEP¥mu
phot osensitiser being effective to interact with the laser light to kilT
bacteria. 9. A kit of parts for treaBlng dental carious |esions which
conprises:- (a) a flowable photosensitiser conprising a photosensitive dye,
(b) an optical fibre (4,44) which is shaped and di nensioned to enter a
dental cavity or recess in which the lesion is |ocated, said fibre being
connectable proximally to |aser |ight generating neans for generating

| aser |ight a ' [ 8 Y. Y.t

phot osensi ti 2@? a\rll\%yggﬁ@ﬁgger yﬁ@%ﬁ%@g 3?@%“%2@@%%9]6?&? ﬁ’rctPlei s free
from an cavitersaid firelbeiyigt conrédishdé pragirhdllyao mewds ifsr gonantiflg 1:@erSigheada emitted
l'ight around the walls of the recess or cavity, and (c) a sealant or
filling ¥® b whichyip icapablesof, bing abrorhndebyi the photpsensiises, and saidfdress and

o f et o P Hafhls EfaPbdribh Yo RERls fd BB WRRRARRY Bl iof e cari ous
| esi on. ddd.is éhdped t@pre@l ight atmad the @vitg, &dai m 9 wherein the seal ant or

filling conposition has a | ow viscosity and is light curable. 11. AKkit
accordi ng to @ ai n# sealant op filling compositien &ytiilling theichyity, the phoyosensitiser

s gt 3B P P g0l o 1 rraditing the
.‘ 9. A kit of parts for treating dental carious lesions which comprises:-

(a)  aflowable photosensitiser comprising a photosensitive dye,

(b)  an optical fibre (4,44) which is shaped and dimensioned to enter a
dental cavity or recess in which the lesion is located, said fibre being connectable
proximally to laser light generating means for generating laser light at a wavelength
which is strongly absorbed by the photosensitiser and said fibre having a distal portion
(5) which is free from an internally light-reflecting layer and is shaped to spread
emitted light around the walls of the recess or cavity, and

(c)  a sealant or filling composition which is introducible into the cavity or
recess and after curing forms an air-tight seal, the photosensitive dye being effective to

interact with the laser light to kill bacteria in the carious lesion.

10. A kit of parts according to claim 9 wherein the sealant or filling

composition has a low viscosity and is light curable.

11. A kit according to claim 9 or 10 wherein the optical fibre (4,44) has a
substantially isotropic tip (5) so that it is capable of irradiating the region of the lesion

in an arc of up to 360°.



