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This paper is a review of the literature pertaining to the funt1on 
of rood in the preservation of the teeth, The historical, geographical, 
raelal, and hereditary factors in the incidence of earies are d1sessed. 
It is shown that dental caries is the most prevalent of all diseases. 

The structral development, growth, and calcification of the teeth 
are treated briefly in their relation to dental caries. Changes in the 
structure and dystrophies of the teeth due to diet, both pre.-natal and 
post-natal, to illnesses and to drinking water are considered. 

The nutritional factors in relation to dental caries are discussed 
under two main headings; 

First, factors vithout the tooth, that may or may not enable it to 
resist caries, 

1. Oral hygiene, which is now thought to he of less importance than 
forrierly. 

2. Acid destruction of the tooth, achieved by the action of Bacillus 
ac1dophiIs, or sorne other mtcro-organism, fermenting carbohydrate food 
debris into an acid of sufficient strength to decalcify the enamel. This 
theory has stron evidence, but lt does riot explain why some teeth decay 
and others in the same mouth do not; neither does it explain airested 
caries. 

3. The particle size of the diet has been shown to be a factor in 
the production of dontal caries in rats. Coarsely ground particles of 
rood lend themselves to acid fermentation. This discovery does ot seeui 

to be of importance in human nutrition. 
4. Relation of saliva, there is rot any conclusive evidence that 

the calcium, phosphorus, titratable alkalinity, p H, or carbon dioxide 

contining power of the saliva have any erfeot upon, or any relation to 
dental caries. 

5. The aiiylolytio and otolytic enzymes seem to have no action 

upon the teeth. 

1eoond, factors within the tooth that nay or may not enable it to 

resist caries. 
1. The structure of the tooth. A well-formed well-calcified tooth 

is r'.ore istant to decay. 
2. The metabolIsm of the tooth. The circulation of lymph in the 

Duip andntine is eflall7 conceded. A few workers believe the enamel 

i also bathed in lymph. This theory is not generally accepted, 



: Vit.n i s a protective action upon the peridontal tIssues. 
ioxne workers believe that high intakes of vitamin C will rrovent dental 
carIes. Vitaidn C has been aministerod as orange juice, but the ie- 

croase in dental caries following Its Ingestion might be due to sorte 

other factor than vitamin C. 
4. VitamIn t) is necessary for the calcification of teeth and bones, 

but that it is the specific preventive factor in dental caries has not 
been proved. 

5. The ca1ciim phosphoruz ratio, or the presence of large amounts 
of calcii2m or phosphoiis in the diet are not specific factors in the 
preventIon of dental caries. 

6. A well-balanced diet, adequate in minorais and vitariins has been 
shown to be effective in preventing or lessenIng dental caries. 

B'ront the evidence presented in the literature one must conclude 
that no slnrle factor is responsible for dental carIes. A well-balanced 
diet, both before and after birth, and freedom from metabolic distur'o- 
ances will result in the prevention of dental caries. The amounts of 
vitamin A, calcium, phosphorus, and, vitamin ï) required to prevent dental 
caries are probably much higher than our present standards of nutrition 
indicate. 



July l954 



ÀPPRCVLD t 

r Redacted for privacy 
/ 

/ rofessar of Foods and. Nutrition 

In Charge o f Ma j or 

Redacted for privacy 
Chairman of School Graduate Coiiuittee 

f Redacted for pvacy______ 
Chairuan of College Graduate Council 



The writer wishes to express to 

Jessamine C. Wi11izms her sincere 

thanks for sympathetic understand- 

Ing and constant help in the pre- 

paration of this thesis. 

Mary Oakes cClain 



TABLE OF CONTENTS page 

Introduction . . . . . . . . . . . . . . . . . i 

Definition of Caries . . . . . . . ....... . 3 

Caries of the enamel. . . . . . . . . . . 3 

Caries of the dentine . . . . ...... . 3 

The location of carious lesions ...... 4 

History of Caries ................. . 5 

Caries in prehistoric times ......... . 5 

Caries in ancient times . . . . . . . . 5 

Caries in early America . . . . . . . . . . 7 

Incidence of Caries. . . . . . . . . . . . . 7 

Geographical. . . . . . . . . . . . . . . . 7 

Far North. . . . . . . . . . . . 8 

China. . . . . . . . . . . . . . . . . . 9 

India ........ . . . . . . . . lo 

Isolated communities ......... . 10 

Tropics. . . . ............ 12 

Samoa. . . . . . .......... 13 

A]e1ca ............ . . . . . 14 

Racial. . . ............... . 

Hereditary. . . . .............. 17 

Age ................... . . 19 

Economic. . . . . . . . . . . . . . . . . 

Structural Development of the Tooth. . . . . . . . . 20 

Enarei. . . . . . . . . . . . . . . . . 20 

Dentine . . . . . . . . . . . . . . . . 21 



Compost ti o . . . . . . . . . 22 

Pulp . . . . 24 

.- 4- 'T) 

.U.QOIj. ............. . C. 

Growth and Calcification of the teeth. ....... . 26 

Fetal development of the deciduous teeth. . . . . 26 

Post-natal developicnt of the deciduous teeth . . 27 

Eruption oi the deciduous teeth . . . . . . . . . 27 

Fotal development of the permanent teeth. . . . . 29 

Post-natal development of the permanent teeth . . 29 

Eruption of the permanent teeth . . . . . . . . . 30 

Conditions Affecting the Growth and Development 
of Lhe Teeth . . . . . . . . . . . . . . ...... . 34 

Dystrophies . . . . . . . . . . . . . 34 

Chances due to illness. . . . . . . . . . . . . 34 

Changes due tó diet ...... . ...... . 35 

A nimal . . . . ........... 35 

H 'uman. . . . . . . . . . . . . 37 

Pre-natal ............. 37 

Post-natal .............. 40 

Changes due to drinking water . . ....... 42 

Mottled teeth. . ........... 44 

Theories oi' the Etiology of Dental Caries . . 46 

Reasons the etiolo,ical factor has not 
becn found. . . . . . . . . . . . . . . . . . . . 43 

Experiments on animals ........... 46 

Exp3rìments on people. . . . ...... 47 

Caries not always distinuished. . . . . . . 48 



Little cooperation in research. 48 

Two main theories of etiology of carìes. . . 49 

Caries due to forces outside the tooth. 49 

Oraihygiene ............. 50 

Mouth washes. . . . . . . . . . . . . 50 

Acid fermentation of carbohydrate. . . 56 

Human experimentation . . . . . . 58 

Aninl experimentation. . . . . . 63 

Specific organism of dental 
caries ...... . . . . . . . . 64 

Acid destruction of the tooth . . 65 

Immunology .......... . . 66 

Diet. ........ . . . . . 68 

Size of food particle ......... 73 

Action of the saliva ......... 76 

Enzymes . . . . ..... . . . 81 

Summary . . . ............ . 82 

Caries due to some systemic factor within 
the tooth . . . . . . . . . . . . . . . . . 84 

Protective mechanism within the tooth. 86 

Protection through diet. . . . . . . . 92 

VitaminA...... . . . . . . 93 

VitaniinC ........... . 94 

Phosphorus and calcium. . . . . . 99 

Vitamin D and calcium . . . . . . 101 

Adequate diet . . . . . . . . . . 102 



Suestions for Further Research. . . . 1OÖ 

3uir.mary ............ . . . ...... . . . . 105 

Bibliography. . . . . . . . . . . . . . . . . . . . . 109 



DIAGRAMS AND TABLES page 

Diagram of the vertical section,of a tooth. . . . . 18 

Chart showing the placing of the permanent 
and temporary teeth ..... 23 

Table of eruption of the deciduous teeth. . . . . . 28 

Table of calcification of tue permanent teeth . . . 31 

Table of times of greatest calcification of 
t he t e e th ................. . . . . 32 

Table of eruption of the permanent teeth. . . . . . 33 



i 

TH ROLE OF NuTRITION IN DENTAL CARIES 

The purpose of this paper is to review some of the 

iass of literature dealing with the relation of nutrition 

to dental caries and to determine which theory has the 

greatest possibilities for future research. 

Teeth re important in our daily lives not only for 

their function in o' physical organism, but for the way 

they can chane our whole mental outlook. An aching tooth 

can make a nicht of seven hours into seven ages, and turn 

a formerly delightful companion into an unmitigated bore. 

Dr. R8imond Gill, (97) ma lecture to the Oregon 

State Dental Association at Portland, during the summer 

of 1933, cautioned his listeners about the appearance of 

any dental restorations they might make. He said that 

the work of a dentist could, and frequently did give his 

patients Inferiority complexes; that a dentist exerts a 

significant psycho1oical inf1uence over his patients. It 

may be that some of the unpleasant mannerisms we notice 

in other people are due to their sensitiveness about the 

appearance of their teeth. 

Ryan and Bowers, (221) have a chapter upon focal in- 

fections in their book, "Teet and Health". They show 

that dental caries and piorrhea are often foci of infec- 

tion which lower the resistance of the body to disease 
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germs of v&rious types, hence are instrumental in caising 

diseases which seem unrelated to the teeth. They quote 

Dr. 0.1-i. biayo as follows: tlDiseasec of middle life are 

increasing. They are microbic, of a chronic, recurring 

character, and are carried into the blood stream from a 

few foci, the mouth being the source of the greatest 

danger. A crowned tooth is not a crown of glory and may 

cover a multitude of germs. Modern dentistry is relievino 

the world of mucb of its misery by watchful care of foci 

connected with the teeth, and the trend of modern medicine 

is bringing these fields closely together." 

An article in the American Magazine, (6) of May l9lE, 

tells of a man who had never been in a state of bouyant 

health until he had his teeth X-rayed and the infected 

teeth removed. An X-ray 01' tme teeth should be a part of 

a thorough physical examination. 

Ryan and Bowers, (221) say that 40 per cent of all 

the absences from school are due to defective teeth. In 

New York 67,000 children each year fail of promotion be- 

cause of deficient scholarship caused by absences from 

school. This would mean that 26,600 children repeat their 

yer's work because of dental troubles. In Oregon the 

per-pu)il cost per year for elementary and secondary 

education is about one hundred and thirt» dollars a year. 

(28) Hence toothache is a heavy burden upon the Oregon 
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taxpayer. The costs not so easily determined are lowered 

vitality, susceptibilit,' to other diseases, and work 

poorly done. Dr. Osier, (221) declares that more dis- 

eases are brought about by decayed teeth than by excessive 

indulgence in alcoholic liquors. 

DEFINITION OF CARIES 

The following definition of caries is taken from 

"Diet and Health" by Dr. Hanke (102). Dental caries is 

the gradual decay of the tooth. It may involve the 

enamel, or both the enamel and the dentine. 

Caries of the enamel. The first indication of caries 

Is a white opacity. The enamel may be quite hard when 

this opacity is first noticed 'out after a time as the 

caries progresses it becomes roughened. This area be- 

comes soft and may be removed by scraping. The spread of 

the process is along the axis of the enamel rods through 

the depth of the enamel toward the dento-enamei junction. 

Caries dentine. Dentine is a more porous 

structure than enamel, because it has a higher percentage 

of organic matter and is perforated by tiny tubules ex- 

tendini from the pulp to the dento-enamel junction. 

Decay progresses more rapidly in the dentine than in the 

enuei. The inorganic salts of the dentine disapear, 

and the partially disintegrated organic matter of the 
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tooth shrinks and forms a dark leathery mass against the 

sides of the cavity. The tubules joining the cavity be- 

come greatly enlarged and packed with organic matter, 

composed largely of bacteria. The dentine around the 

cavity becomes softened and disintegrated. 

The caries of the dentine does not follow the tubules 

of the dentine toward the pulp, but spreads over the sur- 

face of the dentine at the dento-enamel junction. In this 

way the enamel is undermined and viill frequently fracture 

when soiie stress is put upon it, producing a large extern- 

al cavity, even though the opening in the enamel previous 

to fracture might have been so small as to escape observa- 

tion. 

location of carious lesions. Carious lesions 

may occur anywhere on the surface of the crown of the tooth 

but they are most frequently found in: 

1- Pits and fissures of the occlusa]. surfaces of the 

molars and bicuspids, the buccal surfaces of 

molars, and the lingual surfaces of molars and 

incisors. 

2- The approximal surfaces of the teeth. 

3- Along the gum margin. 

4- Under othordonic appliances and clasps used to 

retain partial dentures. 

5- In the tooth structure around a 'leaky filling. 
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THE HISTORY OF CARIES 

Dental diseases are probab1J increasin with our 

civilization, but they are not peculiar to the twentieth 

ce n tu r y. 

Caries in prehistoric times. An exa:ination of 364 

skulls of the Stone Age reveals the presence of caries in 

Only 64 cases. (3) 

Caries in ancient times. Dr. Hanke, (104) in a 

"Review of Dental Caries," in the 1*Journcl of Nutritiont' 

gives .A. Ruffer, in the "Abnora1ities and Pathology of 

ancient Egypt" as the authority for the statement that 

caries and suppurative peridontitis were not uncommon 

among the early Egyptians. Thorns, (251) states that his 

examinution of many skulls of mummies of the period 

4800 B.., to 200 B.C., in the Peabody Museum of Harvard 

University, sbowed only two cases of true dental caries. 

He found many cases of dental disease, but these were the 

result of attrition. Frequently the tooth was so worn 

down that the pulp chamber was exposed. This resulted in 

infection and the formation of pus at the root. Some of 

the sku].ls show that the resulting inflammation had been 

treated by drilling holes from the mouth to the infected 

part. The methods of grinding grain left much grit in 

the flour and Dr. Thoma thinks this caused the extreme 



attrition of the teeth. 

G. Elliot Smith, (2ö9) in "The Report of the British 

Association for the Advancement of Science" says that 

dental caries was uncommon in Egypt during the early part 

of the third dynasty, even though the people were living 

in a high state of civilization and probably luxury. In 

the latter psrt of the third dynasty the Alpine (Armenoid) 

race became numerous and continued to increase during the 

next two dynasties; dental caries increased with them. 

Iiore than 80 per cent of the people suffered from decayed 

teeth. This see:.s to suggest that the alien peoples were 

more susceptible to caries than those of the ÍIediterranean 

race. Dr. Smith does not tell that the alien people made 

any changes in their mode of living. 

The earliest record of dental caries in China is 

during the reign of the Emperor Huang Ti, about 2750 B.C. 

(2). 

The Greeks and Romans had dental troubles. Hippo- 

crates, (104) 460 B.C., describes a disease which is 

similar to our pyorrhea. Aristotle, (384-322 B.C.,) sug- 

gested that the viscuous softness of the ripe fig caused 

particles of it to adhere to the mouth, and resulted in 

putrefactive processes. This is still the commonly ac- 

cepted theory of dental decay. This theory found its 

great apostle in Miller, 1890. Celsus, (251) a celebrated 
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Roman physician, born about 30 B.C., advised extraction 

or filling with gold for carlous teeth, and scraping, 

fixing with gold wire, and scarifying the gums of teeth 

which were loose. Galen, (3) (130-200 A.D.,) said that a 

deficiency o nourishment not only caused the tooth to 

decay, but caused the cavities to become larger. 

Caries in early America. The teeth of the American 

Indians even in our early history showed some decay, (169) 

but caries is increasing among the Indian tribes (246) as 

it always seems to when primitive races come in close 

contact with the white man. 

A quotation from a Spanish writer in Prescott's 

"Conquest of Mexico," (210) mentions the beautiful teeth 

of the Aztec Indians. The writer says it was "bad fam' 

for an Indian lad to leave the table until he had washed 

his face and hands and cleaned his teeth. 

Livingstone-Jones, (136) says tumors, cancers, and 

toothache were unknown among the Thinglets of Alaska in 

the early days, but now the young people "suffer the 

tortures of the dentists." The older members of the tribe 

still have sound teeth. 

ThE INCIDENCE OF CARIES 

The geographical incidence. 

Caries are not limited to any portion of the earth's 



surface. But people living in sorne countries seem to 

have better teeth than those livin in other countries. 

Caries in the Far North. Th clinical observations 

of Dr. Lewman Id. Waugh, (262) of the United States Public 

Health Service, show that the older Eskimos of Alaska had 

sound teeth, but the younger suffer from caries in vary- 

Ing degrees. Notka and Iainwright are the only places in 

Alaska whe'e Dr. Waugh found the Eskimos free from caries. 

He ascribes the presence of caries to the changed diet of 

the natives. 

In a study of the Eskimos along the Labrador coast 

during the summers of 1924, 1926, and l97, Dr. Waugh 

(263) reported that the people of Ungava Bay were free 

from dental diseases, but those at the missions of hope- 

dale and Makkovlk had teeth in varying stages of decay. 

The last named regions are farther south. Dr. Waugh be- 

lieves the cause of caries on the Labrador coast is the 

same as the cause in Alaska -- changed diet brought about 

by contact with our civilization. 

The Eskimos in a small community in northern Green- 

land are very free from dental troubles. These people do 

not eat vegetable foods in any quantity, for such foods 

are not available. They depend upon sea animals such as 

the i'iarwahl and Belgua and the flesh and egs of birds for 

their chief food. They do not waste any part of the 



animais, except the liver of the polar bear, which they 

believe to be poisonous. (212) 

Caries of the teeth were almost unknown in Iceland 

i the early days. This country was settled in the ninth 

century by colonists from Iceland and Scandinavia. They 

raised sheep, cattle, end horses, but no cereals. The 

modern Icelander, with the improved transportation 

facilities, has access to the foods of the world. Eis 

teeth are not as good as tose of his ancestors. (212) 

Caries in China. Dr. end Mrs. Agnew, (1) at the 

West China Union University, made a comparative study of 

the teeth of the Chiang tribes and the people of Chengtu, 

capital of the province of Szechwan. The Chaing tribes- 

men are mountain dwellers living in the border land be- 

tween Tibet and West Chine. They are engaged in sheep 

raising, hunting, and gathering herbs. Their diet is 

chiefly the whole kernel of yellow corn and a small 

quantity of vegetables such as bage, peppers, cucumbers, 

and various kinds of beans. They have meat for special 

occasions. Fruits are scarce and. poor. Vegetable oils 

are used to supply fats for the diet. The Agnews found 

peridontal disease almost universal and caries 35.8 per 

cent. The inhabitants of the populous city of Chengtu 

had 42.6 per cent caries and gingvitis and pyorrhea were 

equalli common. The greatest difference was in the 
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children; those of the tribespeople had 32.5 por cent 

caries and those of the city 69.5 por cent. 

This study does not indicate that the teeth of the 

Chinese are in the best possible condition; though they 

do show fewer caries than those of American children. Dr. 

iTicClendon, (184) of the Department of' Physiology, Univers- 

ity of Minnesota, advises a study of the Chinese diet to 

discover why the Chinese people have so few caries. He 

thinks that their freedom from dental disease must be due 

to the preponderance of vegetables in their diet, and to 

the coarser grinding of cereals for bread. 

A study by Dr. Bert G. Anderson, (8) 01' the Medical 

SchooL, Yale University, 01 the prevalence of caries in 

975 Chinese, shows that caries decreases progressivly as 

one travels from the coast to the interior. Dr. Anderson 

does not offer reasons í'or the decrease. 

Caries in India. Colonel MeCarrison, (183) says 

that caries are widespread aiong the inhabitants of India. 

Those most afflicted are the peoples living on diets in 

which cereals predominate. He says these diets are 

generally deficient in the vitamins A, C, and D. 

Caries in isolated communities. Evelyn Sprawson, 

(240) of the Royal Dental Hospital, London, made a com- 

parison of the teeth of the islanders of Tristan da Cunha 

with those of Pitcarn Island. These islands are both out 
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of the routes of stea!ships, they are both inhabited by 

people of British stock, nd on both the inhabitants 

raise their own food. The people of the island of Tristan 

da Cunha, 140 in number, have very fine teeth. Dr. 

Larshal (240) exa:riined the teeth of 54 of them. He 

found two decayed teeth in 21 people between the ages of 

three years and twenty years; 11 carious teeth in 21 

people between the ages of twenty-one and forty-four 

years, and 21 carious teeth in 12 people between the ages 

of forty-five and ninety years. 

The teeth of the people of Pitcarri are poor. The 

incisors seem more sibject to decay than the molars, and 

the loss of the front teeth does not add to the pleasing 

appearance of the young adults of the island. Staff- 

Surgeon Lindop, (240) in the Admiralty Report for 1911, 

states that while the incisors of these people are poor 

their molars compare favorably with the teeth of the 

British blue-jackets. 

On both islands eggs, fish, and fowl are the c1ief 

foods. Soie vegetables are raised; chiefly onions, cab- 

bage, turnips, and beets. Potatoes arc raised on Tristan 

da Cunha and with fish, form the staple food. On neither 

of these islands are cereals cultivated. Jams, sugars, 

and sweets are practically unknown, except that sugar 

cane is cultivated on Pitcarn and syrup is made from its 
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juice. Tristan da Cunha has not had sweets for at least 

two generatiíns. Milk is produced on Tristan da Cunha, 

and given to children when they are weaned. It forms a 

part of their food supply throughout their lives. There 

are no cattle kept on Pitcarn, and the goats on the island 

are wild and not suitable for dairy purposes. So the 

children get no milk after they are weaned. 

The Island of Lewis in the Hebrides is another 

isolated community where the inhabitants have excellent 

teeth, and the lowest death rate in the British Isles, in 

spite of living in huts built of peat, having very thick 

walls and no chimneys. The domestic animals have access 

to the house, and chickens roost on the beds and chairs. 

The staple articles of diet are fish, oatmeal, and eggs. 

A favorite dish is coJ's head stuffed with cod livers. 

Milk is not used to any extent, neither are vegetables. 

(4) 

Dental caries in the Tropics. The natives of Fiji 

Islands twenty years ao rarely liad a decayed tooth, but 

nove' even in the remote districts far from the influences 

of towns decay is evident. The Fijian child is not 

taught to use artificial methods of cleaning the teeth, 

although young adult Fijians have adopted the use of the 

tooth brush. Milk has not been used in the diet until 

recent years. The chief foods are fish, meat, yams, 
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taro, tapioca and sweet potatoes. (92) 

Caries in Samoa. Probably the lowest frequency of 

caries ever reported is given in an investigation ìnaJe by 

fl.A. Ferguson, (84) D.D.S., United States Navy, a member 

of the Public Health Department of American Samoa, of 

dental conditions among the natives of American Samoa. He 

examined 2,116 children in the public schools and 141 

children in missionary schools. Of all these only 10.14 

per cent had one or more carious teeth. The total number 

of teeth examined was 58,478 and 0.84 per cent were car- 

:Lous. In the "Jungle" schools, situated in those parts 

of the islands difficult of access, where the pupils live 

on native food and in the native manner, 807 pupils were 

examined. Of these only 3.22 per cent 'had cavities. To 

find out the condition oi' the adults, fifty Samoan 

soldiers were examined. These men were an average of 

thirty years old. They had 81 fillings and 48 extrac- 

tions. The same numoer of American sailors stationed in 

Samoa were examined. These were an average or thirty- 

three years old; they had 259 fi1lins and 191 extrac- 

tions. Dr. Fergson says that the natives had been liv- 

ing on the American naval ration for an average of nine 

years, and the contrast would probably be greater is the 

Sauoans had been compared with an unselected group of 

Americans. The recruiting statistics for 1932 show that 
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12,811 applicants for the navy were rejected because of 

dental defects. 

The mainstay of the native Samoan diet is banana and 

taro, a plant with a starchy tuberous rootstalk. Cocoa- 

nuts, breadfruit, avocados, oranges, limes, and mangos 

are also aten in season. Pia, chicken, and fish are 

i'lesh foods which are served on special occasions. Sugar 

is not eaten, however the stalks of sugar cane are chewed. 

Salt is not often added to food but some foods are boiled 

in sea water. The babies are breast fed until about the 

sixth nionth, then they are given a diet composed of banana 

soup and grated young cocoanut fruit. 

Caries in America. Dr. Percy Howe (125) estimates 

that about 95 per cent of the children of the United 

States suffer fron dental caries. A survey made during 

the school years 1922 to 1925 of the dental conditions 

among the school cnildren of Missouri, Illinois, Georgia, 

and Maryland, showed tnat of 12,435 children under nine- 

teen years of age, 98.8 per cent had one or more permanent 

teeth decayed or filled, 20 per cent of the children 

under six years old had one or more permanent teeth de- 

cayed or filled. (247) Dr. Steenbock, (243) says that 

bad as the teeth of Americans are those of the English 

are probably worse. Dr. Cross, (29) of the Forsyth 

Dental Infirmary for Children, Boston, says that 96 per 
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cent of the American children have defective teeth and 96 

per cent of the cildren 'vho come to America from the 

southern part of Europe have sound teeth. Dr. Brekhus, 

(45) of the dental school of the University of Minnesota, 

exemined 10,445 students over a period of three years, 

and found that 2.11 per cent of them had perfect teeth. 

The racial incidence of caries. 

Dr. E.W. Fish, (86) of the Royal Dental Hospital of- 

fers the investigations of G. Elliot Smith, (239) and the 

observation of J.v. Field, (86) to prove that caries are 

racial in character. Dr. Smith found increased caries 

in Egypt when the Alpine race supplanted the previous in- 

habitants in the latter part of the third dynasty. 

Fie].d, (86) (l29) recorded that 100 Chinese and 100 

Taril coolies working together, havin much the same food 

and exposure to sunlight, showed a difference in their 

susceptibility to dental caries. The 100 Chinese had 163 

carious teeth and the 100 Tamils had seven. The Tanills 

chewed betel nut and Its caustic content might have in-. 

fluenced the oral flora. 

R.A. Ferguson, (84) reports the effects of marriage 

with other races uon the dentition of the Samoans. The 

mixture 01' Samoan and Chinese and Samoan and white had 

about equal susceptibi1itr to caries and were more sus- 

ceptible than the native stock. The Fi1ipino-Sa..oan cate 
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next, and the Japanese-Samoan was the least resistant to 

dental caries of any of the races which were observed. 

Jones, Larsen, and Pritchard (138) found that the Japanese 

babies of Hawaii showed poorer dentition than the babies 

of other nationalities which they studied. A dental ex- 

aination was made in Shelby County, Tennessee, (191) 

where the whites and negroes are about equal in number 

and live in separate communities with their own schools 

and churches. The examination included the school child- 

ren in the first six grades, and showed the white children 

to have 73.'7 per cent caries ai-id the negro children to 

have 41 per cent caries. The priiaent teeth of the 

children exa1ned vere ctter in the negro children than 

.n the whites, and the temporary teeth of the negro 

chlldren were very mich better than thoe of the white 

children. The food of the negroes contained more rough- 

age, and less cereals than that of the ites. 17.9 per 

cent of the whites did not use a tooth brush and 56.1 per 

cent of the negroes did not. The author suggests that 

the temporary teeth of the negro children might be better 

because the negro women are usually happier than white 

women during gestation. 

Hess (113) found that negro children in New York, 

from a district where rickets were prevalent, had better 

teeth than white children who had never had rickets. 
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The Dental Supervisor of the United States Indian 

Service (60) writes: "With some exceptions the incidence 

of dental defects in Indian children is comparable to 

that of white children under similar environment.t' 

The observations quoted above tend to discount the 

theory that race has much influence upon caries, if it 

had, tbe teeth of the Eskimos, Fijians, and Indians would 

not show increased caries. The people of the island of 

Lewis have the saxe racial 'oac':ground as those in the 

north of Scotland, but they have much better teeth. The 

inhabitants of Tristan da Cunha and Pitcarn are not of 

different racia]. stock, but they differ in freedom from 

dental caries. 

Hereditarj Immunity to caries. 

Some of the children used in Bunting's studies (55) 

were immune to dental caries. Dr. Bunting believes that 

thìs immunity may oe transmitted from parent to child. 

Hanke, (102) also, speaks of the generally accepted stste- 

ment that some people and certain races are inmiune to 

dental caries. He suggests that the constancy in the 

food habits of fa:ailies, and even some races, may be 

responsible for the so-called hereditary immunity. 

The position of the teeth in the jaw, the shoe of 

the teeth, and the shape of thc jaw seem to be inherited. 

Recent investigations regarding the teeth of twins seem 
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to add weight to the opinion that anomalies 01 tooth and 

jaw fornation are passed fro;n parent to child. (231) 

in relation to caries. 

The occurance of caries is greatest between the ees 

of seven years and twenty years. After twenty there is a 

marked decrease. But people over twenty years of age can 

not afford to neglect their teeth, for there is no age of 

freedom from caries. There are orten periods of tem- 

porary immunity for which there is no explanation. (142) 

Dr. William Lintz, (173) kept a rcord of a large 

consecutive number of office patie: 

per cent more teeth were lost from 

lower jaw. The teeth were lost in 

molars, the bicuspids, the central 

incisors, and last, the cuspids. 

The effect cf economic status upon 

Wealthy people do not seem to 

its. He found that 15 

the upper than th 

a definite order: the 

incisors, the lateral 

caries. 

have better teeth than 

those who have only enough money for the necessities of 

life. (142) They probably keep their teeth longer be- 

cause they can afford to visit the dentist at frequent 

intervals. urs. Mellanby found more decayed teeth among 

the children of the poor c1ases, but the children she 

mentions were probably below the minimum standard of 

living. 
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THE STRUCTURL D;VO?HENT OF TUE TEETH 

The following sunmary of the development of the teeth 

is taken from Tomes, "Dent1 natoiy." (245) 

Th. development of the enamel. .bout the fortieth 

or forty-fifth day of fetal development, in a situation 

corresponding to the future alveolar border, there is an 

ingrowth of epitheliun extending along the whole length of 

the jaw. About the forty-eihth day club shaped thicken- 

ings appear at each point where a tooth is going to be 

formed. Very soon each little thickening assumes a bell 

shape; this is the beginning of the future enamel organ. 

papilla-like specialization of the submucous tissue 

forms in the hollow of the bell: this is the dentine 

germ. So the enamel and dentine develop at the same time, 

the enamel organ from the epithelial tissue; the dentine 

organ from the submucous tissue. The cells of the enamel 

organ elongate, the nuclei recede toward the extremities, 

and the cells form a regular columnar epithelium. The 

cells are now called arneloblasts or adamantoblasts. 

Their function is to form enamel. How they perform this 

function is not definitely known. One theory is that 

salts are deposited in the cell tissue of the ameloblasts 

themselves, and the cell substance is thoroughly im- 

pregnated with these salts; the cell walls then form the 

organic matrix for tiie enamel. The other theory is that 
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the cells act as secreting organs for these salts. In 

any case there is very little organic material in the 

completed enamel. Tomes says sorne investigators estimate 

from 3.0 per cent to 5.0 per cent, but he thinks there is 

less than this. Thevilis, (252) is a late investigator in 

this field, and he estimates the organic material in the 

enamel at 0.5 per cent. Investigations of Segio ?inaoka 

(90) show human enamel to be an aggregate of microcrystals 

arranged around a longitudinal axis of the enamel prisms, 

their crystallographic axes parallel to each other and 

to the longitudinal axis of the prism. The enamel covers 

the cro'm of the tooth. It is usually thickest in the 

cusps and thinest at the margin of the gums. It is the 

hardest tissue of the body. 

The development of the dentine. The dentine germ is 

at first an opacity viitout any visible structural change, 

except that it has more cells than the neigiboring tissue. 

Then from the base of it prolongations pass outward and 

upward as they, in a measure, embrace the enamel organ. 

These elongations form the dental sac in which the tooth 

develops. s calcification approaches, a more highly 

specialized layer of cells becomes differentiated. The 

function of these cells is to forni dentine, and they Lre 

called odontoblasts. Some investigators think the odonto- 

blasts calcify the cell structure of the dentine, and 
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others believe that the odontoblasts secrete calcarious 

salts which they deposit in an organic matrix formed from 

trie tissue of the pulp. Korff, (163) from studies he has 

made on the dog, pi, and calf, thinks that fibrils de- 

velop from the connective tissue of the dental napollae 

before the odontoblasts are foriied. As the odontoblasts 

develop these fibrils form a mesh externel to them and 

project through the spaces between the odontoblasts. The 

fibrous nature of this mesh disappears as a predentine 

substance is laid down. Later this predentine is calci- 

fied. The usual theory is that the dentinal fibrils are 

prolongations of the odontoblast cells. (254) 

The dentine is forîied .j.pon the surface of the den- 

tine bulb or papallee from without inward; so no portion 

or the dentine once calcified can receive any increase in 

dimensions. All additions to the dentine must take place 

upon the interior or pulp surface of the dentine cap. 

The dentine makes up the greater portion of the tooth. It 

is a very hard and highly elastic substance without de- 

finite cellular structure. The organic matrix of the 

dentine is easily distinguished in the decalcified tooth. 

Composition of dentine. Tomes gives the following 

composition of the dentine: 

Organic matter 37.91 per cent 

Fat 0.40 per cent 
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Calcium phosphate and fluoride 66.72 per cent 

Calcium carbonate 2.26 per cent 

Magnesium phosphate 1.08 per cent 

Other' salts 0.83 per cent 

E.W. Fish (85) gives the total calcium in dried 

human dentine as ö4.03 per cent to 41.5 per cent. He 

says that the first few years after eruption there is a 

rapid increase in the percentage of calcium in the dentine. 

He does not find any difference in the calciunì content of 

the dentine of molcrs, cuspids, and incisors. Carious 

teeth do not show a deficiency of dentine. Parathyroid-. 

ectomy on cats was found to lowez' the calcium content of 

the dentine in their teeth, but the author makes no men- 

tion of decay as a result of the lessened calcium. Diets 

low in calcium fed to youn: dogs partially arrested the 

normal increase of the calcium content of the dentine. 

Lundstrom and Pond, (177) of the University of Pennsylvan- 

la, Medical School, assert that the composition of the 

dentine changes with age: That the ratio of calcium to 

magnesium decreased as one grows older. Sometimes the 

magnesium is Increased as much as 50 per cent. 

The pulp of the teeth. The pulp occupies the central 

portion of the tooth and is the for:ative organ for the 

dentine. It varies in anatomical character with the age 

of the tooth. When the tooth, is young the connective 
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tissue, which is probably formed from processes of the 

cells, is very deiicate and the cells eire numerous. The 

spaces between the cells sre filled with a jelly-like 

substance. Then the pulp Has aged, the bundles of con- 

nective tissue become larger. The pulp is the source of 

the vascular and nervous supply of the dentine; it is well 

supplied with blood and lymph vessels and nerves, which 

enter the tooth at the ends of the roots. (245) 

formation of its root. When the formation of 

the dentine and enamel has progressed to the extent that 

the crown of the tooth has grown it;s full length, the 

neck and roots are formed. The neck is that slightly con- 

stricted part of the tooth at the margin of the gum be- 

tween the crown and the root. When the crown of the tooth 

first appears through the gum the root has not been cal- 

cified. As the dentine of the root is formed and calci- 

fled, it is coated With a closely adherent vascular mem- 

brane, which is really the follicle wall. When the tooth 

is compLeted this membrane forms the alvelodental perlas- 

teurn -- the connection between the tooth and the bone of 

the jaw. The inner surface of this membrane -- that part 

nexb the tooth -- has a layer of large ceLls. These 

cells are called osteoblasts, and are a special develop- 

ment found where bone is to be formed. The osteoblasts 

forr: he cementum of the tooth, a bone-like substance 
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which covers the dentine oi the root much as the enamel 

does the dentine of the crown. Behind this osteoblast 

1srer of the periodontal membrane, is a reticulum, or 

network, which looks like connective tissue and has many 

interlacing processes, some of which tare seen in the com- 

pleted cementum and are known as Sharply's fibers. These 

fibrous bands extend from the alveolar bone toward the 

tooth. Many of them have their ends buried in the cemen- 

turn and in the alveolar bone. (245) 

THE GRuWTH AND CALCIFICATION OF THE TEETh 

! fetal development of the deciduous teeth. About 

the forty-eighth day fetal development little club 

shaped thickenings appear in the alveolar membrane at each 

point where a tooth is to be formed. These are the dental 

papillae. Calcification of these growths varies accord- 

in to the tine that the tooth is to erupt. There Is cal- 

cification of the deciduous incisors about the twentieth 

week of fetal life. A trace of calcification of the tern- 

porary molars and cuspids begins about the twenty-fourth 

week. The cusps of the molars are united about the 

thirty-third fetal week. At birth the crowns of the tem- 

porary teeth are in varying stages of calcification. 

Hess (112) analyzed the teeth of still-born infants and 

found that the deciduous incisors liad 20 per cent of 
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their total calcium. The first deciduous molar had 21 

per cent, the second deciduous molar 11 per cent, end the 

deciduous canines 7.5 per cent of the total calcium to be 

expected in a fully developed deciduois tooth. 

The postnatal development of deciduous teeth. After 

the child is born the calcification of the teeth continues 

until the crowns are formed, then the teeth are said to 

erupt. The cutting of the teeth is not the active pro- 

cess the term "eruption" seems to imply. The tooth is 

not pushed upward by the growth of the root. The growing 

tooth does not move, but is carried to the surface of the 

gum by the growing alveolar 'cone. As the alveolar bone 

grows, the upper portion, or gum margin, of it is resorbed, 

this resorption bringing the tooth into prominence. The 

practice of ßiving babies something hard to bite when 

they are teething has a sound physio1oical basis, for 

the pressure helps in the resorption of the growing bone. 

(163) 

The eruption of the deciduous teeth. The time of 

eruption of the teeth depends upon many factors; the 

physical development of the child, the t:rpe of food eaten, 

and Illnesses of the child. The average eruption given in 

a bulletin of the United States Thblic Health Service (25.) 

is found in Table I. 



TABLE I 

ERUPI'ION OF THE DECIDUOUS TEETH 

Deciduous Teeth Time of Eruption 

Two Lower Incisors 

Two Upper Incisors 

Two Lower Lateral Incisors 

Two Upper Lateral Incisors 

Four First Molars 

Four Second Molars 

Four Cuspids 

5-7 months 

6-8 months 

7-9 months 

8-10 months 

10-14 months 

2 yeers 

2-2: years 

From t1Unitod States Public Health Service, Keep 
Well Series No. 12»' Treasury Department, 1931 
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The fetal development of permanent teeth. The 

Dapillae of the first permanent molar (the six-year molar) 

appears about the seventeenth week of fetal life, that of 

the pernanent incisors and cuspids about the twenty-fourth 

week, and of the permanent bicuspids about the twenty- 

ninth week. 

At birth there are forty-four teeth in varying stages 

of development. The twenty deciduous teeth are in the 

process of calcification. There is a divergence of opin- 

ion about the staje of development of the permanent teeth 

at birth. Table II gives the investigations of sorne of 

the best known workers. Hess (117) found 0.1 per cent of 

its total calcium in the first permanent molar at birth. 

Bunting (174) in his study of the teeth and jaws of 25 

new-born and still-born infants found the permanent teeth 

to be only denta]. follicles 0±' soft embryonic tissue. 

Kuglemass and King, (166) agree with this finding. Logan 

and Kronfeid (174) are, also, of the opinion that there 

is no calcification of the permanent teeth before birth. 

But Legros, Magitot, Pierce, Black and Brdy state that 

the first permanent molar is calcified during fetal 

life. (174) 

The postnatal development of permanent teeth. The 

papillae 01' second permanent molars appear about six 

months after birth, and that of the third molar when the 
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child Is about five years old. Table III gives the time 

of calcification of permanent teeth. 

erujtion permanent teeth. About the sixth 

year the temporary teeth may be noticed to have wider 

spaces between them and to occupy a more anterior posi- 

tion in the jaw. Their roots are being resorbed. The 

root at or near its end becomes excavated in hollow cap- 

shaped depressions which deepen and coalesce until it is 

absorbed. This resorption is effected by some giant cells 

called ostoclasts. The wí these ostoclasts work is not 

known. (254) As the roots of the teeth are resorbed the 

alveolar bone at the gum margin is also resorbed and re- 

placed by the newer growth or the bone from below. As 

the bone grows upward the oermnent teeth are brought to 

the gum margin and finali:? erupt. There are onl' twenty 

deciduous teeth, so the jaw has to grow larger to make 

room for the thirty-two permanent teeth. The bicuspids 

take the place of the temporary molars. Table IV gives 

the usual time of eruption of the permanent teeth. 



TAB4E II 

TIME OF BEGIN1ING OF CALCIFICATION OF THE PERiANENT TEETH 

(According to various authorities) 

Legros and Logan and 

The Tooth 1L.agitot Pierce Black Brady Churchill Kronfeld 

Central Incisors ist month 1st year ist year ist month lst-2d month 3-6 months 

Lateral Incisors ist month 2d year 2d year 2d year 2d month ö-15 months 

Cuspids 1st month 3d year 3d year 3d year 4 months 3-6 months 

First Bicuspids ist month 4th year 5th year 4th year 3d year l--2 years 

Second Bicuspids ist month 5th year 4th-5th 4th year 4th year 2-2- years 
year 

First Molars 6th fetai 25th fetal Before 25th fetal 9th fetal l-4 months 

month week birth week month 

Second Voiars 3d year 5th year 6th year 5th year 4th year 2-2- years 

Third Molars 12th year 9th year 8th year 8th vear 8th year 7-9 years 

From "The Journal of' the American Dentai Association" 20: 373. March, 133 

(-pa H 
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TABLE III 

APPROXIMATE TII OF GREATLST CALCIFICATION 

Age Teeth Calcified 

The First Three Years 
of Life First Molar 

Central Incisors 

Lateral Incisors 

Incisors 

From Three Years to 
Six Years Bicuspids 

Second Molars 

From "Annual Review of Biochemistry," 
Vol. III, p. 442, Stanford University 
Press, 1934 
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TABLE IV 

ERUPTION OF THE PERMANENT TEETH (50) 

Permanent Teeth Tiue of Erution 

Four First Molars 5-7 years 

Two Lower Incisors 5-7 years 

Two Upper Incisors 6-8 years 

Four Lateral Incisors 6-8 years 

Four Bicuspids B-10 years 

Four Second Bicuspids 10-12 years 

Four Cuspids 10-12 years 

Four Second Molars 11-14 years 

Four Third Molars 17-25 years 

From "United States Public Health Ser- 

vice, Keep Well Series No. l3'. 
Treasury Department, 1921 
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CONDITIONS AFFECTING THE GROWTH 

AND DEVELOPLiNT OF THE TEETH 

Djstrophies of the teeth. 

Changes may occur during either prenatal or post- 

natal life which affect the development of the teeth. 

The deviations from the normel are hyerp1asia, hypoplasia, 

and. atyical arrangement. (250) The causes of these mal- 

formations are inherited tendencies; diseases thich af- 

fect the health of the parents such as syphilis, tubercu- 

bais, diabetis, nephritis, blood dyscrasias, endocrine 

dysfunction and ostemalacia; diseases which affect the 

health of the child after birth, and malnutrition of the 

parent or the offspring. Dentification disturbances dur- 

ing prenatal life affect only the deciduous teeth unless 

there should be some dysfunction that would affect the 

follicle of the permanent teeth. The permanent teeth seem 

most affected by the first three years of life. (117) 

Chan es in the form of te e th due to ii ines s. 

Dr. P.C. Thibault, (250) of Paris, has studied the 

teeth of many children and he believes that every toxic 

infection leaves its mark upon the teeth. Coiiplete dys- 

trophies alter the ford and di.xiensions, while partial dys- 

trophies cause erosions. These are classified as capsular 

depressions, linear erosions, semilunar notching, and ir- 

regular edging. The capuliforri depressions are seen 
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following bronchopneumonia, gastroenteritis, and eruptive 

fevers. The linear erosions follow chronic intestinal 

conditions and poor alimentarr hrgiene. Notchings and 

edgings are found following tetany and rickets. Hutchin- 

son's teeth represent complete dystrophy and are character- 

istic of syphilis. Dr. Hess (115) says there is no 

characteristic pathological lesion of the teeth which is 

distinctive of rickets. In the long bone the diagnosis is 

established by the presence of osteoid tissue, and of the 

overgrowth of cartilage, but in the teeth the criteria is 

siìp1y hypoplasis and caries, which are not specific 

lesions, but result from various factors: congenital, 

dietetic, and hygienic. 

Structural changes in the teeth of animals due to diet. 

The chemical composition of the teeth of young ani- 

mais may be changed by the food they receive. Karshan 

(146, 147) found that the incisors of young rats fed a 

diet low in calcium had less calcium, phosphorus, and 

total ash than the incisors of rats fed diets adequate 

in calcium. The addition of vitamin D to a diet low in 

calcium increased the calcium content of the incisors. 

The variations in the teeth were not as great as those 

in the tibac of animals, showing that the growing teeth 

are less sensitive than the growing bones to changes in 

the diet. The changes were more pronounced in the dentine 
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than in the enamel of the incisor. Roebury and Karshan 

(216, 217) found the enamel of fully formed rat molars 

and incisors to be normal in spite of diets low in calcium 

or in vitamin D. Mellanby (200) produced hypoplasia in 

dog's teeth by interference with the intake of calcium, 

phosphorus, or vitamin D. 

&nith (234, 235) found a change in the composition of 

rat incisors due to a shortage of vitamin A. There was a 

deciease in the percenta::e of total ash, an increase in 

the percentae of calcium and a decrease in phosphorus. 

The incisors became white and opaque; they became short 

and blunt, and did not grow noiially. These reports re- 

fer to the findings of Shabits, who stated that rats on a 

diet deficient in vitarin A had teeth with abnormal f orma- 

tion of the enamel, ce:nentin, and dentine. 

The lack of vitarin C in the diet of guinea pigs pro- 

duces a very definite change in the structure of the 

teeth. In fact, microscopic variations from normal take 

place in the teeth of guinea pigs before any change is 

demonstrable in the other body tissues. (121) The changes 

produced in the teeth of guinea pigs by lack of vitamin C 

are in the oaontoblast layer. The odontoblasts grow 

shorter, more rounded, and show a different arrangement. 

They secrete hard tissue between themselves, ana Deeoine 

more li1c osteoblasts placed in bone canals; the Tomes' 
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canals are widened; new bone is formed instead of den-. 

tine; there are frequently hemorrhages in the pulp, and 

resorption of the pulp tissue. This resorption of the 

pulp so::etinies continues until hollows filled with fluid 

can be found in bhe pulp tissue. (225) 

Day (66) reports hypoplasia of the dentine of the 

teeth of young guinea pigs, born of a mother on a diet 

deficient in vitamin C. The teeth of the mother suffored 

more than the teeth of the offspring. 

Changes in huiiian teeth due to diet. 

Prenatal diet. The evience of the influence 

of prenatal diet upon the structure of teeth is not very 

conclusive. Louise Knappes (157) mede a study of twenty- 

five children with perfect teeth and twenty-five with 

raLIpant dental caries. She found that the mothers of the 

children having perfect teeth ate more fruits and vegeta- 

bies during pregnancT than the mothers of the group with 

poor teeth. One mother, whose child had excellent teeth, 

said that her own teeth were poor so she had made a de- 

finite effort to eat foods that would cause her child to 

have good teeth. This study is interesting, but it can 

not be evaluated as a scientific experiment; it has too 

many variables. The author said it was difficult for the 

mothers to give much information about their diet. 

Dietetitms find there frequently is a wide variation be- 
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tween the food people actually eat and the food they 

think they have eaten. 

Mrs. Mellanby (19) states that if the food of the 

mother is 1ov in vitamin D or calcium, the deciduous teeth 

of her offsoring will show defective calcification. 

In forty-four experiments conGucted on seventeen 

pregnant women living on their usual home diets, the 

Toverunds (256) found that almost all of these cases show- 

ed a negative calcium and phosphorus balance during the 

last two months of pregnancy. They believe more calcium 

phosphorus is required than is generally thouht necessary. 

A negative calcium and phosphorus balnce during pregnancy 

would lower the composftion of the fetus in these elements, 

which are used largely to form teeth and bones. Thus a 

predisposition toward rïckets and dental c8ries would be 

established. (256) Experiments on dogs carried on by 

these authors verify their opinion that the teeth of the 

offsprinç will not have as good structure as they other- 

wise would if the diet during pregnancy is inadequate in 

minerals. 

Dr. Steenbock (242) suggests that the first step in 

the prevention of caries is to see that the teeth re 

well-formed. They must have a good organic matrix and 

sufficient mineral elements to complete their structure. 

Vitamin C has been shown o be necessarj for the formation 
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of the organic matrix of the teeth of animals; (121) it 

is prooably as essential for human teeth. Deciduous teeth 

are partly formed before birth, hence their structure de- 

pends upon the diet of the mother. 

Jones, Larsen, and Pritchard (138) concluded from a 

study of infants in Hawaii that there is a parallelism 

between the borie forming and the dentine forming tissues 

and that hypoplEisia of the dentine does not necessarily 

imply that the enamel is also hypoplastic. They say that 

the dentine and enamel originte from different layers of 

the organism. The dentine is derived from the mesoderm 

and the enamel from the ectoderxn. This is their explana- 

tion of why soie types of 1ypop1astic teeth do noe decay. 

They give two exa:nples 0±' babies with distinct hypoplasia 

of the dentine. One died at birth; it had osteogenesis 

imperfecta. The other had severe rickets and died when a 

few months old. The unerupted incisors of these infants 

showed good enamel calcification, but very poor dentine 

formation. They refr to a study made in 1932 for ex- 

amples of babies with hypoplasia of the enamel. (139) 

This study indicates that the enamel had disintegrated 

after it had formed. Two case histories were given. One 

was the stillborn child of a mother ill with nepbritis, 

the ot!ier a Japanese baby who had died of starvatïon when 

it was four months old. The enamel of the unerupted in- 



cisors of these infants was soft and chalky and badly 

disintegrated 'out the dentine was well formed. The 

authors say that acid inbalance, caused by nephritis snd 

starvation, was probably responsible for the dissolution 

of the enamel. To accept this statement one must grant 

that acidosis can cause the fluids of the tissues to be- 

co.ie sufficiently acid to dissolve unerupted teeth. 

Variations from normal in the structure of teeth may 

be caused by glandular disturbances affecting the metabol- 

ism. (244) The effect of the paratnyroids uon tooth 

structure has probably been more extensively investigated 

than the other endocrine because the parathyroids de- 

finitely influence the utilizat.i.on of calcium. (144) 

Postnatal diet. The factors nich affect the 

temporary teeth would produce the same effect uoon the 

teeth formed after birth if their influence continued. 

But it is not always necessary for a child to have hypo- 

plastic arid irreu1ar permanent teeth even if his temporary 

teeth are malformed. Dr. C.L. Drain (75) showed pictures 

of children with very poor te.:iporary teeth, then pictures 

of the same children taken six to eight yeers later. The 

permanent teeth which had erupted during the time that 

elapsed were well formed and well calcified. If the 

hypoplastic teeth are due to some glandular disturbance, 

or the effects of a disease it would not be possible to 
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make such a complete transformation through diet, unless 

the immediate cause could e correctad br good food. The 

children shown in Dr. Drain's photographs were in the 

hospital undergoing treatment for diabetes and for coeliac 

dis ea se. 

The effect of lack of ca1ciu, phosphorus, or vitamin 

D upon the structure of human teeth is shown in the per- 

manent teeth of children who have had rickets in infancy. 

liess (115) says there is no particular form of dystrophy, 

characteristic of rickets but frequently hypoplasia re- 

suits from this disease. 

We have to depend upon animai experimentation for the 

effects of lack of vitamin C upon the structure of the 

teeth of people. The results in the case of guinea pigs 

and monkeys are very definite and there seeills to be enough 

similarity in the physiolcica1 processes of these animals 

and man to warrant the conclusion that latent scurvy in 

children "can lead to changes in the pulp tissue and 

dentine of human teeth similar to those determined for 

the guinea pig;." (102) 

Bloch (4) did not find that the teeth of Danish 

children who were in a home for the blind, because of 

xeropthalmia in infancy, were different from the teeth of 

children who showed no evidence of evei having been de- 

ficient in vitamin A. Boyle (44) from the examination of 



the rudiments of a six year molar of a three and a half 

months old infant who died of vitamin A shortage believes 

that lack of sufficient vitamin A will cause an inter- 

ference with the calcification of the dentine and almost 

complete atrophy of the enamel organ. 

Boyle points out that there were 64 xeropthalrnia 

patients in the Danish home for the blind, referred to by 

Bloch, and 58 of these had defects in their teeth. Only 

19 had positive histories of rickets, so some of the other 

39 hypophstic teeth might have been due to the shortage 

of vitamin A. It is true that the defects in structure 

might have ben due to lack of vitamin A but they might 

equally well be duo to some other factor. Our knoviledge 

of the action of food upon the structure of human teeth 

will have to be gained by careful observation of clinical 

results interpreted through the knowledge gained by animal 

experimentation. 

-- 
effect of drinking water upon the structure of the 

t e e th. 

Marshal (181) speaks of the difficulty of evaluation 

of the results of Lrs. Mellanby's research regarding the 

value of vitamin D in the diet of children in three in- 

stitutions. In institution No. i a supplement of treacle 

was fed; in institution No. 2 a supplement of olive oil; 

in institution No. 3 a supplement of cod-liver oil. The 
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hardness of the water varied froni 7.2 parts calcium car- 

bonate to 100,000 parts water, in institution No. 2 to 

24.2 p.p.m. in institution No. 3. He says: °the question 

naturally arises as to what influence this difference in 

hrdness, expressed as parts per 100,000of calcium car- 

bonate, exerts uon the degree of calcification of the 

bone and teeth. Until this point can be settled, it will 

be difficult to evaluate her results. They are described 

as due to tie influence of the added dietaries." 

J. Forbes Webster (264) referrin to a statement 

that Great Britain had the worst teeti in the world and 

Glasgow the worst in Britain, says that part of the blame 

is due to the softness of the Glasgow water. He suggests 

that the city of Glasgow add lte to the water. 

Assuming that water which had 6 parts calcium salts 

per 100,000 parts of water was "hard" Rose (143) found 

that the percentage of' people having healthy teeth of 

those who drank soft water was 1.3 per cent to 4.3 per 

cent. Of those who drank hard water 4.3 per cent to 20.2 

per cent 3d wholly healthy teeth. Walters (143) found 

18 per cent caries in a group drinking water having 15.96 

parts calcium salts tolOO,000 parts of water and 36 per 

cent carious teeth in a group drinking water Iavin. 6.2 

parts calcium salts per 100,000 parts of water. The in- 

formation given above is taken from an editorial review 
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in the "Journal of the American Liedical Association" and, 

as the author of the reviev.r points out, the investigators 

did not consider the mineral content of the food. An 

analysis of the mineral content of the city water supply 

of our 1are centers of pooulation correlated with the 

dental health of children of school age would be interest- 

ing. 

Mottled teeth. Mottling is a dystrophy of the teeth. 

It affects their appearance rather than their function. 

The enamel becomes opaque and chalky white. In some cases 

it is pitted and corroded. It may stay in this white con- 

dition or it may stain. (2$8) The discoloration usually 

fo].low the lip line and ranges in color from a very dark 

brown, almost black, to a light yellow. This defect is 

not found in the deciduous teeth that are calcified pre- 

vious to birth, so it is evidently not dependent upon the 

nutrition of the mother. (189) The first report made in 

American literature upon this subject was by Black and 

McKay in 1916. (SO) Smith and Lantz (237) found mottled 

teeth occurred in communities in Arizona where the drink- 

Ing water was high in fluorides. Smith also showed that 

a diet "adequate in calcium and phosphorus intake during 

the years of enamel formation will not prevent the develop- 

ment of mottled enaiel if the child is exposed to the en- 

vironmental factors of an ende.ic community." (238) 
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McKay (1S9) gives an interesting report of the water 

supply of Oakley, Idaho. The community changed its water 

supply seven and one half years previous from one con- 

taining 6 parts per million fluorine to one containing 

0.5 parts per million fluorine. Not any children born 

since the change have mottled enamel, those born before 

all had this defect. Dean (67) made a survey of the 

areas of mottled enamel in the United States. Because of 

the similarity of motbled teeth to those caused by para- 

thyroidectomy Steenbock and Parsons (244) fed animals 

toxic doses of sodium fluoride and then analyzed the para- 

tb.yroid glands of these animals. They were convinced 

that fluorine does not interfere with calcium metabolism 

through changes in the parathyroid. How it does act has 

not yet been discovered. Fluorine is not thought to be 

necessary for the formation of the teeth. (22e) However, 

the only method of avoiding mottled teeth seems to be to 

avoid drinking water having high concentrations of fluor- 

ine during the periods the teeth are foriing enamel. 

There does not seem to be any method known by whIch large 

quantities of water may be treated to remove the fluor- 

ine. (189) 
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THEORIES OF THE ETIOLOGY OF DENTAL CARIES 

Reasons the Etiological Factor has not been found. 

Decayed teeth probably furnish the dentist with nine- 

tenths of his practice, (260) but the forceps are the 

only undisputed cure for them. There are a number of 

reasons for the difficulty in findin: the causitive fact- 

or of caries. Some of the most obvious are given below. 

No suitable experimental animal. There is no suit- 

able experimental animal with teeth shaped and arranged 

like those of a human being. The dog, the guinea pig, and 

the rat are the animals commonly used for experimental 

work. The guinea pi has teeth with growing pulp. The 

incisors of the rat also grow after they are fully devel- 

oped; the molars do not, but the cusps of the rat molar 

are not covered with enamel. The teeth of the dog are 

not shaped like human teeth, and it is very difficult to 

produce caries in dos. The food habits of these animals 

in their natural state are not like those of people, but 

they can be made to eat experimental diets. The results 

obtained from experimental work on these three species of 

anìmals must be carefullj studied to see that they con- 

form to clinical experience, before they can be applied 

to human beings. 
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Experiments on people. Experimental work on human 

beings is almost an impossibility; the results that are 

published are clinical experience, rather than controlled 

experiments. Orphenages are used most frequently to 

study the effects of diet, or some other therapeutic 

trcatent, upon ;he teeth of children. These are group 

studios, and hence, do not consider the individual child 

except as a member of the group. The children vary in 

physical development, psycho1o'ical attitudes toward food, 

and in metabolic conditions. So the diet planned for a 

number of children would not give the same results for 

each child. The children must frequently manège to get 

foods that are not part of their dietari regieme. Dr. 

Drain (77) in a lecture at the meeting of the Oregon State 

Dental Association, in Portland, said that when he gave 

his dietary, which he has found very successful in con- 

trolling dental caries, to mothers they frequently said, 

"Why, Doctor, my child does eat these foods," but when 

they began to keep an accurcte record they found that there 

were frequently discrepancies between what the child act- 

ually ate and what they thouht he ate. If we could keep 

people under as carefuli.y controlled conditions as we can 

experimental aniîals, we could surely obtain much more 

convincing experimental evidence. The only place '.-here 

we can nearly approximate these conditions is in a 
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hospital, and there we are not usually dealing with 

healthy people. 

Caries not always distinguished. Dr. Thoma (251) 

pointed out in his book, "Teeth and Diet," that the teeth 

of the Egyptians were better than many investigators sup- 

:osed. The teeth became worn cnd the puips exposed and 

infected from attrition, not canos. This is not usual 

in our civilization ecausc we eat refined foods, but lt 

is not unusual in primitive peoples. The final result of 

attrition and caries would be similar -- the infection of 

the pulp and the loss of the tooth. Even well calcified 

enamel could be cracked by very coarse food or sorne 

strain. The result would resemble caries. 

Little cooperation in research. The interest in the 

cause of caries is intense and reports concerning the 

etiology w-aich vary grestly have been published. If 

several groups of workers in different parts of the world 

would work on sorne one phase of this pro'ole::, co:pare 

their results, and repeat the work which is questioned, 

it would be possible to eliminate some of the factors that 

are nov' offered as causes of caries, since it is often 

possi3le to arrive at the correet solution of a problem 

by a process of elimination. Many of the articles which 

are published give the impression that the investigators 

had certain results in mind, before the investigation was 
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started and their findings substantiate their particular 

theory; other investigators who have different theories 

can read into the saae f1xdings evidence for their theses. 

iain theories of the etioloy of caries. 

The present day theories of caries may be diviced 

into two large classes: 

i - Caries in the teeth are due to forces outside the 

tooth causing the disintegration of the enamel 

and dentine. 

2 - Caries in the teeth are due to some breaRdown 

within the tooth itself which renders it sus- 

ceptible to outside disintegrating influences. 

rjlT tooth paste manufactures use the first, in its 

extreme and now discarded sense, for bheir slogan, "A 

clean tooth never decays." The second theory might in its 

extreme interpretation be, "A well-nourished tooth never 

decays." i.iost modern investigators believe both diet and 

cleanliness are essential. Their disagreement is concern- 

in the primar:í factor in dental caries. 

The first theory was set forth in detail in "iicro- 

organis:is of the Hthan Mouth," published by Miller (1890). 

It was commonly accepted for some years, and is still 

held by well known investigators. Some of these are Gies, 

(95) McIntosh, (1b8) Rodiguez, (83) Bunting, (58) and Sim 

Wallace. (260) 
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The second theory is newer. This is not really a 

single theory. For the proponents of the theory that 

caries are due to a breakdown within the tooth itself, do 

not agree as to the one factor essential for maintaining 

the integrity of the tooth. Calcium, phosphorus, vitamin 

C, and vitanin D each has its supporters. 

The oral hgienists. The oral hygienists be- 

lieve that cleanliness of the oral cavity is the sole 

factor in the prevention 01' dental decay. 

Lorrion, (175) of the New York School of Dentistry, 

says that brushing the teeth is an effective method of 

preserving them. Even though the brushing will not re- 

iove plaques from the teeth, it removes bacteria from the 

surfaces not covered by plaques, and stimulates the gums. 

Dr. Hartzell (108) in a paper read before the Seventy- 

third Session of the American Dental Association, Feb- 

ruary 1932, said that a thorough cleansing of the mouth, 

the surface of the tongue, and all the surfaces of the 

teeth would prevent caries and pyorrhea. He recommended 

sodium ricinoleate to be used for a thorough cleaning of 

the mouth twice a day. During the discussion which fol- 

lowed the presentation of this paper, Dr. Bunting said 

that many people who had visitec Dr. Hartzell's office 

could testify to the success of Dr. Hartzell's methods. 

Dr. Bunting also said, "in the process of reducing infect- 
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ive overgrowths in the mouth, dental calculi and other 

sources of trau...a are reiiioved; hence trauïtic and in- 

foctive stresses which militate against the health of the 

oral tissues are reduced to a minimum." The brushing 

would have a stiiu1ating effect upon the circulation in 

the peridontal tissues. He concluded with: "Exphin it 

as we may the fact remains that the establishment and 

aintenances of a condition of strict oral hygiene is the 

most effective means of controlling peridontal diseases 

known today." (108) 

A very short article calLed, "Rules for Dental 

Health," (17) and formulated by an imposing list of British 

dental authorities, including Sir Harry Baldwin, "Dental 

Surgeon to His i.íajesty the K1n," and Sir Norman Bennett, 

the president of the British Dental Association, gives the 

conservative view of the care of the teeth. It shows a 

willingness to use the findings of the nutritionists, but 

no inclination to disregard oral hygiene. 

It is substantially as follows: 

i - Correct feeding both before and after birth es- 

pecially in the vitamins A, B, C, and D will aid 

in the development of good teeth and prevent 

their decay. 

2 - The actual cause of tooth decay is an acid pro- 

duced by the fermentation of carbohydrate food 
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in the mouth. 

3 - Raw foods are valuable, especially coarse ones, 

for they cleanse the teeth in the process of 

mastication, anu add, as a rule, to tue alkalin- 
ity of the saliva. 

4 - Brushing the teeth and gums is especially valua- 

öle. Alwaya brush the teeth before going to bed. 

A good mouth wash is one teaspoon of salt to a 

glass of water. 

5 - Seek professional help; always visit your dentist 
at least twice a year. 

Even so simple a statement as the need of brushing 

the teeth does not o completely unchallenged. Dr. Wil- 

ham Wallace (261) states that if brushing the teeth is 
to be indulged in it ought to be constant, regular, and 

of the same force from day to day; that spasmodic brush- 

Ing is dangerous. He sajs that the masticatory areas of 

the teeth are kept free from caries by the friction of 

the food when one is eating, and the non-masticatory areas, 

those between the gingival sulcus and the inasticatory 

shearing line, are kept free from caries by a :iucoid film. 

That forces which fall on the latter area are alien to 

the tuetli and 'crushing will cause cavities in this area. 

These cavities are situated midway between the ¿um margin 

and the masticatory tangential line, on the labial and 



53 

buccal surfaces of the teeth, exactly where brushing 

would be most effective in displacing the mucoid film, 

and where it is most easily applied. He says that when 

he was teaching in the Glasgow Dental Hospital, from 1906 

till 1914, he challenged his students to find an instance 

of a cavity of this type where there was no history of 

brushin, and although there were concerted efforts to 

refute his statement, no single instance was forthcoming. 

Doubtless it would be difficult to bring any evi- 

dence against that challenge, for it is hard to find 

people who do not brush their teeth, at least once in a 

while, and it is very seldom that a cavity appears on the 

surface of the tooth between the gingival margin and the 

masticatory surfaces. 

The dental literature available to the writer hes 

not shown any other dental authority who holds the views 

of Dr. William Wallace regarding the danger of the tooth 

orush. Brushing the teeth generally seems to be thought 

a desirable practice, though there is doubt about the cf- 

ficac of the process as a preventive of dental caries. 

Mouth washes are, also, much used for the hygiene of 

the oral cavity. Certainly their use is to be recoended 

for the physical comfort and sense of cleanliness they 

give, but it has not been shown that they have an in- 

hibiting effect uoon dental caries. 
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An experiment was conducted by Bunting (55) on 

children in orphanages to try the effects of diet, mouth- 

wash, and both diet and mouthwash. Records were made at 

the beginning of' the experiment of the size and location 

of the cavities nd fillings. These findings were checked 

again at the close of the experimental period. One group 

of 156 children at the Mammee Orphanage were given a 

nutritionally adequate diet and used hexyiresorcinol as a 

nouthwash three times a da:r. A ¿roup of 115 at the Lampeer 

Orohnnage received the sage diet and the mouthwash. This 

diet was 10W fl sugar, it contained fruit, and green 

vegetables, and one quart of milk for each child daily. 

A group attending the Lincoln School and living at home 

received a good diet at home; they used a mouthwash twiee 

a day, five da:s a week, at school. The group at the 

Coidwater State School were given the type of diet men- 

tioned aoove, out not any mouthwash. Some of the children 

brushed their teeth and some did not. A sixth group at 

the G. P. Orphanage had no change made in the ordinary in- 

stitutional diet, and were not given a mouthwash. The ex- 

periment lasted for a year e:cept in the Lincoln Sch3ol 

group. It was for the school term of nine months. 

The results of this experiment showed that the group 

at the Coldw&ter School, who had received only the diet, 

were practically as free from caries as the children who 
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had received both the diet and mouthwash at the Laupeer 

and Mammee Orphanages. Those attending the Lincoln 

School and living at home and those on the rather inade- 

quate diet of the G.±'. Oroanae had about the ie con- 

ditions regarding caries. So the Only conclusion was 

that a well selected diet is more inhibitive than a 

mouthwash to dental caries in children. The authors 

think that the high carbohydrate content of the diet, es- 

pecially the candy that the Lincoln School children and 

the G.P. Orphanage children ate, might have caused the 

dental caries. The writer of this review thinks that in 

any effect the mouthwash might have been shown more clear- 

ly if the G.P. Orphanage children had used the mouthwash 

three times a day, seven days a week, instead of the 

Lincoln School children twice a day, five days a week. 

In the same report (55) Dr. Bunting gives the re- 

suits of thirty-six adults, twenty-four of whom reduced 

t:e Bacillus acidophilus in their mouths very materially 

by using hexyiresorcinol as a mouthwash thrce times a day 

for from two to eight weeks. The effect upon the teeth 

of the adults Was not mentioned. 

Dr. C.L. Drtin, (7ö) of the University of Iowa, at a 

public lecture in Portland, said. that if one were to ex- 

amine the mouths of an unselected group of children today 

one wld find as many cavities in their teeth, as one 
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would have found in û comparable roup fifty years ago. 

Though more of the present day children would probably 

ave their cavities filled, yet, mouth tneraphy is being 

practiced more today than ever before. A perfectly clean 

mouth is impossible of achievement. The teeth are situat- 

ed in the dark, warm, moist buccal cavity, an environment 

that is very favorable to the :;rowt of microorganisms. 

Anything which would kill all the bacteria would destroy 

the delicate membranes lining the mouth. This is not 

meant to belittle the work of the dental hygienist; f 

as Dr. Hyatt (131) points out in his book "Hygiene of the 

Mouth and Teeth," these workers by filling existing cavi- 

ties and teaching proper methods of caring for the mouth 

add to the physical comfort and mental self-respect that 

cornes from a knowledge of being clean, even if cleanliness 

is only comparative. 

Caries due to the acid formed from the fermenta- 

tion carbohydrates. Miller demonstrated that mouth or- 

ganisrns produce lactic aciã in fermenting carbohydrate 

food debris, and that lactic acid decalcifies tooth enamel. 

In 1922, iicIntosh, James, and Lazarus-Br1ow (188) isolated 

an organism they called Bacillus acidophilers. When sound 

human teeth were placed in a broth culture of this medium, 

white opaque spots appeared on the surfaces of the teeth 

indicating decalcification of the ena:el. 
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The research carried on at the present time at the 

University of Michigan by Bunting, Koebne, Hadley, Jay, 

and Hard has led them to accept the following hypotheses: 

(55) 

i - "Dental caris is a destruction of the hard sub- 

stance of the tooth by a process, the initial 

stage of which is decalcification by acics." 

2 - "The acids responsible for caries are not gener- 

allí distributed in the saliva, but are localized 

and concentrated U)Ofl certain areas of the tooth's 

surfaces " 

3 - "Carious lesions occur most frequently in pits 

and fissures of the occiusal surfaces and on the 

lingual surfaces of the teeth, at which location 

there are opportunities for stagnation and re- 

tention of foreign matter. They do not occur on 

the smooth surfaces that are easily cleansed." 

4 - "All initial lesions of caries contain acid 

forming bacteria capable of producing and living 

in acids of sufficient potential to decalcify 

the enane i " 

5 - "The hardness or softness of the teeth may affect 

the rate of progress and the extent of caries, 

but does not alone deternine its occurance. 

Caries, as a rule, runs a more rapid and extens- 



ive course in hypoplastic teeth than in the hard, 

well-formed varieties, but instances commonly 

occur in which the poorest formed teeth are free 

from 

6 - UMaihygiene of the mouth frequently favors the 

inceütion of dental caries, and increases its 

activity, but does not determine its occurrence. 

Mouths that are habitually uncleen are often 

wholly free from caries, and, conversely, mouths 

that are scrupulously clean may be seriously 

affected by the disease.0 

7 - °The process of dental caries is related to and. 

often determined by certain constitutional states 

and conditions of bodily health. The nature of 

these influences and the manner in which they 

affect the course of this disease is not under- 

stood at this time.tt 

They believe that the acids that decalcify the enamel 

are protected from the action of the saliva by plaques of 

mucin and food debris. 

Human experimentation. The first study of Bmt- 

ing (59) and his co-workers was made in 1925. t this time, 

they reported a 100 per cent correlation between the pres- 

ence of Bacillus acidophilus in the oral cavity and in the 
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intestines. Ther did not find such definite correlation 

between the absence of dental caries and the absence of 

Bacillus acidophilus in the mouths of the people they 

studied. Continued investigations by these workers led 

to the report of siilar results in 1926. They found 

only one individual, out of 184 caries-free people studied, 

whose saliva gave a positive culture of 3acillus acid- 

ophilus. Further studies (132) showed that there were at 

least four types of this organis1n. There is one rough 

type that is found in the mouth; but this organism is 

much more prevalent in the intestinal tract than in the 

mouth. In 1933 a paper by Jay, Hadley, and Bunting stated 

the conviction of these workers, based upon the large 

number of determinations they had made, that there is al- 

ways a distinct relationship between Bacillus acidophilus 

and den1a1 caries. T:ie: do not believe that caries-free 

mouths are absolutely free from Bacillus acidophilus, but 

they do believe that the number per cubi centimeter of 

saliva is very low in caries-free mouths; and if there is 

active caries, that there is a much larger number of these 

organisms present in the saliva. Jay (1ö4) showed that 

the number of organisms in a caries-free mouth increases 

greatly two or three months before there is any manifesta- 

tion of dental caries. However, he so:ietimes found a 

great incease in the number of organisms in a caries-free 
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no evidence of caries in the teeth. He was at a loss to 

account for the sudden invasion oi the bacteria, and 

equ11y puz1ed by the evident checking of the growth. 

He does not report any bJood or sa].iva tests made on these 

people. Tests of the body fluids of the same individual 

at times when the oral flora is markedly different might 

yield valuable information. Ja always found a heavily 

infected mouth before the onset of and during active 

caries. Examinations of the feces indicated that only 

those people who were free from dentsi caries showed no 

evidence of Bacillus acidophilus in the intestinal tract. 

Bacillus acidopriilus is verb' common in the feces and is 

usually considered a part of the normal intestinal flora. 

The Michian group contend that, "though the Bacil- 

lus acidophilus is almost universally present in the mouths 

and intestinal tracts of the ma;ority of the population, 

there remains a minrity in whose mouths this organism, 

not only does not reside, but is also apparently unable 

to exist. It is among this fortunate minority that we 

find those peculiar individuals whose teeth do not de- 

cay." (134) 

They found that givin five caries-free children 

acidoohilus milk to drink for four days did not implant 

the organism in the mouth and saliva cultures reained 
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negative. The cultures of the feces in four cases were 

positive following the ingestion of the milk, but after 

eleven days the cultures were negative except in one case. 

Two of the five children were given lactose in addition 

to the milk, and one of these developea. diarrhea, and no 

culture w&s taken until the eighteenth day; that proved 

negative. The other gave a positive culture on the eeven- 

th day, and no further cultures were obtained. 

This study does not show that dental caries can be 

induced by drinking acidophilus milk; but neither does it 

show that Bacillus acidophilus could not be implanted. 

The study was made of a small number of children; the 

milk was given only four days. 

Boyd and Drain (42) could find no relationship be- 

tween the presence or absence of Bacilius acidophilus or 

any other bacteria of the ació.uric type and dental decay. 

Schoenthal and Brodsky (223) found gram-positive acidogenic 

bacteria in all mouths. Johnstone, Kaake, and Agnew (135) 

carried out experiments on children in various institu- 

tions in Toronto. They made two determinations, a year 

apart. They found "that children who had an increased 

number of cavities in their mouths showed a higher incid- 

ence of Bacillus acidophilus than at the first determina- 

tion. Those whose teeth showed no change had either a 

hiher, lower, or somewhat similar incidence when the 
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second estimation was compared to the findings of the 

first survey." They, also, found that there was a varie- 

tion in the bacterial count at different times of the 

day, and from different parts of the same mouth. Thcker 

(258) made bacterioloicai dterrninations of the children 

at i100seheart, when Henke was studying for the effect of 

orange juice upon dental caries. 11e found that scrapins 

from the tooth surfaces of 422 children yielded micro- 

organisms in practically every case. Streptococci were 

isolated most frequently, but Bacillus acidophilus, 

staphylococcus albus, and yeasts also developed in an 

acid medium. Aciduric streptococci were found in the 

mouths of practically all the children. Bacillus acid- 

ophilus was found most frequently in the mouths of child- 

ren who had three or more carious teeth; but it was not 

always found in the mouths of children who were highly 

susceptible to dental caries. It also occurred frequently 

and consistently in the mouths of children who had never 

had any dental caries or who had developed no new carious 

lesions for two years. he states, 'Our work'does not 

support the theory that L. acidophilus is the specific 

cause of dental caries»' 

The ilichigan group suggest some conditions that may 

nave prevented the research workers mentioned above from 

confirming their findings regarding the relationship of 
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Bacillus acidophilus to dental caries. They believe that 

determination of the flora of the s1iva must be made 

frequently, because there is a great difference in the 

number of Bacillus acidophilus present at various times, 

but in general the caries-free mouths do not show any 

evidence of Bacillus acidophilus. They, also, say that it 

is difficult to determine which of the carious mouths are 

in a stage of a;tive and which are in a stage of arrested 

caries, unless the subjects are under frequent observa- 

tion. 

Animal Experimentation. Lilly (170) reported 

an inability to produce caries in rats with a diet high 

in carbohydrate. 11e attempted to implant the Bacillus 

acidophilus in the mouths of the rats by weekly inocula- 

tions. Jay (132 et al., also, were unsuccessful in an 

attempt to find dental caries in the mouths of rats which 

were on a diet of finely ground material that was nutri- 

tionally adequte, but contained varying amounts of sugar. 

They sometiiîes found the type of Bacillus acidophilus 

that is found in rat feces in the mouths of these rats. 

They gave the rats a broth culture of Bacillus acidophilus 

from human mouths, but even this did not implint the 

smooth trpe Bacillus acidophilus in the rats. They, also, 

put rats on the coarsely ground diet of Fiopert, Weber 

and Canniff (123) and found a change in the flora of the 
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rat mouths; the flora was aciduric and the form of 

Bacillus acidophilus present more nearly resembled the 

smooth type found in human mouths. Johnston et al (135) 

found no caries in rats on an adequate diet; those on 

diets deficient in essential food factors had canos. 

The rats with caries and those without showed both high 

and low counts of Bacillus acidophilus. They could find 

no correlation between caries in rats and the presence 

of Bacillus acidophilus. 

Specific organism of dental caries. Rettger, 

(214) and Thcker (255) question the conclusions of Bunting 

that Bacillus acid.ophilus is the specific micro-organism 

concerned in the production of dental caries. Tucker's 

findin:s are quoted above. Rettger says he has found. a 

high acid producing streptococci just as prevalent in 

canious mouths as Lactobacillus acidophilus. If deca:r is 

due to an acid producing micro-organism it mijht just as 

well be the streptococci as the lactobacilli. Jay and 

Bunting (134) quote the work of Howe and Hatch, reported 

in the Cosmos" for October 1917, for evidence that 

the coccal forms are prsent as mouth conta. manta and 

the bacilli are associated with caries. These workers in- 

serted temporary fi1lins in open cavities without at- 

tempting to disturb the bacterial flora. These fillings 

were removed after periods varying from six weeks to 
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three months and the cavities were cultured. T'ney were 

able to isolate aciduric bacilli from each of these 

cavities. Vhen the cavities were cultured without a 

temporary filling being used the coccal forms were isolat- 

ed as well as the aciduric rods. So far as the writer of 

this review has been able to learn, there is not any de- 

finite proof that dental carie s could not be due to a 

coccal form; on the other hand, tiere is no evidence that 

it could. The oral flora simply has not been studied to 

any extent, in the literature available to the writer. 

The aci1 destruction of the tooth. Bunting 

(55) stetes that destruction of the enamel of human teeth 

has taken place "in vivo" by the application of Bacillus 

acidophilus cultures, protected by :old clasps, to sound 

human teeth. The hic!igan group do not believe that the 

acid produced by the bacteria is free in the oral cavity. 

If it were, the teeth would all decalcify. They believe 

that the bacteria are in the crevices 01' the teeth and 

are protected by plaques which can not be dislodged by 

brushing or other sources of disturbance. This placue 

also holds the acid produced by the bacteria against the 

surface of the enamel and prevents the weakening of this 

acid by the fluids of the mouth. Downs, (72) who has 

studied these plaques, says they are made up ol' mucin 

froxia the saliva and food debris, and adhere very closely 
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to the surThce of the tooth. They are permeable, but not 

readi1 permeable, to fluids. The plaque must be dif- 

ferentlated from the temporary food collections and cal- 

culus, and from the mucin film which normally covers the 

teeth. Plaques are easily removed from the accessible 

surfaces of the teeth b:. a motor driven brush and pumice, 

but they also form in inaccessible places, where it is 

almost impossible to remove them. The ordinary home care 

of the teeth will not remove plaques. They can be digested 

by proteolytic enzymes, but the process is ver:' slow. 

Plaaies have been produced artificially by placin the ex- 

tracted teeth in bread cru:nbs and saliva and keeping them 

at mouth temperature. 

Immunology. A group of childrer were inoculated 

interdermaily with a filtrate of Bacillus acidoohilus. 

(132) Many of the caries-free children showed no reaction. 

In the caries-susceptiole children localized areas of 

erythema, 10-30 rn.m. in diameter, appeared within eight 

}iours after the inoculation. Repeated injections of the 

filtrate failed to desensitize susceptible persons. 

Eighty-three caries-susceptible persons were tested with 

this filtrate and. 90 per cent of them gave positive re- 

actions; 9 per cent of this group gave negative reactions. 

0f forty caries-free persons tested, 70 per cent gave 

negative reactions and 30 per cent gave positive reactions. 
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The Michigan investiators (l$4) state that they would 

like to contiíiue their investigations on other caries- 

free people but it is difficult to find a larí;o enough 

number of people. Two people who were considered their 

best "inunune&' developed cavities at twenty and twenty- 

two years of age while under their observation. 

A polyvalent vaccine was prepared; it was successful 

in raising the Bacillus acidophilus agglutinin titer in 

two children who were inoculated but severe sbsceses de- 

veloped after the athinistration of the vaccine. Experi- 

mental work on rets convinced Jay (134) and his coworkers 

that the rough strain of Bacillus acicloohilus was the ir- 

ritant that caused the abscesses. Further studies need to 

0e made to remove the irritant before these workers can 

report any definite results. 

The possibilitj of vaccination for dental caries is 

very interesting and if it is possible would be the 

greatest discovery of a].l time toward the control of this 

disease. Its discoverers should rank with Jenner and 

Pasteur as benefactors of humanity. It is difficult to 

deter..:ine how tnis artificial i::unology can be achieved. 

Dental caries differs fron infectious diseases as we know 

them. It is not easily transmitted, so far as we know, 

and is outside the body proper on the most inert tissue of 

the oody. Carlous lesions are not attended by any de- 
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finite inflammatory reactions in the affected tissues, 

though certain opaque areas around the decayed spot in 

the dentine are thought by many workers to be an endeavor 

of the tooth to protect itself from further decay. How 

would immune bodies in the blood stream affect these or- 

ganisi:s whic1 never cone in contact with the bloody If 

dental caries is due to the action of bacteria, it has 

not been shown that it is due to toxin produced by the 

bacteria. 

Diet in relation to Bacillus acidophilus. The 

Michigan group believe that there is a relationship be- 

tween the quantity of carbohydrate food ingested and the 

presence of Bacillus acidophilus. Since they believe that 

the presence or absence of this organism determines dental 

caries or freedom from caries, they believe that the low- 

ering of the intake of carbohydrate food will lessen the 

susceDtibility of dental caries. Jay (134) tells of the 

stud' oí five cases o1 adults. The people were under 

close supervision; both the sugar and starch intake were 

much restricted. These patients were selected because of 

their extreme susceptibility to caries; this susceptibility 

made them willing to forego the pleasures of sweet foods. 

The chart of one woman was given. This chart is said to 

be rep:'esentative of the group. The mouth flora previous 

to t'ne diet period was from 75,000 to 290,000 per cubic 
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centimeter of saliva. Within one month after the low 

carbohydrate diet was adopted the count dropped to 900 

organisms per cubic centimeter. A return to the customary 

diet vfhich was high in carbohydrates brought the count to 

over a million. Sweets were omitted and only a small 

amount of starchï food eaten and the count dropped to 

130,000. When this small amount of starch was withdrawn 

the count went down to 100 organisms per cubic centimeter 

of saliva. There is nothing in the report to show that 

the patient was more or less susceptible to caries during 

the three months this study was in progress. Could it 

have been carried out over a period of years on more 

people it would be more valuable, providing it can be 

proved that the rate of decay of the teeth is proportional 

to the number of Bacillus acidophilus present in the 

saliva. 

Koehne (161) believes that dental caries may be les- 

send by limiting the consumption of artificially sweeten- 

ed food, and that the impaction of su.ar about the teeth 

is very apt to lead to caries. To prove this, thirteen 

children were given adequate diets and extra calories in 

the form of candy; ten of them developed caries within a 

year. Another group of fourteen were given a diet like 

the first croup, but were permitted no sweets. Nine of 

these showed arrested caries within a year. Case studies 
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were made upon two ¿roups of Ann Arbor children, one 

group had advanced caries, the other group were caries- 

free. Tue caries-free children were hearty eaters; they 

had meals of a uniform qulity and ate regularly; they ate 

some candy and sïmple desserts. In contrast, caries-sus- 

ceptible children were fussy about what they ate; thir 

meals were irregular and they ate candy between meals. A 

study (160) of children in an orphanage showed that an in- 

adequate diet does not always produce caries. The diet ' 

these children was low in minerals and vitamins and total 

calories. When it was improved so it was higher in milk, 

e;gs, fruit and butter, the children grew better, but 

their teeth did not show any lessened caries. The original 

diet was hir::h in carbohydrate. Koehne (160) says that 

the only explanation for the low incidence of caries in 

these children was their low consumption of artificially 

sweetened food and the uniformity and regularity of the 

mea is. 

The following quotation is from an article by Koehne, 

and others, in the "Journal of the American Dietetic As- 

sociation" March 1934. "There is strong evidence that 

Bacillus acidophilus growing in protected areas of the 

mouth is the primary cause of tooth decay. The kind of 

food one eats is of importance chiefly as it provides the 

medium for the growth of these organisms. If the diet 
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provides a pabulum in the mouth or in the intestinal tract 

that is favorable for the growth of these organisms, caries 

will probably result, irrespective of the nutritional bal- 

ance of the diet uniess the teeth are so shaped and ar- 

ranged thet all tooth surfaces are readily cleaned and 

offer no possibilities of food inpaction, or unless the 

person is protected by a natural immunity." 

It is presumptuous for a person of no experience to 

criticize the work Of a fa;sous authority. eut, why would 

not the high cereal content in the diet of the orphanage 

children be more apt to become impacted about the teeth 

and thus furnish a better medium for the growth of acid 

producing bacteria than would a diet that contained less 

of its carbohydrate in the form of starch and more in the 

form of sugar? Sugar is readily dissolved in the oral 

fluid and should not become impacted. Drain (76) says 

that it is not the things we put in our diets, but the 

things that we omit that causes our dental troubles. Then 

why should candy be harmful, if lt does not replace other 

foods that are necessary for healthy bodies? Brodsky 

(223) could find no correlation between candy eating and 

dental caries. Tisdall (49) says, "The danger of exces- 

sive sweets in the diet, as Lar as dental decay is con- 

cerned, see::s to be in the tendency for sweets to dull the 

appetite for the phosphorous containing. foods, such as 



72 

egg yolk, milk, meats, leafy vegetûbles, and grains." 

There is a very large number of research workers 

who agree with Bunting and. the other investigators at the 

University of idichigan. Dr. Sim Wallace (260) says, 

"Caries is purely the result of fermentation processes 

cornmencin, externally to the He does not offer 

any evidence in support of his stateinnt. Shaw, (227) 

writing in the "South African Medical Journal," states, 

also without any proof of his assertion, that "caries is 

a chemo-parasitical process." Tiie predisposin causes for 

the present prevalence of caries are the increased con- 

suxnptin of sugar, refined cereals, pastry, and tinned 

foods. All of these foods are soft; they do not require 

enougb chewing to keep the jaws in a healthy condition; 

and they are low in vitamin content. Shaw (227) thinks 

that the feeding of soft foods to children is a cause of 

the high incidence of dental caries in their teeth. Hat- 

ton, (109) in a review of dental caries in the "Journal cf 

the American Dental Association," says that caries was 

thou.ht to be due to acid attacking the surfaces of the 

teeth; later nutritional theories developed, but they 

have had too many failures. Probably we will eventually 

find that caries is due to soLe factor in the environment 

of the tooth acting upon the surface of the enamel, and 

iavin; its orijin in bacterial action, not nutritional 
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disturbances. 

Size 2. Lood particle in ileLition to dent]. 
caries. In 1934, LicColiwn (151) called attention to the 

decay he found In the molars of rats on a stock ration, 
which hd been adeuate for growth and reproduction for 
generations of rats. Of 196 rats fed this ration for 275 

days or more, 103 had caries in their molar teeth. 1-le 

found that on a moderately severe rickets-producing diet 
it would take about 110 to 205 days from weaning to pro- 
duce caries in the rat?s teeth, and a severe caries-pro- 
ducing diet would take 86 days or more for the production 
of caries. 

Shabita (161) was the first to produce caries in a 

short time. He used a ration of brown rice and powdered 

spinach and, in some cases, produced caries in as short a 

time as twenty days. 

Hoppert, Weber, and Canniff (123) found dental caries 
in stock rats on a diet which had supported growth and x- 

production for three generations. It consisted of 60 per 
cent ground yellow corn meal, 30 per cent whole milk powder, 
6 per cent linseed meal, 3 per cent alfalfa meal, and 1 per 
cent sodium chloride. Oatmeal when substituted for corn 

meal did not produce caries. Vihen the corn meal was finely 
ground and substituted for the more coarsely ground meal 

used in the original diet, caries were not produced. The 
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meal first used was the ordinary meal as it comes from 

the mill. The authors do not believe that decay was due to 

any lack of mineral or vitamin in the diet, but to the im- 

paction of the corn meal around the teeth, and the result- 

ing opportunity for bacterial fermentation of the food and 

the production of acid. The authors could not find that 

the addition of vitamins A, C, or D, in the form of orange 

juice and cod-liver oil, or the addition of calcium salts 

to the ration of coarsely ground meal prevented or lessened 

the occurrence of caries. 

The results of this experiment were verified by 

Lilly and Wiley. (171) They found that diets adequate 

for grovth and reproduction, according to the accepted 

standards, produced caries in 66 per cent of albino rats 

in 100 days, arid in 100 per cent in 125 days. The corn 

meal of the diet was coarsely ground. When the meal was 

cooked, or was finely ground caries were not produced. 

The authors are sure that there was sufficient calcium and 

phosphorus in the diet. The addition of vitamin D did not 

prevent caries. 

Klein and LcColluni, (154) also, carried out this ex- 

periment. They thought that there might be a lack of 

phosphorus in the ration containing the coarsely ground 

corn meal, because the coarse and fine corn ea1 and been 

separated h; sifting. They did not find a significant 
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differerce in the phosphorus content, though there was 

slightly more in the finely ,round meal. The carse1y 

ground meal had more phosphorus than oatieal, and oatmeal 

did not cause caries. They could find no relationship 

between the calcium to phosphorus ratio and caries, and 

no relationship between the ash content of the bones and 

cario s. 

Shelling and Asher, (229) also, found the physical 

form of the diet important in the production of caries in 

the rat. 

Hopert et al, (123) explain the production of caries 

in rats fed on an cdequate diet by the fermentation of 

the impacted particles of corn meal. They say that the 

finely ground meal was so tightly packed in the sulci of 

the molars that moisture did not penetrate it, so there 

was no fermentation. The coarsely ground meal was not so 

firmly impacted and fermentation took place. Jay (132) 

re)orted that the bacterial flora of the rat's mouth dif- 

fered with the diet. That the finely ground ration, even 

though it did contain sugar, did not cause a large number 

of Bacillus acidophilus to inhabit the mouth, but v.'ith 

the change to coarsely ground meal there was a change in 

the f1or to the Bacillus acidophilus. 

Since a nuTher of investigators have been able to 

produce dental caries in the molars of rats br a change 
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in the physical character of the diet, it seems to be cer- 

tain that the fineness or cosrseness of the ration must be 

a factor in the decay of the molar teeth of rats. How 

much bearing this finding can have upon the puzzle of 

human dental caries remains to be seen. Since the corn 

particles are hard, might not the caries of the rat's 

niolars have been due to fracture of the teeth? The diet 

of people is usually a combination of soft cooked foods 

and fibrous raw veetables and fruits. It is not similar 

in physical quiJities to raw corn meal. There probably 

have been many cases of fracture of the teeth from using 

them to crack nuts or for sorne other function for which 

they are not adapted, but in genra1 our diets are more 

apt to lead to under-development of the jaws because we 

eat quantities of soft food. The races that have excel- 

lent teeth have not lived on foods having common physical 

characteristics. 

The action of the saliva toward the prevention 

dental caries. This theory invo1ves two groups of 

factors governing dental caries. 

i - The local factor WhiCh is the splitting of the 

carbohydrate food into lactic acid. 

2 - The composition of the saliva which enables it 

to neutralize lactic acid. 

The first factor has been considered. The second 
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acids of carbohydrate fermentation, would depend upon 

the composition of the saliva, its ability to reach the 

parts of the tooth where acid is bein; formed, and the 

amount of acid produced. The neutralizing power of the 

saliva would depend upon the p II of the saliva, and the 

buffer salts it contains, and its CO2 capacity. (67) 

Enribt (83) coated sound extr&cte( teeth with as- 

phaltuiri, leaving only a small portion of the tooth exposed. 

He put these teetli in various buffer solutions represent- 

ing a wide range of p H values. Some of these had varying 

amounts of tricalcium phosphate added to the solution. 

The teeth were stained and examined. He concluded that 

the tricalcium phosphate of the saliva kept the teeth from 

being dissolved in the mouth. Benedict (20) and Forbes 

(87) used the method of placing weighed dry powdered 

enamel in various buffered solutions of weak acids, and 

concluded that the calcium and phosphorus content of the 

saliva prevents the enamel from dissolving at p H values 

above 5.0. 

Broderick, (46) won the Cartwright Prize of the Royal 

College of Surgeons, 1932, with an essay based upon the 

assumption that pyorrhea and caries are antigonistic les- 

ions. That o;orrhea is dependent upon alkalosis of the 

blood and caries upon acidosis. These are reflected in 
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the saliva by the deposition of the excess calcium upon 

the teeth in the case of pyorrhea, and by the opposite 

reaction in the case of caries -- the withdrawal of the 

calcium from the teeth by the aciGity of the saliva. In 

a later paer, 1933, he says that any disturbance of the 

acid-base balaÀnce of the body will affect the saliva, and 

ionization between the teeth and the saliva will follow. 

The diection the ions will take depends upon the p H of 

the body fluid. Price (212) states a similar theory. 

Hawkins (110) concludes from the examination of 140 

caries-free and many caries-susceptible people, that in 

caries the phosphates are not only deficient, but are 

lov in the dibasic forais and this condition makes the 

saliva acid in reaction arid low in calcium. All the 

caries-free people he examined had a hig1 percentage of 

calcium in the saliva, or an alkaline saliva, some had 

both. 

While many of the older writings gave the reaction 

of the saliva as slightly alkaline, many of the present 

workers think the normal saliva is slightly acid. Stern 

(24h) using the colormetric method of determination on 

the saliva of 100 children, between the ages of six cnd 

fourteen years, found thepHtorange from 6.6 to 7.0. 

Eleven cciildren with no caries had a range of p II 6.6 to 

p H 6.9, and sixteen with advanced caries showed p H 
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o.6 to p H 7.0. Hanke (102) found the range of the saliva 

from both carious and noncarious mouths to be p H 6.1 to 

p H 6.3. He used filter paper saturated with thymol blue 

as an indicator. He could not find that an adequate diet 

with large quantities of citrus fruit made any change in 

the hydrogen ion concentration of the saliva. 

Youngberg (268) could find no relation between the 

phosphorus content of the saliva and dental caries. Hor- 

ton, 1aarrack, and Price (124) examined 741 children and 

found a relationship between the calcium in the saliva and 

dental caries, but there was much overlapping. Tiìe child- 

ren with no carious teeth had from 6 to 14 ¡ng. of cslciuiîi 

per 100 c.c. 01' saliva and the children with seven or 

more carious teeth had from 2 to 9 m. of calcium per 100 

C.C. of saliva. The investigators think that the lessened 

calcium is a secondary change due to the caries. There 

is so much overlapping that there is probably some other 

cause than caries for the variation in the calcium. The 

iiichigan group (58) could find no relationship between 

the presence of dental caries and the calcium, phosphorus, 

or p H of the saliva. They did find that the saliva of 

caries-free had about 44 per cent higher carbon dioxide 

capacity than the saliva of the children with active 

caries. (129) 

Karshan, Kransnow, and Krojci (148) found, in many 
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caries-immune than caries-susceptible people, 'out the 

differences overlapped each other, and so were not sig- 

nificant. They could find no significant differences in 

the p H, titratable alkalinity, or calcium values of the 

saliva of carious and noncarious peo1e. Their findings 

are confirmed by the work of Boid and Drain. (40) 

Diet does not seem important for its effect upon the 

saliva. Tests were made for ca1ciu:, phosphorus, and the 

p ii concentration of the saliva of children; then the 

children's diet was supplemented with one quart of milk 

and two ounces Of toLato juice. This iprovement lessen- 

ed the development of caries, but did not change the 

analysis of the saliva. (128) Hawkins (110) advises the 

eating of alkaline foods. The diets that are generally 

found successful in controlling caries -- those of' Bunt- 

ing, Mcßeath, Boyd and Drain, and Hanke are all alkaline 

in reaction, but there does not seem to be any evidence 

that these diets have controlled caries by a change in 

the acidity, calcium, or phosphorus of the saliva. 

The Eskimos are the famous exaiple of a people with 

a diet high in acid producing food who do not show any 

evidences of poor dentition as a result. The people on 

the Island of Lewis also have good teeth and live on a 

diet high in potential acidity. Lennox mentions the diets 
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lierero, living almost entirely on soured milk, and the 

Ovambo, living on millet seed and milk, as very fine ex- 

amples of diets that are quite different in their end 

products when they are metabolised, yet all have the 

ability to prevent caries. 
Enzymes of saliva. The saliva contains enzymes 

that may conmiand the attention of one interested in the 

etiology of dental ries. Lyers (205) studied the rela- 
tionship between the arnylolytic activity of the saliva and 

its chloride and phosphorus content. He found in 21 sub- 

jects that the higher indices of amylolytic were character- 
istic of a higher chloride and phosphorus content; that the 

people with the lower indices had better teeth than those 
with higher indices. However, he found much variation in 

people on different days, and that a cold would lower the 

starch digesting power of the enzyme as much as 50 per 

cent. His work has not been confirmed. 

Hanke (104) disposes 01' the theory that the tooth 
might decay from protolytic enzymes, produced by bacteria 
in the mouth, attacking the organic structure of the 

tooth, by saying that these enzymes do not act on living 

substance. Bibby (27) has shown that the organic struc- 
ture of the tooth is keratin and is almost impossible of 

di.estion. He demonstrated s'in vitroti that the protolric 
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Summary of the theories that dental caries is 

due to forces outside the tooth. 

i - The general theory is that dental caries is due 

to the acid produced by micro-organisms acting 

on carbohydrate food debris, and raisIng the 

acidity of the saliva sufficiently to decalcify 

tooth enamel. 

2 - Tho earliest prophylactic treatment emphasized 

the cleanliness of the mouth, to lessen the 

amount of food. debris and to reduce the 'oacter- 

ial count. This treatment shows positive results 
in some cases, but has many inconsistencos. 

Liouths which receive no care frequently have ex- 

celleilt teeth; and mouths that are scrupulously 

careo for often have extrente susceptibility to 

caries. 
3 - A 1ter method is to control the frentation of 

the mouth oy a diet low in ferentable carbo- 

hydrates, particularly sugars, and artificially 
sweetened food; and to iiprove the general 

health with an adequate diet. In just what ways 

the improved diet protects the teeth is not 

known. It has not yet been demonstrated that 
people who live largely on carbohydrateshave 
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poor teeth. 

4 - The micro-organism responsible for fermentation 

is considered by some investigators to be 3acil- 

lus acidophilus. There is no conclusive proof 

that it might not be a streptococcus. The pos- 

sibility of vaccination for dental caries is 

being investiated, but it has not yet been 

proven. 

5 - The physical character of the food has been shown 

to be an important factor in the production of 

dentel caries in the molars of rats, but there is 

no evidence that it has the sanie effect upon 

human teeth. 

6 - The calcium and phosphorus content of the saliva, 

its hydrogen iron concentration, carbon dioxide 

combinin power, and titratable alkalinity have 

been investigated by many workers. The results 

are inconclusive. Some investigators have found 

a higher calcium or phosphorus content in the 

saliva of the caries-immune than in the caries- 

susceptible; others have found that there is no 

correlation between the composition of the saliva 

and dental caries. 

7 - The investigators who can find no change in the 

composition of the saliva when caries is rampant 
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saying that a plaque, composed o mucin from the 

saliva and food debris, holds the bacteria and 

the acid produced by the bacteria against the 

enamel of the tooth, preventing the neutraliza- 

tion of the acid by the saliva, and the saliva 

from becoming more acid. 

8 - Not any of the theories of decay explain: 

a - Why some teeth decay while others in the 

same mouth do not. 

b - Why plaques in soi-rie mouths seem conducive 

to decay, in others they seem a protection 

to the surface of the tooth. 

c - Why caries re frequently spontaneously ar- 

rested. 

d - Why dental caries is more difficult to con- 

trol when the organism is undergoing periods 

of stress, such as rapid growth and illness. 

Dental Caries is Due to Soe Systornic Factor within 

the tooth. 

Dental diseases have the advantage of being easier to 

diagnose than most other diseases. The tissues involved 

are open to inspection. Inasmuch as systemic disturbances 

are generally believed to produce changes within the oral 

tissues, it is possible that the teeth may, as Dr. Drain 
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remarked, serve as barometers to indicate the condition 

of the body, If the teeth are affected by diseases of 

the body, they must just as surely respond to that condi- 

tion of the body which Dr. Shcrian refers to as "bouyant 

health. ' 

It was formerly thought that the tooth once formed 

remained ari unchangin. structure, except as it niht be 

destroyed by outside influences. Now there is coming to 

be a generally accepted belief that the tooti is as re- 

sponsive to the influence of food as the other tissues of 

the body. Though the response of the tooth may not be as 

rapid as that of some of the other tissues, it is just as 

certain. 

The next step is to deterine how the metabolism of 

the tooth is carried on. Not so much research has been 

attempted upon this phase of the nutrition of the tooth, 

probably because the prevention of dental caries has seemed 

more important than learning the exact mechanism by which 

this prevention takes place. 

Probably the only protective mechanism outside the 

tooth is the saliva. The available infor.:;ation about the 

saliva is contradictory. 

The first protective forces within the tooth, is the 

structure of the tooth itself. The enamel of some teeth 

seems more resistant to etching "in vitro," when exposed 
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to the action of weak acids, than does the enamel of other 

teeth. Some teeth have cracks and fissures and do not 

have the dentine fully covered with enamel. There is some 

argument about the decav in hyooplastic teeth, but it 

seems generally accepted that good structure is an im- 

portant factor in the preservation of the teeth. Dr. 

Guies has said "if you want good teeth select your grand- 

parents carefully." (95) A small group of' investigators, 

chiefly at Colu;-ibia University, believe that there is a 

protective mechanism within the tooth itself; that the 

tooth has a circulation within the pulp and the dentine, 

and a limited circulation within the enamel. The circula- 

tion within the pulp and dentine seems to be more general- 

ly accepted, but the possibility of any circulation with- 

in the enalflel is considered doubtful. 

Some research workers believe that there is one or 

:ore specific factor of primar:, importance responsible 

for the well-being of the teeth; while others stress the 

need for a well-balanced diet and make no attempt to single 

out any one factor more than another. 

The mechanism of circulation within the tooth. In 

the first part of this paper reference was made to the 

pulp of the tooth. The pulp is a fibrous tissue contain- 

ing blood and 1rmph vessels and nerves, characterized by 

a layer of odontoblasts iamnediately against the inner wall 



of the dentine. The plasma seeps through the endothelial 

wa'.ls of the capillaries and bathes the cells of the 

pulp; from this intercellular fluid the odontoblasts 

select the constituents necessarj for the nutrition of 

the dentine. (102) The fluid secreted by the odontobiasts 

is passed to the dentine by fi'orils which are oifsnoots 

from the odontoblasts; they are tiny branching tubes which 

permeate the dentine in all directions, thus carrying 

nourishment to all parts of' it. These tubules were thought 

for some time to be solid material; that is how they came 

to be called dentinal fibrils. The mistake was due to 

the fixing agent, used in the preparation of the tooth, 

coagulating the lymph and making the tubule appear solid. 

(37) The dentinal fibrils transport this fluid, which 

may be called dentinal lymph, to the dento-enamel junc- 

tion and throughout the dentine. The rosidual fluid then 

passes back in the 11circuitubular' space between the 

dentinal fibril and Newman's sheath (a highly resistant 

membrane of protein, which lines the dentine tubule. ) 

Sorne of the fibrils do not end at the dento-enamel june- 

tion, out the enamel for a short distance. They connect 

with the enamel lamellae, and tufts, which pass the lymph 

to the enamel rod sheaths, the structures which cover 

each of the enamel prisms and are the end structures in 

this distribution of dental lymph. (ö7) 
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The function of the dental lymph is twofold: first, 
it achieves the post-eruptive calcification of the dent- 

me; second, it maintains a protective mechanism against 

the external agents of dental caries. As the tooth ages 

inoie calcium is deposited in the dentine, hence the tooth 

hardens itself. One of the theories of the means by which 

decay might be prevented was that the dental lymph per- 

meated the dentine and enamel, and if it had a high enough 

buffer value, neutralized the oral acids. (37) Illness, 
dietary disturbances, or endocrine dysfunction might re- 

duce the buffer value of the dental 1mph and caries would 

result. There seems to be a degenerative change in the 

fibrils; soiie of them become impermeable to fluids, so 

they can not transport the lymph . (37) The work of Kar- 

shan, (148) who showed that dentine had a p H of 7.8 to 

8.0 and enaiel a o H of 7.3 to 7.6, caused a reviìon in 

the theory mentioned above to the suggestion that the 

dental lpnph does not of itself neutralize oral acids, 

but it maifltains the high alkallne reserve of the enamel 

and dentine by a constant supply of minerl salts. (36) 

In ground sections of a tooth opaque areas are fre- 

quently seen. They have been ascribed to the heat of 

erosion due to grinding, but it is now considered that 

these areas were formed before the tooth was extracted. 

Bodecker and Applebaum (39) ground a section of jaw which 



contained an unerupted tooth, a normal erupted tooth and 

two teeth with fillings. The normal erupted tooth and 

the unerupted tooth did not show these opaque areas, but 

the teeth that had fillings had opaque areas in the dent- 

me around the fillings. This has led to the belief that 

the hypercalcified areas are foried in an effort of the 

dentine to protect itself froni further destruction. This 

area may be due to secondary dentine (19) or to the de- 

position of calcium salts within the dentine. (6) In 

this way the tooth is separated from the carious lesion, 

and the spread of caries may e controlled by the kind of 

calcified area that is found around the carious lesion in 

the tooth. If enough calcium salts are secreted and a 

hard area formed, that condition known as "arrested caries" 

takes place. (85) Hypoplasias, erosions, abrasions, end 

decay all cause the formation of sclerosed areas in the 

tooth under the seat of the trauma. The irritation that 

produces hardening of the dentine will hasten the contrac- 

tion of the pulp tissue and the formation of secondary 

dentine in the pulp chamber. (23) 

The metabolism of the dentine is quite widely ac- 

cepted among investigators; but Dr. Bodecker ($8) seems 

to stand alone In the belief of metabolism in the enamel. 

Sorne of the doubts are summed up by Dr. Steenbock, (243) 

in a lecture given at the Oregon State College in 1933. 
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He said that we now know the teeth are living parts of 

the body and carry on nietabolic processes as do other 

living tissues, but more invostiation will be needed to 

convince scientists that the enamel is supplied with 

nutrients, for it is s verj dense structure almost en- 

tirely composed of organic salts and highly resistant to 

corrosive agents. Dr. Sim Wallace (260) is more emphatic. 

He says, "The enamel prisms are normally inorganic and 

quite incapable of metabolising. Any matter which my 

surround them, whether the latter. is lymph or keratin, 

liquid or solid, organic or inorganic, alive or dead. The 

only indication of life is in that part of the enamel into 

which the dentinal tubules extend. The fibrils may react 

from injury but the enamel does not. There is no known 

circulation of lym:h in the enamel, and the socalled 

lymph has no lymphocítes and is nonvital. There is no 

reaction to the action of acids on the surface of the 

enamel even thouh the dentinal fibrils mey possibly se- 

crete calcium salts. If the enamel can be repaired at 

all, it is only by a cement substance secreted by the 

dental fibrils. Defects in the enamel persist throughout 

life, e::cept as they change froii external agencies." 

Other investigators have pointed out that the enaìiel 

has no cell structure, with cell neculi, and cell en- 

zymes; it is very slightly permeable to salts and gases. 
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(95) Keratin is a suostance insoluble in lnph and chem- 

ically inert. If acid typical of oral fermentation were 

applied to the surface of a tooth l'in vivo" and if the 

enamel were not damaged and the acidity of the acid dim- 

inished then there would be sorie basis for considering 

that the enamel neutralizes acid, but if the enamel were 

attacked and the acidity of the acid diminished one would 

need to consider the enamel as nonvital. 

One of the objections to the theory of metabolism 

within the tooth, is that puipless teeth do not decay more 

raoidly than teeth with pulp. This, to the writer, does 

not disprove metabolism within the tooth, for the tooth 

with its pulp removed and root canal filled would not be 

a part of the bodj insofar as metabolic processes are con- 

cerned. The pulpiess tooth would bear no more relation to 

the body than a tooth carved from ivory, or than a silver 

plate used to reinforce a broken bone. The writer bas 

not been able to find statistics giving the rate of decay 

in pulpiess teeth. The saying that they do not decay 

more rapidly than other teeth, may 'ce like many other 

statements taken for granted and may or may not prove 

true UDOn investigation. From the available literature, 

the impression has been gained that teeth with dead pulp 

tissue are regarded as foci of infection, and there is a 

difference of opinion scout the advisability of filling 
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pulp chambers. Not enough pulpiess teeth hive been left 

in the mouth to furnish an adequate basis for comparison. 

effect various nutritive factors upon 

dental caries. Hypotheses of the ways immunity to dental 

caries might be produced through diet may e placed in 

four groups: 

i - Immunity to caries may function by providing a 

circulatory mechanism within the tooth, and a 

dental lymph which neutralizes the forces attack- 

in the enaiel. 

2 - The structure of the tooth may be modified to 

resist attacking: forces. 

- The attackin5 forces may be reduced so as to be 

less harmful to the enamel. 

4 - Immunity to caries may be achieved by all of 

these factors working together. 

The first theory ;iven above has been discussed in 

the presentation of Dr. Bodecker's (37) findings regarding 

the retabolism of the tooth. The second has buen con- 

sidered in that section of this paper devoted to the 

structural changes in the teeth due to diet. The third 

is considered in the acid decalcification of the teeth, 

the particle size of the food, and the reactions of the 

saliva. The fourth is probably the way the various food 

factors act in protecting the organism from dental caries. 
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The nutritive factors investigated for their effect upon 

dental caries are vitains A, C, and D, and calcium and 

phosphorus. 

Tiie function of vita.in A. The early work (200) 

was on the "fat soluble" vitamins, and no distinction was 

made between vitamins A and D. The effect of vitamin A 

has been considered under the structural development of 

the teeth; its effects upo fully formed human teeth has 

not been cTetermineä. When vitamin A is deficient in the 

diet of rats there is a change in the incisors. First, 

there is shrinkage of the odontoblasts, followed by ir- 
regular growths of dentine toward the pulp chamber. The 

odontoblasts finally become incorporated in this dentine 

matrix. The enamel formation ceases; the ameloblasts be- 

co:e shrunken and atrophied. They are frequently replaced 

by a layer of stratified epithelium. (267) 

Klien and Shelling (153) found caries-like lesions 

present in the molars of rats that had been fed diets de- 

ficient in vitairtin A and adequate in vitamin D. 

Mrs. Mellanby (200) vias able to develop hypoplasia 

in dogs by a diet low in "fut solubis" vitamins, but she 

could not develop caries. 

Bloch (34) could find no higher incidence of caries 

in the teeth of Danish youn people, who were in a home 

for the úlind,as a result of severe vitain A deficiency 
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in childhood, than in the teeth of people who had ade- 

quate vitamin A. 

In a program of supervised diets of 800 children in 

institutions I1rs. Lellanby (193) found that caries could 

be reduced as much as two-thirds by adding cod-liver oil 

to the chiidrents food, but she got like reduction in 

caries by the addition of vitamin D in the form of vios- 

terol. Hess (114) and Kuglernass (166) could not find that 

the lack of vitamin A had any effect upon the fully formed 

teeth. Vitamin A affords to the mucous membrane a ¿rester 

power to resist Infection, hence protects the soft tis- 

sues of the gum. It is also essential for the foration 

of ooci tooth structure. These probably are the only 

effects vitaiiin A has upon the prevention of dental caries 

in human teeth. 

The effect of vitamin C. La or vitamin C 

produec important changes i i.,ne tooth and the membranes 

surrounding the tooth. (78) The two diseases of the peri- 

dontal membranes which are ascribed to insufficient in- 

take of vitamin C are pyorrhea, alveolaris and gingivitis. 

(106) Since the theme of this discussion is the decay of 

the tooth, these diseases are outside the scope of this 

work. "Diet and Dental Health," (102) by Milton T. 

Hanke, gives an excellent description of these diseases, 

and sorne very fine colored plates showinL the teeth and 
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their surrounding ;issues in health and in disease. 

The first spiptom of scurvy in a guinea pig is man- 

ifested in its teeth. Hojer (121) thinks that the tooth 

of the guinea pig is the most reliable index of scurvy in 

the animal. The feeding of orange juice or some other 

food rich in vitamin C will restore the original structure 

of the tooth, unless the pulp is very much disintegrated 

as a result of the vitamin C dcficienc:j. (125) 

The guinea pig is very susceptible to scurvy; and 

has teeth which are constantly growing, so there is some 

doubt about how much of the observations on the guinea 

pig may be applied to human beings. But it is generally 

agreed that vitamin C is essential to dental health. The 

only question is the amount of vitamin C that is needed 

for full protection of all the tissues. 
The most extensive work to show the effect of vitamin 

C upon dental caries was carried out by Dr. Hanke (102) on 

341 children at Llooseheart, for three and a half years. 

Observation over a period. of years liad convinced Dr. Hanke 

H' the following premises: 

1 - None of the people with dental disorders were 

eating an adequate diet. 
2 - Not many people were eatingfood they should eat. 

3 - The majority of people wïthout dental disorders 

were eating adequate diets. 



4 - A low intake of vitamin C is the rule, not the 

exception. 

5 - Dental disorders of all kinds might be found in 

people eating food inadequate in vitamin C. 

The daily diet which Dr. Hanke considers adequate 

for the adult is composed of the following essential 

foods: to 32 ounces of milk, children should have 32 

ounces; 1 to 2 eggs; to head of lettuce; 8 ounces of 

fruit other than oranges; 12 to 16 ounces of vegetables; 

meat once a day, 16 ounces of orange juice. Other foods 

are added for fuel value. 

This diet would need to be modified accordinr to the 

age of the children, but orange juice was given to all the 

children at Mooseheart. During the control period from 

October 1929 to October 1930 the children received this 

diet without the orange juice. In the fall of 1929 dental 

examinations of the children were made by two dentists, 

all cavities were filled, and the teeth cleaned. For one 

year careful tests were made of the blood and saliva of 

the children; the progress of cariesfor the year was de- 

termined. During this year the children had their usual 

diet. The findings were: 

20.8 per cent of the children had no carious teeth. 

23.8 per cent of the children had 1 carious tooth. 

21.0 per cent of the children had 2 carious teeth. 
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34.4 per cent of the children hid 3 or more carious 

teeth. 

The same pro'am was carried out for the next year 

beginning in the fall of 1930, but the children were given 

one pint of orange juice with the juice of a lemon in 

addition to their previous diet. The results are given 

ce low: 

4.7 per cent of the children had no carious teeth. 

10.9 per cent of the children had no carious teeth 

for 2 years. 

49.8 per cent of the children had no caries arrested. 

16.4 per cent of the children had caries retarded. 

18.2 per cent of the children had caries unchanged. 

The next six months the children had the same diet as 

the first year of the test -- the adequte diet without 

the pint of citrus fruit juice. The results are shown 

be low: 

16.6 3er cent of the children had arrested caries or 

no caries. 

20.1 per cent of the children had 1 carious tooth 

developed. 

19.0 per cent of the children had 2 carious teeth 

developed. 

44.3 per cent of the children had 3 carious teeth 

ceveloped. 



A summary of the f indins for the three periods is 

given below: 

From October 1929 to October 1930, 79.2 per cent of 

the children had progressive caries. 

From October 1930 to October 1931, 33.7 per cent of 

the children had progressive caries. 

Dr. Hanke ascribes the arrested caries in these 

children to the effects of vitamin C. This does not prove 

that other constituents of orange juice were not involved. 

He found that the children who were most susceptible to 

caries in the control period were the children who were 

hardest to check during the ecrimenta1 perïod. There 

did not seem to be any correlation between the phosphorus 

and calcium ir the blood serum and the progress of caries, 

nor the height and vieight of the children and the absence 

of caries. Hypoplastic teeth did not seem to decay more 

readily than other teeth. 

The work of Eddy, (78) Howe, (125) and Kugelmass and 

King (116) supports the findinís of Hanke regarding the 

need of abundant vitamin C in the diet. 

Hess (113) and sorne other research workers hove asked 

why, if vitamin C is essential in large amounts, the Es- 

irnos have such good teeth. Dr. Hankets answer to this is 

that probably races can accustom themselves to living on 

small amounts of any dietary necessity. People who are 



not able to encure deprivation die, and the ones who live 

and reproduce are the people who do not need so much of 

the essential factor. In other words a survival of the 

fittest, but the abilit:í to use less of a necessity, has 

to be cieveloped through many generations. 

The effect of phosphorus. There ïs probably 

more disagreement about the effect of ca1ciu, phosphorus, 

and vitamin D upon the teeth, than any other phase of 

nutrition in relation to dental caries. Everyone know$ 

that these food factors are essential; the questions are 

about the qubntity of each metabolized, and the rstios of 

one to the other. If phosphorus is the essential factor 

in the prevention of dental caries, it has seemed to many 

investigators that the fluids of the bod: should show a 

higher phosphorus content for caries-free than for caries- 

susceptible peoule. Dobbs (68) from clinïcal investiga- 

tiens covering two years is quite certain that the blood 

serum of caries-immune people is much higher in phosphorus 

than the blood serum of caries-susceptible people. He 

says that the blood of people with rampant caries is high 

in calcium and low in phosphorus. Hawkins (110) agrees 

with that statement. Kugelmass and King (167) say that 

care should oe taken to have a high phosphorus intake for 

carious children. Price (212) explains that the high 

phosphorus content of the diet of people on the Island of 
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Lewis and of the Eskimos is accountable for their e- 

cellent dentition. 

The Anews, (4) after many experiments with rats on 

diets low in minerals, and vit&nins, concluded that the 

level of phosphorus in the blood serum was the factor 

which determined dental caries in rats. Klein (152) con- 

siders the balance between calcium and phosphorus the 

most iiiportant phase of the question. He fed rsts diets 

adequate in calcium and low in phosphorus, with large 

doses of viosterol and developed caries; but the rsts 

fed diets low in calcium, high in phosphorus and doses of 

viosterol did not develop caries. Ieither did rats fed a 

ration adequate in calcium and phosphorus show caries. 

Mrs. Mellanby (200) did not find the calcium phosphorus 

ratio as important as vitamin D for adequate dentition in 

dog s. 

Karshan, (146) Jundell, (145) Brodsky, (223) Hubell, 

(12ß) Koehne, (161) Bunting, (55) and Boyd and Drain, (40) 

could find no relation between the serum calcium or phos- 

phorus and the state of the teeth. Mull conducted suc- 

cessive examinations on 358 pregnant women from the twenty- 

eighth week of pregnancy to the seventh week post-partum 

and could find no correlation between the aounts of cal- 

ciu and phosphorus in the blood stream and dental. caries. 
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The effect of vitamin D. The effect of vitaiin 

D is to enable the body to make use of calcium. No amount 

of vitamin D can take the place of calcium. 

Mrs. Mellanby, (193) in a study lasting two years, al 

a group of 800 institutional children, found she could re- 

duce carïes two-third by feeding either cod-liver oil or 

a concentrated vitamin D preparation. In a study made in 

1928 she investigated the effects of supplementing the 

diet of children with three different foods -- treacle, 

olive ou, and cod-liver oil. She found the cod-liver oil 

was effective. The children getting olive oil and treacle 

had an increase in caries of about 45 per cent. Tiose 

getLing cod-liver oil had 9.8 per cent increase in carious 

teeth. 

The Mellanbys believe that oatmeal contains a de- 

calcifying agent, and if oatmeal is given children the 

diet must be higher in vitamin D, than it would need to 

be otherwise. In many animal experiments they have pro- 

duced hypoplasia in the teeth of puppies by diets high in 

cereals and low in vitanin D, but they have not been able 

to produce caries in the toeth of dogs. Edwtrd Le1Lby, 

in a lecture delivered at the University of Edinburgh, 

after the award of the Cameron prize for 1932, seid that 

with about 200 c.c. of milk per da:, and un1iìted oatmeal 

gruel or bread caries could be produced in the teeth of 
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puppies in six or eiht weeks. 

Other workers have not confirmed the findings of the 

Mellanbys in regard to the harmful efIects of cereals in 

the diet. Their are usually considered a LOOd food for 

the production of energy, but since they are not rich in 

minerals and vitamins, they should not crowd milk, fruits 

and vegetables out of the diet. 

The effect of an adequate diet. Boyd and Drain 

('77) vere probably the first to stress the effect of a 

diet as adequate as our knowledge of the nutritional needs 

of the body permits. The first man noticed that the teeth 

of diabetic children had improved upon the diabetic diet. 

Then they determined that insulin had no part in this ar- 

rest of dental caries; that the sole cause was food. They 

insist upon the following foods being included in child- 

ren's diets "each day, each week, each month, each year»' 

i quart of milk; i teaspoon of cod-1ivr oil; 2 large 

servings of ve.etables, other than potato; 2 large serv- 

Ings of fruit, one should be a raw citrus fruit; 1 or 2 

eggs; 6 teaspoons of 3utter, 1 serving of meat. They 

stress the fact that children are frequently offered these 

foods, but they do not always eat them. 

The program of procedure is as follows: 

1 - The condition of the patient's mouth is determined. 

2 - The general physical condition noted. 
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3 - If there are any abnormalities suspected, a phy- 

sician makes an examination. 

4 - The patient or the mother is given a blank form 

and rocords the food eaten for three days. 

5 - Dietetic errors are pointed out to the mother and 

the child when the diet chart is returned. 

6 - A list of well-balanced meals including the foods 

listed above is given to the patient. 

7 - There is a "check-up" at frequent intervals. 

This dietary plan is much like the diet of Bunting 

(55) which was found effective in the control of caries. 

It i.s, also, like the diet Dr. Hanke recommends except t1 

it is not so rich in citrus fruit. Howe, (127) Mcßeath, 

(182) and Hewett (119) agree that these dietary recoimnenda- 

tions prove a satisfactory means of controlling dental 

caries. Again inadequate amounts of some foods, not too 

much of any particular food, is stressed as the cause of 

dental caries by the Iowì croup of investigators. While 

there may be a few patients in whom it is imooscible to 

arrest caries, one finds, as a rule, that the diet has 

not been followed in every particular when the carious 

processes continue. 

SUGGESTIONS FOR FtJRT1IER RESEARCH 

The present place for research in this field has not 

been continued over long enough periods in the life of the 
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same child. LiOt of the experiments llave lasted only 

three years, and sorne only a few months. Too many of the 

investigations have been group observation only. 

The teeth begin to develop about the fortieth or 

forty-fifth day of fetal uf 
in relation to dental carlos 

ing of life in the fetus and 

person until the eruption of 

cedure would be difficult to 

require: 

s, so the study of nutrition 
should berin with the beginn- 

should continue in the same 

the thTee molars. This pro- 

follow. Such a study would 

i - An accurate record of the diet of the mother 

during pregnancy. 

2 - The metabolic condition of the mother during 

pregnanc :. 
3 - The diet of tie child from the tirne it la born 

including a record of the actual food ingested. 

4 - The blood composition determined oy tests every 

three months. 

5 - Monthly tests of the saliva 

a - bacteriolodca1 
b - chemical 

6 - The time and severity of any diseases or other 

disturbances of rnetabo1isn. 

7 - The time of eruntion of the teeth. 

8 - Any diseases or dystrophies of the teeth. 
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With information of this character about children 

living their normal home lives, lt should be possible to 

determine the etiology of dental caries in man and thus 

eradicate the most prevalent of human diseases. 

SU1vÏMARY 

i - Tite literature pertaining to the function of food 

in the preservation of the teeth has been reviewed. The 

historical, geographical, racial, and hereditary factors 

in the incidence of caries are discussed. It is shown 

that dental caries is the most prevalent of human dis- 

eases. About 95 per cent of Americans are sufferers from 

this disease. 

2 - The structural development, growth, and calcific- 

tion of the teeth are treated briefly in their relation 

to dental caries. Chances in the structure and dystrohies 

of the teeth due to pre-natal and post-natal diet, to ill- 

nesses, and to drinking water are considered. 

3 - The nutritional factors in relation to dental 

caries are discussed under two main topics. 

First, factors without the tooth, that may or may 

not enable it to resist caries. 

i - Oral hygiene, which is now thought to be of 

less importance than former1j. 

2 - Acid destruction of the tooth achieved by 

the action of Bacillus acidoplailus, or some 
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other micro-organism fermenting carbohj- 

drate food debris into an acid of suf- 

ficient strength to decalcify the enamel. 

The acids are protected from dilution by 

the saliva and held against the tooth by a 

plaque. A good diet has been found use- 

ful in preventing the destruction of the 

tooth. This theory has strong evidence but 

it does not explain why some teeth decay 

and others in the same mouth do not; neither 

does it explain arrested caries. 

3 - The particle size of the diet is shown to 

be a factor in the production of dental 

caries in rats. Coarsely ground particles 

of food lend themselves to acid fermenta- 

tion. This discovery does not seem to be 

of any importance in human nutrition. 

4 - There is not any conclusive evidence that 

the calcium, phosphorus, titratable alka- 

linity, p H, or carbon dioxide combining power 

of the saliva lieve any effect upon, or any 

relation to dental caries. 

5 - The amylolytic and protolytic enzymes seem 

to have no action upon the teeth. 
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Second, factors within the tooth that may or may not 

enable it to resist caries. 

i - The structure of the tooth. A well-formed 

well-calcified tooth is more resistant to 

decay. 

2 - The metabolism of the tooth. The circula- 

tion of lymph in the pulp and dentine is 

generally conceded. A few workers believe 

the enamel is also bathed in lymph. Tìi.s 

theory is not generally accepted. 

3 - Vitamin C has a protective action upon the 

peridontal tissues. Some workers believe 

that high intakes of vitamin C wl1 prevent 

dental caries. Vitamin C has been adminis- 

tered as orange juice but the decrease in 

dental caries following its ingestion might 

be due to some other factor than vitamin C. 

4 - Vitamin D is necessary for the calcification 

of teeth and bones, but that it is the spec- 

ific preventive factor in dental caries has 

nOt been proved. 

5 - The calcium phosphorus ratio, or the pre- 

sence of larde amounts of calcium or phos- 

phorus in the diet are not specific factors 

in the prevention of dental caries. 



6 - A well-balanced diet, adequate in minerals 

and vitamins has been shown to be effective 

in preventing or 1essenin dental caries. 

From the evidence presented in the literature one 

must conclude that no single factor is responsible for 

dental caries. A well-balanced diet, both before and 

after birth, and freedom from metabolic disturbances will 

result in the prevention of dental caries. The amounts 

of vitamin C, calcium, phosphorus, and vitamin D required 

to prevent dental caries are probably much higher than 

our uresent standards of nutrition indicate. 
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