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_I_NTRODUCTION

Dental caries has been concisely defined by Thos. J. Hill5

as "... a disease causing the disintegration and loss of tooth

structure and ... characterized by the formation of acids on

tooth surfaces as the result of degradation of carbohydrates

by bacterial enzymic action." Although caries is one of the

most common afflictions of mankind, its etiology and prevention

are only imperfectly understood at present. In the words of

Wm. J. Gies,“ "Many careful researches and numerous competent

clinical observations ... have been made ... yet the results ~

have been discordant, the conclusions contradictory, and the

outcome confusing." According to Hill3o, "Dental caries has been

considered an entity when perhaps it is a syndromic expression

of various systemic influences ...."

Tooth decay is a peculiar disease in that the body tissue

attacked is non-cellular, in that there is no demonstrable de-

fensive cellular reaction to tissue injury, and in that there

is little evidence of an attempt on the part of the body to re-

pair damage to the teeth. For these reasons many investigators

insist that caries must not be inCluded in the term "disease".

But if we accept a broad definition of the word, that is, a

variation of any organ beyond what we consider to be the limits

of normalcy, the term is applicable.

The literature of dental caries is far too extensive to

permit a review here. Numerous publications exist in almost

every language throughout the civilized world. However, by cit-

ing occasional contributions from several sources, a generalized
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concept of the present stage of man's knowledge of this disease

is indicated.

No attempt has been made to cite all references dealing

with any one tOpic. We have referred to the earliest papers on

most topics, but because of the tremendous amount of literature,

it is possible that some important papers have been overlooked.

Dental caries is known to occur among virtually all the

peOples of the world today,‘but the percentage of persons affect-

ed varies considerably from one ethnic group to another. The

incidence of caries is high among most of the civilized inhabi-

tants of the world. It is usually less frequently encountered

among those whose civilization is comparatively primitive.19

In 1938, Russell W. Bunting65 stated that 85 to 95 percent

of public school children in this country were susceptible to

tooth decay, and only 5 percent of individuals are caries-free

throughout life.

Caries is known to have existed in EurOpe in Neolithic

times, but with a lesser frequency than among present day Euro-

peans, according to Herbert GrethC (as translated by R.Kronfeld).

H. F. Curtis,+ reports that skulls and mandibles of persons who

lived in Egypt about 3HOO BC show no caries. Caries was signifi-

cantly more common among the Egyptians of 1800 years later, and

has steadily increased since 1000 A.D. H. Jobe Sedwick6O reports

finding dental caries in #3 of #8 precolumbian Indian skulls-

from what is now New York State.

, The etiology of caries has been both a tantalizing and

important problem to man for many centuries. Prior to the latter

part of the 19th Century, there were many and varied theories



2’ 27 remark that in #56 3.0-9of its etiology. Two authors

Hippocrates ascribed this disease to "'the stagnation of depraved

Juices' in the teeth". Bunting2 states that Galen, in 131 A.D.,

believed the process to be similar to inflammation. During the

reign of the Roman Emperor Claudius, Scribonium Largus suggest-

ed that caries might be initiated by small worms which burrow-

ed into the teeth. There were EurOpean adherents to this con-

cept as late as 182%.

As man's knowledge of electricity increased during the

2 of the causa-l9th Century, there arose two novel hypotheses

tion of tooth decay. Both have long since been discarded for

lack of supporting evidence. In 1861, Bridgeman published a

statement that the crowns of teeth were electro-positive, the

roots electro-negative, and the mouth secretions electrolytes.

Electrolysis supposedly produced acids which in turn decalci-

fied the enamel and dentin. Chase believed in 1880 that when

acid saliva bathes a metallic filling, an electric current is

produced, and the tooth disintegrates.

In 1883, Willoughby D. Miller, an American student of

Koch, the celebrated EurOpean bacteriolOgist, demonstrated

that microorganisms are the active factors in the decalcifi-

cation of enamel. His etiological theoryé’52’53’5”")‘5’5’6

gained widespread acceptance, and has, with minor restatements

and additions by other men, withstood the test of time. Today

it is almost universally accepted. Miller demonstrated that

some form of acid caused an initial decalcification of the

tooth. These acids, he deduced, were made from starch or sugar

by the action of a self-reproducing, carbolic acid-sensitive



agent which was contained in the saliva. Bacterial organisms

possess these qualities. He described the second stage of

dental caries as a digestion of the organic materials of the

tooth by organisms capable of liquifying albuminous substances

in an acid medium. Miller observed twenty-two kinds of

acidogenic and proteolytic oral bacteria, some of which pos-

sessed both abilities. He did not believe that any one organ-

ism was the specific cause of decay.

Miller's claims have not gone uncontested; several hypo-

theses somewhat at variance with his have been advanced. For

example, Bunting2 has described the hypothesis of R. Eckerman,

of Sweden, who stated in 1910 that Miller's theory held only

for the latter stages of caries. He maintained that the tooth

acted as an osmotic membrane between the blood (in the pulp

cavity) and the saliva. The tooth supposedly deteriorates by

an osmotic-pathologic process which proceeds excentrically

from the pulp. This is followed by a concentric process

similar to that described by Miller. .This hypothesis and its

subsequent modifications have never been generally accepted

by investigators because of the lack of evidence to support

them.

Since Miller's fundamental investigations, dental re-

search has prOgressed considerably. McIntosh, James, and

Lazarus-Barlowl’stl’9 of Great Britain, and Rodriguez57, a

dentist in the United States Army, narrowed the field of

study to those organisms which were capable of growing on an

acid medium and capable of producing a high concentration of

acid. In both instances, it was reported that in cultures



taken from initial dental lesions, Lactobacillug acidOthlus

was present, and was the predominating organism capable of

withstanding a low pH.

C. P. Canby and L. J. BeIr-nier21 found _L_. acidoghilus in

over 90 percent of the superficial dentin cavities which they

studied. The (University of) Michigan Dental Caries Research

Group 26,65 found a high positive correlation between the

quantitative counts of salivary L, acidOphilus and the degree

of activity of caries. There was also a qualitative differ-

ence in strains of the organism from caries-susceptible and

caries-resistant individuals. Caries-free persons showed a

diminished frequency of localized organisms on the tooth

surfaces. Bunting, one of the members of this group2’65 was

also able to induce caries in_zigg.by placing a culture of

the organism on bread (as a medium) under a clasp fastened

to one of his own normal teeth. A lesion indistinguishable

from a primary carious lesion appeared at the site of the

clasp. Likewise, the Michigan Group18 was able to induce

carious destruction in yiggg by exposing only a portion of a

tooth to salivary bacterial action.

Dental research workers generally agree that the chemical

source of acids Produced by oral bacteria is carbohydrate in

the mouth, as was demonstrated by Miller. Buntingz, and Hills

explain acid production from starches, which may be expressed

empirically:
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Thus one would expect a high carbohydrate diet to have a

deleterious effect on the teeth by providing a plentiful

bacterial substrate. With a group of orphanage children on

a low-sugar inadequate dietuz’és the Michigan Group trebled

the low caries rate by administering unrestricted amounts of

candy. The saliva of 80 percent of the children showed an

increased L, acidoghilus count.

Hill and Steggerda62 observed that Navajo Indians living

on a high protein diet, and Maya Indians living on a high

carbohydrate diet have similarly low caries rates. In the

latter group, the percentage of Indians whose mouths are free

from L. agidgphilus is greater, and the average counts of the

organism are lower than the comparable figures for white

peOple in the United States. However, both tribes eat very

little sugar.

Most investigators agree that the form and arrangement of

teeth in the mouths of most peOple provide lodgement places

for food particles. Salivary bacteria are thus furnished with

suitable media for multiplication and acid production. The



acid produced is in contact with the enamel, and initial

caries follows. HillS says, "Any anatomical change in form

which contributes to the accumulation of plaque material,

contributes also to the occurrence of caries."

The work of C.A. HOppert, P.A. Webber, and T.L. Canniff32’33

of the Michigan State College Group, is important in this

respect. It will be discussed in greater detail later in

relation to the present experiments. Working with rats, they

observed that coarsely ground cereal grain in an adequate diet

was correlated with earlier caries production than was a more

finely ground grain in the same diet. They believe that this

phenomenon is somehow related to the manner of impaction of

the cereal particles in the irregularities of the teeth.

Hill3O writes, "It is true that there is a small group

of people who remain free from dental caries regardless of

where they live, what they eat, or what methods of oral hygi-

ene they practice. There is another small group which has

rampant caries in Spite of all remedial measures to control

it. In between these two groups there is a large group of

peeple close to the borderline who may be thrown across that

line by various methods - some by the medicinal treatment of

the teeth, some by the maintenance of wholly adequate diets,

some by the elimination of sugar from the diet, and perhaps

some by better methods of oral hygiene. We must believe that

each individual possesses a certain relative resistance or

susceptibility to this disease". ‘

One of the first approaches to the problem of resistance

of.the tooth to decay was a study of the structure of the teeth.



Millerss observed, "... that the enamel of the teeth of differ-

ent persons, as well as of different teeth of the same person,

and of different parts of the same teeth, does show difference

in resistance to the action of acids." But the relationship

between well-constructed teeth and resistance to decay is not

clear cut. L.Schoenthal and R.H. Brodskysa, and D.H. Shelling

and G.M. Anderson61, working with children, found caries

resistance to be similar in both hypOplastic and normal teeth.

P.E. Boyle and O.A. Besseylh, studying guinea pig caries, ob-

served no apparent relationship between carious lesions and

hypOplasticity. On the other hand, the experiments of

Mellanbyh, of London, seem to indicate that in experimental

animals, tooth structure is important in carious decay. She

states that while there is not much difference in susceptibility

of grossly normal and grossly hypOplastic teeth, still when

using her own definitions of hypOplasticity and normalcy, the

incidence of caries is much greater in hypOplastic teeth. _

Kanthaky’3 was unable to show any difference in solubility of

enamel of different persons, regardless of caries-susceptibility.

The question of whether or not the tooth is subject to

change in composition and/or structure during the adult life

of the individual, is as yet unsolved. Probably the majority

of investigators hold that once fully formed, the tooth main-

tains its status gug until destroyed or removed. However,

there are others, notably C.F. Bgdacker13a6“ who maintain that

materials may pass between the pulp cavity and the mouth

through the tooth. This question is important if one is to

explain certain changes in caries susceptibility due to age.





A second approach to an understanding of decay-resistance

has been made via nutritional studies. According to

Wm. R. Dav1523, "Nowhere in the dental field has there been

such a wide divergence of opinion as in the relation of diet

and nutrition to dental caries." Deficiency of necessary

dietary elements during the period of tooth formation, will,

1,.

according to Howe3 and others, have a deleterious influence

on deciduous tooth composition and structure. Many workers

consider the critical age period to be from an indefinite

point in fetal life to the age of 20 years in the human being.

However, the work of R. Kronfeld and I. Schouru7’59 seems to

indicate that the outer portion of the enamel of the deciduous

tooth is not formed until after birth. They narrow the

critical period from birth to eight years of age - fourteen

if one considers the third molars. The question of prenatal

calcification of permanent teeth was investigated by Buntingz,

who studied the teeth through surgical and radiOgraphic ex-

amination. He was able to find no instance where calcification

of the permanent teeth had begun at birth.

Mellanby and Pattison50’51 decided that calcification of

the teeth of puppies was favorably influenced by the addition

of vitamin D to the diet. They also showed that apparently

vitamin D inhibited carious destruction of the teeth of

children. Other authors have investigated the roles of other

vitamins. .

Bunting”,65 and others have observed good caries re-

sistance in human beings on a deficient diet. However, this

resistance was maintained only when carbohydrate consumption
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was kept low. (See the reports of the Michigan Group, and

Steggerda and Hill, on p.6) Brodskyl7, and Schoenthal and

Brodsky58, were able to decrease the incidence of caries in

a group of pe0ple by balancing their diets.

The saliva has also been studied extensively.

L.S. Fosdick, H.L. Hansen, and c.Epp1e25 made a preliminary

observation that the rate of enamel decalcification by saliva

in the presence of sugar after four hours of bacterial action

is generally greater with saliva samples from caries-suscepti-

bles than in those from caries-immunes. The rate of bacterial

and yeast increase during an eighteen-hour period was usually

somewhat greater in saliva samples from caries-susceptible

persons. These data might be interpreted by Hill's interest-

ing observation29 that saliva seems to contain a factor which

affects the growth,.1g_yitrg, of_L._agig0philg . The intensity

of this factor varies, and its presence or absence is con-

sistent with the presence or absence of caries.

19,1+6
The Michigan Group was able to demonstrate no re-

lation between caries activity and (1) pH of the saliva, (2)

content of calcium, phosphorus, total solids, ash, or chlorides,

or (3) the carbon dioxide carrying-power of the saliva. Their

findings in regard to pH are in agreement with those of

Brodskylé, and Fosdick, Hansen, and Epplezs. Hanke28 found

that early-morning samples of saliva from caries-resistant

persons were better buffered than samples from caries-suscepti-

ble persons collected under similar circumstances.

Investigation of the blood with regard to caries etiology

has also been undertaken. 'The Michigan Groupho’hl’65 reports
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that L, acidoghilus agglutinins can usually be demonstrated
 

in the blood sera of caries-free persons. Some of the

serological studies are also related to the endocrine system.

Brodericklfi, of England, holds that the amount of calcium in

the blood and saliva is correlated with the absence of tooth

decay. He was able to control carious destruction with some

success through manipulation of the calcium level by adminis-

tration of endocrine extracts.

THE EFFEQ_ O G
...- —-.~-‘-—

The question of change in caries-susceptibility as the

individual increases in age has also received a measure of

attention. Bunting2 and Hills state from their own experi—

ence and from that of their colleagues, that in human beings,

caries is much more common before the age of about 18 years

than after this time. During adult life, there are times

when caries recurs for a period and then abates. Hill writes,

"The abrupt changes in caries susceptibility which occur at

certain ages are so definite that they doubtless arise from

metabolic changes of the body as a whole, concurrent with the

age of the individual, through alterations in the oral secre-

tions which favor or hinder the process of caries. It is,

known that the rise and fall of aciduric organisms in indi-

viduals corresponds to the ages of caries susceptibility."

Mary Moore67, studying a group of young pe0ple, reported

that the middle and late years of adolescence were the time
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when the greatest incidence of dental caries was observed.

Broderickls attempted to establish a causal relationship

between endocrine changes due to age, and caries incidence.

Steggerda and Hill62 mention a correlation between age and

caries incidence. Karlstrbmy compared the teeth of persons

10 to 19 years old with those of other persons #0 to #9 years

old, and found that the specific gravity of the older group

was increased slightly. However, KanthakM3 could demonstrate

no change in the solubility of enamel with increasing age.

Hollander3l, using Grenz-rays, detected a continued

deposition of calcium salts in human teeth up to the age of

25 or 30 years. BtSdecker13’6)+ maintains that the permeability

of enamel decreases progressively after adolescence.

THE EFFECT QE HEREDITX;
 

The role of heredity in the resistance of the tooth to

the processes of decay is only partially understood.

Buntinglg, Steggerda and Hilléz, and others, mention that

heredity has some role in caries-resistance. The exact man-

ner in which the genes exert their effect is a matter of

conjecture. They may partially determine the shape or micro-

scOpic structure of the teeth and their arrangement in the

dental arch. They may control assimilation of nutritional

substances, the composition of saliva, the presence or absence

of Hill's activation factor (see p. 10), the presence or ab-

sence of antibacterial agglutinins (see p. 10), or the ac-

tivity of the endocrine glands. It is even possible that the
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genes exert an influence on all of these factors, in addition

to other factors which are not known today.

Hurme39, considering his examination of 108 dental stu-

dents, remarks that most better-than-average dental family

histories occurred among the men showing the best dental

conditions. Kleiny 5, and Klein and Palmer66, who compiled

data on almost h,SOO school children of an eastern city,

found, "... that siblings of susceptibles have somewhat over

twice as much caries in both permanent and deciduous teeth

as do siblings of the immunes." However, in interpreting

the results of Hurme, and of Klein and Palmer, one must not

overlook the similarities in diet and other environmental

factors which are usually common to the members of any one

family.

Apparently the first actual genetic experiment on sus-

ceptibility and resistance to dental decay is that begun in

1937 by H.R. Hunt and C.A. HOppert at Michigan State College.

This experiment is still in prOgress, but several preliminary

_reports have already been published.35’36’37’38 They have

succeeded in breeding two strains of rats from a cOmmon source,

selecting one strain for caries susceptibility and the other

for caries resistance. Breeders have been selected from each

generation on the basis of the length of time necessary for

caries to deve10p in their teeth when the environmental factors

were kept constant. The only pronounced differences in caries

etiology between these strains are those governed by the genes.

The nature of these gene-governed factors is at present un-

known, but the difference between the mean times required in
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these two strains for cavity formation is far too great to

be accounted for by chance.

Because this present investigation is based on the work

of Hunt and HOppert, a more thorough discussion of their

studies is presented here. They have used the "Hoppert Diet",

which conSists of 66 percent by weight of ground polished

rice, 30 percent whole milk powder, 3 percent alfalfa leaf

meal, and 1 percent sodium chloride. By "polished" rice is

meant that the hulls are removed before the rice is ground.

Certain food factors thus lost are replaced through the medium

of alfalfa leaf meal. According to present nutritional

standards, this diet is wholly adequate.

It was mentioned earlier that HOppert, Webber, and

Canniff32’33, observed that if the rice of an adequate diet

were ground coarsely, caries production was much more rapid

than if the rice were finely ground. Utilizing this phenome-

non, two variations of the "HOppert Diet" were compounded, the

rice being ground to the degrees of fineness indicated in

Table 1.

Hunt and HOppert have followed the same procedure in

managing both the susceptible and resistant strains. Food

' containing finely ground rice is placed in the dam's cage

before the young are able to leave the nest, and the dam is

kept on this diet until the young have been weaned. After

weaning, the young are kept on "fine" feed until 35 days of

age. They are then placed on the "coarse" rice ration, and

are examined repeatedly until carious lesions develop in the
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lower molars. The term, "caries time" is used to denote the

age in days at which the animal develOps caries, minus the

age in days at which the animal is placed on "coarse" feed.

An example may clarify this description. When a dam is

observed to be pregnant, she is placed alone in a cage and

fed the experimental diet---"coarse" feed if her teeth have

not yet shown decay, or "fine" feed if dental caries is

present in her teeth._ An animal born on January 1, would be

left with the dam until January 22 (21 days). During the

latter five to ten days of this period, the cage would be

supplied only with the diet containing finely ground rice.

After the young were removed from the dam's cage on

January 22, they would be given "fine" feed. On February 5

(age 35 days), the young would be placed on the diet con-

taining the coarsely ground rice, and be included in the

group to be examined every two weeks. If one of these ani-

mals were observed to have a carious lesion on March 8

(age 66 days), the "caries time" of that individual would

be: 66 days minus 35 days, or 31 days.

At the time when the author's investigation was under

way, data were being collected on Hunt and Hoppert's 9th and

10th generations of the susceptible line, and 7th and 8th-

resistant generations.

wm. G. Erwinzh , studied the mode of inheritance of sus-

ceptibility and resistance to caries in Hunt and HOppert's

rats. He concluded from the great variability in suscepti-

bility among the F2 animals, that several genes must be
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Table 1. Comparison of Degrees of Division of Rice Particles

in Two Variations of the HOppert Diet.

"Fine" feed

Retained on 20-mesh screen ----- 1% -------

n " uo— " " ----- 56% -------

n " 60- " " ----- 21% -------

n n 80- u n ----- 8% -------

n n 100- n " ----- uz -------

Passing through 100-

mesh screen ----------- 10% .......

"Coarse" feed

70%

20%

) 10%
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involved, perhaps four or more. He likewise proved that the

phenotype is a poor indicator of the genotype in breeding

rats for caries resistance and susceptibility.

AIM QE'THIS EXPERIMENT
 

Thus Hunt and HOppert's animals were all placed on

"coarse“ feed at the same age, vix., 35 days. The question

was prOposed: if the teeth of the genetically susceptible

animals could be kept intact to an age much greaterthan

35 days, and if the animals were then placed on "coarse"

feed, would the caries time be changed? In other words,

what is the effect of age on the rate of caries develOpment

in genetically susceptible animals?

_MEIHQDS.AHD MATER LS

To answer this question, the following method was de-

vised and used at the outset: Animals were obtained from

Hunt and HOppert's 8th generation of the susceptible line.

In Dr. Hunt's Opinion, based partially on Dr. Erwin's results,

(see p. 15), these animals were probably homozygous for

caries susceptibility. They were mated, some in brother-

sister combinations, others in out-crossing combinations with-

in the strain, and their offspring were used in making the ob-

servations of this study. Toward the end of the investigation,

more animals were required, and new matings were made, only
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some of which were sibling matings. However, if the animals

were nearly homozygous for the genes in question, this probably

made little difference in genetic susceptibility. In all,

fourteen crosses were made, which produced 12% offspring. The

numbers of each type of cross, and the numbers of individuals

they produced are described in Table 2.

Eleven crosses involved siblings; three were outcrosses.

Seven crosses were composed of members of Hunt and H0ppert's

8th generation. These animals produced 61 offspring, which

are comparable to Hunt and HOppert's 9th susceptible generation.

Seven crosses were made from among the 61 offspring of the

first crosses. The 63 individuals which they in turn produced

might at first seem to be comparable to Hunt and HOppert's 10th

generation, but this is not the case, as there was no selection

practiced in choosing the latter breeders. But the point is

inconsequential because of the probable homozygosity of the

susceptible line (with regard to the genes influencing caries

susceptibility only). Considering both groups of matings to-

gether, 98 of the animals produced were from sibling matings;

26 were from other combinations.

The rats were kept in galvanized sheet iron cages, closed

on all sides except the top and front, which were covered with

l/h inch galvanized iron mesh. These cages are 12 inches high,

1% inches wide, and 20 inches long. One to five animals

(usually four) were kept in each of these cages. Wood shavings

were used as litter, and the cages were cleaned and supplied

with fresh litter each seven to ten days. Drip bottles supplied
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the animals constantly with water from the deep well of the

college. Room temperature was maintained automatically at

about 77 degrees, except in hot summer weather.

Dams were removed from the breeding cage and isolated

as soon as it became evident that they were pregnant. All

the young were saved, as is the practice in Hunt and HOppert's

experiment. Complete records were kept on matings, including

dates of birth, dates of weaning and parentage of young. The

young were left with the dam until between the ages of 21 and

25 days, although they usually wean themselves somewhat earli-

er than that age. Each animal was given a number, and was

marked accordingly by means of a code system of notching of

the ears. A record of the dates on which the various rations

were given to an individual and of the caries examinations of

that individual was kept in a large notebook. One page was

devoted to each animal, and all of that individual's records

were kept on that one page.

After the age of 35 days was attained, the lower molars

of each animal were examined for caries development each 1%

days. The examination was not made on the 35th day of life,

and each 1% days thereafter, but rather, at the age of 35 days

the animal was included in the group to be examined every two

weeks. Thus, for example, an individual 3% days old on any

given examination day would not receive his first examination

until 1% days later, that is, at the age of #8 days. However,

an animal 35 days old on an examination day, would receive his

first examination that day, at the age of 35 days. The upper
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molars were not examined, as Dr. HOppert states that they are

rarely affected by the "coarse" diet. If a negative observa-

tion was obtained, this fact was recorded, tOgether with the

date. If a carious lesion, a doubtfully carious lesion, a

fracture, or any other notable fact was observed, a rubber-

stamp sketch of the lower molars was added to the animal's

record, and the size, nature, and location of the defect, and

the date of its observation were recorded.

The rats were held ventral side up under a strong light

by an assistant. The mouth was forced open and the tongue and

cheek pushed away from the lower molars with a nasal speculum.

Examination was made with the unaided eye. All observations

on teeth were made by Dr. HOppert, rather than by the author.

This was deemed advisable because Hunt and Hoppert's experi-

ment was used as a control, and Dr. Hoppert makes almost all

of the examinations on that experiment. The personal error

of observation should therefore be the same in both groups

of rats.

When definite caries was identified in a mouth, no sub-

sequent examinations were made, and the animal, if not to be

used as a breeder, was destroyed. Caries was considered to

have developed on the date of the first positive examination,

unless this observation was preceeded by one or more "doubtful"

observations at the same location. In such cases, the doubt-

ful observation immediately preceeding the first positive

observation was arbitrarily taken as the date on which the

animal deve10ped caries.



22

Many other dental caries investigations already cited

have been carried out by using the Norway Rat. As pointed

2k
out by Erwin , this species has several advantages for

work of this nature. It is small, and the cost of raising

large numbers of the animals is comparatively low. The

gestation period is relatively short - only 21 days - and

several young are born in each litter. Under suitable

conditions, the species will continue breeding without

seasonal interruption. Although the molars of the rat are

very different from those of the human, dental grooves are

present in both. When maturity is reached, growth of the

molars stOps. They are subject to attrition, as are human

teeth.A point of difference between the human and the rat

Species is that the rat does not have deciduous teeth.

However, this does not interfere with its use in this type

of study.

Some investigatorshh, observing that the teeth of this

animal Show a great tendency to fracture, charge that

fracture may be pre-requisite to caries development in the

rat, but not in man. However, the work of Applebaum and

Adamsg, who studied carious lesions of both species by means

of Grenz-rays, indicates that this concept is unfounded.

Decalcification, rather than fracture, is the initial lesion

in both rats and man.

The young for the present experiment were arbitrarily

divided into two groups. It was intended that "Group 1"

would be left on "fine" feed until 100 days of age, and
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would then be placed on the "coarse" feed. "Group 2" would be

left on "fine" feed until 150 days of age, and would then like-

wise be placed on the "coarse" rice ration.

For these groups, caries time would be calculated as de-

scribed on page 15, but the number of days to be subtracted

from the age at which the animals develOp caries is thus 100

or 150, rather than 35.

EARLY DATA AND MODIFICATION 93 METHODS

An attempt was made to follow this method. The first

eleven individuals were not examined until nearly 100 days

of age as it was assumed that they would not develop caries

on the "fine" rice ration before that age. However, the

examination on that day showed caries to be extensively de-

veloped in all eleven animals. 'These eleven animals are

hereinafter referred to as "Group 3-a".

Later, fifteen more animals were left on fine feed and

examined every two weeks, beginning at the examination day

following the day they were 35 days old. These animals

comprise "Group 2-b". 'The results of the observations on

"Group 3", viz., Groups 3-a and 3-b combined,_are shown in

Table 3. The results from Group 3 indicated that a revision

in method was imperative, and the flour feed was devised.

Commercial rice flour was obtained from the Stein-Hall

Company of Chicago, Illinois, and was used in place of the

ground rice. This company has certified* that their rice

flour is made only from polished rice, to which no substance

.-IL __ L_ 1.1-



Table 3. The Age in Days At Deve10pment of Dental

Caries in Individuals in Group 3.

Age in days at deve10pment

Female 36 --------- 7h
days

Group 3-a
of dental caries

Male 10 ---------- Less than 99 days

Male 11 ---------- Less than 99 days
Male 12 ---------- Less than 99 days

Female 13 --------- Less than 98 days
Female 1% --------- Less than 99 days
Female 15 --------- Less than 99 days
Female 17 --------- Less than 99 days
Female 18 --------- Less than 99 days
Male 19 ---------- Less than 99 days
Male 20 ---------- Less than 99 days
Male 21 ---------- Less than 99 days

Group 3-b

Male 22 ---------- 87 days

Male 23 ---------- 73 days

Male 2# ---------- 81 days

Female 25 --------- 59 days

Male 26 ---------- 67 days

Male 27 ---------- 67 days

Male 28 ---------- 67 days

Female 29 --------- 73 days

Male 30 ---------- 95 days

Male 31 ---------- 158 days

Female 32 --------- 101 days

Male 33 ---------- lk5 days

Female 3% --------- 7% days

Female 35 --------- 88 days
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is added, as is common practice with wheat flours. No sub-

stance, other than the hulls, is removed. Like commercial

wheat flours, rice flour is passed through silk bolting

cloth before being marketed, to insure a fine degree of di-

vision of particles. A sample of this cloth was sent to the

author through the kindness of the company. An examination

of the cloth reveals that while the sizes of holes and threads

vary considerably, the longest diameters of the holes are

approximately 200 micra.

Thus the third variation of the "Hoppert Diet" is chemi-

cally the same as the first two, and the three variations

differ from each other only in the degree of division of the

rice particles.

The method of managing Group I was modified so that the

animals were fed on the diet containing rice flour until they

were 100 days old, and they were then given the "coarse" diet.

They were not given "fine" rice feed at any time. The method

of managing Group 2 was changed accordingly, and they were

given the rice flour ration until 150 days old, whereupon they

also were placed on the diet containing the "coarse" feed.

DATA

Group 1

The #9 individuals fed on the rice flour mixture to the

age of 100 days developed dental caries at a mean age of
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157.6 1_H.2 days.* The mean caries time for the group was

thus 157.6 1 h.2 days minus 100 days, or 57.6 I H.2 days.

Figure 1 shows the distribution of caries time for indi-

viduals of this group. The standard deviation of the mean

caries time was 29.6.: 3.0 days, and the variance 876.16 .

GROUP 2

This group, composed of #3 rats fed on the diet con-

taining rice flour until 150 days old, develOped caries at

a mean age of 202.5 1-8.6 days; or at a mean caries time of

52.5 _t 8.6 days. The standard deviation was 57.0 36.1 days;

the variance was 32h9.00 . Figure 2 shows the distribution

of caries times for individuals of this group.

Group_3rb

This group of 15 animals, fed throughout on the "fine"

feed, developed caries at a mean age of 87.3 I 7.3 days.

Although there was no diet change after weaning, we must

nevertheless subtract 35 days from their mean age at develOp-

ment of caries in order to obtain a caries time comparable

to the control and to the other groups. This is permissible

because to the age of 35 days, both the control and Group 3-b

were given the "fine" rice diet exclusively. The difference

between the methods of management of the two groups is simply

that at 35 days, the control was changed to the "coarse" rice

*Throughout this report, the values accompanying means, standard

deviations differences between means, etc., are standard,errorsq

not probable errors.
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diet while the Group 3-b remained on the "fine" diet. Mean

caries time for this group, then, was 52.3 1 7.3 days, with

a standard deviation of 28.3,: 5.1 days. Variance was

800.89 . The distribution of caries times for this group is

shown in Figure 3.

group H

During the experiment, Six animals develOped caries on

the feed containing rice flour without attaining sufficient

age to be placed in the group for which they were intended.

The mean age at caries develOpment for this group was 132

days, and the individuals are described in Table h.

The Control

The 86 rats in the control group developed caries at a

mean age of 65.3 1.1.0 days, that is, with a mean caries

time of 29.3 :_l.0 days. The standard deviation was

9.3 1.0.7 days; the variance was 86.h9 . The distribution

curve for the control is given in Figure h.

STATISTICAL ANALYSIS OF DATA AND CONCLUSIONS‘
  

_gplngSSION

Several groups of animals require further discussion

before comparison of mean caries times. The first of these

is Group 2. This group was fed on the diet containing rice

flour to the age of 150 days, and was then placed on the

"coarse" rice ration. Figure 2 shows a discontinuous curve

for this group with one animal in each of the following
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Table H. The Age in Days at Development of Dental

Caries in Individuals in Group M.

No. of Age in Days at

Individual Deve10pment of

Caries

Female 73 ------------ 120 days

Female 7% ------------ 1H7 days

Female 79 ------------ lH7 days

Male 87 ------------ 91 days

Female 105 ------------ 152 days

Female 113 ------------ 139 days
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caries time classes: 78 days, 103 days, 108 days, 138 days,

163 days, 223 days, and 283 days. The large standard error

of the mean caries time of this group, and the large standard

deviation are most certainly due in part to this long, irreg-

ular "tail" on the curve. This circumstance makes statisti-

cal comparison of Group 2 with other groups quite inaccurate.

For the moment, let us consider the two animals with

the highest caries times (at the right of the curve). The

caries times of these rats are approximately three and four

standard deviations, respectively, from the meancaries time

of Group 2. They alone increase the mean caries time of the

group by 9.7 days.

Now let us consider the four animals with the highest

caries times, viz., the two discussed in the preceeding

paragraph plus those in the 138-day and l63-day caries time

classes. These four animals increase the mean caries time

of Group 2 by 15.3 days.

The author is unable to explain with any certainty why

these few animals showed such outstanding resistance.*

*This investigation was conducted shortly before and during

the early part of World War II, and when the author entered

the armed forces, it had to be terminated without even a pre-

liminary analysis of data. The animals were destroyed at that

time. Some time later Hunt and H0ppert observed that the

upper molars of some of their animals were broken. They be-

lieve there is a tendency of the lope; un0pposed molars (the

lower molars are the only teeth examined in their animals as

well as in the author's) to remain caries-free longer than

Opposed molars. This point is now under investigation by Hunt

and Hoppert, but as yet they have published nothing on this

topic. There is a chance that the upper molars of these few

resistant animals were broken, but this can no longer be in-

vestigated. Or some other unrecognized factor may be re-

sponsible for this exceptional resistance.
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However, it does not seem justified to permit several animals

to displace the mean caries time of their group to such an

extent, thereby grossly exaggerating or obscuring differences

between the various groups.

Dr. wm. D. Baten, of the Department of Mathematics, has

advised eliminating some of the rats Showing the greatest

number of days caries time, in the interest of accuracy of

comparison of groups. The exact number of animals to be e-

liminated is arbitrary, but Should be kept to a minimum. De-

letion of the data from the two rats in the 223-day and

283-day categories was chosen as most desirable. These two

animals will henceforth be referred to as Group 2-a, and the

remaining #1 animals in Group 2 will be called Group 2-b.

Group 2-b will be substituted for Group 2 in the following

statistical comparisons. Group 2-b showed a mean caries time

of h2.8 1 5.% days as contrasted with 52.5 i 8.6 days for

Group 2. The corresponding standard deviations are

3h.3‘1 3.8 and 57.0 1 6.1 , while Group 2-b has a variance of

ll76.%9 as compared to 32k9.00 for Group 2.

We should also mention Group H. These animals cannot be

pr0perly compared to any other group, but rather, Should be

considered as a few selected animals. It will be recalled

that they were being prepared to be tested in either Group 1

or Group 2, but did not attain the required age on "flour"

feed before developing caries. The majority of susceptible

animals had sufficient resistance to attain either 100 or

150 days of age on flour feed without exhibiting dental decay.



35

This may be interpreted as evidence of a considerable amount

of variability among the animals, but in the light of Erwin's

observationszu (which showed that the cariesphenotype of an

animal is a poor indication of its genotype), it may not be

cited as evidence of a lack of homozygosity in the strain.

However, it is true that there has been a certain amount

of selection taking place, that is, Group H was inadvertently

selected from Groups 1 and 2 on the basis of caries suscepti-

-bility. This is unfortunate, but the selection is probably

not of a sufficient amount to make statistical comparisons

grossly inaccurate.

Table 5 gives a complete summary of the data described

thus far. .

Hunt and Hoppert's 9th generation of the susceptible

line was selected as a control for several reasons. First,

the animals of this investigation are probably genetically

comparable to their 9th generation (see discussion on p. 18).

Secondly, from a timing standpoint, work on Hunt and H0ppert's

9th generation was proceedingzit the same time as the work

reported here.

Thirdly, from the standpoint of experimental error, these

animals are an excellent control. The diet of Hunt and Happert's

animals prior to their receiving the "coarse" rice ration, was

the "fine" rice mixture. Groups 1 and 2-b, on the other hand,

were fed the rice flour mixture before being given the "coarse"

feed. As will be Shown later (see p. ho ) the rice flour diet

does not lend itself to caries production nearly as readily



Table 5. Summary of Data.

No. of In-

dividuals

Group 1: DevelOped caries on "coarse" diet

after receiving "flour" diet to age of

100 days ------------------ #9

Mean caries time ------ 576 i_h. 2 days

Standard deviation - - - - - 29. 6+ 3. 0 days

Variance ---------- 876.16

Group 2: Developed caries on "coarse" diet

after receiving "flour" diet to age of

150 days ------------------ #3

Mean caries time -------52. 5-+ 8.6 days

Standard deviation ----- 57. 01+ 6.1 days

Variance ---------- 32h9.00

Group 2-a: Two animals deleted for

statistical accuracy ---------- 2

Group 2-b: Remainder of Group 2 - - - - #1

Mean caries time ------ H2. 8 + 5.% days

Standard deviation - - - - - 31+.3 ’F 3.8 days

Variance ---------- 1176.’19

Group 3: Developed caries on "fine" diet - - - - 26

Group 3-a: Caries time not measured

(less than 100 days) ---------- 11

Group 3-b: Caries time measured - - - - 15

Mean caries time ------ 52.3 :,7.3 days

Standard deviation ----- 28.3 1 5.1 days

Variance ---------- 800.89

Group h: DevelOped caries on "flour" diet only 6

Mean age at develOpment of caries --- 132 days

Total No. of animals participating in experiment, +

exclusive of control ------------- 12

Control: (Hunt and Hoppert's 9th generation

of the susceptible line) ----------- 86

Mean caries time ------ 29. 3 1.1- 0 days

Standard Deviation ----- 9.3 1.0.7 days

Variance ---------- 86.h9 +

Grand Total of animals -------------- 210
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as does the "fine" feed. It is entirely possible that small

foci of decay were already present in the teeth of the control

when they were placed on the "coarse" rice diet. Thus there

is an experimental error of coarseness of feed, tending to

shorten caries time in the control. However, the results of

Group R indicate that the rice flour diet will not prevent

decay indefinitely. Groups 1 and 2-b spent considerably more

time on the rice flour ration than did the control on "fine"

feed, and it is entirely possible that they, too, had small

cavities when placed on the "coarse" rice ration. In this

way there is a second source of error in the form of difference

between the lengths of time the animals lived prior to being

placed on the "coarse" feed, which tends to Shorten caries

times in Groups 1 and 2-b. (This error is quite obviously

greater for Group 2-b than for Group 1, and this will be dis-

cussed on p. 50 ). It is believed, therefore, that the two

errors tend to cancel each other and that Hunt and H0ppert's

animals make a more accurate control than would a group fed

on the rice flour diet to the age of 35 days before receiving

the "coarse" feed. In this latter imaginary situation, the

error due to time on the flour diet would not be cancelled

in any way.

2h
Erwin pointed out that because the animals were ex-

amined every 1% days, a difference of as much as 1% days in

the caries times of two individuals might not be significant.

But a difference of 1h days, or even less, in the average

caries times of two different groups of rats might be
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.significant. This is true because a difference between two

individuals is much more likely to be due to chance than is

the same difference between the averages of two groups of in-

dividuals.

The "t-value" was arbitrarily selected as a means of

comparing the mean caries times of the groups. The formula

for the "t-value" is given by Baten as follows:

 

 

 

 

t; (FAX-My) " 0 :1. n?

remr Hams 1* 2

v 111 +n2 - 2

COMPARISONS QE MEANS

In comparing, first of all, Group 1 with the control,

we should reaffirm the differences in management between the

two groups. The control was raised on the "fine" rice ration

after weaning to the age of 35 days, and was then placed on

the "coarse" rice diet. Group 1 was raised from weaning to

100 days of age on "flour" feed and then was placed on the

diet containing coarsely ground rice. Mean caries time for

the control was 29.3 :_l.0 days; for Group 1, 57.6 :,h.2

days. The difference is 28.3 :_H.3 days. The "t-value" is

8.161, which is significant1 at the 1 percent level. In

other words, there is less than one chance in one hundred

that this difference is due to sampling. Thus we may state:

The teeth of a genetically susceptible rat are more resistant

to decay at 100 days of age than at 35 days, the difference
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being approximately 28 days of caries time.

The selection of Group h, in part from Group 1, may have

increased the mean caries time of the latter group to a slight

extent. However, as Table h shows, only one animal from Group

h could possibly have been selected from Group 1, as the other

five rats were obviously being prepared for Group 2. It is

inconceivable that the mean caries time of Group 1 would have

been reduced sufficiently by this one individual to make the

"t-value" so small that the difference between Group 1 and

the control would not have been statistically Significant.

Group 2-b was fed on "flour" feed to the age of 150 days

and was then placed on "coarse" feed. The mean caries time

is h2.8 415.5 days. The difference between this mean caries

time and that of the control is 13.5 1,5.5 days. However,

the real difference between these groups may be somewhat

greater than this due to experimental error. This will be

discussed presently. The "t-value" is 3.373, which is sig-

nificant at the 1 percent level. Therefore, there is less

than one chance in one hundred that this difference is due

to sampling error.

In comparing Group 1 with Group 2-b, the difference

between the mean caries times is seen to be 1h.8‘1 6.8 days,

with the lOO-day group apparently Showing more resistance

than the latter group. The "t-value" is 2.171, which is

significant at the 5 percent level. Or, we conclude that

there is less than one chance in twenty that this difference

is due to errors in sampling.

But the difference may possibly be explained in another
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way. The experimental error due to differences in lengths

of time spent on the rice flour mixture before being placed

on "coarse" feed was briefly mentioned on p. 35 . This

error, uncancelled in the comparison of Groups 1 and 2-b,

would tend to place the mean caries time of the latter group

at a lower figure than for the former. This hypothesis is

strengthened by the "doubtful" observations. "Doubtful"

observations and their role in determining caries times are

discussed on p. 21 . Of the #9 individuals in Group 1,

2 rats, or h.l percent, showed "doubtful" loci before being

placed on the "coarse" feed. In contrast with this rate, 19

of the #1 animals in Group 2-b, or 56.3 percent, showed these

spots. In other words, the incidence of "doubtful" spots was

11.3 times as great in Group 2-b as in Group 1. The import-

ance of this difference hinges on the exact nature of these

defects, and their nature is not known. It is highly probable

that at least some of them may have been small primary carious

lesions, develOped on the rice flour mixture. This is sug-

gested because often, but by no means always, caries later

developed in these same locations. If this inference is

correct, then many more of the l50-day rats began their time

on "coarse" feed with small foci of decay than did the lOO-day

animals. Thus it is entirely possible that no real difference

in caries susceptibility exists between rats 100 days of age

and those 150 days old, when all other factors are held con-

stant. The apparent difference may be due solely to the dif-

ference in time_spent on the rice flour mixture before being

placed on the "coarse" feed.
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If the mean caries time Of Group 2-b is low, due to

experimental error of this nature, then it follows that the

difference between caries times observed on the foregoing

page between Groups 2-b and the control is less than the

true difference in susceptibility.

Dr. Hunt has pointed out that in dividing Group 2 into

Groups 2-a and 2-b, and using only 2-b for statistical com-

parisons, we may be exerting a selection against Group 2,

that selection being based only on high caries resistance.

In an Opposing manner, the inadvertent selection of Group h

from Group 2 was on the basis Of low caries resistance.

Thus two Opposing selective processes may have occurred here.

Let us, therefore, combine Groups 2-a, 2-b, and h (or Groups

2 and h ), and substitute this newly formed composite group

(which we may call Composite A) in place Of Group 2-b in our

comparisons.

But here we meet a difficulty, because it is not possible

tO calculate a caries time, in the true sense of the term, for

Group k, that group never having been placed on the "coarse"

rice diet. However, we may obtain some sort Of pgpgh measure

of caries susceptibility in Group R by taking the margin by

which these Six animals failed to attain the age of 150 days

without dental decay, assigning a negative value to this

figure, and using it in place of a caries time.

An example may clarify this process. FrOm Table R, we

see that Female 73 develOped caries at the age of 120 days on

the ration containing rice flour. Subtracting 120 days from
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150 days, we see that Female 73 failed to reach the age Of

150 days by a margin of 30 days. After giving this figure

a negative value, we substitute it in place of a caries time

in our calculations. Repeating this process for each of the

six animals individually, we obtain the values shown in

Table 6.

The mean caries time of Composite A was H3.8 3.8.3 days.

The standard deviation was 57.8 :_5.8 days; the variance,

33h0.8h . It will be noticed that the mean Of Composite A

exceeds the mean of Group 2-b by only 1.0 :,9.9 days, a dif-

ference which is certainly not significant. The standard

deviation Of Composite A is 23.5 :,6.9 days greater than that

Of Group 2-b. Table 7 contrasts Composite A with Group 2-b.

Comparison Of the Composite A with the control shows an

apparent difference Of 15.5 :_8.h days, which gives a "t-value"

Of 2.236, which is Significant at the 5 percent level. The

difference between 2-b and the control is significant at the

1 percent level. In like manner, the measured difference be-

tween Groups 1 and 2-b is significant at the 5 percent level,

while the difference between Group 1 and Composite A is not

Significant.

In short, the substitution of Composite A for Group 2-b

serves to make the standard errors of the differences between

the groups larger, the "t-values" smaller, and the differences

less significant but numerically almost the same. A summary

Of the statistical analysis Of data to this point is given

in Table 8.



Table 6. Values to be substituted for Caries Times when

Group H is

NO. Of In-

dividual

Female 73

Female 7%

Female 79

Male 87

Female 105

Female 113

Included in Calculations.

Value to be substi-

tuted for caries time

53
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Table 7. Contrast Between Group 2-b and Composite A, Made

by Comparing Each With the Control, With Group 1, and With

each Other.

Difference in the means between Group 2-b and the Groups

indicated:

 

fizonp Difference t-values Significance

Control 13.5 1.5.5 3.373 **

Group 1 -11+.8 1 6.8 2.171 *

Difference in the means between Composite A and the Groups

indicated:

firm Difference iii-1am: Significance

Control 14.5 1.8.5 2.236 *

Group 1 -l3.8 i 9.3 1.h85 0

Direct comparison Of the means Of Group 2-b and Composite A:

 

Difference t-value nif e

-100 I 909 00911)“? O

0 Not significant.

* Significant at the 5 percent level.

** Significant at the 1 percent level.
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Probably more reliance can be placed on the values Ob-

tained with Group 2-b than on those Obtained with the Com-

posite A. This is true, first Of all, because of the grave

possibility Of broken upper molars or some unidentified

factor entering into the phenomenal resistance Of the two

animals in Group 2-a with the excessively high caries time.

Secondly, the inclusion Of the negative caries values from

Group R, is probably unjustified in Obtaining a measure Of

average caries susceptibility in the l50-day group of rats.

Days caries time are based on the consumption of the "coarse"

rice diet, while the negative values are based on consumption

of the "flour” diet only. Contrasts between the effects of

these diets will be discussed later, but the differential

effect of the diets is considerable.

Disregarding Composite A entirely, and considering the

values for Group 2-b as the basis for our conclusions, we

may state: The teeth of a genetically susceptible rat are

more resistant to decay at 150 days than at 35 days of age;

less resistant at 150 days than at 100 days of age; the

former difference is approximately 13.5 days, while the latter

difference is approximately lh.8 days.

Group 3-b, fed on "fine" rice ration from weaning until

caries was Observed, had a mean caries time of 52.3 1 7.3

days. The difference between this mean and the mean caries

time Of the control is 23.0‘1 7.H days, and the "t-value" is

5.998 . Thus, according to the "t-value" tables, there is

less than one chance in one hundred that this difference is
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due to sampling error. Thus we may state that the work of

Hoppert, Webber, and Canniff32’33 is confirmed when con-

fined to the study of genetically susceptible animals.

They Observed that in genetically unselected rats, a finer

degree of division of rice particles in chemically similar

diets is associated with increased resistance to dental

caries.

The "t-value" obtained in comparing Groups 1 and 3—b

is 0.610, which indicates that the difference between the

means, 5.3 1 8.H days is not Significant.

Nor is the difference of 9.5 i 9.1 days between Groups

2-b and 3-b Significant, as the "t-value" is 1.908 . Thus

it appears that the increased resistance to dental caries

associated with increasing age is of the same order as that

associated with a moderate reduction in particle size.

The mean age at caries develOpment for Group 3-b has

been stated as 87.3 :,7.3 days. On the other hand, M9 ani-

mals fed on "flour" feed attained the age of 100 days

(Group 1), and #3 animals on this latter diet attained the

age of 150 days (Group 2) without develOping caries. Six

animals (Group h), developed caries on the "flour" ration.

We are not able, with the present data, to Obtain an

accurate comparison Of the caries producing effects of the

"fine" rice feed and the "flour" feed, because the majority

of animals fed on the "flour" diet did not develOp dental

caries on that diet. However, we may obtain a minimum dif-

ferential effect if we imagine that GrOUp 1 (H9 animals)
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developed caries on the "flour" ration at 100 days of age,

and that Group 2 (#3 animals) develOped caries on this same

diet at 150 days of age. These ages are selected because

they are the ages at which the animals were removed from

- the "flour" feed with no carious lesions as yet develOped.

We have no way of knowing how much longer the rats could

have remained on the "flour" diet without develOping dental

decay.

Imagining, then, that the M9 animals in Group 1 de-

velOped caries on the "flour" diet at 100 days of age, and

that the #3 members of Group 2 exhibited dental decay at

150 days of age on the same diet, and including the six

animals which developed caries on the "flour" diet at known

ages, we form a new composite group (which we may call

Composite B). The mean age at "development of caries" is

123.8 1 2.5 days; the standard deviation is 2h.7 1 1.8 days,

and the variance is 610.09 .

The difference in mean gggg at develOpment Of caries in

Group 3-b and in Composite B is 36.5 1 7.7 days, and the

"t-value" is 3.661, which is significant at the 1 percent

level. Therefore we conclude that the teeth of genetically

susceptible rats are preserved £3,1gagt 36.5 1 7.7 additional

days, and probably much longer, by the substitution of the

"flour" diet for the "fine" rice ration.
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COMPARISONS QE VARIABILITY
 

A study of Table 5 indicates that there has been a

considerable amount of variation in the standard devia-

tions, and therefore in the variability of the different

groups. We can further compare the groups through a

study of their variance. Variance is defined as the

square of the standard deviation of the mean, and the

variance of each group is also given in Table 5.

It will be noted that the variance of Group 1 is ten

times as large as that of the control. We can compare

these variances best by use of the "F-value" , which is

1
given by Baten as:

Larger Variance

 

m."-- d a..—--..-

Smaller Variance

In comparing the variances of these two groups, we Obtain

an "F-value" of 10.13, which is significant at the 1 percent

level. Therefore the increased variability of genetically

susceptible rats with regard to caries susceptibility at

100 days, c0mpared to the variability at 35 days Of age, is

significant to the degree that there is less than one chance

in 100 that the difference is due to sampling error.

The "35—day" and the "lOO-day" rats are genetically

very much alike. Therefore the difference between the vari-

ance is probably non-genetic. Has there been an accumulation

of causes Of variability in the "lOO-day" rats of an environ-

mental (non-genetic) type?

Table 9 compares the variabilities of the groups by

means of the "F-value". Thus the variability of caries sus-
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Table 9. Comparisons of Variability of the Different

Groups by Means Of the "F-value".

Greater Smaller

.Iazianse .Maniaflse

Group 1 control

Group 2-b control

Group 2-b Group 1

Group 3—b control

Composite A Group 2-b

Group 1 Group 3-b

Group 2-b Group 3-b

0 Not Significant

F-value

10.13

13.60

1.3%

9.26

2.8%

1.09

1.57

* Significant at the 5 percent level

** Significant at the 1 percent level

Significance

**

**

*1.

**
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ceptibility among these animals is greater at 150 days of

age than at 35 days of age (control compared with Group 2-b).

However, the difference in variability between that at 100

days and that at 150 days is not Significant (Group 1 compared

with Group 2-b).

It will also be noted that leaving the animals on the

"fine" rice diet at 35 days, instead of placing them on the

"coarse" rice diet, as was done with the control, results in

an increased variability. The increase is significant at

the 1 percent level (Group 3-b compared with the control).

The reader will recall that the increased resistance

detected by leaving the rats on the "fine" rice diet was not

significantly different from the increased resistance Ob-

tained by increasing the age from 35 to 100 or 150 days.

The same relation is Observed in considering variability,

viz., variability is increased by leaving the rats on the

"fine" ration, and is also increased by advancing the age

to 100 or 150 days. The amounts Of increase of variability

in each instance are not significantly different from each

other, but are significantly different from the control.

(See comparisons of Groups 1 and 3-b, 2-b and 3-b, and

l and 2-b).

.The discussion on p. #2 , mentions that the substi-

tution of Composite A (Groups 2 and h combined) for Group

2-b results in larger standard errors, and therefore

smaller "t-values" and less significant differences in the

various comparisons. Table 9 further illustrates this point.
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The difference in variability between Composite A and Group

2-b is significant at the 1 percent level. Table 7 shows

that the difference between mean caries times is very small,

being approximately 1 day. Therefore, the only important

difference between Group 2-b and Composite A is that

Composite A has longer "tails" on the frequency curve, re-

sulting in such a high standard error that differences be-

tween Composite A and other groups are obliterated.

"Trimming Off these tails", that is, substituting Group 2-b

for Composite A, results in the differences between the

150-day group and each of the groups with which it is com-

pared becoming more evident.

_SUGGESTIONS Egg FUTURE HESEARCIL
 

The effect of age on the production Of dental caries

in albino rats is not well defined by this experiment.

This report compares only three age groups. Studies on

groups at intermediate ages and in excess of 150 days,

would doubtless reveal some interesting relationships. The

present study demonstrates only that there is some sort Of

change in caries-susceptibility concomitant with increas-

ing age in this genetic line. Much more investigation is

needed to produce a graph Of this change. However, the

present study is sufficient to warn investigators in vari-

ous phases Of the attack on dental caries that the change

in caries-susceptibility with increasing age, often
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observed in human beings, probably also applies to the

experimental rats.

A methodology which would prevent any possible micro-

scOpic foci Of decay being initiated before the animals

reach the desired test ages is urgently needed.

SUMA

1. The degree of susceptibility to dental caries in

genetically susceptible rats is partially dependent on age:

a. The teeth of the rats are Significantly more re-

sistant to decay at 150 days of age than at 35 days; the

difference is apparently 13.5 days of caries time, but be-

cause of experimental error, may really be somewhat greater.

b. When 100 days Old, the genetically susceptible rats

have a longer caries time than when 150 days Old, the apparent

difference being approximately 15 days Of caries time. Ex-

perimental error is such that this difference may be exagger-

ated.

2. The work of HOppert, Webber, and Canniff is confirmed and

expanded in several respects:

a. Substitution of the "coarse" rice for the "fine"

rice in the HOppert diet at 35 days of age, results in prompt

,tooth decay in genetically susceptible rats. The difference

is approximately 23 days of caries time. The rats Of HOppert,

Webber, and Canniff were genetically unselected.

b. A further increase in caries time was obtained by

substituting rice flour for "fine" rice particles in the



HOppert diet. The difference is at least 36.5 days and

probably considerably longer. Hoppert, Webber, and

Canniff did not work with rice particles as small as those

in rice flour.

3. The increased resistance Observed with increasing age

is Of the same order as the increased resistance observed

by substituting "fine" rice particles for "coarse" rice

particles in the HOppert diet.

M. An increase in variability of caries time is Observed

at 100 days and at 150 days of age when compared to varia-

bility at 35 days of age. Variability when 150 days Old

is not significantly different from that when 100 days of

age.

5. The substitution of "fine" rice particles for "coarse"

rice particles in the Hoppert diet at the age Of 35 days

results in increased variability of caries time.

6. The increased variability Observed in k (above) is not

significantly different from that Observed in 5 (above).

7. Several genetically susceptible rats exhibited out-

standing resistance tO dental caries when placed on the

"coarse" rice diet at 150 days Of age. NO comparable ani-

mals were Observed at either 35 or 100 days Of age. The

reason for this can only be speculated upon.

8. Six animals exhibited extreme susceptibility to dental

caries, SO that they were unable to attain the age Of 150

days on the "flour" ration without developing carious

(lesions.

9. Suggestions for future research on this topic are

included.
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The diagram on the following page is presented only as

a temporary working hynothesis of some of the causes of varia-

bility in caries time in laboratory rats. The system used by

Sewall Wright* has been followed insofar as nossible at the

present time. When a change in any variable is correlated

with a change in another variable, the two are connected by

an arrow in the nrobable direction of causation. Accordinelv,

the reader is cautioned against misinternreting the diagram

as an exposition of the causes of dental caries. Father, it is

an explanation of the causes of variability in susceptibility

to dental caries.

rr‘o make the difference between these two interpretations

clear, let us take an example from the diagram. "Physiological

age" is connected by an arrow to "Mouth secretions". Quite ob-

viously, physiological age cannot be a cause of mouth secre—

tions. But it is entirely reasonable that variations in physio~

logical age are accompanied by, and may cause, variations in

the chemical and physical properties of the mouth secretions.

Many of the relationships here presented have not been

proven to exist in the laboratory rat, but have been shown to

exist in human beings. nther relationships have not been demon~

strated in either species. but are only reasonable. Most nrob~

ably, future research will demand drastic changes in this dia-

gram, but it is believed to have a temnorary value.

*Wrieht, Sewall, "Correlation and Causation", Journal g£_ggf

ricultural Research. v01. 20, n. 557, 192].
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Wright's systems of path coefficients require the use

of coefficients of correlation. These are not available

for most of the paths hore shown, and therefore, a path coef-

ficient system may not be set up at this time.

Probably a discussion of the reasons for placing some

of the arrows is appropriate. Some ways in which variation

in age is correlated with variation in the micro-structure

.. _o o Tr ” ' 1L 1" l j]-

of toe teeth are described in tarlstrom s , nollahder 8* ,

‘n 65
and Bodecher'sl3, works (see discussion on p. 12). That

the macro—structure of the teeth may be altered by attrition

as age advances, is generally agreed unon. It is reasonable

to sunnose that mouth secretions vary with physiological age.

Quite obviously, the assimilation of dietary substances

is partially denendent on their presence or absence in the

diet. Dietary influence on the micro-structure of the teeth

0 " 0
q

1 r s

5 lflOlfiated by toe TPFOTtS Of Howevu’ and hellanoy and pgf_

1
J
-

. :q :1
1 o o

tisonr'fir‘ (see p. 9). It is only assumed teat variations

in the assimilation of dietary substances may a fect the

macro-structure of the teeth. Reason suggests the liklihood

that the gross structure of a tooth is partially dependant

on the micro-structUre of the same tootl.

It is likewise reasonable to form the hypothesis that m

similation of dietary substances affects mouth secreations by

making available supplies of "raw materials" to the salivary

glands.

The work of Hunt and HonpertBS’ 36’ 37’ 39 (see n. 13)

makes it clear that the genes do affect caries time in rats.

. . T. a
Statements by Buntinglca Steggerda and 311167, permp-9, Kgpjn55,
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and Klein and Palmeréé (see p. 6 and pp. l?~l3) lend credence

to the opinion that human genes exert a comparableeffect on

caries suscertibility. One may logically exrect that this ef-

fect is by way of the micro—structure of the teeth, or their

macro—structure, or assimilation of dietary substances, or the

mouth secretions; or combinations of these factors, or even all

of them may be concerned. Much further research is required to

clarify the nroner path of the influence of variations in the

eene comnleY.

What the micro—structure of the teeth may have a direct

effect on caries time is indicated by the work of Nellerby and

Pattisongq3q1. The influence of the macro—structure of the

teeth on food retention is generally aereed uoon by investigators.

”he resorts of Hill-99 and of Hanson, Fosdick and EpnleQF

are the basis for the arrow between "North secretions" and

"Numbers of acidogenic bacteria". Variation in the viscosity

of the saliva may affect food retention accordine to several

authors .

The observations of several investigators in regard to

the buffering action of saliva are indicated by the arrow

from "Mouth secretions" t0 "Concentration of acids". A possible

influence of blood bacterial agglutinins on the mouth secre-

tions is drawn in the diagram because of the work of the

University of Michigan Grouphne bl, 45. (see nn. lm-ll)

The numbers of acidogenic bacteria are necessarily limited

by the amount of available substrate, and thus the arrow from

food retention to acidogenic bacteria is iustified. The arrows

from acid-forming organisms to concentration of acids, and from





fig

this letter factor to caries time. are exnleined by

‘ H ’r; :1) C(LLE’CIR’

r.w, M31lev'sha ?,,.,,.,.v,,6 ohservations (see P-BT-

Herbert, Webber, and Canniffqp933fi (see n. 7) showed that

the coarseness of the rice nerticles are a factor in the varie—

bilitv of caries susceptibility, and the fresent renort con-

firms their observations. mhe path, once esain, is unknown,

but reason alone indicates thet it may be via an influence on

the gross structure of the teeth throueh attrition. fracture,

or fracture of an onnosine molar. Or the neth may be bV we?

cf food retention through the necking of material into crevices

of the teeth. 0v both jeths me] be involved. Aggie, further

reseerch is reouired to establish the prone1a peths.

The reafler is aeein resrectfullv reminded that this dia-

gram is onlv hvyothetical, and is probabiy incorrect, at leest

in nert. Tt's veiue lies in stressing our 1201( cf knowledge

of the causes 0? variation in caries susceptibility, in in-

dicatine foci for further research, and in providins a tempo-

rary hynothesis of the canses o? variation in suscertibility

to Hentni caries.
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