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CONTROL OF DENTAL CARIES AND SOME ASSOCIATED
 

DEGENERATIVE PROCESSES THROUGH REINFORCE­


MENT OF THE DIET WITH SPECIAL ACTIVATORS*
 

B y WESTON A. P RICE, D.D. S., M.S., F.A .C.D. , C levela nd, Oh io 

DE N T A L car ies is gen era lly consid­
ered to be th e mo st nearly un iversa l 
d isease to wh ich m an is subje ct. It 

is considered by many to be the most ser i­
ous single d isease in its di rect and ind ir ect 
effect s. Careful , cr it ical obser vation in 
ma ny commun ities has ind ica ted that it is 
on the inc rea se and th at t his was true even 
befor e the pr ese nt world-wide in d ust ri al 
depression . A centu ry of inte nsive st udy 
has not revea led in fu ll its etio logy no r 
considerably reduced it s seve r ity. L ike 
man y othe r affection s, de nta l ca r ies has 
been looked on in th e past alm ost ent irely 
as a unit p ro blem. U n ti l very rece n tly, 
it has not been ser iously associa te d w ith 
nutrition. I t has been associa ted p rim ar­
ily for t he last tb ree d ecades wi th th e 
acid- p roducing bac teria, as suggeste d by 

'W . D . Mille r. 
I sball include in the conside ra t ion of 

a d iet ary food pro ducts not only by title 
but a lso by th eir f u ndame n ta l nutr iti on al 
factors. T he term "con trol" I sha ll un­
dersta nd to appl y both to preve n tion an d 
to th e check ing of th e progress of ca ries 
wh en esta blishe d. 

"Read bef ore th e Sec tion on Hi stol ogy, 
Ph ysiolog y, Pa thology, Bacteriology a nd 
Che mis tr y (Researcb ) at ' the Sev enty-Thi rd 
Annual Sessi on of the Am eri can Den ta l As ­
soci at ion, Memp his, T enn., Oct . 20, 1931. 

Jour . A. D . A ., AU{luJt, 1932 

T he irr egu la rity in th e appea ran ce a nd 
inc idence of de nt al ca ries in various in dio 
viduals br ings to co ns idera tio n ma ny pos­
sible co nt ribu t ing fo rces. T he fact th at 
den tal caries m ay be rela tive ly infre que nt 
or of mild degree in pe rsons li vin g in a 
g iven commun ity an d at th e same time 
very seve re in per so ns li ving in an oth er 
com m u nity in troduces for cons ide rat ion 
not only the physica l env iro nments of th e 
two g roups, includ ing cl im ate, bu t also 
ind ivid ual fact or s suc h as phys ica l an d 
m en tal stress, th e ca re of th e mouth a nd 
th e quan tity an d type of food eaten . 

U ntil w e ca n have a comm on un de r­
s tanding of th e man y co nt rib u ting con di­
t ions, con fus ion and con Aic t in interpre­
tation w ill be inevitabl e. 

An ill us t rat ion of the fund amental 
need fo r a m uch broader concept a nd 
und er stand ing of the co ndi tio ns w it h 
whic h we are deali ng is pr ovided in th e 
appa ren t interp r et ati on of th e dat a ava il­
ahle w ith regard to increased suscepti ­
bility to dental caries und er the phy sical 
st re ss of p regn an cy. 

A st u dy of th e hist ory of peop les as 
reve aled by th e id ioms of th eir language 
has di sclosed th at p rac t ically every race 
w it h a lan guage has a phrase equ iva len t 
to a " too th fo r every child," not with ­
sta ndi ng th ese lan guages m ay hav e had 
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thei r origi n in th e dim and distant past. 
T his can be accou nted for only on tbe 

basis of th e recognition of a cl inical fac t. 
I t is proba ble that clinician s fr om di f­
fere nt countries of th e wo rl d woul d give 
quit e differ ent reports of th eir observa­
tions w ith regard to t he correct ness of 
th is sta temen t as app lied to th e peopl e of 
th eir comm uni ties . The maj ori ty doubt­
less wo uld corroborate th is observation. 
The difficult)' in corro bora tion wo uld de­
pend on facts which we re fund ame ntall y 
correc t, but only apparently com par ­
able, for both migh t have a controll ing 
influ ence in diet. In t he light of th e data 
which I shall pr esent, foods of th e same 
name but produced in different sections 
may have very different values fro m th e 
sta ndpoi nt of th eir adequ acy to pr ovid e 
complete nut riti on. 

My researches of th e past deca de 
have been directed largely to ward es­
tablishing dat a, bot h clinical and l abor ­
ato ry , th at wo ul d th row light on both 
the possibil ity of accomplishing cont rol 
of dental ca ries and pyorrhea and th e 
pr acti cal mean s for so doin g. 1\IIy sev ­
era l resea rch reports m ade during th is 
period, and some in process of pub lica­
tion, pr esen t data apparently indicatin g 
that dental caries can be controlle d un­
der th e specified conditio ns pr esented. 
T ha t we have perhaps reached th e time 
w hen it is possible to cont rol and pr e­
ven t den tal ca ries is importan t for th e 
foll owing rcasons : ( 1) it is the m ost 
nearly uni versal d isease and in nearly 
all civili zed count ries is in cr easin g in 
seve ri ty notw ithstand ing prophylac tic 
p rocedures; (2) no othe r area of the 
body prov ides a compa rable por tal of 
ent ry for orga nisms that become patho­
genic and pr odu ce serious degene ra t ive 
processes by me tasta tic invasion of other 
organs and tissues, and ( 3) dental caries 
in the light of ou r newer knowledge is 

even more importa nt beca use of it s sig­
nificance as one of man y symptoms of 
nu tr it ion al imbalance and orga n and tis­
sue degenerat ion th an th e inj ury of the 
teet h, important and ser ious as th at in­
jury is. 

As an approach to th e discussion of 
this prohl em in the light of our new er 
knowl edge, I shall fi rst present clinical 
data an d secondly discuss the nature of 
th e nut riti on al fact ors involved and re­
qu irements of th e body for min eral nu ­
t rit ion. 

There ar e few clinical cond it ions as­
sociate d w ith so rapid and persistent a 
type : of dental ca ries as is found ,ir 
xe rostomia . In 1923, I published r eo 
suits o f successfu l treatment of thi s 
disease w it h cod liver oil .' It is of in­
terest th at th e pat ient refe rred to as hav­
ing been under treat ment th en for a yea r 
has had a marked and progressive im­
provement in all her symptoms to date. 
T his is parti cularly significant since a 
large majority of th e cases repor ted up 
to that time had not respond ed to tr eat­
ment, but had bad prog ressive involve­
ment, the dr yness of t he mouth ex tend­
ing to th e throat , ai r passages, eyes and 
ot her mucous membrances. In practi­
cally all cases, severe ar th ritic involve­
ment developed. T his pati ent, a t the 
tim e she came in, could scarcely wa lk 
or use her hand s ow ing to a seve re 
ar th rit is. The treatment has been con­
tinuous du ring th ese years and she has 
been pr act icall y fr ee fr om ar th ri tis f~ t . 
several yea rs. M inera l metab olism d is­
turbanc e in ar th rit is, w ith and w itho u t 
dental ca ries, will be discussed la ter. 

T he p roduct tha t w as first given this 
patient w as ordina ry raw cod liver oil 
and a pa rathyroid gla nd tissue pr epara­

1. Pri ce, W . A.: Dental Infection and De . 
ge nerat ive Diseases, Vol. 1, Cleveland : Pen ­
ron P ubli shing Co., 1923. 
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tion. The latter was early discon tinned, 
for it wa s found that activation of the 
cod liver oil by exposure to the sun shine 
for a few minutes produced quite fav­
orable results. This treatment w as later 
improved, as will be related. 

Am ong the pati ents und er treatment 
during 1923 and 1924 w as a boy who, 
at the age of 14, had seventeen cavit ies, 
some of w hich nearly entered th e pulp 
cha mber. He was put und er treatmen t 
with the activated cod liver oil. The 
roentgenographic appearance of th e teeth 
as th ey appeared in 1924 and 192 5, a 
year intervening, is show n in Fi gure l. 
During this year, no new cavities had 
form ed and , in addition, as show n in the 
illustrations, there was a marked im­
pro vement in th e density of th e teeth. 
Th is wa s reported in detail in April, 
1926 .2 It seemed apparent in thi s case 
that something wa s provided by the cod 
liv er oil that reduced th e dental ca ries. 

In a se ries of eighty-seven patients 
carried through the tw o years 1928 and 
1929, a critical study w as mad e to com­
pare the number of cavities in two 
groups, one receiving additional vita­
min s and the other no t receivin g th em, 
with th e result th at forty-nin e patients 
receiving no treatment and using their 
regular diet had an average of 4.85 cav­
iti es in 1928 and an average of 4.73 cav­
ities in 1929. The most severe cases 
were placed in another group on special 
tre atm ent with a mixture containing a 
concentrate of vit amin s from a high 
vitamin butter, which I shall describe 
later, and a very high vi ta min cod liv er 
oil in sma ll doses of fr om 0.5 to 2 gm. 
of the mixture. This group before treat­
men t in 1928 had an averag e per person 
of 8.02 cavities. In 1929 , after being 

Z. P ric e, w. A . : Ca lcium M etaboli sm 
Stud ies, A m. ]. Di s. Ch i ld ., 33 :78-9 5 (Jan . ) 
1927. 

on the treatment for a yea r, they had an 
average per person of 1.44 cav it ies. 

A gr oup of fift y-six wh o were exam­
ined between M arch 25 and April 7, 
1930, a tw o-weeks' period, was divided 
into subgroups and studied. These sub­
g roups cons isted of thos e persons fr om 
12 to 18 yea rs, the boarding school 
g roup and th e pr egnancy group. These 
studies revealed th at those in each g roup 
that were receiving treatment showed 
marked improvement. In pr actically all 
cases, they had been put on the tr eat­
ment because they showed ver y severe 
dental ca ries. For exam ple, in a gen­
era l g roup of forty-four without treat­
ment , the aver age number of cavities 
per person wa s 2.9 ; whereas , the tw elve 
havin g treatment had an average of 0.25 
caviti es per per son . In the teen-age 
g roup, th e nin e without treatment had 
an average of 5.5 cavities per person , 
and the six having treatment had no 
caviti es. All of th ese cases w ere exam­
ined in or about September, 1929, the 
study including roentgen ograms, which 
are used rou tinely in all th ese stud ies. 
In the boys and gi rls fr om boarding 
schools, the Ion r without treatment had 
an average of 8.5 cav it ies per person 
which develop ed in practi cally a six­
months' period. Th e four receiving 
treatment were all without dental caries . 
Of th e two pre gn an cy cases examined, the 
one without treatment show ed nine eav­
it ies, the one receiving' t reatment, one 
cavi ty." 

3. Price, W. A.: Some Contributing Fac­
tors ro Degenerative Dise ases , with Spe cia l 
Co nsider at ion of R ole of D ental Focal Infec­
ti ons and Seasonal Tides in D efensi ve Vita ­
mins, D. Cosmo s, 72 :104-9; 1119 (Oct. ) (Nov.) 
1930. 

4. Price, W. A. : New Light on Control of 
D ental Ca ries and D egen er ative DI seases, 
].A.D .A. , 18 :1189-12 19 (July) 1931. 
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In July, 1930/ I repo rt ed progress, 
pr esen tin g da ta on abou r 200 per sons, 
app roxirna tel y 100 in eac h g roup, one 
receivin g and th e ot her go ing w it ho ut 
add itio nal vita m ins. T he number of 
cav ities per person in th e g roup not re­
ceiving th e capsules w as or all ag ten 
time s tha t which occ ur red in tbe g ro up 
receiving the capsules . F or the teen-age 
group, t he differ ence was ve ry much 
g rea ter. F ur example, in th e twen ty 
persons not receiv ing ad di tiona l v ita­
mins in caps ule form , the total number 
of cavities was 14-3 , and in th e gro up of 
twe nty receiv in g th e addit ion al v ita mins, 

cavi ties pe r pe rson dou bled , increasing 
fr om a n average of one cav ity per in­
di vidual to two ca vities per per son; 
w he re as, in th e g ro up receiving add i­
ti on al vitam ins, th ere WEre no ca vit ies 
in eithe r th e 40 to 50 ag e gro up or the 
50 to 60 age gr oup. 

Light is pr ovided by th e foll owing 
case: A young g irI came to C leveland 
fro m O ntar io a t th e age of 16 , at which 
t ime she had a rem a rkable set of teeth, 
never havin g had a cav ity develop in 
any teeth, She had b en compl iment ed by 
her dentis t on having a prac tica lly per­
fec t set of teeth . She attended a un i-

F ig . I. - Severe d ent al ca ri es w ith seventee n ope n ca vi ries in a boy of 14 yea rs, complete ly 
ch ecked by I a tmenr, Re du ction in t he siz e of the p ulp cha mbers in one yea r, esp ecially in the 
bicuspid s, is evid car , Above, films tak en D ec. 5,1 924; be low, films t aken Dec. 24, 1925. 

th er e w ere three cav it ies i n th e en t ire 
gro up, wh ich ha d developed in a per iod 
of less than on e year. Practica lly all of 
th ese persons had bee n stud ied c r it ically 
with roen tgen og rams of the tee t h, bi te­
w ings or f ull denta l film s. T he dat a 
developed in the g ro up f rom 50 to 60 
years old we re pa rt icu la rly in ter esting 
in view o f th e fact tha t in th e grou p 
fr om 20 to 50 yea rs of age not receiv ing 
v itam ins in ca psule for m, the curve f or 
caries had been progressive ly dow nwar d , 
bu t , in th e nex t decad e, t he nu mb er of 

vers ity in O hio and d uring th e firs t yea r 
was reported to have dev eloped twenty­
tw o cav iti es. T hese we re fill ed by a 
sk ilf ul de nt ist . The Iol lowi ng year, she 
was brou ght to me for st udy of th e pos­
sible ca use of th e con t in ued ac t ive p rog­
ress of dent al caries, at wh ich t ime , 
nam ely, July, 1930, she ha d t welve cav­
ities, 'w hich hac! ap pa re ntly dev eloped 
sinee th e fill in g of th e tw en ty-tw o cav­
it ies th e yea r previous . T hese cavit ies 
we re fill ed and she was placed on addi­
t ion al v ita mins. She has been exa m ined 
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fr q uen tly durin? the pa st 'ighteen 
months, and not a single new cav it y has 
been fou nd . It m u: t be note rl first that 
th ese teet h apparentl y we eo' good st r uc­
ture and, under he r home environmen t 
an d dietary p rog ram she W 3 , com plet ely 
free fr om den lal ca ries. m her new 
env iro nme nt a nd unde r a new d ietary 
pr ogram, sh e devel oped more than t irt y 
cav it ies in two yea rs, an in t ha t same 
environme nt and la rgely unde r the same 
d ietary progra m, except w ith ad d it iona l 
vita m ins , th e dcnra ca r'ies w as ap par­
en tly comple tel y con t roll ed . I t is , of 
co urse, import ant th at ad vice w as g ive n 
in rcgar d to the selec t ion uf Ioods, al ­
th ou gh mu ch op po i tun ity for improve ­
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Fi g _ 2.- C ontroJ of de nta l cari es. Of sixty ­
six p :;t ient s exam ined d uri ng one month , a. 
comp ar iso n of tho s receiv ing spec ia l act iv a­
to rs w ith those not r eceiving t hem alrow ed a 
ra tio of cav it y d ev elop-ment of ab o ut 1 :30. 

rneru in a diet ary sche dule m ay not be 
offered ill boardin g house w h ere, of 
necessity, the rate of charge is mode rate 
an d the selec tion and va riety o f i ood 
som ew h at li m ited. 

T he prog ram of reexamination is 
con t inuo us . T he results a ft er a typical 
mon th will be g iven. During th e la st 
Christmas a nd N ew Y ear hol id ay pe­
riod , seve ral of th e boys and g ir ls attend­
ing coll eges and boar d ing schools re­
turned to t ei r hom es and t hey, w it h 
local s rn denr s, ca me ill for examina t ion. 
T he pe r iod inc. uded in thi s particular 

study of car ies w as f rom Dec. 16 , 1930, 
to J an. 16, 1931, and j el u ded persons 
of all ag es. Th ese cases w e re ca re ful ly 
s tu died by direct exami nati on , with the 
aid of roentgenograms, for rh e presen ce 
of dental ca ries (Fig . 2). T his g roup 
includ ed six ty -six pe rsons, fo rty- eight of 
whom had not been rec eivi ng activa tors 
as pr ovided by me in capsule form, and 
this group had eig hty-th ree cavi ties, or 
an a ve rage of 1.73 cavit ies per person : 
eig h tee n had been receiv ing the spec ial 
acti vators to pr event de n tal ca r ies as 
pro vid ed by me in capsu le form , a nd , in 
th is g ro up , only one cavi ry was found , 

Fig. 3.- ·R educti on in size of pu ll) cha mb er s 
unde r tr eatment. T h is p at ient whe n fir st seen 
ha d thi r ty-e ight op en cavi ties of a ctiv e ca r ies. 
Th e cha ng es in too th s t ructur e in three mo nths 
a re ev iden t . 

Of an aver age of 0 .055 cavrn es per per ­
son, a rati o of 3 1 :1. In th e ent ire group, 
twenty-seven were o f te en age , a nd th ere 
w er e thirty-seven cav it ies in the teeth 
01 these twenty-sev en perso ns. O f these, 
eigh teen had not been receivin g spe cial 
ac tivato rs, and these eighteen iad thi rty­
six cav it ies, o r an average of two cav i­
t ies pe r per son. Nine of thi s group had 
been recei vin g special activa o rs and , in 
the entire nin e, onl y one cu h y w as 
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fOllnd , o r an ave rage of 0.11 cav ity per 
pe rson . T he re we re th ir ty-nine ad ults, 

who ha d a tot a l of forty- s ix ca vities, or 
a ll 3ve l · gC' of L2i cavit ies per person . 
J, til is ~ r ':HLr , [he re were thirty who had 
I ,( l t been rece iv ing add it iona l vitam ins. 
a n d they had f I ty-six cavi t ies, o r I. 5 
cavities each. l in e ha d been r ecei ving 
th e spec ia l activators in capsule for m :10 

Ii Gt on e cavity was foun d in a ny aile. of 
th e nine. 

I t w ill be kep t in m in d t ha t pra cti­
cnlly a 1 01 t 10 ~. ~ r eceiv in g- capsules hnd 
hce n ex am ined in t he: rlrl )' o r a te sum ­
m r, inostlv both , by the same C ;:Jreful 
p roc edu re, ,; id t hes e P CI SOilS ver e pla ced 
on the spe c ial v itam in ca psules becau se 
of p rev ious m a rked suscep ti bil ity. Sev ­

cause of th e aggravated na ture of th e 
suscept ibili ty to car ies. 

O ne yo u ng woman was t r ansfe rred 
to m e at th e r equest of he r dentist ) w ho 
s tated th a t he h ad had appo intments wi th 
her m onthly and cou ld no t keep up w ith 
th e progress o f the de ntal ca ries and d id 
no t wish to co n t inue to have the respon­
sibil ity . Th is pa t ien t presented thi r ty­
two cavi ties, w h ich we re repaired, and 
she was th en plac ed on t he spec ial v ita­
mi n ca ps u les. D uring, the iext th r ee 
yea rs, she h ad tw o or th ree small cavi ­
ti es a year wh il e raking' the capsu les . She 
stopped taking them when sh e we nt 
away to college, and , in tile f llowing 
six mo nt hs, developed sev n cavities . 

A yo ung man w s sen t fr om a di rant 

F ig . 4.-Caries inactive ur tie r t re a t rnent : Lef t [0 r ig h r: Nov. 16, 1929; Feb. I S, 1930 ; M ay 
22, 1930 ; Sep t. 13, 1930 ; S jueu rbe i, 1931 (when shed ) . 

end were pat ients w ho had been placed 
in m y ca re a t th e request of their den­
t is ts he cause of the excessiv e amount of 
den tal ca rie s t ha t was developing . The 
r esul ts here ob tai ned are in spite of th at 
previo us mar ked evidence f suscep ti­
bil iLy to <J ,ont:tl ca ·ies. h wii a lso be 

ke pt in m ind tha t, 01 t he adu l ts exam­
iucd, abo u t ny u-thirds had had thei r 
mou ths rep ai re d within t he last six o r 
t welve mo nt hs. i t wi ll be see n f ro m 
these seve ral spe ci al g roups of stud ies 
th a t th e sume general res u l ts are being 
produce d ,v·ith an average rat io for t he 
several g ro !.lP ~; ,) [ s tu d ies o f abo u t 30: l. 
T his G' rou p co rain. some espec ia y in­
st . c rive cases w hic h we re re fe rred he-

ci ty w it h the repo rt tha t h is den ti st 
co ul d no t keep up w it h the progress of 
th e car ies w it h an appo int men t a month . 
H e p esen te d th ir ty-six cavi t ies, w h ich 
d id n ot incl ude one mo lar tooth th at h ad 
so m an y cav it ies and so ser io us a pulp 
involveme nt th at it had to be sa cr ificed . 
T he fir s t th ree months after he began 
to t ak e the vi t amin caps ule s, he had tw o 
small ca r ious areas, w hich mayor may 
not ha ve bee n new. T he y w er e ve ry 
sl igh t a nd a t t h e gi ng iva l m arg in of a n 
o ld a lloy fillin g a nd in a posi t io n w he re 
they were not d iscloscd bv th e roe n tgen 
rays . Probably , th ey k,,: no t bee n co n­
sid e red importan t because tb ey we re so 
sl ig h t in co mparison w it h th e m an y deep 
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cavities th at the patien t previously had. 
An imp ortant pha se in this case is ill us­
trated in F igu re 311 w h ich shows rhc 
cha nge in the size of the pulp cha mbe r 
in that short time. T he lower left sec­
ond molar had a cariou s cav ity th at ap­
parently ha d reached the pulp chamber. 
A s much of the caries was removed as 
w as co nsidered safe if expos ure wa s to 

A sim ila r rapid redu ct ion in the siz e of 
the pulp cha mber, w hich is associated 
with successful t reatment for the co n­
trol of dent al caries in a girl 12 years of 
age, is shown in Fi gu re 3D. This re­
duction in th e size of ti le pulp chamber 
of a m ol ar during trea tme nt is also 
sho w n in Figure 1. In a number of pe r­
sons wh om 1 can watch ca ref ully , 

F ig. 5.-Rampant de nta l caries contro lled by t rea tme nt. Ab ov e : E ig ht mol ars a nd bicu spi d 
lnst and many ope n ca v it ies present a t ag e of 14-. Bel ow : No new cav ities or exte ns ion of 
unfill ed d eca lcified ; age 15. T h is p a tie n t, a gi r l, w as broken in hea lth f r om fa ulty nutri ti on, 
which w as a lso the ca use of th e excess ive tooth loss from dental ca ries . De nta l a nd ge ne r a l 
hea l I h ilVI' been r estor ed. 

be avoided. The re maining caries wa s 
sterilized and a temporary fill ing placed 
w ith the hop e that th e pulp wo uld bud 
a defensive w all and thus pr ot ect itself. 
It wi ll be seen that thi s has act ually 
taken pla ce and th at the pulp cham be r 
is actually small e r than it previously 
was. In the foll owing yea r. only a few 
sm all rcas de veloped under t reatment. 

ha ve purposely left l';ivlt ies without fi ll­
in g to ascert ain w he th er caries would 
cease to he activ e. ] ha ve sev eral of 
th ese that have gone f 0 1 ;Ill extendec 
period with no rec ur rence 0 activity. 
A typical one is 51101V11 in F igure 4/!, b 
and c. 

This j it decid am tooth in t h\"o 
mou th 01 " boy, 1 1 )' P;Ir :' of ~c :ll th e 
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t ime th e first picture was taken , na mely, 
N ov. 16, 1929 . The succeeding views, 
t aken F eb. 18, 19 30, May 22, t 930, and 
Sept . 13, 1930 , show no increase in th e 
depth of the caries cav ity . Th e adjoi n­
in g bicuspid w as shed and the fr ail mar­
gins of t his cav ity w er e bro ke n down . 
T h is tooth was p reserved by the pa tien t 
wh e it was exf oli ated, in acco rda nce 
with my r equ est. T he r esorp t ive org,m 
had rem oved mu ch of the dent in f rom 
the c rown and sufficient of th e ena mel 

ing feature is th e h ing of man y you ng 
m en and wo me n wh o are ser iously bre ak­
in g in health sim ul taneously with the 
developmen t of th e. dental ca ries. These 
a re ge ne ra lly assoc iat ed as symp toms or 
effec ts of a commo n cau se rath er than 
bein g regard ed as having th e relat ion of 
cause an d effect . 

G irl s, wh o in t heir la te teens are suf­
fer ing hom act ive dental ca ries, ma y 
enter th e respon sihili t ies of wo manhood 
wi th ph ysical hand icaps w hich w ill often 

t r • ' f 1,, !. r.O;f I StHnk- 'jl\'l, .:.: ~ ' 

Fig. 6.-Treatmenl of ricket s in r ats by ad di ng to de ficie nt d iet 2 pe r ce nt of bu tt e r v ita mi n 
con ce nt ra te . T he add it io n of th e conce ntra te ha s preven ted r icke rs i n r a t 2 w hic h is p ro ­
nounc ed in r at 1. T he re is al so a mark ed ch an ge i n Ihe lev el of calcium and inorg anic ph os­
ph or us of th e blood serum. 

to m ake a perforation in th e occlusa l 
surface. The su rface of th e cavi ty is 
hard and alm os t glassy in smoo t hness. 
The deca lcified ca riou s dentin had been 
r emoved by at tr ition. The rem aining 
dentin had grea tly increased in den sit y 
by pr ecipitation of min erals into th e 
too th st ruc tur e, pr obably chiefly from 
t he sa liva. Figure 4c is :l roentgen ogram 
of thi s ex fol iate d tooth . 

In connecti on wi th th ese studies of 
dental caries an d its con t rol, a dist ress-

be the begi nn ing of complica t ions and 
low vital capacity . T hese gi rls fr equ ently 
not only su ffer fr om dep ressing d isord ers 
bu t also develop ova ria n cys ts w hich re­
quire operat ive proced ure in lat er yea rs . 
I n the ir nor ma Iives as mo thers, \ ey 
a re hand icapp ed because of physical de­
ficien cy dur ing th e grow th pe riod. T his 
cond it ion is prob abl y di rectly rela ted to 
th e ab senc e of certa in vita mins r act i­
vators as is aIso th eir d tal caries. 

A young man was brought to me fr om 
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a no ther stat e in June, 1931 , w it h thir ty­
eig ht ope n cavi t ies, several en la rged 
g la nds ill his neck , ac ute rhe umatism an d 
a heart lesion , He was 16 yea rs of age . His 
mou th was pu t in goo d o rde r a nd he w as 
pl aced on th e special vita m in caps ules . 
'VVhen he re tu rne d th ree m on th s lat er. 
th ere had bee n no ex te nsion of den tal 

tiring. T he hea r t condit ion was g rea tly 
imp rove d. The swelling of th e gla nds 
had disap pea red, as had also his rh euma­
tis m. 

The dental car ies w as p rima rily a 
symptom of nutritional deficien cy, in 
that he could not m aintain a p ro pe r' 
health level on th e v itamin intake and 

Fig. 7.- Progressive calc ifica tio n w ith the amo unt of butte r ac tiva tors and a com pariso n 
with co d li ver oi l. Lef t to l ig ht : No a c f iv a to i s ; 0.5 pe r ce nr bu tl er acr iva tor s ; 1 pe r cen t 
bu tte r act iv a to r s ; 2. per ce nt hutt e r activa to rs; '1- pe r ce nl butter activato rs ; 8 p er ce nt butte r 
is " ma r ked ch a nge i I ' ca lcifica tio n w ith differe nt perce orages of butle r ac tiva to rs and a s trik­
act iv ar ors ; 2 pe r ecru cod live r oi l ; 2 pe r ce nt each cod li ve" oil and bu t ter ac tiv a to rs . T' be r e 
in!!, d i fle rence in th e la st two of cod live r oi l a lone au d co d li ver oi l plus butt er ac t iv a to rs . 

ca ries , but instead a m ar ked imp rove­
ment in the s tr ucture of th e tee th . He 
returned wi th a bu oyan t physical ex­
p ress ion a nd re ported tha i he was now 
more res led w ith six hours' sleep th an 
form erly ....v ith te n hours', H e sa id he 
w as able to ca r ryo n his wo rk w it ho ut 

di et ar y schedule to which he was accus­
to me d. 

Amo ng th e s tr iki ng associa ted data 
re po rted by pa t ient s ha s been th e ge n­
e ra l ex pe r ience of inc rea se in efficiency 
in schoo l wor k an d f reed om fro m co lds . 
During the past yea r, as ha s fr equentl y 
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occu rred in pr eviou s yea rs, repo rts have 
ce: sent in by pa re nts to th e effect t hat 
he grad-s o f t hei r children were c is­

t inct y h igher Ju r ing the time of t rcr t ­

men t th n the y iad been pr eviously. 
P robably no single crite rion is m o re sig ­
nifi ca n t th: n th e prom ptness w it h w hich 
telephor e ca lls or tel eg rams a re received 
i th er e has been a failure in rece ipt of 
th e capsu les on sched u led t im e. This, of 
cou rse, app li es ch iefly to adnits a nd 
old e r peo ple. 

Du rin g th e decad e th at I have been 
wo rki ng on : th e p reve ntive program, 

(_.~-

, 

F ig. 8.-Prog ress; ve pa ra lysi s produ ced in a 
ch icken a nd a rabb it, a ppa r en t ly by a n ove r­
d ose of cod li ver oi l. The dai ly qua nt ity J' ,'r 
be y ..e igh t w a s appro xi ma tely th at often 
ad vccuted for ch ildre n , 

there ha s bee n ev ide nce of a progressive 
increase in the eflici cncy of the effort 
CXfL 'J cd, in : h ( ~ l ig;h t of th e data just 
reco rded vhi ch are onlv a smal l pa rt or 
th e expe rie nce en tering into th e basis fo r 
judg men t , which I in terpret as ind icat­
ing rhar den tal caries can be ve ry la rgely 
co t roll ed at th is time by th e proced ures 
I 1t: IV':: used , which w ill he ou tl ine d . 

1 ha, been a common experi en ce that 
c lin icians havt: ber J observ ing pe rso ns 

of all ages wh o fo r an ex te nded period 
have had no den tal ca r ies. It w as found 
th at thi s w as n ot due to oral hygien e as 
a p rophy lactic p roce dure. It has been 
abunda n tly dernons t ra ted that th ere was 
absence of den ta l ca ries in some persons 
making no effo r t at o ral hygien e nor re­
ceiving a spec ia l die ta ry pr ogram. 

Severa l w ork ers of lat e have pre­
sented dat a ind icating th e importa n t rol e 
of d ieta ry fact ors in dental car ies, among 
them M ella nby and P attison" in Eng­
lan d ; B un ting an d h is associates" ; Boyd , 
D ra in an d Ne lso n," H a nke" a nd H ow e." 

Mella nby has st ressed tb e im portan ce 
of vitam in D ; H a nke an d H ow e: have 
s t ressed the im por ta nce of vi tam in C ; 
Boyd , Drain a nd Nelson ha ve s t ressed 
cod li vcr o il, mil k, eggs and bu t ter, and 
B u nt ing and his assoc ia tes, t he red uction 
o f carbohydrates and a ba lanced di et. 
T he last g ro up has m ad e an important 
contribution based on th e cli nical re­
su lts ob ta ined in seve ra l or ph an ges in 

M ichiga n. In their summa ry, th ev say: 

I. In th e st udy o f the cause a nd co ntro l of 
d en tal ca r ies , the re is need f o r a f ulle r un d er­
sta ud ing o f the ba sic fa cts conce rn ing the di s ­
eases w h ic h ha ve a lrea dy been es tab lishe d . 
Many theori es h a ve been a dva nced w h ich 
are not in a cco r d w ith kn own f a ets. 

2. Evide nce is g ive n in support of th e v iew 
that de nta l ca r ies is a specific in f ect i v e p ro ­
cess , th e act iv ity of whi ch is de pe nde nt upon 
ce rta in m et a boli c st a tes . 

3 . As th e r esu lt o f d ie ta ry and th e r ap e u­
ti c exper ime nt .• act ive dental ca r ies was r e­

5, M e Ila nby, M ay, a nd Pa tt iso n, C , !L. : 
B r it . [vI. J , 2 :1079 (Dee. 15 ) 192 8. 

6, Bu nt ing, R. W., e t al. ~ A m. J D ig. C h ild . 
~O : 53 6 (Sep t . ) 1930, 

7. I~ oyd , ]. D, ; D r ain , C. L., and Ne lso n, 
Ma rt ha V .: I'm. J D is. Chil d, . 38 :72 1 (Oct ,) 
1929. 

S. Ha nke, M . T . : R el at ion of D iel !O 

C a ries ; a d Othe r D enta l Di sord e rs , ], A .D.A-. 
16 :2263 (Dec.) 192 9. 

9. H owe, l' R .: D . C osm os, 62:92 1 (A ug.) 
iszo. 
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duced to a negligi ble qu aoti ty in 433 d il­
d ren. Of th e methods emp loye d , d ie ra r v 
mea sur es appeared to be the most impo rt a nt. 

f. T h e di ets p rescribed fo r th e control of 
de n ta l ca ries w ere well bal anced, well forti ­
fied, adequat e ra t ions in which suga r w as re­
du ced to tl e mini mum . 

M y s tud ies h ave in di cated that den­
t al ca ries is a se asonal m al ady in large 
part , ha vin g it s mos t rapid development 
fr om J anuary W June, and havin g i ts 
low est level of seve ·ity in th e summer 
mo n ths and ca rly a u t um n , w hich, as I 
have prev iously sh own , is in acco rdan ce 
w ith the inciden ce of other di seases as 
I have di sc usse d th em in va rio us ph ases 
of my recent repo rts .' ? 

Amon g t he impo rta nt conside ra tions, 
one w hich is bein g grea tly emp ha sized 
a t this time (I bel ieve unduly so ) deal s 
with the st r uc ture of the teeth as inAu­

ence d by env ironme n tal di et a ry con d i­
tions during th e pe rio d of t ooth d evel­
opme nt . T he phase th at I w ish t o dis­
c uss at this point is not th e influence of 
the deficien cy of th e n u t ri t ion a t the 
time the t ee th we re fo rm ed as a fac tor in 
th e susce pti bil ity to dental ca ries, but 
rather th e fact that in person s w i t h ap­

10. Pr ice, W . A. : Ca1c.ium Meta bo lism 
St ud ies on Nature and Rol, o r Act iva tor s : 
Resea r cb es 01 1 F und a rnenra Is fo r P re ve n tio n 
of Dental Di sea se , J. A .D. A. , 16 :265 (Feb .) 
1929. N ew Fund amental s for Treatment a nd 
Preve n tio n of D ent al C a ries Bas ed on Calcium 
Uti iz ari on a nd D is turbance , with Special 
Con sid e r urion of Factors D et ermining Wh en 
an Inf ect ed T ooth Becom es a L i••bi lity , J .A. 
D.A ., 16 :4·56 (March) 1929. Ca lc ium and 
Pho sph orus Util iz a t ion in Hea lth an d D'is­
ease ; Ce rti fied M ilk , ]. A m. A SS' ll M. M ilk 
Co mmiss ious, October a nd No v embe r, 1929. 
Seasona l Va riat ions in BUller-Fat Vi ta rnin a 
a nd R el at ion to Sea sona l Mor bidi ty, l nclu .Iin g 
Denta l Cari es a n d Di sturbed Ca lci fication, 
J .A .D .A ., 17: 850·8 73 (May) 1930 . Ne 
Sta nda rds for D ent a l Diagn osis, Am. D. Su r ­
g eon, 50 :74 (Feb.) 1930. Why Ann ua P il ­
g r ima ges to Ho spital s ? Yo ur H ealth (Ms rch ) 
1930 . Footn ot e 3. 

paren tl y w ell o rg an ize d teeth in th ei r 
emb ryonic and fo rma t iv e periods, an d a 
h istory duri ng a per iod of se vera l yea rs 
showing a complet e fr edam fro m den­
t al ca r ies, these sa me teet h, no t with­
standing th eir go od str uc t u re , m ay be 
a ttacke d by r apid a nd se rious den ta l 
ca ries in a re lative ly sho r t time on a new 
di etary regime. 

M " Il Y d e.. t ists h a ve an OPPO I miry [0 

make obse rva t ions of persons , ho lave 
mo ved fro m sou t h ern E u rope n coun­
tries ·0 ou r Amer ica n env iro nm en t . A 
large number of these persons arrive in 
thi s co u nt I }' a t a Sll ~CP i!IL , g ' , nam ely , 
that of rap id g l WI . I. They have . r le 
or no d en tal cu r ies D/1 a rriva l , a nd 
hist or y of ve ry l it tl e 8 l te! li m . 0 o ral hy­
giene. O f ten , w i thi n I yea r, t h ese ap 
pa te n tly unusually gllofl teeth ha v been 
ex te ns iv ely a t tacked by dental ca ri es. 
O u inq uiry, th ese people m ay say tha t 
they are ea ti ng th e sam e foo d that th ey 
ate in sou t he rn Europ e. This introduces 
several impor t ant prohlerns, such as eli­
mate, su ns hine, al t itude a n d the ac tual 
differen ce in th e in trinsic value of t he 
same a r t icle of food when prod uced in 
a different district. 

T he wo rk of Buntin g an d his associ­
ates em ph as izes , and I thin k w isely 50 , 

t he im porta nce of lim itin g th e ca r ohy­
drates, particularly suga rs , partly for he 
purpose of p reve n ting the sa t isfy ing of 
hunger w ith carbohydra tes . It is of im­
port ance ' th at, when pl ssible, a ll 111­
dre n obtain a Ii' eral S Ippi y of d. ir ' 
products, in cluding an ab undance o i 
fresh sw eet mille 

O ne of the q uesti on s th at we m ust 
consid er c ri t ically is th e re lat ive v alue 
of the sa me food prod uc ts w hen prod uce d 
in different pl aces ~,r tl it1err.nt times of 
th e year. T he sugges t i01 1 t ha t diet plays 
a v ery im po rtant pJ.rt is il lus t r a ted in 
tile fo ll ow in g case . 
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A girl, 14 years of age, w as brough t 
for considerat ion of a progr am which 
involved the extractio n of all her re­
mai ing teeth an d the inser tion of full 
dentu res because of very rapid dental 
caries fr om wh ich she had suffered. An 
examination of her mou th in N ovember , 
1929, revealed that already eight molar 
teeth and one bicuspid had been extr acte d 
hecau se of ex tensive dent al ca ries. N ea rly 
all of the remaining teet h had one or 
more cavit ies, some of th em very exten­
sive. T h girl 's heal th wa s not good and 
she had gr eat difficul ty in keepin g up 
'with her school work. A study of the 
dietary show ed that this girl d id not l ike 

total vol ume of the uri ne. A fte r changing 
the diet to an inc rease ill dairy pro ducts 
a nd a decrease in car bohydra tes, pa rt icu ­
iar y suga rs and starches, and w ith an ad­
diti on of mi nerals and vitamins, rbe uun­
a ry albumin in one , reck's tim e, dropp ed 
to 67 mg., :H1 d, in a few weeks, the 
albumin had cnu rely d isappeared fr om 
the urine and M the same time there was 
n mar ked impr ovemen t i I the appetite 
and hysical well -being . U nder th e 
changed dieta ry program, in whi ch ad­
di iona l vitamins were provided in cap­
sule form obtr ined f rorn a high vitamin 
lIu rer together w ith :l few d rops of a 
high -itamin cod liver (Iii, this patient, 

Pi g'. 9.- l ll flue nc e of butter vi tamin s. Lef t to r ig ht : Rat un d iet d efic ie nt in phosp horus 
( St eenbock 296 5 ) , calc ifica tion de fic ient, w i th marked ri cket s (c ')l1,Jit ioo clin ica lly in acti v e ) ; 

rat on d iet d eficie nr in phospho rus (Stee n bock 2965 ) p lus 2. 5 p e r ce nt cod liv er oil, ca lc ifiea­
t ion im pr oved , w ith h ea ling tw o p lus (p rog ress iv e para lys is ) ; r a: on l iet eficient in ph os­
ph or us ( Steen bock 296 5 ) p lu s 2.5 pc r cen t cod liv er oi l a nd 2.5 pe r cent buu e r co nce nt r nte , cal ­
cific .u ion exce lle nt, h ea lin g Iou r pl us (cl ini ca l ly nor m all y a ct iv e ) . T he re is ma r ked im p rov e­
ment in th e ca lcificat ion in t he ta il o f ra t 3, receiv ing bo th co li ve r oil a nd butter concert­
n-ate, ov er t h.u of r a t 2, o n cod li ve r oi l a lone 

milk and had been fed Idfgely w hite 
fl ou r p roducts, syr up and sugars. Her 
favo rite daily d ish was pancakes sw im­
ming in syru p. Ch emical and microscopic 
analyses w ere made of t he blood, t he 
saliva and the urine. We were amazed 
to find a very high I · -el of albumin in 
the urine, i.e., 596 log. per hundred cubic 
cen timete rs, or abou t 0. 6 per cent of the 

du ring the nex t 'car, did not develop a 
single cavity and c r physical well-being 
reached and remained ar a high level. 
T he roe n tgenog rnr s of her teeth, taken 
in N ovember, 1929, and O ctober , 1930, 
are show n in F igure 5. In this case, 
evide nce is st rong that there w as n defi­
ciency in both the mine rals ~nd activa­
to rs or vitamins 111 th e Iood. N ore tha t 
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some decal cified surfaces w hich w ere pur­ nutritional con dit ions w hich evidence a 
posely left un filled, did not have all need in the body fo r act ivators as well 
ex te nsio n of th e caries. A lso note th at as minerals for the co ntro l of den tal ca r­
I had a root fillin g pl aced in a straight ies. Since the acti vators Iurnishcd in 
roo ted tooth. T he pulp was expose d but separate form were of the fat-so luble 
vita l. g roup as obta ined from a high vita min 

I~ i g . IO.-Influence of bu tte r vi ta mi ns . H istol ogic a ppearance of kid neys " I nlls sh ow n in 
Fig u re 9. T he ca lcifica tion p rod uced by cod li v er o il witho ut butler acti va tor s a nd the bette 
structur e of the e pi the lial ce lls lin ing the u r in if er ou s tubu les a nd the g lome r uf are e vid en t. 

From t he cases and condi t ions cited , butter together wi t h a high vitam in eod 
the evide nce is th at we a re dealin g with liv er oil, we hav e immedi at e need fo r 
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con ideration as to w he ther an y o r all associat ed w ith the se factors, • n : many
 
butte rs or any or all cod liver oils wi ll other activating sub stanc. s not yet iden­

sa tisfac tori ly accomplish thi s result . T' he tified.
 
fat-soluble vitamins as known are A , In m y studies, I have pla ced much
 
o and E, and evidence is st rong rhar, significance in th e fact t ha t all rnam ­

=---::;---=~----;;r;=- -- -co--- . .;;1 

Fig 11.- T issue destruction produced by a to xi c f act or in cod li v er oil. A . animal show ing 
paraly sis of f orel eg ; B, g ro ss a pp ea ran ce of ti ssues; C, low magni fication , show ing boundary 
m uscle degen eration ; D , higher rnaguifi ca tion , showing d ege ne r a tion of m usc le fib er s; E, ed em a 
of to ng ue ten minutes aft er a pp lica tio n of on e d rop. One of the tox i su bs ra uces that h a ve 
been found in cod live r oil is iso-a myl am in , e ffec ts of whi ch are sh ow n above, A nut h er is 
chol in . 
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rnals s ta r t life on mi l le as rhe am ,.m; 
only o rnplc te food. l\Il ilk, th erefore , 
must con ta in an adeq uat e sup p ly, uru er 
idea l cond it ions, of all th e re u i..er jeuts 
bot h for d en tition <1 11- f r skele ton fo r ­
m ation and Io norm ~ l l !! owrh M lIl 

fun ction of the body , ut least d u ring 
t he period 01 infancy. I t is t he re fo re 
V e T)' impo rtant th at we 5111 i1 ) ' cr it i al lv 
some of th e efte crs o t the ;Jc t ivat ­
in f; su bstances in m ilk ;( 11Ll i rs prorl u h . 

1 am now in t he fifth 'c" r ,If arialyz­
Ing In con ti nu a lr enla rg-in;" i umhcr­

f11nnLhs (If the yea r [ 0 , v ari ous countries 
in bot h the northe rn a nd sout he rn herni­
spheres, hese st ud ies are also rel atin g 
thto r isc nn rl fall of th e butter vitamin 
level I I) th e m o rbidity a nd mortality rec ­
or ds f th e va r ious co u ntr ies I rom which 
the sa mples are co ming. T hese hav e been 
p rese n ted in prog re ssive development of 
detail in vari ous co nm u nicat io ns.' ? M y 
.la t a have reve al ed tha t d ental caries fol­
low s « rever se p hase f rom th ese vitamin 
Cli l ' (' 5, as d o m a ny of th;; m orbid it y 

\
 
\, 

Ocl l 'l30	 Ma..rc~ I 31 Jul~ It3l 

, jg . 12.-Heal in g o f un un ired f ractu r , . t el ' 1, 0 ,.ig·h l : U c" lo be I, 1930 ; M arch, 1931; July , 
1931. H eali ng de layed f ur fiv e lJ Klll l h ·, Ii .l ~ ['l llo ,'.'I·' : by r a pi .i h ealing when the patient wa s 
g iven sp ecia l v i tami ns. Arrov j r ll! l c ~ [ " S [he h1'ld r,< uf hone . 

and greate r deta il , m ilk and it s pr oducts, The in d ica t ion s from th e ava ila ble 
ch iefly bu t te r, fo r t hei r act ivato r con ­ 11. F ootnote 10, th ird , f ourth a nd six th 

tent w ith a rt icula r con side rat ion u f t h e l	 refer ences. P ri ce, V. A . : Some Mean s for 
Irnp rovi ng Hurn a Ufe by I ncr easin g Vua­fa t-sol uble vi t ami ns. S ;lnl pl ,:c. of rhcs e ,,, i,, Conten t of 1\. ill. a n rl P r odu ct- ; J . l nt. 

prod uct s are now co mi n g in CYC! y few Ass' , M ilk D lers, j an ua r y, 1931. N ew 
w eeks, m ost ly ev e ry t w o w e ks , fT(i m Vin v of De ll , ~ l C a r ies a nd Other D ege nera­
seve ra l hund rerl pl aces th ro ughou t th e r.i v e I t iseas e- Ba sed OJ, T id es in Av ailable 

Ac ti v .u or s and R ela t ion to Bod y Demand sw orld, bot h nort h al J sou th of dir Cq U 3 ­
( unp ublish ed d a ra ) . Ne w !Lig ht on Ca use 

tO L T hese s tu d ies a re show i , , ~ -	 ma rked 
an d Pr everuio l (o f D ent a l C ar ies and Orh ,,'

co ns tanc y in th e rep et itio n of t he C U I Yes Dc g cn era t ive D isea ses, P rec, VII!th Inrcr na t, 
r!: " !~a l i l1 l, a rise ;) jd Io ll in succe c: in g 11 . Cone;., . Sur v ey, Aug u , 1932. 
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data, some of w h i .h have just been ou t ­
l ined , w ould include t he fo llow ing : th at 
denta l ca rie s ca , u nde r ce rta in co nd i­
ti ons, be cont ro lle ; th a t it is mo re r am­
pan t in th a t seaso n 0 the year in w hich 
the g .nc ra mo r bid ity is h ighest ; n amel y, 
the w inter months . D ntal ca ries seems 
ap pa ren tl y as socia ted , th er ef o re, w it h 
th e same cond itions as ge i cra] norbiclity . 
I t is not n ecessa ril y depen de nt on a de fi­
c i .n t str uct ure of t he tee t h due t o a d is­
tu r hance at t he t im e of too th develop­
m ent , I t is somewh at r eg ional. A gronp 
of fat -solu ble activato rs found in ce r tai n 
food s und er ce rta in co ndi tions b ut no t 

cri tic a ll y som e of th e p r inci ples involved 
in th e normal utili z. ation of m ine rals for 
build in g of hard str uc t u res , as a n ap­
pro ach to t he spec ific probl em of en ta l 
ca nes. 

As an approac h t o this, we will st udy 
a ty pica l lesion ; name ly , rickets in ra ts. 
I n F igu re 6 w ill be seen the fore leg and 
t he ta il as di scl osed ro entgenograp hic ­
ally of tw o rats on the sa m e defic iency 
d iet, na mely Stcenboc k 2965 . It w ill im ­
media t ely be seen t ha t all o f th e bo nes of 
num be r I a re ver y transpare nt a nd th e 
ca rpal bones of t he wrist have not 
formed. T he ju nction of t he epiphyses 

I 
I 

·.. II I!..
J, -it IL ,-. 

tt.:l ~fJ 

Fi g . 13.- Com p·a r iso tl of mine ra l conte nt of blood . uri n e a nd sal iva. This graph v isu a l iz es 
( h ~ r elat ive an d ac tu a l amounts of the se various miner al s in the body Auids an d th e d ail y 

a nd th e d iap hyses of th e bones, especi ­
ally of t he t ail, is show i to be charac­
te r ized by a z on e of sep a ra t ion. In ra t 
nu mb er 2 , th r e is a m a rked de nsity of 
the bon es, seen as an opacity to the 
roe n tg en r ays, and the ca rpa l bo nes are 
w ell fo rm ed . T he head of the hume rus 
and t he ep ip hysea l zo nes of provisiona l 
growth of t he tai l, are well calc ified , 
w ith only a l in e of sepa r a t ion be twee n 
them and the d iap hyses. T h is r a t re­
ceived in ad dit ion t o the defici en cy die t. 

d eplet ion by w a y of the kidn eys. 

always pi esen t in su fficien t a m ou n t in 
these foods must be con sidered . It is not to 
the extent ge u ra lIy sup posed, depen den t 
on the cl eanli ness of th e toot h 0 1 tee t h j 

ques t ion , an d th er ef ore is no t co ntrolled 
by oral h yg iene . It tern s to occ ur a t 
pe rio ds of st ress fo r t he m inerals u ti lized 
in building ha r d o ( ru ctur es . It. ther ef o re, 
may h ave even m o re s ign ificance as a 
sym pto m th a n a, a d isease, no twi ths ta nd ­
ing t Ile intr in sic value of the teeth. It 
beco mes im po i ra n t , th er ef ore. to st ud y 
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Stee nbock 2965, 2 per cen t of the d iet 
as bu tter vi tamin conce nt ra te obt ain ed 
f rom a hig h vi tam in bu tt er . Clinicall y, 
ihis conditio n ccnst itu tes healed r icket s. 
Til is qu antit y of thi s bu t ter wo uld only 
co ns titut e one-Ira , ounce for a child ea t­
ing 2 pou nds at fool pe r day. T his is 
a ve ry small qu an t ity for a growing 
child . To tIll' ri gh t in thi s ill ustr ation 
wi ll be seen the miner al cha nges in the 
bloo d ser um of th ese two ra ts. T he ca l­
ciu m for ra t n umber I is at 6.26 mg. per 
hu ndred cub ic cent imeters, and , in rat 
num ber 2 , it is 8.4. T he ino rgan ic phos­

i 

I 
,~!!:=..--_~
 

F iC'. !'f.- N or m al a nd a r t h ri tic ha nd a t ag e 
oi 17. In th e de Io rrn ed ha nd, th e radius a nd 
ulna are smal l ,111<1 ther e is a di sloc a ti on. 

pho rus in rat num ber 1 is a t 1.93 mg. 
per hund red cu bic centimeters, and , in 
rat nu mher 2, it is 2 .5 mg. W e see a t 
once th at t h is cli ni cal co nd it ion in tbese 
two rar s is a ttend ed by certa in ch arac­
teris tics in the blood chemical levels. 

The prod uct tha t w as adm inistered to 
rat n um be r 7 is a no rm a co nst i tue n t 
of a no rmal mi lk, 1 T at u re's only co m­
plete d iet fo r mammali an in f-ants and by 
fa r th r most imp ortan t sing le it em of 

food for growing hu man beings in all 
periods of stress . 

H avin g indicat ed that th e addit ion of 
a cer ta in gr oup of fat -soluble acti v at e rs, 
some of w bicb a re th e kn own vita mins, 

to th e dietary of th e indi vidual s suffer­
ing fr om dental ca r ies is a t least on e 

F ig. 15.- M ar kt imp rov ement i ll d efor m­
in g arthrit is of Inn g sta nd ing in a few mo n ths ' 
t ime on specia l vi tamins. 

meth od w hich bas been co rnpe te n t to re­
du ce o r overcome suscept ibility to den­
tal ca ries, th er e is immediate need for 
us to study the na tu re of th e su bst an ces 
w ith which w e a re de al ing , Sin ce th e 
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fat-soluble ac tiva to rs, some of 'w hich are 
t he know n v it amins, a re recogni zed as 
existii g in butte r fa t of m il k and in C T­

rain fish oils , part icu la rly cod Jiver oil , 
[houg h in v: r -ing q anti ties in bot h , it 
is of pa rticula r impor tance to study 
some of t he qual it ies w hich a rc ch a ­
ac teris t ic of p roduc ts obt ained from 
th ese tw o so u rces . 

A mong th e seve ra l spec ific investig a­
ti ons th at I have m ade in order to st udy 
the rel ationship or characteris tics of th e 
adm in istrat ion of th ese two p roduct, I ii 

an ima ls and to an alyze th em c ritically 

Fig. l6. -B utter v itam in f ed boy who won 
a p rize in a group of fo r ty-one at 10 days of 
age. Ne it her th is child nor hi s moth er re­
ccived cod liv er oil or vioste rol. T he i r f a t­
so luble acti varo rs ha v e been p rovided fr om 
h igh vita mi n mi lk, cr eam a nd bu ller w hic h 
we re sp ecia lly selected by a na lys is . 

to see th e relati ve a nd actua l effects is 
one show n in F ig u re 7. I n this fig ure, 
th e re a re eig h t g ro ups of ra ts w hich ha ve 
been led ;; defic iency die t augme nted by 
d ifferent amo u nts of var ious food s. One 
PIt fr om each of th e eight g ro ups is 
sho w n in t his st ud y. These are ma rked 
1 to 8. T I e roentgenog rams shown f o r 

each fin a rc o f the forep aw , d isclos ing 
the wrist, th e I mu r a nd the t a il. T he 
Dill y diffe re nce in t he d ieta ry intake co n­

sisted in a d ifferen t Quant i y of th e butte r 
vi t ami n co ncentrate exp ressed as pe r­
cen tage of the d iet in t e firs t six ra ts . 
I n th e seven th , th e ac t iva tor used w as 
co d li ver oil al one ; a nd , in th e eight h, a 
m ixtu re of th e but ter vitami ns a nd th e 
cod li ver oil. N u mber 1 received no ac t i­
va tors w ith i ts de fic iency diet, at d there 
w ill be seen at on ce 110 1. on ly t 1, t th ere 
is a lack o f ra d iopacity of t he var ious 
bony p arts, but nlso thn seve ra l of t he 
bon es are not co m ple tely formed or a re 
absen t. I t wil pa rricularly be noted th a t 
t he carpal bones a rc largely mi ssing . The 
rat in grou p 2 received one pa r t in 200 
of it:; food as butter v i tam in conce n t rate, 
or !-5 per cent . his , 111 0111 amo u nt p ro­
d uced a marke d d ifference in th e skeletal 
development, par t ir ula 'ly as not ed in t he 
ca rpa l bo nes. T he rel at ion of t he epi­
p hyses to t he d iap hyses of various bones 
is ve ry eas ily see n in the bon es of th e ta il. 
Grou p num ber 3 rece ived I pe r ce nt of 
b ut te r act ivato rs; group 4, 2 per cent ; 
group 5, 4 per cen t , and group 6, 8 per 
cent. It will be not ed im media te ly tha t 
th e dens ity of calci fica tio n is progressive 
rh roughour the se r ies. G ro up 7 rece ived 
2 pe r cen t of cod li ve r oil, a nd it wi ll 
be see n that there a re ce rtai n str uctural 
ch aracter istics of these rats tha t are d if ­
feren t from those of th e oth er rats . T he 
shaft of th e bon es is lon ger rbnn t ha t 
of a ny of th e rats in he bu tt e r vit am in 
grou p. The d ensit y oi th e calcifica ti on 
is no t so g rea t 8 S in he ra t on 8 per cen t 
b· iter ac tiv ato r. T he di Ference in these 
tw o ac t iva to rs w ill be see n in the fol­
low ing rcga rds : T he cakiflca tion ;s 
more ifi us e in general in the b u t te r 
g roup rhnn in the cod l iver oil g ro u p, 
a nd th e ep iph yses at thei r j u nct ions wi th 
the di ;\physt: ' ; '. IT show n to be mo re ad­
va nced in t he clos u re of th e in te rspac e in 
th e cod liver oil g ro up r1l<1I 1 in t he but­
t er vj<arnin group . I n g rollr. 8, w hich 
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received 2 per cen t of cod li ver oil and 
bu tt e i vita min act ivators , it will be seen 
that all of these con di t ion s are enha nced, 
a ll t he bon es being mu ch larger a nd the 
deve lop men t of t he carpal bo nes mo re 
complete, and, in gene ral , w e ha ve a 
result t hat is lxtrer Wall in ei the r of th e 
t wo w hen gi ven sepa rat cly, Th is ser ies 
cl ea rl y dem on strates, as m an y of th e 
others have don e, the imp or ra ncc o f bu t­
te r a nd cod liver oil toget her as acri ­
va tors . 

J\. eed has been ev ide n t ·Fo r add it iona l 
da ta on the var ious cha rac ter ist ics of 
th es TW O p rod ucts as sources of act iva­
tor in va r io us n u tr ition al ph ases of 
heal h an I d isease . 

Durin g th e several years tha t I ha ve 
been studying t his pha se of th e prob le m , 
I have used several housand chickens, 
rat s a nd rabhits and ot he r an im als in 
m y expe rimen ts, an d I have m ade a 
st udy of a I, rge g ro up of h uma n beings 
fr om bo h cl inical and bioch emical da til. 
I have see n muc evi dence 01 t ox ic dis­
turbance resu lt ing from the ad min ist ra ­
tion of co d liver oil and othe r oils . T w o 
ill ustrations will be seen in F igure 8. in 
each o f whic h a chicke n a nd ;J rab bit :l re 
show n to be par t ially pa ra lyzed f rom the 
use o f , qu antity of cod liver oil w hich 
I n TO p rrion to body we igh t was ap­
p roxim a tel y th t frequ en tl y ad vocate d . 
Agduhr>' has report ed ex tensive stud ies 
on rni c, cats, calves and dogs, R at s, be­
ing scavenge rs, are less suscep t ible to in­
j my from t oxi c substances than som e 
other ani a s. T hey a re some t imes af­
fccted thou gh not so readi ly a mice, 
wh ich Agt! h r has used so ex te ns ive ly . 
H statts that th ey d ie as ea rl)', but w it h 
fewer lesions. 

12. Agd ubr, E r ik: Acta Pa edi a t. 8 :489, 
1929, Agd u hr , E r ik, au d St enstrcrn , N : Ac ta 

a edi at ., 9: 229, 280, 307, 3015 ; [0 :167, 203, 
271, 1930. 

In Fi gur e 9 will be seen , II apparent 
influenc of the act ivato rs from bu t te r 
in neutra liz ing toxic effects p ro duced by 
coo l iver oil. T he linicai resu lt f rom 
usin g hese w o p rod ucts in the com hina­
t ion in whic I no w u e the m ha s a ­
fo rde d an ab unda nce of impo r ta nt data, 
which w ill be discu ssed pr esen tly. R at 
1 in t his ser ies rece ived deficien cy diet 
S tee nboclc 2965, low in ph osphoru s, and 
the roen tgen ogr am s of th e t ail show a 
ma rked deficien cy in calcifica t ion whi ch 
is cha rac te rized as severe ricke ts . Clin­
ica lly , th e animal had reac hed th e stage 
in w h ich it was in active, which is cha r­
ac te rist ic of many animal s on defici en cy 
di et s. A no the r cha racte r is tic of t his d ie t 
is th at it is low in mineral u t ilization 
ac t iva to rs . R at 2 reccived the sa e di et 
as rat 1, bu t , i n add ition to t he defici en cy 
d iet, received 2.~ r cen t cod liver oil. 
C alcification is seen t be m uch bet te r 
th an in ra t 1. T he clinica] cond it ion of 
th e rat was one of p rog ress ive par al ysis. 
R at 3 received th e sa m~ d iet and th e sa me 
quan tity of th e sa me lot o f cod l iver oil, 
but in ad d it ion al so received 2.5 per 
ce n t of but te r co nce n tra teo Calcificat ion 
w ill be seen to be m uch better th a n th a t 
ob ta ined w ith the cod live r oil alo ne a nd 
t he ra t was normall y very ac tive. 

Hist ol og ic st udies we re m ad e of va ri­
ous s t ructures of th ese rats for use 
compa ra tive da ta . These are show n in 
vertical colum ns in Figure 10 for th e 
kidneys, I~ Ld , w e see a low-pow er 
c ross-sect ion of the kidn ey of rat J. IIA 
shows a low -pow er of a cross-sec tion o f 
th e kidn ey of ra t 2, and IlIA, a low­
power of a cro ss-sec t ion of th e kidney 
of ra t 3. High-power v iews of th ese 
t hree st ructu res are seen bel ow th e low ­
pow er vie w s, as IB, JIB and IJIB. A 

a t ked d iffe rence wi ll b seen a t a 
gla nce, The kid ney of rat 2 had so 
many islands (If culcif at ion III t it w as 



1358 Th e Journal 0/ th e American D ental Associat ioTi 

di fficult to cu t it w itho ut t eari ng . '1'1ese 
appea red as lit tl e st o nes a ll th rou gh th e 
k id ney cortex. T his cond i tion is ev i­
de nced by th e t o rn s ta te of th e low­
power section. O ne o f t he isla nds is see n 
in t he h igh-power sect io n IIB . T here is 

a m ar ked di ffere nce in th e way th e tis­
sues toole t he stai n . All we re mo u nted 
on the sa me sl ide. U nde r th e hi gh mag­
nifi ca t ion , as seen in the low e r view s, it 
wi ll he noticed th a t th e epi t he l ia l li n ing 
of the ren al t uhules is cha racte rized hy 
t he fla tteni ng of the ce ll s, w it h a m a rked 
cha nge in the s t ruc tu ra l ch a rac t er is t ics 
of th e g lomerul us. Those of ra t 3 seem 
to be the o nly ones w it h app rox im a t ely 
no rmal hi stol ogi c s t r uc t ures, no t with­
sta nd ing t he fact th a t it ha d th e sa m e 
opportu n ity for in ju ry as rat 2 . L imi te d 
stud ies seem t o have bee n mad e 0 11 th e 
na ture of tox ic substa nces w hich m ay he 
p rese nt in cod live r oi ls . These a re known 
ch ie fly fro m th eir cl inical effec ts , w hic h 
m ay be severe a nd s t r ik ing. Only a 
small pe rce n tage o f 1'3 ts developed as 
marked in j ur y as rat 2 . 

I hav e fr equ e n tl y had m ot hers br in g 
t h is qu est io n t o m e as a se r io us nut r i­
t iona l p rob lem w i th th ei r c hi ldren . They 
had desired to do a ll th ey possib ly could 
for thei r chi ld ren a nd , i n th e i r effor ts, 
had tr ied t o follow t he di rec tio ns on th e 

bo tt le o r as o t herw ise p rovided, wh ich 

of ten m ea nt la rge doses of cod l iver oi l. 

T he y have reported to me t he di fficulty 

t hey h ad in co m ba t ing th e rebellion of 

t hei r children agai ns t th e use of cod li ve r 

oiI, w h ich may have bee n in pa rt a reac­

t io n of self-preservation . lVIany o f th e 

c h ild ren were report ed to regurgi tate th e 

oi l w hen it was fo rced dow n, S ince it 

has bee n demo nstrated th at o nly th e oil 

th at is uti lized co n t ri butes to the well­

bei ng o f th e hum an bei ng o r a ni mal, i t 

can read ily be a nt icipated th at corn pu l­

sio n to take suc h a to x ic prod uct co uld 
be ve ry in j urious. 

In stud ies to asce rta in th e nat u re of 
t he toxic s ubs tances to he foun d in cod 
li ve r oil , Ga u t ier a nd 1\!1 0ur~ ue s1 3 h ave 
found t w o pa r tic ular subst a nces w hich 
are very tox ic ; namel y, iscamylarni n and 

cho lin . The forme r is found to be fa tal 
in th ree mi n utes to a greenfi nch in d oses 
as sm all as 4- m g . F igu r e 11 shows th e 
effect o f in jecting a srnal] qua n t ity o f 
th is mater ia l hen ea th the sk in of a r at , 
shown in A to be ca rry ing it s fo rel eg . 
One sm a ll drop was pl aced su bcu ta ne­
o us ly in th e center of its back a nd , o n a 
lat er day, 3 sma ll drop was j njec red u n­
del' t he ski n o f th e abdomen . Whi le. 
th ese inj ection s w e re not nea r t he fo re­
leg , t he toxi c s ubst an ces extended thei r 
infl uen ce fa r beyond t he local a re a 
of t heir in se r t ion. The characte ristic 
chan ges in t he m uscle co lor of tb e fore­
leg is show n in B. C shows a low -pow e r 
sect ion o f t he muscle of t h e foreleg. T he 
boundary of th e protoplasm ic po ison is 

clearly d iscl osed. D shows a hi gh -pow e r 
view of the degenerated m u scl e fibers, 
th e dark ce ll s s how ing clea rly t he effec t 
of th e p ro g ressive p rotop lasm ic c ha nge . 
I n orde r to s tu d y this prod uct fou nd in 
cod li ver oi l, I placed a sm all dro p of it 
on th e tongue of a rat. In Five m inu tes , 
t he tongue had cha ng ed eo lo r a nd was 
greatl y swell er I an d, in t en m inutes, it 
was protruding I ro m th e rat 's mouth . 
T he a n im a l ... 'as im m edi a tel y ch lo ro ­
formed and the tong ue rem oved for sec­
tio ni ng. T he edem a is show n in E, w ith 
th e protoplasm ic po ison ex. t e n di n g 

th rou gh t he ep it hel ia l st ruct ure in to the 

con nec t ive t issu e. T h is show s the ex ­

treme tox icity of t his subs ta nce. Li tt le 

seems to h a ve been re ported o n the tox ic 

13. G a ut ier a nd Mourgu es : Com pt . re na . 
Ac a d. , !Oi:110, 1880. 
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su bs ta nces in cod live r o il. R ece n tly, 
Nor ris and Church' > ha ve called at en­
tion La th e impor ta nce o f consi c: rin g t h e 
toxic subs ta nces in co d iver oils as pos­
sible explana t ion for J iff rences in r ­
su its ob ta ined by differen t wo rke rs in 
v ita m i s t ud ies. 

nvest igar ions made by H olmes a nd 
associates' c a ve been directed tow ard :J. 

s t udy a tit influence o n chickens of 
fr ee fa tty ac id s co n ta ined in fou r cod 
li ver oil s. T w o were: of low free ta t ty 
ac id content ; t w o , o f hi gh . 1 h ch ick­
ens on low fat ty acid co nte n t oi l J vel­
ope d into fowls o f go od q uality. T h e 
death r ate per hund red in th ese t wo 
gro ups w as C ~i I a nd fourteen , respec­

tiv ely ; w he re as, in the two g ro ups re­
ceiv in g t he high free fat ty aci d cod iver 
oil , th e d eath ra te; w as for ty ;JOd twenty­

eig h t , a nd of the b ird s th at d id not d ie , 
few show ed norm al pi g menta ti on . All 
w e i e li s tl ess a nn all we re und esir able sub­
jects for f u t u re ex pe r imen ta t io n . 

T he m o- t important dat a t h a t I h av e 
obta ined directly o r indirectly 0 11 the 
avail ab il ity of cod l iver o ils t hat ca n p ro­
v id e w h a t is requir ed by th e human bod y 
ha ve com e as a result o f cod li ver o il 

ad mi n ist r at io ns t o ad ults . T hese d a ta in­
dic at e that th is is not a sa t isfacto ry 
sou rce of f at- soluble acti vators in o rd i­
na r y di ets. E x pe r im en ta l a n im als have 
th e adva ntage of t heir avai lab ili ty for 
d issecti on a nd fo r reprod ucing th e ob­
se rvat ions under con trolled co nd it io ns. 

N eit he r ch ildren nOJ" exp: r i en ta l an i­
m al s ca n sat istact rily d iscl ose t he ir se n­
sa t ions, t ho ugh muc h ca ll be obse r ved 
fr om theii di spos it ions an d evide nc e of 
well -being . I t is cl ear f ro m th e m an y 

14. Nur ris, E. R , and Ch urch, I\. E.. J­
m I. Ch ern., 89 :421,437 (Nov. ) 1930. 

I S. H olmes, A. D., et a l. : D oe Co d L iv er 
Oil f High Acid Ceme nt ' -l ave T oxic Prop­
er ries? Poultry Sci ence, 9 ( i n ch 1) 1930. 

clir ical da ta which I II,ve ac cum ulat ed 
rhar cod jive , oil a lo ne, as ava ilable on 
t he m a rkets , cann o t provi de all of the 
fa t- solubl e ac t iva to rs t ha t we need, n or 
can it be tak en for extended pe r iods in 
large doses w it ho u t t he d anger of u n de­
sirab le re sults, 

I hav e co m bine d w ith th e clini cal ex ­
pe ri ence of ti le pa t ie n ts ev idence afforded 
by clinical a nd m ic roscopic s tu d ies of 
the blood , saliva a n u r ine a nd, by t hese 
m eans, l,ave ob ta ined i forma ti on deal ­
ing d irec tly w it h b is p rob lem o f th e 
ava ila b il ity of va r ious su bsta nce s as act i­
vato rs. T he available d a ta strongly indi­
ca te that thc: rc a rc ma rked l im ita t io ns in 
th e ad m in is tr a t ion o f av ai la b le c od liver 
oils . 

I hav e l:lk",n fo r g r<J n te d in the di s­
cussio n [ f th is pro bl em th a t it wi l l be 
und er st ood rha t t he di etaries 01 pa t ie n ts 
a re so a rra nge d as to be w ha t I deem 
ad equate in vi t am in s B, (F), B 2 (G ) 
a nd C. 

In app roac h in g ;\ s tudy of th e e t iology 
of de nt al ca r ies, it is im po rt an t th a t 'w e 
le a rn as rapidl y as possibl e th e che m ical 
p rocesses in volved in t he u til iz ation o f 
t he m inera ls o f th e fo od s an d th e sig n ifi­
can ce o f th r- va r iatio ns in th e c hem ical 
level. o f the hod y flu id s . 

D ur ing thr yea rs th at I h a ve been 
st udy ing t lese p ro ble ms, J have pl aced 
Inc reasing em p hasis on the bl ood , sa li va 
and urin e c hem ica l a nd mi c roscopi c pic­
tures, hese [requen tly reveal data 

st ron gl ' suggest ing be nature of ch em ­
ica l im bala nce s, which, in m an y in­
stances, c an be im p ro ved th ro ug h m odi­
fica ti un of t he nu t ru ion al p rog r am . 
S t udy o f the dn La ob t ai nc by these 
m eans w ill aid in v is ual iz in g some phases 
of this prob em. 

Among he many co m plica ted m ech­
an isms o f t he bod)' w hich have t o do 
w i th th e m a in tena nce of prop er level s 
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of va r ious chemicals, some of whi t r 
the minerals which are in the various 
body fluids, is one with which we are 
gre ely con cerned and which has to do 
w ith th l aying down and taking up of 
the hard ti ssues of th e body. A physical 
condition which lends itself readily to a 
study of these ph enomena has to do with 
mineral absorption and deposition, nor­
mal and ab normal, associ a ted with p ro ­
gr essive decalcification of the skeleton 
when the demands of the body for min­
erals exceeds th e available min erals as 
obtained from the food . T h is condition 
is found in the changes of the bone wh ich 
precede frac tu res [hat are spo n ta neous ly 
produced. and in the p rogress Nature 
makes in the healing of such f racn res. 
It is nece ssar y to co ns ide r in detail pro­
g-ressive stages of calci fica tion abou t the 
region o f a fracture with a failure of 
union in which th ere is a ssociated the 
roentgen ogr aph ic evidence and the blood 
chemical data. These ha ve shown, in 
severa l cases, prog ressive decalcification 
w ithou t union until the patients were 
placed under treatment providing im­
portant additions to the ac t ivators which 
seem to be requisit e for the u tilization 
of the min erals of th e food s and for 
their deposition in th e regions requiring 
th em . These clinical data have a lso 
shown marked improveme nt in the calci­
fication following a n increase of activa­
tor intake. These data are of s ig nifi­
cance and interest when studied icon­
nection with the blood chemical find ings. 
Such a case is seen ill Fi gure 12. 

T his man , aged 4-.5, was sho t in th e le g 
in October, 1930. The bullet shattered 
both bones as is shown in the first view. 
The follo w ing March, owi ng to failure 
of union of the fract u re, my assist an ce 
w as sough t . m ood was d raw n an d pre­
pared acc ord ing to my dir ect ions a nd 
sen t to TIC by ai r mail for a nalysis. T hese 

studies reveale d that the calcium , phos­
ph orus a nd magn esium Were each much 
below normal, being a t lev els 7.9, 3.3 
and 1.7, respectively. The product of 
serum calc ium and serum phosph orus, 
'which is normal at about 40 for adults, 
was 26.1. Fractures do not heal readily 
when this pro du ct is below 35 and with 
great difficul t}' when it is bel ow 30. In 
additi on to su g estions rel a t ive t u the 
foods La be sele te a nd emphasized in 
the di etary program, ca psu les were sent 
containing th e mixture of high vitamin 
cod liver oil and hi gh v ita min bu tter 
concen t ra te. A ru bhing oil (high vita­
min cod li ver oil activated in th e su n for 
ten minutes ) a nd a butter vitamin co n­
centrate were al so sent . Wirh in ten days, 
the patient w as consc ious of a great re ­
duction in pain and a sense of increasing 
s t reng th, which progressed so rapidly 
th at the cas t was removed in a few 
weeks. In thirty-five days, as a result 
of th is treatm ent , all of the ch emi cal fac­
tors abov e m ention ed incre ased con sid­
e rably. The serum ca lciu m went fr om 
7.9 to 13.8 ; th e serum phosphorus, frorn 
3 .3 to 4.3, th e magnesium of the se rum, 
f rom 1.7 to ]. 9. The su m of the cal­

cium and magn esium increased fr om 9.6 
to ]5 .7, and the prod.uct of serum cal­

cium and serum ph osphorus advanced 
fr om 26 .1 to 60.1.. The patient was con­
scious of a great physical betterment. 

The roentgeno gr aph ic picture of the 

bone, taken in March, a t the tim e the 
treatment was sta rted , is show n in corn­
parison witb th e pic rure taken in July . 
It will be noted t l .at, in the space be­
twe en the large splin ter and sha ft of the 

tibia; a bony buttress has neen built, by 
which time the leg was bein g used with 
comfon and efficiency. This is indicated 
by the arrow. 

T ha ve re por te ;l n mb er of case s of 
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ununited frac t u re ir o t her communica­
tions.l " 

In order to better v is ual ize the le vels 
o f the minerals in toe bod y fluid s in 
health a nd d isease, particularly as vari­
ations of no rm alit y, I am p resenting in 
Figure 13 a g raph illustratin g t ie levels 
fo r seve ra l ch em ical s in the blood, saliva 
a nd urin e in twen t y-five successive cases. 
This g raph shows th e highest, the low­
es t and ave rage figures. It happen ed that 
no extreme cases appea red in this gro up . 
Sever al important fact s w ill be ohserv­
able a t a gla nce, a mong th em the fol­
lowin g. Th e serum calcium va ried from 
10.7 t o 8.1. The to ta l ph osph orus o f 
100 c.c. of w ho le blood , w hi ch will in­
clude th e o rg a nic and in organic ph os­
pho rus , is about fiv e times th at of t he 
tot al ca lc ium of 100 c.c. of who le blood, 
and of thi s ph osph orus, by far toe l arg ­
est part is in o rg a n ic cornhina t ion, T he 
inorganic phosp ho rus o f 100 c.c, of whole 
hlood is fr om a third to a half that of 
the calc ium of 100 c.c. of whol e hl ood . 
The m agnesium of whol e bl ood is ab out 
one-fourth th at of th e calcium. The two 
mineral s th at a re p resent in largest qu an­
t it ies are pot ass ium a nd sod iu m . It is 
seen a t a gla nce that the re is q ui te a 
marked d iffe rence between th e max im um 
and minimum levels of all mi neral s, t ile 
m aximum being from one fold to tw o­
fold g reate r in ge neral fo r ca lci u m, phos­
ph orus and m agn esium, a nd th er e: is a 
much g reater differen ce than th is fo r 
potassium and sodi um . The in eral con­
tent of h um an ur ine is see n to rep resent 
a large wast age, co nst itu t ing th at which 
has gone past toe mill. It is not 
necessa ril y all was tage, th ou gh some of it 
is, as in the calc ium o f th e u rine in cases 

of infection , w hich m ay be di stinctl y a 

expression of undue wastage, the res ult 

16. Footn te I I, fourt h referr ncc. 

in part of util iz ation of the availa ble 
calcium of the bloo d st ream for n eu tra l­
izi ng toxic p rod uc ts due to in fection . 
The mineral s of the saliva tend to h ave 
a lev el that is r el a te d to th e level s o f 
the bl ood st re am. 

In a recen t di scu ssion of this problem," 
I presented data indicating the nineral 
requirem ents of th e bod y of animals, in­
cluding human beings , each day. Th ese 
ha ve shown, for exam ple , that a 1,000­
pound CO" ,. requires 42 gm , of ph osphorus, 
63 gm . o f calcium a nd 114 gm. of potas­
siu m, est ima ted as their ox ids . Such a cow 
ca n ea t ap proximat ely 56 pou nds of fr esh 
g rass, which is 70 per cent wate r. A n 
analysis of the grass prod uce d in different 
l ocat ion s immediat ely revea ls that it is 
a physical impossib ility fo r a cow to 
m aintain life on t he quantity of that 
g rass w h ich it is possihle for her to eat. 
One of t he g rasses presented in that 
st udy, fo r exa mple, furnis hed a total of 
19 gm. of ph osphorus a day ; whe reas, the 
cow required 42 for metaboli sm a lo n e. 
The requirement for calcium w as 63 g m., 
which was a m ply tak en ca re of, the grass 
in qu est ion providing "199 g m . The cow 
w ould not fare so well fo r po tassium, 
fo r her requirem ent for this m ineral w as 
114 g m. a d ay, and this g r ass furnish ed 
on ly 11 gm, a d ay . The result was that 
even w it hout th e ov erload o f pr egnancy 
or lact ation, th e bod y became deple t ed , 
a nd th ese animals became rave no usly 
hungry for mine ral s th at th ey co uld not 
obt ain from th e di et . Th rou gh out th e 
wo rl d , animals exp ress su ch hun ger crav­
ing in ahnorrnal c icw ing of variou s art i­
cl es suc h as o ld bones, dirt and clot h ing . 
If this co w had the addit iona l load of pro­
vid ing 5 gallons of m ilk a day, she wou ld 
have to make large ove rd raft s on her 
s to red minerals, s ince 5 gallo ns of milk 
r equires 40 gm . of phosphor us in addition 
to hat required fo r metabolism. The m ilk 
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w ould al so req ui re 34 ~m . of ca lcium and 
58 gm. of potassium. T e tota l overload 
a I' shortage on t his grass, w h ich w as ob­
tained fr om a pasture on w ich th e cattle 
we re br eaking in health , w ou ld co nsti ­
tute an over dr aft of 63 grn. of pho sphor us 
and 151 g rn. of pot assium . This pasture 
fu rnished an ad equa te qu anti ty of cal ci­
urn . E ven th e fee d ing of bon e meal 
w ould not adequa tely fu rn ish th ese min ­
era ls, It must be kept in m ind t ha t ani­
mals are dependen t on pl an ts l u build 
the mi nerals in to o rga nic s tr uct ures in 
o rde r to provide the bu ild ing blocks of 
the body. It has not been app recia ted 
that th e re is a g reat diff er ence in th e con­
tent of va rious chemicals co nst it u t ing 
t he s t i ucture of plan ts w ith w hich 'w e 
a re famil ia r :lnd w h ich are bein g used 
for food for both hum an bein gs and do­
mestic a nim als. I n a. cha rt w h ich I have 
p resen ted in th e above -mention ed re­
sea rch repo r ts, ' ! I have show n the va ri­
at ions in th e co nt en t of sever al mi ne ra ls 
in eacb of eigh t d ifferen t grasses w hich 
I have analyze d. T he ra nge of eac h is 
very g reat , por assiu n ha vin g a range of 
I to 50, phospho rus, I to 60, a nd ca lc iu m, 
1 to 10. A discu ssion of this phase of th e 
p roblem should be included her e, if 
space permi ted. 

We find ou rselves confro n ted w ith a 
problem ",'hose com plexit ies have baffled 
science through ou t all h is to ry. Wh y is it 
[hat some individ uals suff er from delltal 
ca ries and othe rs do not, and w hy does 
one ind ivid al su ffe r a t a pa rti cu lar pe­
r iod of lif e a nd not at ano the r ? 0 ne 
a ft er a nother , theor ies have been pte­
sent ed w hich have been prove d j nade­
quare. ]\;I istake;: fl concept s have been 
costl y to h uman ity in g~ ll('f a 1. It wo uld 
be exceed ingly d ifficul t to est imat e th e 
harm hat has been alll! is bein g do ne 

rI . Footn ote I a nd Foot not e 11, second ref­
e re nce . 

t h ro ugh th e mis ta ken gua ra ntees of o ra l 
hygien e ; not tha oral hygi en e is unde­
sira ble, but it mu st n ot be tau ght or be 
u nde rstood by <he pu bl ic that cleanliness 
alone ca n pr event denta l caries. If 
"cleanliness is nex t to go dl iness," nutri­
t ion mu st be a pa r t of godl iness. 

I am cont in ua lly 1 ce iving comm uni­
cat ions fr om va r ious district s inquiring 
as to w hy i t is that th e mem ber s of a 
g iven fa m ily or th e inhabita nts o f a 
g iven d istrict ar e so subjec t to den ta l 
ca ries. A dent ist w ritin g f rom a ci ty in 
a lar ge ce ntral sta te recen tly asked w hy 
is it that I find m ore den tal ca ries in the 
mouths of th e pre sen t ge nerat ion of 
grow ing boys an d girl s than in any ge n­
er at ion I have taken ca re of in th e past 
thi rt y yea rs, a nd w hy t he condition is 
so progressive . It is al so significan t tha t 
about t hat sa me t ime I received h om th e 
agricu lt ura l depa rt me nt of t ha t s ta te a 
reply to my inqui ry rega rdi ng soil de­
plet ion , st a ting tha t th e ca rr ying capac­
it y of th e pas tu rage lands and th e c rop 
capac ity of t he tilled lan ds of that state 
have decreased con spicuously in th e last 
two or th ree decad es. th e reduc tion 
amo unting in some sec tions of the state 
to 50 per cent in ca rr ying ca pacity on 
pasturage a reas, T he ex pe rienee of th is 
st a te is not more st ri king than tha t I 
co uld cite fo r m any o ther states. T he re 
is probably more ev idence of an associa­
tion of nutriti onal defi c iency in anima ls 
and hum an bein gs in th e sam e district s 
th an has been suspected. I have p resente d 
dat a on this poi nt in some of my repo rt s. 

N u t r it ion is dependen t on three prin ­
cipal food fa cto r s: ( 1) encrgy-proriuc­
ing elements for mainten an ce of te mp ­
er a tu re and en ergy ex pend it ure , ctc: 
(2) m ine ra ls and other che mica ls that 
a re essen t ia l for th e bu ilding a nd rep ai r 
of t issues and 101 tissue fun ct ion , and 
(3) act ivating st bst ances , w hich seem to 
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have a combined rol e of making the min­
era ls a nd other che m ica ls ava ilable for 
utiliz ati on and al so (or ente r ing into th e 
st ruct u re o f different types o f ti ssu es. 

T he gen er al use of th e term "d iet" has 
not ade qua te ly t ak en into co ns ide ra t ion 
rel ative v alue s. I ha ve a l rea dy re fe r red 
to va r ia tio n in valu es of mille and have re­
po rted exte nsive ly on t h is ph ase of th e 
p rolilern. T oo li ttle at te nt io n has also 
been g ive n t o th is m atter o f th e depl et ion 
of ce real foo ds of th eir desi rab le if not 
esse n ti al fa ctors, I recently as ked a mill er 
ho w lon g he w ould expec t w hole wheat 

llour t o be available for use in th e su m me r 
t ime if all o f t he ingredients of the w hea t 
kernel were left in it , he sa id, " O nly a 
few wee ks." When I as ked why, he sai d , 
" I t 'wou ld be sw arm ing w it h flour mi tes, " 

When w e s tudy th e c iv il iz a t ions pre­
ced ing ours and for w hom we ha ve too 
li ttle a dm ir a t ion a nd somet im es eve n. di s­
dai n , w e find th a t th ey d id no t take out of 
the food the se suhs ta nces t ha t 'wo uld ge n­
ei at e life with in tw o w eek s. A ph ase of 
my pr oz ra rn , par ticularly in cases show ing 
sev ere nu t ri t ion al di sturb an ces is not only 
to prov id e th e mi nerals in as g rea t o r eve n 
g rea te r quantit ies t ha n a re found in th e 
w ho le g ra ins, prefer abl y w heat, but also 
to ad d a n additi on al qua nt ity o f fresh 
activators as fall nd in th e ge rm of th e 
w hea t by p rovid ing add itiona l st r ictl y 
fresh w he a t ge rm , which, In warm 
wea ther, ra pidly deteriorates after th e 
g ra in is broken . 

I n seve ral of m y recen t research re­
ports previou sly referred t o , I ha v e p re­
sen ted data rel atin g mo rb idity a nd mor­
tality for many d iseases t o the lev el s o f 
the v itam ins as found in dairy product s 
in va r ious di stricts w hen th e United 
State s and C a nada a r e di vided in t o s ix­
teen large geographical a reas . 111i. im­
pli es th at o the r food pl an ts h av e m any 
fac to rs in com mon wi t h a sto red 01 g low ­

in g g rass wh ich p ro uced th e milk in a 
g iven di stric t, 

Space her e w ill permit only a su m m ary 
of t h e b c to rs w h ic h r deem to be o 
pr imary i por rance in t he causa tion of 
dental en ri es. T he follow in g ge neral 
sta reme It s p res en t m y poin t nf view : 

cn t a ca r ies , while cons ider ed to 
be t he m ost widel y d istribu te d di sea se in 
the world , doe s not a t t ac k th e sam e ill­
d ivi d uals equally . t <-I I pe r iods o f l ife o r 
all th e in d iv id u als in the com muni ty t o 
th e sam e de gree a t a g iven t im e. T here­
fo re, it is n ot en dem ic. 

2 . It ha s noi been con t ro ll ed o r g rea t ly 
reduced hy o r al hygien e. 

3 . T her is m uch evidence of an in­
c re a se in t he se ve r ity o f dt:: IIl :11 car ies in 
ce r tai n di st ric ts in sn ite 01 a ll ad van ces 
in medi cal an d den m l science . 

4-, Tt a rac ks indi viduals mo st sev e rely 
a t ee l ra in pe rio ds wh ich a re kn own as 
pe r iods o f st ress, par ticula r ly t hose of 
r apid g rowt h, sickness, ph ysical a nd ner­
vous ove rl oa d a nd pr egnan cy. 

5 . It tends to he seaso na l w it h regard 
to it s pe rio ds of g re atest se ve r ity in g ive n 
individu al s, being iuost sev ere in the time 
of re d uc t ion of v itami ns in food s an d 
periods of r ap id g row th in chil d r en. Its 
pe r iods of ac tivity a r e assoc iated wi th de­
p res sion of som e of th e m ine ra ls o f th e 
food s, particularly calc ium and ph os­
ph orus. Ac tivity l a rge y ceases w hen th e 

balance in bl ood minerals is changed from 
a nega t ive to a posi ti ve ph ase, T he food 
facto rs w h ich prod uc e th ese ch a ng es in 
th e esse n t ia l b lood che m ical elem ents, 
w h ile rel ated in som e deg ree to most , if 
not all, the known v ita m ins, a re ap par­
en tl y ch iefly related to a g roup of fat ­
solu bl e act ivato rs , w hich incl udes th e 
kn own fa t -soluble v it a mins. 

6 . T he d ieta ry so u rc es of th ese fa t­
sol uble activa to rs arc more limited th an 
ar e t he so urces of m os t or the w a tc r-sol u ­
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ble act ivators. T he only li beral sources 
a re certain sam ples of m ilk fat a nd cod 
liver oils. M ilk grow th-acti vato rs ar e, in 
he ligh t oi my studies , chiefly pr oduced 

by animals feeding upon rapidly growing 
young plant ife. F or th e cow, thi s means 
[hal it is restri cted l: rgely to the pe riods 
of the yea r w hen her d iet co nsists ch iefly 
of rapidl y grow ing you ng g rass or th e 
sam e cu red and stored in such a manner 
as to reta in these fact ors. Th e m ilk-fa t 
products w hich con tain th e highest level s 
of these acti vating substances ca n be 
sto red at l ow temperatur es, w hen prop­
e rly prepa red for stor ing, for exte nde d 
pe riod s excee ding one year, am) ca n thus 
be made availa ble. 

7. VViller-soluble act ivato rs ar e essen­
ria! and for tu na tely are usually easily ob­
ta ined . They also great ly sti m ula te th e 
appetite. Wo rking oxe n will liv e on a 
diet on w hich calves and cow s d ie. 

I ca n prob ably best ill ust rate my p ro­
cedure and demonstr at e the co nsti t ut ional 
changes affected by a cha nge in th e nu­
t r itio nal prog ra m by a p rac tica l case 
which invo lves several ph ases of physical 
evide nce of disturbed nutriti on, includ­
ing ext ensive dental car ies w ith st rnct u ral 
change oft en assoc iated w ith infec t ion 
p rocesses. 

During the past decade much advance 
has been ma de in our kn owl edge of the 
rel ation of in fecti on of th e teeth and 
mouth , particula rly apical in fection of 
pulpless teeth , to d isturbances in ot her 
pa r ts of th e body. These studies have 
show n tha t inher itance pl ays an impor­
tan t par in d .ter mining th e type of tis­
sue that w ould be affected in a given in­
di vidu al. Suscept ibil ity o f an org an an d 
t issue has a lso been shown to be related t o 
ph ysical ove rloads an d to nutritional 
stresses. One of th e impo rt an t afflict ions 
th at has been associa ted very closely w ith 
dental inf ections is arthritis. While ma rly 

pe rsons improved after th e removal of 
dental infect ions, man y d id not or x­
pe rienced a ni a cessa t ion in th e act ivit , 
of the process. 

An imp r tan new phase of th ese 
st udies is the ma r ker improvement ill the 
ph ysical condit ion of persons w ho a re be­
low par in general heal th and also, in 
many inst an ces, a lessenin g of disturb­
ances in organs a nd tissues. T his . im­
provemen t has been par ticularl y st riki ng 
in man y cases of ar th rit is after th e use of 
th e activators that a re found to be helpful 
in reducing de nta l caries. 

J\.1y assis ta nce was r equ ested by th e 
v isiting nurses' associat ion to aid a young 
girl whose cond it ion w as said to have been 
reported as incu ra ble. She was 17 years 
of age an d bed- ridden , wi th acute m ult i­
ple defo rming ar th rit is associa ted wi th so 
much pai n that she would cry by the hour 
day afte r day fr om her d istress. She cou ld 
sca rcely move a joint of her body, man y 
of th em bei ng rigidly ankylosed . H er 
co nd it ion had been j!et t ing prog ressively 
wo rse sinee she wa s 5 yea rs of age, a t 
wh ich t ime she had five abscessed decid­
uous teeth, w hich, of cou rse , means that 
she had exte nsive dental caries. She was 
br ought in in an ambula nce. H er parents 
reported th at she had been havin g on an 
aver age of th ree to four con vulsion s a 
week, usually brou gh t on by the pain 
w hen she was moved to make her com­
for table. At times, she had g rea t diffi­
\ll ty in b reat hing. H er mouth w ou ld 

open only a s or t distance but some roe nt­
genog ra ms (If her teet h we re ob ta ined and 
many of th e teeth had extens ive dental 
caries, some w ith pulp involv ements . It 
is importa n t th at the teet h w ith pulp in­
volv ement showe d little apical cha nge . 
O wing to th e spasms of t he mu scles of 
the left side of the neck, th e head w as 
d raw n so tightly into the shoulder th at 
it was difficult to get more tha n t he thi ck­
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ness of a tow el betwe en. The spasm. of 
these muscles had continued for mont s, 
causing intense pain. The roen tgeno­
gra ms of th e chest , neck and head showed 
that th e mou th , inst ead of being crossw ays 
to the spinal column, w as parallel w ith it . 
The ver tebrae of the spine w ere rigidly 
ankylosed so that th e pati ent w as locked 
in thi s positi on . A lower mola r tooth on 
th e left side had serious pulp in volvement 
and th e history indicated that th e toxic 
products from this infected roorh and 
pr obably oth er inf ecte d teeth of the left 
side traveled th rough the lyrn ihat ics in to 
the muscu latu re of the neck, p rod ucing 
to rticoll is. N eck involvement, pa r icu­
larly neurit is, rye-neck or torticoll is and 
neu ralgia, are common expressions of the 
pr esence of toxic materi al from dental 
cond it ions, which I la ~' be without local 
dental symptoms. 

W e must ask ourselves what th e con ­
tributin g factor s are in such a tragedy. 
I t began at 5 years of age w hen the pa­
t ien t had th e five abscessed teeth . C learly, 
th ere had been nutrit ional deficiency, fo r , 
in th e ligbt of our newer knowledge, den ­
t al ca ries is primarily nutritional. T he 
evidence develo ped indicates an inh er ited 
suscept ibil ity in that the mother an d the 
br other have had inflammat or y rh eum a­
tism, al though not in severe form . The 
convul sions clearly indicat ed, as did also 
th e unstable cond ition of the nerv ous sys­
tem , a low threshold for calc ium , which, 
on chemical analysis, w as found to be 8.3 , 
and the cell calcium one of the lowest we 
hav e eve r determined , a t 0.02. The body 
w as evidently makin g a heroi c effor t to 
maintain level s by utilizing ava ilable 
min erals. The cell volume w as exceed­
ingly low at 25 per cent ; potas sium and 
magn esium we re both low, and sed ime n­
tat ion tim e of th e blood wa s extremely 
rapid. Examination of th e dietar y indi­
cated a lack of mineral s and act iva tors. 

In or de r to illust rate the long-continued 
nutritional ha ndicap of thi s girl, I am 
show ing in Fi gu re 14 a pictu re of a hand 
and for earm of a normal girl of 17 and 
the hand and for earm of th e patient for 
compa rison. I t w ill be seen not only that 
th er e is marked dislocation and def ormity 
of bony st ru ctur es but also that there is a 
ma rked diff erence in tbe size of the bones 
of th e for earm in comparison 'with that 
of a normal g irl . Doubtless, N at ure did 
th e best she cou ld with the scanty an de­
pleted d iet availabl e from the ref ined fl ou r 
food s and depleted activator content of 
available dairy pr oducts. She was pl aced 
on the special activator mixture in cap ­
sule form to w hich I have ref er red, and 
given as one of her important food con­
stituents a wh ole wh eat ground fr eshly 
eve ry few days, to w hich, afte r it w as 
cooked , was added a quantity of fre sh 
wheat germ, about one tenth the volume 
of the g round wheat. This w as added 
wh en it wa s rea dy to be taken off th e 
st ove. It w as then allo wed to cool on th e 
side of the stove. Milk, fruits, vegetables. 
wh ole wh eat bread, etc., w ere adv ised . 
The results we re m ost str iking . T he con­
vulsio ns which she had been hav ing on the 
ave ra ge of on ce every oth er day, ceased 
immediately a nd she did not have one af~ 

ter starting th e capsules and spec ial foods. 
Instead of eat ing two meals a day, she 
ate three or four. The pain w as so re­
duced that she w as not disturbed excep t 
slightly wh en lifted . T h movement of 
the j oints increased so mu ch t hat within 
a month she could open her mouth twice 
as far as at the beginn ing, w hich per­
mitted the removal of one of t e infected 
teeth . M any teeth had been filled. This 
terrible condi t ion of pr ogr essive locking 
of th e joints wi th acute inflammatory 
pr ocesses was reversed, and she prog res­
sively improved . Pa ins subsided, sw ell ing 
wa s reduced and some movement of Fo xed 
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joints developed in <I few wee ks, S0 that 
she cau l feed he rsel f and turn th e pages 
of a book . She again becam e.intere ste d in 
the world and in living. 

Another instructi ve case is illustra ted 
in Fi gu re 15. T his wo ma n, 6 1 years of 
age, had suffe red severely w it h ar th r it is 
for nin e years and , for the past e ight 
years, ha d no t been able t o "vea l' shoes or 
move about except 'with great difficulty 
and assistance, part of the t ime being be . 
ridde n. She bad not walked w itho ut 
c rutches fo r seven years, except for a 
period of abo ut three months . H er pain 
had been so seve re that seld om w as she 
ahle to get to slee p before 4 o'clo ck in the 
rno rni 19. H er t eeth were rem oved ea rly , 
many being in fected. T here was a histor y 
of severe dental ca r ies. :,,\: uch e!Io, t had 
been ma de to fu rnish relie f, The fingers 
a nd thu mbs of both hand s had been held 
apa r t for years. \Vith in a few wee ks aft er 
sta r t illg the t reat me nt , th e pain was much 
red uced and she was able to sleep sou ndly 
all night. She now has no pain da y or 
night ;t ftc r being- under treat ment for 
eight months. She has resumed her ac­
t iv it ies as a seamstress and has regained 
th e use of her arm s so th at she ca n pu t 
he r han ds behind her head as is show n in 
th e illustrat ion . She now has no use for 
crutches exce pt to steady her self goi ng 
up and do wn the sta irs. Physically , she 
looks greatly imp rove d, and she sta tes th at 
she is perfectly we l l except fo r the: r ­
ta ined st iffness, chiefly in her back , w hich 
is progressiv ely decr easing. 

All tha t has been done is to ad d to her 
diet the vitamin concent ra te and a sma ll 
qua ntity of h igh vita min cod liver oiL T ilt 
latter had been used alo ne befor e a t 
va rious times wi th out success. Ther e w as 
little movem ent in the left elbow joint 
wh en th e t reat me n t began , the arm bein g 
in ;1. nearly str aigh t position. T he present 
ran ge of m ovement is show n by t he two 

ro entgen ograms and th e photograph in 
Figu re 15. T h pat ient st ates that she 
has never fel t better sinee she was 30 
yens of age. No consider abl e changes 
w ere mad e in her di et beca use it was 
fou nd to be qu ite ample. 

A d ifficul t and ser ious phase of th e 
problem s is t his: w e cannot w r ite ou t a 
fo rm ula to be ta ken to the g roce r's to ob­
ra in t he ce rea p roduc ts conta inin g both 
hi.,. m iner als and thei r natural ac t iva t ing 
substa nces as fo nd in the ge rm, or to ob­
ta in butt r and mi lks th at are kn own to 
be am ply h igh in th eir ac t ivating sub­
sta nces. A nd east of all ca n we go to th e 
drug sto re and bHY these as chemicals, 
since he cry na tu re of animal lif e is 
such ~~l t t ile: tissues a re built of sub­
stances th a t firs t m ust be construct ed hy 
a plan t and there fore are organ ic. IiV'e 
ca n not subst it ut e inorganic che micals. 

Accumulating evi cnce indicates tha t 
den tal caries and the lowering of levels 
of fat -solub le ac tivators in d air y products 
are p rog ~ess in g simu l ta neo usly in th ose 
d ist ricts t at ave been lon gest und er 
cu lti va t ion w ithout m ineral reple nish­
ment and enrichmen t of th e so ils, and 
tha t these condi ti ons arc accompa nied by 
a n increase in morbi dity and mortality 
suggest ing, if no t indicating, a re lat ion 
that is not a simple coincid enc e. From 
data obtained f rom the analysis of dairy 
product s, chie fly but te r, fr om m an y places 
throug ho ut the world and th e correlat ion 
of these data w it h th e morbidity cycles 
of the sam e dist ri cts, 1 find condit ions 
w hich I interpret to indicate th at the de­
ge nf. rat ive d iseases in man y of the ir ot her 
exp ression, ar e la rgely if not ch iefly th e 
sa me in th eir seasona l expressions, as 
t he tides in the vitamin conten t of foo ds. 
E ven the demand fo r beds in hospit als for 
medical cases reflects t his same cycle. It 
is also exceed ingly significa n t that th e 
inc rease in certa in of the mo rt ali ty rates 
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can appar ently be explai ned on this same 
basis. I have presented da ta dealin g with 
t hese ph ases in repor ts ent itled "W hy the 
Annual P ilgrimages to the H ospita ls ?" 18 

nnd in "A N ew View of H eal th and 
D isease Based on a Rise and Fall in Vi ta­
min T ides." lQ I t is importan t th at per­
sons wh o tend to develop hea rt t rouhle in 
childhood ( and 90 pe cent of all heart 
cases begin ln.i ore "] 0 years of age ) as a 

ulc, have been very suscept ible to dental 
car i s. \Vc sc . eli rect evidence as to why 
den tal ca r ies "[1(1 rickets together of ail 
problems offer the g reatest challenge to 
civilization ; nil w hy these evils a re the 
foremost enem ies of t he No rd ic race in the 
temperate zo ne. T his is another way of 
st" ting tha t ou r greatest problem is the 
supply and uti lizat ion of m ine rals, 

J f 1)' interpretati on of the da ta avail­
nble is co rrect , diets as bu ilt by name or 
different communities do not necessa rily 
provid e the same nutr itional fnctors, T his 
may ;1 /::;0 be H ue of the same place at dif ­
Ierent times f the year owing to the dif­
ferent V<l]Ut;S of t he same foods. Accord­
ingly, in the light of these observat ions 
a r d cl inical ex iericnces, it w ill be n eces­
saly to re inforce given food, w ith ade ­
qua te act ivators, 1 -heu they are not pres­
ent in sulficient quantities in those foods.
 
T he best means that I have found for ac­

, co ru p lisl illg this, and w hich is suppor ted
 
by cl inicnl, Iaboratory and experimental
 
dat a, is to select milk fa ts that a re high in 
these activators and preserve th m either 
in natural fo i m or in concent rated fo rm 
for periods of stress and vitamin shortage 
in the avail.ihle foods. ' 

T he means I I;I \ ' C found most read ily 
available for identi fr ing- milk, creams and 

18. Footnote 10, sixth ref e ren ce. 

19. P r ice, \ V. A. ; N ew View of He a lrh 
~nd D isease Based on R ise an d Fa ll in V ita ­
mi n T id es, Am . J. Pub. He alth , 2 1:605 (June) 
1931. 

but ters that are su fficientl y high in the 
activa ting substances wi th wh ich we are 
concer ned has been th e use of both an imal ­
feedin g tests and chemical tests for th e 
activa ting substa nces. I have used the 
antimony tri chlorid meth od of Carr and 
Price. P? adapted to but ter products for 
vitamin A, and the hydriodic acid method 
of Yocler21 for vitami ns in th e D gro up. 
The vi tamin content of the cod liver oil 
should be over fift een Lovibond un its for 
vitamin A. on the standa rd suggested by 
Drummond anti H ilditc h. goo tech­
nic is described in th eir report before the 
E mpire M arketin g Boar d ent itled "T he 
Relative Values of Cod Liver O ils fr om 
Va rious Source.. .Ha 1 have reported at 
length, at var ious times, derails regarding 
the many t iousa nds of samples of b itt er 
that are tested each yea r fr om all over 
the wo rld, lar gely fr om the same places 
regu la rly each month r fortnight, Wh en 
but e rs of high vita min con ent ar e lo­
cated and secu ied, th e 10 \1"' melting: fac­
tor s a re removed by centrifugi ng at a 
proper tempe ra ture. This produ ct is what 
I term the high vitamin concent rate. It 
is liqu id in ordinary room temperature. 
Th e high vitamin milk is pr oduced by 
dai ry animals best, if not only, w hen the 
animals ar e on a rapidl y gr ow ing pla nt 
life, such as succulent young grass, O ne 
of the best tha t I have found of th e few 
pasturages tha t a re especiall y good is 
rapidly grow ing youn g green wheat . T he 
butter product is mixed w ith abou t equal 
parts of a very high vitamin cod liver oil 
w ith variat ions in pro port ions according 
to cli nical conditions. T his combination 

20. Ca rr, F . H ., a nd P r ice, E. A . : B io · 
che rn. J., 20 ;497, 1926. 

21. Yod er, L. : J. B ioI. C heru., 70:297 
(Oct. ) 1926. 

22. Drulm\1ond, ] . C., and H ilditch , T . P . : 
Rela tive Va lues of Carl Liver O ils fr om Va r i­
O U 9 Sou rces (pu blished by H i! M aj esty' s Sta ­
tion ery' Office, Lon d on, December , 1930 ) . 
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is pl aced in a capsu le con tai n ing . bou t 0 .6 
gm . (the 0 size). T w o or thre of these 
ca psules a re ad min iste red w ith each ea l 
w ith a diet a ry adjusted to pro vid e m in­
ends and other nu ri tio na factor:" in­
cl u d ing t e water-soluble vitamins. incc 
these are food products and a e use d to 
reinforce th e avai lab le foo ds with nu tr i­
tiona l fac tors , I deem it proper to S: IY 
that w hav by th is me a ns, and per haps 
othe r d iet ary means, found a m ethod for 
th e con t rol of dental ca rie s. 

I ha ve undertak en to ch eck t he in i­
den ce of d en tal car ies in various com­
munities against the vi ta m in con tent of 
th e foods in th e communities. O ne of th e 
studies in th is co nnec ti on whic l 1 hav e 
in pr ocess is beinz made in Switzerland. 
During th e past summer , after the Inter­
nation al D ental Congress at Pari s, I ma d e 
a limi ted stu dy of dental caries in Switzer­
lan d , w-here I found th e record of the ob­
servations of th e dentis t to indicate th at 
th is cond itio n was ve ry pr ev ale nt. I w as 
adv ised by a gove rrun e t o icia l that den­
ta l ca r ies was the mo st serious dis ease in 
Switze rl a nd. Through thi s ()fIicia l 's as­
sistanc e, I was able to loc at e a group of 
peo ple that had little ac cess to he vario us 
food resources of the coun t ry, a d w ho 
for centurie have p ro vided nearl y a ll of 
th eir nutrit io al el me ts in their own 
high valley . 1 examine a larg e numbe r 
of child ren in t lis vall ey wh ich was quite 
diffi cu lt of access, a nd foun d their t eeth 
almost com pletely free fr om dental ca ries. 
T hey li ve largely on th eir native g ra ins, 
plant foods and da iry p ro duc ts, the latter 
forming an importan t part of the diet . 
T he da iry product s ar e ob tai ned rom 
both cows and go ~ ts. Sa m ples th at _ am 
obtain in r fr om that v all ey indicate that 
this bu tte r is of exce p tionally high vita­
m in con tent. 

exam ined child ren rear ed in other va l­
lies, but w he re the t r ains bring mode rn 

d ieta ry produ ts , nnd fo und den tal caries 
rampa n t. T h is study will be re po rted in 
det ail in anoth e r commu nication and is 
being ex tended. 

I canno t include he re, as wo u ld be de ­
si rable if sp ace perm itted, data concern ­
ing th e most available for ms o f he: m in­
e ra ls and other nutrition I fa cto rs. 

T he ac tivators essen ti al or tne u t iliza­
tion of the va rio us mi erals and ot he r 
ch emical s for the building : nd mai n te­
na nce of bod ily tissues are p rov ided ill an 
ideal milk as d signed by N· tu r . Since 
w e all st art ife on tl at food as provide. 
by Nat I'C !or all ma m mals, it is the most 
n atu ra source 01 these aet ivators. 

A n illustrat ion of he co nsi stency a nd 
effi ciencyof the nutri iona l pr og ram whic 1 

is devel op ing as , result of my resea rch is 
found in the following ca se ( F ig. 16), 
wh ich ind ica tes it s helpfuln ess in th e 
developmen t of th e child dur ing fe ta l li fe. 
hi s nourishment du r ing lacta t io a nd 
ea rly chi ldhoo d and the . rotect ion of he 
phys ica l we lfare of the mother, incl ud ing 
com ple te freed om fr om ta l ca r ies. 
T his boy, 20 years of age, has never re­
ceived directly or i directly any cod liver 
oil. He has obr iincd fat -sol bl e activato rs 
th rough hi s mo t er d ri ng gestat ion an d 
lactation fr m milk and butter of high 
v ita mi r co ten t as deter mined a nd se­
lected by t he tes ts ind ica ted an d, since 
w ee ning , he has o bta ined h is add itio n al 
fat -sol ble activators en t irely throug h th e 
use of h ig vitamin bu t ters . lIe w on a 
prize at 10 ays of age for k ing the best 
de velo ped , hav ing the best di sposit ion 
a nd being the best nour ished in fan t in a 
g ro up of for ty th;l t w ere in th e a t ro i ly 
ho spital a t that time, lind th is notwith­
s tan ding t ie f act rha he w as a first 
ch ild a nd th at lio:: mot her w as frail. T he 
excellen t s t ru ct u re I1 f his bo nes is show n 
in th e accompanying roen genogra rn. In 
phys ical de veloprnen • 1 1l~ las al w ays bee n 
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exceptional. H was the only chil d on 
this dietary prog ra m , 

]vIall}' of th e child ren who ) ave been 
on my nutritional program thro eh their 
entire life, some of w hom have a ll their 
deciduo IS teeth, have never had a sign of 
dental car ies. T he joints a re well formed 
and seem to justify the belief tha t the 
addi tion of rat-soluble acti votors in su it­
able quantity and adequate quality is 
capabl e of reinf orcing available [oods 
sufficiently to assur a physical develop­
ment of a high sta nda rd. 

SU M M ,\RY 

The data presented are int erpr ct d to 
indicate (he follov, jog: 

1. D ental car ies can be largely p re­
ven ted or can trolled . 

2. T his resu lt call be obtai ned by the 
select ion of particular samples a foods 
that are sufficiently high in minerals nd 
activa tor s to provide the nutritional r ­
quirernents of the human child • nd adult, 
inc urlin the expecta nt aud nursing 
rna her. 

3. vVhile some of the necessary act ivat­
ing substances are foun d in certain sam­

ples of dail'y products, mil " cream and 
butter, many of ti le readily available pro ­
uct s are not adequ ately hi J in lese acti­
vating factors. 

4. Cod liver oil is available as a source 
of reinf orcement of dairy products, plant 
and animal foods. Whil it has reat 
va lue, it may cantain and probably oft en 
does contain substances which are un e­
sirable : therefore, it should be given in 
small doses, anti on ly produ cts f the 
highest natural vita min cont ent be used. 

5. T te availabl e dat a strongly suggest , 
if they do not indicate, thai dental carie s 
is pr imarily an expression of nut ritional 
distu rbance ill vhich the teeth become 
susceptible to attack by the products of 
acid-pr oducing bact eria. The progress of 
this decalcification is inhibited by the 
presence of prop r chemicals in the blood 
and the saliva. M a ny dietaries provided 
for children and adults are deficient in 
activato rs, chiefl y the fat -soluble. While 
a deficient food may become adequate by 
increasing: the quantity of far-soluble ac­
tivato rs, w e must always reali ze that the 
water -soluble activators must be present 
and must also be supplied if not present. 

8926 Eu clid A venu e. 


