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strong evidence or a bacteri al otrgin of 
IN TIWDUCTIOi\ 

T
dental car ies, Bla ck' has pr esented data 

HE control of dent al caries has been in dicati ng t hat dental caries is not re­
one of the most difficult of th e maj or la ted to the str ucture of th e tooth ; that 
health problems of th e past half­ so-calle d soft teeth ar e no more suscept i­

cen tu ry. T his has been due pri marily to ble than so-calle d h ard teeth ; that the 
absence of knowledge as t o its etiology . ac tive cause of car ies is H th ing apart 
This is the most im portant pr oblem con­ from the teeth th emselves acting up on 
fron ti ng the dental pr ofession today, both them fr om without ; tha t caries of the 
because of the evidence tha t car ies is teeth is not depend ent up on any ti ssues 
on th e in crease in m any districts and of th e t eeth but on condit ions of th eir 
because of the metasta tic in volvement s environ men t. H e further states: " T here 
ari sin g f rom dent al focal in f ecti ons mad e is no basis for th e tr eatm ent of pregnant 
possible by denial car ies. women medicin ally with the view of 

The theor ies as to t he etio logy of den ­ furni shi ng lime salt s t o pr even t the soft­
tal caries tha t ha ve been pr opounded as eni ng of their teeth: or with th e view 
a result of past investigations can be of produ cing bet ter calcified teeth in 
divide d in to two disti nct grou ps: most their off'spri ng." 
of th e theo r ies ha ve been rel ated direc tly T he sloga n of ora] proph ylaxis for ' tlle 
to the exte rnal environment of the tooth ; last two decades has been largely built 
some of th e l at er theories have been re­ ar ound the concept th at dental earies is 
lated t o th e internal environm ent of th e primar ily depen den t upon clean1iness' of 
tooth. Little OJ' no evidence has been the surfaces of the tooth. Will iams has 
presented associating these t wo. 'I' he sup ported th is view, whi ch finds its ex­
studies herewith pr esented pr ovid e an pression ill a ph rase which he advi ses us 
imp ort an t connecting lin k. he coine d; namely, " a dean tooth win 

Mill er' s outstan ding work presen ted not decay." Clin ical resul t s hare not sup ­
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port ed th is view, " Tillimns' iu tens ified 
studies pla ced him in accord wit h Black' s 
fu ndamental conce pt that the cause is 
to be found in the ex ternal environ men t 
rather than in the structure of th e tooth. 

During th e pa st decad e much WOl '].: 

ha s been done on th e r elation of th e 
ucidophil ic bact eria of Hie mou th to den­
ttl l car ies. 'I'hese st udies ha ve bee n 
Inrgely p resented by Rodriguez," Bunt­
in g and hi s associ at es" ill this coun t ry, 
a nd J'am es" and hi s assoc ia tes in Eng­
land. Thcir stu dies have not indicated 
that den tal car ies can be con trolle d by 
th e use of bact eri cide s, notwithstanding 
th e fac t that th e acidophil ous gr oup or: 
organi sm s has tend ed to be Jess abundant 
in months wi thout active ca r ies than in 
th ose with active car ies. 

The importance of th e texture of th e 
f ood ha s been emp hasize d by rna uy work­
crs . An importan t recent contr ibut ion 
dealing with th is ph ase ha s heen pre­
sented by H opp ert " and hi s associates. 
They have interpret ed thoi r st udies to 
indi ca te tha t dental carie s developed 
much more readily when nits were eating 
coarse particles of cracked corn tha n 
W]J8 11 ea ti ng fine particles. 

A new appro ach to nutritional p rob­
lem s h as been provided in th e la st t wo 
decades by knowledge of organ ic ca ta­
lyst s, some of whic h ha ve beeu identified 
as vitamins. T hese wou ld see m to ha ve 
a direct rel ationship to th e internal en ­
viron men t . E videnc e ha s been present ed 
indi cating the importance of vitamin C, 
not on ly iu soft ti ssues as scurvy but in 
th e formati ve processes of hard tissu es, 
particula rl y th e teeth. Howeo and 
H anke' have emph as ized the import an ce 
of vi tam in C in th e et iology and con trol 
or den tal ca ries . 

'I' he lise of syn thet ic vitamin D as ac­
ti vated ergoster ol has been r ecommended, 
and data presented to su pport th is vie w 
hy Ma y Mellanb y." 

A series of cl ini cal and labor a tory 
st udies cover ing several year s, with sev­
eral progress report s; have been con ­
duct ed by Price/·1O, ll , 1 2 .13 . H . 15 .1 G ind icat­
ing tha t the addi ti on t o alm ost auy 
a verage diet on whi ch dental caries was 
developin g of fa t-soluble activ ators com­
ing fr om butter and cod-l iver o il, with a 

reinforcem ent of mi nerals in milk and 
the en tire mi neral con tent of selected 
cerea ls, is com pe ten t to con trol dental 
caries to 90 per cent efficiency in even the 
wors t cases . 

McCollum and Klein" have empha­
sized th e impor tance of au ad equ at e 
mineral ra tio and conten t of calc ium and 
ph osphorus, whi ch for th e r at mi gh t he 
obtained largely fr om in organic sources , 

Th e controlli ng in flu ence of th e pul p 
and 01 au int ernal circ ulati on in the den ­
ti n fr om the pul p has been postulat ed, 
and is s tressed by Bodecker at this meet­
mg. 

We have accordingly today suppor te rs 
of a variety or viewpoints , There are 
th ose who sa v tha t car ies is of bacter ial 
origin ; oth ers cons ider i t to be an or 
par tly nu tri t ional ; and th er e are others 
who would say food has li ttle or n othing 
to do wi th it. Some would expect to ac­
compl ish control of car ies by prophy­
lacti c procedures ; o thers beli eve th a t pro­
ph yl axis can not prevent dental caries or 
at least that it is not ad equat e alone . 
SOIl](~ would pe rsuad e th e public th at 
particul ar brands 01 washes and de nti­
fri ces can accomplish the desired results. 
Othe rs would put primary emphasis upon 
the mechan ical p hases, such as th e 
method of using the brush, the coa rse­
ness or lia rduess of foods ea ten, etc . 

As in all health problems, we get OUl' 

stand ards f rom Natu re. Wh en we st udy 
N a ture we find th at an im als throughout 
the passing peri ods have been lar gely 
imm une to dental ca r ies, that many ra ces 
of humans ha . e been immune, and tha t 
lim ited group s are today immune. These 
immune peopl es: whether of the p ast or 
prese nt, hal e had very li We knowledge 
of th e toothbrush, m OD thwashes 3.11d den­
t if r ices. 

From the ab ove it is suggested tha t 
progress, wben it is made , mu st be 
thro ugh n be tte r under standing of t he 
natural la ws as in volved in nutri tion an cl 
as ph ysicall y expresse d in th e intern al 
and exte rn al env ironme nts of the t eeth , 
as these vary with suscep ti bility and im­
munity to dental car ies. 

T he investi ga tion s herein r ep orted 
ha ve been d irec ted to throw further light 
on th is phase of th e problem. 
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EXP.ERI,MENTAL 

Sin ce our problem of the etiology and 
con trol of dental caries involves the be­
ha vior of th e calcified tooth tissues in 
t he pre sence of biologic fluid s, internal 
and external, i t has seemed fund amental 
th at we should ku ow more about th e 
chemical and physical characteristics of 
these fluids, and th at studies sho uld be 
ronde as to th e beh avior of calci fied ti s­
sues of other par ts of the body in th e 
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blood, sali va and urine total approxi­
mately 150 different det erm inati ons on 
each case. In the last 800 of th ese blood 
studies, over a period of about six year s, 
th ere have been includ ed det erminations 
of data on the variations in th e behavior 
of bloods ill th e pr esence of calci fied ma­
terial , usually powdered bone. These 
s tudies hav e th rown very important light 
OD th e physico-chemical factors involved 
in th e pr esence of b iologic fluid s when 
in contact with calcified tis sues. 
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presence of cha ng ing cond itions of th e In 'general, it has been fouud th at 
fluids inv olved , As a part of th is study whe n finely powdered bone dried at l 'O()'I)1 

and the general one of the nature of the tempera Lure 'in ordina ry atmosphere is ·, 
vit al pr ocesses inv olved in health and placed ill normal blood ser um, t he serum 
disease, with particular emphasis on den­ will give up from 30 to 50 per cent of 
ta l disease, th e wri ter ha s been aCCUIDu ­ its calcimn and nearly as mnch of its 
la ling data h om blood chemical an alyses inorganic phospho rus . F urther, thi s 
of th e patients und er h is observa tion for trans fer of calcium and ph osph oru s from , I 
t welve yea rs, and on sal iva l or six years . th e blood ser um to th e bone chips or in 
Thcseinclud e at thi s time over 2000 opp osite direct ion has a very direct re­
blood chemical analyses and over 400 sa­ lationshi p to the consti tutional well-bein g 
liv a analyses. Th ese h ave been pro gres­ and to the general health of th e individ­
sively more det ailed and at pr esen t the nal . It has, indeed, been found that fr e­
chemical and microscopic studies on the quell tl y wit h phosphorus, and occasion ­

-
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ally wit h calcium, the tran sfer will be 18 per cent. While thi s is not as much 
in the opposite direction, showing that as no rmal, it will be seen that they are 
there is on avid ity on the par t of the all in this generaLp hase. T he fift y cases 
blood seru m for calci um and phosphorus, were select ed fr om a gronp of sixty con­
such that it win take th esc fr om calci ­ secutive cases. Te n were considered sep­
fied bones, even th ough in nor mal blood ara tely bocalise they had TI18 rked evidence 
t he movement is always in the opposite or calci fication disturban ces ; some h ad 
direction ; namely, fro m the seru m to the had spontaneous fract ures. In this gran p 
bone chips. A comparison of t he physical of ten it will be seen that t he average 
s ta te of the individuals with regard to calcium transfer fr om th e blood serum 
th e str ucture of the bone can be spl en­ to the bone chips was 24 per cent of the 
d idly ill ustrat ed in relation to th ese tota I calcium contained in the blood 
phenomena. seru m . Not only did inorganic phos-
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In Fig. 1 will be seen two groups of 
indiv id ua ls, th e first group includ ing 
fifty and the second, ten individuals. The 
phys ical charact eris tics of th e fift y are 
those of m iscellaneous cases prese nting 
wit h den tal problems and not generally 
seriously ill. From their h istorv and from 
th e roentgenograms of the 1'ee(h and sup­
porti ng structu res and of other bones 
of the body, it was apparent that these 
ind ividuals are not in 8 mar ked st ate of 
tissue decalcificati on . I n th is gro up .the 
average percentage of t rans fer of calcium 
fr om blood seru m to bone chips is 27 
per cent and for inorgani c phosphoru s, 

phorus fai l to be transferred fr om the 
blood seru m to th e bone chips, as in the 
other group, but, on th e contr a'!'}', an 
amount of inorga nic phosphorus was .re­
moved fro m the bone chips and taken up 
by the blood seru m equal to an average 
of 28 per cen t of th e total serum inor­
gan ic phosphorus . These phases are 
shown in this figure by th e rise or fa ll 
above or below the base line crossing t he 
r-en ter of the chart. T he calcium is shown 
by a single li ne and the phosphorus by 
a dou ble line. 

H is particularly import an t that we 
observe th e effect of t re atment on th ese 
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ap pa ren t im balances. T h is is shown 
g raph ica lly ill F ig. 2. The fir st pa ti en t 
is one wi th a s ponta neo us f ract ure. It 
will be observ ed that before t reatmen t 
th e ca lcium beh aved abou t nor mal. T h e 
inorganic ph osphor us, h oweve r, was in 
op posi te ph ase, an amount equa l to 35 
pe l' cent of t h« t ot al being taken from 
Ih c hone ch ips and t ra nsfe rred t o t he 
b lood ser um . Aller tw o month s o f nu ­
tr il ional treatme nt, th e fr actu re showed 

F IG. 
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ill us trated a case of the degenera ti ve ty pe 
of ar thrit is with extreme d ecal cification 
of a ll the bones. Again t he calcium f act or 
will be seen to behave practically as n or ­
mal bot h befor e and after trca tme n to 
T her c is a marked cha nge, however, in 
ti le inorgan ic ph osph orus. Befo r e treat ­
m ent an aru ount equal to 11 pel' cent of 
the t otal ill the se ru m pa ssed from t h e 
bon e chi ps to the se ru m, but after t wen ­
t y-f our d ays on t he d ieta ry program 
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Solubilit fador Of
 
Serumfor bone chips.
 \ 

Marhed DecalCification with Spontaneous Fradures. 
Thc	 marked dccalci fica.ticu shown in t he bones is accompa ni ed by a mo vemen t of phosphorus 

from bone ch ips to blood scru m in amo unt eq ua l to 70 per cent of tota l inorganic phos ­
p horus of seru m. Ca lc ium moved i n t hc 
fr om normal o f 17 per cen t. 

splenoi d callus forma tion , with pr ogres­
sive calcification of all the bones and 0. 

marked irnprovemcu c il l genera l health . 
'I 'ho ph osphor us cha nged wit h treatment 
t o a r ever se phase, ap proach ing but n ot 
yet r ea ching n orm al. F orty per cen t of 
the calciu m now passe d from th e ser um 
to t hc bon e and 15 per cen t of t he in ­
organ ic ph osp horus m on o in th is d i ­
rection . 

I n t he seeon cl case shown in F ig . 2 is 

uormn l j d ir ect.ion , t hough in r ed uced amount 

speeia l ly des igned to m ee t thi s emer­
gency, th e ph osp horus factor changed to 
pract ica lly n ormal ; na mely, 34 pr:r cen t 
of t he total inorg an ic ph osp hor u s of t he 
ser um now passed to th e bone chips. 

T hi s p hase is so impor ta nt t hat it is 
des irabl e to observe an ot her and even 
ma rc ex treme case which is shown in 
F ig . 3. T his young woman has suffered 
so m an y spo n ta n eous f r ac tures that she 
Call scarcely coun t them . She has h ad 
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nineteen in one year. It will be seen fr om 
the structure of ih e bones th at th ey were 
no t able to even r esist the normal pull 
of the muscles and had curve d. Th e de­
calcification has extend ed nearly to the 
corte x of all the bones. H er father told 
me that at two different time s he had 
seen her with both legs and one arm in 
a cast a t the same tim e. She has spent 
man y yea rs of her life in casts , 

\\' c are here primarily concerne d wit h 
th e behavior of the blood serum in r e­
lation to bone, which is shown gra ph­
ically in the same figure. 'The extent to 
which calcium 1110ved f rom the seru m 
to the bone is niuch less than n ormal. 
th e reduction being 17 per cen t 0.1 t h~ 
tot al. H owever, the phos phorus moved 
ra pidl y Iroin th e bone chips to Lh e serum 
01' thi s pai ;, 'ut to an amount equal t o 
70 per cellt of tbe total inorganic ph os­
ph orns of the serum . It will readily be 
seen that , to the exten t that thi s process 
was operati ve in the body, t h er e would 
be marked demin eralization of th e pho s­
ph oru s. It is of interest that the hi story 
of thi s case showed a nearly norma I earl .l' 
childhood, with progressive developm ent 
of distur!,('(] g rowth and easi ly produced 
fractures following child hood sicknesses, 
Th is in div idu al bas never used dai ry 
products, at l e H ~ L not since c:h ilclhooci', 
and but littl e then . 

Th ese data sngges t t hat the for ces 
within the body must be very st rong 
which would pr event bones fro m weak­
eniug or di ssolu bon if the pla sma in cir­
culat ion had such an avidi ty for ph os­
ph oru s as thi s pat ien t's serum does in 
the presence of bone chips , Second ck­
t erminations following t rcatmen t are not 
\'et available. 
" Sin ce the chemical con tent a t: tooth 
st ruct ure an d of bone is so similar, differ­
ing largely in organ ic ma tt er, it ha s 
sceuied pr obable that a sim dar relation­
ship would be found between tooth struc­
ture and circ ulating blood within the 
tooth and the saliv a and Lh e externa l 
tooth surface . Accordin gly thi s progr am 
bas involved t he routin e st udy of the 
behavi or of th e saliva of th e individual 
with r J,g-ard to th e direction of th e move­
ment of minerals f rom saliva to calcified 
st ruct ure or in the oppos ite directi on, 

Th e sali va stu dy has been associated with 
th e blood studiss in about the last 400 
cases, besides being app lied dire ctly t o 
sa livas in a large number of cases where 
the blood chemi cal anal vses were not in­
cluded . Th e imp ortance" and signifi cance 
of the fin dings revealed in th ese studies 
can be evaluat ed by data relating to par­
ticular individuals and by groups, .therc 
being a distinct advant age 111 the latter. 

It has con tinu all y been observed tha t 
even the blood pi cture 'with regard ro the 
amoun t of calcium and phosphorus that 
will leave t he seru m and go into bone 
had a direct beari ng npon Dot only the 
physical welfare of t he individual , as 
presented in Figs. 1 and 2, but oft en 
appeared to ha ve a direct, relationship 
to a tendency to den tal caries ; and, 
Euri ll(' I' , th at with impro vement in gen­
eral phy sical condi tion as a resul t of an 
improved uutrit iounl pr ogram, there was 
not only an improvem ent in the solu bil­
it v factor of th e blood serum but also in 
lIi" saliva as a result of tr eatm ent. It 
has also been observed that when th e 
factor of safetv is low in the blood serum, 
it is low in the sal iva. ­

Th e applicatio n of this method of 
study to pra cti cal cases has now bee11 
appl ied to severa l hu ndred cases. It has 
been deemed exceedingly imp ortan t that 
cont rolling fact ors should not be allowed 
to mask the inter pretation of th e data. 
Th e pri nciples in valved are fu ndauicut nl, 
and they should obta in in severe cases 
of dental caries, regardless of geographic 
location aIIII ra cial characteristics. 1 
th erefore endeavored to establish data ob­
tuin erl from patient s in distinctly di ffer ­
ent environmen ts. My clinical cases fu r­
ni sh several hnndr ~d different typ es 
provided in a vari ety of f amilies and 
types of hom es und home life as found 
in a lar ge ci ty. 

It is impor tan t to know wheth er sim­
ilar cond itions would be found in aVel.'­

age families from city life in othe r parts 
of the world. This I have u ndertaken to 
provide and at the same time obtain 
helpful cr iticism of the proc edure hy 
having a grOllP of cooperat ing dentists, 
usua lly five, in each of about a dozen 
cities distr ibute d th rough ont tire U IIited 
Stat es, Canada and Switzerland. Under 
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th is arrangement these den tists 11<1\ e bccu 
requested to send roentgenogr ams of the 
teeth, hi story of tho case on a question ­
naire fu rni shed, find also a sample of 
saliva and cult ure from the month . We 
furn ish th e containers for th at pu rpose. 
The sali va tests are repeated at t he eu d 
of one mou th find again at the eud of 
three mon ths. E ach dentist is re quested 
to select a typica1 severe case of dental 
caries, preIerably of the " teen" age, or a 
case ot pregna ncy I have und er taken, 
with the pati en t's cooperation, Lo prov ide 
add it ional vitamin'> and dir ecti ons for re­
inforcing the diet whore Ionnd uecessary . 
Notwithst anding the disadvanta ge of ab­
sence of personal contact, the evide nc e 
in dica tes a splendid (lr:,C\ree of success, as 
will be shown, and sp lendi dly comparable' 
to data obtained d iroctly fr om patien ts 
with whom I ha ve personal contact to r 
examina tion and inst ru ction. Th is has 
f urnis hed two groups d iIlcriug primarily 
in geogra phic loca ti on, both , JIOWCYEn', 
having Lhe ord ina ry sc .ere cond it ions of 
denta l caries fOllnd in homes with aver­
age nutr iti onal programs. 

It has been desi rable to liavo sti ll an­
other group in which the individ uals had, 
if possible, a morc ram pant type of den­
tal caries and associa ted with a more 
extreme systemic d is tu rb .mce. Fo r i lri s, a 
group of children has been selected I rorn 
a dis trict of H citv t hat bas been seri ­
ously handicapp ed by the iudus tri al de­
pression. This dist ri ct is in the viciui ty 
of the steel mills, which JHlYe been closed 
clown lor a year or two. Th e same type 
of data has been obtain ed for t hese ch il­
dr en ; namely, roen tgenogra ms, sali va 
chemical analysis, and the placing of fill­
ings in open cavit ies in most cases. I n 
the first two groups an Jbat was deemed 
necessary was to provi.l« additi onal 3 C­

ti va tors, to be deseri bed, and some rei n­
Iorcoment of the dieta ry p rogram. In 
tbis last group th ere was no possib ili ty 
of the pare n ts providing nn adequate nu ­
t ritioua1 program. 

Tb rough the kin d and efficient co­
opera tion of RerercJ1cl E dwin A. J3rowII ) 
of the Broadway Meth odist Epi ~ (: i) pa 1 
Churc h, which is ill th e vicini ty of these 
homes, and work ing ill complete cooper a­
tion 'with his s taff, arrangements were 

made for pr oviding one reinforced meal 
a day to the most ser ious of these cases. 
I n a" I, about three dozen have been on 
this program. Th e con tent of the meal 
provided will be el eseri bed. The exam­
inab on of the month s of these eh ildren 
rer ealed many very large open cavi ties 
in first and second permanent molars, 
many of which app arenfly involved the 
pulp, but with pulps sti ll vi tal. Some of 
these will be shown in roentgenograms. 

} ' IG . 4 

Behavior o f In. P of sa li va of three groul's of 
putieuts with den tal ca r ies befor e 
- a nd af t.er t re a tmeut 

Befor e Afte r I Befor e Aft er 

~ . 

i 

r ,. 

- -r . 
- I-- H - -H+ +-I
+ .,+ ­

On'lR 
Cl'rIES 

G AO u P 

Mov ement of Ca and P Ra tio of Co. t o III. P 

In Fig. 4 will be seen da ta being ob­
tained fro m each of t hese three gron ps. 
T he firs t group is cal led Br oadway Mis­
sion Cro np ; t he second, Other Ci ties 
Group, and th e third, Offi ce Clinic 
Gronp. 'I'he severity of t he den ta1 curies, 
as dCI1l 0 11 ~;l rated by the r oentgenogra ms, 
fi ll of which ar e in my files, was clearly 
m uch greater in the Br oadway Mission 
Group children th an in tho se of the other 
two gro ups. Thi s was to be expected. 
H owever, t his is a mat ter of degr-ee only, 
[or mUlIY areas of decalci fication, chiefly 
ou occlusal and proximal sur faces, are 
Iound in pr actically all of th ese eases of 
all three groups. 
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Th e routin e chemical an alysis of th e 
sal iva for all 01' these cases in clu des th e 
following : pH or hydr ogen-ion concen­
tr ation, potassi um, sodium, tot al calc ium, 
diffusible calc ium, non-d iffusible cal­
cium, per cent diffusible, sal iva plus bone 
calciu m, chan t;•.' fr om same, per centage 
change, to tal phosphorus, in organi c phos­
phoru s, percentage of tot al ph osphoru s, 
th at is, in organ ic, diffusible ph osphorus, 
non-diffu sible phosph oru s, percent age of 
iuorgam c phospborus, saliva plu s bone 
phosphoru s, change produced by bone, 
percent age change, p roduct of calciu m 
and in organic phosphorus, rati o of inor­
gan ic: phosphorus to calciu m, rati o of d if­
fusi ble phosph oru s to diffusible calc ium. : 

I n the chart only two fact ors nrc 
shown before and after treatment. 1)1 the 
first square for each grollp the movement 
of the calcium and in organi c ph osph oru s 
of the saliva as a result of addin g bone 
chips to th e sali va is ill ust ra ted. I I will 
be seen that the lin e repr esem.ing cal­
cium, reading down, represen ts an aver­
age reduction by calcium going I'rom the 
saliva to th e bone chips, of 08 pel' cent. 
Th e ph osph oru s is graphicHlly shown by 
the double lin es and will be seen to rend 
above the base or zero lin e to almost lhe 
same exten t tha t the calcium is shown 
below the Iiuo; namely, an in crease in 
an amoun t equal to 3°! per cen t of the 
total in organi c phosphor us of the sali va. 
We will keep in mind that in normal 
saliva both phos phorus and calcium ha ve 
l,ec)l found to move in the directi ons th at 
the calciu m has moved here. 

When we compare t he calcium and 
ph osphorus movemen t in the saliva or th e 
Broil,1Imy group, with its very severe 
dental car ies, with t hat which obtained 
in the two othe r groups, we nut e t hat the 
essent ial and strikin v difl'ere nc,.. is one 
of deg ree in th e movement of the ph os­
phorus . 'I'he average showed some move­
nient 01 ph osph orus fro m the bone chips 
to the saliva in the members of t hese last 
t wo grou ps. 'I 'he calcium facto r in an 
th ree groups was qui te similar. 

The add ition to the dailv int ake of 
food of fat-so luble act ivat ors, t o be de­
scr ibed, wi th some improvement in min­
cra l-carryiug foods, made a rema rkable 
change, in that the phos phorus ceased tu 

move fr om the bone chips to the saliva 
but now moved fr om th e saliva to the 
bone chi ps, The r apidity with wh ich this 
change can be brought about will pres­
en tly br. shown . 

'I'lrc ind ividuals in the Broad way 
group received as a reinf orcemen t one 
specia lly prepared meal reinforced in 
activato rs and min era ls. Many of the 
chi ldren received at home little but plain 
u nsweetened coffee and white bread, and 
ofte n littl e of either of these. A special 
meal was design ed to furnish nearly the 
amount. of the body's dail y requirements 
ill calcium and phosphor us and activ a­
tors. After six weeks' treatment the cal­
cium is seen to be in the same phase as 
before, with a slig ht in crease in th e 
movement of the per centage of calcium 
Irom the sal iva to th e bone chips. Th e 
inorgan ic phosph oru s in the tim e covered 
in th is graph changed in l.lie same direc­
ti on for th e Broadway Mission group to 
an amount equal to ] 4 per cent of tlre 
total sali va inorgani t ph osph orus ; in the 
Other Cit ie- gro up, to 1() per cen t and in 
th e Office OJinic group, 18 per cent . Th e 
tim e covered by the tr ea tmen t in th ese 
cases was six weeks for the Broadway 
group, one mon th for the Other Cities 
group and an avera ge of fou r mon ths in 
the Office Cl inic gruup. At the t ime of 
th is wri ting, wh ich allows the Br oadway 
poup twelve weeks' time, the phosphoru s 
movemen t has increase d in the same di­
reet ion, averag ing ;j9 per cent of th e total 
saliva inorgani c phosphorus. The third 
monthly salivas for the Other Cit ies 
grou p are not availahle. 

T he ratio of inorgani c ph osphoru s to 
calc iu m W ,]S 0.8 'for the Broadway Mis­
siou group, 0_9 for the Othe r Ci lies 
gro up and 1.:3 1" '1' t he Office Clinic g roup . 
These factors changed af ter treatment to 
1.5, 1_1 , and 1.4, respectively. Th e in­
crease in weigh t in the Broad way Mis­
sion group was fr om an average of 73.8 
per cent to 7?6 pel' cent in t welve weeks' 
time. Th ese da la are no t vet available for 
th e other groups. " 

It is imp ortan t to note tha t thi s die­
tary prog ram does not necessa rily in ­
crease weight. II does lend to bring in­
div idua ls more nearly to norm al, which 
often means a 1 0s~ in weight. H owever, 
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J01 growing child ren i( gener ally does 
mean a gain in weigh t. 

F or th ose who wish to read the data 
as ox ids of th e minerals, th e correct ion 
factor wou ld be obt ained by mul tiplyin g 
the am ou n t of the elemen t shown as fol­
lows : calcium by 1.4, phosphorus by 2 .29, 
po tassiu m by 1.2" sodi um by 1.35 , mag­
uesium by l.G G . ~' 

A chem ical an alysis of one of t he test 
meals showe d calcium in grams as Ca O 
at 1.48 g rams, ph osphorus as P 205 at 
1 .28, magn esium as MgO at 1.06 , fa ts a t 
10. '1' gra m s, proteins at 8.89 gram s. This 
included one helping only of the various 
clem ents of t he meal , where as m an y of 
the ch ildr en Look a ss coud helping of sev­
era l courses. 1'11'0 childre n of five vears 
each took four bowls of thi ck soup the 
fir s t two days (a bout tw o qu ar ts) . 't his 
meal was begun by eac h chi ld m arching 
up in a line an d taking h alf a g lass of 
thi ck t om ato ju ice or ci t rus fruit aud a 
teaspoonfu l of ha lf an d h alf of a high 
vitamin cod-liver oil an d high vi tam in 
bu tter concentrn te m ix tur e provided by 
the wri t er. They th en proceeded to t he 
tables and h ad as their first course a 
large bowl of vegetable an d m ea t soup 
conta in ing a la r ge asso r tme nt of veg ­
et ables and chopped m ea t prepared as a 
ste w. M an} of th e ch ild re n t ook a sec­
on d lib er al h elp ing of sou p. F or th e 
next course the y h ad sl iced canned 
peaches and deh cious rolls m ade of 
f resh ly g round whole whe at, t o wh ich 
ha d been added an addi tional quau t ity of 
fresh wh eat £:er l11 . The whole 'wh eat was 
gro un d in a ~11 0tOl'-driv en coffee mill set 
up in the kitchen, an d f resh ly prepared 
f rom da y t o day. These rolls were spread 
lib er all y wi t h a n extra high vitamin 
bu tt er provid ed by the wri ter, which had 
been produ ced by cows while past nnng 
on green whea t. U nfo rtun ate ly, as yet 
thi s has to be shi p ped lon g di stan ces and 
mos t of it p rovided by spec ial arrnuge­
meut fo r fee ding th e dairy cows. E ach 
ch ild h ad also one or t wo gla ss es of mi lk. 

• The as sa.y meth ods u sed f or detcrmina­
t ions were, fo r Ca . the Cramer-T tsda.l l ( .fo·u.rn . 
tuo: Chern., 1921, 47, 475 ), a nd. for P , t he 
S tanno us Chl ori de method of Kut ler and 
Cohe n i J ourn . Bial. , LXXV, Nov. 1927 , No . 
2, 517) adapted to sal.iva . 

T h is m eal is vari ed f rom da y to da y but 
so desig ned as to m ain tain th ese high 
levels 01' f at-soluble activators (minerals 
and g r ain embryo ) . These chi ld ren r e­
ce ive six meals a week . The source of vita­
min C was varie d . Caro tene was rein­
f or ced by adding to t he vegeta ble soup 
fin ely g rou n d small carrots of deep yel­
low colo r . These an d the wheat ger m wer e 
ad ded t o t he vegetable sou p af ter it was 
rem oved from t he stove, but st ill hot , t o 
avoid the high temperature an d long 
cooking, which would injure th e act iva­
tor conte n1. 

I nd ividua ls in th e Other Citie s group 
and the Office Cli nic gr oup r eceived the 
sam e fat-soluble prep arati on pl aced in 0 
8i 7.e capsules con ta in ing six-te nths of a 
gram . T hree of th ese capsules were t aken 
with each meal. An arrangem en t was 
made f or p ro vid ing freshl y groun d whole 
whe at and a fr eshl y p repared wheat ge rm 
for all th e pa ti en ts of t he Other C it ies 
a nd Office Cli nic gro ups. Instructi ons 
wer e g iven fo r the prepar ation of thi s 
cerea l by cooking the cr ushed wh eat iTI 
a double boiler f rom tw o to fo ul' h ours 
and, bef or e r emovin g from the fire, add­
ing an am ou n t of wheat ger m, according 
to t he percentage of em bryo cont a ined, 
sufficient to provide t en per cent pure 
em bryo, which ge ts on ly the cooking of 
the cooling-dow n process. E no ug h can 
bc prepared fo r several da ys and the por ­
ti on desir ed war med up each day. It can 
be vari ed and t he ap pe tizi ng f act or s, 
w hi ch are ver y hi gh , can be enhanced hy 
adding pi eces of fr esh or dri ed frui t s 
and n uts. 

The m ethod of preparing the acti va­
tor mi x turo is as f ollows : A n at ural hi gh 
vi t ainin cod -li ver oil is se lected by chem­
ical tests, nsiug the L ovibond 'I'intom eter 
m eth od of read ing antimony t r ichlorid 
color at ions l or vitamin A as suggested 
by Carr an d P rice-" and D rummond aud 
Hilditch." The vit amin D con tent is de­
te r rnined by a mo di fica tion of the Y oder " 
hydriodic "acid tes t. 'I'he hi gh-vitamin 
but ter is selected by the sam e p rocedure . 
J h ave discussed th ese factor s in det ail 
in earl ier com mu n ica tions. 

'When I h ave locat ed a samp le of bu tter 
- and a ver y sma ll pe rcentage of avail­
ab le bu tter sa mple s will be cons idered 
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sufficien t ly high in vitamins for this use 
·- th e low-mel bug ster ols are separ ated 
by chilling and cen tr ifugi ng while in. a 
prope r physical sta le. The oil t h us pro­
du ced re ma ins liqu id at r oom tem pera ­
tur e, is comp letely mi scible with th e cod­
l i ver oi l, has " su rface ten sion t hat does 
no t leak in the caps ules. 

T hese s tud ies are in cluding observa ­
tio ns on the r ela tions of acid ophili c bac­
te ri a an d dental car ies and th e change 
in in cid ence an d num ber of t hese orga n ­
isms under these nutritioual programs . 

An importan t phase of these nutr i­
t iona l st udie s in rel at ion to the control 
of dental caries has been th e rap id cha nge 
in l.hc deve lopment of th e den ti n abou t 

F IG, 

virtual exposure. T he i nvolved dentin bas 
been remove d. 

T his n utritional program has mad e 
poss ible a new pr ogn osis for Leeth wit h 
virtual exposures. This principle has 
been applied in ,1 Dumber of cases. T he 
chi ldren cons tit ut ing the B roadway Mi s­
sion g roup presented man y teeth wi th 
condi tions of this ty pe. Seve ra l of these 
are shown ill F ig . 6. T his is of great 
sign ificance in that the denta l car ies had 
decal cified t he tooth through to the pulp 
so th at there cl early would have been ex­
posur E' h ad the decalc ified dentin all been 
removed. T hese pulps are progressively 
building in ne w wall s, whicb ar e rea dily 
d isclosed by the Roen tgen r ays in even 

5 

th e p ulps of th e tee th, t.ogether wi th a 
m ar ked inc rease of den sit y of tooth roots 
as we ll as 01 c rO WDS whe n a pa t ient is 
under trenl mcn t, In Fig. 5 will be seen 
a str iking ill ustra tion of t hi s phe nom ­
enon . I n A, the first view, car ies ha d de ­
calcified ap parently thro ugh to the p ul p 
from a dista l cavity in t he bicuspi d and 
underneat h a leaking alloy fill ing. T he 
dentin was partially disinfect ed an d a 
protective cappi ng pla ced over i t. The 
rernova1 of the in volved den till was (J e­
layed until Ihe pulp could build in a 
new protecti n g wa ll. The second view, 
13, shows t he wall of dentin bein g bui ll 
beneath t he area of approaching car ies 
underneath th e dressing and temporary 
filling, The thir d view, C, shows a sple n ­
d id pr otecting wall of dentin over the 
area which originally constit ute d the 

eight weeks' tim e, The upper or lef t hand 
pictu re in each case shows the condi t ion 
a l" the time t reatm en t was beg un ; in 
many cases tem porary treatme nt fill ings 
are show n iu p lace. Th e lower pict ures 
show the same teeth six or eig h t weeks 
l ater , as in di cat ed . Only two cases ga ve 
trouble and th ey had conside ra ble apical 
inv olveme nt. T o save space onl y six of 
these eases are shown here. 

One of the cases of excess ive ca r ies, 
which had dostroved all of t he occlusal 
surface of [he crow n and the den tin with 
apparen t rJ (·r.alcificatiol1 to the pulp 
cham ber, did not r ecei ve a temporary 
fill ing du e to an oversigh t, and a large 
area of den tin was left f ree ly expo sed 
to the saliva, When this g ir l was sent f or 
to have th is tooth taken care of. it was 
fou nd that t he den ti n had beco{ne very 
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tough and dark in colo r, with eviden ce 
that the act ive caries ha d cease d even 
without filling. It is my expe rie nce that, 
where decalci fication ha s not exte nde d 
through the enamel to the dentin while 
on th is nu triti ou al progra m, den tal cari es 
ceases to be act ive even in th e small pr ox­
i rnaI contact cav it ies . 

FIG . 

D ur ing the yea rs th at th is 11 utritionaI 
pr ogram has been un der de velopmen t as 
a practi cal p rocedure for the con trol or 
den tal ca ries, res ults hare been r eported 
JI'0111 time to time indicating the per­
centage of control esc,.',:(li ng 90 per cell t 
fo r e\ ell difficult an d rampant cases . 
Man y in divid uals have been pelt a ll thi s 
program 'who had been r eferred by oth er 
dentists beca use of exceed ingly r ampant 
den tal caries. These cases fre que n tly had 
even two and three dozen open cavi t ies. 
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A typi cal case is shown in F ig . 7. This 
boy presen ted with t hi r ty -eight open cav­
i ti es an d wi th the rep ort that the dentist 
cou ld n ot keep up with th e caries even 
with one ap poi nt me n t a week. The two 
upp er bite-wing r oentgenograms show 
th e condi tion at the beginning, and .i t 
will be noted tha t t he crowns or ne arly 

G 

all t he m olars au d bicuspids have been. 
greatly inj ured by dental car ies. T here 
nrc almos t tw o years bclw en t he upper 
and lower p ail' of roen tgen og rams, and 
<l ur ing this ti me l ew if any new cav ities 
de veloped. So me old amalgam m argins 
broke down and nee ded repair . Thi s case 
is of particular in te rcst because thi s cou­
Lrol has been ma intained notwithstand­
ing th e fact tha t the young man was allt 
of the cou n try fo r ap proximately a year 
of th is t ime li vin g u nd er condit ions 
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wh ere it was very difficult to control the 
bas ic d iet. Tile vita min ca psules wer e 
sent to him in E uro pe, Note par ti cularl y 
the reducti on in the size of: pu lp ch am­
bers, particula rly thc lower lett secon d 
molal', and n ote that the carious cavity 
sh own in the upp er view of th is t ooth 
apparen tly or ig ina lly exposed th e ho rn 
of t he pulp. Simila rly note the reduc ­
t ion i n t he size of the pulp ch amber in 
the lower righ t fir st molar. 

Seve ra l g rou ps of s tudies lia . e been 
put into ch ar t ior m comparing in di vid ­
ua ls with and without th is def'eusi ,e 
t rea tm en t. A summ ar y of some of t hese 
is shown in Fig. S; wh ich show s in 

t here were iu 1928 an average of 4 .85 
cav it ies pe r pe rso n, and in 1929, about 
the same, 4."/3. . 

In B will be seen res ults of th e ex­
amina ti on of indiv iduals p resen ting in 
a two weeks' p eri od fo r their regu la r 
chec k-up a t sp ring vacat ion in 1930. Of 
fifty-six pa tients, 44 had not received 
treatment an d since th eir last cxamiua ­
tio u, approximately six mon ths previ ­
ously, th ey had an average of 2.9 cavi­
ties per person. Twelve had re ceived 
trea tmen t an d the num ber of cavi ties was 
0.25 pe r ind ividual. In lh e age gro np 
brelve to eig hteen t here were nine with ­
out treatment, with an 3rcJ'age of 5.5 

FIG. 7 
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graph ic Iorrn t he resu l ts of five separate 
s t udie s made at d iffere n t times l or the 
comp arison of individuals who are 
t rea ted with those who arc no t treated 
ill rega rd to the m atter of prevalence 
in carious cavi t ies. "A" com pares the 
same in div iduals in two d iffere nt g rou ps, 
neither of which re ceived t r eatme n t il l 
19.28 and one of wh ich, in cludin g 38 p a­
tieuis. received trea tm en t ill 1929. T hi s 
soeoud grou p in clu ded ind ivid ua ls who 
in 1928 had excess ively acti ve den tal ca­
ries; namely, an avcrag« of 8 cavities 
p<'r person . In 1929, after t he s(~ ind ivid ­
u als h ad been put on t he defensive treat ­
m ent, th e nu rnbel' or cavit ies dr op ped i ll 
t his ver y susce p tible grou p to 1.4 cav ­
ities per person , wher eas in th e other 
g roup not rec-ei ving treatment eith er yea r 

ca vities pCI' indi vid ual , wh ile the SI X 

with treatment bad no cavities. In t he 
boarding' sch ool gro up , four wit hou t 
t reatment baa an average of 8.5 cavi ties, 
while fnu r with t reatme nt h ad no ca vi­
t ies. T here we re two cases of pregnancy; 
one \I i tho nt treatm ent ha d ni ne cavit ies 
and the on e wit h trea tm ent had on e -cav­
i ty. . 

. In seri es C, there were sixty-six pa­
tients ill wh ich forty-eight were without 
t reat men t an d Ior t ho peri od of st udy 
had 1 ."{'3 cavities pel' person . E ightee n 
with treatment had 0.05 cavi ti es pe r pe r ­
son . When the adu lts and young peopl e 
ar e sep ar ated, the re were thirty adu l ts 
without treatmeut ; they had 1.55 cav i­
tie s per per son , and the nine with t reat ­
men t had no cavit ies. I n the you ng 
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g ro up th er e were eig hteen withou t tr eat­ other seri es of ten-year age groups cov­
ment, with an average 01 two cavi ti es pe l' er ing the perio d from January 15 t o 
person, an d the nine with treatm ent had Mav 15. 1931. In t his series th er e were 
0,11 cav itie s pe r indi vidual. uinety-two ind ividual s, of wh ich number 

In series D (1930) a group o f ZOO H ly-se" ell were ad ults an d thirty-five 
in di vidual s, includin g 100 with treat­ were ch il d ren. In thi s g raph ag ain , DS in 
ment an d 100 withou t t re a tme nt , arc i h (~ last one, th e lower soli d lin e repre­
S ] I(:' W f) in ten- year age group s up to sixty sents th080. receiving treatmen t, an d t he 
years. 'The lower sol id line with i ts lI1J­ up per br oken li n e those with out treat­
ri ght column re presen ts tho se wit h treat- men t. It will be no ted that in the twen-

FIG. 8 

COlt TlWC or DmhL CM,,~ 
CoIiT1\OC Of DE"T~ l CARlL! lIY rQuP. [i ~ C \,lj'~ ....ITH ""II Io'lT!1CIl.l Tll£...l l'l t~ 

r U i, S I'l "0"'114 u~"'"' IItU)"[~., M...~~ w JJ ..~~ N~ I L i , ItJO.AC1I'"'ATOll. ADMI~I~TP.ATlo.,. n-'­
>rrr::I:: .. e.-! .. +-H+ H- ' ­

'J~~ ' 
"I 

. ~ 
~T
 

o~, .....
 A.""... 
.:;.. D.....	 Il f " 'U. T .. . ~ 1
 

~ 1 "T ,h·:•.
 

~ . 
'­

+, ­ . -

r"J 

-I 

,.,­

mont, and the u ppe r dotted line wi th 11J1­

ri .!..;·ht bro ken colu mns repr esen ts the 
number of cnvities for t hose withou t 
treatmen t. It is of in terest tha t in t he 
ng, \ gr oup ten to t wcn ty the re ....vere forty 
t imps as many envibes in those not re ­
ceiving trea tmen t as in th ose r eceiving 
trea tm ent. For all th e g rOll ps 0:1' this 
ser ies an ave r age d ifferen ce of t enfold 
was foun d. 

In	 ser ies E is Sh O\\"l1 th e resu l t 01 a n­

. ... 

De al Caries Reveniio ., Red lion SOf't;
 

ty-f'our ch ildre n without treatmen t t her e 
were 3.,1 ca vi ties pcr perso n, wh er eas the 
eleven with tre .itruent ha d only 0.24 cav­
iti es per ch ild. Of the fifty-seven ad ults, 
the re wer e forty-three without treatmen t 
an d they had 5.3 cavi t ies per in d ividual ; 
01 the four reeu r eceivin g treatment th er e 
was a ll a vern g« of 0.3 cavit ies per ind i ­
vidual . T her e wer e seventeen tim es as 
many cayi ties iii the group of chi ldr en 
notmceiv ing trc utrnen t as in t he group 
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receiving it. 'I'he re was a sligh tl y larger 
differ en ce in the gro llp of ad ults. Wh en 
di vid ed into ten -year age grou ps th e ca­
r ies was prac tically con tr oll ed excep t in 
th e twenty to thirty age g ro u p, whi ch 
averaged one cav ity p er person un der 
treatm ent, wh ile those of t h is age n ot 
receiv in g treatm en t had 4.9 ca vities pe r 
person . Fo r th e en tire ser ies as expressed 
in Fig . 8,A, B, 0, D and B, th ere is an 
ave rage of 5.2 cavi t ies per }ler80n in th e 
grou ps without t1"('Utmcn t as com pared 
with 0..5.5 cav ities per p er son in the 
groups recei viug trea tm ent, or 9.25 tim es 
as m any cav i ties per per son in t.he in­
dividuals n ot recei ving tr eatment as in 
th ose rece iving it. 

DISCUSSION 

In t he ligh t o f the se new (lata it is 
possible to exp la in some of t he con flic t­
in g th eori es rela ti ve t o de n tal car ies . 
Wh en an unerupted too th is extract ed, 
th e surface will be permeable tu dyes or 
s il ver ni trate for a consp ic uous distance 
into the ena me l. After norm al er uptio n 
has ta ke n pl ace and the too th is ex pose d 
to saliva f or some m on th s or years, th e 
surface under norma I conditious progres­
sive ly becom es more d ense, in which s tate 
dyes will n ot penet rat e the sur face. In 
rampan t caries the change in too th struc­
t ure is ofte n sufficient 1.0 impress op era­
tor s th at it is more r eadily cu t wit h 
chisel or hu r. T h is has frequ ently been 
noted in t;\B('~ 0-[ preg nan cy, and ye t 
th ese teeth r eadily, after the patient h as 
re tur ned to normal cond ition, r ecover 
t heir originaI hardness. An ex planation 
is pro vid ed Io r t hese phenomena in this 
r everse phase, in which m ineral s pass ou t 
of th e surface of the tooth into th e sal iva 
un der cond it ions of SlTCSS. Norm ally; 
th e miu erals go i ll th e other direc tion . 

An inter pret ation of L1;(' data h ere pre­
scnted leads immcdiat el v to t h e mineral 
an d activalo r con ten t ~.r t h e in g,)sted 
foods, and th e emphasis is place d on t he 
phosph orus con tent. 'I'h e anim al li£e of 
th e wor ld has develo ped by adaptation 
to th e normal balances of miner al s in 
gr owing green pl ant st ructu res and the ir 
seeds. It is of g rea t signil1c;J nce th at the 
p la nts store phospho rus in high pe rce n t­

age in their reprodu ctive uni t s, suc h as 
seeds and g rains . L acta ting anim als sim­
il arly pr ovi de milk carrying calci um an d 
phosphorus in lib eral amou n ts approxi ­
mating ten times the level of calc iu m and 
in organic ph osphorus in the blood per 
volume. Milk ulso p rovides activators OT 

vita m ins. P er volume of in gested food , 
cereals fu rnish ph osph or us both in lib­
era1 quanti ty and hi gh r atio to other 
m in eral s. I t is of in teres t th a t th e in­
orga nic phosph oru s of the sa liv a is from 
11 alf again to tw ice th a t of the blood; 
whe rr-as the eulci u m is usually less t h an 
th a t of th e 1.11(;'1(1. of ten abou t oue -ha1£. 
T his clearly indi cates a spec ia l fun ction 
of fh s salivary glands it these levels are 
to be m aintained for establishing th e en­
vironm ent of th e teeth . This is an im­
p or tan t provision of N ature, and can 
on ly be provid ed by the blood m ain tai n­
ing an adequately h igh in or ganic phos­
phor us level. 

H , as th er e ar e in d ications, sal iva 
no r ma lly con tai ns t r ieal cimn phosp hate; 
Ca3( POJo) in sa tu rated solution, wh ich 
for wa te r wou ld be 2.'Y milligram s per 
100 cc., usin g 0.5'± m illigram s or phos­
phorus an d 1.0 5 milligrams of ca lci um, 
thi s amo unt of water also cou ld ca rry in 
sa turated solution twenty mill igrams of 
d icalciu m ph ospha te, Ca R P O•. 2 H zO, 
p rovid ing i1 .G mill igrams of phosphorus 
and 4. ')' milligrams of calcium. If t he 
s.iliva were sa tur a ted wil.h these t wo sa lts 
o l' calcium aud phosph or us, they wou ld 
togd her provid e 1.1'.1: milli gr am s of ph os­
pborus and 5.71 milligrams of calcium . 
If, in ad diti on to p rovi di ng sa turated 
sol utions 0-1' tncul.-ium phosphate and d i­
calcium ph osphat e, a mon ocalcium phos­
phate, (' ;:IH 4( PO 'I) 2 . H tO, was for med, 
100 cc. of wat er cou ld ca rry in solu t ion 
as h ig h as 1800 milligrams O[ m onocal­
ciu m p hosp hate, pt'Ovi(li llg 285 .'1'1 milli ­
g rams of calc iu m aud 4-42.86 rniIJigrnm:; 
of ph osph or us. However , sin ce the sa l iva 
contains othe r strong bases, sod iu m an d 
pot assi u m, jlllOSpllates of th ese would 
a lso be fo rmed, so t hat all t he phos pho r us 
tha t would be present ill th e sal iva would 
no t be avai lable fo r fo rm ing phospha tes 
of calci urn. E n ,n if all of th e phos phorus 
avail able and all the calc ium available ill 
t he saliva were lirst use d to prod uce 50 ­
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Iuti ons of tr icalcium and dicalcium phos­
phate, there would not be en ough total 
calcium and tota l in organi c phosphorus 
prese nt to provide satura ted solutions in 
some sal ivas. Salivas are being studied 
to throw f ur ther ligh t on th is ph ase of 
the problem. 

The clin ical obser-vations of a marked 
inc rease in Lhe densi ty of decalcified den­
tin when the ind ividual has changed 
f rom a st ate of susccptibil ity to one of 
immun ity would s('('m to be related to 
this cond ition . In a pr evious paper !" we 
hare discussed the role of vi tamin A in 
increa sing the funct ion of the "ali l'ary 
g land s and thus d irec tly affect ing the 
chemi cal content of the saliva. 

A comparison ha s been made of the 
action of enamel. dentin and bone ill re­
gard to the mo vement of pho sphor us and 
calcium t o or from the sali va and blood 
serm n. T hese data will be d iscussed i n 
another cornmunicatiou, 

In a previous communicationH' we 
have rev iewed data deali ng wit h the RC­

ball of fat-solub le activa tors in t he re­
leasing of ph osphorus fro m ph ospho­
l ipids, whicl seem to be an impor tant 
fu nction ( Ir vitamin D, the amount of 
calcium phosph ate th at can be formed 
being in par t provid ed by t he release of 
phosphoru s wi th thc for mation in tissues 
of tricalcium ph osphate in pre cipitated 
Iorm where the calciu m is already avail­
able in the t issues when and where t he 
phosphorus is released. All important 
contr ibution to thi s phase has bcen made 
by McGowan and associaLes.2l Thi s may 
thr ow light up on the action that takes 
place within the tooth stru ctu re \"here 
phosp horus has been re moved, leaving an 
excess of caIciuru. 

IVe have previously re porte d an i)11­
porta n t phase of thi s prob lem J ;; ,22 ,23,~ L 

which deals wi th th e behavi or of calcium 
and phosph oru s in solu t ion in var ious 
medi a, in cluding biologic fluids, when 
these fluids are exposed to dire ct irra­
diation or placed in con tact, with cer tain 
su bsta nces li ke butle r and cod-live r oil; 
also tlw.'ie when they have been exposed 
to irradiation. 'I'hcse studies have indi­
cate d that the diff usi bilitv 0 [' calcium can 
be greatl y modified lJy'"t.ll is procedure, 
t here being a very marked release of t he 

calcium fro m its organi c bond. These 
phenomena also atfed the phosp hor us; 
th ough not to so great an extent, there 
being ofte n a mark ed increase in the or­
gani c phos ph orus in the case of blood, 
sali va or mi lle. These effects were pro­
duced by ma ny proced ures, for examplc, 
to a limi ted (:.'\I (:11t by direct ivradiation 
of t he animal's or in dividual' s body, by 
the irradiation of some roods and by tak ­
ing in to the st omach even small doses of 
irradiated cod-liver oil or butter. and also 
to a very marked degree by rubbing these 
substances 011 the surfa ce of the body, 
with the resul t that the phosphorus and 
calcium con tent d th e blood serU11I has 
been raise d by rub bing the material onto 
the human body or t he body of experi­
mental an imals. The seru m calcium of 
chicks wit h r ic- h is was neudy doubled 
by r ubbing the ac tivated oil on t hei r 
necks. T his has developed a procedure 
for Lhe mauaeement of ununited frac ­
t ures and the'-management of arthritic 
pr ocesses which often produces most grat­
ifyin g results ." 

We have shown '" that blood seru m 
shaken with irra diated cod-liver oil not 
only gl'ently changes di ffusibi lity of cal­
cium, hut was able to increase the inor­
gan ic phosphorus of the serum from 2.9 
to 4.1 milligrams. which amo unts to 41 .3 
per cent. ~'her e >an irr adiation of th e 
blood 51-r um iu creasr-d i t f rom 2.9 to 3 .75 ; 
an increase of 29 .3 per cen t. I have dem­
onstrated that simila r effects are pro­
duced in sal iva whsn sh aken wilh high 
vitamin bntte r anti high vitamin cod­
l iver oil, 01' when these are ingested, t his 
being one of the ro ut ine facto rs being 
est imated as a r esu t of admi nistrati on of 
rwt: ivators in connection wit h control of 
dental car ies. -, 

Thi s has been an essenti al phase of our ' . 
successfu l t reatm ent of lar ge clinical 
g roups of den tal carie s pa tients by t he 
two procedures of adding more activ ato rs 
to t he food and increas ing the high 
phosph orus-carrying foods> IVe do nut 
now adm in ister internallv n le activ ated 
cod-liver oil. We are obta in ing best rc­
sul ts with a mixture of high vitamin 
but te r and high vita min cod-l iver oil. 

Our ext ensive blood chemi cal s tudies 
before and after treatment demonst rate 
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that we modi fy these uurl other factors 
i ll t he blood, '[llltl 0 111' saliva chcnn cal 
analvses demons trate that we have dis­
tinctly modi ned both th e chemical con­
tent and mine ral ra tio s and chnugod the 
envi ronment of the tooth by changing 
the di recticu of movement of the phos­
ph or us, 

F orbes/ " in discussing "Dental Ca­
ries from a Biochemica l Standpoint," 
has detailed the pro cesses by which the 
solid phase t rica lcium phosphate pa sses 
into solution and hccomcs dissociated as 
calcium and phosphorus ions according 
to known laws 01 ionization, and he ha s 
also il lustrated th e influence of changes 
in concent ra tion 01 either of the se ions 
0 11 the phosphate buffer syste m of the 
sa l iva . 

It is at thi s point that the act ivators 
ruu , by modifying the saliva, mod ify th e 
ion con cen trat ion h.y releasing Lhe bond 
of the phosphorus wil h organic com­
pounds, and pr obably by some such 
mechanism fig this it enhances th e im­
m nnizing effect of the sal iva. Th is very 
impor tan t point has not, to Illy knowl­
edge, been brought to our at tention as a 
part of the considera tion in any prev i­
ous discussion of the phenomena uf den­
ta l car ies, There are , however, other 
phases of this \ ital asp ect of sa liva as a 
contro lling factor in maintai ning im­
munity to den tal caries t ha n its buffer 
acti on which have to (10 with the mod i­
fication of Lhe cult ure med ium which 
in fluences the growth of acidophilic bac­
teria . These d elta augm ent those pre­
sented by K lein and ~:[ cC () l ! nlll" on den­
tal caries i II rats . 

II ir e review the theori es that have 
been propound ed and the evidenc e in 
their sup por t, we find t hat mos t (It the 
data can now be corre lated. 

I1I iJlcr st ressed the importance or t he 
rOle of acidophilic bacteria, which theory 
still h :18 a place, but the orga nisms can ­
not prod uce car ies except where the fac­
tor of safely has gone down both gener ­
ally and local ly tv a suffic ien lly low 
point, thus cxplaiui ng also why imrnu­
uity may prevai l in spite of abundant 
ba: teri aI growLh. 

Black's evidence, ind icating that both 
bard and soft teeth may be attacked by 

dental car ies, imme diately becomes clea r 
since we are able to change an ind ividua l 
Irom a sla te of susceptibi l i t y to one of 
immunity in a few days' time. The so­
called den se teet h m ay have their surface 
factor of safety changed in a short pe­
r iod of n utr itional d ist urbance , Sim ­
ilarly, while age may have a vary ing il l ­
flneucc on the str uct ure of the t eeth, it 
will not in it self prove a protecti on. 

The relation of p roph ylaxis to the pre­
vention of denta l caries seems to have a 
very important place, though not a C011­

trolli ng one, in th e presence of den ta l 
carie s. Til 11« ((.~ 1) con dit ions which have a 
low factor of sa l'c tv in the saliva of the 
month, though IJOt sufficiently low 1-0 con­
stit u te a loss of immunity to car ies, bae­
teri al growth in protected a reas can 
reduce the low local immunity to a posi­
tive suscepti bili ty. Adequa te prophylactic 
proced ures, as so stron g ly emphasize d 
bv Williams and «tl.ors, may mak e Lhe 
cl'iffcrence in t his often narrow marziu 
or saf ety of the presence or absencev of 
act ive caries. This also explains why in 
open cavit ies. where th e saliva has free 
access, afte r tile patient has been clwlIgecl 
f rom a sta te of sus cept ibil ity to one 01 
imm uu irv, active car ies has been checked 
even t hough no fill ings are placed, while 
caries in pro tected places, for PX [[ mple, 
in the dentin beneath au adjoining prox­
imal contact where there is a small open­
ing through the enamel, 01' beneath over­
hanging fillings and crowns that ha ve a 
physica l condition which, by preventi ng 
the neu tralizing e{fe et of the sal iva, Pl'O­

" ide a local suscep tibil i ty . Th is st resses 
the role of the acid ophilic bacteria as a 
facto r in [ll e prod uct ion of dental car ies, 
While it is pro bable tha t den tal car ies 
cannot take place wit hout t heir' 'assis­
tance, they ar e not able to funct ion with 
th e p ro du ction (I f dental car ies in all y 

locati on where the phosphoru s protec tive 
factors a re adequa te. Apparent ly the fac­
tor of safety of every part 01 the mouth 
will be establ ished by the level pri marily 
of the phosphorus factor of the saliva, 
and this in t urn will be establ ished 
th rough the blood stream by ll l E' nutr i­
tiou , which takes us immediately to the 
activa tor and minorn] content of th e 
food, especially it s phosphor us conteot. 
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.';C':lU I ,\l1 Y AND COKC LUS IONS 

( 1) Based on these new cia ta , a new 
theory of den t al caries may be f ormulated 
as follows ; Both the externa l an d in ternal 
env ironments of t he too th as p rovided by 
the sa.liva and brood are differen t in in­
dividuals who are im mun e to den tal ca­
ries frOI11 t hose who ar e suscep tible . 
T here will be included in t he var iations 
physico-chemical di fi'erences, par ticularly 
ill the sa li va, wi th regard to phosph orus 
an d to a lesser degree with r ega r d to 
calci um, so Ula(. in the immun e ind iviil­
uals th-se elements will tend to be de­
posit ed in to t he tooth structure f rom the 
sa li va, and in t hose in d ividuals who are 
suscepti ble to den tal curi ..-s L1 11: movemen t 
of phosphorus and, Hl t' x tl' C1ll 'O con d iti ons, 
of ca lci u m, th is I act or will be redu ced to 
"e ra or even to a re versal of d irect.iou of 
movemen t, parti cu lar ly of phosp hor us. 
Wh ile these fa(:I,ws ha ve been sho wn to 
ha v« a re lati onsh ip ill many cases to t he 
level of t h e to tal phosphorus and ca l­
ciuui and to lh e n il io of phosphorus to 
':1I k-ium, tliese re la t iouships 11nve no t 
been constan t. K at urc seems to 11a ve 
provided the sa liv a ry gla nds with t he 
funt-i ion aud capacity t o increase the 
in org a n ic p liospl»..rus content of saliva 
well above that (It l.he blood in n ormal 
in di vid uals . 

(2 ) Data are presented in d ica ting 
that t hese phys ico-chem ica l factor s of 
blood and saliva al e cont rolled by the 
p resen ce in the Iood of acti va ting sub­
s tances, ch iefly fn t-so luble , together with 
ade quate mi nera ls in su i tab le che m ica l 
form . T he f a t-solub le activators are nor ­
mally presen t i n da iry pro ducts p 1'o­
duced fr om very fa vorable p lan t ti ssues, 
t he bes t of which h as been foun d being 
gr een, young, r ap id ly growing whea l. 
H elpf ul activa tors are also found in 
va rying amounts in cod-liver oils. A com ­
bin ati ou ot th e two is espec ia lly effective. 
Imm uni t y to dentnl ca ries is associa ted 
wi th a normal or in creasing den s ity of 
tooth structure . T li p~e cha nges in d irec­
tion cf movement ur ph osphor us and c.11­
611JJ1, l'arfi c:ul£l rly the former , control 
th e facto rs of sa let}' of a ll su rfaces of 
the t ee th wi th whic h suliva is in con tact 
with regard to a t tack from f ermen tation 
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processes, and account for t he l imi ti ng 
oJ.: attack in mos t i nsta ueos to p ro tect ed 
a reas such as sulci and p roxi mal CO I1­

t acts, B acl er ia l pro lifera tio ns of aci­
dophil ic organisms can only prog ress in 
pr oportion wi lh the .legr ee of d ist ur ba nce 
of the activ ator and ph osp hor us factor of 
safety and t he dE'gree of ph ysical pro­
tect ion or the a reas involved. 

( 3 ) Mean s are in dica ted whereby th e 
f actor of safely of most ava ilable diets 
can be rei nforced sutficieutl v to con tro l 
de n tal car ies by t he sim p le m ean s of ad d­
ing a small hu t pro per ki nd and am ou n t 
of fa t-s olu ble act iva tors and a cere al p ro­
vid ing th e n ormal m inerals of a freshly 
g round whole whe at, r ye or oats, often 
rein forced to advan tag e with an addi­
t ional amount of whoa t embryo , t ogeth er 
wi th a l ibe ral su pply 01 n ulk, cheese an d 
bu tter. Any food com bination pr ovid in g 
t he proper m im-rnl balances a nd activa­
tors and other essential che m icals will 
provide immun ity. 

( 1) A compa r ison of th ree g rou ps of 
indi vid uals with dent al caries, living un ­
der var iou s and di fferen t cond itio ns and 
in differ en t geographi(; locati ons, h as 
shown t h PIll to res pond sim ila r ly to the 
stress of their environmen t and nu trition 
as expressed in typical den tal caries an d 
th ey r espond s im ila rly to the effect of 
n ut ri tional r ein forcemen t of the same 
general type rczard less of locati on. 

( 5) .\ salivn chemical pr oced ure ha s 
been pres..1Jl ted which r eveals degrees of 
im m u n it y an d suscep tibi lity to den tal ca­
r ies and indicate" t ha t in d ividuals can 
be. changed f ro m a st a te ()f susceptibil ity 
to one of immunit y qui te r ap idly and 
effectivelv. 

( 6) Ivlany o bSC UrE; ph enoum ua, such as 
variat ions ill deus i ty of t ooth st r uc tu re, 
are pro vid ed with an ex plan ation in a(;- ' 
cordance with t he clinical , physical and 
chem ical da ta . 

( 7) I n the l igh t of these new' dat a i t 
is possible 10 ha rm onize much of the 
evidence t hat has heen p resented by vari­
ous worker s wh o {l ave at tacked the den ta l 
caries problem I roiu diffcron t approaches, 
and also t o ac coun t fo r the cli n ical ex­
per iences of workers in differen t coun­
tries, DS well as provide an explanation 
for individual and group im munity and 
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s usceptibili ty bo ll. of the pas t an d pres­
en t lor all an ima l spec ies, in clu di ng 111.1­

mans. 
( 8) T he p henomena tha t h ave been 

em phasi zed i n th eir re la tion to dental ca­
ries as t hose of beha xior of calc ium a ud 
ph osp horus, partrcul a rly the lat ter , in l.he 
presence of calcified t issues, ap ply wi th 
eviden t inipoi tau ce in all bu ild ing u p 
and tearing clown pro cesses occu rr ing i n 
ot her parts of t he skeleton, an d h ave a 
constan t re lation and un iversal express­
ion in t he bones oI th e body as asso ciated 
an d correla ted fa ctors w ith the ph en om­
ell a of innn unity an d suscept ibili ty to 
den t al car ies, an d oiler impor tant sug­
gested pr oeed ur cs 1', ;1' the pre xent iou an d 
ma nagemen t of distu rbed mineral m etab­
olism, in clnil i I1g disease a lted ing th e 
skeleton , 
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