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TETRADECYCLANING DENTIFRICE

- The possibility of using salts oy other substances
bo protech tuoth enamel agalingt deealelification has long beon
recognised, Uany compounds have been gtudled For their power
of peducing snamel solubiiiby, snd this trend in denbal
raogearch is well exemplifled by the work of Mohler & assoclabes
éigéf_&i% and Manly & Bibby (1949 )8 99

This method of protectlon appears to operale by
reaation of the n pi}&ieﬁ maberisl with bthe ealcium vhosphabe
of the booth surfacy, elther by sdsorpilon or by lon exchangs,
to convert 1t ludo a new substance of lowsr solubility., The
dava of the latter subhors sugmest bhat the most effective
veagents may be fluorides or salts of some of the rars

glonanb ...

A less madiosl way of probe &tm the boolhr surface
s suggested by several weporits of yeduchlion of caries wesultlng
from dists with a high fat conbent. Rosebuwy & Kevshan (1939)"°0
found that the additlon of warious fabts and olls te the dleb

of the eobbon rat gave decreasing leyels of Flssuve tarien.

Schweigert ot al (1926),*%% also working with the
cobton rat, found that the dlets to which lard was added atk
the expense of suerose gave much greaker protection then
eould be accounted For mervely by the sucrose reduction,
Similar views have been expressed by Box (1942}),102 and by
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MeColluwn ob al (1939 }195,5 who eonsldered that £abk might
vatorproof the btooth surfnce so that acld was prevented
from coming in conbtaet with the anamel, Box also showad
that Lol vhole beeth and powdersd ensmel conld be marke dly
provected by olele aeld against decaleification In vitro

T VITRO STUDIES

o L e N TN MO AP Tl e s

In the sbtudy by Ualeh & Green {1950 j}_:}ﬁ%@. applleatlion
of the natural and mineral olls were sbudled, measurshle

l . Protecblon was obzerved for only two compomnds, namely oleic

l acld and solublon of lons chain aliphabic amines fn parafiin

olt. Over a 2-hr, poriod, & gingle application cobylamine in

pavalffln to the web tooth afforded Y0 to 807 pro tection againsk

aaliva at pi 4,0 Vhen the ashbion of zuid was @m}%ﬂgaﬂ ko

24 hours, the protection was s#ill of the order of 504,

It geems probable thabt the NH, groups of bhe amine
are adaorbed alk the enamel surface and the hydrosarhon
radicals of the cotylamine then ash as & bridge bebween the
enamel and bhe paraffin oll, which is enabled to Fform s more
or less stable film, This affinity between enamel and aming
la sufficlent to powmit the displacement of salive from the
veoth surfacs, & process which Is fasllitated by brushing, mad
enes established the more vigcous oills are legs eas ily renoveds
Sines 1T Is generally apreed that decaleification of tooth
surfaces Dy acid Is the initlal lesion in demtal caries, the
application of olly sdsorbed f£ilms suggesfs itself ag a possible
PYrOophylactic messure,.
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Thege wesulbs prompbed a mors detafled study of
other aliphatic amines in solubtlon (Gresn & Walsh, 1951} S4B
Ihe most effective of these compounds was found to ba Lobraw
docyclamine. Under the condifions of thoelr e xperlmen b they
found that 17 solubion of this amine In wedicinel paraffin
produced a degree of protection of 867, The nrotechive
effact wag enhanced by thoreugh cleansing of the btooth
surface before webting with saliva. From these experimenta,
it appeared thalt a solutlon of teiradeeyclamine In wedieinsl
paraffin oll was the most sultable agent for a cliniesl
investigation,

Toxlelty test was then tarvied oub by Haleclm,
Keaker & Bell }&6 gy Tound that the delly administration
of 4 drops of febtradecyelamine in pareffin to white rata
prodused no toxic sympboms. This dosuge was greatly in
exoosy of thabt which contd be swallowed By a hraman b@iﬁg
'zx&ing this compound in & dentifricse.

CLINIOAL TRIALS

Frelluinary clinieal work way underbaken by King
{1osL 31‘3? who £ound that wken 19 Leotrade gyclamlng was used
ag a dentlfrice, the formablion of bacterisl plagues on iteeth
was signlficantly pelnced 2nd that there were ne undesirable
gide effects.

Nevin, Walsh & King {1953} 108 then began a clinieal




17

brilal of a tetradecyclamine dentifrice used by a group of
gchool boys aged 13=-1dy years. This preliminary brial was

of ldemonth duration. The preparabion was used ynder the

Jawe uncontrolied conditions as applied to the vrdinary use

of eommericial profuctds 131 boys were divided Into 3 groups.
The experimental group used 1% free ﬁ&@ﬁa&ﬂ cyclamine denbtifrices
the combtrol nsed a paste which dlffered in that it conkained

no delbradecyclemine, and the gub-control group used the
ardinery commercisl denbifpices.

The resulk “mé that 399 i1ess new caries developed

in bthe experimental group them in the conbro)l group, and 34%

" Logs than in the :sub&asmwﬂ; group,. The wesull was surprisingly
gmé, bevause g mumber of factors was dis a@-‘aﬁsﬁ which rediused
the effectivenass of the experimental paste, The baste was
unpleasant, some of the paraffin oll geparated oub on stending
and gome of fhe anmine became sbgorbsed on ho the cslcium
carbonabe which wag used as a fllber. Finally, ons of the
flavouring sgeubs, oil of clnnamon, reduged the eoffectiveress
of the aning by oxidedion,., Tosis savried oub on the o1l from

the experimental paste at fhe conel zmiaa of the trial shovwed

bhat 1ts probective offeet had been reduced Lrom 959 Lo 15457

* In an atbempt to overcome some of These difficultfes,
Iruin & Walsh (3953 }3,%39 prepared a gel containing the awmine

in betonite (a cciloidel clay) ond ethancl. This gel gave
approximately 807 protectlon bo the enamel of exbracked heeth

when thoy wore sxposed for 24 hours o salliva buffered ab
’_@E 3 ggg L
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Unfortwnabely, this gel was unpleasant to use in the
mouths Consequently, Irvin, Leaver & Walsh (1985 jim prepared
an emulslon In which the tasbte was improved with oil of poppetw
mint and suearyl. This emulslon was subjected to & one-year
proliminary clinical brial by Iudwig & Taylor (1957) S There

wiy & 447 veduction in dental caries in the sxparimental grouD,.

The rogullis x::i" the lnvestigation indlgated that the
age of a dentifrice consisbing te tradecyclamine gives considersw
able protectlon agalnst caries, I% ig of particular in berest
thet This protecilon was given despite no supervision on use,
Exporiment covered ome year snd gubjecha participabing were
only of a Iimited number

However; the parilcipants in Ihls shtudy had two
main objections te ithe experimenbsl denbifrice. Soms of them
fomd the taste unpleasant, others objevted to the absence of
an abrasive and the resulbent discolouration of the beeth.

o additlon, It iz found that ietradecyclamine was umsbable
in Thls propavations In the course of Hime the fres amine
Liberabed ammonia and some of iis protechive sehlon was los e

Further work was dons in an abbempt bo overcome
these ob Jections befovs subjecting the dentifvrice to a largs
atalte clinleal $rial,

on 3186 children for two years, The result was negative in

reducing denbal caries, IE sgems Likely that the fallurs of
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the best denbifrice was due to falrly wrapid loss of its
protective capacity. ILaborabory bests of ihe betradeesyclamine
dentifrice gshowed lbs protacbive rating In vitroe fell o shoub
10+207 which is not high emoush to gxert a favourable effech
joJis) reduclng the carias vate in the mouth m&%&* the normal
sonGiitlon,

CONCLUSTON

From the above evidence, it is obvious that bekras
decyclamine i pather unstable, Furbther work is necessary
o Improve ite ayai la'izlli’i;@yf before the final dssegsmend of
its walve in the prevention of denbsl cevles Is Peasible,

o




80«

FLUORIDE DENTIIFRICES

The addition of flucoride compounds bo deniifrices
ts nob a vecent fnmovation » tor fimorides were being added
to & varlebty of tpothpastes and mouthwashes ab the close of
the nineteenth cenbury according Lo ‘%’mmam:l 15 Any uﬁ@fﬂl
effect that these prepavations might have had was not detected,
because the Les ting of dentifrices in controlled clinfoal
trials had not been developed, In consequetice, fluoride
denbifricss were neglectod unbil Bibby {1942} Bested one
contalning sodium fIivnorides Since thabt time, there hasx besn
renewed Inkerest in fivorids dendiirices, parbicularly in

those conbalning stennous Flucsride.

The walug of the fluorlds lox in the prevention of
caries lg well recognlsed, bub the mechanisms of its mobion

ara not felly vnderaioods

A pumber of fInoridy compounds has bean Incorporated
inte dentifrlees: sodivm flueride, sodium monofluprophosphate,

varlous organic fluorides, md stammous £flucrides
SODTUN FLUORIDE

Epldemiologiecal findlngs In areas wheres Ffluoride
vocurs naturally in the welsy, Indicate that nobt only is
fluoride necessary durlng the pre-sruptive phase of tooth
Tormatlion, bub slso cluring the pogi-oruptlve phase, 1T bhe
maximin inhibition of dental carles is to be obbtained. This
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faet g Illustrated by the £indlngs of Desn and so-workers

in Bauzlte, United Stabes. Ohlldren who were expoged Lo
preworupiive afleobs of Fluoride had less caries, sven thoush
they had no posbeevuptive fluoride, but the degree of
luhiblition was nob as gweat ag comparable children, who were

sonbinyously exposed bo Fluoride.,

In commmibies where the drinking waler conbtalns
the optimel soncentration of flnovide, the pogbesruptive and
pre-grupiive aifeshs of fluworide ar o acguived by continued
corsumpblion of the drinkine wa ;bf&m Howewer, in Thoge
commuarl ties vhere Tiuoridation is not pogsible, elbernative
mathods of bringing fluoride Into conbach with the tooth
have been devised In order to utilizd the coriem-preveniive
@ffect of fluorides - The uswal webthod fg YHoplical appiication™
of a relatively coneenbtrabed [luoride solubion subo the boobth
surface. Up bo now neapky 100 atudy groups embracin g many
thongands of subjecds hawe bDeen Qescrlbedy @nd In the grest
maJorily of vhese siudies, a posibive reduction im carles
hes been demomstvabed. Various diebary supplements of
fluoride suck as godiwn fluoride beblebs, flueride added to
mille and bHo bable salt have been hrited. Dendifrices with
Incorporation of sodimm fluoride were also naed ag & meang
of supplylng flucride Yo the tooth surface, Purthemiore,
the cholee of dentifrics as a wvehicle for anticaries agent
is gpitable from the view point of its availablliby bto all

glasses of peoplee
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In 1942, a clinlesl best, wnder ths direstion of
Bibby was conducited among orphanage childven, 4~18 years of
age aad among dental studends, Inm a1l of these gtudies the
- group was divided wpprozimebely In halves, helf using the
fluvride dentifrice and half wsing s control dentifrico.
During the first yeaw, 69 childron using a dentifrice (Toel)
mﬁ btadning 0,01 WaF showed a £3% increase In cariss. During
the sstond yeer, the concentration of NaF was walsed to 0,18
and the group showsd & 179 veduciion in caris sﬁﬁ 14, 115

Thé 48 dental gbudenbs using & 0.01% ¥a¥P toothpasie
during the fivst year ghowed su 87 inewease in dental cories.
Uhen they used a 0,17 concentration during the sucond yeay,
they showed a 20% increase in camlen,  Anocther group oF
dental studenbs. using WaF in Tesl showsd a 12% incrsass In
caries the flrst year and 147 Increase in carfes In the second

-

L1y ?;’f‘;%ﬁﬁ o seoond begt wew sbarbed under the direchw
ton of Bibby & Wellock among school childwen, @ to 14 years
of ages A% the end of ove yeoaw, 122 who used & 0,17 NaF
boothpagbe showed & B3% reductlon in denital saries and abk the
end of the sevond year showed a 67 reduction, Ione of thess |
resulis, ranglng from a 257 reduction to 237 inersase in carles,
were statisbical 1y signifleant. Then g prapossd large scale
of testing was wnderbaken In 1948, wnder the directlon of
Welloclk with sboul 2,000 school children, 7«15 years of age.
At the end of one wysar, 946 children who used 2 0.1% NaF
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boothpaste showed a 9% inocrease cearles as compared to the
caries of 969 childyen who used B conbrol pasie.

Smith & Shaney {1946 }ﬂﬁ uging & powdered denbifrice
conbaining Callsz, and 0.1% HaF, twice daily, reporbed redueilon

of DLactobacillus counbg .

T 1949 » MeClendon & Fogk ﬁrllif naP :ﬁiaé{ ouk 2 elintcal
trlel with powdered wock phospbate (containfing 5.77% 4von and
75 sillea) end syntheble apabibe, botal Fluorine conbent was
0.25%y as @ denblfrice, The study wes on 150 young adulbs,
ranging I8-22 years old, with no supervision, for GRE FORTs
& veduetlon of 60F was nobeds Bibby & Brudevold (1o54)iid
stated that "u view of negligible ifonfzabion oF the compounds
uned, the resulbs are somewhst surprising sad polnt onb the
nead of more speclfic informstion on the nabturve of the. fluoride

repctiong with the tooth surface,’

The moat meeent gtudy of the sffechivensss of =
sodlum fiuvoride denkifrice way reporbed 332?*“1 Hyhiler & sssoclabes
(1955 ) @1 18 when they compurved Fhe snbiw-cariogenic affpel of
dentlfrices contalning both stapnous and sodiuwm flvoride. The
aoncluslions which they reached afier congueting the test Pop

B pemiod of ong year was Thab the sodiuwm fluoride dentifrice
{(containing 0.229 WaF} had no significant affect whei uged by

school children followlng thelr ususl booth brushing hablbs,

The cause of the ineffaciiveness of the denki frice

iy prosumed that the fluoride was incompabible with tho abrasiy Sy




and the formatlion of sparingly suluble caleium fluoride,
Ertecason (I9&L }3;19 shows that gonp, glycerol and sorbibol
all reduecs The uptelte &f Lluowide frﬁﬁ menofluorephosphats
and sodium flueride, This may parily explain the falluve

H

of sodlun fluoride in preventing formation of denbal carisi.




STANNOUS FLUORIDE DENTIFRICES

The godiuvm compound Is ususlly coneidered firvsh
wherh a soluble salt is ¥equired, but Muhler and his agsoclates
st Inflana Unlversity sereensd obher zoiuble Cluoridss for
passible cariss-inhiblitory actlon.,. Tests were mads wpon
enamel In the laborabory to measure the prebectlion afforded
by different compounds agailnsgt acid devaleificablion., The
uplake of Pluorides was messured, The mm;mtmﬂﬁ which showad
some promise of the sffectbivensss wore isaled on experimentul

animals before belng pub bto clinleal trialis,.

Talley & Ven Huygen (1047 Imﬁ ghovwed that shannouvs
fluoride was more affachive than soditm f£Iuoride In pr g}mﬁtﬁg
euanel againet zeld decalglification; and recenily this hasg
heen supported by Segrebo, Rt and Frencis,* ° vubt enamel Goes
not agcepk more fiuoride from solutiong of the stapnous salt |
than from the sodiuwm salb, Hatbon, Nebergsll, and luhlew
(1955)%%3 neported that move Fluoride was Losk from solublons
of shenpous fluoride than from solubtions of sodiuwm Liworide
when both were sxposed L0 povdered gnemel. However, Suith et
sl (19571184 showed that this was nob due Lo preferential
upbalte, bub due o the preclpitation of flueoride following a
change in pH, The giannous flucride which reactsy with snamel
probobly formg a mizxbture of a §Fin phogphate, bin oxide, and
calelum fluoride at the surface and fluorapatite within the

superiicial loyets of Hie onamol.
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The resuldy of tests upon expafinental antmals have
been variable, IMuhler and associabeg {1053}12? ghowad stammous
Llupride Yo bs more effechlve than mod iwn fluoride In rodu cling
the lncidence of dentsl cartes in rats and homsbers, bub
Pindbors {1%%)123 failed to eonfirm this,

In & resont review by Muhler et al, {' Iﬁiﬁlﬂi &0 It was
shown that 8% starmnous fiunoride golullon in Lam.ea}, application
19 more offective than 2% sodium Tluoride, and Indepsndent wod
from Helaren & Broumies Gonfivmed this work, Howeve r, Netltt

el sl. (L858 )}_gg ware mﬁt}lﬁ to show a8 Eigmi‘ icant Gifference

:m the cariss-preventive 0ffect of the two Fivorids Compounds .,

Thue much of the svidence obiaimed 1n chemt el
animal, anﬁ bumen experimgnts indicsbes fhat s tannous Dluoride
confers upon enamel o degree of probection vhieh Ys auperior
to that of sod T flne‘.}z:*iﬁ&* Hovewer, 1t should be nobed Hhak
most of the dabs uporn which this %z based have been supriied
by Lwhler & associstes and ag yot thils evidence has reoeived
goanly independenit morrohoratlon,

AR & Posult of Uuhlerts work on stamnous fluopride
é‘anﬁf@iﬂa& s thiz has led b0 the marls ting of Crest {The
Frocter & Gamble Company, Clnelnuatl, U.S.A.) which was fivst
on sale In the United Shates in 1056,



T e, W

CLINICAT, TRIALS OF STANNOUS FLUORIDE DINTIFRICE

At present there 1s noe mebhod available Tor
estimating the effectiyeness of any dentifrics In the preveniw
lon of denial cariss, therefore, the ultimate proof musb
depend upon the resulbs achleved in olinical trials, The
rosulbs of 21 Trisls of denbtifrices conbaininc shapuous
fluoride are now availables 17 of these trials heve besn
carried out with Crest or a dentlfrice of slightly different
gomposlition used during the dovelopment of the pregent formila
(Table §). Thitler et ale fnitiabted these trlels and thely
Tindings appoar In = sgrisa of peporbs published s¥iunce 1854,
A Trial of Crest by independent workers has besn reporbksd by
4 groups of workers., The restlis of 81l the oliniesl {mpisis
ol Grest and of a dentlifrlee diffeoving Trom Orest In pH and

ey y OB L
binder {(HiLl, 1950) are summarlized in Table U

N | 130
The fivst study was econduched by Mukler {1055}

on. ehildren without supervision for L year with pre-Crest
dentifrice, The composilion of the dentifrice is shown in
Table 8. After B wonths, the Lobtsl DIFS weduction was 72%,
a flgure which was never sxeeeded by the subseguent studies
using the Crest formulation, AL the end of thab year, ithe
caries reduction was 499, Then the conbrol and experimental
groups were compared for the £ to 12 month inbterval, the

reductlion in average new DUIFS was ssblmated o be only 9.3%e

The marked difference in the rosults of dhe two

lntervals poses a problem of Intevpretablon. The large
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Initlal ‘éaﬂua tlon In DIFS nobted during the & monthy cowld so
infinence the mumber of IUFS nobed ab the end of I year that
& sovere logs ol affectliveness In the sscond € months would
ba magkaed, lalnbtemance of effectivensss of the shamoua
Pluoride denbifrice hag not heen demonabratod inm this shndys

In the second of thess drials {Muhler et al, 1985 ?3'51
comparigons were mads ®lso with = dentlfrice contalning sodium
Cluorids, Unlike the atannoug fiuoride dentifrige the use of
one conbaining modium [luorids produced no significant reduction
in new DIES vhen compared wiith the control.

In the Tirst thres Irials tesbed a dendlifrice of
similay fomula Lo that given above, bub with minor changes
i1 The congentration of some ingredlents snd withoub & bEnnous
pyeophosphiates In esth soge the effeeh of the dast dentifrice
Tas oonpared with the offsct of & contvel dendifrice of ginilar
conposliion, but wilthout svamnous Cluoride snd The pH i close
to meubrality. ;

In the ssventh of These trizls (Peffiey & luhlew,
4866 )55 s ¥he meintenance of elfpoblvensss of stannone fInoride
dentifrice was indicnted. 587 veductlon in DUFS was noted
alber 10 monthe, and 467 at the end of the expsrimental perlods
The wesult Indleated the benelih, wihilch may be Gorived from Crest
under careiully supervised conditlons.

The topleal epplication of & fresh, BY agueous solubion
of sbammous fluoride bo vhildren & %o 17 years of age asppears

5o evhance the benofits derlved £rom an oral bhyglsne programme
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which Incliudes fthe wngupsPvized use of Crest deniifrice
(Ihuhler, 1980}, 154 The reduction in caries incldence under
these conditions wias 63,@ at the end of & years. In a atudy
conducted simulbgnednsly on a aimilay group vhich recslved

no topical appl lcations of sbannous flucride s clusiong, thers
was a 217 roduction in the incidence of caviss, Tuo
unpublished reporis show the similar trend. (Scola, and luhlew

& Bixley) ;142

Jhe study by Byes ef 3 %1;15? on & sbanmnous fluoride
denbtifrice (Orest), a sodium Plucride gentlirice eonbaining
the ﬁnégma :im:‘i,bé‘ii tor sodiom lsuryl sarcosinate, and a nonw
medlcated nonb rol dentifcice y Wors coupared, Those workers
wary wnabls Lo demons ‘imﬂ te any gignificent Aifferences in the
ﬁﬁiﬁ‘lﬁﬂﬂl’*‘ﬁ@ﬂﬂiﬂg wffents of test and conbrol denbiiricss, bub
rack of a messurable effech in this brial, which was sarecled
out on young adulby, may have Deon relabed bo a lowsy caries
rave in Those older mubjects. Howaver, Muhler & Eﬁfﬁkﬂ &95*’2’%32
using subjects of similar mesn age, wers able bo domonsirate a

vadueklon In carles increment,

The polishing agent In the original formnls for Oresk
wag calelum orthophesvhube (Table 8. TIaber saleiim PTG
phicsphate was used as the abrosive, snd stanmous pyrophospvhete

e added to provide addi’ iﬂm‘i s temmons Tong Lo incroagss the

gtabllity of the denbtifrices
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iba experimental condibions varied tridely smong the
clinical teismls with @ bannous fluoride dentifyicos, TFTor
instance, the studies were elther wasuperviged or supsrviged

to varying degrees, thres differents experimental denbifrice

tormulae were used, the conbrol dentifrices were not sbandardized
from study to sbtudy, and prophylazis wes used in some shudt 28

and 1ot in the 9%11@?5; In ev&ln&utiiﬁg the data of these cliniesal
trials four mspecty muat Be congide racs L9

Le Dosg the starmous Fluoride dendifrics produce sn
Initlal mnd fmme diabe redunction in capinag®
Ze Iz the offect maintained or altered in ¥he continued uge?

S Vhat ave the age growp o age groups affected?

Ze Do the resulis woported depsnd on the toothbrushing

Levhnigue and fregquency?

- Wlth such a wide wvariabtion in the sxzperinental
condl tlons, however, brends can only be deduced from the olinical

L
e

studies { published rveporbs only)e

Seven of the sbudles showed positive, but widely
varying degrees of inftiasl affechk, There was no Iniktal |
effect with Hill's stamnous fluoride Gontifrice Tormulatlon,
thege resulbs indlcabe a treond Hovards some degrees of Inlitial
gffatbliveness .,

Of the severn glinlcal trisls vhere s oma dogres OF

inltidl effectivensss wag demonsbrat ed, only bthree showed




i

e

Gﬂnviﬁcing gvidonce of continued effecbivenesse Fallure of
stammous fluoride dentlifrice o malntain the initisl lovel of
regpondgs gven over ag short & perlod ag one or two years polints
the need for further invesbigabtion of this possible deficlsncy
1n thelr actlion, Among explenstions for the logs of effsctives
ness may be lunciuded the gﬁa sibility of development of acquired
bacterial vresistance t¢ the action of stannons {luvoride or the
rolabive Instability of the action chemleal components in the

dentiinricoy

It ia not g:}&ﬁ ithle at present Lo evaluvdate the sffeck
of shennous fluoride on sdulbts since only o of the bten Trlsls
invoIved adults « The siudy by Iubhler ot al. (1957 JLOZ showad
& subptantial roduetlon of earies in adulls using the pre-~lrsst
Tommala, but 1o the sbudy by Zyes weported that there was no
reduction of carles in adulis who used the UOresh denbifrice.
The age vangs wged In hoth of these studies was %oo restrioted
{sollege freshmen} %o allow conciusions to be drawn for the

aduil population in general,

The pegults of these studles mey be swimerized
arranging the peveenbage redusblion in corvles and the degree

o1 brughing supervision ag follows o
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Condi tions of Use Reduchion of DUFS in 7
T * after 1 ysar
Unsupervised brushing B3
Once a day brushing (supsrvised) 34,
Thyee times a day ’bmm‘*ﬁing {zupervised) 58
Unsupervised brushing in addition to an
8% Sulf, topiesl every 6 months 58 {after
“ ~ 10 knone )

47

The sbaltement of the CTommcil on Dental Therapeniics
of the American Denial Associablon made on June 15, 1958,*1%3
after analysis of the data of these clinieal trisis, Indleabe
that & stannous fluovride containing dentifrice {Crest) s an
elfective anti~carlies agent, and that the effeciivenses,
although 1% 1s demonstreble under mormal condilbions of e,

is greater when uped more frequently, thebt is, three times a

day in a supervised brushing programme, Orest was classifisd

as Group B in Accephed Dental Remedies, which stabes TGroup B
consfets of products which lack sufficient evidence bo Jus ity
presént scoepiance o but for which there lg reasongble evidence of
ugefulness and of safety, These products mest the other
gualifications and stondards established by e Council on
Pental Therapeubtics. It is the Tomneilfs opiniom that Uroup B

products may be promcted for speeial use and study,?

144 |
In Augush, 1964,  the Council on Dental Thevapeubics

hag reclagsliisd Cresk from Group B Lo Group A with the fotlowing

shatement 2
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"Orest hay been shown 5o be an effsctive decay preventive
dentifrice That can be of simmilicant valus vhen used
in & conselentlously applisd progromms of oral hmégi eng gxd

regular professional cupe,!

Aceording to the Council, "Group A consists of acocepted
prodgucts which will be 1isted in ACCEPTED DEIFTATL BIMIEDIES and

mey uge the Seanl of Accepbance, unless othervise provided."

In fugost, 1960 }}*’@‘3 vhen the Council firgl classl fled
tha profuct in Group B, seven clinical studiss had been
submitted by the Menufasturer for evalustion by the Commcll,
since that tine 8 addiiional clinical gtudies have besn conducbed .

Six of these have nok wel besn published,

4 clinical invegtigabtlion of 18 monthe? duratlion vas
congucted by Zache ?l‘l%‘ in Canedn, ou children vho brushed thelr
teoth at home as wugual, and in this study, the reduchion
observed wag approximat aly 40%., |

A Bwyear gstuly by Velpens }:aiﬁl@: involving the

nomnal home uge of the produet plus supervised Drughing once

a dey résulbed in veduciion of saries by 189,

Gish & Muhler (1962)%0 sonducted ome olfmiecal
study with children, who had lived all their llves in a

communify In vhich the water supply contained fluoride ak a
level of approzimebely 0,9 ppme In this inshance, the
Investlgation found that after 2 years, the tesl subjects

svoraged 32% fewer nev cariss lesions than the sontrols,.
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fnother R2«=yoor study by nbler & Rixler wiith
supervigion of brushing Three blmes a dey showed 32% and 54%

reduction in IIFS, <

I a mamber of clinloeal mitudies a group wing ﬁﬁ@#ﬁ
was compaved with & control group. Obther EroUps vere sliso
included to determine vhether 4t was pogsible to obbain addibione
akl beveflt by the boplical applicabion of concenbrated shannous
fluoride solubtlons and/or by the use of a propayiactic pasie
containing whanmous fluorides Although the daba from each of
these studies do mob alwaye Indd ﬂaﬁe an added offect, they 4o
suggest that the addlblonal procedures generally compleme nt

escn ohthey, (Tabhle 101,

I August 1964, the Councll on Dental Therapoubics
snnounces : "Oue toolhpaste {product of Colgate~Palmolive
Company) as an agent for home use in the partisl preveniion
of demial caries, bag been elassiflied as the preduck in Growp
B%« I further states thab: "Cue has been shown ©oc he an
affectlive decay-proventlive (anii-carien) dentifries that can bo
of gignificant value when wsed ln 2 consclientlously sprlied |

" e et 145
programme of oral hygiene aund regular professionsd cars.t

Ihe active Ingredient in thes produch iz stonnouns

Lluorids, Tho Cues fornuln conbeding =
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shannous flucride Oudsh
Ingoluble Ta m&isa}}hés rhote 40,65
Anhydrous dicalclvm phosphats - 8%
Glycerin 2955
Watep 2, B35%
Mls aeiiaﬁﬁéma ¢ inciunding binder, "

foaming agents, and flevomy 4 ¢ B5%

. The manufacturer hay submlibed date frog laboravory
and enimal studles and Three clinical studies, sach of which
wag of Ew-yegprs’ dura tiﬁng Thege gindlen wers conducted m@f
varying condisions; one lavolved the use of children ranging
in age from 7 bo 16, In this study, the brushing was SFUpeT
vised 3 blmes a day, and the subjecty reteived = denkal
propuylaxis every 8 monbths, The date Indicate a DIFS meducbion

in cavies Incidence of appr oximaboly 74, {Thomas,. )

A sacond s tuﬂ;*;r oy m}ﬁgaia at ale éﬁﬂﬁu@mc‘i in &
commaity In whileh wabter wan fluoridsbed ab a level of 1 ?@m}
Involved the use of chlldrsn ranging in age from B 5o 15 whose
vrushing wvas gupervised Byice %.i day« JIn this study, the

reGuction In corles Ineldence was approxinasbely 167,

The subjests in the thlrd study (Henriques et 8le)
vere bgltween b and I2 years ol ags, and they recslved no
brushing supepylsion or prophylazis. Im this insbtance, caries

reduetlon wag aboub 7%,




od,.

Although the results of each of these studies vera
not stablebleally siguificant at the same level of conlidente,
each dld show & positive reduchion in carios incgidence for
the tegt group when compared with the gonhrol s | In each of
_i;ha-fé@ studles the produat W&é also compared with another
sgvenmouy fluoride denbirfrice which has been ghouvn e be
grfeeclive in cliniesl gbudies. To each ins Eaﬁfia . the pfaﬂuﬂﬁé

were Found te produce similar degres of sarles radue tlong.

AUSTRALTAN FLUCRIDE DENTIFRICES

Although there iz a nmmber of fluoride dentifvices
a%aiia’biﬁ in Mustralls conbtainlug both stannous and sodium
fluorids, there are, as yeb, no olinlesl trials eollher conducted
or published vhich would snabls tholr affectivenses to be

f}bm‘iﬁl"w {Commonwealth Buresu of Eﬁlﬁ:&l &tandﬁfaa}
m tcarried oub laborabory teating of fluoride toothpas ‘b@s;
She estimated the percentage reductlon In zmolubility of enamel
from deciduous beeth affer breatment with Ehe fluoride Fookhe
pagtes. The wesults are so variable, thet 1t la Lmposaibie
To guote quantitabive values for the de gree of protechion,
However, they do give a gonersl pichture of the efficisncy of
“he denbifrices. With one exception, mone of the sodlwm
fiuoride dentifrices showed any improvement ¢ but thome
conteinlng stammous fluoride, nsmely Colgaibe, Floran and

Gibbs shannous fitwrifia Gentifrlicos and the U.S. proeguct
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Crest (nob available in Australial exiibited s definiie
protection agalast aocld abbaclk. Thoe godium flvoride dentifrice
showing similar protection was Iyal Fluoride., Similar wovl
has boen roporbed by GLLLIngs & Broadhvrst (198%) on the enamel
9olubllity reduction by 10-307 with loeal sofitm and sihannous

Tluoride denbilrloog,

A% mentionsd previousty, at present there is no
method of asséssing the effectivensss of a dentifeice b
laboratory mesns, and ciinicsl trinlis of two or thres Vo
of besting arve ro guived to confirm their therapeubic value.
Hovever, these dentifricen, vwhich bave been mentlone d, can by

used with perhaps a ¥pasonable pognibiliby of nome probestion,




LOITOPLUOROPHOSFAATE

Honpflvorophosphate fs a complex fluoride, whidh
dees not yleld fivorlde lons In sousous solubion, Ik ig
suluble To bthe extent of about 5 gu 4m 100 gm of water at
room temperature vielding a golution with pH ¥ L0 5. The
salts gleld the POzF & Jlon which %Is stable at ordingey
tomperature in neutral or slightly slkaline solubion, Tu
acid solubtion the vomplex slowly hydrolyzes to orbhoaphos phiata

and flinoride,

| R T 4 o
Shouris ob a1,{18580) showred that vhen nonofinorow

phosphate was aduinlsbered at a level of 400 pom of Plucride

in the drinking wabter of Syrian hemsbers, monofliucrophosphatbe
and godinm fluoride caused comparable and nearly mazimal
reductions In the dssiructlion of tooth swrfeces of dental JeGay,
Honofluorephosyhate was Found Lo be ¥ to 8 Himes less toxic

in 200 ta 500 pm to rabts than was gsodium Fluooride., When it

was calsulated on the basis of fluoride conbtent the complex

Tluopide Ig 2.5 to 3 thmps loss boxic Bhan the fres fomlic form.

Haydon gnd agsoeciabey {1951 )1% Poind that fluorides
a8 HagPOz¥ was approzimestely twice sa sffecbtive as Fludride
in sodivm fluoride In inhibibtins zmeld produciion in salivow
giwcose nizbuwre. It was also shown that vhile funereaging the
aucints of ealcelum ions propressively dooronsed the ofPeciiveness
of sodlum Lluoride apainst salivary aeid produchtion. Uo such

docregse observed for WagPOzF, Samples of hydroxyl spabtite
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were treated with HagPO.F and sodiuwm fluoride al levels of

20, 40, 80, 160 and 350 pom flvoride. The apabibte treated wlith
Eﬁzi":}S‘F at the Lover levels of fluoride showed g greater
solubllity then that treated with sodium fluoride, AL the

higher levels of Pluoplde the situsbion was reverseds

Fluoride analyses of sodiuwn fluworids breated apatite
showed an increase b0 g saburstion betwesn the 80 wnd 160 ppm
tevels, while thefimorids contont of I\Iaél’ﬁg? treated apatlie
increases at each successive level,. The fluorids conbent of
Bagt0.F treated apatile was always below.) beling aboub half ab

the 80 ppm levels -

of 5% molubion of mon of luorophosphate every. 4 months for one

conductad topisal spplicaiion

yaar, on 180 hoyg and glrlis vhose average sgd was 12,1 years,

4t the end of one year, 807 fawer new Jdecayed and Filled

surfaces among the trented teoth conbtlnmcnsly prosers and 304
fever now detayed and riiled survfaces among Leoth erupbed

daring the yeaer in which thers were ong or two brealments.

Santesson (1957)0Y showed that fluoride was baken
up by enamel from solutlions of sodiuvm monoflucrophosvhabee
Ericason (LO6L}LY in hin redicuctive Tluoride stuly, LL appesars
that the wpbake of fluoride by powdered enamel and intackh
enawel surfaces la considerably lower Lfrom solutiong of sodivm

morrolluozophosphate than frow couparalbile solublicns of sodium
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fivorlde, especially at pH values bolow 6, & nobable expeption
is the upbtake from the liquid phase of the denhifrices by
nomologous tooth surfaces, vhich was ebout the same from both
Sompoumnds ..

The quentitles of calcium snd phosvhabe that were
Iibersted from the enemel on ireatment with sodium monofTuorCe
phogphate were less Than with sodivm flmorids,. This may be due
elther %o a lower veaction wale wifh ithe monofluorophosphabe
Lon opr & spoclal mofe of reaction of this Ion with the snamel
phogphates ITH may t“%m mentioned in this connection thaid
Erealtment of powdersed enamel or énamal gurfaces with sodium
monefiucrophosphate results In an upbake of phosphate
simultaneously with flouride, although to a less extent, this
wags found In experiments with ;_}53 g it labellad sodium mono=
fluorephosphate, This, however, still does nobt ansver the

question of the mode of ackion of the mouofluorophosphaie fone
CLINICAL TRIAL

Fimom and Jamison {1963 )2‘5:E bested the effectiveness
off monofIuorophosphate denbifrices on 800 childven brushi ng
the teeth 3 tlmes a day under supervision, Tharee bypes of
dentlirics were used with the following ingredienbs 3

Le A 0478% godium monofIvorophosphate Soothwpashe
fommilated Iin o compabible hase of insoludbls ﬁa&iwﬂ
mataphogphate ag the polighing apent, and a mixture

of sedlum lauryl sulphste and sodium N=lauroyl
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garcoginats 0 the desired taste mud foom

characheristics (pH aboub 5.5)

Su A 047 shannous £Lluorlde boothpaste formuladed in a
compatlible bade with ealeimn pyrophosphate az the
polishing asgent {pH 4.5 to 4.8)

B A 2407 sodlum D-lsuroyl savcoginabe toobhpaste
compounded in o compatible bass conbaining dlcsicium
phosphabe dihydrate as the principal pollishing
agent {pH abouk 7).

A% the end of 2 years, the 0,765 sodiumm monofluopoe
vh r:rﬁfpha te denbifsd e-a permibted approximabely 25 7 fower new D
surfaces than a dentifrice conbtalning 0447 stammoug f Inoride
with calcium pyrophosphabe or one containing 2.08 sodium
lauroyl sercesinate with dlosleiwn phosphate dihydrats, The
difference is signlflicant sbeabistically. This sbudy also
indticates that there is no slgnificant difference bebwesn the
effechs on cariss incldence of stannous fluoride and 20
sarcosinate dentlfirice. This gstudy does not Inply that sither
the sareoginate or shannous dentifrice will nobd vroducg &
reductlion te donial cariesy they mey wsll do =0, However, if
a waduction Is achleved it is simllar in both the stanmoug
fluoride and sarcosinabe dentifrice, with signilficently less
cariss reduction than foumd for the sodium monofiucrophosphaie
dentlifrices tesied,
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This ls The only elinfcal test that has been conducted
50 far on sodium monoflvorophosphate denbifrice, Ibs effec CLU G
ness In the control of dental carles can only be avalusbed

when fopther work is carrisd oubs
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ALLTHE FLUORIDE DEN TITRICE

Dentifrices conbaining organic fluoride tompounds
have been developed from laborabtory work which showed thab
aliphatlic mono-amines probegt enmmel against decslelficebion
{Irwin, Yevin & Walsh, 1957) E@@ Thls actiong which was
explalned by the fonrmation of g mond-molecular waber-repsllent
layer at the enamel gurface, led ﬁvlzlémmi Sehmid & Konig
{1957} 1582 to Lest the hypothesis that if ihes dstergent
actlon of these organic compounds tould be coubined with ihe
actlon of fIucride am Increased probecilon of the bosth
should reaults , "

In vitre studles with amins fluorides and prellminary
aniwal expariments hayve fhown sons of these compowmndy Ho be
superlor to inorgenic fluoride In gseveral respechs. Anbi-
bnaeterial, physivcewchemical sud snbi-golublliby properbles
as well ag low toxielby woro promising enocugh to jugtify an
Investigation inte thelr sffectivensss In 2 therspesulblo
dentifrice, In wibro femls of the compabablliiiy of amine
fluorides with Gifferent shrasives snd other abrasives and

obher baalce denkifrice congbtibuenbs were also capried oub,

Kontg & HMubhlemann (1981 }3"52 tagted The caries=
iInhiblting offert of amine fluoride conbaining dentifrices
in animal experiment, Applicablons of § different anmine
dentifyrice pastes were dome biwlee ﬂ,aﬁl};ﬁ' for 3 days and once

dally for another subsequent X7 days wibth rather soft haiw
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penell, slightly brushing the molarg for gboub 15 seconds,
Supﬁrﬁ*luéu& toothpaste Lfron around the animalst moubhs was
wiped off with a tlean cloth, Food cups wers nobt avcessible
for 2 hours after each appllcatione For the Iast Hinme
toothpastag were applied 24 hours before the experiment
Larldé{i-g The tooth s m?fﬁ% aoluhitity was then measured,
A ﬁamia# Inhibiting action of amine Pluoride denblfrices

and superiority of in:;i aluble meiaphisphate inc azig{:f&t ad &8
abragive were found in the animal svudy and s ﬂéi}i by
Harthilgr In the clinical studys

Havthalar in the same year used 5 Lypes of
dentlfricen, as shoun im Table 11, bo study the eflfeetiveness
of anineg fluoride dentlifrits in the sonbtrol of denbsl carles.
The study was on 800 ehildren, aged 7 to 12 years; in Zurich.
The anine dentifricss showed significant veduction in the .
dentval carles. In conbragt o the stannous Liworide denbifrices,
the study indiocab eﬂ I’iﬁ Fluoride sffect at all durdng the firsi
& months and 8 significant effect during the Polloviling 12 months ..
This cax only be im part explained by the slight inectivation
of the dentifrices in the metdl tubag used c’imﬁix_zg the firal
three monthy of bthe situdy. IF is assuned, therefore, that in
the ¢ase of aminé-; filuorides the cariostatic effech ghows a
bime lag after the onsst of the fluoride application. 4 tlearer
answer to thls problem is only yossible sfter 3 longer duraliion
of <he study.

In the animel studles, with respect to initiak
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carious lesionsy the 3 amine fluorlide dentifrices, vhether
contalning metaphosphate or barium sulphato as abrasives,
wore fdentical In cariocstatic eoffe cbivenass e With respept
4o the more progressed loslons, the amine fluvoride denbifrics
containing metophosphete wag superior in the sniwel experi
ment to the corresponding barium sulphate dentifrice, In
the clinica] study, 1t was found Lhat when insoluble mebea-
pﬁﬁ&@h&ﬁﬁ- wes used as abragive, gresbter reduchion of denial

earies was nobods

From the limited evidence wyallalble, 1% im impcsﬂ&ibla
e %‘?&lﬁ&tﬁ the effectlivensss of amine fluoride in the

preventlon of denbal caries.
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COMPAPABILITY OF FLUORIDE UITH DE mﬁmm & ABRASIVES

It is well known that the effsctivensss of sodimm
Tluoxlde dentifrlce was lost through the rea ﬁ*bi orn of fluorids
with the abrasive agenb, calelum phosphate, with khe Formsbtion
of saleiun fluoride. TIn the experiments rapartﬁ& by Ericsson
(1061 )11 have further shown thal soap, glyerol and gorbitol
all reduces the aptalte: 6 fluoride from godium fluocride and
alaonouws fluoride and sodlum monofluvorophosphabe » This
Pinding moy help bo explain some of the negative pesults In
provious elinleel fests with flnoride-containing dentifrioces,
There was 11ttle or no reduction of bhe Flueride ‘nptake with
sodlwmm. laweyl sulphfite and carboxymethyl cellulosa.

Huch work bas been spent by lvhler and ‘ﬁﬂﬂﬁbaé&mﬁa
Lo the search for sulbable anbrasives For s dentifrice conbaine
ing sbammous fluorlde. From Ericssonts tests, 1t iz evidend
even with saleliun ;@gz?ﬂphﬁ@hai:a s Tegarded by the Imhler BYOuD
#¢ bhe most sulbcble abragive for a shenmous fIunoride Loothw
paste, may vapidly bind the grester psrb of the Fluoride in
stapmous fluoride 5 if‘ the pyrcophosphabe is net of the fdesl
gualitys, In splte @fi the great loss of f;i;ut;fi{’ié frow stannous
fluoride to the abrasive used In the toothpaste Les tﬁg the
- Linorids wpiakes by the enemel wasm ﬁéﬁﬂbly hlgh from Thig
compounds  SEIlL more vemarkebls was the low liberation of
phosphate from the enamel by iveatment wibh stamhous fluoride 3
probably owing to the low solubilitr of Lin phosvhsa te aa Tin

is knowm to be taken up at the aasme time as Fluovine,
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In additlon to calolus pyrophosphate obher abrasives

seem Lo deserve testing in combinationm with sbammous Fluoridoe
sllica was suggested by Segreto st al. {lggghlﬂﬁ

Erlcgson (1963 }1 53 found that several aluminium
compounds appear sultable as sbrasives in dentifrices Quing
to Thelr moderate degree of hardness and thelr consiatency
when luncorporeted In pasbs,. The eompatibliility of the
Lluoride compounds, HaF, SnFg s Zr¥y, and WapPOzF with s ome
aluminium eompounds, which might be emploved az abrasives in
Loothpaste and donbal polishing asents was bested unlng ¥ = |
as & labeles Aluminium oxide and gynthobic atuminium hydroxids
and kaolin could bs used In dirffervent pH vanges with different
compotnds.  The o uptake by powdered denbal ensmol from the
labelled flucride was greater than previonsly fomd by the
author when tesbing the same fluoride in combination with

other abradives .

The yariatlons of the results obbained wilth Snly
xight be sxplained by the labiliby of this subsbance: minor
changes in the ﬁﬁf@ﬁﬁm@nt sonditlons will cesuse nobtabls
variations in the degres of oxida tlon and in hydroxide
pracipibations, s Et*ﬁl&f‘&i?{% insengliivensss of the = eﬂim
monoliuorophosphate to pH changes and the preobable difference
in the mode of reaction of this salt with the onamel, as
compared with the simple fluoride ilons, mey possibly be

ubilized to obtain & econbinsd offect of the HT7o 1onge




STABILITY OF STAUHOUS FLUORIDE IN DENTIFRICE

The Ingtabiliiy of sbanpous Lluoride In solublon
was reported Wy Thuhklex & ssaoel ates in 1952, lLoss of slmosth
half the activity of a solubion consalining 100 ppm was Faporied
to take place In § days, during which time the pH changed In

proporbion to bthe amount of stannous hydroxide precipiiate &_flﬁé’

In 1954, animal studies conflymed the Influsgces of
pE and aging, In that lesaened effect on animal carlss Waw
ohaerved Tor soiutions with changing pH or with one weekis

aging of a stannous flucride solubion,too

In 1955, Habtbon, Nebergall & ﬁﬁhﬂaﬂrlgﬁ reported
that freshly prep aimi& shannous fiuaﬂﬂa solution hydrolyzes
within o ghort time, and that further dilution produced more
precipibabe, The vase of oxldstlon of stennous Lluorvids

solnflon was confirmed by whiler & D 3?3‘5}? in a atudy showing
that solublon of sisnnous fIuoride In oxygensfros waber will
enligrice The effectivernssy ¢f sitgmnous 'flﬂari de in reducing
dental, caries Initiaticn snd exbtension. & change in pH of the
drinking water conbalning stanpous fluvoride from 2 o 4 wecks

: ~ 2.4 78 S5, 4 , _ 1 6
was Observed o decreass Lhe cariostallce action Dy about %‘ﬁ%ﬁ}a

The Influence of change in pH was roporbted by Walsh
ot ale (3057) s 1L was observed that tin In neutral solubion 1

guantlitatively romoved from the solubtion as the insoluble
158

hyGroxict.
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During mostk of the topical application ptudlies the
need for precaullons has beon Pecognlsed, as for ¢xample
one ln 1968, a4 whereln the solublons Wevrs prepared and

uged immediatelye

In the fommuiation of sbannous fluorlide dentifrices

ax abtempt Lg made to minimize the logs of the effechlye ngent
by acldifying the proparation to a pH of ghoub 4.5, In
addition, vev sbrasives have Leen employed, or speclally
developedy o reduce the Less of Fluoride by precipliation

ag calolun fluorides

Calelum pyvophosphebe is used as polishiug agent
in the Crest denbifeicge, =ud in preopared by best Ltrssting
caloiom orihophosphate. This polishing ageub is %o bs
eompatible ﬁif: th s teannoug flﬂﬁriﬁé + Stannong pyrophicaphate,
1ot present in the ﬂﬂigiﬁai formalsa, was added in sxn adbbempth
Lo maintain the level of available stannous ion, Other
manulatburers are us iﬁg ingoluble zgodiun metaphosphabe,

gy

conpounts , a8 he polishing ageunt in thelr dentliriceos,

Two gludies have been reporied, in which there has
been an atbompt to asyess the avellabillity of these Ions and
to measure the loss in availsbillty vhilch ocours as the

dentifrice ages durling shoragd.

In the £ivst, Uenly (19611490 apalysed two commercisl
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preparations and showed a surprising variabion in the smount
of avallable Tluoride in The dentifrice. The half life for
stannovs tin, or the amount at whlch 504 of bin 1s aveilsble
in an agueous exbrach, ssems Lo differ For the bwo produchs.
It appears 5 to B waeky for one producht and perhaps 30 to 40
weeks for the obher. There is a definite correlasbion betwoen
age of a dentiirice and the avallability of tin presend in
the denbifrice, The availabiliby of Ffluoride doss nod show
such & good corvelation wibth age of dentifrice. In goneral
there in a ecorrvelation of avallabilibty of Fluorine and sharmons
tin in one brand of dentifrice only. Az soon se the availe
ability of either #in or fluoride goes below 584 thewve appears
o be no Llonger sny Correlatlion betwesn ths btwo paranebersa

It was further found that the ¥ of availoble tin yoomed to be
& betier Index of protectlve action of the enamel apainst

disgolution In asid, than was the ¥ of aveilebls fluoride,

In the second studyy Duckworth (1962 )"0 m&aamaﬁ
i:h% avallable flnopide in three danbifrices that were on ssle
In Us.Xe The fluoride exteacted by both water and galiva
wal estlimated. ‘.E?z.zez*a was & deeresse In awveildh s Fluoride
with bime, but a possibly more fmporbant Finding was bhakb
the amount of flvoride released to waliva was less then the
amount veleased to water, It is not known for cerbain vhy
there iag less avallable Fluorlde vhen the denbifrice s
extracied with saliya; the fluoride may react with ssllvary
calcoltm and be precipitabed as caleium Fluoride or boeome

bound to proteln in the saliva (Hall, 1962,
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These analytlcal daba suggest that the shell tife
of a sbannous fluoride dentifrice conld have an Importanb
vaaring upon 1ts effechlvensss, and that for meximan effech
the menufackburer should get the produet to the congumey ss

guickly as possibles
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TOXICITY OF FLUORIDE-CONTATNING DENTIFRT

The Intraductlon of finoride~containlng denbifricés
Lor prevention of carles necessibabed the asgsessment of the
safavy of such dentifrices if ihey are to be ussd daily by
children and adulbs over prolonged periods of bime, Sodium
fluoride, stannous fivoride or smine fluoride are inecorporated
loty degblifrices at concenbtratlons of bebwesn 1000~2000 ppm
of fluorids, Thug rabher high concenbrations of Fluoride

preparations are recommendsd for delly use In oral hyslona.

ACUTE TOKLCITY

Sevapal studies have heern conduched in order T

gvaiuase the LD_
avaiuatbe bthe Lﬁﬁ 4

experimental animsls. For Lluoride IFf incovpovsied in &

of Lluoride-eontolnlng dentifrices In

stannous fluoride denbifrice (fluoride of 100 pom) the LDz,
value for rats and mice was foun@ bo be aboub 100 wgm./ kg
and 70 mgm/itg of body weldhb, respe ohLively . or

In the hupsn the pogsibility of ingeablion of &
lethel amount of fluoride toothpasie san safely be ¢ onsidersd
ag & non-axisbont daager. FEven if the ontire contents of 8
large tube of fluoride dentlfrice of approximabely 140 gram,
Turplshing 140 mgm of fluoride, would be ingested by a child,
the average lethal dose of 50 mgm/kg of body welght, as

163 o |
tgleulaved Loy the humen by Cox & Hodge, would not be reached.,
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I thelr review on fluoride boxlclty, Smith & Hodge saleulated
the lethal dose of bebwsen 2.5 gm and 5,0 gn of fﬂ;uﬁi*iéi&@l@é
These figures are calewlarved for soluble fluoride salis ag
@8« Soditm Llunoride or godiuwn fluocstlicabe. In The cass

of fluoride denbifrices the acube toxlelly is markedly rediwed
by the presense of soms compouwnds or lons which inberfere

with Rlaorine ‘EEJ%@?E#‘ biﬁ}ﬁ *

CHRONIC TOXTCITY

When f&aﬁiﬁawﬁ onbalning dentifrices were first
lobtroduced o bthe markeb, bho possibiliby was dlscussed of
cumlabive effscis of addlitional daelily ingestion of fiusride,
vhich might be sspeclalily hamful in aress where delnking

waber already vontalned one or more ppm of fluoride,

Bichler & co-workers (1955)%%% detemmined in chlldren
the amotnt of fiuoride swallowsd by wei ghing the flusrids
dentifrice on the brush end subsegquenfly analyzing the fluoride
recoversd in the rinsing waber 807%. Since on the averags

Udgn of ﬁ%ﬁfﬁfﬁ* lce was uneed for one brushing, abouk G.2 mgn
of fiuoride would be ingested In 2 bmﬁ?ﬁiﬂgﬁ with a déntifrics
containing 1000 ppm of fIluvoride, IAnothe® report gives an
averags ingestion of 0.3 mge of fluorine with 2 brushings
uging similar method,

165 &6, . .
- } determined

Schwelnberg & Muhlew (1956, 1957

In two gatudles the urinary fluorlde levels of school-age
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children using a stoumnous fluoridewcontaining dentifrice
over prolonged periods of bime. The tobtzl dally urinary
fiuvoride f—@:};:m? ation was found to be 0,22 mgn in dentifrics
groups as compared Lo 0.84 mgm In the fluoride group. Ihus,
nok the least increase in urlnary fluorine excrebion was

obgeryved 1If sbannous fluoride-conbalning dentifrics was used,

Duckworth (1963)L+67 using radiolsotope~iabelled
fluoride found that about 75% of the fluoride was Yegovered
after brushing the teeth for one minube and rinsing with a
mouthiul of water, Similar vesulbs were reported hy Brlcsgon

(1961) uging three sinplified fluoride Gentifrices,

L . 4 . . v X e e # R s ol '1‘67
In radiclsclope studies on aduelity (Duckworth, 1963)
less than 2% of the fluorids originally pregent on the brush
- was sxereted during the 4 hours after toothbrushings

Thus, It appears that very littls flworide is
retained in the body when denbifrices contalning stanmnous

fluoride ave uged in the normal way.

Animal experimenks upon the toxlelity of sodium
monof Luorophosphatse by Ericason (?&51 }l - and aning f;uari&aﬁ-
by HMarthalar {196 0*}183-% and Bubiner & others (196L}+0% s indicabe

that the uge of these compounds in dentifrices is a safe
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TOCATL, TOXTICITY

When & 10% solubtion of stamnmous fluoride is applind
to the besth, blanching of the gingival tiassue ccours 5 but
i:iﬂr; Lagting higtologicsl or clinical ébnmméﬁ Ty hag been
detected by Sweibtherman, &t al, (1961).288 Tt seems unlikely
that the continued use of a demtlfrice contalning s much lower
concentratlon of stannous finoride could exert a harmful
effect upon the doft tlssues. ITE has been argued thal Tluoride
in & dentifrice may interfere with the lactateeperoxide
metabollsm of The oral flora, making the moubl and throat more
Liable to Infection (Kraus, 1962), o8 but this Is not supported
by Goose & Melville.,7C  In heir trial of 68 students for a
period of € weeks, thers was no readily detsctsble tnecresse
in soft tissue Inflammation in the bonsillar reglon and the
upper anterior gingiva in thoge using a gbaunows fluorids

toothnaste,
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MBCHANISY OF ACTION OF FLUORIDE
THE ENAMEL SURFACE

Eremel ls fhe most highly mineralized tissus in the
bodys It contaluy on a welght besis, 96-97% of mineral,
2n3% of water and legs than 1% of organic maberial,

The mein mineral component of enamel is a hydroxye
apatlte; vhose "uplt ¢ell” or simplest repeating shruchure

may be pepresented by the formula,

Ihle formula doss nobt indieate the fonic arrangement but onky
the number and kind of ions In the hypothetical wit eslls

The iﬁﬁfg_a niec phase iz not pure and Is not of consband
composition. The variatlons, hewsver, are within narrow Limits
and a¥e primapily in regpact bo Fiuorine, magnesium, carbonabe,

sodlum, potassivm, ehloride, and other minor brace slements.

In Intach enawel the apabiie crystals -&ﬂra closely
p&@k&ﬁ together, bul sxesedingly amall spaces do exlat between
the crystaels. These spaces vhich are greaber in young theu
in old snamel are Pilled In part with orgenie struchure and

In part with watere

It has been found that the waber adjacent to the
erystal %1s atiracted bo the crysbtul surface by electrosiatic

forces whilch are so powerful bthat i% may actually be sonsidered
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pari of the crystal, Thiz btightly bound water Layesr, or
hydration shell, may bea rogarded ag Lirst part of the crystal,
the surfacs of Bhe crystal as another parb, and the interion

of the crystal as a third portlon,

A% the Intevface of the hydrablon layer numerous
iong may adsorbs Much affork hss been &xpe-nﬁe.;é in sSudyling
the orlenbation of the fons in and aromd the crystal labilce,
Although the positions that each lon may cecupy ave known » the
pesliions that some of the fons do ocoupy ave still a matter

of dlgcougsion,

Thus there are thres sites wheve the components of
the enamel mineral can vxlab, within the erystel, on the
Suriage of the crysbal and ifm the hydration shell. Exchangs
reactlons wlll be easiest in the hydratlon shell and mosk
difficult deep m’@hin the erystsl. Only bhose long which are
the correct size can substibtube within the SIS t;z;it latiice,
8s8ey F 5 Sr¥, H.0%, others may be adsorbed on to the surface R
exge Na*, ¥, U™ and posgtbly citrate, The hydea tlon shell
may contain many lons in sddition to Ca*% ang HP %"i

REACTIONS OF FLUORIDE WITH ENANEL

it 1s now well eshaebllished Tthabk the fluorids ifon can
reaet with snamel In several ways, HeCann and Bullock
concluded that five different rveacilons gould o scur, the

relative Imporbtance of which depended on the. concentration
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of fluoride. A%t low coneenbretions, as with fIvoride in
wabter, the reaction is mosily an lonie exchange lesding to
the formatlion of fluorapabibe, which can be ragarded as
Irveversible. The resction ls represented by the Tollowling

egua tions ﬂ v

il

- {po 7
Galg(ﬁ g{@H) * BEaF —» Caya{P0 ) 1) + 2NaOH

A% the sonsenbrabions melsvent to dentifrices o

t ﬁyff_ cal application, addi i}mnal‘; raactions gith sodlum fIvorids
agewr including the pre esipi cations of caléium end magnesium
fluorides {especially at low pH yaluss } exchange with earbonats
end adgorption. Calolum Pluoride Fformation oe curg only at
fluoride concentrabions greater than 75 o 100 pome

ﬁﬁﬁ;{?& 4 } ﬁtﬂﬁl o * =20 HaF —s 20 Caly + 2WalH + ﬁﬁazl”ﬁ%

the calolun finoride will precipibste as a very Fine
pouder on the toolh Surface, snd the obher produchs s bhe
ﬂag? » and NaOH, will dissolve and wash away. Part of the
taleium fluoride will wash away boo, hub whatever 1s lefb
will slowly diseolve and participate ag In the Pivat reaction
as above, l.es the remainder is slowly converded to the more
gtable fluorapabite,

Fluorlds exchanges with hydroxl lon. Thix is
g completaely different reasction in which crystal struckture
remaing inbact, bul hydvoxyl groups will be replaced By
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fluoride. Thix second reaction will teke place onkly ab
hlgh concentration of fluoride and caleium finoride which in
alightly soluble, will provide suth 4 low fiuoride solubion
vhew 1t 1s preciplitated on the tooth's surface, The fLuore
apatite Tormed by this second reaction is guite insoluble
compared to the original hydroxyl apatibe, and therefore

repregsnts 4 more vesisitant maberial,

Thils peaction of flworide with tooth strncture is
egﬁﬂﬁﬁaﬁig 8 purdace vegehlons Isobdpe studies have showm
vhat this Iatbter reachion takes place In bthree st £psy Invelving
the hydrated apaces beblween the epabibe orysiels, the crysial
suriates and the body of the crysbals; respeshively.

In the firshk of these phases, fluoride diffuses into
the hydration sheil,  Thiy process is extremely rapld, it is
reversible, and thefivoride is not Fivwly bound, T the second
phage, fluoride assumes the posilbions of hydroxyl fons on the
cryshal surfaces, The rate of this reashion is slower than
that of the fireb phage and the abbached fiuoride s Pirmly
bound. Finally, In the third phase, fluvoride may penetrate
into the erysital and exchange with hydroxyl groups locabed in
the bady of e crystal. This weactlon iz execedlngly slow

and has no glgnificsnce In toplcal applications or with the
wae of dentifricedy
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Boaction of the enmmel with stannous fivoride

Topisal applications of gbenmous Fluoride in the
form elther of solution or of dentifrice Invelve reachlions
of the atannous ag well ss the fluorids Ions, The inthial
¥ate 0Of peackion of fluoride ls much faster then the sbeady
rate establlshed after some minubes of treatment, The aleady
state for the reactlon of tln iy one of equilibriuwm, in which
thne enamel recslves no uet increase of tin after the Initisl
reatblon., Fluoride penetrateos tmbo the enamel, vherens mosth
of the fin da on or near the surface as & wniforsm, tough
coaling, Fresence of the coablng lrhivids diffuslion, slows
reactions and protechs the ensmel from dissolullon bthrongh
acid atéacks  Bobh the finoride and the din veackion rates
are Qependent on concendration In dilube solukions, In
stronger solubions, & change of concenbratlon has 1ittle effech
aboul 0.1 1s peached. Thereafber, fiuoride venchtiviby lncreases
with concentrablon end $in reactiviiy ls influenced by hydrow-

Lybly precipliation of tin onto the snomele

Large amounts of §in conbsining precipliate gather
on ensmel whenever btreatment is prolonged, concenbrabion of
P ia high, or reéadily hydrolyzing salbs such as tin chlorids

gre uanle

Table 12 shows that sppreciable concenirations of
Ein are acqgulred by Intack enamel surfaces, and that there is

some penetrations of btin into the enamel, Certain sbudlegld®
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have reporbed greater deposibion of £ luorlde From stannous
Fluoride then from sodlium flueride, which Is conbrary bo the
figures given in the Lteble. The rveason for the dilgcrapancy
tles In the Pact that staonnous flvoride rescts with the enamel
to form fluoride contalning complexes whilch precipiiate from
the sbaymous fluoride soluti on. Thege soluble compounds are

not Llvmby bound bo the enamel, end, thevefore, arve of little,

1T any, significence In Pegard to cariss reduction, Inclusion
of these preciplintes in the snalyses will glve the impression
of increased flworide depeosiiion by stenmous fluoride as
compared with sodiam fiueride, This s only sn apparend
s¥feck, Althousgh acid sclubions of sodium fiuoride do cause
& graater fluoride deposition than neubral sclublons, the
| naburally acld stennous fluoride does ngt f£ol iow bhis Pabbern,.
ihe pH wlil rise vwhen stamous Fluoride reachs with the tooih
miveral, and insdiuvble bin fiucrlde complexes awe formed which

reduce the amoumsdh of Teactive Ffluvoride avallable,

Elechronicenl ﬁre sGopy and Zwray diffractlon studlss
show the protestlye surface layer Is hydrous hydrvated Sn0
(Figures 410 R Further studles of guch oxlde layers,
have demonstrated that they are very reslabant to washing

With water, stehing with acld, and brushing with waber alone
but are quite readily damaged by brushing with an abrasive
alurry. Among similar linew, when beebth have been lmmersed
In dentifrices contalnling sodinm or stammouns fIuoride,

probectlon against apld ebching was also noted, that provided
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by the stammous fluoride dentifrice belng congiderably mors
propounced. If the dentifrices weve applied by briahing,
however, the degree of protection was markedky Peduced.






