1 6 OCUO WD 00/ 73587 1 PCT/ GBOO 02133 METHOD AND APPARATUS FOR FILLHQFth
" DENTAL ROOT CANAL This invention relates to the treatnent of a dent @93
canal including the obturation of the canal. Background of the Invention
There ar &v@Oetas8er of situations in which treatment of rooPCE&BANE2IEH teeth

- is indicated. The tissue lying within the tooth structure, the dental
pul p, may becone diseased as a result of dental caries or the cells and
tissue may be traumati sed or atrophy. As a result of this, the pulp tissue
may di e and/ or becone infected. This I|eads to death of the pulp. Wile it

has been qAFTAFON AN APPUREYUSIOR L IUARS '\ DERFAR/ROUT CopiRrcan be
preserved *py—tie renovdal cl eaned

.+and sterili sef canal .. The, oper at,i on of HE%Fani c ' ﬁ]i seased

I enobvil
pul p i s technf s nyetiopsTelates; tos e reqime 1 and

Ll ng, t.h
ecchielotost il HFjpgiie
removing infected tissue, which may be at or near the apex of the root of
" .t he t oot ¢btumtion of thestanelnt becones nore conpl ex as the anatomy of the root
canal becones nore conplex and the canals thensel ves becone narrower.

Convent i Baékeroifo @9 thé Invientiohnent invol ves first gaining access to the pulp
chanber by rempving the overlying enamel and dentine. Once the pul p chanber
s exposed, iiecet bR bf shifiohO 8 whRAAtSuAER drien: bamh dictidis

0

enl arged. The l'engt e root canal is calculated froma diagnostic
uai ng 1 PRt THE FeSiedroBortR dpe LR gRueORE i eRATRA, Sy SRt o
designed to renove the internal surface of the root canal b rragpi ng and
cutting ﬂiﬁ%ﬂse‘ér@ﬁimécﬁwﬁl@fs@ewad’éﬁtoﬂ'ﬁge\ﬁﬁ @‘ﬁé\?@‘%ﬁ’é’Vﬁ%H{a@‘%‘?gr‘g t he
dentine form ng cell processes track into the dentine. These holes_are
si tes whetrephf® 0Am4F8sult of this, the pulp tissue may die and/or become infected.

leads to death of the pulp. While it has been common practice to extract the tooth,

use of the tooth can be preserved by the removal of the diseas;zd tissue and sealing the

cleaned and sterilised canal.  The operation of mechanically removing the discased

pulp is technically difficult and require the accessing of the canal and removing

infected tissue, which may be at or near the apex of the root of the tooth. The

treatment becomes more complex as the anatomy of the root canal becomes more

complex and the cana]s themselves become narrower.

Conventional endodontic treatment involves first gaining access to the pulp
chamber by removing the overlying enamel and dentine. Once the pulp chamber is
exposed, the entrances to the root canals are then located and enlarged.  The length
of the root canal is calculated from a diagnostic radiograph or by means of an apex
locator and the canal is instrumented using files and/or reamers of increasing size.
These instruments are designed to remove the internal surface of the root canal by

rasping and cutting the dentine walls. The dentine walls have small holes where the

dentinc forming cell processes track into the dentine.  These holes are sites where



16 OCT 2003 PCT/@BOO 02133 bacteria can settle and proliferate. It is
these areas which are reduced by nechanical debriding of the interfgln i
surface of the root canal. To achieve this, the reamers and R es a &;g@
to produc¥®O¥W¥e? canal that, near the2apex, is matched i n BCREBO®02IBE
obturating device. The internal diameter of the canal is enlarged so that
the cavities in the root wall are reduced in size and the canal is

mechani cal ly cl eaned. Medi canents may be used to chemcally kill the
bacteria; these are usually disinfectants and anti-bacterials such as

hypochl ory : ' e f OL 1 -q]?ésg%EFas [ ed into

t he root Hggﬁgﬁeéy%égﬁgﬁﬁép?%&%%%haglga debri m}ﬁta%)éq‘ﬁ%gemfn%&d%ﬁ%ms and
mechani ca t ho of renoval of .tissue are designed tQ. produce a r,oot
Canal whERERE oF Bhe e £8 of thF F0F &AMl LYARERYS hise iR EAREBrRe
procedures are time consumng and difficult to carry out since they require
careful fHerdarexuseth 49 \psoduaschamp et cana Bhatdeeas the @pexhis maipkad iNaizestoals use of
copi ous volunes of irrigants such as aqueous sodi um hypochlorite to flush
out the adnirhtingldevid®0r eThepinsdraal dibmetee of oigd barmal isuerilarged wo tit nhe bevitigsut h t he
greater the risk of failure to achieve the objectives, since the root

canal's s ploaOHal SRR IedPh A AN LA BikecrRAIALERRACCSS becorres more

difficult to achieve. Summary of the Invention An I nportant objective of

the present inyention.is to,sinphkify.the tr nt, of . dental 1 anal s
and to provi d«l}\iﬁc{}m%?wy Ef/s'fr’%%t\ﬂh'f' %F\‘égﬁls%? h%acgcéﬁt iﬁﬁsgt‘%ﬁg’g re
confident that remants of decay and bacterjal contamnatiqon within the
canal  heijunipgants ragpartirbagierials” sushom I Tte, {SOIYRON G APUPIGHE PAFICHt . o
oon4587 160CT2003 3 PCTI GB00/ 02133 .. Another object is to reduce the tine
nor mal | y Fheseiimaydbe dntpedirad dnto thotroctacrial afier imgtalumethapicah ddbrideseent.
preparing the canal for alternative systens of obturating the

These medicaments and mechanical methods of removal of tissue are designed to

{1l

produce a root canal which is free of bacteria and other contaminants. Conventional
procedures are time consuming Vand difficult to carry out since they require careful
and extensive mechanical debridement of the canal walls and use of copious volumes
of irrigants such as aqueous sodium hypochlorite to flush out the canal. The more
posterior the tooth situation within the mouth the greater the risk of failure to achieve
the objectives, sinée the root canals morphology becomes more convoluted and
adequate access becomes more difficult to achieve.
Summary of the Invention

An important objective of the present mvention is to simplify the treatment of
dental root canals and to provide a treatment system which enables the dentist to be
more confident that remnants of decay and bacterial contamination within the canal

have been removed, prior to obturation of the canal to seal it.



canal which can be co-ordinated with the preparation of the canal.

According to one aspect of the invention there is provided a method bé 0CT 2003
treating a dental root canal which conprises the steps of (a) gaining

- access tVORE48dt canal ; (b) introduBing a flowabl e phot oF&TEERIL33I nt o
the root canal; (c) activating the photosensitiser by exposing the walls of
the root canal to laser light via an optical fibre wthin the root canal

to kill bacteria within the root canal; and (d) obturating the root canal.
As mentioned above, the root canal is first opened up and necrotic materi al
renoved by fi hhGBePbbieePii1hGediddGhe FCHGRRIly FLIAG @ prepfeRirast Qubi t he

root canal is by usi'ng endodontic instrunenfs ?o produce a fluted, tapered
-+tunnel . rmml | a .series of ipstru ts,are used of si.mlar.lepngth and
Lheai arfdt @PLayon fod 3G Frepfins IR GHAT BT n B fo e e Hr e B DRy e
~used both manual ly or, conveniently, may be fitted to a conventional
rotary capelavhiph pdpbeee-ordinated gvithfae preraratiqneodasanalshapi ng step, debris
| oosened by the nechanical debriding of the interior and walls of the
canal is renoAegbriingi to iopat aspactaofl the gavintiodethers idipsswudeded. méthedi ¢f onal | y,
aqueous sodi um hypochlorite solution is used, e.g_ at a concentration of

2- 3% T@&iﬁg@&nﬁ?&bﬂd&nﬁ%@h’éoﬁﬁﬁhﬁﬁﬁe%ﬁk pg-the debriding procedure to
renove solid” debris or kill bacteria (Chow et al, 1983, J. Endodont.

9,475). WO 00/74587_.4. 16 / 02133 In the nethod of the
present i nven(a'gon, g%o ua%g%gg?ﬁ ngf@“?— e may be used for initially cleaning
and fl ushing @away | oosened dﬁbri . However, an aqueous solution of the

phot osensi ti s&) maintEadueinga flarable photasegitisar i thedpeeanal ot | east after

the initial debris has been renoved -and the hypochlorite solution flushed
awnay. (©) activating the photosensitiser by exposing the walls of the root canal to

laser light via an optical fibre within the root canal to kill bacteria within the root
canal, and

(d)  obturating the root canal.

As mentioned above, the root canal is first opened up and necrotic material
removed by filing or reaming. One convenient method of cleaning out the root canal
is by using endodontic instruments to produce a fluted, tapered tunnel. Normally, a
series of mstmmcnts are used of similar length and the diameters at the tip increase
sequentially. These instruments may be used both manually or, conveniently, may
be fitted to a conventional rotary dental handpicce. During and after the canal
shaping step, debris loosened by the mechanical debriding of the interior and walls of
the canal is removed by imigation and organic debris dissolved.  Traditionally,
aqueous sodiumn hypochlorite solution is used, e.g. at a concentration of 2~3%.
These are used in copious volumes during the debriding procedure to remove solid

debris or kill bacteria (Chow et al, 1983, J. Endodont. 9,475).



The next step is to introduce the photosensitiser dye into the root canal.
Preferably, the photosensitiser is a toluidine blue dye which is emplﬁq}tqdzﬂm
in an agueous solution, although other photosensitisers nmay be used as
menti one¥ QW BPB7 0637976. On contact 4hith the bacteri a, Wﬁé‘f?@"“&ll?}t her
phot osensiti ses conjugates wth the bacteria and once photosensititation
has occurred, the site is irradiated with 1light of a specific wavel ength
which is strongly absorbed by the photosensitiser. The wavel ength of |ight
is specific to the absorption of each photosensitiser. The activation of
the dye | eads[ntheThéttbeétof Ay prBem dhemsionasdiure hypdchidrive demyt e odedt foe
bacteria It is inportant that the light is guided closely to areas which

may be ﬁg;gﬁ%‘?kg%}-:g gd‘é‘w Q#B@g%}\ﬁaﬁ@?ﬁx& Sebrks. bﬁ-g(f\?wév&ﬂearpé(qde%ﬁ oSEbAY a

i ght gui e root ca I'n order to ensure that
the light. js directed onto the walls of ' the.root capal | reqtip
Shoul d BRS the pholsRr st niay Asemativahe bg firt by s 8o A Bos AP g Bk P
cylindrical surface in the region of the distal end. The production of

this typlebrs hay beeprrempived and the hypechiqrje goluHonBushsd @wayNo. 5, 073, 402. In
essence, the tip is preferably formed by contacting the distal end of the
optic fibre wrhé nexi isgipt isctor &itoziuce ahe grhvtdsensjtisehidyt into thesrantremnaktate s
transparent or translucent, while passing coherent |ight through the fibre

at a wavsbendhh PRUTHOEbsehiias iPfa 1418IdERMBRE! dye0WhichSik eapldyeli htancur abl e

conposi tions 1ncl ud? acrylate and nethacryl ate nononers, including epoxy

and uret hane acryl.at es,and hagr 0 Sid i VinlppO C T
2003 WO %‘F?‘ﬁ%ﬁ% oﬂ‘d’]}@&)’r%é ’3@‘%%%@%?%‘%#%?0&@%&61 h?ﬁ?ﬁt or gpand free
radi.cal generating additives such as g- diketopes anmphor oqui_n ,

benzoyl 180 de fh?ﬂ“éﬁ‘ﬂﬁ?‘hwcﬁ&cff&auﬁm ‘g"éor @rep}%gqq%&gf Tt 83‘%2%)5 may be

constructed fromlight polynerisable epoxy resins as _described in
PCT/ USOSWilHABS battEria mad yonph photiosénsititation kasgicewreds the gite guragdistsd, MBI y ol
conposi tions" and US Patent 6,043,295, "Ternary photoinitiator

light of a specific wavelength which is strongly absorbed by the photosensitiser. The

wavelength of light is specific to the absorption of each photosensitiser. The
activation of the dye leads to singlet oxygen release and results in death of the
bacteria. It is important that the light is guided closely to areas which may be
contaminated with bacteria. This is best done by introducing a light guide or optical
fibre into the root canal In order to ensure that the light is directed onto the walls of
the root canal, the fibre tip should be appropriately shaped. The optic fibre may have
a spherical or cylindrical surface in the region of the distal end. The preduction of
this type of tip or emitter is described in US Patent No. 5,073,402. Inessence, the tip
is preferably formed by contacting the distal end of the optic fibre with a light-curable
composition, which in its cured state is transparent or transiucent, while passing
coherent light through the fibre at a wavelength causing curing of the composition.
Suitable light-curable compositions include acrylate and methacrylate monomers,

including epoxy and urethane acrylates and methacrylates.  Such compositions may




TS

| system for curing epoxy resins". Further photopol ynerisabl e conpositions
| that contain epoxides include US Patent 4, 256, 868, Smth, US PatérﬁUCTZBIB
4,835, 193, Hayase, US Patent 5,545,676, Palauotto et al. and WO 95/ 14716,
Neckers &YOAP/7438F nmy al so be desiraple to include a m noFCAERIP2IGE o
‘di spersed pignent in the tip, e.g. up to about 1--2% by weight of a white
pi gnent, such as Ti02. This has a scattering effect of the Iight
transmtted by the fibre and ensures that the walls of the canal are
uniformy illumnated. A generally isotropic tip can be formed by i mrersing
the optic fibre tip i.n.a bath of .asl] ~=cu - 0O | id _ as
descri befPHHAD cﬁgf,lgemxcal I\B‘Rm ,%7%@48%# g@%‘éﬁsﬁg’%ﬁo tgﬁgﬁﬁgpg?%lyg%gl
.+predeternmned, e.g. a cylindrical tip, may he formed by introducing the
fibre tigiketones a (femphoroguinenels denityd REGMFHi 3§ tg‘@%ﬁ%@r‘?@‘& 1e

conposition. By selecting a polytetrafl uoroethylene (PTFE) or silicone to
" .f or m t he Attettlativeliy tthe aipsheay dadidnyinsdtted fipad ightapolyfneasabit epbiy mesisudsabl e
resin has been polynerised. A tubular nmould can be used to produce a

cylindri g@écﬁbécﬁéﬁ\ FNESHEAL43EP CRinf§ RHoMifiiaiody dybent edsini quitng

described 1nt above US Patent. The optical fibre has a core, usually of

| ass, | addi ng_which_.he| ' ¢ hpB&d; ibility.
STt abi oTe PGt GPwtHGey aub s FEERCERe285, TRy RSt B LI LY

s and

met hacrylates. Prior to formnpg,the tip, the end of .the fibre.. reat ed
to stripSYfemdiongCUriEnePRY EFRSof ? H‘é‘hgﬁ Bfl%tppﬁi}fﬁealﬁaeé]%r°°é‘b??é§m“§ a eﬁ aci d
can be used 1 6 0 C T 2003 wo 00174587 6 PCTf GB00/ 02133 for _this purpose.
The stri ppeinembxides anbled S Patent ha256, $HrSraith,i S Rateat #.836,1%3gRgyase,

pol ynmerisable liquid resin conposition and |ight passed through the fibre

to form gs perht 55apBd6PARket0ak al. 208 tWORIAT 16e NenkerT beal | It ay alsren
renoved fromthe bath and the droplet hardened by passing |ight down the

P R o i ey Qe
Fesin' i s S0l 2R 20 YAIEL o8 R RE Rt S8R, L s AReBherly gl - cured
| TErSING e Lght ‘transmatted B the fbre Aad énsied” thal B Wl & e canal are

uniformly illuminated. A generally isotropic tip can be formed by immersing the

optic fibre tip in a bath of a light-curable composition, e.g. as described in US Patent

No. 5,073,402.  The shape of the tip may be predetermined, e.g. a cylindrical tip

may be formed by-:introducing the fibre tip into a mould, such as a tube, containing

the polymerisable composition. By selecting a polytetrafluoroethylene (PTFE) or

silicone to form the mould, it can be readily stripped away after the light-curable resin

has been polymerised. A tubular mould can be used to produce a cylindrical tip. A

spherical tip can be produced by the technique described in the above US Patent.

The optical fibre has a core, usually of glass, and a cladding which helps to enhance

its strength and flexibility.  Suitable claddings are plastics material such as

polyamides and methacrylates. Prior to forming the tip, the end of the fibre is treated

to strip cladding from the end of the fibre. A flame or concentrated acid can be used



After the root canal has been treated with the photosensitiser and
irradiated wth light, the root canal is dried, e.g. by aspiratiog geﬁdma
usi ng abs&;(ggqr}} oints. The canal is then obturated using a suita F
systemto's ¥He canal. This may ingolve the use of convRGEI/GBAMI2IBeal i ng
system such as shaped gutta percha, silver or titanium points cenented
with an endodontic seal er. Exanples of these include zinc oxide/ eugenol
and cal ci um hydroxi de based cenents and al so epoxy resins. Conventional
obturation systens may be used such as those enploying gutta percha are
gener al | nﬁﬁgﬁb‘ Nt ThéRE Rk I -] P | ogduchn ta

per cha iﬁorhtg%te , é'soﬁeneﬁ?%%%ﬁocﬁc%@tgg@}% L}l\égcﬁﬁﬁ%‘g {nn%g’gfthh(g%%al. Thi s
procedure js descri.bed in European Patent Appl.icatign No. 0337024. A
simlar B?%’E‘&Bﬁ’i’ L%“‘ge@%?i%@@"isﬁ‘%s“%éé}&rﬂaﬁ%é. thaauabotis. SbiE tia TRER A o) y,
the canal is obturated with a light-curable filling conposition. The |ight
cur abl e ‘Beafpibaped deplehp! beof-owed” mgsin. r Theltintis thentygmbeh froof the bathvasidengt h
specific to activate the in situ system introduced through an opti cal

fi bre podietdropledhardericdi by paseing dight dewnlthe fithre foi fiordherfpekiog, prafegenesial |y
provided with a distal tip for 1 6 OCT 2003 WO 00/ 74587 7 PCT/ GB00/ 02133
spr eadi ngighfiCinichly, €14aaa kethdved Fith WheTl so B AR rdiet 7GR B | A

fibre that is uséd to guide light into the canal i vate the

phol osengjt.i [k € b nec ry t se |jight | fferent
wavel eng%&f%ﬁﬁ%ﬁ&r_&\r’\%\éﬁ ethggle#‘g#‘t wgtﬁ?%ﬁ%pr@ gkqeﬁ%me?ngE 1si tiser.
After the filling material, has been cured, the optical fibre may remain
ent onbedSHERd FERL [SqgRIn | In ANQyGKYECHfcontpanipng atmosphers, ¢ gheby FYRHEPBH al so
inchudes a kit of parts for treating a dental root canal which conprises:
(a) a fl ovabhert ghvonligudsig.i parffindl). an optical fibre having a distal
portion for emtting |light and adapted for introduction into a root canal
so that the tiAfier She agbdaabhag Baghireged Mathae Gitlotodensitiont @i irfagiatedot
canal, said optical fibre being connectable proximally with a neans

with light, the root canal is dried, e.g. by aspiration and using absorbent points. The

canal is then obturated using a suitable system to seal the canal. This may involve
the use of conventional sealing system such as shaped gutta percha, silver or titanium
points cemented with an endodontic sealer. Examples of these include zinc oxide/
eugenol and calcium hydroxide based cements and also epoxy resins. Conventional
obturation systems may be used such as those employing gutta percha are generally
convenient.  One suitable system involves introducing gutta percha in heated,
softened form on a rod-like carrier into the canal. This procedure is described in
European Patent Application No. 0337024. A similar procedure is described in US
Patent No. 5149268.

Alternatively, the canal is obturated with a light-curable filling composition.
The light curable composition may be cured by irradiation by light of a wavelength
specific to activate the in situ system, introduced through an optical fibre positioned

within the root canal. The optical fibre is generally provided with a distal tip for



for generating light; and (C) obturating neans for sealing the canaJ‘ Itqrt %ﬂ?
formof the invention, the obturating neans is a flowable, |ight cu ﬁ é
filling conposition. It will be appreciated therefore that in one aspect

t he i nvenwioaw/7asskes use of a conbi natj on of a phot osensit ipcT/GBUdRREIICE and
_'a light source operating at the appropriate wavel ength to activate the
phot osensitiser. A further aspect of the invention is the delivery

mechani sm which permits the delivery of the photosensitiser either at or
near the apex of the root canal to ensure that the photosensitiser wll
contact the debris and bacteria. A related aspecf of the_.invention_ s the
provi si ofPEeRdng ‘%h&h‘aﬁ‘!@‘@ﬂ%eﬂ"w’laé’ﬁlw yhe sape eptical ﬁgﬁt thah s opt i cal
fibre which permts application of |ight of appropriate wavelength to the
regi on ofusadio gpdexlight imtot thetchnal Ao 36MGETE G@PhND EOkITiLS 8 7HEWR ST, EBRY 32133

still further aspect is the provision of a specially shaped optical tip to
“.provi de wadekainiol uﬁhmgme@lf 4 hEfaeaX wabelbNght ROt furind {Her dagint eh@gpE s the

provi sion of anove sealing or filling material, which will prevent

re-infec m api cal

for anen. el s RoEaidr T Atk E*?e. Q@ﬁﬁa"fﬁﬁ?ﬁﬁ?&é L, Yol 20,

del i very stem As nentioned above, and coronal region of

t he root ﬁg Y Jegnain entambed 1y therpgt ‘??6'? I ‘5“& 1"r’i‘r gh speed dental

drill. Alternatively, a |aser may be used to expose t he pul pal chanber and
the entrance {lbetinnentionalsodnelidessaf kie of parts fardreating jardeniabrpad fcanal welich engt h
whi ch may be carried out by radi ography or use of electro optical

det ect i orontemsedss, the canal opening may be increased by reanng the

canal . The canal may then be irrigated with a known irrigant such as with
agueous (@)  aflowable photosensitiser;

(b) an optical fibre having a distal portion for emitting light and adapted
for introduction into a root canal so that the tip is capable of reaching the apical
region of the root canal, said optical fibre being connectable proximally with 2 means
for generating light; and

(c)  obturating means for sealing the canal

In one form of the invention, the obturating means is a flowable, light curable
filling composition.

It will be appreciated therefore that in one aspect the invention makes use of a
combination of a photosensitive substance and a light source operating at the
appropriate wavelength to activate the photosensitiser. A further aspect of the
invention is the delivery mechanism, which permits the delivery of the photosensitiser
either at or near the apex of the root canal to ensure that the photosensitiser will
contact the debris and bacteria. A related aspect of the invention is the provision of

a specially shaped spherical or cylindrical tip to an optical fibre which permits

appheation of light of appropriate wavelength to the region of the apex of a tooth. A




hypochlorite or nore preferably with the photosensitiser. This may b

achieved wusing a fine tipped syringe or, alternatively, with a specﬁ@lqlge&ﬁﬂ}

di spensi ory as described bel ow. Turbulent flow may be induced
when i nj S%?ﬁ%&ﬁe phot osensi tiser ingo the canal as descr Pé@’&;qapﬂ’@ééden,
1976, 2: 2571, Chow I. Endodont 1983 9.47. Effective irrigation is

achi eved by preparing an inwardly tapered canal to ensure the irrigants
reach to the apex. This nay be facilitated by the use of appropriate

i nstruments After introducing the photosensitising agent into the root

canal in ooth, 1 agent. | | | NG | A y an
opti cal sﬁﬂ[ﬁg ?ﬁ?\ef%'éqgf)@g?‘f'}flgn ?fg%%éé{%%ﬁsﬁggéd q’ﬁééa\l/\g%;é? gﬁ’g %%'Earﬁrr% oyed
depends on the absorption spectra of th? hot gsensi ti ser  Tol ui di ne blue O
s pref diEhmarciesiapgBar e OREL phoyBEBFSITAES BEProYen 8 26Ne) Spling:

maxi mumin the range of 630.664 rim Sem conductor |asers, WO 00!74587 9 1
6 O C T @0fitking REFAGROGHIM 88l peiventurerinfzesem pfltheacanahBpinanhaethe acgessr s may
be used. The laser light may be continuous or pulsed. It has been found to

be i npordARY drais teeaficdl ToranRmer TheOdhlingnbrt filling hideerh Adl beaethesred kRN focus
It on a small target area- One way of achieving this is to provide an

optical fi h-Cht Lhates in a tip of specific shape; this may be an
isotropi@e?{l’ogeo hﬁ%ﬁeﬁ%ca' configuration. Another nethod is to provide a

di stal portion havin urved surfaces, ,such, as vyl i.ndri.cal [ s. The
| i ght - spr eadi %ﬁ ‘B?ﬂt{q%ﬁa a&?ﬁ‘fl""lﬁge PH&’ L#ng ﬁoeroa?clgﬁ%lf’glpfgffe r°§ﬁ8£‘%g i cal
fibre or substantially the same size. The |ight spreadjng portiopn may be
formed bicaessedvinnigetnasmiahmeaynesing arhigh spacdrdpntalidspl. | oHemaiivelyh @ 135¢€T cal
fibre over a portion of the probe or by providing an extended portion of
the desi g tehape tbaxpag thauipal etianser red thecdritrageptr theaoot canaler nafierel y,
the internal light reflecting coating nay be omtted in the desired area

when for fHiRd dsifafoR bif Renal Rz ABLHEK nfly BeOf#HED out by radiography or use of
electro optical detection devices, the canal opening may be increased by reaming the
canal. The canal may then be irrigated with a known irrigant such as with aqueous
hypochlorite or more preferably with the photosensitiser. ~ This may be achieved
using a fine tipped syringe or, alternatively, with a specialised dispensing accessory
as described bélow. Turbulent flow may be induced when injecting the
photosensitiser intc; the canal as described in Gooden, 1976, 2: 2571, Chow J.
Endodont 1983 9.47. Effective irrigation is achieved by preparing an inwardly
tapered canal to ensure the irrigants reach to the apex. This may be facilitated by the
use of appropriate instruments.

After introducing the photosensitising agent into the root canal in the tooth,
the agent is activated using light delivered by an optical fibre from the specific light
source.  The wavelength employed depends on the absorption spectra of the
photosensitiser.  Toluidine blue O is preferably employed as the photosensifiser and

has an absorption maximum in the range of 630~660 nm.  Semiconductor lasers,



g

such a tip is described in US Patent No. 5,073,402. Essentiall y, the

i ght-spreading distal tip nay be conveniently formed by noul di ngl @ 0

casting a curable light transm ssive conposition on the end of the BH M?

fibre. Awexogrsssal tip may be fornmed by di pping the opti cBCTIGEME2134t o a

- pol yneri sabl e conposition and curing % he adher ent droplet, while supporting
the droplet in a non-mscible, inert liquid. Curing nmay be effected by

passing light of the appropriate wavel engths for curing along the opti cal

fibre- Suitable polynerisable conpositions include |ight curable acrylate

and net hacryl ate conpositions, including those descrjbed_bel ow al?q sui tabl e

seal ant paB:AVAredmde landmlivednabas iasab| may dei peedude The \aﬁt‘dh’ég@c’a’?ye ng

. material, such as a dispersed pignent in an amount of up to 5 /a by

wei ght, b Ehi dhst fepRisddy MeT(i 18 Meen TBRT toabe Wnportat daspraatictheiaseodight y of

irradiation of 1 6 O CT 2003 WD 00/ 74587 10 PCT/ GBOJ 02133 the root canal .

- However, the cured,ti L] r.ans r F adievih@tiis of the
“wavel endﬂ%é?%%%hraftg?%@h@?ﬁ? i;[i':)?ilgrél g?ﬁ%ﬁg{%?ﬁrg% 'hgarjﬁésﬁgﬁgdat i ps %ay be
formed by noul ding or casting. the desired shape n . e

opti cal i$ittbrpéﬁ""%é“M@@P@s@?ﬁ%i‘ﬁh‘%ﬁc”ﬂ?@teﬁﬁ%ﬁgﬁ%?ﬁ%f@grShgfe’ggig rﬁésy Bé;ed f or

the disinfection of the internal surface of the root canal by placing a

| i qui d ain igstromionpaifispheyicahenfigeatiesnsi ti ser in contact wth the debris
and bacteria. The interior of the root canal is then irradiated with |[|ight
of an appropr habfermethaNB 1Y provide Wwidistal p@riados brvirgricusyed nufashbtsysRASi ti ser .

In preferred aspects of the invention, the photosensitiser and | aser

conbi nat | %ﬂgﬁ?%rsﬁffa&{gpl i-pk i 't_sﬁ%ggg?g&ﬁ&p%pae Qirg&tthan thesdinimeterof t he

root. canal I'ni T al ~access en gained to the root canal of the

et o0k s 5, 0. AT SO ST P e 1

formed by removing the intemnally reflecting outer layer of the optical fibre over a

portion of the probe or by providing an extended portion of the desired shape having
no internal reflecting portion. Alternatively, the internal light reflecting coating may
be omitted in the desired area when forming the coating. One method of forming
such a tip is described in US Patent No. 5,073,402.

Essentiaﬁ&, the light-spreading distal tip may be conveniently formed by
moulding or castmg a curable light transmissive composition on the end of the optical
fibre. A spherical tip may be formed by dipping the optical fibre into 2
polymerisable composition and curing the adherent droplet, while supporting the
droplet in a non-miscible, inert liquid. Curing may be effected by passing light of the
appropriate wavelengths for curing along the optical fibre.  Suitable polymerisable
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, such as a dispersed pigment in an amount of up to 5 % by

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



Tmaw,

(b) destruction of carious mcrobes on the internal root surface in
to prevent reinfection. Photosensitising agents used in this invention ar
generally non toxic to the target mcrobes in the concentrations envi saged
or to the™RMWI¥di ng ti ssue. Howevenp there is no requireremGrooatizshe

- phot osensi ti ser should not be toxic to the mcrobes. Since the exposure
tinmes are short, it nay be acceptable to use conpounds which have sone
slight toxicity to the tissue. 160CT2003 WO 00/ 74587 11 PCTJGBOQ 02133 It
is preferred that the photosensitisers used will be capable of absorption

in the tedroon¢agdl. t BRWEvet, the cRRACHE WHTl B 1RinshRBRESr %ﬁéﬂ&gﬂtg{olhﬁ%}ﬁ%ft hese

wavel engths will have greater penetrating powers in ent a I'ssue

sur r oundi T eferred photo sensitisers are those effective
agai nst garr%‘%zeélgf}pgéeled%d;@trg%séméf&@& fed with endodontic |esions. Common
types of bact %'ba foundg [n roo canal infections contain facultative

~ anaer obes and 8¢ haps 45 JB®% be farmed bycwevidingdor £asting wbe dewied siapar | ane
TWand McGowan DAJ Medical M crobiology 21:101:1986. These i ncl ude:

Facul t at PRie theand obthe dptichlfiirag St rept ococcus nmilleri and Actinonyces
naeslundi. Strict Anaerobes including Bacteroides gingivalis, Bacteroides
mel ani ni ThePhissesenitiséer oi des oralis, Peptococcus species and

Pept ostrept occus species. The classification of these bacteroides type

bacteria incl gglg - . nQl i dentalis nd
Prevotella [ mﬂéﬁgﬁgﬁ%l@%?gﬁd#% erﬁ?’ !r:rdégélnla?‘.c %cgg%gé) g}ée glftel]"f‘ﬁ%uggacﬁact eria
in an infggted root ,canal .or after inadequate cleaning will lead to

i nfecti oﬂgﬁﬁdmﬁéicﬁng% %I"f‘faﬂﬂ“c“.i W@?Fgﬁ'@i%ﬂ@fp Oﬁgseﬂ-ﬁé‘@%f Bt ser |

S
to bind to the bacteria and to release singlet oxygen on interacting with
the | asemithjthpidebus apd dactgyai | Jhednismor afcthe iroots eang] ist then drradiated| with
preferred is Toluidine blue O Al ternatively,

light of an appropriate wavelength that will be absorbed by the photosensitiser.

3 812003

In preferred aspects of the invention, the photosensitiser and laser
combination may be applied to:-

(a) disinfection or sterilisation of the root canal after initial access has
been gained to the root canal of the infected tooth; or as an adjunct to conventional
preparation prior to obturate of the canal;

(b) destruction of carious microbes on the internal root surface in order to
prevent reinfection.

Photosensitising agents used in this invention are gencrally non toxic to the
target microbes in the concentrations envisaged or to the surrounding tissue.
However, there is no requirement that the photosensitiser should not be toxic to the
microbes, Since the exposure times are short, it may be acceptable to use

compounds which have some slight toxicity to the tissue.



al um ni um di sul phonat ed pht hal ocyani ne chl ori de, nethyl ene bl ue or gﬁlﬂﬁ
blue chloride may be used- Wile the dye nmay be non specific, it c 2003
made specific to the microbes within the root canal. The Laser The
concent rwio oarv4s87 photoinitiator and fpser power are mat cheRCT/GBpY3sde

“maxi mum penetration of tissue and kill rates. 160Ct 2003 WO 00/ 74587 12

PCT/ (BBOO' 02133 The concentrations of dye range from 0.00001%to 2% The
currently preferred concentration is 0.0001 to 0.2% especially 0.001 to
0.1% The preferred laser irradiation tinme of the photosensitises is

bet 10 d d,t 1,nut nd th of 1] '
et voen 30 sdCEvREIEIA teb heCPRpE s e S5 G IR P UM F 0

.25 and 150 nW the nost preferred being ab\ég;t g}(q) mA The | as
ng

er .
pover / exporedreadtafithe visitle FreciUm ¢Fadt 1pBEST V2 agithese éf“’aéfé@?g‘gﬂ “ibse. The

phot osensi ti ser solution concentration may be influenced by any extrinsic

“.fluid alhdv@%@ﬁteﬂpéﬁdtia@iﬂg pewehenithe deasladstoswonpdimgahe cigl. this. In order
e

to nodify t surface of hard tissue and to enabl e the photosensitising

agents to ha%cn?ﬁfw ?h()ﬁﬁ&ns_it&‘é}se%}é qhbdRJ efB@IVe S agaitiyst D@rans edegasivandj unct s
to the photosenSitising solution. These nmay be used in conjunction wth,

prior tqor o subsequenty Lo LG RHOLG.S PSS 026t i foieaprodtl Unct

i ncl ude: 0P a sorution pHo ove S to penetrate
Pyl ox el e R TyRR IBSuIaHYE cBHesb B Ao oS SETRN AR, 2F A LBEh s such
as chel ai:li ?.ngsg eﬁO,OfMLF:thZp%“EDZ& McGowan DAJ Medical Microbiology

21:101:1986. These include:- |

Facultative Anaerobes including Streptococcus milleri and Actinomyces nacshindi.

Strict Anaerobes including Bacteroides gingivalis, Bacteroides melannigenicus,

Bacteroides oralis, Peptococcus species and Peptostreptoccus species. The

classification of these bacteroides type bacteria include Porphyromonas [gingivalis

and endodontalis] and Prevotella [melaninogenica and intermedia]. The presence of

" these bacteria in an infected root canal or afier inadequate cleaning will lead to

infection and pain ahd discomfort. The function of the photosensitiser is to bind to

the bacteria and to release singlet oxygen on interacting with the laser light.  Of the

available photosensitisers, the currently preferred is Toluidine blue O. Alternatively,

aluminium disulphonated phthalocyanine chloride, methylene blue or azure blue

chloride may be used. While the dye may be non specific, it can be made specific to

the microbes within the root canal. |

The Laser

The concentration of photoinitiator and laser power are matched to provide

maximum penetration of tissue and kill rates.



di sodium Such materials may be citric acid, polyal kenoic and

pol yphosphoni ¢ acid, phosphoric acid, EDTA and HEMA or other such h6i0d$ 260
are known _for use in this technique. EDTA and citric acid have an adverse
effect on™MhWHakk erial kill rate if 1EDCT2003 WO 00/ 74587PTBGB00/02133

PCT/ GBOO' 02133 used sinultaneously with the photosensitiser. Thus, in the
case of these adjuncts, they should be enployed prior to or after
treatment with the photosensitiser and the treated area flushed with a
wash liquid prior to treatnent with the photosensitiser. Phosphoric acid,

particularly V"hﬁ‘é‘c@hﬁeﬁﬁ%ﬁ%?{ f&yrggi{aglge \Al%cﬁncU.O Ve 1§PREAT S FIRL o\lrPently

adversely affect bacteria en used at the sane tine as'the

photo sensitisation treat S,) Mportan t se agents do not
interfer é’r%tefrﬁgtcﬂ‘éce ‘8’%g;ﬁgbwt%%gi‘yﬁ%ﬁ@@?tﬁrwgﬁr@{%ul ar the use of free
radi cal and singlet oxygen scavenging materials should be avoi ded. The
phot osensi ti se Wfﬁgcgelﬁﬂvemiﬁwﬂaﬂﬁw phgbe dhompersitisr tis deetweate!Pver y
device, which may include a thin flexible tube which may be perforated

al ong t heecdridsadnd paiot mirfutést anddihet e feered  expogure tie i batweth 30wecaidsidnd

| ength. The perforated tube, whose dianmeter is preferably a maxi numof 0.1
mm W | | gpssebds®rted up the canal w thout binding against the walls. This
will normally be within the apical third of the canal (this being the

third of the r | osest. t o, t s X. l.Qs t he
apex as achi eviag%lt é“g% ? {%‘6’%‘& %bﬁﬁg?rﬁglyoﬁﬁf"ﬁ%&)\%%l g.l)s?h%wdy@éi%oﬁhpgﬁfelsﬁfiect ed,
e.g. vig aunit se _cartridge, through the tube permtting the dye to
coat t he b &%%@ﬂﬁ of T &SRR PPREHFXRATETS B¢ CORBRRtoN HIY i Yariggd8
syriinge and tube will then be renobved and the fibre connected to a

sui t abl e giveyndesitedrdose.and i nserted into the canal - The photosensitiser dye
wll be activated by the light source. The fillip or sealiia material A

fS U: It Ee re das pect Thé phéteseitBedt sslatibs cohedntratibh ting tecnaflichgedibg ahy eRttinbie
S fluid and concentration may be increased to compensate for this.

In order to modify the surface of hard tissue and to enable the photosensitising
agents to have maximum effect, potentiating agents may be used as adjuncts to the
photosensitising solution. These may be used in conjunction with, prior to or
subsequent to the photosensitising solution. These adjuncts include:-

. Acicis to produce a solution pH of 4.5 or above

. Acids to penetrate and remove organic/inorganic debris

. Wetting agents such as HEMA (hydroxyethyl metbhacrylate) and
glutaraldehyde

. Demineralising agents such as chelating agents of the type EDTA
disodium.

Such materials may be citric acid, polyalkenoic and polyphosphonic acid,
phosphoric acid, EDTA and HEMA or other such acids as are known for use in this

technique. EDTA and citric acid have an adverse effect on the bacterial kill rate if




up through the delivery system previously described in connection with the
16 OCT 2003 wo Q0On4587 14 PCT/ GBOD 02133 phot osensitiser. This .lﬂiﬂgmﬁt
t he vvalls‘,%] %{] 7root canal and displace air fromthe canal_as it fil
the canal P 43131 a tube or syringe tild terninating in the ¥EYFBH/BE3% he
apex. The sealing agent may then be cured using a visible |ight source, via
an optical fibre tipped with an isotropic tip. These may be resins such as
t hose descri bed as dental adhesives in Patent Application Nos.

PCT/ GB92/ 02128; PCT/ GB98/00072; US 5,172,763 and US 5,063,257, and ot her
cur abl e nasd simyleinesssiyiwich tier phaosdnelyied. asTidrtAtheactRe vif kesandjnicts| i ng
materials, e.g. those described in the foll ow ng patents and applications:
- EP 03568 1 A

142810508 SO LARa T THEFr Pt 6 SV ap i TR P RALY e
_integral part, of the, endodontic.treatnment technique since it is by these
means théFcaEWearﬁgct?"gPF(il i {'?LB Rgr ‘%%Fﬁawg“é&ﬁhrﬁr%ﬂ%%“&ém hi eved
using existing dental materials. The preferred materials nmay have a
vi scosi t yPhasphasicnagyd,hpartigylady whendwfieradhie 2 aPpef 4at eroshovprappears agt 1o
viscosities are fromO0.33 to 1340 centi poise. Were it is used as a
denti ne sadetsélyutaffect hieactérdad okill yrates Swimenl arsed oat hee ckmwatiate and thas
mechani cal properties such as flexural strength after polynerisation in

the rangetbsksitlsabiolRRarmait! | nkage during polynerisation will be in the
range of 0.5 to 4.5% by volunme. The sealing agent is nmade of a bl end of

;SB: ns, Wi Ch K i BhREhO Tt hAROSeds Hb SRRShHER Won BY' fholdlendiilifE ded

process, in particular the use of free radical and singlet oxygen scavenging materials
should be avoided.

The photosensitiser may be delivered by a syringe or by a unit dose delivery
device, which may include a thin flexible tube which may be perforated along the
final part of its distal end, e.g. the last 15 mm of its length.  The perforated tube,
whose diameter is preferably a maximum of 0.1 mm, will be inserted up the canal
without binding against the walls.  This will normally be within the apical third of
the canal (this being the third of the root canal closest to the root apex), and as close
to the apex as achievable without binding on the walls. The dye is then injected, e.g.
via 2 unit dose cartridge, through the tube permitting the dye to coat the whole length
of the walls of the root canal. The unit dose syringe and tube will then be removed
and the fibre connected to a suitable light source and inserted into the canal. The
photosensitiser dye will be activated by the light source.

The filling or sealing material

A further aspect of the invention is that a fluid sealing agent may be syringed

up through the delivery system previously described in connection with the



160CT2003 15 PCT/ GBOQ 02133 These may be di-nethacryl ates or net haﬁr?/]dart %s
as set out in the patents nentioned above. The preferred resin sys &rl G 152064
m xture of urethane di nethacrylate (UDMA), bisphenol -A-glycidyl

di met hacVP1%{78587Bi savA) and tetrahydidfurfuryl methacryl gﬁ“ﬁ%:{ whi ch
contains THFMA in the range of 3090% by wei ght of THFMA. These may be in
various proportions, the preferred conposition being THFMA 50% UDMA 33%
and BisGVA 17% The material nmay be polynerised chemcally or by
application of light of a particular wavel ength. Seal ant naterial s based

on |i gh?thé%&Eh%eé‘CfTh@tvﬁﬁ cBht tHEBWAIRCHH/Ihalr8st 4Rl GRINENplite Gl #mWhEh | i ght
havi ng wavel engt h of about 450 470nm Cold cure initiator systens which

do not require addi t,i.on o erpal - : |

mt o 1 alE e it 88060 RBuBh oTHbE BF MrineE I ApirBBRk i frededl ofth

di net hyl - p-tol ui di ne, as an acti vat ogﬁ Preferred || %ﬂ .aﬁ:t Il vation systens
are t hoSB¥-ncl HaF SERLEENTEESE qunhen BeFumsd usiig RevisiBle, BaNt ROMGa ViR Als y st enrs
may al so be used. The initiators should be present in an appropriate anount
t 0 pr oviogca Mbreatipppdavith beeisetropi tiponver si on and adequate rate of
conversion. They are usually present in amounts between 0-1% and 12% of

the wei ght OffHebe nH3NBEREsY Midh & tHYsefdekeritdvad demabhadhdsivendrPalerd and 5%
by wei ght of the nononmer m xture. Various additives may optionally be

| ncludedy bl Mot UpL1ISBY B9 128N PLIKGHII0R07S! A8 | 5.909.963Ski BY
i nhi bi tor's”and polyferisatron inhrbitors, pigments and therapeutic agents
i % SR e sneSbebechshdhens ol 5L b S oBHEr s

and filling materials, e.g. those described in the following patents and applications: ]

EP 0356868 WO 97/00065
GB 2107341 UK. 1488403
US 5520725 US 4627097
US 1428165 US 4001483

The hermetic seal after bacterial killing is an integral part of the endodontic
treatment 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 substitutcl, 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
sealing agent is made of a blend of resins, which will provide a range of viscosities to

suit the intended application.



PCTI GB00/ 02133 Alternative materials such as sol-gel glasses may al so be
used as the sealing agents delivered in a simlar manner to that dechg@pﬂmj
above. Ot her useful sealing materials include |light-polynerisable epoxy
resi ns asWROMIHed- above and describd&dl in PCT/ US98/ 04458P€H§Bl%“§égent
6,043,295, The nost preferred obturating materials conprise those which
seal the canal by deformati on under pressure. The root canal seal er which
acts as a sealing agent between the canal wall and the obturating naterial
is gutta percha. Its properties allowit to be conpressed agai nst the

canal wall. Thehegeltrhay e dilvfetRSirilhtes dremetfatSieel 491 sai 88t 1P thdatdmeped
canal. The gutta percha can be laterally condensed, vertically condensed,

. heat or %?elﬁﬂo eedq"hég?g&g%agsilnﬁsggﬂeﬁnﬁ Q%b&tﬁgbf'ﬁﬁﬁﬁﬁe Weth?&gglrdc d

i ncl udi ng heat softeni ng Jjection of warmgutta a may
al so be .. Jhe .techni que reconmended .b I ntal . Co nder. t he nane
" ."Therrna Mgfﬁmlﬁi‘sg “g@?ﬁé@g %ﬁﬁf@’#ﬁge&'ﬁ@%&?& Wéﬁa@y#rﬁg“r&ﬂ?‘[] a
percha is formed around a plastic _pin. The gutty percha is heated and the
pi n and guethacryetecGEHFMagemhish dontainst FEFMgbin thgrrange of 3&<20% bysweaight i ed
with the plastic pin forcing the softened material into all the orifices
in the cafatHFEIA.S. Thessuhar baihvedioag proportitess, iecprefiirred rooempdsioni temghat t he
techni que of applying laser light to the photosensitiser within the canal

gives a Wg@ﬁ[ '33%311@%&@1&%@]%.0 the dentist that residual

i nfection eradicated. In part, this is because the

phot osensitis i s _absorbed intp the si ASS I t mai n
canal and t hat?-hf%@al% gy B%POBH& sdsfﬁeﬁlggag% %ggfgahﬁlfcg%%toff[%k(ﬁ}ss of
dentiine. The follow ng iis an experimental eval uation of the effectiveness
of the PDRItiQUhYayglengdai nSealantymat ibReAd o dight cusble Askylates of
i nfections. wo oor74587 17 160CT2003 PCT/ GBOO 02133

methacrylates are commonly cured with light having a wavelength of about 450-

470nm.

Cold cure initiator systems which do not require the addition of external
energy (heat or light) are materials such as benzoyl peroxide as an initiator and N,N-
dimethyl-p-toluidine as an activator.

Preferred light activation systems are those including camphorquinone and an
amine. Other activation systems may also be used.

The initiators should be present in an appropriate amount to provide an
adequate level of conversion and adequate rate of conversion. They are usually
present in amounts between O-I% and 12% of the weight of the monomer mixture.
Preferred values are between 0.5 and 5% by weight of the monomer mixture.

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 10mns.



(i) Target Bacteria A wide variety of bacteria have been inplicated in
endodontal infections. However, the current literature suggests t hatl & 0@ 2003
nost inportant species are the follow ng: Peptostreptococcus mcros,
Fusobact &YQ bé7438icl eat um Prevotel | a ijgrernmedi a, Strept ocoRCHEBOMO2IB3redi um
and Streptococcus nmutans. (ii) Experinental Procedures The aimof this part
of the work was to deternm ne whether PDT is able to achi eve substanti al
kills of the target organisnms- The criteria for success would be the
killing of all target organisnms by |ow |light doses in the presence of
clinically- a I Qn: L ol Depeals key
experi nent al %ggrg;n@?eﬁg&\%egg:ﬁéé%cstgggefél?g%g%%c%%? lrﬂgﬁlﬁccﬁ% ag-#gg)s?al.%#) ener gy
dose. In order . to investigate the effects of these paraneters, on pacteri al
i 111 g, 388N AR Fed I v SEYah Jro0Rea R 1 FSSHRPAaHRVGY U, U5F R SERIBES t udi e
was used. The basic experinental protocol consisted of the follow ng. The
target matgaals Ixdudeekight gobwmerisable 2poxy 4&us iximpnenadgabone tand deaeribedul ar
species) in fastidious anaerobe broth at 37C in an anaerobi c cabi net. 34l
al i gquotis POT/ASI80898NEdOVS Plated@ 610431 2880i smin 0.85 % (w v) saline were
then transferred to wells of a 96-well, round-bottoned mcro-titre plate

and an equal 6l gk olerdrsebiRd. BRI RO i eoReh shenlRhadded to

each well. Du cate S were expose rom-t aser di ode

(follow,ng,i rsion of the tip0of the optical fibre jn the .suspension)
for the PedlPemupoRh aresiore mine cpfk PP s o~ EIBhasis heri SoiBE BB oD o
suspension plus 0.85 % (wWv) saline _in place of the TBO were treated in an
i dent i caetwemctizoe@alwyall gand 3by obgupting amtenal 25 Eyttaepeneha. t 01 SIWCHIGfe t he
effect of laser light along at a wave length of 640 rimon bacterial

vi abi | i tallowAitf tr theecorfirassedvaghmst ithite oamnad avall. o tFes gutde perdhaepoiatsoare, wer e

matched in size to the shaped canal.  The gutta percha can be laterally condensed,
vertically condensed, heat or cold compacted. A range of additional techniques may
be used including heat softening and adapting. Injection of warm gutta percha may
also be used. The technique recommended by Tulsa Dental Co. under the name
“Thermafil” might also be used to obturate the canal. Here the gutta percha is
formed around a plastic pin. The gutta percha is heated and the pin and gutta percha
inserted into the roﬁt canal. Pressure is applied with the plastic pin forcing the
softened material into all the orifices in the canal walls.

A major advantage of the present invention is that the technique of applying
laser light to the photosensitiser within the canal gives a much higher level of
assurance to the dentist that residual infection has been eradicated. In part, this is
because the photosensitiser is absorbed into the side passages leading from the main
canal and that the Iaser light passes through a significant thickness of dentine.

The following is an experimental evaluation of the effectiveness bf the PDT

technique against organisms implicated in endodontal infections.



prepared and kept in the dark. Hence the effect on bacterial viability of
the TBO alone was ascertained. After irradiation of appropriate wehl 8CT 2003
serial dilutions of the contents of each well were prepared in sterile
‘nutrient WPBVMSEhd 50 p.1 aliquots sptead over the surfacBSTEBOHPYIY agar
pl ates. After anaerobic incubation of the plates for up to 7 days at 37C
the resulting colonies were counted. Using the nethod descri bed above the
following results were obtai ned on anaerobic organisnms. TABLE | Exposure

Ti me 30sec Laser Power 80mW Dye ConcentrationOrganismnitial cfu% Bacteri al
Kill ryWwilMeaTagftbBaepiriwoccusl. 46E899. 914 99. 6 i nter nmedi us4. 90E1099. 286
20Pept ostrept ococcus3. 23E899. 901 99. 38 m crosl. 94E998. 865

- 20Fusobact er i Wi 858y 95 bRMUEHS Ha P bwgﬁpg?%ﬁ)%g%nﬂoabﬁLﬁﬁfﬁﬁ aser

Power 80mWN Dye ConcentrationOrganismniti cterra ~, Mean
_ 10Strept us2, 85£899. 9997 99. 998 | nf,e di us3. 56E899. 9958
20pept bs HPBETH AR5, By shsirslso BahiTES gUS:T iBedany species are the

20Fusoba§ﬁlg‘r‘&nugr:m. 32E799. 934 99. 998 nucl eatunl. 57E799. 841 1 6 oCT 2003
Peprostreprococcus  micros, Fusobacterium nucleatum, Prevotella intermedia,
Streptococcus intermedium and Streptococcus mutans.

(i) Experimental Procedures

The am of this part of the work was to determine whether PDT is able to
achieve substantial kills of the target organisms. The criteria for success would be the
killing of all target organisms by low light doses in the presence of clinically-
acceptable concentrations of toluidine biue O (TBO).

Two key experimental parameters were selected — TBO concentration and
bght energy dose. In order to investigate the effects of these parameters on bacterial
killing, a quantitative assay established and employed in previous studies was used.

The basic éﬁperimental protocol consisted of the followmg. The target
orgamisms were grown for 24 — 48 h (depending on the particular species) in
fastidious anaerobe broth at 37°C in an anaerobic cabinet. 30ul aligquots of a
suspension of each organism in 0.85 % (W/v) saline were then transferred to wells of
a 96-well, round-bottomed micro-titre plate and an equal volume of a satine (0.85 %
wiv) solut.ion of the TBO added to each well. Duplicate wells were exposed to light
from the laser diode (following immersion of the tip of the optical fibre in the

suspension) for the requisite period of time. Control wells containing the microbial

suspension plus 0.85 % (w/v) saline in place of the TBO were treated in an identical
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range of ‘%B Hé
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bacterial viability. A further four wells, identical to those described above, were

prepared and kept in the dark. Hence the effect on bacterial viability of the TBO

alone was ascertained. After irradiation of appropriate wells, serial dilutions of the

contents of each well were prepared in sterile nutrient broth and 50 p! aliguots spread

over the surfaces of blood agar plates. After anaerobic incubation of the plates for up

to 7 days at 37°C the resulting colonies were counted.

Using the method described above the following results were obtained on

anaerobic organisms.

TABLE 1

Exposure Time 30sec Laser Power 80mW

Dye Concentration | Organism Initial cfu % Bacterial kill
[ng/ml Mean
20 : Streptococcus 1.46E8 99914 = 996
intermedius 490E10 99.286
20 Peptostreptococcus | 3.23E8 99.901 99.38
micros 1.94E9 98.865
‘ 20 Fusobacterium 6.98E6 99.959
nucleatum
TABLE 2

Exposure Time 60sec Laser Power 80mW

Dye Concentration | Organism Initial cfu % Bacterial kill
 [pg/mL Mean

10 Streptococcus 2.85E8 69.9997  99.998
intermedius 3.56E8 99.9958

20 A Peptostreptococcus | 2.45E9 99.999 99.998
micros 2.49E8 95.996

20 Fusobacterium 1.32E7 99.934 99.998
nucleatum 1.57E7 99.841
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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 3. Wavelength was 640 nm.

i TABLE 3
Dye Dye/Bacteria Laser Exposure Time
Concentration Suspension Power [sec]
[png/ml] Volume [pL] (mW]

50 200 80 30
50 200 48 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 i5 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 | of a saline suspension of Streptococcus nutans wasy &ﬂﬁ??ﬂ[}j

to a maoggeoMplgy Of a microtitrc, plate. These were deriveghégiio213s

Streptococcus nutans NCTC 10449 anc?osuspensi on was nmade up to give a
concentration of bacteria ranging between 101 to. 109 colony formng units
(cfu). [These had an optical density of approximately 0.10]. This solution
was then gently agitated for the renmainder of the experinent. To this was
added either 100l of TBO or saline. Saline acted as a control. 30 seconds
after the adbyeisohitiohs weee dymie 1 éresldptonogich praakienwessgi disellalewatdrn

suspensjon.and irragdiatjion carrijed t at the range of sure time/ power
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irradiation affecting wells adjacent to that being treated. After
i rradi al0et9, ancheuspenbien wis sadei wprte give eacbneuptiation ofdigcteria nagiy vi abl e

ti t . 1000 of i d f the m | |
F ermovedOIEeR 1D, tod Un ol SO rpine, S k. St ORI SREBHOfme t hen
cul t Ur egpyBihhigelf D)BY.ONTHEAK R asineh Sl a@fubiOR The Ralinfer urie t hen

sel ected W th ensilies of colony for %g units of between 50 - 300 cfa
and t hesxperiment. ex hvithis dvasf added Lamthew il O0ulifcTBO ar salime. t Salindhotted @s & he

| t te. Resul f. kill .level hieved with th
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power / exposure time/dye concentrations. There is a range of conbinations,
whi ¢h neymbmpatagnymudiedted m Table 3ise clinically. Phase 1: An exposure tine of

exarm hed.  TheTPHBRRS ) e eelp R PR h EacngT AL BoL S Bed et Tachi ne
83? 7%89% 1bPTene |86 ifddRBoh RedimE Sbells afjabént t8that Helrigatesa@l uati on. Dye WO
After irradiation, the number of survivors in each well was determined by
viable counting on tryptone soya agar. 100l of liquid from the micro well was
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 cfu 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
POWET €XpOSure t_ime and dye concentration. This shows that the kill levels required
may be achieved at certain laser power/exposure time/dye concentrations. There is a

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




21 160CT2003 PCT/ GB00102133 concentrations were fixed at values that had
previ ously been established for penetration of dentine. The resul tfﬁ(UCTthtB

four stages are set out bel ow. Exposure Tine 30 Seconds Stﬁg% o ﬁrmm
“dye conc®R%4HP¥h and Maxi mum | aser Pbwer Dye Concentrati o ¢ ] 50

Laser Power [mW 80 Initial CFU E9-E]O Bacterial kill Mean 93.11 89.71
86.32 This indicated that there were very substantial kills but total kills
were not on the 99.9%value at this particular exposure tine. Stage 2:

M ni nrum dye concentration and M ninum | aser power Dye Concentration 41041

20 Laser Power .l W, 12 hRid iR v&iGkl that had previously been established for

penetration of dentine.

The results of the four stages are set out below.

Exposure Time 30 Seconds

Stage 1: Maximum dye concentration and Maximum }aser power

Dye Concentration | Laser Power [mW] Initial CFU % Bacterial kill
[pg/mL ] ' Mean
50 80 ES-E10 93.11 89.71
86.32

This indicated that there werc 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 % Bamriltli :ﬂn :
[ng/mL]
20 ' 15 1.1E9 0 20.0
40.0

This showed that the minimum output 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
| [pe/mL] Mean
20 80 ES - E10 99.99 99.99
l 99.99

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

this laser power and dye concentration



1.1E9 % Bacterial kill Mean 0 20.0 40.0 This showed that the mini mum
output fromlaser and | ow dye concentration did not produce adequal&UCT 2003

kills. St ) ni mum dye concentratdi-on and Maxi mum | aser__power e
Ooncentra‘t@\gg’?’n’%"i@:I m.] 20 Laser Power [4‘?\;\1 80 Initial CFU Eé’-cﬁi%@%“%ét erial
kill Mean 99.99 99.99 99.99 This denonstrated that the kill |evels, which
were required, were achievable at this |aser power and dye concentration

16 0 C 12003 WD 00/ 74587 22 PCTI GB00102133 Stage 4: Maxi mum dye
concentragtion d M ninmum | aser power e Concentrati onLaser Power
Sipeeck Hramre

[MA I niti fy@afoneeniratn angd | ugplaser POMEL OO 7. 05
Dye Concentration | Laser Power [mW] | Initial CFU % Bacterial kill
{ng/mL] Mean
50 15 2.1E10 0 7.05
2.8E9 14.1

This shows that maximum dye concentration and minimum laser power
produced inadequate kills,

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
[ug/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 expected was considered to be insufficient

to achieve and the exposure time was increased.
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successful kills were obtainable with the m ninumdye concentration _and
maxi mum | W&M 8/ put . I ncreasing the-dye concentration at HGTABIAZES power
reduced the kill rate. Fromthis it was deduced that the maxi num dye
concentration was in excess of that required and that better results were
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The exposure time of 20 seconds produced kill rates which were substantially

higher. At the 20 pg/mL dye concentration tested here 80% kill levels were

obtained.
Exposure Time : 50 sec
Dye Concentration | Laser Power [mW] | Initial CFU % Bacterial kill
[ng/mL] _ Mean
| 5 40 7.1E7 8443  87.14
1.3E8 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 {Spg/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] | Initial CFU % Bzu:tc:ri;}I kill
g/mL ean
- %O 15 1.2E9 86.32  52.29

1.1E9 18.26
20 80 ES-E10 99.99  99.99

09.99
50 15 1.3E9 12.0 12.16

2.8E9 12.32
50 48 2.3E10 99.76  99.78

1.3E9 99.8

50 80 E9-E10 99.99  99.99

99.99




Dye Concentration Laser Power [mAInitial CFUWb6 Bacterial kill fPg/ M 1Mean
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Ex osure Tinme : 50 sec Dye ConcentrationLaser Power [mNInitial CFU%
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was 45mW at this time interval.

The accompanying drawings illustrate the manner in which the invention may
be carried into effect.

Figure 1 is a schematic longitudinal cross-section through a tooth with one
form of optical fibre and tip in place in 2 root canal;

Figure 2 is a enlarged sectional view of the optical fibre;

Figure 2a is a schematic view of a dental handpiece fitted with an optical fibre
and tip and a tube for introducing photosensitiser into a root canal;

Figure 3 is a section through a single dose device for delivering a
photosensitiser solution into the root canal;

Figure 4 1s a perspective view of a laser housing comnected to a dental
handpiece;

Figure 5 is a view in the direction of the arrow “X™ in Figure 4; and

Figure 6 is a graph showing the effect of increasing the light transmission of
carious dentine By demineralication with EDTA.

The tooth (1) is first drilled to access the entrance (2) to the infected root canal
(3), and the canal opened up and debrided using conventional instruments. Loose
debris is suctioned away and, optionally, the canal is flushed with a hypochlorite
solution and then with water. A photosensitiser solution, e.g. Toluidine blue O, in

dilute aqueous solution (concentration about 20ug/ml) is then introduced into the root
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seconds wjth nge of |aser powers and dye concentrations, it becane
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| aser power outputs. It was apparent that the mninumlaser power that was
successful in achieving kill rates in the region of 109 was 45mVNat this

time interval. The acconpanying drawings illustrate the manner in which the
i nvention may be carried into effect. Figure | is a schematic |ongitudinal
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In use, the cannula is inserted into the root canal until the distal end is close to the
apex of the canal. Photosensitiser is disci:arged into the root canal by pressing on the
reservoir (11), thus causing the membrane to rupture and liquid to flow out of the
distal end and through the perforations (13). The perforations (13) ensure that the
walls of the root canal are wetted with photosensitiser solution. Preferably, the
photosensitiser is allowed to remain in contact with the root canal to permit the
photosensitiser to be absorbed by bacteria within the canal, normally about 20 to 40
seconds. The diépcnsc’r is then removed and an optical fibre (20}, as shown in Figure
2, is introduced 'mtg the oot canal (3) and laser light having a wavelength of about
630/640 nm guided into the canal
As can be seen best in Figure 2, the optical fibre is formed with a transparent
distal spherical portion (21), typically of about 800 microns diameter. This has the
effect of diffusing light passed down the fibre and ensures that light emerging at the
tip (21) is scattered uniformly around and in upward and downward directions in the ;
root canal.

It may be desirable to move the tip of the optical fibre relatively to the canal,

either stepwise or contipuously, while uradiating the interior of the canal. For
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PCT/ GBBOQ/ 02133 canal using a fine-tipped syringe having an obliquely angl ed
tip, or a disposable dispenser such as shown in Figures 2a or 3. Referring
to Figure 3, the di spenser conprises a thin-walled cannula (10) having a

T e 8T R B T TR b BT

The connecti‘on be en t e reservol
frangi bl e. nbrar%ﬂl . At JtS di st end, the cannula is perforated wth
smal | ho iatingthe SCEB@ B8y be daglfated dinthe dbesamronng 1 n

use, the, cannul ais inserted into the root canal until the distal end is
cl ose t olneresnenta) evarkingshen cith ekterrh sufzem similas eo ite sihenspes. | nThe t he
root canal by pressing on the "reservoir (11), thus causing the nenbrane to

rupt ure egtaor uiagl tithtikaw Gt tipf inkhnengdIB, absign dh@ﬁﬂa:kbrt@ughs&@echat
perforations (13). The perforations (13) ensure that the walls of the root

canal argraiioRChitht BIUEASARS id Lifed 39k WwkOthe LhAL Sh@Plcheu! h%nsteerd o

phOtOSGI’]SItISGI’ Is aflowed to remal n |n Cc cana

permt t s@nsi;tiser t e .bacteria within th naI
Por i 1 yOEas SP0L0 e RsvieLs 555% ipE Ageprally FemsTeH

optical fibre (20), as shown in Fi gure 2, is introduced into the root
canal (3yarhmepY e ased.i gikor examplg. shaHp ehahgemprise aoun l@go¢dmdrieshtipui ded
into the canal. As can be seen best in Figure 2, the optical fibre is
formed whavinga tim;xamﬁahout anetals08 pﬂﬁendns,aj:refbmahly @00 (2300 niigtphs alThys of
about 800 microns dianmeter. This has the effect of diffusing Iight passed

down t hehdsl dppbeoscindtedhe’ fnctdiéd ad the B5he@iBI G Aderddd foMdovd.i P (21) is

scattered unifornmy around and in upward and downward directions in the

root canal. Tpe optical fibre itself typically has a diameter of about 200 to 800 microns,
preferably 200 to 500 microns. The fibre may be protected by an outer tube of plastic
or metal, with the tip projecting from the outer protective tube. The outer tube may
be tapered in the same sense as the prepared root canal.

Figure 2(a) shows a developed form of the system shown in Figures 1, 2 and

3. The handpiece (42) has a “plug in” optic fibre (4) having an isotropic tip (5). The
fibre is received as a snap-fit in the handpiece (42) and is optically connected through
the handpiece o2 laser source in the console (41). Surrounding the optic fibre is a
hollow tube (6). Contained within the handpiece are reservoirs (7) and (8) filled,
respectively, with photosensitiser dye and sealant composition.  Feed tubes (9) and
(10) connect the reservoirs to the tube (6). The reservoirs may be squeezable
pouches so that on applying pressure to the respective pouch, dye or fluid resin can be
injected as required into the tube (6) and thence into the prepared canal (2) in the

tooth. Preferably, the reservoirs, fibre tip and tube are disposable.
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w thdrawn, while irradiating the canal. This nmay be facilitated by the
fibre carrying increnmental markings on its external surface simlar to the
tip dinensions. The operator nay withdraw the tip increnmentally, using the
marks to ensure that irradiation of the photosensitiser is carried out
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spherical tip, a fibre having a generally cylindrical distal part nay be
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canal . Fifiie 2(Mak ¢ieab fibred@d®)| BRedisposablofplifén’Sylemenn whipcameskrgur es 1,
2 and 3. The handpiece (42) has a "plug in" optic fibre (4) having an
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(42) and 1s 0Op 'y connected t e handpiece to a r source in
the consol.e (41).  Surroundi t he ic fibre i.s hol | ow: t ube, (6).
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respectively, wth photosensitiser dye and seal ant cgnpagsition. Feed tubes

(9) and theloytpab fiest they flre (441 is eannetled toribe dispasabls) ibrgdsk e VY AFS nay be

squeezabl e pouches so that on applying pressure to the respective pouch,
dye or f lsoumdes sy ibe acomodatefan thedhassimgeil j,rand capable ohemittingelages)lighhd
thence into the prepared canal (2) in the tooth. Preferably, the
reservoi pfa wiveleagth 6f @at 670 fe ifcefing @ ghotosensitising treatment, and the

other capable of emitting laser light for curing the resin sealant. Light guides and a

beam splitter may be provided so that light from each laser source can be sclectively

switched to the tip (43). The fibre tip may be changed afier the photosensitising

treatment has been carried out and fresh tip plugged into the handpiece in order to

carry out curing of t”he resin sealant.

Figure 5 shows a control panel {45) baving 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.

Afier the photosensitiser has been irradiated with laser light for a sufhcient
period to ensure sterilisation of the interior of the canal (usually 30 seconds to 1

minute at a laser power of between 40 - 80 mW), the optical fibre is removed.

It may be desirable at this point to aspirate photosensitiser from the canal.
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connected to the di spo ab e fTbre (43). Two | aser sources may be

acconmo ed in the h Aght at a
wavel engﬁ"% d’FP%F‘SoﬁP“’é B%Pé ‘)%lfcgggttiﬁa% ‘E)ﬁ“g lgﬁ‘? isée}r?g?t ISl ng treat ment ,
and the other capable of enmtting |aser t. for, c the resi

seal ant .opticghfibiguivugh #s shewa mﬁ:é&‘l‘ﬁes%i‘u?‘?léllheﬁg%? ’198'05???\[‘;' ﬁ’“ﬂrjl ght
fromeach | aser source can be selectively switched to the tip (43). The

fibre tigndniight lpasset atoypadtiaf fitee toarpthot salantsngtesilng Thisesilinkamne Ybeen
carried out and fresh tip plugged into the handpiece in order to carry out

curing Ofeat HR foB$ ichnal Srdrd Rbinfectiohr € The SbwR materddl tniay inperpirate 45kaditavi ng a
touch screen (46) for progranm ng the Laser power and duration of

{r eat meng, BOTiEPRKANI TGN NPLaABRR AkAaGARRE BRAR AR t dbkgy! o m and

i ncor por rec rge ery ter the photdsensitiser has been

irradiated with | aser. |ight..for suf.ficient SHX
sterilis h copt Wﬁt@f)ﬂé? oﬁ? ﬂi’é"l&%ﬂ?& Pa(tu%{ﬁlf: %ﬁéloggljéond"e then B inute
at a | aser power of between 40 - 80 nW, the opthaL fib %” is remaved. It

may be desiofiland the acehss hods mayths filled Withe syepsional dep JRFERY canal .
1 60CT2003 WD 00/ 74587 PCT/ GBOQ 02133 28

such as an amalgam or glass ionomer resin.

Experiments with slices of dentine cut from extracted human tecth have
shown that it is desirable to pretreat a canal 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
molar EDTA or other demineralisation solution for as little as 15 seconds increased
the depth of light transmission and dye penetration significantly. This is an
important finding and enables the dentist to be confident that bacteria has been killed
in passages leading from the canal in the treated tooth. The effect of
demineralisation treatment on the light transmission and dye absorption is shown
graphically in Figure 5. The effect of the demincralisation additive appears to be
self-limiting in that the maximum demineralised area extends essentially only to the

boundary of the dentine affected by a carious lesion.




A fluid sealing or filling conposition is then introduced into the canal. .
For this purpose, a unit dose dispenser such as that shown in Figure&aﬂtnuﬂfl
may be used. An optical fibre such as shown in Figure 2a th ?e

i nt rodud®d 0pf487t he root canal and 2¥ght passed down thePE%Bé""ﬁg” ure the

- sealant material. This will hernetically seal the root canal from
reinfection. The sealant material may incorporate a radi o- opaque filler
material, such as a bariumor strontiumsalt, e.g. the fluoride. It may
further contain am ne fluoride. The projecting part of the optical fibre

may then be guimafvelyante th@ines eaalNahy beegealed by Imheads wiftguten pechient i onal
dental filling materi;al such as an amal gam or gl ass iononer resin

- Experiments w.t ' . ' o fL O 4,841 ; 1 ave
shown tﬁ&g%%qWébéigﬁg écﬁg%%%g??ga °& cangga%?%%aguggﬁgﬁg?gp?gg?ion

_ solution, e.q. éggq EDTA prior to the photo sensitisation treatnment. Even a
-short pﬂgb$§gﬁ? t wth EDTA e.g. as a 0.1 nolar aqueous sol ution,

substantially increases the distance through which the |aser |ight can

pass. Even pre-treatnent of the dentine with 0.1 nolar EDTA or other

dem neralisation solution for as little as 15 seconds increased the depth

of light transm ssion and dye penetration significantly. This is an

i mportant finding and enabl es the dentist to be confident that bacteria has

been killed in passages |leading fromthe canal in the treated tooth. The

effect of demneralisation treatnment on the |light transm ssion and dye

absorption is shown graphically in Figure 5. The effect of the

dem neralisation additive appears to be self-limting in that the nmaxi num

demineral i sed area extends essentially only to the boundary of the dentine

affected by a carious lesion. 1 6 OCT 2003 WO 00! 74587 29 PCT/ GBOD/ 02133

Alternatively, the sterilised canal nmay be seal ed by neans of gutta percha

pl ugs supported on a plastic or nmetal rod-like carrier as described in EPA

0337024 or USA 5149268.



16 OCT 2003 30 CLAIMS 1. A Kkit of parts for use in sterilising and
sealing a dental root canal (2), said kit of parts conprising: 5 (hp GLT 2003
fl owabl e phot osensitiser which is absorbed by bacteria; (b) an optical
fibre (4, 20) having a portion (5, 21)3gt or close to the distal end which
is shaped to spread radi ati on around and along the canal, said fibre being
adapted for introduction into a root canal so that the tip is capabl e of
reaching the apical third of the root canal, said optical fibre being
connect abl gy®xg mal |y with 10 neans (41) for generating |aser |ight
capabl e of "berng absorbed by the photo sensitiser; and (c) obturating
nmeans for sealing the canal. 2. A kit according to claiml| wherein the

fl owabl e sensitiser conprises g diluyte 15 aqueous sol ution of toluidine
blue. 3. Alkit _&EBP&P%S{QHSF&EIW ped pealing agiental seotresnal@hssatdodbr i ses
a prefor ﬁ§¢gty percha or silver titaniumpoints. 20 4. A kit
accordingn?gp§h§&gﬁé of*clainms 1 to 3 wherein the flowable sensitiser is

cont aisned i(a) a adidwabliigshofdsensitiser whichhis amsfmde?bacﬂﬁh;i very tube (9, 10) for
i nt roduci ngﬂe_t he phot osensitiser into the canal. 5. A kit according to
i

claiml wh n apHPLSEk B8 (fndDnkayng & BRPiansSs 24) pt enalsise to thadistal sod e
seal i ng conpgy td 8-10Adfbdd PGSR eqaf ¢l ai 10 Sé/mherein
t he di stal port?gon fe tﬁe l:lfopt ?acgal {oﬂi%rg%ﬁ&g(%ﬁ%%lls th% f%ﬁs@céﬁ{e Bedfl mer
conposi t i ondapted dominigdactiinninto aroontanabfo ahat dhe pipris @Apalilg GE Réachinp fthei ent
to cause light. tr nsPitted bcy the fibre tg be scattered. 30 around the
canal . 160 f@b%}u@lo the root canal, said optical fibre being connectable proximally with

10 means (41) for generating laser light capable of being absorbed by the photosensitiser;

and

(c) obturating means for sealing the canal.

2. A kit according to claim 1 wherein the flowable sensitiser comprises a dilute
15 aqueous solution of toluidine blue. |
3. A kit according to claim 1 wherein the obturating means comprises a

preformed plug of gutta percha or silver titanium points.

20 4, A kit according to any one of claims 1 to 3 wherein the flowable sensitiser is
contained in a cartridge (7, 11) which includes a delivery tube (9, 10) for introducing
the photosensitiser into the canal. ' |

5. A kit according to claim 1 wherein the obturating means comprises a flowable,

25 curable sealing composition.

6. A kit according to any one of claims 1 to 5 wherein the distal portion of the
optical fibre comprises a transhicent polymer composition containing a minor amount

of a dispersed pigment sufficient to cause light transmitted by the fibre to be scattered
7_30 around the canal.




7. A kit according to any - one of clains 1 to 6 wherein the distal po%i&q
of the optical fibre is fornmed by polynerising a |light-curable 2003
pol yrmeri sabl e conposition on an end of the optical fibre. 5 8. Akit
according to any one of claims | to 7 erein the optical fibre (4, 20)

has a substantially isotropic tip (5, ). 9. Use in the manufacture of
materials for sterilising and sealing a dental root <canal (2) of a kit of
parts conprising: 10 (a) a flowabl e photosensitiser which is absorbed by

bacteria; 7(b) aa kitridcoading idaBy 0fe 02CMaindh1l a6 6 WheleaP@e drsl pbrfidmnsf geed to
pass into a root canal to the region of the a{)ex thereof, "said optical

fibre bei rgticanithee i dormedr oy pakyiepisingiiat ightearablef polymenseblatdongpokitieron i ght
at a wavel en?lah W?i Cqbclaf] capabl e of being absorbed by the photosensitiser
and said 8B Sf 1 Png a distal portion (5, 21) 15 which is shaped
to spread the laser light around and al ong the canal; and 20 (c)obturating
means for sealing the canal. 10.Use accordiing to claim9 in which the-
phot dsensif i serAilst ancoating tasnygypee of tldine 1aochmdirein the aptiainfite® (4,026)hi ch

t he phot osq%gsi tiser.is.toluidi n@ EI ue in aqueous solution. 12. Use

accor di ng ¥»24H BiSOLORIGHP @5 £4)-11 in which the obturating neans
conprises gutta percha supported on a rod-like support. 25 13. Use
according to any one of clainms 9 to 11 in which the obturating neans
conpri ses % | i dgdse guttebmenufestore obmatxgials fom sietilisiigeardcsealingi aglet@l apgt one of

clainms 9 to rein.the distal portion of the 30 optical fibre
conpri ses °§n‘i]~‘i§ﬁ§f%§’é&fpfﬁﬁ mm&‘?ﬁaposi tion containing a ninor amount 1 6 0
c r KkP03.33) of AfeNvakIe phedsdsaBWwhish i Aeb®ad b} Baiastse |1 ght transmtted by
the fibre to be scattered o
' - an optical fibre (4, 20) which is shaped and dimensioned to pass into a root
" canal to the region of the apex thereof, said optical fibre being connectable proximally
with means for generating laser light at a wavelength which is capable of being
absorbed by the photosensitiser and said optical fibre having a distal portion (5, 21)
15 which is shaped to spread the laser light around and along the canal; and

()  obturating means for sealing the canal. -
10.  Use according to claim 9 in which the photosensitiser is an aqueous dye.

20 11.  Use according to claim 10 in which the photosensitiser is toluidine blue i

aqueous solution.

12.  Use according to any one of claims 9 to 11 m which the obturating means
comprises gutta percha supported on a rod-like support.
25

13.  Use according to any one of claims 9 to 11 in which the obturating means

cOmprises a light curable resin composition.

14.  Use according to any one of claims 9 to 14 wherein the distal j:mrtion of the

30 optical fibre comprises a translucent polymer composition containing a minor amount




around the canal. 15. Use according to anyone of clains 9 to 14 wherein the
optical fibre has a 5 substantially isotropic tip. 16. Use in the 6 0CT 2003
manuf acturing of a kit of parts for usg in sterilising and sealing L

dental root canal (2), the kit of parts®conmprising: (a) a flowable

phot osensiti ser conprising a photosensitive dye; 10 (b) an optical fibre
(4, 20) which is connectable proximally to neans for generating |aser

i ght at a wavel engt h, capabl e of being absorbed by the photosensitiser and
whi ch has &af 8dlispersed pigmept pufBeiewip causeshisht trenssnitted by the e éo b seattesrd 1 om
an internally refl ing layer, the tip (5) being shaped and di nensi oned so
that it cgﬁxﬁg?W%gg%ialong the canal to activate the photo sensitiser; and
15 (c) obturating neans for sealing the canal conprising a prefornmed plug
of gutta percha or silver or titaniumpoints or a flowable, photo-curable
seal i ng codposi tisgraccording to anyone of claims 9 to 14 wherein the optical fibre has a

5 substantially isotropic tip.

16.  Use in the manufacturing of a kit of parts for' use in sterilising and sealing a
dental root canal (2), the kit of parts comprising:
(a) a flowable photosensitiser comprising a photosensitive dye;

10 (b) an optical fibre (4, 20) 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, 21)> which is free
from an internally reflecting layer, the tip (5) being shaped and dimensioned so that it
can be moved along the canal to activate the photosensitiser; and |

15 (c) obturating means for sealing the canal comprising a preformed plug of gutta

percha or silver or titanium points or a flowable, photo-curable sealing composition.



