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WHY DENTAL CARIES WITH MODERN CIVILIZATIOt-iS? 
XI. NEW LIGHT ON LOSS OF IMMUNITY TO SOME DEGENERATIVE PROCESSES  

INCLUDING DENTAL CARIES 

WESTON A. PRICE, D.D.S., M.S. 

Cleveland 

N TH E p reced ing fo u r ins tall-
ments we ha ve consid ered p r i-
m a r ily im m un it y a nd loss o f im -

muni ty to dental caries as rep resented 
in t he E sk irnos a nd I nd ia ns . T h is has 
bee n ex p ressed as ph ysica l perfecti on 
o f the tee th o n th e o ne hand, a nd 
th eir so l ur ion by ca r ious p ro cesses o n 
the o t he r. T he di e ts hav e been re-
po rted in terms o f food s ea ten . In 
this co m m unic a t io n t he fo ods w il l be 
cons ide re d in term s of th ei r chem ical 
an d ac t ivato r conte nt. 1 ha ve ca ll ed 
a t ten t io n to tb e s p le nd id devel op me n t 
o f the den ta l a rc hes an d to th e re la-
t ive ly nor mal positio n o f all tee th in -
cl udi n g the t h ird m olars as w ell as t o 
no rmal int er relation shi p be tween th e 
tw o a rc hes , as a co nstan t co nd it ion 
fo und a m on g th e people w ith hi gh-
es t im muni ty to den tal ca r ies . 1t is 
im por ta nt th a t it be d ea rl y u nd e r-
sto od t hat th e reverse of th is exp res-
s io n is no t [rue ; namel y , that no rmal 
devel o pm en t of the a rch es w ith rela-
t ively perfect tee th do es no t of neces-
sity im pl y con t in ued imm unity  
den tal car ies since eve n t hose w itft a 
hi g h deg re e o f a n a to mi c pe rfec t io n o f 
devel opmen t rea d ily become vict im s 
o f tooth decay by loss of t hei r irn-
rnuni t y w hen th ey a ba ndon th eir na-
ti ve pro tec t ive foods in fa vo r o f m od -
ern foods in su ffic ien t q uan ti ty . I 
have ca lled at tent ion to t he fact t hat 
th ere was practically no m arked i r -
regularity of t he t eet h found am on g 
th e most p rim itive E ski m os a nd In-
d ian s. 1 sha ll now p resen r data deal-
in g w it h th e e ffec t o f o u r m odern 
foo ds on facia I a nd de n tal de vel op-
m en t. 

P erso ns we re frequentl y e ncoun-
tered among th e m ore pr imit ive 
g rou ps who had spen t a few m onths 
o r a year o r two in some com mu n ity 
o n the "outside, " as ' t hey ca ll it , 
w he re t hey w ere in co n tac t w ith 
m od e rn foods for ·t he t im e of t hei r 
so jo u rn, w hic h may hav e bee n fr om 
a few m ont hs t o a few yea rs. Th ese 
were found to be w it hout ac t ive to o t h 
de ca y a t th e t im e of exa m inat ion but 
w it h dis t inc t evi dence t hat at so m e 
t ime t hey h ad lost the ir im rn u nit y a nd 
ca rie s ha d hecorne ac ti ve. O n inqui ry 
w e w o u ld al ways find t ha t these per-
sons had left the en vironmen t and 
foods t ha t had p re v io us ly estab l ished 
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a n d m a in ta ined th eir h igh im mun it y, 
a nd t ha t the se r ious in ju ry t hat w e 
fo und had occ u r red some ti m e in t he 
past. F ro m t he h isto ry , th e co ndi t ion 
co u ld be cl ea r! v rel a te d to t he pe riod 
w he n they w e re aw ay f rom the de -
fe nsi ve na ti ve fo od s. T' hei r a rches 
w o uld, at co u rse, s t ill be regular ex -
cep t as ex t rac t io ns o r loss o f c row ns 
w o u ld per mi t moveme n t o f th e te eth 
a n d t he es t a bl ishme nt o f faul ty in te r-
relatio ns. T'he ir pe rfect fa ces and 
normal de ve lo pm en t ind ica te d tha t 
th ey had had no rm al n u tr it ion bo th 
p renat a l a nd po st nat a l, an d durin g 
the per iod o f de ve lopment of t he fa ce 
and jaws. W he n, however , we found 
ourse lves in a com mun ity tha t had 
been in co n tac t with foods o f m ode rn 
civ ili zat ion s ince befo re t he pe rso ns 
being ex amin ed we re bo rn w e found 
rout inely evide nces o f di sturban ce in 
physica l devel op m en t. I t is of in ter-
est that th is occ u rred in p recisely th e 
sam e ex p ress io ns amon g t he In d ian s 
as am ong th e    It th er efore 
w as no t rela te d to a nce st ry nor to t he 
type o f p r im iti ve foods th at ha d bee n 
abandone d inasmuc h <IS t he foods were 
en t i rel y d ifferen t fo r these tw o races. 
T he pri rnrtive Esk im os l ive a lmost en-
tirel v o n t he an im a l l ife o f the sea 
a nd ' t he p r im iri ve In di a ns o f t he in -
te r io r, in th e g ro ups s t ud ied , o n th e 
a n im a l life o f th e lan d . 

I n ge ne ra l th ese devel o pm e n tal de-
fec ts m a I' be cl assi fied as la c k o f de-
ve lo prne n t forw ard o f eit he r t he mid-
d le t h i rd o f th e fac e o r th e lo w e r 
third o f th e fa ce o r bot h o r a la t e ral 
narrow in g o f o ne o r bo th the uppe r o r 
low er den tal arc hes . T hese w ou ld re-
s u l t in a n apparen t p rot r us ion o r 
retr usion and in t he j um bl in g of th e 
tee th in the a rc hes in w h ic h va riou s 
t eeth wo uld be c ro w de d o u t o f th eir 
prop er ali nement. A ssoc iated w it h this 
lac k of develo pment in the mi d d le 
t h i rd o f the fa ce t here wou ld prac-
t ica ll y a lwa ys be a na r ro w in g o f t he 
nos tr"ils wi t h a m o re o r less m a rk ed 
in te rf eren ce wi th b re a thi n g , o fte n re-
sulti ng in ty pical mouth b reath ing 
an d ev ide nce of lack o f n o rm al ches t 
developme n t a nd norm al l un g ex -
pan si o n . A typ ical illust ration is seen 
in F ig . I in wh ich t he lowe r a n te r io r 
tee th ' w ill be see n to be well fo rw ard 
o f t he upp e r a nterior te et h . I n th e 

less seve re expressio n o f th is ty pe 
th er e w ou ld be a ten denc v to an end -
to-end bite on th e cen t ra ls w it h th e 
laterals go ing in side th e arch wi th a 
con seque n t co n t rac t io n be tw een t he 
cu spids and la ck of p rom inence of th e 
upper lip a nd a dep ress io n and na r-
row ness at t he ba se o f th e nose w it h 
an a bse nce o f norm al wid t h o f th e 
m idd le t h ird of the face ow ing to t he 
la c k of normal c usp id prominen ce . 
The c uspids may appea r t o be too 
pr om ine nt bu t o n ly because of th e de-
pression o f th e b icusp id s and inci se rs. 
A t ypical ca se is sho w n in F ig. 2. 

1rreg u la rit ies o f tb e teeth and 
den ta l a re hes ha ve been ex pla ined by 
rn a nv a nd va r ied t heo r ies; for ex-
a m ple, t be pr ema tu re loss o f decid u -
ous teeth . A co mmo n ex pla na ti on ha s 
been t he in termi ng l in g o f ra ces in 
w hic h th e la rge teet h o f o ne race 
ha ve been inhe r ited a nd th e s m all 
jaws o f a no th er ra ce w it h th e result 
t hat th e re is insuffici en t r oom in the 
arc h fo r th e teeth . It is im por tan t to 
no te t hat t hese co nd it io ns we re fou nd 
.i ust as co ns ta n tly a nd t ypica lly a m o ng 
the pu re b lood E skimos a nd the pu re 
blood Ind ians as among th e m ixed 
bl oods of these races w it h w hites . It 
is a lso of in terest t ha t t he w hites liv-
in g in . th e sa m e com m un it y a nd o n 
th e sa me type o f m od e r n d iet had 
com pa ra ble co n d it io ns as show n in 
F ig . 3. 

T he pro bl em of the im pact ed 
low e r thi rd m ol a rs is a eo rnrn o n o ne 
in our m ode rn c iv il izat io ns bu t it was 
no t foun d am ong th e more prim itive 
Indi ans o r E sk imos li vin g on th eir 
nat ive foods bu t d id occu r w ith regu-
larity w he n the indi vidual s o f t hese 
ra ces w ere o n mod er n foo ds d ur ing 
t he pe riod o f thei r g rowt h. This was 
o fte n found to be assoc iated ....vith 
eit he r lac k o f develop m en t in th e m id-
dle o r low er th ird o f th e Iaee o r 
bot h . A co ns ide ra ble pe rcentage o f 
th e d evel opmental d isturba nce s ha d 
th ei r exp ression in the lack o f d evel-
op ment in th e low er th ir d of the face 
w it h the ch in r eced ed . A typ ical case 
w il l be see n 'in F ig. 4 in wh ich t he 
low er ante rio r teeth are so far poste -
r io r to th e uppe rs as p roba bl y to be 
in co n tac t w it h the so f t ti ss ues. T he 
deform ity tha t w as most fr eq uently 
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Top--Ieft to right-Fig . 1-This is 0 typical illustrotion of the incomplete development of the middle third of the face with constriction of 
the nostr ils and nares. The chin appears to be too prominent} it is, however, relatively normol.  
Fig. 2-lncomplete development of the premoxillory ond moxillory bones produces a typical tendency to on end-to-end bite as seen in the  
case of the upper centrals with the lower incisors . The laterals erupt inside the arch. There is a narrowing between the bicuspids.  
Fig. 3-This white boy is a son of a mining eng ineer. He was born in A loska and reored largely on imp o rted foods of white men . He is a  
typical mouth breother. Note the lack of development of the nose ond middle third of the face .  
Bottom-left-Fig. 4-ln some coses the nulritionol deficiency disturbs chiefly the development forward of the mondible as shown in this  
figure giving the effect of protruding upper incisors .  
Fig. 5-Tuberculous glonds are often the Ilrst expression . With proper care and adequote nutrit ion many of these potients could be soved.  
This boy is Iypical of hundreds.  
Fig . 6--Skeletal invo lvements ore common manifestations of nutr itional dellciencies with development of arthritic processes. This boy will  
probably soo n be bedridden.  

seen , how ever , in volved the lack of serva rio n that I bel ieve is an entirel y g roups. I used a pi ctu re of a g roup of 
development o f both the low er and new co nt r ibu tion to ou r know ledge child ren fro m t he Isl e o f H a r ris 
m idd le thi rds of th e face o fte n re- and one tha t has g row n ou t o f the se w hose d iet had been limited a lmost 
su lt ing in ma rked irregu larity of th e spec ial in ves t igations. I n my discus- en t irely to the native foods, chiefly 
teeth in both a rches . s ion o f th e condi tions in th e O u ter sea foods an d oa t prod uct s, and 

As se r ious as th ese develop me nta l H ebrides and the Isle of Ba rdsey in w hose fa cial dev elopm ent was fin e 
fact or s are because of th eir prod uc- th e Augu st , 1933, number of T H E and regular. All we re n ormal no se 
t ion of defo rmity and the inte rf er ence DENT AL D IGE ST, I p resen ted data il- breat hers. In con t ras t with this I 
with norm al breathing and masti ca- lu st rating th e m arked d iffe ren ce in show ed a farn ily of four child ren 
t ion we have ano the r im portant ob- facial developm en t a f tw o rypic al w hom I photog raphed on th e Isl e of 
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Bardsey, all l i ving on mod ern foods. 
All we re mou th b rea t hers a nd a ll had 
ma rk e d lack of de velopme nt or t he 
m id dl e t hird of the face as w elt as 
hav in g ac t ive dental car ies. I also re -
ported that on t ha t island th e de at h 
rate for tuherculosis ha d been so g rea t 
t ha t i t beca me necessary a few yea rs 
ag o to repopul ate th e isla nd by m ov-
in g a n um be r of. fa m ilies there fo r 
residence . I also re ported th at th e 
inciden ce of de ntal car ies among th at 
gro up was high ; nam el y, 27.6 ou t o f 
everyon e hun dred tee t h exam ined 
had been a t tacked by tooth de cay, 
whi le in t he con trol gro up on th e Is le 
of H a rr is li vin g on 'na tive foods th e 
incid en ce o f ca ries was negli gi ble ; 
nam el y, on ly one tooth in each one 
hundred t eeth exam ined . 

In the seve n t h inst all m en t (Feb-
rua ry, 1934, the D ENTAL D IGEST) 
of this se r ies, in di scuss ing t he mod -
er n ized Indian s of the S ix Natio ns 
Reservat ion in O ntario I used as a n 
ill us tra t ion a g i rl of 12 in bed 
in the gove rn me n t hospit a l whose 
tee th show ed marked i r regularity 
an d act ive toot h de cay. T h is g i rl was 
suffe ri ng f ro m pulmonary t u berc u-
losis. In inst all m ent 4 co nce r n ing the 
Outer H ebri des, I r epor t ed t he r ap -
id ly inc reasing incide nce o f tu bercu-
losis among th e you nger gene ra t ions 
necess itatin g a specia l w ing fo r w om-
en un de r 30 years of age which had 
recently bee n added to t he t uberculosis 
sa n ito rium a t Sto rnoway. In my in-
ves tiga t ions amo ng t he I n d ians of t he 
P aci fic coa st I refe r re d to a ze 
nurnher o f ho mes in w hic h one 
child ren w as either sick w it h 
culos is o r in w hich a de a t h ha oc-
curred from tu ber culosis. This co ndi-
t ion has a lso occu r red am on g th e 
mod ern iz ed E skimos . It is co m mo n 
knowledge t hat t ub ercu los is is one of 
th e impor tan t ca uses of prem at u re 
death amon g th e m odernized Indians 
an d Eskimos. •Among th e theo ries th a t 
have been presented' and per ha ps t he 
one mos t freq uently accep ted is t ha t 
th e a nces tors of t hese peop le had no t 
bee n ex posed to tu be rculosis a nd eo n-
sequen tly th ey had not bui lt up an 
im m u n ity to be tra nsmi t ted as an in-
herited defen se agains t this di sease to 
wh ich th eir ch ildren have been ex -
pose d as part of th ei r contact wi th 
m odern civilization ; hen ce th is new 
ge ne rat ion has had a n exposu re fac-
to r t ha t is di fferen t from that o f th ei r 
ances to rs, w hich is a ll th at was neede d 
s ince thei r def en se w as by in herit ance 
low . T his argumen t becomes pa rt icu-
la rl y forcef ul in v iew of th e report 
fr om pa t ho log ists th a t p ract ically all 
th e l un gs of a dults th at have not d ied 
fr om pulm ona ry tube rcu losis show 
calc ified tuber cl es as an ev ide nce of 
a n ea rly active infection an d a n effi-
cien t healing process. As I hav e in-
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vcsrigatcd yo u ng; people who a re de-
velo ping ac tive t ub erculosis in vari -
ou s co un t ries w her e imm uni ty to de n-
ta l ca r ies has been lost with th e pres-
ent generat ion, I ma de a cri tica l s t udy 
to note th e relat io nship between any 
ph ysical defec ts from nut rition al de -
fic iencies and th ei r loss of im mu ni ty 
[0 tuberculosis. I ha ve bee n impressed 
wi th th e f requ en cy w ith which t his 
break has been fo und to be rel ated to 
a lack of no rmal de velopm en t of 
eithe r th e mi dd le o r low e r t hird of 
th e fa ce or both, invo lv ing one or 
bot h den ta l arches w it h irreg ula ri ty 
of th e tee t h. 

In th e gove rnme n t hospital at 
J u neau th ere w ere tw enty Eskimos 
and I ndian boys an d girls reported to 
be u nder 21 years of age w ho we re 
bed r id de n wi t h pulmon a ry tubercu-
los is. Eve ryone o f th ese boy s a nd 
g irls ha d marked ev ide nce o f n ut ri -
tional d istur ba nce in ea rly ch ild hood 
w hich in th e l ight of accumulating 
data i nv olves bo t h p ren a tal and post -
natal nu tri ti on w ith t he ch ief defi--
cie ncy usually occurr ing in the fir st 
five yea rs o f li fe. It is par tic ul a rl y 
impo rtant to no te tha t th e firs t o r 
dec iduou s teeth ma y be in no rm al re -
lation a nd th e per ma ne nt tee th er upt 
ba dly ou t of a linern en t. U nfo rtun-
at el y, the light in t he hospi t a ls was 
not adequa te fo r ma ki ng excelle n t 
snapshot exposu res of the bed r id de n 
pa t ien ts. 

T he condi t ion of nar rowing of t he 
uppe r arches due to a lack o f norm al 
developm ent o f th e p rem axillary and 
maxillary bon es results in the na r-
ro wing of th e a ir pa ssages w h ich 
grea tly restric ts fr ee ve n t ila t ion. 

Does our boas t in g civ il izat ion 
w hich is so ig no rantl y but so thor-

. ou ghly acco mpl ishing t he ex te rm ina-
ti on o f the A me rica n pr im iti v es kn ow 
how to produce as good bod ies a nd 
ma inta in as good he alth a nd as high 
a re sistance to d isease as do the primi-
ti ve Indian s of the isol ated inte rior ? 
Unfo r t un a tely, th e cos t of modern i-
zat ion to th e primitives is n ot limited 
to th e pulmonary fo rm of t uber culo-
sis. In th e co mm u n itie s in co n tac t 
w it h m od ern c ivi liza t ion th e chil dre n 
w ere ofte n fo u nd w it h suppura t ing 
tu be rculous g la nds of the neck whic h 
fo r them w as the beginn ing of al most 
ce rtai n progressive decli ne a nd ulti-
mate deat h as the d isease ex te nded 
thro ughout t he system. L arge num-
be rs o f th ese ch ildren had incom pl ete 
devel opmen t of t he de n ta l a rches , 
w it h de nta l ca ries a nd ir regu lar ity of 
th e t eeth . A tvpi cal case is see n in 
F ig. 5 . . 

I fou nd an Ind ian in one of th e 
older m oderniz ed coast towns w ho 
said he had no t fed him self fo r forty 
years . He, as o t hers w ho w er e de-
sc r ibed in p revio us ins tallme nts w as 
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bedrid de n because o f a rth ritis . No 
a n imals taken from the w il ds an d 
placed in cages co uld srrffer m ore in-
ten sel y fro m enfo rced co nfi ne me nt 
th an t hese boy s and g i rls of t he ech o-
ing mo u ntains a nd m ul t ico lo red va l-
leys wi t h th eir great s t retches o f t im-
ber a nd becko ning streams. O ne can 
never forget th e pathe tic ap pea l for 
hel p of the se boys and g irls who a re 
prog ress ivel y becom ing c ripp led and 
w ho see m to sense their doom like 
th e yo u ng arth ri t ic pa t ient shown in 
F ig. 6. 

So me m ay be tem pted to say th a t 
s ince th e' nati ve food s we re am ply 
r ich in mate rial fo r m aking healthy 
bod ies and repai rin g them people 'who 
could not get a nyt hing else deser ve d 
l ittl e cred it fo r speci a l knowledge. 
Over against t his we have th e im-
portant facto r t o keep in min d t hat 
t hey had no food th a t we do not 
have, re la tively speaki ng, and th at w e 
have m an y goo d foods th at th ey do 
no t have; ye t t hey accomp lished w ha t 
we have fail ed to ac hieve . 

T he peo ple of th e hig h isolate d A l-
pine valleys whom I st udied in 1931 
an d 1932 liv ed largel y on en t i re rye 
a nd dai ry p roducts ye t with th ese t hey 
bu il t th ei r su pe rh physiq ues w ith a l-
mo st co mp lete fr eedom from de n tal 
ca ries . In t he 0 ut e r H eb rides th e 
m ore pr im it ive g roups coul d no t ge t 
eit he r o f t hese foods and in deed co uld 
ge t littl e else than oa ts for oa tcake 
and oa tmeal porridge and fish an d 
o th e r a n imal life of th e sea. The more 
prim itive Esk imo s th at w e st ud ied in 
1933 could not ge t ei t he r oa ts o r rye 
no r a ny o the r cerea l or da iry p rod -
uct s. They had little food excep t a n i-
mal s of th e sea. In the in te rio r, in -
s ide the R ock y Mou nta in D iv ide lit -
tl e ma rine food w as ava ila hle a nd th e 
splend id physiques of th e Indi an s 
w e re bu ilt on foods consist ing a l most 
en tir el y o f w il d game. None of th ese 
fou r groups had any appreciab le 
q ua n t ity of vegeta bles or fruit s. T he 
last two groups ha d p ra ctically n on e 
a t all, excep t that th e E ski mos and 
Ind ians oeeasio na l ly ha d a sm all 
qua n tity of c ra n berr ies a nd some ba rk 
a nd roots w h ich w ould be a small 
pa rt of th e m en u. 

S ince each o f t hese l imited m enus 
has bee n compe te n t to bui ld splendid 
physiq ues and es t abl ish a nd mainta in 
a hi gh immunity to denta l car ies we 
are deepl y co nce rned to kn ow th e 
ch emi cal co n te n t o f eac h . A n im por-
tant pa r t o f t hese fiel d in vestigation s 
has accord in gl y been the collecting of 
sam ples of t he var ious f oo ds ea t en, 
a nd th e sh ipp ing of th em to my la bor-
a to ry for chem ica l a na lysis. 

We are now con cerned to s t u dy 
crit ica lly th e nutr iti on of the Ind ian s 
of t he in terior w ith their ex ce lle nt 
physiq ues an d f reed om fr om d isease 
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TABLE I.-T h e D istribu t ion of Ii ctiva tors lIlI d M'inerals in a Typical M en a 0/ 
Primitioe I ndians , 

Fat 
Ca lor ies Food Solu ble Ca lci um P hos- I ron M agn esi- Cop pe r I od in e 

A cti vators pho r us um 
2500 F les h of ++ 0.5& 4-.1 6 0.13 0.3S 0.00 33 0.0000 14-

W ild G a m e 
40 0 G la nd s and ++++ 0.10   0.025 0.066 0.0 L89 0.0 000 0&7 

Org ans 
100 Vege rables, + 1.62 0,96 0.03 L 0.266 0.00 32 0.00 000 13 

Ba rks & Ro ots 
3000 ++ . 2.30 6,6 1 0.1 86 0.6&2 0.02 54- 0.000 024-0 

T ABL E 2.- TIJC D ist ri but ion of Ii cti o at ors aTl d l'Yl incrals In a Typ ical ill en u 0/ 
Primit io e Eskimo s. 

F a t 
Ca lories Food Soluble Ca lcium Ph os- Iron Magnesi- Coppe r Iodin e 

Acti var or s ph orus urn 
1700 Salmon +++ 1.24- 2. 68 0.0 4-& 0.7 10 o.oza 0,00 0072 

200 Sea l Oi l + + ++ 0.0000 15 
100 P la n ts, Roo ts + 0.4-9 1.4 0 0.0 35 0,26 0.002 0.000 0 16 
500 Sea A nima ls ++ 0.36 1. 02 0.014- 0.21 0.0065 0.000 021 
500 Ca ribo u + + 0.05 0.60 0.003 0.093 0.000 7 0.000001 

3000 +++ 2.14- 5.70 0.10 0 • 1.273 0,0312 v.000 13l 

TABLE 3.- M incral Distrib urio» i n a T ypical M CTlU of M od erniz cd I n dians and 
Eskimo s, 

F a t 
C a lor ies Food Solubl e 

A ctivators 
120 0 Banno ck B read 
1200 Sug a r, Jam , Syrup -
1100 Chocola te, Co flee 

300 Meat + + 
100 Vegetab les + 
100 Veg etab le F at s 

C a lcium Phos- Iron 
pborus 

0.13 0.4 2 0.003 
0,1 5 0.24- 0.06 
0,02 0. 01 0.0004-
0.Q3 0. 33 0.00 27 
0,0 6     0.00 1 

O.O l H 
0.0009 

M ag nes i- Cop pe r 
urn 

0.09 

I od in e 

0.000000 06 
0.0000006 

0. 032 
0.022 

0.0 004-
0,00 10 

0.00000 16 
0.000000 5 

300 0 + 0.39 1.14- 0.0671"  0.0 167 0.00 000276 
'70 Reducrion: Indi an s 90+ 83 83 64 :! 76 34- 88 
% Reduction : E sk imo s 90 + &2 80 30 87 4-7 98 

and high immuni ty to dental caries 
for comparison w ith th ose of the same 
tribe or bands who have been in con-
tact w ith mod ern c iviliza tion a nd w ho 
a re break ing physicall y. The food of 
the form er was found to consist al -
most ent irely of wild game but thi s 
does not mean w hat we moderns 
woul d un der st and by a meat diet. In 
the ninth installment (April , 1934, 
th e DEN TAL DIC EST ) in discussing 
this g roup I ref erred to thei r conce p-
tion of what was necessary to lif e as 
requiring each person to ea t some of 
each part of the anim a l. This did not , 
of course, include indi gesti ble st ruc-
tu res, such as hid e, hair, hoofs, horns, 
or bones, but did require th at th e 
marrow be taken f rom bon es and that 
even the walls of the intes tine o r 
stomach a fter having been thoroughly 
clean ed should be utiliz ed for foods 
as well as the tissu es of every organ 
an d gla nd of th e body of th e animal. 
r was told by diff er ent Indians that 
even wh en plenty of moose we re avail-
able the livers of small fur animals 
w ere utiliz ed for food. I t mu st be 
kep t in mind that th ese people ar e 
livin g a vigorous ou tdoor lif e in a 
cou ntry w here th ey a re subjected to 
intense co ld in the w in ter. 

A w hite trapper w it h wh om I 
talked told me tha t by foll owing the 
methods of livin g of th ese I ndians he 
was able to sleep ou t in the open, 

night after night, fo r weeks 'wi th no 
o ther shelter than his fu rs and blan-
kets and the everg ree n trees wi th th e 
w eather far below z er o. H e did th is 
withou t ca tch ing cold o r suffer ing 
f rom cold. I t follo ws that th e ve ry 
natu re of th ei r lif e requi res tha t these 
p rimitives be hea rt y ea te rs in order 
th at th ey may obtain adeq uat e calo ries 
to supp ly hea t and to provide th e en-
ergy for th eir lon g t ram ps on t heir 
t rap-lines. This physical activ ity on 
th e pa r t of all requi red a daily intake 
of foods w hic h co nsis ted of va rious 
pa rt s of th e an imal prepared in dif-
fer ent w ays genera lly cook ed ei ther 
on spits before the open fir e or in 
kettles as stews , The average am ount 
eaten as .l wo uld j ud ge fr om the 
sample se rv ings, wo uld be fr om 5 to 
7 pou nds per day per indi vidual ad ult. 
T hese Indians w er e conscious that 
certain of their foods w ere much bet-
ter than others. While they liked the 
Haver of the car ibou several Indians 
informed me th at they could t ravel 
fa rther and do more work on a moose 
diet than on caribo u. 

These living conditi ons of th e In-
dians, as s tudied in the in ter ior , w hich 
suhj ected th em to seve re exp osures 
an d vigorous acti vit y would requi re 
as with th e E skimos a specia lly liberal 
su pply of fuel for maintaining the 
wa rm th of the body. This [o r th e 
adul ts w ould am ount to f rom 3000 to 
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+000 calor ies per day . O n th e basis of 
the min imum o f 3000 th eir dail y in-
tak e woul d pro bably be abo ut as fol-
lows: mu scle tissue and fat, 2500 
calor ies ; glan ds and orga ns, 40 0 cal-
ari es ; and ba rks an d root s, 100. The 
minerals of th ese wo uld be distributed 
as show n in Table] and would total : 
calci um, 2.30 G m . ; ph ospho rous, 
6 .61 Gm.; iron, 0.186 G m. ; ma g-
nesium , 0.68 Gm. ; copper, 0.025 4 
G m.; iod ine, 0.000024 G m. The to-
tal we igh t of thi s food w ou ld be 4. 8 
pounds -per day o r 2 176 G m. 

T he ac tivat ing subs tances essential 
for th e utilizat ion of the mine ral s a re 
sto red in va rious an imal o rgans and 
tissues for peri od s o f special need. 
The I ndi an know s w here these specia l 
lif e-gi vin g subs ta nces a re to be found 
and he like th e w ild carn ivo rous an i-
mal is wi se in food select ion. H e ac-
co rding ly selects th e l ive r, brain , kid-
neys, gla nd s. Pa rt of every day's food 
for th e Indians incl udes ea t ing some 
of these spec ial t issues, The pa ren ts 
provide th ese fo r the child ren and 
teac h them th eir special va l ues. 

Similarly th e na ti ve foods of the 
more pr imit ive E sk imos consisted , as 
I have reported, a lmost ent irely of th e 
tissues of animal li fe of t he sea. But 
this is not quite wha t wo uld be likely 
to be un der stood fr om this simple 
sta teme nt by our modern c iviliza tio n 
which limits the use of an imal tissues 
la rgely to mu scles, whe ther fish, beef, 
or mutton . L ike th e Indians of the 
int e rior who li ve on th e an imal life 
of the land th e Eskimos eat not only 
the muscle part of fish and o ther 
forms of aqu at ic l ife but t he ·livers 
and hea rt s and in man y cases th e 
ed ible parts of th e head ; also th e milt 
a nd roe w hen th ese are present as is 
th e case w hen th e fish are running to-
w ard thei r spawning grou nds w hich 
is the tim e th e princi pal ha rvesting is 
do ne. W h ile it is t ru e that some Eski-
mos occasio nall y get moose or mor e 
fr equ ently caribou fo r a pa rt of th e 
yea r, th ese are not oft en available for 
th e Es kimos l iving along the Bering 
Sea . T he seve rity of th eir wea ther 
requires th at the y pr ovide thei r bodies 
w ith lar ge qua n tit ies of fuel for the 
produc tion of hea t. The adult Eski- ( 
mas w ill accor dingl y probabl y aver-
age as cal or ies intake fr om 2800 to 
3500 and for the gr owi ng child ren 
from 25 00 to 3000. T his w ould be 
pr ovid ed largely by th e stored smoked 
d ried red sa lmon. This salmo n is di p-
ped in seal oil as it is eaten. Both of 
th ese prod ucts are high in fat -soluble 
vi tam ins. The seal oil is one of th e 
richest available sources, for the sam-
ple th at I brought p roved to be seve ra l 
time s as h igh as ord ina ry cod liver 
oil. I have allowed 200 calo ries to be 
supplied by' this pr oduct whic h would 
be about 1   Small q uant it ies of 
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parts of severa l plan ts are used w he n 
av a ilab le. O ne of these is a bulb ou s 
roo t w hich grows on the t un dra and 
w hich is ga t he red and cac hed by th e 
wi ld m ice. The Es kimos app rop ria te 
t his food . T hey a lso use a t certain 
t im es of th e yea r stems or root s of 
certain plan ts, pa rt icularly the g royv-
ing parts . Fo r th ese vegetable pro d-
uc ts I ha ve all owed 100 ca lo ries pe r 
day . T he Aesh of w alr us, seal, car i-
bou, moose, sea cow , and occas ion -
all y w ha le sho uld he a regula r pa rt 
of t he menu accord ing to (he season. 
T he propo rtion of the f rs t and last 
items ; nam el y, t he red sa lmon and th e 
seal, w al rus, moose, ca ribou , and sea 
cows , w ould vary w ith t he seasons. 
P roba blv a fa ir ave rage of ca lor ies 
for th e ' sa lmon used d;i ly would be 
1700, and for th e seal, wa! rus, mo ose, 
and caribou me at 1000 calo ries. Th is 
total of 3000 calo r ies per da y woul d 
prov ide 2 .1+ G m . o f calc iu m , 5.7 Gm . 
of phosp ho ro us, 0.1 G In . of iron , 1.27 
G m . of rnagnesiu111, 0.0312 Gm . o f 
co pper , and 0.000 I3 1 Gm. a f iodi ne. 
T he to ta l we izbt of th e food wou ld 
be 5.07 poun d's or 2295 Gm . A de-
tailed d ist ri but ion o f the se minerals is 
show n in Table 2 . Tbese q ua nt itie s 
w ould establish a high factor of 
saret v, Since , how ever , the sa lmon , 
sea l 'oil, and fat s of sea a nima ls a re 
r ich in fa t-sol ub le ac tivators this 
men u w ould have a rem arl cahl y h igh 
factor of sa fety , beca use with suc h 
l ibe ral Quant it ies of th e fat-solu ble 
act ivato rs a lar ger p rop ort ion of th e 
total m ine ra ls presen t w ould become 
available for use bv th e bod y. 

T he foods of c'omme rce th at d is-
placed th e nati ve foods of the p rimi-
ti ve I nd ian s and E sk imos consis ted o f 
t hose food s t hat can he tran sp ort ed 
in conce n tra ted form and th at have 
keeping qual it ies ; a lso, low firs t cost 
an d palatab ility. T he fact t ha t these 
foods ha ve to be tra nsported lon g dis -
tan ces and over d ifficul t routes g rea tly 
inc reases thei r val ue bv the t im e th ev 
reach th e cons umer and since the v 
a re excha nged in la rge part for f u rs 
th e pr ices at th e ou tside market value 
have little to do wi th th e pri ces on 
th e inside. 

I inq uire d rout inely w here mod e rn 
food, we re availa ble ....v ha t excha nges 
we re usu all y m ade. I found tha t th e 
p rin ci pal articl es of food a re wh it e 
Raul' , sug a r, j am s, syru ps, ca nned 
fru it s , ca nned vege tables, polished 
r ice, tea, sa lt , c hocolat e, and vege tab le 
fat s. By far th e larges t q ua nt it ies of 
im po rted foods th at we re used by In-
d ian s a nd the E skimos we re w hite 
flou r and sug a r. I was su rp r ised t o 
find th e rel a t ive propo rt ions of th e 
va rio us food s used . At oea r ly nllc 

P ost s a nd E xcha nge Stores th e In-
d ia ns an d E sk imos we re takin g in 
trade as mu ch suga r as w h ite fl"our. 
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I n a few places hal f aga in as m uc h 
suga r as w hite flou r, a nd in one Post 
t he ma na ger told me t ha t the I nd ians 
of th at v icin ity ....ve re taking 250 
pou nds of sug a r with 100 pound s of 
w hite Hour in excha nge for the ir furs. 
W he n I inqu ir ed how th e)' co u ld use 
this quan t ity of suga r he informed me 
th at th ey sw eetened their tea unti l 
it w as like syr u p an d th at th ey found 
the y did not ge t hun g ry when th ey 
dra nk a g rea t deal of this swee te ned 
tea . In some d istr icts th ey used in 
a dditio n co ns id erable qu an ti res of pol -
ish ed rice . In bot h the Indian and 
E sk im o commun it ies the w hi te flour 
was used largel y for m aking " ban-
nock" w hich is a bak ing powde r 
bread , st irr ed up a nd pu t on th e fir e 
in a ski ll et a nd is prepared and cooked 
in a few minu tes. W hen it is haked 
pa rt w ay throu gh from one side it is 
t hrown into the a ir , ca ug ht in th e 
pan th e ot he r side dow n, a nd t oe 
baking co nt in ued. T hey do not bave 
a nv nat ive m ilk, and, excep t for th e 
sa lt th at is adde d , it is a Ra u l' and 
wa te r prod uc t . The b rea d is snow 
w hite and was to be seen in many of 
the hom es w her e the Indians a nd Es -
ki mos were using largel y m ode rn 
food s. In some co mm unities th ev eat 
th is ba nnoc k wi th co rn syr up . O 'wing 
t o th e w eigh t of the canned veg eta bles 
th ey a re ex pens ive a nd accord ingly 
not lib e rally used . T he proport ion o f 
nat ive food s that are st ill eaten is in -
fluenced by th e di sta nce fro m the 
huntin g g ro unds and the nea rn ess to 
th e P ost. T he re was m uc h ev ide nce 
thn r w ha r fo rmerly w as c heerf ull y 
accep te d as rout ine w ork rea d ily be-
ca me d isag re eah le when th ey found 
t hey could get their hun ger sat isfied 
w it hou t th e exert ion o f s ta lk ing the 
game and ca rry ing it to cam p. -T his 
is n ot a lways pu re la ziness bu t is in-
Huenc ed by th e desire to be like th e 
w hite men they have seen who do not 
need to work a t s uch p hysica ll y tiri ng 
du t ies as carrying heav y loads of 
game or , amon g t he E skimos, m akin g 
a sea journey in a ll kinds o f w eather 
in sea rch o f a n im al li fe o f the sea. 
Na t ura lly th e people ten d to co n-
g reg a te in th e v icinity of th e P ost or 
E xcha nges. T his of necessi ty increases 
th e ra t io of huma n beings to t he w ild 
ga me of tha t vicin ity ; nd th is p ro-
g ressivelv inc reases the dista nce th at 

   he ' t raveled to ge t to the game 
co untry. 

F or bo th the Eski mos and India ns 
w ho ha ve displa ced a co nsiderab le 
po rti on o f their na ti ve foods w ith th e 
foods of modern civ iliz at ion since 
th ey a re li vin g un de r t he same ex-
posu re of cold , we wi ll es timate th ei r 
mineral inta ke on th e sa me basis a t 
ca lo ries not withstan din g th e fact 
th at w ith the dec reased exe rtion n ec-
essa ry for sta lk ing an d ca r ry ing th eir 

July , 1934 

wild game or t heir sea foo ds they 
would actu ally ha ve le ss demand for 
ene rgy as su pp lied h al!! th e foods. 
T he pr inc ipa l disp laci ng food th at 
th ey obta in from modern civil iza tion 
is w hite flou r a nd nex t to thi s in 
ener gy p rod uc tio n is the sug a r, syr up, 
and jams. In some ins tan ces, how -
eve r , th e energy p roduced by t he 
food s con ta ini ng suga r wo uld be 
high e r than tha t f rom the w hite Rour 
p rod ucts. T hey w ould s t ill con t inue 
to use som e meat althou gh in g reatly 
red uced qu anti ty. In some in st an ces 
they pu rch ase veg eta ble fa ts of com-
m erce. O n a basis of 3000 cal ories 
this mod ernize d E sk im o or Indian 
diet w ou ld suppiy the qua n ti t ies of 
miner al s show n in T a ble 3 ; n amel y, 
0.39 G m . of calcium ; 1. 14 G m. of 
phosp horus ; 0.067 G m. of iron ; 0.14 
G m . o f mag nesium; 0.0 167 G m. of 
copper ; a nd 0.00000276 G m. of io-
d ine . T he tot al w eigh t o f t he food 
w ould be 2.72 pound s or 1225.5 Gm . 
T h is modernized diet is exceed ing ly 
low in f at- solu bl e vi ta m ins, their be-
ing p racticall y non e in w hite Raul', 
suga r, sy rup, ja ms , chocola tes, coffee, 
an d vegetables. S ince th eir mo scle 
meat, g la nds , and othe r orga ns o f 
an ima ls o f the lan d for th e I ndian s, 
and of the sea for th e E ski mos, wo u ld 
be redu ced ap pro xima te ly to one-
t enth, thi s w ould decrease the tot al 
fat -solu ble ac riva tor s per day to a 
q ua nti ty below th e minimum bodil y 
requirem ents of eve n an adult. T his 
w il1 ma ke it im possible for th em to 
uti lize properl y eve n the sma ll 
amo un t of m in eral s th at a re pr esen t 
in th e foods ingested besides bei ng in-
sufficien t to main tain the funct ioning 
of va r ious organs a nd t issues o f th e 
bod y. I t is at th is point tha t th eir 
g rea test in j u ry occ ur s. Even if t hey 
cou ld util ize all th e mi n eral s that a re 
ava ilable th e in take fo r those on th e 
mod ern food s is re d uced as show n in 
T a hle 3 to l ess th an one fift h o f tha t 
in the or igina I di et s for seve rnI o f th e 
mine ral s. This mean s tragedy espe-
c iall y fo r g rowi ng child lif e and 
moth e rhood beca use o f their g reate r 
dem a nds . 

Since t bese mo dern ized E sk im os 
a nd In di an s do not ha ve a lar ge va -
rie ty of foods suc h as are a va ila ble 
for people of most mo dern ize d co m-
munities th e urgency that the ir p ro b-
lem s shall be met is e ven g rea te r 
than th e needs o f th e w hite rac es. 
Th ese tw o races have been developed 
tb ro ug h thousands of yea rs of adap-
tati on to th eir en viro nmen t a nd its 
lim ited ava ilable nati ve foods. T he 
r igorous clim ate makes necessary a 
mo re efficien t a nd highly reinfo rced 
nu t rition th an that of the more tem-
perate climates. It w ill probabl y be 
a physica l im possibility to ma in ta in 
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health y Eski mos and Indians in those 
northern climates or in any climat e on 
foods that a re so poor in mine rals 
and vitam ins as th ose being ma de, 
ava ilable to them. \ 

It wi ll, acco rd ing ly, be impera tive 
if these races a re to be conserved t hat 
the tr ansportation of foods th at are 
low in minerals and vi ta mins sha ll 
not be made availa ble to them . T his 
could readi ly be accomplis hed by re-
qu irin g that ent ire w hea t, pref er abl y 
ungr ound , sha ll tak e the place of 
white flour. T he w heat can be cooked 
whole and mad e in to va rious food 
prod ucts w ithout difficul ty. T h is, 
how ever, is not essent ial since the 
w hea t can readily be g round in to '. 

) , )  coarse or fine flour as requi red at 
th e H udso n Bay Posts or E xchanges .  It will not be sa tis facto ry to ha ve 
the wheat shipped in as ent ire wheat 
flour since th e embryo or gt;rm of the 
w hea t w ill rap idly become ox idized 
or rancid and this food product will 
have lost mu ch of its intrinsic vir tue. 
W hole w hea t flour will a lso become 
wormy. Sim ila rly, suga r w hich con-
ta ins pra ct ically no minerals, also 
jams, marmalades, and syr ups shou ld 
be eithe r prohibited fr om reaching 
these people or a t least sold onlv in 
very small quanti ties. Can ned meat s 
and ca nned fish w ill provide mine ra ls 
though th ey are m uch lower in the 
natural act ivat ors than the fr esh or 
dried and smoke d products. 

I t wi ll be a matter of impo rt an ce 
th at sources for supply ing a liberal 
qu anti ty of th e native foods fr om th e 
sea for th ose near the coas t and fro m 
the lan d for t hose in the in teri or , far 

D ental Re se a rch Labor at orie s 
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aw ay fr om easy access to t he sou rce of 
marine foods, shall be main tained. 
Since it is im possible in th e northern 
climates for vege ta bles to be prod uced 
in la rge quanti ties fo r use in a fr esh 
sta te th e yea r round, th ose people can-
not read ily be adapted to a diet th at 
wou ld be com pet ent to pro tec t arid 
main tai n the people of any race in the 
temper at e zo nes. I t wi ll do ub tles s be 
essent ial to pr ovi de rei n forcemen t as 
fa t-soluble acti vat ors o r vi tam ins for 
these people in pr oportion as they de-
part fr om th eir na ti ve food sou rces 
for these essen tial prod uc ts. T his can -

o not readily be don e w ith dair y pr o-
duc ts sinc e catt le can not be ma in-
rained in so r igoro us a cli mat e. Im-
ported fish oi ls should acco rd ing ly be 
avail a ble as an impo rtan t rein force-
ment for g ro ups both ne ar the coas t 
and in the in teri or. A logical pr o-
cedu re for the coast Irrdian s and E s-
kim os w ould be to provide unre-
st ricte d fishing facilit ies on ce r ta in 
and sufficien t of the r ivers w he re their 
r ight to We would be recogni zed as 
taking  precede nce . 

The more direct app l ica tio n of 
these import ant n ew truths to the 
needs o f our mode rn civilizations not 
only for the cont ro l of tooth decay 
but for estab lish ing a simila r defense 
to other degenerative pr ocesses in-
vo lves the mod ification of th e modern 
di ets to make them equi val ent in their 
supply of mi nerals and ac tiva tor s and 
other chemicals to those foods th at 
have built and are m aintaining th e 
splendid Eskim o an d Indian races. 
T he principl es a re the same as th ose 
demonst ra ted to obta in in the s tudies 
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made in coun tries of E u rope and re-
port ed in the DE NTAL DIGEST fr om 
Ma rch to A ugust inclusive, 193 3. 
In th e A ug us t nu mb er of that series 
de ta iled pract ical ap plication was 
ma de to t he mod e rn diet s w ith cl in-
ica l da ta illust ratin g the ease w ith 
w hich these principles could be suc-
cessfully appl ied to th e needs of mod: 
ern civiliza tio ns . R eaders a re refer red 
to that rev iew since space does not 
permit an exte nded applica tion her e. 

New light has been thrown on th e 
orig in of facial defo rmit ies and dental 
irregula riti es as well as on def ects of 
physical devel opm ent in other parts 
of the body; al so on some fact ors in-
volved in the low ering of immuni ty 
to inf ecti ons , suc h as tuberculosis and 
arth rit is. These emphasize the ur gent 
need for govern men tal supervision, if 
nec essary, of th e nutrition in child 
lif e and motherhood in all la nds. 

The report on th e chemical an-
-alyses of th e samples of sal iva ob-
tained fr om the E slcimos and In dian s 
in va rious s tages of modern ization 
ca nno t be included here for lack of 
spac e. 

A critical disc ussion and detailed 
applica t ion of these var ious factor s 
a re being provid ed in a textbook un -

. der th e title TH E ETIOLOGY AND 
CONTROL OF D ENTAL C ARlES AND 
ASSOCIATED D EG ENERATIONS. This 
publication has been delayed by the 
industrial de pression . 

These field stud ies amo ng primitive 
peopl es a re being extended to the 
P olyn esian s and Melanesians of the 
Sou th Sea Islands. 


