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INTRODUCTION

It has been demonstrated (Hunt and Hoppert 27) that resistance to
dental caries in albino rats is partly determined by heredity. This
hereditary difference was revealed in rats which used the Hoppert diet.
Will this hereditary difference appear when a different diet is used?
The primary purpose of this research was to determine whether the
teeth of Hunt and Hoppert's susceptible strain of rats were affected
differently from the teetﬁ of the resistant rats when a non-caries pro-

ducing diet was used, but both types of rats drink an acidulated fluid.



According to Bunting (L), 85 to 95 per cent of public school children
in this country either have, or are susceptible to, dental caries, and
only 5 per cent of the population remains free from this affliction through-
out life,

Dental caries is recognized as a 'disease causing the disintegration
and loss of tooth structure® (2L). It is unlike other diseases in that
none of the body tissue attacked is cellular, There also appears to be
evidence of but little defensive reaction on the part of the tooth to the
carious process, and no attempt by the body to repair the injured area.

The literature dealing with dental caries is extensive, Our cita-
tions are designed to give a clear picture of our past and present under-

standing and beliefs concerning the etiology of this diseasel

HISTORY

The first toothache was suffered long before the dawn of civiliza-
tions. In Weinberger'!s book, "An Introduction to the History of Dentistry",
(11) it is shown that the skeletal remains of primitive man prove that he
suffered from this disease,

Since the etiology of tooth decay is such a tantalizing and important
problem to man, history records many theories which have been presented
to explain its occurrence. Lack of mastication, eating foods which form
lactic acid during chewing, a diet too rich in proteins, the presence of
molds, the nervous strain of modern living and others (2), some fantastic,
some probably close to the truth, have been presented as real causes of

caries,



The Babylonians believed that cavities were caused by worms gnawing
at the tooth, These creatures were supposedly identical to those found
in figs. To rid oneself of the animals, beer, oil, the sa-kil-bir plant
and prayers were utilized (11). This theory persisted as a medical concept
until Fauchard, in his classic ®Le Chirurgien Dentiste®, written in the
eighteenth century, put an end to the ridiculous theory of dental worms (7).

About 1870, when electricity was a novelty and any natural phenemonon
was likely to be ascribed to it, an English dentist named Bricdgeman sug-
gested a hypothesis which explained ™not only the destruction, bﬁt the
formation of the teeth by electricity" (9). For half a century afterward
there were many who believed that caries was caused by a current generated
through contact, in the presence of saliva, between the teeth and the
metallic fillings in them, In the latter part of the nineteenth century,
W. D. Miller and others disproved this idea, and the electrical theory
gradually lost its many supporters (2).

Hippocrates in about 55 B, C. suggestéd that the decomposition of
food particles in the mouth caused tooth decay. Galen, a Roman physician
in the first century A, D., believed that decay of teeth was initiated
by disturbances in the nutrition (3,7). While we have added the idea of
microorganisms to the consideration of envirommental causes, these two

ideas remain essentially unchanged today.



BACTERIA

Among the first of our modern scientists to suggest that acids found
in the mouth were produced by microorganisms was a Frenchman named
Magitot (16). It had previously been thought by some investigators that
caries was a result of inflammation in the capillaries of the dentine.

In 1873 John Tomes proved this theory wrong when he demonstrated that
there were no blood vessels in this part of the tooth (6).

Koch, Pasteur and their followers, by discovering organisms which
were known to cause various diseases, laid a scientific foundation for
the concept that bacteria were an important factor in tooth decay.

In 1883 Willoughby B, Miller, a student of Koch, postulated a theory
which, with minor changes and additions, is today accepted by most
scientists., Miller claimed (6,31) that the first stage in tooth decay
was caused by acids dissolving the enamel and subseqQuently exposing the
dentine, These acids were formed, he wrote, by the action of a self-
reproducing, acid-sensitive agent found in the saliva., Bacteria met all
the qualifications for this agent. Once the enamel was penetrated,
organisms then attacked the dentine. Although Miller did not name any
specific organism responsible for caries, he did list ten different bacteris
found in the oral cavity which were capable of causing the acid fermenta-
tion of carbohydrates (16).

Accumulated evidence has since been collected which proves that
acidogenic bacteria are an important factor in caries, Bibby (1) , in his

paper "Dental Caries®™ stated it had been demonstrated that cavities



resembling caries could be produced by the action of acids, similar
cavitation was produced by bacteria grown in the presence of carbohydrates,
organic acids can be found in carious dentine, the chemical changes occur-
ring during the progress of caries seemed no different than those brought
about by chemical action, and finally that certain agents which were
successful in the prevention of acid formation also prevent dental decay
in man.

Most investigators insist that a pH of below 5 is necessary for
enamel erosion (1,21)., Bacterial research has therefore been concentrated
on those microorganisms which are capable of producing this high a degree
of acidity,

Although several species of bacteria have been mentioned as the pos-
sible causative agents in caries, lactobacilli and streptococci have
attracted the most attention. Bunting and Jay of the University of Michi-
gan Dental School have garnered considerable information on the species

Lactobacillus acidophilus. They have shown that in about 90 per cent of

carious patients, the numbers of this strain are increased considerably
above the average (L). These men consider this specific bacterium
especially suited for the starting of a carious lesion due to its aciduric
and acidogenic properties. Further evidence of the possible importance

of L, acidopilus was found in 1925, when Bunting and his associates dis-
covered this strain in only 1 of 18k caries-free patients, whereas this
organism was present in 237 out of 243 carious patients (17). From these
and other findings, Bunting claims that L. acidophilus is the most important

etiologic factor yet found in the production of dental caries.



Other investigators hesitate to be as enthusiastic as he, J.D.
Boyd and others (13) have found L. acidophilus in mouths persistently
free from dental caries. Bibby (1) is inclined to think that strepto-
cocci, which seem more prevelent in mouths, may be more important than at

present considered,

DIET

In spite of the fact that tooth decay occurs among virtually all
peoples of the world, it does not affect all ethnic groups equally. In
the 1880's J. R, Mummery compiled data which H, P, Pickerill used to prove
that uneivilized and semicivilized races, living in all kinds of environ-
ment and subsisting on many different types of foods, possess a much
higher resistance to caries than do the civilized racrs of man (2).
Further evidence that the effects of modern civilization may be detrimental
was advanced by T. Rosebury (34) in his studies on Eskimos. These people R
some of whom are reported to have the best teeth found today, show a
caries incidence highest in the settlements in close contact with the
white man, and lowest among the more isolated natives,

To explain these and other similar findiﬁgs, dental investigators
suggest that the dietary differences between groups of peoples play the
important role in whether these groups have a high or low caries incidence.

It was not until 1917, when Lady Mellanby began her extensive studies,
that diet was given the attention it deserved as a possible causative

factor in tooth decay. In 193k Mellanby concluded that ®a diet rich in



vitamin D and containing sufficient calcium and phosphorus inhibits the
onset and spread of caries® (2). Vitamin C has been subsequently added
to the list of supposedly important dietary necessities for caries re-
sistance by M. T, Hanke (22) and others.

The contention that carbohydrates more than any other dietary factor
are responsible for tooth decay is widely accepted by dental researchers.
T. Rosebury (10) writes, "There is at least one common denominator in
the research that claims reduction of dental caries in the human by
dietary means and that is the reduction of carbohydrates, especially in
the form of refined sugars.® Bunting (3) and Hill (8) have shown that
lactic acid may be formed ih the mouth from starches with the aid of
bacterial enzymes.

Hoppert, Webber and Canniff (26) successfully produced caries in
rats by including coarse particles of rice or corn in the diet. Inclusion
of vitamin A, D, and C, phosphorus and calcium in the diet did not alter
the caries rate, They therefore concluded that impaction and subsequent
retention of the food particles in the tooth are an important factor in

tooth decay.

SALIVA

The role of saliva as a preventive agent in dental caries is im-
perfectly understood at present. Some investigators postulate that
saliva acts as a cleansing agent, while others claim that salivary secre-

tions act as buffers thereby neutralizing acids in the mouth. Whatever



may be the exact influence of saliva, it is probably minor in the over-

all picture (23).

TOOTH STRUCTURE

Mellanby states (15); ", . . there is a direct relationship between
structure of the teeth and cariest those badly formed having a greater
susceptibility.® Her view is opposed by many who Believe that imperfect
structure may alter the rate of caries, but not necessarily induce it.
Since caries does not attack the tooth indiscriminately, but only at those
sites which favor the lodgement of foods, it is possible that teeth with
many deep fissures would be more caries-susceptible than others.

That the composition of the tooth is an important etiologic factor

in caries resistance has been demonstrated conclusively by experimenta-
tion with fluorine. It is widely known today that the presence of minute
quantities of flourine in the tooth enamel acts as a caries inhibitor.
It has been shown, for example, that children living in areas having one
or more parts per million of fluorine in the water supply, not only have
50 to 65 per cent fewer carious permanent teeth, but also have only one-
fourth to one-sixth as many lost permanent teeth as children living in

areas having fluoride free drinking water (19,20).



HEREDITY

Heredity as a factor in dental caries has been extensively studied
at Michigan State College under the direction of Dr., H. R. Hunt and Dr,
C. A, Hoppert. They have succeeded in establishing two strains of rats,
one of which, the susceptible strain, develops caries in a little over a
month on the Hoppert diet. The second strain, which is caries-resistant,
coes not develop cavities before an average time of 379 days, and some
of these caries-resistant animals never have tooth decay.

Since this paper is concerned with the caries-susceptible and caries-
resistant rats from Dr. Hunt's stock, more will be said later about

experimental findings with these animals.

OTHER FACTORS

In a summation of the results from the University of Michigan Work-
shop it was concluded that pregnancy, general health, diebetes, endocrine
glands, infectious diseases and emotional states appear to be unimportant

as factors in tooth decay (5).

MULTIPLE INTERACTING CAUSES

While each possible causative element in tooth decay has its adherents,
most dental researchers are now supporting the doctrine of complex inter-
acting causes. This doctrine is exemplified by the following statement

after Bunting and co-workers had done extensive research with dental caries
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in children. Bunting writes (18), "We cannot trace true caries directly
to bacteria, to mutritional deficiencies, poor heredity, or any other
simple cause; but all of these things, plus the fundamental characteristics

of the tooth and mouth, seem to have some bearing on the matter."

HUNT-HOPPERT EXPERIMENTS AND FINDINGS

While studying American Indians, Negroes and persons of Dutch ancestry,
Dr. Morris Steggerda noted differences in resistance to dental caries. He
therefore suggested that an investigation be started to ascertain whether
an inheritance factor existed in albino rats. In 1937 Dr. Hunt and Dr.
Hoppert began such a project and the work is continuing.

By means of standard genetic technique such as progehy testing,
brother-sister matings and selection, animals obtained from several depart-
mental colonies were differentiated into two lines, one caries-resistant
and another caries-susceptible., All animals were kept under the same en-
virommental conditions. Thg ration chosen was the one Hoppert and his
co-workers used to produce caries. This diet consisted of ground polished
rice (66%), whole milk powder (30%), alfalfa leaf meal (3%) and salt (1%).
The rice was coarsely ground so that about 70% was retained on a 20 mesh
screen when sifted. Rats were placed on this caries-producing ration at the
age of 35 days. |

Early in the study it was clearly demonstrated that differences in
hereditary resistance to dental caries existed. By the time the 12th

generation of susceptibles was obtained, Hunt and Hoppert were convinced



that this strain was homozygous with respect to this trait. The resistant
rats, on the other hand, which are now in the 19th generation, still re-
main highly variable.

Having obtained a caries-resistant and caries-susceptible line of
rats, it (remained. to discover the mechanism of inheritance, that is,
the number of genes involved and their modes of action. For a complete
bibliography of the experimentation to date, see the References.

As previously mentioned it was discovered by Hoppert and his co-
workers (26) that coarse particles of food increase the caries rate due to
the greaier frequency of impaction of these.coarse food particles.

Hunt and Hoppert (28) reported that uée facilitates dental caries.
They found that caries retardation occurred when lower malars were not
opposed by the corresponding upper molars. Mechanical breakage of the
upper teeth apparently delayed the caries process in the lower‘;:E:g:T‘C
thus giving a faulty impression of resistance. Keller, et al. (30) have
recently ascertained that some areas on the occlusal surfaces of the lower
molar teeth are more susceptible to caries than others. They demonstrated,
for example, that the right lower molars develop more cavities than do
the léft lower molars.

Braunschneider &nd others (1) have shown that age increases resist-
ance to caries. The susceptible animals in his study were proven to be
more resistant to tooth decay at 100 and 150 days than at 35 days.

There is some evidence that constitutional differences exist between
susceptible and resistant animals., However, it has not been determined

~ whether these differences are directly related to caries. R. L. Clise
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found that the growth curves of both susceptible and resistant animals
remain substantially the same until 147 days of age. Beyond 147 days
the resistant rats maintain a higher weight than do the susceptibles.
Clise thinks th;s weight difference is due to the susceptible animals
having none of the lower mola:s present so that mastication is impared.
Clise has also found that.the susceptible rats have significantly less
hair than do the resistant rats. Whether there is some physiological re-
lation between pilosity and caries-resistance has not been determined.
(Unpublished data,)

Eugene C. Nakfoor et al. (33), in testing the caries-susceptible and
resistant strains for fracturing, concluded that natural fracturing is
not am important factor in the formation of dental caries in the sus-
ceptible animals. Hé did find, however, that at the age of 60 days the
susceptible teeth were more susceptible to fracturing when subjected to
blows by a tapered aluminum rod than the resistant molars of the same age.

Roger F. Keller, dJr. (data unpublished) severed the parotid ducts on
both sides of susceptible and resistant rats and observed the number of
days required to produce caries on the stock ration, His results showed
that the secretion of the parotid ducts are unimportant in the carious
process of these animals,

Keller has also shown that the susceptible rats have thyroid glands
of greater weight per 100 grams body weight than the resistant rats, He
has further demonstrated that there is a slower turnover of tracer iodine
in susceptible strain thyroid glands than in resistant strain thyroids,

and that the follicles in the thyroid glands of the susceptibles are larger
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than in the resistants. The metabolic rates of both strains, in spite
of these thyroid differences are apparently the same, (Unpublished.)

Hunt and Hoppert (29) have found that sex is not important as a factor
in tooth decay, the caries time for the two sexes being almost the same.

Workers with the Hunt-Hoppert rats are becoming convinced that the
reasons these two strains differ can only be found by investigation of
the oral cavity. It appears that either the structure of the teeth,
the types of bacteria present in the mouth, or both, are the important im-
mediate factors.

Hoppert and Shirley (25) have made limited studies on the chemical
analysis of the teeth of the two strains. They found that the weight of
the susceptible teeth is slightly higher than the resistant tooth. There
is a higher percentage of ash content of the resistant molars as compared
with the susceptible molars., The resistant teeth also show a slightly
higher phosphofus content than do the susceptible teeth. Hoppert!s judg-
ment is that these chemical differences are not significant.

In a discussion of their findings, Hoppert and Shirley say ®Very little
chemical work has been done on the teeth of the caries-resistant and caries-
susceptible strains of albino rats....® They suggest that further studies
be concerned with a comparison of the enamel of these two strains. This
paper is an outgrowth of both this suggestion and several erosion stﬁdies

recently completed (12,32,35), which have attracted my attention,
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PROBLEM

Most investigators agree that the first step in caries is the attack-
ing of the enamel by acid, In essence this may be considered erosion in

a confined area, This study was initiated in order to ascertain whether

the caries-resistant and susceptible teeth show any difference in re-

sistance to acid erosion, thereby possibly indicating physical or chemical

differences in the enamel of the two strains.

MATERIALS AND METHODS

It was decided that the best approach to the problem would be to
supply caries-resistant and caries-susceptible rats with a phosphO{’&ated
drink commencing at 25 days of age., This drink would constitute the only
source of liguid available to the animals, As in all of the Hunt-Hoppert
experiments, drip bottles supplied the fluid to the rats. The acidillated
mixture was ﬁrepared daily by adding 3.05 ml. of concentrated phosphoric
acid to seven liters of tap water. In order to make the drink more palat-
able, and since sugar is thought to have erosive qualities, enough sucrose
was added to produce a 10% sugar solution, It was found by periodic tests
with an electric pH meter that this sweetened acid drink approximated a
pH of 2.6 at all times,

It was discovered early in the experiment that our drink was very
conducive to the growth of certain molds. Postulating that these unwanted

growths might conceivably alter the results of the study, special care
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was taken to thoroughly wash all glassware so that the molds were not
able to run rampant.

Papers dealing with the caries-susceptible animals of Hunt and Hoppert
comment on the rapid and complete destruction of the lower molars, usually
before the age of 100 days. Since our experiment was intimately concerned
with the erosion of these lower molars, this carious effect had to be
either eliminated, or greatly reduced. To do this, Dr. Hoppert formulated
a non-carious diet. This ration was composed of powdered whole milk (80%),
alfalfa leaf meal (19%), and salt (1%). The milk was run through a sieve
so that the ration consisted of no coarse particles or lumps. Susceptible
and resistant animals were placed on this diet at the same time they began
the acid drink. As will be shown later, this ration proved highly success-
ful in retarding dental caries,

To be able to adequately determine how much of the tooth!s loss of
substance was due solely to the erosive action of the acidiated drink,
at least one rat from each litter was placed on a control drink of tap water
and fed the non-carious diet.

The breeders for this experiment came from Hunt!s 21st generation of
susceptibles and 17th generation of resistants. Thiftybsix susceptible
breeders comprising 12 crosses, and 2L resistant breeders comprising 7 crosses,
were utilized from the reserve stocks. All matings were between brothers
and sisters. Females were isolated from the breeding cage as soon as
pregnancy was evident, Daily examinations were then made until the young
were born. At the age of 25 days the rats were separated from their mothers,

marked, put on the non-carious diet and either the acid or water drink.
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‘Five animals of the same sex and strain were put in each cage. The cages
measured 2.5 x 1.5 x 1.0 feet, and were made of galvanized sheet metal
on all sides except for the top and front, which were covered with a 1/L
inch galvanized iron mesh,

The phosphoric acid drink produced a high degree of thirst in the
rats which subsequently had a high diuretic effect. It was therefore
necessary to provide two drip bottles to each cage.

In order to accurately ascertain how effective our non-caries diet
was, a control drink of tap water was given to one rat for every four rats
put on the acid beverage. These controls were also placed on the non-
caries diet plus tap water to determine if any erosion occurred in the
absence of the phosphor’ﬂated drink.

After having been on the drink fifty days, and at ten day intervals
after than until 170 days, at least two resistant rats and one resistant
control were killed. The susceptible rats were treated in a similar manner
except two rats were also killed after only 30 days on the drink, After
the animals were dead, the head was severed from the body and placed in a
gallon jug containing 95% alcohol., Within a week after the preceding
operation, the lower jaw was removed from each head, cleaned thoroughly
with the aid of a sharp scapel and minute sewing needle, marked by attach-
ing a card to it, and then reattached to the head by means of a light cord.
The lower jaw was then ready for observations. A binocular microscope

was utilized for this purpose.
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SCORING AND OBSERVATIONS

To ascertain with a high degree of accuracy the extent of erosion
that had occurred, the following plan was used, Erosion had been seen
to occur mostly on the lingual side of the teeth, so it was here that the
amount of erosion was measured. Following the system of others (35) who
had scored erosion by means of an arbitrary system of numbers, it was
decided that our specimens would be given ratings ranging from O to 5,

Most of the numbers used in a system such as this are selfrexplana-
tory. It must be mentioned, however, that a rating of 1/2 was used to
identify those teeth which exhibited possible, but not clear-cut, evidence
of erosion. A score of 1 was the first number chosen to show positive
erosion,

To eliminate error still further in our scoring procedure, the follow-
ing steps were taken. After careful examination of all the jaws many
times, four model jaws were selected as standards in scoring. (See figure:
bne). These models were given grades 1, 3, L and 5. No grade 2 model was
used, but this grade was between 1 and 3, When scoring, each jaw was
compared with these four standards and graded accordingly. The control
Jjaws were studied to find evidence of lingual erosion. Since no control
Jaw exhibited any lingual erosion, it was assumed that any such erosion
present in our experimental jawswas due to the action of the acidilated
drink.

All of the jaws, both susceptible and resistant, were rated eight

times., On each of these eight occasions, all of the jaws were rated.
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I allowed at least four days to elapse between successive ratings, so
that any memory of individual teeth would not be retained. The eight re-
peated scores for any one jaw never differed by more than 1; a difference
as high as this occurred only during the first two trials. The eighth
session saw only five jaws which differed from the seventh session by a
score of 1/2, These five jaws are identified in the tables.

In a rating system with 5 the maximum, a score of 2 1/2 or 50% is
indicative of serious erosion.

Table I shows the caries-resistant teeth developed while on the acid
drink. It is noted that no resistant teeth receive a rating of 3 or over
until on the drink 116 days. It is further evident that these resistant
lower molars do not receive a rating of 3 or over with any regularity until
on the acid drink 136 days; from which time all scores are above the 3
rating.

Table II is concerned with the susceptible lower molars, their number
of days on the acid drink and their subsequent lingual erosion values,

Note that these teeth first receive a rating of 3 at 60 days. Furthermore,
all but three sets of teeth receive scores of 3 or over on one or both
sides after 70 days on the acidillated fluid. The three exceptional animals
were killed after using the drinking fluid for 80, 130 and 1LO days,
respectively.

Table III shows the averages of half jaws rated. This table clearly
shows that erosion is greater in the susceptible teeth until 14O days on
the drink; from which time erosion appears as serious in the resistant

teeth as in the susceptible teeth.
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Since serious lingual erosion occurs in the lower molars at approxi-
mately 136 days as contrasted with the susceptible lower molars which
show such erosion at 70 days, a time difference of over &0 days exists
between the two strains,

One plausible explanation as to why erosion precedes faster in the
susceptible teeth than in the resistant teeth is that some physical dif-
ference exists between the enamels of the resistant and susceptible teeth,
Somehow, acid erosion is retarded in the resistant as compared with the
susceptiblé mouth, Whether this difference is due to some element lacking
in the susceptible tooth, or whether the resistant tooth contains some-
thing in greater amounts than the susceptible molar is open to speculation,

Differences in salivary buffering may also be offered as an explana-
tion for the erosion time differences found. However, as was previously
mentioned, Keller found that severing the parotid gland ducts of both
strains of rats did not alter the caries time, It therefore seems unlikely

that such parotid secretions are important here,
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TABLE I
RESISTANTS
Number of Animal Left Side Right Side Days on Drink
88 1/2 1/2 50
89 0 1/2 51
85 1/2 11/2 72
8l 1/2 1/2 73
73 0 1 . 79
71 | 1/2 1/2 79
74 0 0 79
66 0 1/2 81
90 0 o 0
72 1/2 1/2 91
5l 11/2 0 96
53 0 1/2 96
75 0 0 102
61 2 11/2 110
62 21/2 2 110
# 2 3 1/2% 5 116
82 1/2% 11/2 120
# °1 3 1/2 121
68 0 1 130
56 1/2 21/2 130

# Those jaws with a rating of three or more.

o Those jaws with severe caries so that scoring is doubtful.

- Those Paws with teeth destroyed by caries.

# Those jaws where scores differed by 1/2 from previous rating.
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Table I - Continued

——

Number of Animal Left Side Right Side Days on Drink

55 1 1 130
# 3L L L 136
# 26 5 L 110
# 27 L L 140
# 23 5_ 5 1
# 3 5 5 1h2
# 22 5 31/2 148
# €3 L L1/2 150
# 18 5 5 153
# 17 5 5 153
# 20 5 5 160
# 19 5 5 160
# 6 5 5 160
£ 50 5 5 161
# 29 L 1/2 L 1/2 170
# 28 L 1/2 L 170
F21 5 > 5 17k
# 9 5 5 189
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TABLE II
SUSCEPTIBLES
Number of Animal Left Side Right Side Days on Drink

127 1/2 1/2 30
126 1/2 1/2 30
92 11/2 11/2 50

93 1/2 1/2 50
131 2 21/2 50
130' 1 1/2 50

# 125 21/2 3 60
124 2 2 60
123 11/2 2 1/2 €
121 2 1/2 3 70
# 120 3 1/2% 5 70
£ 119 31/2 31/2 70
117 2 21/2 80
# 116 3 5 80
# 129 31/ 3 1/2 80
# 111 2 31/2 9%
# 110 - 31/2 90
# 109 31/2 31/2 90
# 114 L1/2 2 100
# 113 21/2 L 1/2 100
# 112 L 1/2 5 100




Table II - Contimued

23

Number of Animal Left Side Right Side Days on Drink
# 106 L1/2* L 1/2 110
# 10L L1/2 L 1/2 110
# 103 L 1/2 L 1/2 110
# 102 L 1/2 L1/2 120
F 98 5 5 120
# 1L 5 5 120
# 97 5 5 120
Fu L1/2 N 130
# L2 L L 130

86 1 11/2 130
# L3 3 21/2 130
L8 - - 140
# L9 3 31/2 1.0
L7 21/2 11/2 140
# 15 5 5 140
Lk L L 150
LS ] . - 150
# 95 5 5 150
# 9L 5 5 150
# L1/2 5 150
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Table II - Continued

Number of Animal Left Side Right Side Days on Drink
# 18 5 5 160
F 0 | 31/2 L 1/2 160
# 79 5 31/ 160
# 13 5 5 170
F11 5 5 170
#12 5 5 170




TABLE III

AVERAGES OF RATINGS OF HALF JAWS

Days on Drink Susceptibles Resistants
50 1.25 (8) 375 (L)
60 2.25 (6) - (0
70 3.50 (6) 75 (L)
80 3.30 (5) .312 (8)
90 3.12 (L) .25 (L)

100 | 3.83 (6) 33 (6)
110 L.50 (6) 2.00 (L)
120 L.75 (8) 2.33 (6)
130 3.06 (8) 1.00 (6)
1L 3.k2 (6) L.so (10)
150 L.78 (7) L.75 (8)
160 L.6o (5) 5.00 (8)
170 5.00 (6) L.58 (6)

Note: Numbrers in parenthesis indicate number of half
jaws averaged.
Animals under 50 and over 170 days on drink not
included.
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At approximately 100 days on the acid beverage, the susceptible
teeth first attain a score of 4 1/2 as contrasted with the resistant
teeth which earn such a rating at about 14O days. Thus, while there is
a difference of over 60 days between the time the susceptible and resist-
ant molars received a score of 3, a rating of L4 1/2 appears with a time
difference of LO days. It is also seen that a rating of 5 occurs with a
time difference of only 20 days. It appears, then, that the susceptible
lower molars erode on the lingual side faster than do the resistant
molars for a time, and then, for some reason, lingual erosion in the
resistant teeth ®catches up®™ with the susceptible teeth.

We believe that this pﬁenomonen can be reasonably explained. The
drinking habits of the rat, i.e. the use of the tongue in drawing the
1liquid from the water tube to the gullet, thereby causing the fluid to
come into contact with the lingual side of the mouth almost exclusively,
helps to explain why erosion in our experiment is mostly lingual.

When a large part of the lower jaw has been dissolved on the lingual
side, less acid might come into contact with this part of the teeth than
formerly, and the tongue would rub with less vigor on this part of the
tooth., Thus, after a rating of over 3 is reached, lingual erosion is
slowed, Therefore, while the resistant teeth are still being subjected
to a considerable amount of acid and rubbing by the tongue, the suscept-
ible teeth are undergoing considerably less erosion than was the case
previously. Since lingual erosion approaches a limit, the resistant
teeth appear to ®catch up®™ with the susceptible teeth in the amount of

erosion accomplished.
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The possibility also exists that once the enamel of the resistant

teeth is gone and the dentine exposed, the speed of erosion increases,

DISCUSSION

The non-caries diet of powdered whole milk, alfalfa leaf meal and
salt proved very successful in delaying caries, Not one resistant lower
molar and only three susceptible sets of teeth were so damaged by caries
that measurement of lingual erosion was impossible. A few resistant
and almost every susceptible set of teeth had cavities ranging from
mimite to Quite large in some of the susceptibles., Whether these cavi-
ties were true caries or merely the result of the absorption of acid by
the impacted food in the crevices and the subsequent attack of the
enamel in contact with this acid soaked food, is not known. The latter
is believed to be the case., This assumption is based on the fact that

these carious cavities do not resemble the caries seen in rats fed the

Hoppert diet, and upon the additional fact that not one of the susceptible

or resistant control animals has visible caries.

The susceptible controls were killed at ten day intervals ranging from
50 to 170 days on the diet plus water. Thus 13 sets of teeth showed no
caries from a period of 50 to 170 days. One susceptible rat was kept to
ascertain when caries would occur. It is now nine months old and has
not as yet developed caries.

It is believed that the reason this non-caries diet does not produce

caries is the absence of starches and coarse materials, Stewart has
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found (unpublished) that rations containing sugar and no coarse particles
do produce caries. Why Stewarts diet produces caries, while milk powder
which contains milk sugar does not seem to induce caries, is a subject
that should be investigated.

It is also interesting to note that L. acidophilus which has been
reported to thrive on milk, and which has been cited by many leading in-
vestigators as the important etiologic factor in tooth decay, does not
seem to cause decay in our animals fed on a diet which consists of 8%
powdered whole milk. Part of the answer might lie in the fact that the
milk portion of the diet is not readily impacted in the tooth crevices.

Some investigators in the field of dental research have suggested
theories which use the color of the teeth as a means of locating caries.
I believe that there is something to be said for this concept. While
examining the caries-susceptible teeth, it was noticed that around every
cavity the enamel appeared.white. It also appeared that the susceptible
controls, while not exhibitiﬁg caries, certainly did not have the same
appearance as the resistant controls,

¥While I believe that there is some value in studying coloration of
teeth, I also feel that using color as a device in caries work is very
hazardous. I have found, for example, that if resistant animals are
killed by ether, the heads severed from the body and put into alcohol,
the teeth when examined later will be pinkish if no caries is present.
If, however, the resistant rat is killed by a blow on the head, the
head then severed from the body and the teeth extracted, the teeth all

will appear white. I have further found that by placing a head containing
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pinkish teeth on a lamp so that the head become dried, the pink teeth
lost their coloration and were white,

There are no indications that either the right or left jaw is the
more susceptible to erosion in either strain; nor can any statement be
substantiated that one tooth of a specific jaw is affected more by the
acid drink than another,.

This study has shown the possibility that physical or chemical dif-
ferences exist in the enamel of the caries-susceptible and caries re-
sistant teeth, Certainly more experimentation is needed either to con-
firm or disﬁrove this. Jn ylire studies of the solubility of the enamel
of both strains with different acids and acid concentrations should be
undertaken, The distinct possibility that sugars somehow aid in enamel
erosion other than serving as a food source for bacteria, should also be

investigated.
CONCLUSIONS

1. Lingual erosion of a serious nature occurs within a shorter time with
caries-susceptible lower molars than with caries-resistant lower molar
teeth, when caries-resistant and caries-susceptible rats are fed a

non-caries diet in conjunction with a sweetened phosphog,lated drink.

2. Caries is delayed in caries-susceptible rats when fed a diet consist-
ing of 80% milk powder, 19% alfalfa leaf meal and 1% salt, and which

contains no coarse particles, .
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3. The method of killing and preserving the rat sometimes affects the
color of the teeth, so color would seem to be an unreliable indica-

tion of the presence of caries,



32

BIBLIOGRAPHY

Books

1. Bibby, B. E., "The Bacteriology of Dental Caries,® University of
Pennsylvania Bicentennial Conference, University of Pennsylvania
Press, Philadelphia, 1911,

2. Brekhus, P, J., Your Teeth: Their Past, Present and Probable Future,
The University of Minnesota Press, Minneapolis, 1941.

3. Bunting, R. W,, Oral Pathology. Lea and Febiger, Philadelphia, 1929,

L. Bunting, R. W., "The Problem of Dental Caries,® A Research Conference
on the Cause and Prevention of Dental Caries, The Goad Teeth
Council of Children, Inc., Chicago, 1938.

5. Easlick, Kenneth A., Dental Caries, Mechanism and Present Control
Technics, The C. V. Mosby Company, St. Louis, 19L8.

6. Gottlieb, B., Dental Caries, Lea and Febiger, Philadelphia, 19L7.

7. Guerini, V., A History of Dentistry, Lea and Febiger, Philadelphia
and New York, 1909, '

8. Hill, T. J., Oral Pathology, Lea and Febiger, Philadelphia, 19L9.

9. Leber, T., and J. B, Rottenstein (trans. by Thomas H. Chandler).
Dental Caries and Its Causes, Lindsay and Blakiston, Philadelphia,
1873.

10. Rosebury, T., The Problem of Dental Caries, Philadelphia, Lea and
Febiger, 1938.

11. Weinberger, B, W., An Introduction to the History of Dentistry, The
C. V. Mosby Company, St. Louis, Vol. I, 1945,

Periodicals

12, Bieri, J. G., C. M. McCay, J. 8. Restarski and R. A. Gartner, Jr.,
#Purther Studies on In vivo Tooth Decalcification by Acid
Beverages," Archives of Biochemistry and Biophysics, Vol. 11,

p. 33, 19L6.

13. Boyd, J. D., "Bacteriological Studies in Dental Caries,® Journal of
Dental Research, Vol. 13, p. LL3, 1933. ,




1k.

15.

16.

17.

18.

19.

20,

21.

22,

23.

2L,

33

Braunschneider, G. E., H. R, Hunt, and C. A. Hoppert, "The Influence
of Age in the Development of Dental Caries in Upper and Lower
Molar Teeth of Albino Rats (Rattus norvegious) ,% Journal of
Dental Research, Vol. 27, p. 15k, 19L8. :

Bunting, R. W,, "A Review of Recent Researches on Dental Caries®
Journal of the American Dental Association, Vol, 18, p. 785, 1931.

Bunting, R. W., and F, Palmerlee, "The Role of Bacillus acidophilus
in Dental Caries," Journal of the American Dental Association,
Vol. 12, p. 381, 1925.

Bunting, R. W., G. Nickerson and D. G, Hard, "Further Studies of the
Relations of Bacillus acidophilus to Dental Caries,® Journal of
Dental Research, Vol. 12, p. 759, 1932, : .

Bunting, R. W., P. Jay and D. G, Hard, "Observations in the Examina-
tion of the Mouths of 1,192 Children in Public Schools and
Institutions," Journal of Dental Research, Vol. 12, p. LLl, 1932.

Dean, H, T., P. Jay, F. A, Arnold, Jr., and E. Elvore, "Domestic
Water and Dental Caries II. A Study of 2832 White Children Aged
12-1l; Years of 8 Suburban Chicago Communities, Including Lacto-
bacillus acidophilus Studies of 1761 Children," Public Health
Reports, Vol. 56. p. 761, 1911

Dean, H, T., F. A, Arnold; Jr., and E, Elvove, "Domestic Water and
Dental Caries V. Additional Studies of the Relation of Fluoride
Domestic Water to Dental Caries. Experience in LL25 White
Children Aged 12-1h Years of 13 Cities in L States," Public
Health Reports, Vol. 57, p. 1155, 1942, :

Enright, J. J., H. E, Frieseld and M. 0. Trescher, "Studies of the
Cause and Nature of Dental Caries,® Journal of Dental Research,
Vol. 12, p. 759, 1932.

Harke, T. J., "The Role of Diet in the Cause, Prevention and Cure of
Dental Diseases," Journal of Nutrition, Vol. L3, p. 235, 1937.

Hawkins, Harold F., "Dental Decay: What It Is and Means for Its
Control," Journal of the American Dental Association, Vol. 16,

p. 781, 1979.

Hill, T. J., "Recommendations for the Control of Dental Caries,"
Journal of the American College of Dentists, Vol. 9, p. 38, 19L2,




3L

25, Hoppert, C. A., and Ray L, Shirley, "The Use of Radioactive
Phosphorus in the Study of the Teeth of Caries-resistant and
Caries-susceptible Strains of Albino Rats®, Journal of Dental
Research, Vol. 29, p. 29, 1950.

26, Hoppert, C. A,, P. A, Webber and T, L, Caniff, "The Production of
Dental Caries in Rats Fed on an Adequate D:Let. % Journal of
Dental Research, Vol, 12, p, 161, 1932.

27. Hunt, H, R,, and C, A Hoppert, ®"Inheritance in Rat Caries,®
Genetlcs Vol, 2h, p. 76, 1939 ;

28, Hunt, H, R, and C. A, Hoppert, "Occlusion as a Factor in Dental
Caries of Albino Rats (Rattus norbegicus) ® Journal of Dental
Research, Vol. 27, p. 553, 19L8.

29, Hunt, H, R,, and C, A, Hoppert, "Sex and Dental Caries in Albino
Ra’cs (Rattus norvegicus) ® Journal of Dental Research, Vol. 27,
p. 486, 19L8.

30, Keller, R, F., Jr., H. R. Hunt, and C. A, Hoppert, "The Relative
Incidence of Caries in Upper and Lower Molar Teeth of Albino
Rats (Rattus norvegicus),® Journal of Dental Research, Vol. 30,

p. 382, 1951,

31. Miller, W. D., "The Agency of Micro-organisms in Decay of Human
Teeth ® Dental Cosmos, Vol. 23, p. 1, 1883.

32, McClure, F, J., "The Destructive Action In vivo of Dilute Acid Drinks
and Beverages on the Rat's Molar Teeth,® Journal of Nutrition,
Vol. 26, p. 251, 1943,

33, Nakfoor, Eugene C., H. R, Hunt, and C. A, Hoppert, "Fracturing of
the Molar Teeth in Caries-s sceptible and Caries-resistant
Albino Rats (Rattus norvegicus),® Journal of Dental Research,

1952 (in press).

3L, Rosebury, T., "Dental Caries and Related Mouth Conditions Among
Eskimos $he Kuskokwin Region, Alaska,® Journal of Dental Research,

Vol. 16, p. 305, 1937.

35. Spencer, Arthur J. Jr., and Lillian N. Ellis, #The Effect of Fluorides
and Grapefruit Juice on the Etching of Teeth # Journal of
Nutrition, Vol. L2, p. 107, 1950.



ﬁ28’53

N2 19R0—
ROOM USE ONLY







