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INTRODUCTION



INTRODUCTION

In 1944 Hunt, Hoppert and Erwin (1) publiched date that
with environmentul fuctors held fuirly constant, most of the dif-
ference betieen the ceries-susccy.tible and caries-resistent lines
of albino rats wus hereditery.

These w0 streins of rate were developed using pheno-
typlc sclection, brother and sister inbreeding and progency testing
of breeders.

A full understunding of the structure and behuvior of the
tooth can be obtuined, however, only by &polylng &ll avuileble methoads
of study, physicul, chemnical snd anatonicel, snd by interpreting
these in terms of the general biochemicel and physiclogical principles
which govern living orgunisus.

In this investigaution & comparicon of the encumel solubility
of the resistant and suscestible strains of albino rets vwss made
with regard to (a) the pocition of the tooth in the dental arch (b)
the pH of the solvent.

Ever since tne acid theory of caries weas formulated by
Ko Do iiller, great interest hss been shown in the colubility of teeth.
Since the primery attack in caries is on eanemel, uluost all the
solubility studies huve been made on this tissue. Belng comgoced
of only around one per cent organic materisal, chiefly a modified
protein, the enumel should be subject to totsl disintegration by

exposure to &acid.



Dellemcgne and Kelon (2) indicated tivt tne enwwel of
the toota 1s cowposcd of about 63 per cent cerbonate-epatite, 30 per
cent -tricalcium phosphate, and 1 per cent culciuam csarbonste, the
residue being minor minerels end orgenic matteres Since epatite
is denser and less readily attacked by aclds then is tricalcium
phosphete, the chief constituent of tooth dentin &nd cementum, much
of the strength of enumel mey be aue to its content of carbonate-
apsatite.

iillerts (%) main conclusion following his two year study
of an estimuted 8000 teetn was:s ® Curies of the enumel is purely
chemical, the decalcification resulting at once in the complete
dissolution of the tissue.® But Miller did not associate any enamel
structures with either freedom from or susceptibility to decey.

The present study was carried out to determine whether
caries susceptibility might be associated with the relative solubility

of the dental enumel.
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HISTORICAL

Hiller's theory hus been until receatly the foundation
upon whicn almost all theoretical considerations of caries have been
builts The solubility of tooth encmel has been studied by warious
investigators. The earlier work wes inuccurute, because the effect
of dissolved muteriul on the acidity of the solvent wus disregurded.

Rodriguez (4) &nd ilcIntosh et al (5) imuersed whole teeth
in acidic solutions &nd did not find sny decalcification‘of the encnel.
Hartzell et al (6) observed only clight opucity. Hwuuery (7) exposed
the crowns of various teeth to 0.075 per ceant lectic acid and tected
the surfuces dally by scratchinge It obeerved decalcification of
cusps and incisal edges first. Bunting et &l (8) and Friesell et
al (9) exposed smull areas of teetn to acidic solutions and examined
the expoced area microscopicully. Thurlow end Bunzell (1C) investigeated
the activity of verious orgenic acids in decalcification of enumel
and noticed thut the sclubility eppecred to depend upon fuctors
other then pH alone. ¥hereus oxulic acid uctuelly tends to prevent
solution of enzmel, citric acid dissolves enwmel strongly. McClelland
(11) used buffer solutions of wvarious pH levels in which to suspend
pieces of eniinel end determined the rate of discolutlion by welghing
before and after iwiersion. Enright et &l (12) msintained a constent
hydrogen ion concentration by alloving & continuous strewm of &cid
to flow over the curfuce of enzmel, so thut the dissolved procucts
did not retard tne progress of the reuction. They found that &ll the

luctate and citrate buffer solutions from pH 4 to pH 8 decalcified

the enwuel., Vhen these buffers had been saturated with tricelcium



phosphate, only taoce buffers with & pH more acid than §.0 etched
the eauuel.

These quulitutive results can not sel'ely be used for
compurisons. The size of surface of the whole teeth us well us of
pleces of en:el varies and often one or only few teeth were used.
Thls procedure iz not sati:fuctory, since it is now known thaut in-
dividusl intuct teeth vary grectly in their recistunce to acid deculci-
fication.

The fector of individusl wurlation in c;mposition of the
teeth c.n be overcome by using & stuatisticully cignificent number of
teethe The voriation of enumel surfuce exposed to the acids &ction
was overcome by using a relatively homogeneous enumel powder. Pro-
cedures comnonly employed for the prejuration of encmel mo:t of
which utilized mechaniczl forces-(a) eplitting off flakes of ensmel
from the dentin (b) grinding out the dentin from tne pulpal side
or (¢) grinding off the enauwel frou outside-ususlly geve low yields
and impure products.

An outstunding contribution wes wade by Brekhus and Arm-
strong (15) in 1935 by the introduction of & flotation metnod for
separating enwwmel, dentin and cementume The method tikes advunti.ge
of the differences in the specific grevity of thne various dentel
tissues.

The metnod was greatly improved by Munly and Hodge (14)
who spplied a centrifugul technique to the flotation method. By
this method the degree of purity of the fructions obtulned cun be

followed by determining thne indices of refraction o1’ the dentin &nd

enanmel particles.



Benedict and Kanthak (15) determined the rste of solution
of powdered humsan enamel in various buffered solutions and founé the
rate to be proportional to tue acidity of tine solvent. The rate wis
rapid durling tine first 15 minutes aad thein reached an even, and glower
rate during the next hour, Volker (16) expleined the rate diftference
due to the greater raupjicity of solution of smsller particles of enamel.

Benedict et &l were tne first to obcerve a difference
in solubility related to enaiel structure. Studying the deculcified
enamel under the reflecting microscope, they noted thut the rods were
more easily decalcified than the interprismatic materieal.

Lallemagne et Melon (17) expluinea thit the presence in
and eround tne Interpyrismatic materiul of orgunic metter slowed down
the rate of solution, and so giuve the efiect of & greater solubility
of the rods. ¥hen the organic matter wus removed, the greater
solubility of a =tricalcium phosphete over the curboncte apatite
of the rods becune apparent.

Karshen end Rosebury (18) determined the pH relationshi.s
at equilibrium to dissolved phosphorus &nd celciume The resulte
indiceted that in lectate buffers, pH chunge at eucn time level
wus proportionel to discolved phogphorus at th.t level. The calcium
values were about twice tne phospnorus cuncentrations

Forbes (13) showed, thwt the solubility of sound enuumel

from carious and noncarious teeth was the same.

Volker (20) used & standerd technique in his quuntitetive
measurementa on solubility of tooth tissues. He noted thut 1i the

powder wus air dried, the solubility uid not chunge, but if it was



dried in a wvecuum, the solubility decreused «s much e¢s 25 per cent.
He studied the effect of surface area on the amcunt of enzmel dissolwed.
He algo obsarved tihe greatar solubility of deciduous enzmel snd ex-
Plained it on the basis (a) of the greater content of g salts or
(b) lower coatent of fluorice. Volker did not find & significant
difference between the solubllity of en.mel from carious and non-
carious teeth and concluded, thut the resistunce or susceptibility of
a tooth to curies is not depencent on the relative deculcification
of the enasel 1in acid, but tixt all teeth would be dissolved by
acid solutions at epproxinetely the same rates He noticed & sglightly
lowered solubility of curious enwumels The first observstion on
dentin was recorded by Volker (20) who found thet 1t was alweys more
soluble thin entmel.

A number of substunces with resgect to thelr power to reduce
the solublility of powdered enanel wus gtudied by Buonocore et al (21).
In generzl, they used ion: walch could be expected to enter tne spatite
lettice and alter 1ts solubility. Leed fluoride proved to decrecuse
the solubllilty of powdered envmel moste

Severul of the substunces which can reduce enumel solubility
in vitro hwve been tested for thelr action in vivo. Manly et al (2£)
ettributed the differcnce bctween the clinicel and the in vitro tests
to the resistence of the protective layer on tie intect encmel surface.
Bnougn of tne results were negetive to invilicute & geaerclization thet

ecld-solubility reduction invuriubly brings ebout caries recuction.



Although the destructive effects of acids were confirmed
by many investigutors, the quection arose, as to wnether any specifie
orgunic ion might not huave been particularly sctive in aestroying
the tooth surfaces.

McClure et al (x3) exiosed the enamel of rats! molar teeth
to the sction of diluted solutions of Na-citrate &t pH 5.5 - 7.2
guch as prevail within the orsl cuvity. Although the solubilizing
action of tne citrate ion oun the enumel beurs no gross similarity to
ordinary dental caries, it is suggestive of the erosion observed in
hunan teeth. The action of the ion wac exjlsined a&s due to binding
of the Ca of the enimel to form a soluble, slightly ionized Ca-citrate
complex. Tne autiors suggest thit in concicering the etiology
of dentul curies less emphuris should be placed on acid deculcification
and thut possibilities of a non-acid decalcification, brought ebout
by bucterial metubolites, bo given wmore attention in dent<l caries
rescarche

One mey quecstion the import.nce of tooth resistence to
decalcification and the applicutions of solutions of the teeth to
decresse it when there normally exists & wide vurietion in resistunce
to decelcification among non-carious teeth from the sume individusl
as well us among different individuals.

Brudevold (£4) has developed & method for qu.ntitutively
ﬁesting the surface solubility of enamel in acid solutions. The tooth
is covered with wax except for a standard-sized window, <nd efter ex-
posure to acid the anmount of dissolved P is anulysed. In & study of

forty permwnent teeth, four consecutive exposures of &n area with a



dlameter of 4 mm to S cc of acetute buirer of pH 4 for 10 miaute
periods showed wide variations. Tie firct exyogire rnowec lover P
values in 85 per cent of teeth, inalcaiing thut thne surtuce is wore
acid rescistunt thun deeper luyers. In contreet ground surfeaces

were more soluble thun intact enamel surfuces. The first exosure
of a ground surfuce showed & higher average solubility tun the
second. Solubility of cifferent aress on one tooth mey vury eg wmuch
as 50 per cent. In thirty urecs on twelve eru)ted testh everz;: de=-
viation was 19.5 per cent. In six are.s on thres tecsth the avarige
deviation in solubility of euch touth was 17 ver cent.s ERradevoeld
showed also thut brown pizaentotion of enuiel wes frejuently szcocieated
with low solubility. Repected acild extricte from iatect end greund
enamel surfuces frequently showed variations in the Ce/P r:%io. He
suggested thut there may be differemces in tne inorgenic comgceition
of the enamel from thne s.ume tooth.

Yurdeni (25) exposed whole teeth end powderec encnel (for
comparigon) to bufferg &t verying pd levels snd me:ecured the weight
losse The rute of discolution of teeth wes ecsentielly & lincer
function of hydrogen lon concentrution. The lose of weicht cid not
appeer to lncresse linearly with the tiire of exgorure, i.e., th:
decomposition did mot proceed at a const.nt rate; Powdersd cnaumel
showed & linear course probubly becruse of its grester homogencitye
The attack on intuct teeth was at firct slow, & layg Lericd being
presént. He explained 1t s a taresiold necessiry to overcoue gcue
kind of & blologicul berrlcr ageinst wcid dirlusion, probebly the

continuous orgeaic matrix eveniy distributed taroughout tne enaumels
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The slight discsolution neur the neutrul Tegion he inter,reted as

due to the carbonate fraction of enuiel. ¥ith decreising pH the
digsolution stexdily increased uy to a certain critical point.

Further locs was very slight either becwuse of & decrease of rate

of attack with the loss of minerals by the tooth structure or becauce
of a chtnge of electricel charge &t the icoelectric point of the tooth
at a certain low pd values A

The cininishing rute of discolution ig in agreeaent with the
clinicual observation thut carious enamel is more rei.istunt to acids.
He postulated tih.t in vivo the deculcification dejyends on the qu.lity
of the structure of the tooth, the size of the apatite crystullites,
&nd the width of tne organic chennelc open for difrusion.

In 1952 Yurdeni (26) published duta on solubilities of
powdered en:unel «nd dentin. He criticized the postulationnﬁhat the
more mineralized enumel is more susceptlible to decalcification thun
dentin. According to Armstrong (27) the spstite crystullites are
snsller in dentin thsn those in enemel, &nd hence present a grewter
surface for cbsorption. Yardeni seyss

"The fuct 1, thet enumel contuins lurger apatite cryctcllites,
is more conpact, and therefore, les. permecble to the acid
solution. The quulity of the miner.l 1$ tie scme in enamel
as in dentin. Po:.1bly, it ic the anions which deternine the
different rute of eolubility; first the carbonates reudily
go into solution, then tne phnosphetes, and finelly the more
resistant fluorides. But there may be &lso w retctioﬁ of the

enauel proteln wita the componcuts of the bufier solution.®



Swartz end Phillips (23) deterwined the hurdness of the
tooth enamel &nd tried to correlate it with solubility. Enumel
varied widely in h.rdness sand solubility from tooth to tooth es
well as from ureu to srea on the sswe toothe The maximuw areu of
approximutely uniform hirdness wus founu to be £ mn in alemeter,
No correlation between naranes: ana solubility was detected. The
deculcified ereus of intict teetn were exwcunined microscopically.
¥hen the deyth of penetration wus measured, the floor of the decalci-
fied area waé uneven, incicetlng that the acid hed penetruted to
greater depths in sone sarcus tn.n others. The Ca/P rutio of the
enamel citsolved during tine solubility tects was sligatly higher

than the 231 knowmn to exist in ensmel.
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EXPERIMENTAL

ANTRALE

Twenty-fifth generstion &lbino rets from Hunt and Hoppert's
caries-gusceptible and twentieth generation caries-recistunt strsins
vere used for tne dentul tissue studies. The animals were killed

with ether,

TRE: T iidT OF TEETH

The teeth of secrificed animals were aiscected out, stripped
of adnering tiscues end sopursted into collective groups of upver snd
lower incisors and upyer «nd lower molurs of caries-susceptible and
caries-resistcnnt struins. The incisors were split into frugments
to fucilitate the reiwoval of dentul pulp. Subsequently thae teeth
wvere extraected with absolute ethanol for twelve hours folleowed by a
gimilzr extruction witn ethyl ethers Extruction epperred to decrease
the tendency of purticles to adnere during subsejuent pulverizatione.
Sumples were dried &t 60° and pulverized in &n agete morter with
repeated sifting until the whole quantity passed & sixty mesh screen.
The porder wuas &g.in extracted with an ethunol-etner mixture &nd
dried.

The powdered teeth were fractioneted into entmel and dentin
and cexzentum couponents by the flot:tion uethod of Manly et Hodge (14)
who used a bromoform-acetone mixture of gp. gr. .70 for separating
human eun&mels It was found tnut the corresponding ret tissues

appearad to be slightly lese dense wid in & liguid of sp. gr. 2.70
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practicelly no enuuel sepurated. Consequently & mixture of bromoform
and acetone of gp. gre 265 was usea and centrifug:ztion cerried out

at 1500 Rri{ in a swall clinicel centrifuge. The percentege composition
of the fruction of encuel wus deteruined by direct count of one hundred
particles uncer the microscope, using the Becke line bused on the
different refractive indices of dentin &nc enamel &s & meang of dif-
ferenti:ting. (14) The enuuel fraction was considersbly contaminuated,
the les: dense meterial cerried along into the outer tube. Purity

rose as teeth were ground finer to pess the two hundred mecsh sieve.

To incure uniform particle size for solubility studies only thit
portion that pes.ed the two hundred mesh sieve and failed to pass a

%45 mesh screen wuas used. The sap;r#tion of the two fractions appeured
to be complete efter the fourth refractionutions The encuel sempyles
were &ir dried, etored in a vecuum desiccator over anhydrous CaCls to

constant weight snd weighed.
ANALYTIC.L PROCELUEE

The phthalate buffers were preyured from pH 4 - pH 6
and checked by meuns of the pil meter. Ten milligrum samples of the
powdered enuuel were added to 10 ml of the buffered solutions, shsaken
for fifteen minutes and filtered.(29) The enalytlicual figures refer

to the ucid soluble Ca and P.
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X SicwromTo
Ca LETLiL.IN.TIGH

Sultuble gumples of tne filtered enumel golutions were
snelyged by precipitation of tue Ca &8 oxulate in 15 ml centrifuge
fdbés. Further operctiong of centrifuging, weshing snd titretion
with O.CIN KiunC, were &ll carried out in tae ceatrifuge tube by

the Clurk-Collip moaificsation of tne Krzmer-Tisdell method. (30)
P DETiv#MinnalIon

Sultably diluted portions of the filtered ensumel solutions
were analyszed for P by the method of Fiske-Subbarow mocified by Briggs
using a photoelectric colorimeter. (31) Both metiiods guve reproducible
results.
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TaBLE I

This Eialkl SULJBILITY £T pH €

(expressed as mgs. Cu/100cc)

TOO0TH I II III Average
Upper_resistant molars 2.62 2.59 2.6 2.6
Lower resistunt molirs Re85 2.87 2.8 .57
Upper susceptible molars .89 2.6 R.57 2.59
Upper recistant incisors 2.43 2.4 .42 2.42
Lower resistunt incisors 2.4 2.42 2.42 2.41
Upper susceptible incisors 2.4 Re42 2.42 R.41
Lower susceptible incisors 2.38 2.4 2.4 2.4

(exporessed as mgs. P/1C0 cc)

TOUTH I 11 III Average
Uoper resistent molurs 1.22 l.24 1.25 1.24
Lower reslstunt molars 1.2 1.24 1,23 l.22
Upper suscepiible molurs 1.25 1.2 1.23 1.22
Upper resistunt incisors l.14 1.12 1.15 1.14
Lower resistunt incisors 1.12 1.13 1.1% 1.13
Upper susceptible inciscrs 1.15 1.13 1.08 1.12

Lower susceptible incisors 1.15 1.14 1.13 1.14
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T.BLE 1I

TiE El&dil SOLUBILITY AT pH 506

(expressed as mgs. Ca/100 cc)

TOOTH ' I II III Average
Upper resistunt molers 4.6 4.58 4.59 4.59
Lower resistint moluars 4.62 4.6 4.63 4.62
Upper susceptible molurs 4,61 4.63 4.58 4.€61
Upper resistent incisors 4.18 4.2 4.17 4.18
Lower resistent incieors 4.12 4.c1 4.2 4.2
Upper susceptible incisors 4.2 4.12 4.18 4.19
Lower susceptible incisors 4.2 4.%3 4.2 4.21

(expressed as mgs. P/100 cc)

TOOTH I II III Average
Upper resistunt molurs 2.2 .18 e 2.2
Lower resigtunt molarse 2.18 2.12 2.2 | 2.19
Upper susceptible mclars el £e8 Re&8 Re2
Upper recistant incisors 1.97 1.96 1.52 1.95
Lower resistant incl:zors 1.82 1.99 1.95 1.95
Upper susceptible incisors 1.97 1.99 1.85 1.97
Lower susceptible inclsors 1.94 1.97 l.08 1.96

I



19

TABLE III

THE ENAGEL SOLUBILITY AT pH &

(exoressed us mgs. Cs/100cc)

L —
TOOTH I II III Average
Upper resistant molers 3.4 8.54 8.53 8.49
Lower recistent wmolurs 8.E7 8.6 8.55 8.57
Upper susceptible molers 3.6 B8.88 8.07 8.88
Upper resist-nt iancisors Y 6.9 6.78 6.79
Lover resist:ant lacicsore 6.5 6.8 €.6C 6.84
Upper suscegtible incisors 6.84 6.9 6.88 6.87
Lower susceptible incisors 6.85 7.0 6.83 6.89

(expressed as mgse. P/100cc)

et a— S——

TOOTH I II III Average
Upper resistunt molars 4.1 4.07 4,08 4.08
Lower resistant molurs 4,13 4.09 4,12 4.11
Upper suscepiible molars 4.1 4.12 4,09 4.1
Upper resistunt inclcors T 3427 3.29 3.87 .48 .
Lower resistent laclsors 5.27 8.29 3.29 3.29
Upper susceptible incisors 348 5.28 3eR7 3.48

Lower cusceptible incisors 3.28 3.3 SeR3 3429




TeBLE IV

JAE EllkL COuLQoLlITY o7 pid 4

(ex_resced as mge. C&/130 cc)

TOOTH I 11 111 Average
Upper rezictont molurs L2498  Z3.0% 28.0% £8.02
Lower resietiat molurs cCeBY  k3.UC L3403 <8.,02
Uppor sugceptible woluis 23,1 R 25405 “3.12
Lower resieteut lncisors 13.:7 1343 18.%2 13449
Lover susceystible iucleors 18,84 15.4 13,8 18,85

b — —

(exy ressed as mgss P/100 cc)

TOOTd I II III Averuge
Upoer rezigtunt molure 11.04 1l.1 11.0 11.06
Lower reclstunt molers i1l.0x  1l.08 11.0 11.03
Upper susceptible wmolurg 11.18 1l.04 11.18 11.18
Lower resistont incicors 8et9 8.73 B.6v 8.64
Lover susceptible iacicors B.63 3.6 8.7 8.68
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LCISCUSLION

The popularly accepted concept of dentul caries, ncmely,
that acid foruution on tae surfuce of tne tootn is the complete cause
of its destruction, h:s been followed for more taun h.lf a century.

It has not led to & couplete couprenen:zion of the dental caries
mechueniem &s evidenced by clinical observation.

The exyeriaental biologicul aygyrouch to tne problem of dentel
ceries i, comvaratively receat. The hypothesis of this thought hus
been sget up thut the fuctors causing dentel caries are twofold:

1. The presence of exciting (exogenous) factors, ({sod
retention, bacteria) hes been demonstrated.

2. The preaisposing (endogenous) factors, wnich could
expluin the lmmunity to dentul caries of certein incivicuuls, still
are somewhut obscure.

It has been proven that susceptibility and resistunce to
caries 1a rats &re in purt due to heredity. (1) Genes produce their
effects by initiating events which lead to tne development of structures,
and to chewicel procesces. Both tue sueceptibles and the recistents
huve concumed the scme kind of food, drunk water from the same
pource, lived in the sawe kind of cuge, and been handled by the szue
careteker in the seame building.

The process of caries lg very complex, involving the interpley
and interuction of a great mzay different fuctors, no one of which

alone can be considerasd tne cause of caries, yet uny one of which mey
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be decisive in the progress or prevention of the condition. Varicble
resistance of teeth to atteck zy.e.rs to be linked more with endogenous
factors. These factors may relate to abnormal structural weriations,
guch as permeuble entinel lamellse, wvarylng chemicul coumpocition,
chenical differences in tisesue fluid within the tooth, which in turm
is dependent on blood conditionse.

The present exveriment coneiders the possibility taat the
genes for curies susceptibility act through producing an effect on the
composition of the encmele

In solubility ctudies we have to consider the chemical
composition as well ae tue unutowicel structure of the teetn. That
they both influence the solubility hag been coniirmed by various
investigatorse Dullemagne et &l (17) showed the difterence in solubility
to be due to the difference of the organic metter in enamel. Enamel
protein has caused much controversy which mey be due in purt to the
rether wide veriation in amount. Rosebury (32) decalcified the ensmel
with acetic acia and obtulned an insoluble protein, very resictcnt to
hydrolysis with hydrochloric acid or potassium hydroxide. According
to Volker (16) the difference in moisture content of tine encmel
prepuration mey affect the solubility es much as 25 per cent. Yardeni (26)
postulates the solubllity to be dependent on tihe structure of tune tooth
a8 well as on tae chemlicel comositlion.

There is abundunt evidence th.t intact teeth ere highly
variable in tneir resistence to acid deculcitication in vitro &and there
i8 indication thut the resistiunce 1s associated with the nature of

the surfuce.



The only plausible explanation or failure of some teeth or
aress of teeth to be attucked in an in vitro experiment is a difrerence
in surface structure betwzeen different teeth end ditferent parts of the
sume tooth,s However, il tinerc are ludeed recl structurcs of dentel
enamel surfuces tnut coafer recisiunce to ceries, the origin is in
vivo (33)e By inspection of enumel witn the Koetgenspectroscope,
differences in crystalline structure between outer and inner luyers
can be demonstruated.

Our data compures only the meen inorgunic phsse of tie tooth
enamel of the:se two strains of ratse On the busic of these results one
may conclude th. t thure &are no hereditary differences as to the in-
orgsnic composition or tae enumel in the two strains. In our experiments
all the sumples were trested simiiarily and conditions were kept congtant.
(In order to avoid the differences in the molcture content or of the or-
ganlc matter.) By refractlonation the sasaples got very ®hurd® treatment.
The enumel tended to carry less dense materiul &long. In order to avoid
such contumination, the powder wus added stepwise in four portions with
a snort centrifugation imnmediately ufter each aduition. Although the
bromoform was redistilled freshly under high vacuum etc, the centrifuge
used did not permit control of the teuperature.

Gilda (34) studled the Kanly-Hodge (14) separsation method as
applied to dent:l tissues of rodents and explained the cifficulties
in sepuration due to a higher percentige of junction particles (a
smeller volume of encmel per unit ures). According to Gilda (35) the

enamel of albino rets closely resembles hydroxyzpatite in X-Ray
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diffrection puttern. The lower density (R.7<0 = 2.920 Gm per cc) com-
pared to humun tiscue he attributes to & relatively greater cmount of
orgenic matter in roat encuels Thet would sccount for grester differeaces
in solubility of a retts lituci tootn cad of ecncmcl powder crepirec from
rats? teethe Im the litersture tuere is auch contucion resulting from
attenpts to anclyze and assign formulas to definite conisouncs which were
thought to bauve beca isolated from the tocthe

Tue eteble entily in the tooth is tne wjputite luttice itcelf,
the arruingoacat of wiocme in ecpoece being roletively ceonetents The out-
stonding gecalliaridty ol this luttice is Tzt it cin tolerite & large nume-
ber of subciituents {ur tue usunl (&, P, Gp acd I, etcac wnica it conteains,
If the subtiituting oclemeats are about the sume Gtoulc rudius as the
clewents which they replace, the unit cell of tiue sputite lattice is
not greustly &ltered, and the ciffrection puttern wnicn it gives remains
essertiully tne swuwes Thuat the composition of wny &putite will depend
uson tie condibivas wiivn prevall al tie tiwe it ls foraed has been
ghorn by Thewlis et &l (36)s In the cese of teeta thies will obviouely
reflect the com.ocition of tne blooa gerum from wnicn it originated.

Sobel et Hanok (37) contirm that thers is & relationehi.
between the inorgsanic compocition of the upper iacisor of tae sibino
ret snc blood serum, which in turn is regulutec by the ciets They do
not exyrace au 6aucl guenllictive reiutiunculy becuuse tne activities
of the tooth foruing lons at tae site of  depo:rition &na exuct relation-
shipy between composition ol tune tooth aund the activities of tne lons

tnat fora tne tooth are not kuowie



In vies of tuie findlags, thet tne PO4:COg ratios in rat
enaiel are ia ull cuses lower thun in dentin (38) (In human teeth
Armstrong end brekhus (59) reported higher P043005 ratios in tue encmel
than in tue dentin) they pointed oul tiv{ tae dilierence in composition
between entmel «no aentin of humen and rets may be due to the purticuler
diet given rutiner than to specles differentiution (40).

The iavestig:tions by Dezxing (41) incicete the inorgunic
comgocition oi encrel to be const.nte In developing pig enamel the Cs,
P and (O, contents wers found to lacrsase linewrly snd in constunt
retio to euch other tirouzhout the runge of calcification. It wes
concluded thut thece eleneats &re degocited &s & couglex cowpound
heving & fiiza.composition, Tne calcificution gradients in the s:me
tootn tiey attributed to the sturt of infiltration of the minerzl
phase into the subitence of & preformed orgsnic matrix at tae cucp
tiss end to the grucuzl spre:d over tie whole crown of tne tootn.

%e do not know whether the limit.tions of the enalyticul
metnods for determining the fine ctructure of tootn substunce led to
varying results and conclucions.

It is poirible to cum uy the foregoing discussion by the
stetenent thet the nuture of the apatite iattice poccemses great
slgnifigunce frou the stuncdpoint of the gtructure and benuvior of
the tooth. It expluins tne conctincy of the ehief properties of the
tooth in spite of verietions ia cowm.osition. It expolains &lso the
extreme eensitivity of the develo.ing tooth to any metubolie chunges

a8 well as goue of tne camnger which tue fully formeda tooth cun

undergoe.
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There is, however, eviuence thut teeth wre tissues in equili-
brium witn body fluids. Greenborg (42) Armstrong et &l (43) fed ca4® and
P32 to albino rats and measured the amounts found ia the teeti They
found thuat the turnover of the lsotopes in the inclsor enzmel wss about
one-third of that in thne femur. In the case of molar enznel the turn-
over rate +4&s only frou 1.5 to 3 per cent of that of tne fenmur.

As permanent teeth becone more completely calcified, eyuili-
brium with body flulds slows up to such an extent thet only minor chunges
cun be observed, According to Gilda (35) comparatively smsll changes
in the compocition of tne tooth may affect tuoth solubility.

From this we cun conclude thut the caries-resist:nt ond caries-
susceptible struins ol slbino rats huve fuirly constint inorgunic com-~
position of tooth encmel with no correlation with susce. tibility or
resistunce to decay of the teeth. Tihnle is 1n agreement with the recults
of Armstrong et al (33). The szme CetP rautlo indicztes & homogeneous
inorgunic phuse.

The lower golubility, of éhe incisor enwnel of «lbino ruts is
hard to explain. It mey merely be incidentul to tine need for structurul
material th.t 1s best vuited for the special function of the incisors.
Perhaps plesmentution may be of soume eignificunce for it is well known
that the incisors of ruts receiving un excessive esmount of fluoride
show depigmentution snd sre easily broken. If solution in acid is a
prime fuctor in the initiation of caries, it will be easy to see the
basis of the statement of Hunt &and Hoppert (44):

"In xore than 6,4C0 rztc we hove never obeerved a caricus lesion

in the incisors.®



Tie eumnzel povder of wuy:T ond lo.er teeth gecus to hive tne ceme
compositions This i¢ not in cgreewent witn the work of usatsuda (45) who
investlgited the comporition of whole incisors of rats aad found 8 diff:rence
in cowsuaiiion o U el wad Lones tuebtie  Tue fecl tuet eninmel ana deatin.
rere not se catad meker thocs resdts less significont.

Tie incresced solubility wltih decressing pH mey be e..luinea on
the busis 0f a diflerent rao: of relubility of aifieront wnions. Yardeni
(£6)s The fict, thet rut emnceel end dantin show ebout tae swie sgolubility
as the corres.ondliuy humcn tis-ue prepurstions of Volker (46) gives more
significznce Lo the precent worxe Thus tre solubility of enswel powder
wep relotively clight above pH 6.0 but inéreaeed with decreueing pHe

o Ve BLOULd wivu ccaslcer tiw gosciple role of genes intfluencing
tiie tootns funms, widch could be correscten to the susceptibility to caries.

It has long becia recognized thet tooth form and the shsse of con-
tuctis betveen teetn may inlluence the oncet of ceniel ceries. In 1352 Nek-
foor, Hunt, Hoppert (47) mewsuring tae resict.nce of lower moler tuetn to
mechanical fructuring, observed grex=t=r mechuaical weuknese in the susceptible
retse Thoy also observed (botz witu tae uncided eye sud with 2 blnocular
microscoge) taut tie crevices of tae molers of the susceptible sirsin were
wilder thua tasce of the resist.nt ruts. #ide crevices woula permit ime
paction o1 fooa wore rewuily malcn ia tura would aliow foraution by bucteris,
and finelly curies. 4& & wmatter of fact, 8.4 per ceant of the ceries in
susceytibles hae occurred et the major crevices oi tue fir:it sud secoand
lower molars, wnercus in tho resisients oniy 1.7 per ceant of the cavities

appeared ai tincee locations.
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Nevin &nd %elsh (48) investiguted the poscible effecte of certein
physico-chemical factors in relationshi, to the ccusc of curies. They
obtwined results which cun expluin the cdifferences in interproximsl sur-
feces of the sume tootn and between interproxiwul surfuces in different
parts of the mouth. The indicutions are tnut varistions in degree of
sepuration of teetn und tne sntpe &nd widtn of contacts &re more im-~
portunt thun the buffering cupucity of suliva,

Cox (49) showed thwt ret molars exhiblted verictions in

(&) subdivigion of mejor cusps, (b) fusion of minor to major cuejps,
(c¢) ebsence of minor cusps, (d) presence of extre cuspe, &nd (e) bi-
furcation of minor cusps. Some of these variations &re reluted, in
frequency, to the diet of the mother during pregnency &nd lactution;
others may be reluted to familial, and hereditury factors.

From the present study it becomes obvious thet further work
will be nececcury to guln & full understending of the relationship of
tooth structure to susceptibility to caries.

The exact path of every individuel lesion mey be different
and will depend on tro m.jor fuctors. One, the external, is determined
by the types of bucteria, acidogenic and proteolytic, together with
the supply of suituble substrates upon which they cen act, end the con-
ditions of plique, pit or fissure which bring them into contact with
tne enuzel surface.

The second mujor factor is tue morpyhologicsl and histo-
logical state of tie tooth itself, the condition of the surfece &nd the

amount &nd distribution of org.nic and inorgunic matter availuble for

attack at the surfuce end within the enumel itself,



In the buckground of the production of acid iz tne still
grevter problen of clinicul caries with systemic fuctors not yet
deteruined snd buactericl antuginisms and synerglsms undoubtedly playing
& mujor role in the con.lex picture. Yardeni (i5)

Although a genetic fuctor relcted to caries recistince has been
clearly estubliched in luborutory animels, only femilisl reletions have

been demonstroted for man,
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le A study of the eolubility ol suwndered toota encuel
frow toe twaaly-fifth geasretiva of cories=tuicngtible wad the
t.eatieth guedersilon of curieg-recizt.nt ctroia: ol albino rete in
buftered solutlons 0i o pHd ol 4y &, bed ancd 6 <ic not siww ciyani-
ficunt (literences butween tue too straoiac.

Lo Mo ¢iff.reace in solubllity wus found between the
en:usl of tne uuler and lover wolere ol the reclist at strsin.

Je Toe lucieor enwwel goudor wag a-rzedly less soluble
th.a the .owdered @uwi.el of wolurs,

4, The suluvle Cuas? rutlo wes i 411 cuses ewtontlally
the scue.

$¢ The colubility incre.sed wxith decreisiag pde The
increure w..s not progortion:i to tue H loam conceuntr:ztion, but was

much hi_cher at tae lover pi level,
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