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ADD ITIONAL LIGHT ON THE ETIOLOGY AND
 

NUTRITIONAL CONTROL OF DE TAL CARIES
 

WIT ITS APPLICAT ON TO EACH DISTRICT
 

SHOWING IMMU ITY AND SUSCEPTIBILITY*
 

By WEST ON A. PRICE, D.D.S .• M.S. , F.A.C.D., Cl eveland. Ohio 

;\N expe riment al basis for a new 
t-\ theory regarding th e phenomena of 

den tal caries has recently been pre­
sen ted.' The data presented provide an 

-Read before th e Sec tion on Histology, 
Physiol ogy , Path olog y, Bacteriology a d 
Che mis try (Research) a t the Seve nty- Fou r th 
Annual Ses sion of th e American D ent al A s­
sociation, BUffalo, N . Y., Se pt. 15, 1932 . 

1. P ri ce, W. A . : New Light on E t iology 
a nd Con tr ol of Den ta l Ca r ies ; J. D . R es .. 
ab str . 12 :540 (J une) 1932. Ex pe r ime nt a l 
Basis fo r N ew Theory of D ental Caries with 
Ch emical Proced ur es for Deter mi ni ng Irn­
muoity and Susceptibil ity , D . Cosmos, 74 :1139 
( D ec.) 1932. 

Jour . A . D. A., S ~p l ~m b er, 1933 

expl ana t ion of many con flicts in inter­
pretations made fr om available clinical 
and exper imental stud ies and provide a 
bridge between th e tw o main opposin g 
views. The.first, gro wing out of th e w ork 
of Mill er , Black and Williams, placed 
the responsibil ity on th e act ion of bac­
teria as a controlling factor in t he en­
v ironment of th e tooth and, hence, on 
the need for oral hygiene . The second 
placed the responsibility on metabolic 
processes, and hence wa s interpreted to 
be largely of nutritional origin. This 
th eor y has been suppor ted by the work 
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of McCollum, M ell an by, Pr ice and 
ot hers. A harmonization of these rwo 
theori es is needed fo r practical progress 
in the con t rol of dental ca ries , which is 
apparently on the in cr ease in most of the 
c ivil ized w orld, 

The experime n ta l and clinical data re ­
porte d in th e two comm u nicat ions re ­
ferred to ab ov e can be su m m ar iz ed as 
follow s : The routine che mica l analyses 
of t he bl ood from +0 0 success ive cases 
rev ea led th at w he n powd er ed bon e chips 
w ere pl aced in bl ood seru m or plasma , 
t here w as, in normal cases, a mo vemen t 
of ca lc ium a nd inorganic phosp horus fr om 
th e blood serum to the bone chips , but 
t ha t , in certa in pathol ogic cond it ions , 
f requentl y t he movem en t o f inorgan ic 
phosphorus and occas ionally tha t of 
ca lci um wa s in the opp osi te d ire ct ion; 
nam ely, from th e bon e chi ps to the blo od 
ser um or pla sma. F or six tv succ essiv e 
cas es, it w a- found th a t , in fifty w ithou t 
marked evide nce of de calcifi ca ti on of th e 
skeleton, th er e w as a reduction o f 2 7 per 
cen t in th e calc ium o f t he se rum an d 18 
per cent in th e in or ganic phosph orus. In 
the ten other s of thi s g ro u p, all of w hich 
were charac te r iz ed hy ma rked d eca lci fi­
cation , th e calcium mo ved from th e bloo d 
ser um to th e bon e chips in an amoun t of 
24 per cen t of th e serum cont ent, w h ile 
the inorga nic phosphorus moved in t he 
opposit e d ir ection ; nam el y, fr om th e bon e 
chips to th e bl ood ser um in an am ou nt 
equal to 28 per cent o f th e ino rganic 

phosphor us content of the ser um . Studies 
w ere m ad e on th e effec t o f t re atm ent 
thro ugh reinforcem ent of the nutrition 

w ith hi gh mineral ca rr yi ng food s and fat ­

solu ble ac t iva tors, th e la tt er as pr ovid ed 
in exce pt ion ally hi gh vit am in butter and 
hi gh vitam in cod li ver o il. In t w o o f 

the patients o f the decalcifyin g group. 
one presented spon ta neo us fractu re in 
which, bef ore treatment , t he inorganic 

phosphorus moved from the bone into th e 
serum in the amo u n t of 35 per cent of 
t he total, a nd af t er trea tm en t it m ov ed 
in the o ther o r norm al di rec tion in the 
amo u nt of 15 per cent. Roentgen o­
graphicall y, t he bones show ed an in­
c reased den sity , w ith pr og res sive calcifi­
ca t ion. I n th e ot her case , one of degener­
at ive a r th r it is w it h ma rk ed decalcifi cati on 
in w hic h, befo re treatment, th e inorgani c 
phosphor us mo ved fr om the bon e chi ps 
to the se r um in an a mou nt of J I per cent , 
after trea tm en t wi th n ut ri t iona l rein ­
fo rc ement wi t h hi gh m ineral ca rr ying 
foo ds and fat- soluble act iva tors ( the lat­
ter as pro vided in excep t iona ll y high 
vita m in bu tter an d h j ~ h vi ta min cod l iver 
o il ) , th e inorganic ph osph o rus now moved 
in the o ther or norma l d ir ec tio n in the 
a mou nt of 3 4 per cen t. 

S inc e denta l ca r ies presents so much 
evid enc e of bein g influen ced br th e en ­
vironment of th e tooth. lar ge num bers of 
<al iva sa m ples have been st ud ied hy th i­
sa me proced UL e to ascer tain th e effec t of 
t he sol u bilirv fac tor o f the sa l iva for 
ca lc ium a nd ph osph or us on susce pti bility 
to den ta l ca r ies a nd w he ther this factor 
may be a con troll ing o ne in th e en viron­
ment of th e tooth w h ich determined th e 
level of im mun ity , The clinical and ex­
perim en tal results o f th is st udy ha ve re­
veal ed that , in immun it y to dental ca ries. 

t he in or ganic phosph o ru s a nd calc ium 
moved from sa liva to hon e ch ips a nd that , 

in ac rive den ta l ca r ies , th e in or gan ic ph os­
pho rus a nd somet imes th e calc iu m (ei the r 
o r both) moves fro m th e bon e chips to the 

sal iva in st ead of fr om the sal iva to th e 
bone chips . T he d iscove r y of this phy sico ­

chemica l co ndi t ion im me dia te ly threw 
li gh t on rnanv of t he cl inical obser vations ; 
for exa m ple . t he prog ressive hardening 
of t he su rf ace o f c row ns of te et h for 
severa l m on th s after er up tion , and als o on 
obse rvat ions reg ardin g the cha nge in den ­
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sity of tooth st ructu re under such stresses 
as pr egn an cy, w ast ing d isease and ra pid 
growth of childhood. These cond itions 
are a lso favorable for th e dev elopme nt of 
ca r ies. T he findin gs a re very importan t, 
if th ey a re found to prevail. 

As a mean s for c r iti ea l ly chec king the 
applica tio n of these new pr inciples , sev­
eral group s of patients have been invest i­
gat ed . O ne, a lar ge g ro up , has consisted 
o f cl inica l pati ents wh o had bee n stud ied 
ca ref ully by roentgen ographi c exami na­
t ion, clinical examinati on ( by in stru­
men t ) and by che mica l analysis of th e 
sal iva. Another g ro up cons iste d of forty 
child ren fr om the Broad w ay Mission 
selected becau se of ve ry ram pant dental 
car ies, the ir nutrit ion be ing very bad 
owing to th e st ress of th e indu strial de­
pression . IVl an y of these chil d re n had 
car ies exte nding to th e pulp ch ambers, 
tho ugh the p ulps we re st ill vi tal. The 
pulps wer e pro tec ted in most of the se 
teeth with tem porar y fill ings, an d ca re­
f ul clin ical inspect ion w as made togethe r 
with ro en tgen ographic stud ies. T hese 
chi ld re n r eceived as trea tm en t one we ll 
balan ced meal a da y especially reinforced 
in mineral ca r ryi ng foods a nd high vi ta ­
min butt er. This meal was comme nced 
by each child in line taking a half a gla ss 

,	 of tomato or c it rus frui t jui ce a nd a 
teaspoonful of half an d half of a high 
vitamin cod liver oil and high vi tam in 
b utt er conce nt ra te mi xture prov ided by 
me. They th en proceeded to t he table 
and had a large bow l of vege ta ble an d 
meat soup cont a inin g a vari ed asso rt ment 
of vegetables and chopped meat prepared 
as stew . IH a ny of th e chi ld ren took a 
second liber al help ing of soup . F or th e 
next cou rse, th ey h ad sliced ca nned 
peac hes and deli cious roll s mad e of fr esh ­
ly g rou nd w hole w hea t to w hic h had 
been ad ded , on some occasions , an ad ­
d it iona l sma ll qu anti ty of fre sh w heat 

germ. (This has been di scontinued. ) 
The w ho le wh eat wa s grou nd in a motor 
dr iven coffee mill and prepa red fr eshl y 
fr om day to day. These rolls w ere 
spread lib er all y w ith an ex t ra h igh vita ­
m in butter, which had been pr odu ced by 
cows w hile pasturing on gree n w hea t . 
E ach child h ad al so one or two glasses 
of mille. T his meal was va ried fro m da y 
to day, bu t so design ed as to maintain 
th ese high levels of fa t-sol uble ac t iva tors, 
min erals and g rain embryo. The child ren 
received six meals a w eek . T he source of 
vit amin C w as vari ed . C aro te ne wa s re in ­
for ced by ad ding to the vege t able soup 
finely gro und sma ll ca r rots of a d eep 
yellow. T hese and th e w heat germ w ere 
added to the vegetable soup after it w as 
rem oved fr om th e stove bu t sti ll hot, to 
av oid the h igh temperature and long 
cooki ng, wh ich wo uld injure the acti­
va tor conten t. Th is meal p rov ide d 1.4 8 
gm. of calci um and 1.28 gm . of phos­
phorus in a sing le helpi ng. 

A third study gro up consisted of pa­
ti ents selected by gro ups of de ntists in 
about a doz en c ities each prov id in g a 
pati ent with a hist or y of marked suscept i­
bilit y to dental ca ries. Co nt rol of t he 
con dit ion wa s unde r ta ken by sending to 
th ese selec te d pati ents some high vit ami n 
produc t a nd in struc tions relative to t he 
reinfor cem ent of th e d ail y nu triti on with 
high min er al ca r ry ing foods. 1n all of 
th ese gro ups, t he aver age movement of 
inorganic pho sph orus wa s in th e wrong 
dir ection befo re treatment a nd in th e r ight 
d ir ecti on w he n th e second sample of 
sa liva w as procured one or two months 
lat er. Add itio nal roentgen ograms were 
made fr om tim e to t ime , a nd in only on e 
case w as d ental ca r ies reported to be in 
prog ress. 

In man y cases , in a ll th ree g roups, 
th er e wa s ma rked roentgen ographic evi­
de nce of im proveme nt in th e densit y 
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of th e teeth, in redu cti on and size of the 
pulp cha mber an d in tb e building in of 
protect ive walls underneath the caries. 
Ill ustrat ions of these structural cha nges 
have been pr esent ed. ' 

These and other data have sugg este d 
the urgent need t ha t thes e new principles 
be checked in each gr oup of individual s 
living in nat ural cond itions w hich pr o­
vide immuni ty and other gro ups liv ing 
in condit ions pr oviding susceptibilit y , if 
such could be found living unde r ver y 
exact ing nutr iti onal condit ions and where 
the di ets coul d be st udied and ana lyzed. 
This canno t be done with di ets of those 
earl ier civilizations and primitive people 
w hose skeletons re veal comple te absence 
of de ntal caries. This has constituted an 
imp ortant pa rt of the new inv est igations 
a pre l iminary report of w hich is incl ude d 
in th is paper an d a br ief res ume of w h ich 
has been ma de of st udies con d uct ed by 
me in Switzerl an d in 1931 . 

Since human nu triment in va rio us part s 
of the wo rld ha s con tained a few prin­
cipa l food fac tors , th er e has been need 
for more deta iled inf ormat ion regarding 
the va ri at ions in the min eral cont ent of 
th e same food s produced und er di ffer en t 
cond it ions and in d iffere nt local ities. This 
has been do ne both by chem ical analys is 
of th e foods and by st udy ing th e effect 
of th ese variati ons on experimental ani­
mals wh en detail ed a nalysis could be ma de 
of th e chemical content of tissues as well 
as min or and g ross structural chan ges. 
T his w ill tb row light on the di et ary 
studies of th e exper imental groups and 
will be presen ted first. 

It will assist in v isualizi ng th e problem 
if w e will first sta te bri efly th e principa l 
factors tha t ha ve seem ed to be estab lished . 
Arthur D . Bl ack,' in summing up th e 

2. Bl ac k, A . D. : Future Pract ice of O p­
e ra t ive Denti stry, ].A .D . A., 19 :12 13-1 22 L 
(July) 193 2. 

wo r k of \V . D. M ill e r, J. Leon Willi ams 
and G. V. Black, says : 

In br ie f, th e f act s a re : 1. The str uctu re of 
the tooth, except in gross de fe cts such as 
pi ts a nd fissures, ha s li ttl e or no relation to 
the occ u r re nce of decay . . .. 2. Ca r ies a lwa ys 
begins on th e su r fa ce of th e tooth o r in a 
de fe ct ive pit o r fissure in the ena mel and 
g rad ua lly progresse s in w ard . 3. Caries prac­
tica lly always be g ins in cer ta in protected 
s pots a nd s p rea ds on t he surface w ith in 
d efinite limi ts w hic h a r e ex ac t ly definable 
as th e a re a of liabil ity f or each surface. 
4. Caries practically never begin s elsewhere 
on the S U I fa ce of a tooth , ~ nd tb e d entin is 
never involved until the ena me l has been 
pen etrated. 5. ' b di ssolu t ion of th e struc­
ture of t he tooth is c a use d by a n acid formed 
by mi cro-organi sm s w h ich arc prot ected by 
a gel ar uinou s pla que in su ch a w a y that tbe 
ac id i ~ co n fine d to t he pa r tic ula r sp ot and 
not 11 110noed to bec om di ssolved i n th e sal iva . 
6. The ac idity of th e sali va ha s noth in g ro do 
w ith the occur re nee o f d ec a y. 

Robert Kesel" summar izes past an d 
pr esent th eories as foll ow s: 

From a review of th e past expe ri ment! 
and obs e rv atio ns, w h at d o we actu a lly know 
a bout t hi s d ise ase, d en ta l ca r ie s? W e poss ess 
the se fa ct s: 

l . Primit ive pe op le bo th ancient and 
mod ern, li ving in tb eir nativ e e nv iro nment , 
d e veloped lilli e d eca y . 

2. With the a dva nceme nt of ci vil ization 
w ith th e r efin em ent of foo d an d l iving con ­
d it io ns, d ental ca ri es has ma rk edly increased . 

3 . Ca r ie s is, ;! ! a rul e, mo st active d ur­
in g childhood an d adolesc ence; that is , dur­
in g the growth period. 

4. M etabolic disturban ces p ro d uc ed by 
suc h conditions a s pregnancy a nd d iabetes 
seem to increa se s usc ep t ibility to caries . 

S. The di sease has nev er been pr oduced 
outside the oral en v i ron me nt. 

6. It stops wi th t he ex rrac tion of th e 
too th a nd cea ses w ith th e death of the in · 
d ividua l. T eeth and skele to ns are not sub­
jeet to proteol yt ic de com po sition I1S is the 
re st of the bod y . 

7. The cro wns o f extrac te d t eeth mounted 

3. K es el, R ob ert: W ha t Do W e Know 
Ab out Dental Ca ri es ] (A Cr itica l R eview 
of Recen t Inv esti g ations), J .A .D .A .. 19:901 ­
9 t7 (Ju n e ) ]932. 
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on a n ifici al de ntu res a nd w orn i n suscep tib le 
mourhs sorne tim es deve lo p ca ric • . 

8. Caries is confined l a r g e ly to so-ca lled 
a rea s of susceptibi l ity . These a re marc or 
le ss p rotected are as, wbere th e re is c ppo r­
tun ity for st agna ti on a nd th e collection of 
fore ign ma ter ial. T lte mo re e xposed ar ea s, 
such as prominen t a ngles and cusps, are 
imm une . 

9. Ca ries d oes no t beg in or extend und er 
hea lth y g um ti ssu es. 

10. A ciduric a nd acido ge riic bac te ria ca n 
be found in th e a cti ve ca rlou- ca viry, 

11. T hese orga ni sm s ca n he cult u r ed fr om 
the sa liva of th e suscepti b le individ uals, yet 
not a ll s usceptible a rea s i n th e m o ut h become 
ca ri ous, a lt hough exposed to t he sa me b ac­
teria . Of tw o a p p roxi ma t ing te eth , ODe may 
be d est roy ed by the carious p r oce ss a nd the 
oth er not e ve n be a Hecced . 

12. T he ca r ie s lesiou, a ltho ug h d ev e lop ­
ing in a s usce pt ib l e ar ea, may becom e a r­
r es ted a nd rem a i n so i nde fin it ely . 

I t is of inte rest t hat both of th ese re­
vie we rs ref er to the ava ilable in form ati on 
as the y ha ve ~ UI11 iur iz ed it as " faces." 

M any inv estigators have laid m uc h 
st re ss on the har d ness or soft ness of foods, 
assum ing tha t th e rormer is necessary, yet 
large immune g ro ups hav e ex isted w hose 
diets have co nsi st ed of very soft and 
st icky foods. Hop pe rt , Webbe r and C an­
n j£f4 have recen tly p resen ted da ta wh ich 
they in terpret to in dicate that th e coa rse­
ness or fine ness of the cracked cor n in an 

. o the rwise sim ila r d iet has made the di f­
feren ce between a very h igh and a very 
low incid ence of dental caries in rats . 
K lei n a nd McColl um, ' in d iscussing pr e­
viously p resent ed da ta , in cluding t hat of 
H op per t , Webber an d a nn iff, have in ­
terpreted the con tr oll ing fac tors as bei ng 
involved in the levels a nd r ati o of calcium 
a nd ph osph or us as conce rned in th e de­

4. Hop pe rt, C. A.; Webber, P . A ., a nd 
Cann iff, T . 1. : Prod uc tio n of D enta l Caries 
in Rats Fe d A dequate D iet, J. D . R es . 12; 
161-173 ( Fe h .) 1932 . 

S. Kl e in , H e nry and MtC oll um , E. V . ; 
Seicne e, 74 :662 (Dec. 2S) 1931. 

velop men t of den ta l ca r ies in rats. T hey 
say : 

1. E st irna tio ns of th e phosp ho ru s content 
of diets repo r ted to produce ca r ies in rats 
ind ica te that r a ti on s conta ining 0.4802 gm . 
of p hosp horus pe r hu ndred g rams of di et, or 
less th an 0.4802 g . of phosphorus per hun­
dred gr~ms of d iet, rend to induce dental 
cari es in r a ts if C a inmke is 0.342 <1- per ce nt. 

2. E s tirnatlunu uf th e ph os phor us con­
t e nt of dlets r~ Jl 0 rt e d to r od uee ra ts im ­
m une to de n ta l ca r i es ind ica te tha t such di et s 
co nta in 0.5282 I' m ore grams of ph osphoru s 
per hund red gra ms of diet and 0.40 12 or 
leg; g rams of ca lci um per hundred g ra ms 
of d iet, 

D u r ing the past decade, I have been 
making a study o f the effec t of va rious 
mod ification s of u t r it ion on t he inciden ce 
of dent al ca r ies. T he resu lts have been 
presente in ma ny re por ts." These hav e 
bee n reviewed in an art icle en t itled 
" C on trol of D e nta l C aries and Some A s­
sociated Dege nerat ive P rocesses T h rough 
R ein for eme nt of the D iet w ith Special 
A ctiv at ors." D ;:lW ; re her presen ted in­
di cat ing that J ellt a l car ies ha s been con ­

t roll ed by t hese pr ocedures to a bout 90 
per ce nt by rein forcin g t he nutri tion wi t h 
fat -solu ble ac t ivator, in na tu ral form a nd 
hi gh m ine ra l foods in natu ra l for m . M a ny 

cases we re repor ted in w hich, before 
tr eat men t , t here we re as ma ny as two or 
three dozen cav it ies, a nd a fte r or d uri ng 

6. P r ice, W . A . : New i~ h l on Some Re ­
la i io ns h ips 'Bet w een So i l M ine r a l Deficien ­
cies , Low Vitam in F oods an d So me D egene r a ­
tiv e Di se ases I ncludin Den ta l Ca r ies, with 
P ractica l Prug res in T hei r Co ntr ol, Bull. 
I nd iana D . Soc ., Se ptembe r, 1932; F oo tnore 
I ; Are Activato rs R ev ealing Nature of L ife 
in Hea lt h an d Di sea se I ne lud ing D ental 
D isea se ? O h io D, J. A ugu st-Novern he r 
1932: N e w L ig h t o n C a lise a n d Pre vention 
of Denta l Ca r ies a nd O the r Dege nera t ive 
D iseases , Pror . Eig ht h I ru e rn at . D . Co ng., 
Pa ri s, 1931. 

7. Pr ice , W ..\ ; ,1 .A . O A ., 19 :13 39 (A ug .) 
1 93 ~ . 
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trea tment with reinforced di et , th ey had 
either no cavities o r one or two a yea r. 

These stud ies ha ve presen ted mu ch 
evide nce th at phosph orus is a mineral tha i 
is fr equently need ed in larger amou nts 
a nd , furth er , that its shor tage in easily 
availab le na tura l fo ods is in pa r t asso­
cia ted wi th and in part apparentl y con­
troll ed by th e ex ha ustion of ph osphoru s 
in th e soil. This latter ph ase has been 
discussed in anot her commu n ica t ion ." 

A n importa nt phase of m y in vest iga ­
t ions has been concerned w ith th e va ri­
a tion in levels o f na tural food vitamins 
with th e seasons and as influ enced by 
geog rap hic location, cl ima te, alri ude , etc . 
Seasonal cycles seem to have an important 
relationshi p to the seasonal inc idence of 
m an y diseases, including dental caries. 
They fur th er indicate tha t t he: vit am in 
level s of the bu tt er-fat of milk as pro­
du ced in various coun t ries in th e w orl d 
and w hich show a seasonal cycle are d i­
rectl y related to the ty pe of food being 
eate n by th e cow s, goa ts a nd ot her dairy 
ani ma ls. A mo ng th e foods found to be 
most fa vorable fo r th e pr oducti on of high 
vitam in levels have been ra pidly gr owing 
young green wheat and rye. 

The inv esti gations herew ith report ed 
w ill accor dingly cove r ( 1) compar ativ e 
level s of min er al s in di fferen t cereal foods 
and th e same cere al food s as pr odu ced in 
di ffer ent pla ces ; ( 2) r esul ts fr om feedin g 
fift een differen t di et s to fiftee n g ro ups of 
rats ; (3 ) st r uct u ral cha ng es produced in 
human teeth by rein force d di et and ( 4) 
resul ts of field stud ies of district s pr ovid ­
ing im munity a nd d ist r ict s pr oviding sus ­
cep tibi lity to den ta l cari es in cludin g 
chem ical ana lyses of sal iva ." 

EXPERI MEN T AL DA T A 

J. Com oara true L ev els 01 M ineral s 
i ll D ilTer ell.l Cernt! Fo ods and t he Sam ~ 

3, Footnote 6, first reference. 

Ce rea l Fo ods II' /; ell Produced in Di]­
[e re nt P laces.-Sin ce differ ent sect ions o f 
th e ea r th provide cond it ions w hich a re 
especially su it able for cert a in eerea l plants 
and un sui tabl e for others, the available 
food of different di st r ict s is essentia ll y 
d iffe ren t, th e peopl e li vin g in those ce rn 
m uni ties being limited to that particular 
ce rea l. Tt is im portant that we know th e 
m inera l con ten t o f t he cereal s used in th e 
animal expe r iments La be review ed 
pr ese rly. 

D a ta pr esen ted in Tab le 1 represen t 
t he aver age s of a num ber of determina­
t ion s for each of the five ce reals, co rn, 
rye, ba rle y, w heat and oa ts. O nly th e 
ca lcium , phosp horus , iron and copper 
content is show n in this t able. It will 
be seen tha t th e ca lc ium levc shown as 
the percen tag e of calcium ox ide in gra in 
is highest in oa ts, but th e perce n tage 
in ash is highest in corn. The pho spho rus 
as pent oxide pe rcen ta ge in g ra in is th e 
high est in ba rl ey and mor e than tw ice 

as h igh as in corn. Ind eed, the phosphoru s 
of t he corn is only about half as high on 
an ave rage as in each of th e ot he r four 
cereals. This table may be ve ry mislead ­
ing unl ess we conside r ca r efully the varia­
ti ons that can take pl ace in the d ifferent 
samples of the same cereal which have 
g row n in d iffer ent place s a t th e same 
tim e, th e co n t ra l ing fact or s bein g local. 

.A st udy for examp le of nin e sam ples 
of w he a t obta ined on th e ma rk et show ed 
a va r iat ion in ph osphorus conten t of over 
four fold . So reat a var iat ion as this is 
n ot com mon . T hrough th e assistance of 
th e depart ment of agricultu re in Ca na da, 
I hav e rec eived sam ples of th e same m ar­
qui s wheat grow n in a bou t tw enty places 
in Cana da. D a ta on seve n tee n of these 
a re r epoi ted iII F igu re 1. T he places 
ar e shown belo w each men tion of calc ium, 
phospho ru s, pot assium , magnesium, ir on 
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and pro tein . T his is hel pf ul in sevei a l 
wa ys, showing at a gla nce t he re la t ive 
a mo u n t of t hese m ineral s a nd th e prote in 
in w hea t and, by the d ifference in the 
height o f t he co lum ns, t he va ri a t ions th a t 
w ere fo u nd by growing t h is sam ple of 
w heat in seve n te en pl aces. A t onc e we see 
t ha t w heat can ies a h igh perce n tage of 
phosph o ru s in corn pa i ison w ith the ot her 

is imp er at ive. T he g rea te- t va r ia t ion of 
th e m inerals d isclosed in 1he cha rt is fo und 
In t he iron. T he d iffe rence in the iron 
con ten t in t he las t two sa m ple' of wh eat 
is a littl e ove r fiftee nfolJ . T he sig n ifi­
ca nce of th is w ill be di se us-ed la ter. Fur­
th e r dat a w ill be pr esen ted on t he m inera l 
con tent of d iffe re nt d ie t, co n: a in ing 
ce reals under the next h ca rl ill~ . 
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Fig. L- Va ria d on, in m in era l a nd p i otem conte nt of the sa me Ma rqu is w hea t gro w n in 
seven teen d iffe rent p laces i ll Ca na da, in 1929. T he sevent een ex pe r irne ru H~ ,i ..n - of t he 
de p arun eo t of ag r ic ultu re we r e : I , B r ando n, Ma niroba ; 2, Sw ift Cu r rent. ~ :J"'" tch.w a n . 
.?,1\ 12. Plot 13, Sw ift C urren t, Sas ka tchewan ; 4, A 12, P lot 14, Sw ift Cur r e ru , Snska tche ­
wan; 5, Fr ede r icron, Ne w Bru nswick; 6, L acomb e, Al ber ta; 7, Fort Ve r in ill ion , A luer ta ; 
8, I nd ian H ead, Saska tc he wa n; 9, Stev-A unc- De- La-Poca tiere , Q uebec ; JO . :--" ap pa n. NOI'a 
Scoti a; I I , Cap Rouge, Qu ebec ; 12, Ag assiz, Brit ish Colu m bia; I J . S CUl l. Soskarc hew an : 
14-, Cba r lottetown, P rin ce Edwa rd b land ; 15, Ro sther u, Sa ska rchew a n , l o, l n ve r rne re, 
B rirish Co lu mbia ; 17 , ( 20). Kapu ska si ng, Ontario . 

mine ra ls , part icularly as compared with 2 . R esults fro m Fl'nlill(j Fi tiee» 
calciu m. T he an imal body' s ne ed for i ron D ifferen t Di f tr /0 F if tN II Croll!'s of 



1655 Pri.. -- r:on/r fJ ,' (1/ D rnta! Cnriu 

Rals.--Th e~ e d i (1 ~. 1<1 1' (' ce 1 plan ned on 
a a sIS th at \\'011 make possible he con) ' 
pa r iso n o f he same cereals obta ined fr o 
two d ifferem sourccs : namely, tv 0 kind, 
of corn a n ' two ki 14h of wlle-nt a nd a 
rnod ificati or of diets built on Ih l:SC cereals 
wit h .. Ct i V3 10 L arul w ith (lin re u par ts 
of rh pl'a in. It has been d eemed irn­

ur tan t to mal e lh is study in or de r tha t 
derailed chemical analyses n l i ~h l 0.: fIIad e 
of blood , [I,J other body t issue" as vell 
as a st u y of I h ~ teet h for ,Ien/aI car ies.. 

f ;l ~ tor : ; used wen' ' oil rhe sam e basis o f 
sepa ra ion with a Tw en ty mesh screen as 
s tJ g ge~ ! ~'J ,r H oppert , Vebber a nd C an ­
niff. ( r. ) T he in lu enr;e ( act ivators of dif· 
ie en: sou rces, ( d) T he m e of in rgan ic 
n ica lc iu n phos ha le. (c) C om pa rison s o f 
t h~ di ffe r~n t w h-a t pr od u . ts as rovid ed 
in the whole w ea t , t he fl our , rhe bran 
and mir.ld l ings mivt ure . Fur t hese stu di e . . 
f f iecn ", I OU p ' o f rn t s we re provided co n­
S IS ~ In ~ o f from Iour 1(1 seven ra t , each . 
T hese were obt ained Iro rn [nnr (lin -ren r 
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F ig . 2,- ll iH r il " li nn o f rn ine r c ls in R ed e rG' > w he a t he r ru s W rro fe d on the:;:. t" t h re e' 

cl i ffe e nt w h l' ~ , p rOd,l e l>. Fou i g a v e Ill:' rked ev ide nce ' fl f I ~ l' k or m i ne t ~ l " 

In lanning th is cries ,, { . nimal in , 
vest igat ions, the folio, 'i ng- facto rs II :I !~ 

been de en cd im portun t : ( a) A com pa ri ­
son of d ifferent sour ces of the same food, 
Fo r t his, a Iec CO l n 01 chea per mar cr 
va l ue and a seed co rn 01 a h igher ma rk ·t 
value have been used . The w tea ts used 
we re gro \\'n in two diff ere ilt local iti es. 
(b ) A considerat ion o j t he rela tinr of 
the coar seness anrl fi neness, The co r 

places in order lu bet as large a . umbe r 
(If rnts o j rtT'p roximrllely the same age. 
Ea cl- of these sources was. rep resen ted in 
eacl u' th firs ten g lOups in one series 
and in eac of five: g r u is in i! secon 
ser ies. T he rats in t hese w o g ro ups 
differed in 3 g~, t he: first g ro up a vera gin \l: 
S wee'S o r age and the second gr ou p 
aver;ll!. ing -lwee cs ( age a t t he begi nn ing 
<I i the ~H . The feed ing p rogr a m for 
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each of th e title roUP5 was as foliows, 
The variable Iacror was added as 69 part s 
to 01 basi di et of w hea t glUlen , 20 parts, 
w ole milk powder , 5 pa r ts, .r isco, 5 
pan s, ~ nil sodium chiori e, I pan, as 
used by H op pe rt , W ebb er and C an niff . 

""fro fJ I received crack rI I ~r. d co 10 , 

w hich included ha th the coarse <1['111 fine, 
with he iollowinj, dist ri ut ion of par­
t icl es , " 5 1<: , cen t rc rn a in inu un ;i 2(}· 
Im:, I, ::.t:r Cf' 11 a" used b · Hop cr t, VcI ,bcr 
an d C annif] . G ro up 2 n-cc;vcc[ the hnt' 
('0 n, \ '!l ich ,n~ lH. t h TOl I£!\1 1 )1' 2n-frIf·.h 

Fi. . 3.- " I e r n" \\' h . ~ , st ud rrs.. Ab ove : 

lure o f a hi " v itami n bUH r a nd a high 
vitamin cod l iver oil : G ro u } 7, coarse 
an ti fine corn meal as in G roup I , plus 2 
per cen t ot a ixt re of h igh vita min 
but ter an ~J high vi ar in cod iver oil 
and 10 per cen t f whea t ger m ; G roup 8, 
c ars e and fine Iced co rn meal as in G ro up 
I , plus 10 rl ~ r em \ hea t gn Ill ; G roup 9. 
.\· I IO ] ~ vhea t p] l s 0 pe r cen t vhea t germ ; 
G rollI' I0, coa I se :Inri f1rJ ~ c I n me: I ,111'; 
10 pe r C III () f d ira lri um 1' !1()<; l,h:li e. T he 
ra ts i ll (; _L'Up5 11 lu 1 - inclusive were 
~, <:~ t l' I \-" ' ;r]l' l'r 11\ 0111 I In,-!: ill C ruup s 

I.., ro\l p 13, f " d srock d ir t pius whole w hea l 
( ::III of rniri ern ls) : .: " , I ; ~ r " O U p H, f ed s t oc k d i ( r p lu s Wh C ~ 1 Huu r ( r.,J.c· ti i th o j m in~ r ll l s ) ; 

hr- lew: G roup I S, lt d I''' ,k ,.:jci pi ll' 11l'u n "'101 Il\ jd d li n ! ' ~ (f n lll'-Jitti , ; of nun era ls l . T'h e 
r ce h of e u n lluu r . c ru s howe d .... c a rr e s .t t h J" ~( S t he "') ' ll t ~, 1 ~ur p k ; l. r e 

5 1eeu ; »ro up 3, r be Cll . rsc pOlrti de;, 
which r mniued ,m t he 2r)-we ,h SC I cell ; 
G rou -: , Ireshlv ern ked vvhole '," heat 
with t e mill :n the ~ J. ! IJ L ct : G roup 5, 
rhe "<lITIt'. as G [ '-' UP I , na 1l1..,1) , both coa rse 
and fine co i n mea] p i ll a higf vitamin 
bu t ter ad l ilru u n«; Gro l. ~ ' 6. tht sa me as 
G roup 1. n"lIle y, bor t' le coarse an d 
fine cor n mea pIus 2 pr:r cent ('I :I rnix­

1 to IU iuclusive. 1 umb er ll received 
d ie: conrse screeni ngs of a bette r ;cr <l de of 
corn , sold ns seed CO) I I, otherwise corre ­
>p [)Ild i llg w ill. G rou p 3 pil L t he basic diet . 

'TOUp 12 lind fi ll ;: screenings from seed 
CO ni as in G , ou 2. C; ro up l3 received 
cracked I' c C ross IV role wh ea t G roup 
14 ~ ec t: i \" o;: J l<'~ d C ross flour 3 1"I G -roup 
J) , r eCt~ i \ ' ~ ' a r~ rd C rn;;s uran an d mi d ­
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dlings m ixt ur e as scpa ra ted from R ed 
C ross flou r i all in add it ion to the basic 
d iet, O ne hundred pounds of wheat w as 
sa id to produce 73 pounds of flour, 16 
pounds of hran and 11 pounds of m id­
d ling s_ ( T he mill er' s rep or r. ) 

T he last three g ro up s ha ve bee n par­
tic ula r ly in tcresri ng because of th e ne ed 
for the grea rest possible efficiency in the 

COMPARISONOf Ct 

I-I-H--j-~ -+--I+-H--H+-H--H-l-H--H-I -
H--I- +--II-+ - I -+-t-+--H - I--l-H -+-t--!- I-­

! -,-I-­ -

- I­

I I 

I 
I ! 

i 

- f-­-I- I-l-H--+-+- I - Il­=~_ ~f ~~~ : ~ 
I 

- ~ I-' !-!-H- I --f-++-IH-H--f- L_ H-+-H--H-
1-+-+--H­ I +-­I-f-+-l--H·-++-:I--+-+---1H---I-H - I-

60 

'/ 0 1 

50 

I 
I 
I 

i-l-f-+-f-! -H--I-/-+-H-f­ l=­ 7" ft. ~ -­ --, p -!-+­rrl-t--f-f---T--i'd --H­

,­ I f­ -f-­ =H -t--t--H -f--J-+ 
1- - - - f --l-+-t- I---t-H----.--I--'H--+­-I-­ - ­- 1--I-+-t-f .-1---1-I--l-H---+-j- 1-- ­1-­
r l I

'10 I I 

\\ hear ra tion ; 89 per cent for Grou p 14, 
receiv in g the flour of t he wheat, and 112 
per cen t for G ro up J5, r eceiving tb e 
middlings and bran mixture. There was 
it grcat d ifference in th e appearance of 
th e an ima ls, particu larly in th e fur coat 
w hich is ill ust rated in F igures 3 and 4 . 
As is readil y see n, the fur of th ese rats 
In th e flOUT g ro up carne ou t in pa tches 
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Fq:; +.-D t'iic.e nc.y o f food mi ne ra ls ag a in dem onsrrn tcd in chemica l con te nt of blood of 
r a is. 

planning of di et ar ies d ur rng thi s st re nu­ a nd looked very had and th ey lacked the 
ou s indus tr ia l depression . These three "pep" an d energy of those in the othe r 
grou ps w ill be reviewed fir st. two g ro ups. When a finger w as snapped 

Th e pe rce ntage gain in we igh t o f these or an y other sudde n noi se wa s mad e, rats. 
three groups a f te r seve n weeks of the on th e Hour jumped percept ibly as an 
feedi ng program w as 15 4 per ce n t for involuntary reaction. This did not oc­
G ro up 13, receivin g th e c racked w ho le cu r w ith either of the othe r two gr oups . 
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The m inera l ca n ten t of the Red C ro ss 
wheat , flour a nd bran and middlings, 
w hic h w er e fu rnished to me by a mill er 
w ho g ro un d th e w he a t for the R ed Cross, 
is presen ted in T able 2. 

I t is o f int er es t t o no te th at fou r fifth s 
of th e ash w ent wi th th e m iddlings and 
bran. T here w as 2.26 t im es as much 
ca lcium and 5.26 tim es as much ph os­
pho rus provided in the w ho le wheat of a 
given w eight as in th e flour of th a t weigh t. 
The bran a nd midd l in gs mix ture pro­
vide d 4.5] tim es as m uc h calcium for a 

rnov al of the bran and middlings. That 
this is tru e fo r th e experi men tal anim al s 
used is emphasized by th e f ac t th at t hose 
receiving fo od s low in min er al s, th e flour 
m ix ture, at e less food in st ead of more. 
Th e ph ysical d ifferences w h ich are so 
st r ik ingly brou ght ou t in the ph otographs 
in F igu res 2 an d 3 'we re associa ted with a 
ve r y m arked difference in th e st r uct u re of 
th e vari ou s o rgans a nd tissu es , including 
th e tee th and their suppor t ing st ru ctu res . 
A d et ail ed s t udy of these seems to throw 
important lig ht on the proble ms of th e 

T A BL E I. - C OMP A RI SON or MINERAL C ON TeN T Of DIFf ERENT KI ND S O F G RA I N 

Cor n . . . . . ].26 

Rye . .. . .. . . 1 8 1 

Bar le y . . . 2.16 2.08 

Whea t. . . . . . 1.70 2.82 

Oats .. 2.98 3.03 

0.04(, 32.5 

0.048 38.0 

0.089 20.7 

0.724 0.879 0.0188 0.0027 0.000057 

0.655 0.332 0.006 0.0198 0.00036 

0.608 0.000 0.000 0.0000 0.00000 

g ive n w eigh t as "l ou r and 6 .1 times as 
mu ch ph osph orus. Th ese dat a are show n 
'g raphica ll y in Figu re 2 , w it h th e ph o to­
grap hs of a typi cal rat from each o f the 
t h ree grou ps; nam ely, tho se receiving 
w hol e wheat , th ose r eceivin g flour and 
those recei vin g hr an a nd middlings mix­
ture as <l supple me n t to th e basic r ation. 
T h is cha r t should be read ver t ica lly . It 
is im portant thal these figures a nd thei r 
s i!!:n ifica nce be kept in m in d , since it is 
no t eas ily possib le und er ord ina ry co n­
d ir ions for mo s t peopl e to ea t eno ug h ad­
dit ional wh ite Hou r prod uc t s as a means 
of obta ining th eir requ ii ed miner al s to 
make up w ha t ha s been lost by the re-

et iology and control of dental ca ries, The 
min er al co n te n t o f di et s 13 , 14 , and 15 is 
show n in F ig u re 2, for co mpa rison . N ot e 
l he w ide va riation, 

A series of st u dies of th e teeth and 
thei r su ppor t ing st r uct u res a re sho w n in 
Figure 3. In tbis cha rt, the data for each 
group are arranged horiz ontall y. The 
first col umn sho ws an other ty pical vi ew 
of th e rats of t he thr ee different g ro u ps . 
The seco nd column sh ows photographs of 
th e oec! usal sur face of the teeth. In these, 
it w ill be seen that the crowns a r e well 
formed in aU three se r ies. The secon d 
gro up , th ose on th e white flour, sho w 
cavi ties ex tend in g into th e teeth on th e 
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occlusal surfaces. The su lci I i r IS' teeth 
are normally qu ite de ep. 'The third 
col um n sho ws ph otog raphs of the gr ound 
sec tions of the teeth of each of the three 
groups. Th e second group shows marked 
de struction by ca ries of th e crowns, ap­
proachin g th e pulp in some of t he ca vit ies . 
Th e fi rst and t hir d group a re pr acti cally 
no rmal. The fourth colum n shows ro en t­
ge nog ra ms of th e tee t h whi ch we re pr e­
pared hy firs t soaki ng the specimens in 
silver nitrate, a 10 per cen t solu tion , for 
a few hours, then exp osing them to Iighr. 
I n thi s condition , decalcified too t h st r uc ­
tu re w hich w ould normally be quite 
transparent to th e ro entgen-i (I)' S, becomes 

inorganic phosph r us of th e blood is 
nearly the sam e ifI all three groups. Ther e 
is a m arked d iffere nce in th e total phos­
phorus of the blood, it being much higher 
in Group 15 than in Group 13 or 14. 
The total ph osp horus in th e w hea t is al so 
mu ch higher in G roup 15, which is the 
bran an d middl ings m ixtu re, than in the 
whole , h ~at g roup, an very much 
higher tha n in the /lou r g roup. The most 
s t riking dil crence is in the iron content 
of the th ree foods an d t he three speci­
m ens of blood , it being much lower in 
th e flour than in eit her the whole wheat 
or bran and mi dd l ings m ixtu re and much 
higher in the blood of the: rats in thi s 

T .\ BLE 2 .-lVI LN H' ,, 1. Cn :< i F.~· T or' R ED CR OSS VV H (.\ T , Ft.ous ,\ " 1) B RAN AND M IDDL I N GS 

P h() ~p h (). us 
Ca lci um a~ 

a 5 Ca lci um Pho~ lI bo rus 

Alh Ca lcium Oxide Phosphoru s Pentoxid e I, DO Copper 

'-"hole wh eat 1.8 0.03+ 0 .0 ~8 

fl our I) "'7 on1) I} O ~ 1 

Br a a Mid 

Middlings Z.H 0.063 1J.095 }
M ixtll r e 

more opaque oWlOg to t he presen ce of 
metalli c silv er. 

In Fi gures 2 a nd 3, I hun 5hc1\ ' 11 t he re ­
lati onship be tween th e ph ysical cond it ions 
of the ra ts in the tliffe n 'n t gr ou r -. fhi, d t:· 
pendin g on whe ther t hey r C I ' ~ i \ ' (" ! \I hule 
wheat, Aour or t he br an an d llli, I,I.lHlg­
mixture. Th e d iffe rence in ce ntcur o f 
some of the chem ica ls iI ;h: h of t h t:: ~ r' 

three fo rm s o f Wh t:;l t ccrc.tl and a corn­
pari son o f t he st ruct u re u f the tee th of 
the rats fed on t h ~s !': tin ~ d ins has heen 
show n. These stud ies hav e al so inc l uded 
a compar ison of the level s of sever: I of 
the minerals in the bl ood of ra t; 0 11 d iffer ­
ent di et s with th e differe nce in the levels 
of the mineral s in th e di fk rt' nt d iets. 
This is ill ustrated in Figu re 4 . 

It w ill be noted th at the calc ium and 

0 . ~ 2 % O . ~174 0.006 0.00036'70 
(,n ,."

, 0 (, I ~~ 00 013 O.OOO.:.oj'u 

U. .$ t}~ 0.9S1 0.0187 0.00035% 

gr ou p and low er in the wheat Aour gro up 
rha n in the w ho e wh ca t g roup. The 
significan ce of ihese t1 :lt ~ w ill be much 
more app ar en t when \ \'C come to rhe d is­
c ussiun of rh is summer ', srurlies of hu m an 
beings sh ow ing im m unity 01 non -irnmu­
nit y to den ta l car ies, 

T he foregoing da ra have related to 
the las t t iree gro ps of ra ts in th e series 
of fiftcl!I' di ts previou ' ly ou t liocd . Sev­
t'r<! ! chemical fac tors in addit ion to these 
here p resented ha ve b Ct; 1l d rerm incd on 
th e blood of th e T;(tS of these fifteen 
se ries. T hi s I as been done by pooli ng the 
blood of the diffe rent ra ts in the groups . 
The le vels o f the va rious chemicals are 
show n in paral lel col umns fo r cornp ari­
son in Figu res 5, 6, 7 a nd 8 . The re­
markable influence o f diet on som e of th e 
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blood chemical fact or s is immedi ately 
made appa ren t by a com parison of th e 
d ifferent heights of the column s. 

In Figure 5 a re show n th e levels of 
each cal cium, the percent age of ch an ge in 
ca lc ium wh en powdered bone chips were 
added to th e blood serum and percentage 
of calcium in the cells . D iet s I . 2 and 3, 
represent ing the fee d corn, fine feed corn 
and coa rse feed corn , respectively. a re of 
specia l interest and shou ld be noted in 

by Hopperr, Web bc and Canniff.' The 
blood eru m calcium was slightl y higher 
in the grou p of rats recei ving fine feed 
co rn. The percen t ag e change of calcium 
plu s bone was lo west in the g ro up receiv­
ing the coa rse feed co rn , and th e per­
centage of calcium in the blo od cells 
high est in the gr ou p receiving th e whole 
corn (bot h fine and coa rse), a nd lowe st 
in the g ro up receiving th e coarse feed 
corn . These ch an ges were not nearly so 

t: CALCIUM 
~-I--H--+-+ . ..... 

7.CAlclUn II~ Ctus := 

-H +f+lc-+-t++-T--H + H-1 

-+--1--\-+-+-+-1-1­

-·f -J·-f--H + -H 

- f+ H +t- H - -

H-+-JH--H.......-HH ­
H---HH---HH--H -~+I-I---I--1 ---1---1-+-IH-+-IH- •Q
 

/1345b 7B1/011llIJ/t/f 12345(, 7H /tJ//IZ13/4!5 / 23i5C, 7 '110 ~/2/)/f/S 

Fi g . 5.~Bl ood che mical cha ng es o f h f teen d iers Cornp a r ison s in three blo od f ac tor > 
ca lci um, percen ta ge of c h a nge of calciu m of serum plu s born a nd perccn ta g e of ca lc ium in 
ce ll s o f rats fed on fifte en di ffe re nt di et s. Th e cr osse> ind icate a reve r se d irection of m o v e­
m ent o f calc ium in rhe ce nte r gro up . T h e di e t s we r e : 1, fin e and CO:II', e feed co rn; 2, fine 
feed co r n : .? co a rse fe ed co rn; <t, li n e and coa rs.. w h«le wh eat ; 5, No. 1 pl u s hi gh vitam i n 
b utt e, ; 6 , No . I plus 1 per ce nr of cod 11\ e r oi l an ti o f h ;~h vit a mi n bu tl er ; 7. 1\0. 6 plus 10 
pel' ce nt w lu a t g t \l n ; S, N o. I plu s 10 per ce nt wh ra t g " rl lI ; 9, No.4-pI lls 10 per cent w hea l 
g er m ; 10, ~.; ,". I p lu s d icaJc i11 m phos ph .lI e ; 1J . coa rse see d co 1n : 12, tine see d co r n ; 
13, R ed C ross lin e and coarse wh ole whe at; 14- . R ed Cross Hou r ; 15. R e d C r oss bran a nd 
m id dlin g, 

these va rio us d ata becau se of th e suggest­ g rea t as the cha nges prod uced by some 
ion th at the coa rseness of the corn was ot her facto rs, as, for exam ple, the eflec t 
the cause of decay in th e ser ies re ported of adding dicalcium phosphate to th e 
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d iets in Grou p 10 and an excess o f w hea t 
ge rm in G roup 7. 

Fi gure 6 shows, for comparis on, the 
inor ganic phosp horus , the per cen t change 
in in organ ic phosphoru s w hen pow dered 
bone chips were ad ded to th e blood ser um 
and the per centage of phospho rus in th e 
cell s. In observ ing th ese diff eren t levels, 
it is im porta nt to observe th at two d iffer­
en t kind s of co rn, one a low gr ad e com­
mercial feed co rn (used in di ets J, 2 an d 

one used in diet 4, and the other in d iet 
13, produ ced qu ite different effects when 
fed; which suggest s tha t it w ould not be 
Just ifiable to apply th ese read ings for in­
ter pr et ing dat a presen ted by other wo rk ­
ers using ano the r sam ple of co rn or 
w heat . It shou ld be noted pa rt icula rly in 
F igu re 6 th at the phospho r us of t he blood 
ce lls was exceed ing ly low in rat s fr om 
G roup 14 rece iving the whi te ROUT and 
high in G roups 13 and J5, r eceiv ing 
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Fig . G.-Blood chem ica l ch an g es on fifte e n di et s. Co m pa r iso ns in three blood f a cto r s : 
in or g an ic p hosp horu s, percent a ge of cha n g e of ph usp be ru s of se r u m p lus ba ne a nd pe r­
ce nt ag e of p hosph o ru s in ce lls of r ats f ed on fifteen di ffere nt d ie ts. C lasses i rid icar e a . 
re v erse d irectio n o f moveme nt o f ph osp ho rus i n th e cen ter g ro up. T he d i et s wer t: 1, fin e 
a nd co a rse w bole feed corn; 2, fin e f ee d co r u : ] , coarse f eed corn; i , fin e a nd coarse w hole 
w bear ; 5, No. 1 p lus h ig h v itamin butte r i 7, No .6 plu s 10 pel" cent w he at germ; 8 , N o. 1 
p lus 10 p er ce nt w he a t ge r m ; 9, No. 4- p lus 10 p er ce nt w hea t g er m ; 10, N o. 1 plu s d ica lciu rn 
phospha te ; 11 , COarse see d co rn; 12, fin e seed co rn ; 13 . R ed C ross fine a nd coa r se w ho le 
w he a l; 14 , Re d C r oss flou r; 15, R ed C ross bran a nd m id dlings. 

3 ) , th e second a high gr nde co mm ercia! the w hole w heat and th e br an and m id­

seed corn ( used in diet s 11 and 12); dli ngs m ixt u r e. The pho sphorus of th e 

al so w heat frail' t w o diffe ren t sou rces , cell s of th e groups rece iv ing the fine sift 
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ings of feed corn has the high est level. 
T he percen tage change in inorganic phos­
phorus when bone ch ips we re added to 
th e blood se rum wi ll be discussed later. 

I n F ig ure 7 w ill he seen a compa r ison 
of th e levels of potassium, iron an d total 
phosp hor us fo r t he d iffere n t groups. It 
should be note d t har t he comparison of 
the level o f po tass ium w ith that of iron 
and of phosphor us in t his cha r t req uires 
th e explanat ion th at the po ta ssiu m col­

cance of a com pa r ison of the potassium 
in the blood of eac h of t he fift een gr oups 
of rats w hich shows a d ifference of over 
100 per cent betwee n G roup 4 and G rou p 
12. T here is a lso a marked difference in 
t he level o f t he iron and total phosphorus 
in th e bloo d of th e d iffere n t groups. 

In Fi gure 8 w ill be seen a com par ison 
of the cell vo lume , the hemoglobin and 
t he ga in in w eight of th e d iffer ent groups. 
As already stated, the rats in the last five 
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Fi g. 7.-B lood chem ical cha nges on fifte e n di et s. Com pa r isons in three bloo d f actors : 
potassium, i ron a nd rora l phosp hor us of rat s fed on fif teen 'di fferent d iet s : l , fine an d co a rs e 
feed corn ; 2, nn e Ieed co rn ; .?, coa rse f eed co rn ; 4-, n ne a nd co a rse w ho le w hea t ; 5, No. 1 
p lus h ig h v it a min butt e r ; 6, No 1 p lus 1 per cen t each cod li ver o il a nd high v ita m in 
bu tter; 7, N o.6 pl us 10 pe r ce nt w heat g erm ; S, No. 1 plu s 10 per ce nt wh e l ge rm; 9, No . 
4 plus 10 per ce nt whea l ge rm; ] 0, No . J plus d ica lci um pho sph a te ; 11, coarse seed co r u : 
12, fin e seed cor n ; 1.1, Red C ro ss n ne a nd coarse wh ol e w hea t ; ] 4- , Red C ro ss flour ; 
15, Red C ro ss bra n a nd midd li ngs. 

umns ar e one-t hird th eir pr oper height grou ps, namely, 11, 12, 13, 14 and 15, 
as show n beca use of the large amount of were younger th an th ose in the fir st ten 
pot assiu in compar ison witb other min­ groups a nd show a more rapid growth 
erals. T h is d oes not change th e sig n ifi­ th an those in the firs t ten g roups. T he 



1663 Pric e-Control of Dental Car ies 

rate of growth pr ogressivel y lessens with 
inc reasing age . The greatest gain in 
weight occu r red in the ra ts receivin g 
whole w hea t in the seco nd ser ies and the 
lowest ga in in we ight in the fir st seri es in 
th e ra ts receiving fine feed corn. It is 
importan t to ohserve that the two differ­
en t gr ades of w heat used in Grou ps 4 and 
13 pro d uced very differen t grow th cha r­
ac te r ist ics. The hemo gl obin of th e blood 
shows a ma rked var iation in di ffer en t 

iron of th e bloo ds w as in direct propor ­
t ion to th e iro n in the food of th e differe n t 
groups. 

An impo rt an t pha se of th is s tudy of 
th e effect o f fifteen different d iet s on the 
g ro ups of rat s ha s related to th e incidence 
of dental car ies. It is difficult to compa re 
the dat a pr ovid ed by d ifferent wo rkers, 
chiefly hecause of d ifferent procedures of 
st udy. The re sults that a re show n in 
Figure 9 represen t cav it ies per rat. 
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F ig . S.- B lood chemical cha ng es on fift een d iets. Ca m pa riso ns in two blood fa ctors , ce ll 
volume and hernu gl ob in , and gai n in we ight of rat s fed on fifteen d ifle rcru di ets: l , fine 
and coa rse fee d cor n; 2, fine fee d co r n; J, coa rs e fee d corn; 1-, fine an d co a rse w ho le w he at ; 
5, No . 1 plus hi gh vita min butte r ; 6, No . 1 plu s 1 pe r cent of ea ch cod liv er oi l an d high 
vitamin butter ; 7, No.6 p lus 10 per cen t w hea t ge r m ; 8, No .1 pl us 10 per ce nt w hea t germ ; 
9, No. 4 plu s 10 pe r cent w heal g-e rm; 10, No . 1 p lu s d icalcium ph osph a te ; l l , coa rse seed 
com ; ]2, fine feed corn ; l l , Red C ro ss fine and coa rse w hole w hea r : 14. Red C ross Aou r; 
]5, Re d C ros s bra n a nd mid d ling s. 

groups and will be see n to va ry in a lmost When srairung methods and histologic 
exact rela t ion to the iron of th e feed as sec t ions a r e used, th e m icro scop e will re­
show n in Figure 2. r have pre viously vea l struc t ura l changes in very minute 
show n th at in Group s 13, 14 , and I S, t he propo rtio ns, w hic h canno t be observed or 
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estimat ed by less exact ing pr ocedures. I 
am not report ing th e data obtained with 
th e assistance of th e h igh ma gnification 
micr oscope. Cavities that were sufficiently 
lar ge to be seen wit h t he naked eye or 
with th e low pow er o f the micr oscope are 
indi cat ed by the column. The number of 
eavities per rat which had en tered into 
the pulp chambers is ind icated by a cross 
line wit h a letter P . I t will a t once be 
seen tha t th ere is a marked di ffer ence in 
the number of caviti es produced in th e 

is important to note that Group s 4, 5, 
6, 9 and 15 had no caries and Group 13 
alm ost complete immunity. The role of 
the act ivator s in conj unct ion with th e 
mineral carrying foods is st r ik ingly in­
dicated in Groups 5 and 6. 

3. Structural Changes Produ ced in 
Hum an. Teeth by R einio rcem eni of the 
D iet .-If dental cari es is fundamentally 
controlled in it s maj or aspect by physico­
chem ical fact ors o f th e saliva , which, in 
turn, a re controlled by nutrit ion , it should 
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Fi g . 9.- De nta l ca rie s in ra ts on fift ee n di et s ( be low); solubi lit y f a ctor of bl ood tor 
ph osp horus ( a bov e ). The in o rg nnl c o hospho rus of the b lood ser um of norma l animals 
moves to bone ch ip s. T he tend e ncy to fo llo w the inc id en ce ' of car ie s is show n be low lor th e 
di ffer ent di et s . 

rat s on th ese diff erent diets, and it is of be possihle to pr oduce chan ges in car ies 
particular interest th at tbe data prod uced cavities, eve n after th y have been estab­
by these studies have not develo ped the lished, by nutr iriona mea ns. In Fi gure 
same proport ion of cavit ies whether in th e 10 will be seen two tee h, both deciduous 
groups eat ing coa rse cor n or in th ose eat ­ molar s. The one to th e left was removed 
ing fine corn, as repo rted by H opp ert, from a child with ac t ive denta l ear ies, 
W ebber and Cann iff. The significance of wi t hout trea tmen t. After ext rac tion, the 
these da ta wi ll be d iscussed presently. I t too th was immersed in a 10 per cent solu­
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tion of silver nitrate for severa hours, 
then placed in sunl ight . T he gr ound sur­
face reveal s th at th e soft car ies por t ion 
has been com plete ly sa turated witl silver 
nitrate , Ot her parts of tl e too th have 
not been penetr a ted, except a srnal pr oxi­
mal a rea of car ies on th e op posit e con­
ract . The tooth to t he 1 igh t shows ;1 

similar tooth which was lef t in the mo ut h 
durin g t welv e weeks of t reat rn nt , bein g 
a tooth fr om one of the children of t he 
Broadway '1 is. jll gr oup. T is tooth 
was created simila rly to th e on e a t 
th e left, and it i ~ impo rra n t to not e t har 
the silve. nitrate had no t penet r are.l 
the car ious 5t ru ct ure mu ch mo re t han th e 

. j g . I O.-Lef t : Toot h <hn w ing s il v er ni­
u a re sa tu i a rerl IO deprh o f r a t ion s de nri n : 
frOID a pat ien t w irho ut I, ea rment , R ia h t : 
To ot h show ing car ies co ntrol len. T he silve r 
n itra te h a s not been ab le to prnetrate much 
if a ny fa ' (h e r t h nn In to th e ena mel su r f a ce 
of the to o th 

enamel surfaces of the tooth . T u t he 
point of a shar p insr rurn en t such as an 
explorer , th is su rf ace wa s t I llS:' )' ha rd . It 
is rou tin e pract ice to leave many such 
teeth unfilled for cr it ical examina t ion. 
The result show n in thi s toot h is typical 
of la rge numbers so examined . 

A n opport unity for a more sever " test 
is pr ovid ed in t eeth w here th e decnl cifi­
cati on of la rgc occlusa1 an d pr oximal 

cavit ies has r eached the pulp, a nd w here 
it w ou ld ie expected t rat toxic atcrial, 
if not actual bac ter ial inva sion , ha al­
rea dy en te red into the pulp issue. uch 
a case In Wfl 'e ll a lar ge ar ea of den ti 
ove r t he ulp had been ecalcifie 

wn in Figur C' J 1. \ "irhout re oval 
of rhe c." r ious dent in , II terupor nr r ce­
merit fill ing w : s I t ~ ct'd in the' cavity to 
preven t p ressu re and p ~ ckin !' of nods 
1' 111: pari- m was o n ol th e 131 ad wa y 
1'\ 'I issioll grou p receiving one rein forced 
mea! a day. T e condit ion at the begin­
ning is show to the left, anti on the 
righ t is seen t he r esu t a fter a ut tw elve 
weeks on ih reinforce d iet . T he co rona! 
n5pect of t he p Ip has now her,n pro­
tect ed by a (k f p la ) er of new ly la id d ow n 
den tin , The xposcd pu lp is 1' 0 lon ge r 
ex posed . Of t welve tt eLh with far ad­
vanced deural caries apparentl y involving 
the pu lp as in t he c. .e here presen ted . 
two became ahscesscd and ten showed 
rna rkcd !;l ru ct ura l chang e by buildinz in 
of d entin in the flU ]J chambe r to provide 
a pro tecti ng wa ll , I n some cases the teet h 
we re pu rposely lef t w it hout l ll ings and 
t he car ies did not proceed w it h a b rea k­
down of the pulp tissue. 

.1-. R em /Is 0/ Field S lut/in of D is· 
t ricts Showin!! l'li m un ily and Dis/ri f f.( 
S howi,,!! SlJscepl ibiliry 10 D en ial e Mir ' . 
l ncl udino (l hem u:a ] A li a ly sf .< of alioa . 

- An explan: tion of the phenomena of 
denta l ca ries, to be adequa te, must sta nd 
testin p ~Y applicat ion t o areas o f imm u­
nit y an d ar eas of , USC tibili ty. A reas in 
w hich the p ople w ill gene ally t»: fou nd 
to have lost theii irnn uni y arc very 
numerous and very easy to fin r! ; not so 
wi th ar eas of immu nity, 

I ha ve repor ted diCirts made last yea r 
to fin g roups w ith immunity ir ' he 
high A lps of Switzerian 1 :111 part icu ­
I r ly one la rue gr ' I J w ith a high level 
of immunity. Accordingly, mu ch effort 
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has ber n expcud ed dur ing t his summer 
of 1932 in search of groups w ith high 
immu nity iving und er quite exacting 
condition s, w here the controllin g factors 
w ould be rela ive ly simila r for l a rg ~ 

g roups, Ex tended corresponde nce reb­
ti ve to d iffen:J1t countries led to the de ­
cision in ravor of Sw itz el land and th e 
Inne r and O ute r I cb ' ide,' as im porta nt 
l;el cl s for th is stu dy, I n ail, abou t t wenty 
d iHerent di-t ric ts w ere studi ed in mo st of 
which, in add it ion to a detail ed and d in­
ical stud )' (J f tht mo ut h :,n ti l ivin g habits, 
a sam ple of , ;il iY;t "",ISobtained, cultu res 
were made Df t he flo ra wi th special con­
siderati on of the acidophilic group and 

io r d Ifferent pa rt s of th e p: incip all y oc­
cupied va lle }' , hcse peop le have had a 
fo rced isolation ow ing to th e high snow ­
cappe d mountain ranges sur rounding th e 
valley wi th th e only entra nce a dan gerou s 
one owing to t he pr esence of t reac he rous 
avala nches in th e narrow gorge. Re­
ccn tly, the openi ng of the Loetschberg 
tu nnel , t he second lon gest in E urope, 
mad!' a door w ay for th ese people to th e 
outer w orl d, and also perm it ring th e ac­
com pa n ime nts of modern civiliza t ion to 

have access to th e valley. E ven since last 
vea l', 1 ave found evidence of mo derni­
za tion both in dress and in foods avail­
able. A modern , ·hi r flour baker y, built 

, , 

~ 

Fig . ll.-Conl:rol of de nt a l caries under 
pu l pa I w all 

the bacrer ia l growt I of t he sa liva was 
c nrrollcd by the aildit iou of formalin . 
O ne hu ,,]r ed and seventy-one samp les of 
sali va wer JQn \'aI dl,' cI o r broug ht by me 
to my Iabor: ior ies for c emical ana lysis 
and a rrangements WtJ'L: made [or studj 
of oth r sam ples in pr ov ided cont a ine rs . 
In all ;,bout fort y ite ms of information 
were obta ined for each patien t. In ad ­
di t ion, twenty chemical fa ctors were p ro ­
vided i ll th e sa livary a. al ysis. 

T he first place studied thi s summ er 
\'.- ;] ~ the L oetshental Va ll }', which has 
an alt irude of frum T,OOO t 6,000 feet 

n u t ri tron a l t rea trnent w i th b uilding in of ne « 

within the year, is rapidly influ encing rhe 
d ieta ry . Compa red with most communi ­
ties , th ey st ill have high immuni ty to 
d en tal caries. 

T his va lley ha s fou r pri ncipal villa ges 
connec ted by a footp a t h on \ -hich th e post 
mules ca rr y th e gov e rn men t mail s. T he 
t ra nsportati on of the va lley is lar gely by 
hu m an beings. Al l of the fa rrning aud local 
ind ustri al wo r k is don e by human pow er. 
Sojou r ns were mad e t o tithe d istrict s 
for ca r rying for ward the cl inical exarn i­
na ions and obt ain ing: sa iva samples fo r 
chemic al analysis, St ud ies were also ma d e 
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in d istric S In t he low er plains count ry of 
Sw itz er an d . Swi tzer land , an in la nd 
cou n tr y, r ovid ed ;; different env iron­
ment from t ha t n ear t re sea. T, t here­
fore, a lso ma d e stud ies in the I n ner a n d 
O u ter H ebri des, north Scotland , W ales 
and Englan . 

f\ group 0 n in e pl aces ill w h i h he 
in cide nce of den tal ca r ies was very low 
; r e shown in f igu re 12 (b elow, left ) . 
To t he r igh t ~ re show n seve n pl ace; 
\ her the ihcidcoce of den tal ca ri es w as 

liietime as ta r as ( I uld be de t erm ined 
by ei ther the presence of ca vi t ies o r /ill­
ings r m issing t eet h in t e case o f yo u ng 
people or when: the h is o r)' of the pa ­
t ien t, if older , could decide one tha t th e 
too th nad been ost by ca ries. Th e second 
' 0 l im n l o r cuch place rep resen ts th e per­
centage of pen p] W 10 o not have a 
histo ry o f co rn ple c imm nity f rom en­
ta l ca ri es 10.- t heir I i et im e, w hi ' h ·i lr 
ref I to as "ro r. I individual suscepti­
iil i ty." T ie t hi r d colum n re pres ent s liar. 
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- ' r ' iigh. [ '1 bo t grot! s are incl ud ed 
pla es I epr cseru in g cha rac: erist ic t pes of 
environment wirb rC2ar d to a!l itucl and 
climatic condi inns, F o r ~~ c lt b et, three 
1:1 HII s in den ta l cari es a rc shown gr aphi­
cally by t he colu m ns. T IIt ~ firs t col um n 
Irom he left r ep rese nts the percen tag e 
f ect l t a t have been in volved y d en ­

tal caries duri ng t 1t in ividua l's enure 

percenta ge of individ ua I ~ who, a t th tim e 
of th e exar ina rio n, w ere free f roru ac­
live d ilIa! ca ries, which 1 ha ve refe rred 
t f! as " p re sen t ~ , U5 cp t ihil itv ." he first 
1\"' 0 tow ns or ', ilhgt:s, F ;:rd 11l1 an K ippel, 
are in tu low er pan a th e 1..0 1 chen tal 
Vall ey nea rest 1.0 ti le t un c! and ra iIroad 
st a t ion aw l have an nlr irud of about 
+,00 0 feet. T he second grou p, W iler 
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and Blatt en, having an altitude of about 
5,000 feet , arc farther up the valley 
nearer to th e glaciers . Ayer , with an alti ­
tud e of 4,800 feet, is in th e upper part of 
the Anniviers V all ey, and Grachen, with 
an altitud e of 5,000 feet , is on th e moun­
tain side well toward the glacier in t he 
N at ervisp Valley. Vispcrtiminen is high 
up th e moun tain side in the Visp Valley. 
Vi ssoie is in the Annivier s Valley , S miles 

down the val le)' fr om Ayer. Zi nal is 
in the :c',1I0t V ~ U<' )' as Vissoie. Zil wl is 
popul ated in t,he summ er bv fam ilies f rorn 
Vissoic. St. 1\ 101itz , the l J I1lUU, winte r 
and summer health resort , is in the Obe r­
engadin Valley and is a m o ng I he st reams 
formin g the headw aters of th e Danube. 
H erishau is in the roll ing low count r , 
of Sw iu erla nd near Lake Con stance. 
Lewi s is the most northerly island of the 
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Fig. 13.­ In cidence of car ie s III rc l at ion to min eral conte l oi on e important food . 

O u ter Hebrides off the: nor thwest coast 
of Scotland. Tarbert is th e principal port 
of call for boats ill the Isl e of Harris. 
Sealpay is in the Isle of Harris south of 
the L ewis Islan d. Airth of Sleat is on 
the island of Skye. Bardsey is an island 
off the west coast of \ V; es. In Figure 
12, these ar e shown in the two general 
groups marked "low cari es dist ricts" and 
"high caries dist ricts," respectively. In 

1 
CAVITIES 

PER 
PERSON 

the former, 4,080 teet h were examined , 
of whi h only 1-J.5 haJ ever been at tacked 
by ca ries, an incidence of 3.4· per cent on 
the b: sis of the num ber of teeth. In the 
" high caries disu icts," 2,063 teeth were 
exam ined, of w hich 516 were at tack ed by 
car ies, or 25.5 per cent. An effor t was 
made to obtain grou p~ a, n~ ; < rly t ypical 
and comparable as lI,j; sibk F or this 
reason, this study was la rge . [mired to 
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children under 15 years, in wh om th e 
st ress per iod of natural g row t h would be 
commo n. 

In G ro up I J f erden a nd Kippel, ill 
eve ry hundred teeth ex am ined, an average 
of only 4.8 wer e found to ha ve been at ­
tacked by den tal ca ries (s ho w n in the 
column to the left ). In Group 2, Wiler 
and Blar ten, the ave ra ge was 5.9 , ill 
G ro up 3, A yer and G Taclcen , it was 2.3, 
and in G roup 4, V ispert im ine n , it was 
5.2 . In th e Isle {If L ewi s area, Gro up 5, 

G ro up 9, Herisau , an av erage of 2-!-.7 per 
cent; in G ro up 10, Tarbert, an av erage 
o f 32 .4 per cent ; in Group 11, Airth of 
Sle at, an ave rag e of 16.4 per cen t, and ill 
G ro up 12, Bard sey, a n ave rage of 27 .6 
per cen t. The gene ral average in thi s 
" high cari es grou p" w as 2 5.5 per cent . 

The middle column in each grou p rep­
resents "total indi vidual susce ptibil ity"; 
t ha t is, th e pe rce ntage of indi viduals wh o 
did not have a pe rf ect history of irn­
rnun irv as in dica ted by eit he r t eeth with 

F ig . icrs 10 Sw i tz erl a nd w here spec ia l w er e ma de of in cidence H.-Di . tl fiel d s t u d i e s th e o f 

d ental ca r ies : 1", Fe rdon ; l b, K ip pe J ; lei, 'V iler ; Zl), Blacren : La, Aye r ; lb, Gr ac he n ; 
4, Yi sp 7a, Vi sso i Z», Zi r 8 , St. M o rit z ! 9, He i Burr ee r r e rmin e n , e ; al ; r s a u, r s a m p les h a ve 

heen rece ive d regu larl y from rhe p laces ind ica ted by white do ts. 

th e avera ge was 1.3 , and for the Sc alpay 
g ro up number 6, it wa s 1.0 . -T' he genera l 
average for the " low caries di str icts" wa s 
3 .4 . In the " high ca ries districts," the 
pe rcentage of teeth attacked by ca ries is 
in G roup 7, V isso ie and Zin al , a n av er ­
age of 22 .0 per "e nt ; in G ro up 8, St . 
M oritz , an average of 29 .8 per cent ; in 

car ies, filled te et h or mi ssin g teeth. F or 
Group 1, this was +0.-+ per cen t ; Group 
2 , 37.8 per cent; G ro up 3 ,26 .6 per cen t ; 
G roup 4 , 35.0 per cent ; G ro up 5, 19 .0 
pe r cent; and Grou p 6, 35 .5 per cent ; 
an ave rage for this gro up of 32.2 pe r cent. 
F or th e " high ca ri es district," this fac tor 
was in Grou p 7, 90.0 per cent; G roup 
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8,95.8 per cent; Grou p 9 , 9 6.0 per cen t ; 
Group 10, 100 per cent ; G roup I I, 100 
per cent; G roup 12, 84 .6 per cent : an 
ave rage for thi s gr oup of 94 .4 per cent. 

The third column in eac h of the gro u ps 
o f three fact or s indica tes th e "present 

3, 6.6 per cen t ; Group +, J6.2 per cent; 
Gro up 5, 5 .0 per cent ; and Group 6, 
0.0 per cent ; th at is, no teeth w ith active 
caries were found in this last group. The 
average for th e ser ies was 11.9 per cen t. 
In th e d isrr ic rs w ith high d ental car ies, 

UHK,\'(' II '~,\ '\ 
uuu. X I 

,' . 

Fig. lS .~D i strict s in the Br iti sh I sles whe re spec ia l fiel d stud ies we re mad e of incid ence 
of d ent al ca r ies : 5, Lew is; 6, K yle of Sca lp ay ; 10, T arbe r t ; 11, A irt h of Slea t ; 12, Ba rdsey. 

susceptibil ity" to denral car ies. T his was the ligures w ei e : G ro up 7, 6 6.0 per cen t ; 
determined by th e abse nce of activ e Gro up 8, 78,9 per cent ; Group 9, 68 per 
ca ries. F or Group I, thi s fact or was 17.0 cen t ; Group 10, 100 per cent; Grou p 11, 
per cent; Group 2, 27 .0 per cent ; G ro up 100 per cent; and G roup 12, 84.6 per 



1671 Price-Corl/rol of D enrol Caries 

cen t. The ave rage for th e ser ies was 82 .9 
per cent. 

An important phase of the special field 
s t ud ies conducted the s um m er of 1932 has 
included the sec u r ing o f sa m ples of sal iva 
for chemical analysis. F or this, r71speci­
mens were sh ip ped or carri ed t o m y lab ­
or atori es for stu dy. In most ca ses, c ul tu res 
w e re mad e in a spec ial m ed ium in order 
to st udy the incid en ce of t he acid oph ilic 
o rga n isms . This ba cterial phase wil l be 
di scu ssed later. Amon g the factors de­
termined are to t al ca lc ium, inorgan ic 
ph osphorus, total phosphorus, 00 1ubil ity 
o f the sal iva fo r ca lc iu m, sol uhi lit y fo r 
phosphor ns al·,J the ratio o f calcium to 
inorganic phospr-orus. The factor w it h 
which we are primarily concern ed in this 
di scu ssion is the behavior of the sal ivas 
when powdered bone chips are add u ! to 
them. Thi s is show n for inorganic phos­
phorus in Figure 12 , above. In thi s co n­
nection it sho u ld be noted that w h ile 
sum me r co nd it ions in many di stric ts on 
the whol e are mor e fa vo ra ble than w in ter . 
in som e other distr icts th ey a re di stin ctly 
le ss favorab le. Th ere are re asons that 
condi ti on s w ere disrinctl y un fav o r abl e at 
t he time the sal iva sa m ples w e re taken . 
In high Alpine Vall eys wh ere t iey are 
dependen t on dairy product s as one of 
two principal so u rc es of nutr it ion, they 
ma y su ffe r s ho rtage because, in t he su m­
mer , the dai rv cows, and in som e places 
al so the goats, :t f!:' sen t t o the high r a ng es 
to pe rmit the har vest ing to be do ne w ith­

out their presen ce in th co m m un ity 

( w h ich is largely w itho u t fences}, an d , 

further, t o pe rmit t he ani m al s to h av e 
th e advant age of the su pe r io r q ual it ies 

of pa sturing near th e s now line ; in other 

words, on the rapidly g row ing you ng 

plant li fe, whi ch is in a very clear a t rnos­

phere, ri ch in ultra vi ol et ray s, the co n­

dition s being r espon sib le fOJ t he cha rac ­

teri sti c abund ance and brilliancy of the 

flora of th ose re gions. These valua ble 
nutritive facto r s are placed in the milk 
by the cows. T h e mi lk: in turn is mad e 
into cheese con ra in i g all the butter-fat 
and this cheese is stor ed for winter use. 
In the ab sen ce o f the cows in s umme r , 
the nut ritio n of rbe children is greatly 
handicapped. r,avorab le rcsu l ts are o b­
ta ined in sp ite of t his d isad -a n tage r e­
lati ng to the time t he sal iva sa m ples were 
taken . 

I have p resent ed d ata indicatin g that 
t he co ndition of immun ity to d ental 
caries is associ a ted with physicoch em ica l 
st a te s of the sal iva ill w h ich th e in or gan ic 
phosphorus of the sa l iva pa sses from th e 
sa l iva ro the bone ch ips and th at , in the 
co nd it ion of loss of immunity to dental 
car ies, rhe m oveme n t is in the o pposi te 
direction ; na m el y, rrorn th e bone chips 
to th e sa l iva . O ne of th e purposes o f the 
different expediti ons this summe r was to 
oh ta in samples o f sa l iva for checki ng 

t hese facto rs. To the lef t in Figure 12 
a re show n six groups w ith lligh im m u nity 

t o dental ca r ies, o n ly 3 .-+ pe cen t of 
t he teeth being aff ec ted in these six di s­
r riets . A bove is ind ica ted the movement 
of the inorganic phosphor us in th e sal iva 
sa m ples obtained as rep r esen tative o f th ese 
gro ups and all are ,;ho\ Jl to mo ve down ­
w ard in t he di re cti o ind ic at in g a m ove­
ment o u t of the sa liva to t e bone chips. 
In the six g roups a l l the r ig h t in which 
2 S per cent uf al l t ile cth st ud ied were 
n ow carious o r hacl heen so, th e move ­

men t of the in <lr ga n ic phosphorus io 

show n to be upw ard i the opposite d i­

rection; namely , from t he bone chips to 

th e sa li va. At the time o f t hi s dictati on, 

t he c hem ical analysis of these sal iva sa m ­
ple s is still in progress a nd a f u rther re ­

port will be presented a t e dealin g with 

the behavior of t he ca lcium a nd o t her 

che m ical fa ct or s. 

,Vhile it is im pra tical to make esti­
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mat/ on , on the sa liva che mical t ac tor s of 
the rats, a st udy o f t heir blood has 
afforded impo r ra nt da ta as pr esen ted in 
F igures +, 5, 6 , 7 a nd S. In F igu re 10, 
th e incidence of de n tal caries in t he ra ts 
of th e different g ro ups has been show n 
on th e basis o f th e average uurn her of 
cav it ies per rat jf! each g rou p. These 
show high est inc ide nce in Groups 1, 2, 
.3 , 7, 8, 10 , 11 a nd 12 . If ref erence vi l l 
now be made La Fi g ure 6, sh owing th e 
pe rcen tage ch an ge of ino rga n ic phos­
ph oru s pl us bone, it will be observed th at, 
in G ro up 1, 2 and 3, th e inorganic phos­
pho rus of the bloo d moved in the wro ng 
di rec tio n, nam ely from the hone: chips to 
the blood se r um, as indicated by th e 
crosses in stead of t he solid li nes. I n G ro up 
7, th is fact or was reduced to zero . In 
Group II , it was a lso in reverse phase, 
and in G roup 12 , redu ced to ze ro. F or 
th ose w ho a re concer ned wi t h the cha nge s 
in th e blood w hich are li kely to be re­
spo nsible for th e cha ng es in the saliva, 
thi s will doubtless be sig nific nt . 

A n important ph ase of the co llec tio n 
of da ta t his sum mer includ ed the making 
of a record of th e pr inc ipa l fac tors of 
nut rition in t he vari ous locali t ies, th e 
form in w hic h th e food 'wa s eaten, the 
obt a in ing of sam ples fo r che m ical ana lysis 
a nd t he ascerta inin g as nearl y as possible 

. of t he perce ntage of ce rt ai n foods used 
in the di et . Si nce ce rea ls ar e, ill all of 
t hese places, fo u nd to be a n impor tan t 
fac tor , th e particular cereals used and 
th e fo rm in w hic h th ey we re used we re 
given det ail ed atte nt ion. O ne of th e 
princi pal diffe rences in the form in w hich 
ce reals we re us ed consis ted of th e method 
o f pr epa rati on. I n some distri ct s st udied , 
the ce real s w ere ma de into porrid ges and 
breadstuffs f rom powdered w hole grai ns . 
In some o f these, small qu antiti es of 
mod ified gra in m eal s were in use, this 
usag e ex te nd ing to w hite flour a nd even 

bleached white Aour . I n some dis t ricts, 
pr actically all w hite flour was used . The 
pr oport ion of these tWO for eac h pl ace was 
stud ied a nd d at a w er e recorded . When 
the indi vidu al s for a ll t he gr oups are 
arran ged in prog ressive o rde r on t he basis 
or the rat io of whi te gra in bread s and its 
dil ution w it w hite flou r to 100 per cen t 
w hite flou r a nd with th e inc iden ce of 
dental ca r ies plotted w ith th ese pe rcent­
ages, w e have I he informa t ion revealed 
in F ig u re 13. It w ill be see n that in th e 
in dividual s, rega rd less of the group a nd 
regardless of the other fact ors ente r ing 
int o the n utr it ion, bu t w ho w ere usin g 
al l t he m in er al s of the g rain , the num ber 
of cav it ies as show n a t the left w as 0.3 
cavity pe r person. When this whole 
grain bread w as dilu ted w ith 25 per cen t 
w hite flour, t he cav it ies increased to 1.5 
ca vit ies per person. W ith th e use of 50 
pe r eeut each of w hole g ra in br ea ds and 
w hi te flou r bread s, t h ~ d a ta reveal th a t 
th ere 'were about 2 .3 cav it ies per person. 
W it ! f u r ther incre ases "n the proportion 
of 'white Hour, the curve of incide nce of 
dent al car ies goes lip m ore rapidl y, so th at 
a t 75 per cen t , ,h ire flou r, th ere w ere 5.3 
eavi t ies pe r person, a nd with 100 per ce nt 
w hi te flou r br eads, th e da ta reveal ed 
seve n cav ities per per son. W hen we use 
the d ata obta ined by an analysis of a num­
be r of w ho le w hea ts and flours, we sho uld 
find t he phospho ru s facto r of the cereal at 
abo ut 0.9 pe r cen t in the w hole gra in 
br ea ds an d a bout 0.2 pe r cen t in th e 
w hite flou r prod uc ts . If we use the data 
provi ded in th e ta ble in F ig u re 2, we 
lind tha t th ese fig ures a re about 0.97 
for th e w hole gra in meal and 0 .16 for 
w hite flou r. T he latt er curve is sho w n 
in th e co n ti nuo us line. T he phosphorus 
con ten t of the d iff er en t cer eals a nd prod ­
ucts is show n at t he lef t . 

E ven w itho u t til e data obtained fr om 
a quite det ail ed st ud y of t he d iets of the 
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people living in di stricts o f immun it y and 
of suscep t ibil ity , it becom es possible to 
interp ret th e factors in th ese ph enomen a. 
Sin ce body buildin g and repair require 
a n adequate am ount o f food s to be in­
gested wh ich carry with them minerals 
and o the r chemical s in cluding the acti­
va to rs , sufficien t to meet th e body's de­
mand s, an d sinc e Natu re has con strucred 
seeds of plants so that th ey pr ovid e 
th ese various fa ct or s, any nutritional pr o­
g ra m w hich seriously modifies these bal ­
a nces becom es de ficient. This rel ates 
equall y to mineral s and ac t iva to rs , in­
cludin g the known vit amins. \N hen the 
ind iv idu al s in th e hi gh valleys, which 
form erl y pr ovid ed im m u ni ty, we re sa t is­
fying all of their hunger demand s for 
va rious sta ges a nd cond it ion s of life by 
eatin g food s ve ry high in both min erals 
a nd ac tiva tors. cond it ions were p rovided 
for both goo d g row th and a goo d defen se, 
against natural or unnatural ove rlo ads. 
Where l ess efficien t food s a re provided 
suc h as prevail in mod ern procedures of 
pr epa ring and selecting food stuffs, the 
factor o f sa fe ty is so grea t ly re d uced that 
th ese people li ving und er primiti ve co n­
d itions rapidl y ch an ge ph ysically a nd 
dental ca r ies a nd o ther degene ra ti ve pro ­
cesses dev elop. Spec ifica lly, the cha nge in 
the n ature of th e cer eal fa ct or of rh ei r 
food stuffs, th e t otal qu an tity of dairy 
product s ea te n an d the red uct ion of th e 
butter-fat intake in each of th e gen eral 
regions st ud ied hav e a ppa re ntl y been 

lar gely re spon sible for th e chan ge fr om 

immuni ty to susceptibili ty to den tal ca­

ries, a nd thi s handicap h as not been com ­
pen sated for by th e increase in t he 

va riety of food s, including marked in­
c rease in th e ava ilability o f fruit s a nd 

veget abl es. In th e di stricts w here im­

munity to dental cari es ex iste d not on ly 

for th e prese nt gen eration examin ed , but 
al so for pr eceding cent ur ies, th ere w as 

al so a marked absence o f ir reg ula ri ty of 
th e t eeth. On t he co ntra ry, th ose are as 
with high susce pt ibil ity, or with even re ­
ce ntly acq uired loss of im m un ity, show ed 
much deformity of th e arches and irreg­
ul arity of the t eeth, exp ress ing it self in 
even a single gener at ion and ind ica t ing 
that th e s t ress ex iste d all throu gh the de­
vel opmental a nd g row th peri ods. 

COM M E N T 

A n in te rpre ta t ion of th e various fa c­
tors i n or de r th a t th ey may be appli ed to 
the d istricts in which field st ud ies we re 
mad e requires that some furth er da ti'. be 
in m ind . In rhe hi gh A lpine va lleys, rye 
cons t it utes th e princi pal locall y pro ­
duced ce rea l. Us ua lly, the only o ther 
g ra in that i", grown is barl ey, a nd it is 
very l imi te d in use in com pari son w it h 
the rye. 111 the O uter H ebride s. pra c­
t icall y no r \'C o r w hea t is locally pr o­
d uced, th e locally grown ce re al bein g 
ver y lar gel , pa t,; with a small amount of 
ba rley . Whea t ducs not readily r ipen in 
ei ther of th e a bove menti oned places. In 
th e I sla nd of Ihrdsey, wheat is g row n 
easily , as ar e abo 1) e and oa ts. C orn w as 
not an important fac to r of d iet in any of 
th e commu nit ies incl ude d in thi s s t udy. 
Where w hea t ,,"as imported , it w as ve ry 
largel y import ed as whit e Aour. It is 
al so importanr tu note t hat white flour 
w as a vaila b le in ever y pl ace wh er e trans­
por ta t ion b ei Iitie s mad e its shipme nt 
eas ily possible . The onl y areas found 
wh er e ~", hitc Hour was not eas ily avail-, 
able either as flour or as w hite br ead and 
w hite flour pr od ucts w ere pl aces whe re 
it could not readil y be deliver ed. It was 
fr equentl y possible to go fr om an a rea o f 
ve ry hi gh imm u nity to dental ca r ies to 
one of ve ry low im mu nity in one hou r 
or , a t [he most in a few hours. In 
Sw itze rland th is usuall y m eant cl im bing 
down fr om a place of d ifficu lt access to 
one m ore ac cess ible. 
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The geographic position s of th e pl aces 
st udied are pr esented in F ig ure 14 , t he 
w hite pins ind ica t ing places fr om wh ich 
1 hav e bee n receiving bu tter sa m ples 
d ur ing th e pa st year, usu ally every tw o 
weeks, for an al ysis of th e v ita mi n level s. 
T he bla ck pi ns ind icate th e d ist r ict s in 
Switze rland w h ich wer e st u died l ast 
su mm er . In orde r t o chec k th e rol e of 
a ltitu de, since th e dis t ricts of im mu nity 
we re all fo und fro m abo u t 4 ,000 to 
about 6,000 feet, care was take n to 
st udy places with co mp arable condi ti on s. 
I t is of interest that F erdon , Kippel , \ Vi ­
le r, Blatten , A yer, G rac he n and Vi spe r­
ti mine n, w hich w ere pl aces w ith high 
imm un ity or a low incid ence of dental ca­
ri es, are all sit ua te d in hig h d istri ct s in 
the Al ps. 1n non e of th ese pl aces did we 
find ev idence of a pro g ra m of prop hy­
laxi s o r an y evidence of ora l hygi en e. 
Indeed , it is dou btful that m an y of t he 
people stu d ied in th ese district s eve n 
owned or ev er saw a tooth bru sh . S t 
Mor itz rep r ese nts a co mpa ra ble cli mate 
and altitud e to a ll of the places j ust 
m ent ioned . Its fame is wo rld w ide as a 
health r esort , bo t h w inter and su m me r. 
Eve ry chi ld st ud ied in S t . Mo ritz showed 
ev ide nce of a n e ffi c ient program of p ro ­
phylaxis and all had bee n tau ght o ra l 
hygi ene in the pub l ic schoo ls, ye t almost 
every child had suffe red seve re ly fr om 
d enta l cari es at some t ime a nd 78 .9 pe l 

cen t had act ive dent al ca ries at th e tim e 
of t he exami na t ion. Exa m ina t ion re ­

vea led rb a t 29 .8 per cen t of a ll teet h 
had been a t t acke d by dental caries. T h is, 
of course, occur re d in spite of a n exce l­
len t prophyl act ic pr ogram. Si m ila rly, 

isola ted d ist ricts in th e I sl e of L ew is, in 
rh e O ut er H ebr ides, a nd in Ky le of Sca l­

pay in th e Is le of Harris a re show n to 
have a very low in cid ence of de n tal ca­
ries. T hese a re at sea level. Ther e w as 
l ittle if any ev ide nce th at oral hygi en e 

had ever been ta ug ht or practiced . T he lo ­
ca tions of t he pl aces s t ud ied in the Ou ter 
and Inner H ebr ides and ot her par ts of 
the Br i ti sh Is les ar e show n in Figu re J5 . 
by the dark pins. 

As we procee ded in Switzerland to 
H er isau, a thr iving m od ern ci ty in th e 
pla ins dist r ict nea r L ake Constance in 
t he northeastern par t of Sw itzerl and, we 
agai n fou nd boys a nd girl s w ith m uch 
evi dence o f hom e ca re a nd careful teac h­
ing in method s of oral hy gi ene ; ye t 24.7 
per cent of all tee t h showed caries ; 89 
per ce nt of indi viduals had had den tal 
car ies, and 68 per cent ha d ac tive de n ta l 
ca r ies a t th e t im e of th e examination. 
T h is is most sig n ifica nt as a commenta ry 
on th e ine fficie ncy of p rophy laxis as a 
m eans of co n t rol of den tal. ca r ies. 

T he d at a here p rese nte d rel ative to 
t he kind and form of cere a ls used in di o 
ca te st ro ngly t hat it does not ma tter so 
m uch wha t t he kind of ce rea l used or 
the fo rm in w hich it is used , provided 
a ll of th e natural mineral content o f that 
ce rea l is ma de availab le . T his is also 
emp has ize d in th e g ro up of stu d ies pre ­
sen ted under " Resu lts fr om Feeding F if ­
teen D iffe re nt D iets to F iftee n Grou ps 
of R ats." The questi on o f the form of 
t he u nits of food th at are ta ken , whether 

soft or hard , coa rse or fine, doe s not 
seem to have hecn the det er mining fa c­
to r. In the se r ies ob tai ning th e w hole 
co rn , th ere was a hig her perce n tage of 

cav ities th an in eithe r of th ose g roups 
receivin g th e fine or coarse corn . T hose 

receiv ing th e fine co rn ha d more cavi t ies 
t han those receiving coars e corn. Th is 

is not in acco rda nce w it h th e da ta pre­
sented by H op pert, Webber an d C anni ff . 

I would em p has ize th a t th e fin e feed 
co rn group (2) a nd the fine see d corn 

g ro up ( 12) each had more cavit ies th an 
the coa rse feed corn g rou p (3 ) and th e 
coa rse seed corn group ( 11) . Since non e 
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01 th ese had so many cavi t ies as Group 1, 
receiving both th e fin e a nd coa rse co rn, 
th ough all had liber al ca ries, it is sug­
gested that w e shou ld not put t oo much 
emphasis on t he coarsen ess or finene ss 01 
the food. 

It is important to no te, parti cularly 
for those who would pu t g rea t em pha­
sis on the hardness of th e food ea ten as 
a means of muscular ex e r t ion for the u e;­

velopment of th e bones of the fac e, that 
th e people living in t he hi gh A lp ine di s­
tric t s that w ere found to have a hi gh im­
munity to dental ca ri es w ere ea t ing a 
hard bread usuall y weeks old , somet ime s 
seve ral month s o ld and drie d our until 
it requi red mu ch eff ort for it s m ast ica­
t ion, while th e people in th e O u te r 
H ebrides who also were found 10 have 
high immunity to dental cari es were 
usin g a large part of their ce real in th e 
form of soft po r r idge. True, the oa t 
cake is c r isp, but it is th in and rela ti vely 
more easily m asticated th an th e Swi ss 
dark whol e g r a in br ead. The evidence 
does not suppor t the vi e" , t hat th e rex­

ture of th e foo d is a determining factor. 
The matter of t he av ailability o f th e 

various v itami ns ha s been s t ud ied and 
further data will later be presented . 
Som e factors ca n be dete rm in ed re adily 
from a study of local con d it ions. In none 
of the imm une di stricts included in this 
study were ci trus fruits av a ilable . Ma ny 
of the immune indiv idual s in both th e 
high Alpine va lleys and the in terior of 
the I sl e of L ewis hav e probably ne ver 
eaten an o ra nge or grapefruit and in 
neither district w e re wild be rr ies pro­
vide d as a native food . Some ci trus f r u its 
com e into Switzerland from Italy and 
Sp ain, but they re ach only com m u n it ies 
provid ed w it h adequate me ans of t rans­
portation. No d ist r ict w as foun d wi th 
im m u nity wh er e imported fr uits w ere 
ava il able . This would seem a t on ce to 
exclu d e the possibility of v it am in C bein g 

a co n tro ll ing fact or In th ese di stricts. 
The inhabitants of Vispertirninen had 
vineyards down the moun ta inside. Since 
th ere a rc many places wh er e immunity 
to dental caries exist ed CI few years ago 
and wh er e th at im m unit y ha s been lost 
coin cid en tally w ith the ope n ing up of 
means o f easy t ra nspo r tat ion of food ­
st uffs, it has no t , f co u rse, been the 
introduction o f c it r us fr uit s to formerly 
immune a reas w h ich has contributed to 
t he lo ss o f im m u nity. It is al so sig­
nificant that in no p lace was immunity 
to denlal ca ries found where there was 
not a bount iful sou rce of fat-soluble vita ­
mins in a n at urn] fo od product, which 
my investi gation s h ave de monst ra ted to 
constitute a p r incipa l COI\1.r I ing facto r 
in denta l caries in man y ind iv id u als an d 
in rna y di stricts. For the Inne r and 
Out e r H ebr ides, fis h products are av ail­
a ble a nd are used l ibe rally. A particula r­
ly favored di sh i th e I lc of L ew is COTl ­
sisted of cod 's hea d st uffed with a mi x­
ture of oa t meal and cbopped cod livers 
a nd baked. Heaus with large muscles 
were selec ted a n d t e b ra ins left in po­
sit ion. Thi s w ou ld furni sh v it am in 0 
a nd ph osph orus besides the minerals in a 
rea d ily av ailable fo rm . O f cou rse, no 
fish were availab le for providing vita­
mins in the isol at ed high Alpin e vall eys. 
P rob ably many o f t hose individuals have 
ne ver see n a fish . T he i r source of fat ­
solu ble vita mins is pr im arily fr om rhc 
da ir y pr oduct s used as milk, cheese a n d 
butter. The cheese contains the full but: 
ter -f at . With t introduction of con­
tact with the outsi de w o rl d by mean s of 
tran sportati on , easy access is had to rna r­
kets for da iry proo ucts . These markets 
are generall y u t il ized asn means of ob­
taining ready money for the purchase of 
machin e made clo th in g a nd canne d foods 
a n d flou r. In th e Heb rides , t he thatch ed 
roo f that covers he fami ly covers the 
cows and goats. T he walls were built of 
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stone and many of th e homes were with­
out w indows and chimneys. The thatched 
roof has two pu rposes, pr otecti on fro m 
th e we ather and t he preparing of a spe­
cial fert ilizer for th e soil through t he 
bu rning of the peat fo r most of th e year. 
T he few trees on th e Isle of L ewis have 
been plant ed in chiefly one place , nea r the 
coast. The isla nd is largely cove red w ith 
peat from a few inches to 20 feet in 
depth , except for the a reas covered w it h 
bald rocks. The geologic form is g ra nite 
of th e olde st type. The miner al calcium 
is very scarce . The plan t that is seen most 
everywhere is purpl e heath er , as is also 
tr ue in much of north Scotl and. About th e 
onl y an imals on the island are th e do­
mestic ated black face sheep and a few h igh­
land cat tle or mixed breeds of highl an d 
w ith others. T hese animals a re very hardy 
and can liv e out through th e w int er. The 
Iittle pasture g rass that t hese animals 
can pick up enahles th em to collect t he 
plant calcium and phosp ho rus and make 
these min erals available in th e very lirni ­
ted dai ry p rod ucts w hich we re pa n 
of th e former primitive diet and st ill is 
for a few peop le living in a pr imi t ive 
manner. Eggs ar e also used . With th e 
introduction of mod ern foods in con­
densed form and generall y low in min­
-erals, th is important source of nutrition 
is rapidly dwi ndling in th e d ist r icts hav ing 
con tact wi th commerce, wit h th e result 
that passing from an immune a rea to 
the princi pal seaport of Sto rnoway, out 
of 100 people between th e ages of 16 
and 35 (e stimated) I t here were found 
tw enty-five we aring ar t ificial teeth, and 
about an equa l number show ed th at th ey 
had lost man y teeth or parts of th em 
from ca ries . All th e peopl e speak th e 
sam e la nguage, G aelic. Some of them 
speak Eng lish. The brea kdown was so 
rapid and clear cut th a t people from 50 
to 80 yea rs of age still had most o r aII 

of t heir teeth with out evidence of act ive 
caries. These people were insisting 'on 
having thei r or igina l diet. The you nge r 
gene ra t ion w hich had access to the mod­
ern diet had ram pant dental caries. In 
some district s, 60 per cent of th e people 
betw een 20 and 60 yea rs of age we re 
w ear ing artificial dent ures, ofte n both 
upper and low er. This condition of in­
crease of dental caries was reported in 
man y di, ricts as being pro gressively 
more severe. A n anal ysis of th ese diet s 
and of living condit ions w ill he pr esen ted 
in anot her communica tio n. 

In furth er consid eration of th e role of 
ac tiva ting substances, including th e 
kno wn v itamins, im portant data are pro­
vided in Figure 9. In this, fift een diets 
w ere used, with the same basic ration fo r 
all , the modification being chiefl y in th e 
kind o r form of th e cereal fact or. A 
gla nce at th e cha rt reveal s at once th at 
dental caries was par ticularly high in 
Groups 1 an d 2, mod erate in Group J 
an d compl etely absen t in G ro up 4, who 
received wheat instea d of corn; also ab­
sent in G roup 5, w ho received fine 
and coa rse feed corn as pr ovid ed to 
G roup 1 plu s all th ey wi shed to eat of 
high v itamin butte r. In Group 6, re­
ceivin g th e same as G roup 1 pl us 1 per 
cent high vita min but te r and 1 per cent 
high vita mi n cod liver oil, the re wer e no 
gross cav it ies but sever al small ones. In 
group 7 receiving th e same as Group 6 
plus wh eat ge rm, th ere w ere moder ate 
cari ous cavi t ies. I n G roup 8, receivin g 
th e diet of Group 1 plu s wh eat ger m, 
th ere was mod er ate caries. In Group 9 , 
receivin g th e w hea t of Group 4 plus 
w heat germ, there was no car ies. In 
Group 10 receivin g the diet of Group 1 
plu s dicalcium pho sphate in an inor ganic 
form, th er e was considerable caries. In 
Group 11, r eceiving coarse sift ings of a 
seed cor n differing fr om that emp loyed 
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In G roup I only in kind of corn, there 
wa s considera ble car ies. Group 12, re­
ceiving the diet of Grou p I plus the fine 
sift ings of seed corn, had ver y active 
caries . Group 13, receivin g the R ed 
C ross whole whea t, had no ca ries; while 
those in Group 14-, on Red Cross Rou r, 
had mu ch caries. This g roup received 
not on ly less mineral s but also less of the 
acti vato rs th at would have been pro­
vide d in the wheat ernhr yo. G ro up 15 . 
receiving the Red Cross hr an and mid ­
dlin gs mixture. had no caries. It is a t 
once seen that some thing was p rovided 
in the butter th at was mad e avail abl e 
with the d iet in Group 5, which othe r­
w ise corr esponded with Group 1, and 
wh ich was ca pabl e of ch an gin g that diet 
so that it prov ided comple te immunity to 
dental ca r ies. The very small amoun t of 
butter and cod liver oil furnished to 
Grou p 6 reduced caries to a ve ry low 
level. That the activators pr ovid ed in 
wh eat ge rm are more efficient when used 
to su pplement wheat rather than to sup­
plem ent co rn is su gges ted by th e com ­
plet e immunity of G roup 9 as com pa red 
with Group 8. 

A n impo rt ant new light on the re ­
lati on of th e phospho rus of th e blood to 
dental ca r ies susce pt ibil ity and immunity 
is prov ide d by shaking powd er ed bon e 
into th e blood seru m and noting the 
chan ge it p roduces in the level of inor­
ga n ic phosph orus, which is show n in 
Fi gu re 9 to foll ow th e ca ries suscept i­

bility fo r the se diff erent g roups. 
If we review the summa r ies of ac­

cumulated fact s as pr ovided by A r thur 
D . Black2 and R obert Kesel ," we not e 
that th e evide nce st resses th e necessity 
th at car ies sha ll begin on th e outer sur­
face of th e tooth an d then usu ally on ly 
in p rotec ted areas, never inv olving deeper 
st ruct ures until th e exte rn al surfaces had 
been penet rated and th at it is init iat ed 

and accom pa nied by a d ecalci fying pro ­
cess in which acid-producing micr o­
or gan ism s seem to hav e a par t. Th ese phe­
nomena are ap pa rentl y not related to 
ac idity of sal iva, but a re rel ated to its 
bu ffer cap acity . A ll of th ese cond it ions 
could be pro vided by vari ation in ph ys­
icoch emic al cha ra cter ist ics of the Auid 
bathing the ex te rn al surfaces of th e 
too t h, provided it COLJ lc.l be show n th at 
it cont ained f rces w hich cou ld prog res­
sively carry min erals in most minute form 
eithe r into the tool su rface by absorpt ion 
or out of th e t ooth surf ace in accordance 
w it h cha nges in th at fluid . The inf orm a­
tion given here of an inc rease or decr ease 
in th e inorganic phosphorus of th e saliva 
in acco rda nce with w het er that individ­
ua l was fo und to show immunit y or sus­
cep t ibility to dental ca ries is presented 
in suppo rt of th is pr mise. T he dat a 
pro vid ed in th e illustrat ion of t e teeth 
befo re a nd aft er tr eatment ( Fig. 10 ) 
show th e differ en ce in th e penetrati on 
of silver nitr at e and F igure J 1 shows the 
ac tu a l building of new t ooth st ructu re 
w he n the blood and sa l iva are put in 
such condit ion th at min erals a re deposited 
ra the r than taken up . M any add it ional 
data are ava ila ble on thi s poin t. Th at 
thi s ch ange in th e ch emi cal aspect of 
the saliv a can be produ ced by nutri ­
tional changes is su ppo rted by the 
evide nce prese nte d her e and in fo rm er 
communica tio ns as reviewed in th e intra­
d ucrion. Wh en th ese interpreta tion s a re 
appl ied to the review of fundamentals as 
presented by K esel , we find wh y both 
ancient and mo dern primi t ive people liv ­
ing in th eir nn ive envi ronment d evel op 
little decay. W e fin d suppo rt ing evide nce 
in the se stud ies of district s of immunity 
o r suscept ibility . W hen we apply th ese 
principl es to the phenom ena associa ted 
w ith periods of physical stress, th e acti ve 
growth of childhood and ado lescence , 
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pi egna nc y and d isease , w e find much ev i­
de nce th at th e need of th e body fo r t he 
m ineral s a nd acti vators w it h which body 
tissues ar e bu il t a rid re pai red in cid ent to 
t hose ove rloa ds pr even ts the developme nt 
of a no rmal sa liv a for th e environment 
of th e tooth . T he reason that decay of 
teet h cease s eve n th ou gh t he ba cte ria are 
s till present and eve n th ou gh cul ture 
med iums suitable for th ei r needs are pr o­
vided now becom es ap paren t . W e also 
see w hy crowns of teet h w hen moun ted 
on art ific ia l den tu res and wo rn in th e 
mo ut h ca n a lso be at ta cke d by dental 
ca rres as though in t hei r norm <II posi­
ti on . \N hen we apply th is vie w to th e 
.uens of suscep ub il it y w h ich ha ve heen 
indica ted to be vulne rab le areas owing 
to t he collect ion of fo reig n ma te r ial in 
any loca t ion w here t hi: sa l iva ca nnot, 
pa rti cul a rl y w hen its factor of safety is 
low , main tain <I marg in of safe ty, be ­
cause t he p hysical env i ro nmen t prevents 
ito rea dy access, w e see why sal iva w ith 
a low bu t posit ive facto r of safe ty ca n 
ma int a in im m u nity on su rf aces t ha t are 
libe rall y exposed . T h is provides a n eX­
plan ati on for th e obser vation th a t small 
prox imal cav itie s or car ies un de r fill ings 
may p rog ress: w he reas, if t he cavity is 
ope ne d so th a t sa liva has free access, so 
long <IS its ma rg in of sa fety, eve n t ho ug h 
sma ll, ex ist s, ca ries is inh ib ite d. in th e 
pro tected areas, a Ve l )' h igh state of 

def en se in th e sa li va wou ld hav e to be 
p rovi de d in o rde r to m a in tai n im m unity. 
Fu rt he r , w he n we co nsider th e p roblem 

of th e p rogressive sof ten ing of teeth in 
cas es of ra mpa nt caries, as in pregnan cy 

and som e other cond itions an d later t he 
ha rden ing of t hese t eeth, we find not only 

an adeq ua te expla natio n, but also a phys­
ical condit ion which we have dem on ­

st ra ted on teeth rem oved f rom t he 
mou th an d w h ich shows not only ch an ge 

In st r uct ure on the basis of ha rdn ess, b u t 

also a c hange in che mic al co n tent vary­
ing in am ount a nd in ch emical expres­
sion , In most cases, a g reate r red uc t ion 
in phosp horus than in ca lc iu m occurs. 
In some cases, th e re is a reduction in 
calc ium. In a lat er co mm un ica tio n , 
th ese dat a w ill be p resented a nd will be 
show n to ha ve it direc t r elation ship to 
t he nut rit ion al deficiency and al so to the 
na tu re of th e loca l ex p ress ion in bo th 
th e teeth a nd th eir suppo rt ing st r uc­
tu res. 

S U ,I :YIAR Y A"'LJ CO N C L US IO NS 

1. Sup port ing data are pr esented for 
a new in tc r pr e tat ron for t he ph en om en a 
of de ntal ca ries based up on it nh vsico­
c hem ical sta te of th e saliva which pr o­
" id es an d la rgely co ntro ls t he im med iate 
environ me n t of t he too th. 

2. T hese new inte : pre ra rinns have 
been su ppo rr ed by d ata pro vided fr om 
the s tudy of both expe ri me n ta l an ima ls 
an d human be ings, the latter livin g u nd er 
bo th pr im it ive and modern socia l co n­
dition s. 

3. T he speci fic requi rem ent s in d icated 
hv pa st in vestigation s regard ing th e 
et iolo gy of dental ca r ies ca n be largel y if 
not completely explain ed on th e hasis o f 
I hese phys icoc he m icaI qual ir ies of the 
sal iva. 

4. P eople liv in g un der mod ern con­
d it ion s w hich provide eit her immunity Or 
suscept ibil ity reveal ph ysicoch emi cal con­
d it ions o f th e saliva appa ren t ly com pet ­
ent to c reate th e cl in ical den tal cond it ions 
fo und in t hose ind iv id ua ls. 

5. A new theo ry for th e phen omena 
of d ent al caries has heen pr ovid ed sup ­

pa ned by clini cal d ata w hich furnish 

the hasis for a p rog ram shown to be com­
pet en t not only to preve nt t he develop­
m ent of dental ca r ies bu t a lso to cont ro l 

it af ter i t is est a bli shed . 
6 . Dat a are pr esented w hich pr ovide 

a n ex pla na t ion not only fo r th e general 
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imm unity of w ild animals fro m den tal ati ve processes of bot h hard nod soft 
ca ries bu t al so for the im m unity of tissues also resul t ing fr om the acc um ul­
pr im itive peop les, both a ncien t a nd ated effects of fault y nu t r ition and mea ns 
mode rn. are indicated for the red uct ion of th eir 

7. L ig ht is throw n on ma ny degen er - seve ri ty a nd inc idence. 


