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SPECIAL REPORT OF THE DEPARTMENT OF
PUBLIC HEALTH RELATIVE TO THE DECAY
OF TEETH RESULTING FROM A LACK OF
FLUORINE.

To the General Court of Me
In accordance with the authority delegated to it, the

Department of Public Health has begun a study relative to
the decay of teeth resulting from a lack of fluorine as pro-
vided by chapter 38 of the Resolves of 1945, as follows:

Resolved, That the department of public health is hereby authorized
and directed to make an investigation and study of all questions relating
to the prevention of caries, including the prevalence of caries among the
inhabitants of the commonwealth, best methods of preventing caries, and
in connection with such investigation and study shall consider the appli-
cation of fluorides to the public water supplies, the effectiveness of fluo-
rine, its use in prophylactic treatments, and its use in lozenges, pills or
mouth washes containing varying strengths of fluorine. Said department
shall also consider the research work in the matter of caries control as
carried out by other states and by private organizations.

Said department may employ such medical, dental and engineering
and other assistants as may be necessary in carrying out this investiga-
tion and study, and may incur such expenses as may be necessary for
carrying out the provisions of this
recommendations, to the general co

resolve, and shall report fully, with
art on or before the first Wednesday

of December in the current year, including in its report drafts of any
legislation recommended by it. For the purposes aforesaid said depart-
ment may expend such sums, not exceeding, in the aggregate, fifteen
thousand dollars, as may hereafter be appropriated therefor; but before
incurring any expenses the depart
the amount required and shall subi
cil for their approval and no expens
estimated and approved.

lent shall from time to time estimate
dt the same to the governor and coun-

shall be incurred beyond the amount
Ip-proved June 28, 194■

This resolve was passed a result of a bill introduced at
the request of Dr. Albert E. Small of the city of Melrose, and
supported by the dentists and numerous official and volun-
tary health agencies in the State.

CJje Commontoealtfi of Qpassaflnisetts
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As soon as the resolve was passed, an Advisory Committee
to aid the Department in formulating plans for carrying out
the study was appointed by the Commissioner. This com-
mittee consisted of the following persons:
Dr. Basil G. Bibby, Dean of Tufts Dental School and Dental Consultant

for the Department.
Rep. Earl G. Crockett, Massachusetts General Court.
Prof. Gordon M. Fair, Department of Sanitary Engineering, Harvard

University.
Prof. Curtis M. Hilliard, Department of Biology and Public Health, Sim-

mons College.
Dr. Stephen P. Mallett, President, Massachusetts Dental Society.
Rep. Cornelius J. Murray, Massachusetts General Court.
Prof. Francis 0. Schmitt, Department of Biology, Massachusetts Insti-

tute of Technology.

A tentative plan for the study was drawn up by Dr. Roy
E. Feemster, Director of the Division of Local Health Ad-
ministration, Dr. A. L. Corbman and other personnel of the
Bureau of Dental Health of that Division, and Mr. Arthur
D. Weston, Director of the Division of Sanitary Engineering,
with the assistance of Dr. Basil G. Bibby, Consultant Den-
tist for the Department. This plan was presented at a meet-
ing of the Advisory Committee, where changes and additions
were made.

By the time funds became available it was brought to the
attention of the Department that because of the wording of
the resolve no further expenditure of funds would be possible
after December 5 until authority from the General Court
could be obtained to resume expenditures. Since less than
three months remained before that date, the program which
had been planned could not be put into operation. It was

decided, therefore, to carry out such surveys as could be
satisfactorily completed in the short time available, to as-
semble as much information as possible in regard to all
phases of the dental caries problem, and to compile as com-
prehensive a report as possible. This is hereby presented as
a preliminary report, and a request has been made in a sep-
arate bill for an extension of time in which to submit the
final report. This bill reads as follows:

Dr. Warren Sisson, Practicing pediatriciar
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Resolved, That the time within which the department of public health
shall make to the general court a report of its investigation and study,
under chapter thirty-eight of the resolves of nineteen hundred and forty-
five, relative to the decay of teeth resulting from a lack of fluorine, is
hereby extended to the second Wednesday in December in the year nine-
teen hundred and forty-six. For the purposes aforesaid, said department
may expend the unexpended balance of the amount appropriated by
Item 2002-21 of section two of chapter seven hundred and thirty-six of
the acts of nineteen hundred and forty-five, but before incurring any ex-
penses the department shall from time to time estimate the amount re-
quired and shall submit the same to the governor and council for their
approval and no expenses shall be incurred beyond the amount so esti-
mated and approved.

The resolve authorizing this study was passed because in-
formation accumulated from annual examinations of the teeth
of public school children and from the examinations carried
out upon draftees in the first and second World Wars has
emphasized that the decay of teeth is one of the outstanding
public problems of the present day, and because of the inter-
est in fluorine as a possible means of preventing dental caries.

In the past, health departments have sponsored various
types of programs which gave hope of exerting control upon
the decay of teeth, but, until the beneficial effect of the pres-
ence of fluorine in drinking water was uncovered, no control
program has attained the expected results. Numerous
studies now under way in various parts of the country are
piling up evidence that the proper use of fluorine may reduce
decay of teeth as much as 50 per cent when begun in the
early years of life.

In this preliminary report, therefore, the Department is
concentrating its attention mainly upon the control of dental
caries by the use of fluorine, even though it is a well-recog-
nized fact that heredity, habits of eating, availability of
satisfactory food materials, regular cleaning of teeth, the
repair of decayed teeth, and other factors play an important
rble in the preservation of the teeth.

In the Appendix of this report are found many details in
regard to the extent of the problem of dental caries and the
possible means of control. Certainly a disease which affects
over 90 per cent of us by the time we reach ten years of age,
that would cost the nation $4,000,000,000 to repair the ac-
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cumulated damage which it has produced, and that would
cost another billion dollars to repair the new damage each
year (Massachusetts’ share of these two items would be
8130,000,000 and $43,000,000, respectively), deserves the
serious consideration of those interested in the health of our
people. A method of control, such as the use of fluorine,
which gives promise of reducing this annual toll 50 per cent,
should receive thorough investigation.

Preliminary examinations of the public water supplies in
Massachusetts in previous years have indicated that the
concentration of fluorine is far below the level which is effec-
tive in preventing dental caries. The public water supplies
have been re-examined to determine the exact quantities of
this chemical, and only one small water supply has been
found which contains as much as one part of fluorine per
million parts of water, which is the lowest level of the con-
centration which has been found to be effective. It is evi-
dent, therefore, that the citizens of Massachusetts are not
receiving the benefit of this useful chemical constituent dur-
ing the early years of life, when its influence is most effective.

The problem which confronts us, therefore, is that of de-
termining in what way this chemical can be most usefully
employed inreducing the tremendous amount of dental caries
occurring in the State. Carefully controlled experiments
must be carried out in order to determine the extent of its
beneficial effects. Fluorine can probably be used in anumber
of ways, such as raising the concentration in public water
supplies to the effective levels, the direct application of the
chemical to the teeth in the process of cleaning the teeth in
the dentist’s office, by its use in lozenges, pills and mouth
washes, and perhaps in other ways.

A few studies sponsored by the Department, by luffs
Dental School, or both, are in progress in Massachusetts.
A preliminary study already has demonstrated that the
activity of dental caries can be reduced by about 40 per cent
by painting fluorides on the tooth surfaces of children. This
finding has been confirmed in other States. Another pre-
liminary experiment carried out by the Department of
Health has shown that incorporation of fluoride in the clean-
ing solutions used by dental hvgienists will reduce dental
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decay by approximately one third. Three studies embracing
1,500 children have been initiated to determine the optimal
number of cleanings which should be given to produce the
best effects. To test the effectiveness of fluoride-containing
mouth washes a study on 500 children has been begun.

If authorization is given for the continuation of this study
with the unexpended funds originally authorized, further
experiments along this line can be set up with the co-opera-
tion of the schools of this State, and studies of the value of
increasing the fluorine content of selected water supplies to
the level of 1 p. p. m. can be begun. The results of such
experiments do not become apparent until after the lapse of
a considerable length of time. Some of the studies should be
continued for not less than five years in order to demonstrate
conclusive effects. The results of studies initiated under this
resolve can be combined with the information which is being-
accumulated, regarding the same problems, by other state
health departments, by educational institutions, and other
research groups, so that the combined knowledge will make
it possible to plan dental caries prevention programs which
will really be effective.

The Department is in a strategic position to carry on in-
vestigations of this kind. Our Division of Sanitary Engi-
neering has very complete records, going back many years,
regarding the public water supplies in the State. Our lab-
oratories have, on their staffs, well-trained chemists and
those versed in other specialties to carry on the laboratory
side of the investigations. Our Division directors and other
personnel have had experience in formulating and directing
studies. The Department is located in a center where there
are numerous educational institutions which are anxious to
co-operate by carrying on such phases of studies as can more
appropriately be done by them. In addition, there are per-
sons with long training in many special fields who are avail-
able for appointment upon advisory committees to guide
such studies. Moreover, our State is located in an area
where water supplies contain the lowest amount of fluorine.
For this reason the results obtained can be attributed di-
rectly to the use of fluorine in the projects which are
instituted.
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Because of these considerations the Department strongly
urges that the continuation of this study be authorized. In
order that the projects initiated may be carried forward to
completion the following recommendations are made: (1)
that the Department be authorized to continue the study
begun under this resolve by making the unexpended balance
of the appropriation of $15,000 available for work during the
coming year, and that a final report on this particular study
be rendered in December, 1946; (2) that the General Court-
make it possible for the Department to carry out its plans to
establish a Division of Dental Health. Request for funds
for this purpose was included in the budget submitted for
the fiscal year 1946-1947.

In the past the Department has had only two dentists on
its staff. It will be necessary to have additional personnel
if comprehensive investigations are to be carried out in
co-operation with local health departments, the Dental So-
ciety, and the educational institutions of the State, and if
comprehensive programs for the control of dental caries are
to be formulated and put into effect. In addition to a small
central organization there should be a dentist and a dental
hygienist in each of the eight district offices of the Depart-
ment

With such additional personnel it will be possible to plan
and guide programs for the control of dental caries which
should go far toward relieving the heavy handicap suffered
by our citizens because of the decay and loss of teeth.

Respectfully submitted,

VLADO A. GETTING,
Commisswi

GORDON HUTCHINS,
FRANCIS H. RALLY,
JAMES L. TIGHE,
CECIL K. DRINKER,
RICHARD M. SMITH,
WILLIAM H. GRIFFIN

Public Health Council
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The Prevalence of Dental Caries

Dental caries is, without doubt, the most common of all
diseases which afflict the human body, and one from which
very few persons among civilized nations entirely escape. It
is most common among those nations which are recognized
as having the highest civilization, and yet no race or tribe
of men yet discovered, whether savage, barbarous, semi-
civilized, or civilized, ancient or modern, has ever wholly es-
caped it. Archaeology, history and anthropology all prove
the correctness of this statement. It has been shown that a
positive correlation exists between the primitive diets of the
Eskimos of Alaska and their relative freedom from decay of
teeth. On the other hand, a high prevalence of dental decay
is found among Alaskans who live in modern cities and par-
take of modern diets, deficient in the necessary minerals.
Thus, it is seen that dental caries is found to be prevalent in
all, but in a varying percentage, seemingly governed by nu-
tritional habits and other factors influenced by the degree of
civilization.

Practically every adult, without exception, and almost
every child over five years of age has suffered from dental
defects. These defects often induce a train of related mal-
adies which could have been prevented by proper dental
care. Dental diseases are not limited to any group, and at-
tack all regardless of age, sex, geographic location, or eco-
nomic status. Dental caries is the destroyer of most teeth
that are lost by persons under thirty; thereafter pyorrhea
assumes first rank as the cause of the loss of teeth. Caries
begins as soon as a child has teeth. Over 90 per cent of
children under 10 years of age have one or more decayed
teeth. By the time a child reaches 18, nine permanent

tli, on the average, have become decayed and seieial ex

Appendix.
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tractions have had to be made. The loss of teeth upsets the
proper alignment of others and brings about malocclusion
and predisposes to pyorrhea, the prime cause of loss of teeth
in later life. Moreover, diseased teeth and gums may cause
disease directly or indirectly, in adjacent as well as other
parts of the body.

Once a defect is produced by decay, evidence of its
existence is never obliterated. It is, therefore, possible by
direct examination to determine what has been happening
to teeth in the past. The permanent defects in permanent
teeth caused by present and past attacks of caries are classi-
fied into three groups: (1) decayed, teeth with open cari-
ous lesions requiring treatment by fillings; (2) missing,
teeth already extracted or requiring extraction because of
extensive destruction by caries; and (3) filled, —teeth pre-
viously carious but showing treatment in the form of fillings.
By common usage and for purposes of brevity, such affected
teeth are designated by the symbol “DMF” (decayed,
missing and filled).

The prevalence of caries experience may be measured in
two ways. One is by the ratio of the number of persons
having one or more DMF teeth per 100 persons expressed
as a percentage. The second way is as the total DMF teeth
per person. By means of such measures, the relative preva-
lence of caries in various groups can be compared.

Factors Influencing the Prevalence of Dental Caries.
Age. The increase of caries with age is illustrated by the

following figures from a survey made in Hagerstown,
Maryland.

At six srears5r ears of age 16 per cent of the children had one or
more DMF teeth. Each year the percentage increased, as
follows: 36 per cent at 7; 53 per cent at 8; 71 per cent at
9; 78 per cent at 10; 82 per cent at 11; 88 per cent at 12;
91 per cent at 13; 95 per cent at 14; 96 per cent at 15; and
by the 18th year 97 per cent had one or more DMF teeth.
The San Francisco data on high school students revealed a
similar high prevalence of dental caries.
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If the same data are analyzed for the number of teeth
affected, the comparison is best expressed as the number of
DMF teeth per person. From the Hagerstown data, the
following number of DMF permanent teeth per child were
found: age 6, 0.3; 7, 0.7; 8, 1.2; 9, 2; 10, 2.5; 11, 2.5;
12, 3.7; at 15 there were 6.6 DMF teeth per child, at 19, 9.3.
In San Francisco high school children the number of DMF
teeth per child ranged from 3.8 at age 12 to 8.3 at 18. In
an adult population of New York City (8,400) the number
of DMF teeth continued to increase with age: at 20-24
years there were 15.8; 25-29 years, 18.3; 30-34 years, 20.2;
35-39 years, 20.5; 40-44 years, 21.6; 45-49 years, 22.1;
50-54 years, 22.7; 55-59 years, 24; 60-64 years, 23.4; 65
and over, 24.9.

Sex. Several observers have noted a difference in the
prevalence of dental caries between the two sexes. When
compared by age, females have a greater amount of dental
decay than do males of the same age. However, recent
analyses by Klein and Palmer indicate that this difference is
due to the fact that in girls permanent teeth erupt earlier
than in boys. Actually, therefore, if a comparison of the
age of teeth is made on the two sexes, there is no significant
difference in dental decay up until the age of 15.

Race. Only scattered data are available as to the dif-
ference observed in differentraces in caries experience. From
the data appearing in the literature, colored children have
lower rates of DMF teeth than do white children, the differ-
ence increasing with age. Thus, at 10 years of age, Hagers-
town and Baltimore white children had an average of about
2.5 DMF teeth, while colored children of the same com-
munity had 1.6 DMF teeth. Indian children of the same age
averaged 1.3 DMF teeth per person, whereas Navajo chil-
dren had only 0.5 DMF teeth per child aged 10. At 15
years of age the average number of DMF teeth per person
were 6.6 for Hagerstown white; 6.5 for San Francisco white;
4.1 for Hagerstown colored; 3.1 for Navajo. Thus, at age
15, white children have about one and a half times more
decayed, missing or filled permanent teeth than do colored
children, and twice the number in Navajos.
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Family. Several investigators have studied familial sus-
ceptibility to dental caries. Klein and Palmer studied 4,400
white, elementary school children in Hagerstown, finding
among them 117 with extreme “caries susceptibility” and
184 with “immunity to caries.” The susceptibles had 182
siblings, whereas the immunes had 306, all of whom had been
examined. Studies of these records revealed that siblings of
“immunes” had about one half the tendency to experience
caries of that of the siblings of the “susceptibles.”

Economic Status. The literature tends to suggest that
the economic status of persons does not markedly affect the
prevalence of caries, although the amount of dental work is
related directly to the income of the family. Klein and
Palmer studied the caries prevalence rates for 200,000 chil-
dren in forty New Jersey communities. These authors con-
cluded that the intrinsic tendency of children to experience
attack of the permanent teeth by caries does not depend on
the economic status of the community in which the children
live. However, the volume of dental care in the form of
fillings in the permanent teeth increased markedly with the
increase in community economic level; and the odontothana-
toxic rate (the number of permanent teeth extracted and in-
dicated for extraction per 100 children) diminishes as the
economic level of the community rises. On the other hand,
one other study noted belowr appears to show some influence
of economic status upon caries.

Climate. Mills, studying the prevalence of caries in dif-
ferent latitudes, concluded that rates are highest in the
northern and lowest in the southern areas of the country.
In latitudes 25° to 26.9° the prevalence rates of DMF teeth
fell under 300 per 100 boys, whereas, in latitudes 37° to 48°
the rates were all above 300. The prevalence rate of DMF
teeth increased by about 15 units for each degree further
north. East believes that areas having high annual hours
of sunshine have less caries than areas with smaller amounts
of sunshine.

Diet. —■ McCollum of Baltimore, on examining the litera-
ture relating to the etiology of dental caries during recent
ears, concluded that there was an agreement among au-
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thors that the carious lesion in a tooth is caused by acid de-
composition of the enamel, and, subsequently, the dentin
associated with proteolytic destruction of the organic sub-
stance of the tooth. There is unanimity in opinion that
dental caries is restricted to people and animals that eat a
liberal carbohydrate diet, while carnivorous man or animals
do not suffer from this disease. Dental caries does not at-
tack the surfaces of teeth indiscriminately, but occurs only
at such sites as favor the lodgment of food particles, or on
surfaces of the enamel Avhich harbor mucinous plaques. In
these sites acid is formed by fermentation of carbohydrates
by micro-organisms and is protected by the plaques against
being washed away by saliva or by neutralization with sa-
livary alkalinity.

Faulty structure in the enamel may cause the lodging of
food particles in fissures and pits, and thereby predispose to
the formation of dental caries. The filling of these defects
prior to decaj* is known as prophylactic odontotomy and has
been found an effective means of prevention of caries. Such
defects, however, may be the result of dietary deficiency.
When, owing to Vitamin A deficiency, the enamel-forming
cells are injured, enamel prisms, which are less dense than
normal or incomplete as to length and imperfectly fitted
together, form defective enamel. In severe cases Vitamin A
deficiency causes hypoplastic tooth, characterized by thin
enamel, deficient in hardness; in milder deficiency there may
be pitting.

Vitamin D deficiency with the disturbance of calcium and
phosphate metabolism of rickets may cause defects in teeth,
as the enamel-forming cells are unable to withdraw from the
blood necessary materials for the formation of normal cells.
Me Heath of New York found a seasonal variation in the
incidence of dental caries; the highest incidence of new
cavities occurred in late winter and spring, when the amount
of sunshine was the lowest. It is thus apparent that the
lack of sunshine could be blamed for a lowered Vitamin D
production in the bodies of the children as a result of the
reduced amount of ultra-violet light. This decrease of Vita-
min D manifested itself in part by the increased amount of
dental caries observed during the low Vitamin D period.
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Sugar and candy eating have been believed by many to
cause dental decay. Bunting and his associates were able
to demonstrate that by permitting children who were classed
as “caries-immune” to eat about three pounds of candy
per week, these children soon became susceptible to dental
decay. Sugar, however, rather than starchy foods, seems
to be a greater menace to the health of teeth; this obser-
vation has been verified by studying the diets of starch-
eating primitive people who usually have relatively small
amounts of dental decay.

In conclusion it may be said that if an individual has an
optimal diet during the developmental period of the teeth,
the structure will be free from defects, such as pits, fissures
and hypoplastic enamel. Subsistence throughout life on a
strictly carnivorous diet will prevent caries. The presence
of considerable carbohydrate, especially sugar, in the diet
is likely to predispose to dental decay. The elimination of
sugar from the diet and its substitution by starch affords a
less favorable oral medium for the development of acid-
forming organisms, and so protects the teeth against acid
decomposition. Vigorous chewing of raw fruits or raw vege-
tables, which also act as detergents, tends to prevent dental
caries.

Month Bacteria. Dr. Bibby, Dean of Tufts Dental Col-
lege, summarized the reasons why bacteria are believed to
be of fundamental importance in causing dental caries as
follows:

1. Tooth destruction progresses from the outside of the
teeth inwards.

2. The sites at which caries occur are those places where
foods accumulate.

3. An association has been shown to exist between the
acidogenic properties (carbohydrate content) of diets and
their effects in producing caries.

4. As yet acids are the only chemical and biological agents
which are known to have the power of destroying dental
enamel and bringing about decalcification of dentin.

5. Bacteria are the only agents existing in the mouth
which are known to have the power of producing acid from
foodstuffs.
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Accumulated evidence indicates that acid is definitely
concerned in tooth decay. Enright et al demonstrated that
cavities like those of caries can be produced by the action
of acids. Bunting and Bibby were both able to produce
similar cavities by bacteria grown in the presence of car-
bohydrates. Fosdick found that the acidity of dental mu-
cous plaques is increased when fermentable carbohydrates
are present. Deakins demonstrated that the chemical
changes which occurred during the formation of caries cor-
respond to those caused by the action of acid; Miller and
Kanthak each found organic acids in carious dentin. Fi-
nally, Miller, Hodge and Finn were able to demonstrate
that certain agents which prevent acid formation from car-
bohydrates prevented dental caries in animals; whereas
Dean, Jay, McClure and Elvove and Day were able to
demonstrate the same for man.

Culture studies by various investigators have led them
to postulate causative relationship between dental caries
and certain bacteria; on such basis lactobacilli, strepto-
cocci, fusiform organisms, cladothrix, laptothrix, and an-
aerobic bacteria have been named as etiologic agents of
dental caries. Bunting et al. have published a considerable
study of the association between increases in the number
of lactobacilli and dental caries, whereas lactobacilli were
shown to decrease when cavities were filled or carious teeth
extracted. As yet, no specific bacteria have been positively
proven to be the prime cause of dental decay. Therefore
it may be concluded that several types of bacteria appear
to be associated with dental decay, and that any organism
which produces acid in the mouth is a potential cause of
tooth decalcification. However, experiments conducted by
Bibby indicate that the lactobacilli are present in relatively
small number, and may be caused to be present as a result
of conditions brought about by dental caries; whereas,
streptococci are present in relatively larger numbers, grow
more rapidly, are active in bringing about chemical changes,
and may in effect be the more important bacterial flora re-
sponsible for dental decay.
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Prevalence of Caries in Massachusetts.
At least four different national epidemiological studies on

caries in men of military age during the past eighty years
have pointed consistently to New England as the geographic
location where this condition is most prevalent. And fur-
thermore, Massachusetts always stands out as having one
of the highest caries attack rate indices. The figures for
these studies tabulated by States are shown in an appended
table.

Interesting correlations between dental caries and nation-
ality and socio-economic background among inhabitants of
this Commonwealth were made at the Boston Armed Forces
Induction Station. It was found that the incidence of total
caries (decayed, missing and filled teeth) per person was
found to be highest in the more prosperous communities
and lowest in the poor communities, reflecting the con-
sistent effect of socio-economic status on the incidence of
dental caries. The English and Irish had the greatest
amount of dental decay, whereas the Negroes and Chinese
had the least. Three times as many selectees from Irish
communities wererejected for dental defects as from Portu-
guese or Russian (Jewish) communities.

During 1944-1945 in well-child conferences held in fifty-
four communities in Massachusetts, the teeth of 3,363 chil-
dren, age Ito 6, were examined. Of these, 942 (28 per cent)
had defective teeth. In the surveys among school children
carried out under this resolve and recorded below, the in-
crease of defective teeth with age parallels and even ex-
ceeds that found in surveys made in other States. These
figures give further evidence that dental caries is a more
serious problem in this State than in other parts of the
country.
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The Cost of Dental Care.
It is readily understood that the repair of the constant

damage produced by dental caries is costing the nation large
sums of money annually. These costs are for repairing the
teeth which develop cavities, extracting those which are be-
yond repair, and providing replacements for lost teeth which
are required for the mastication of food. Detailed informa-
tion regarding the prevalence of dental defects among the
entire adult population of the United States is limited.
Surgeon General Parran, in a statement this year before a
Congressional committee in a hearing on a bill to provide
greater facilities for dental care, gave an estimate, prepared
by one of the dentists of the United States Public Health
Service, of the accumulated dental needs of the entire popu-
lation of the country. In the same statement he gave a
list of the average charges for various items in dental care.
Using these figures the following table has been prepared:

Accumulated Devtal Needs.
- j— i '

|

T i Number I Total Cost Massachusetts’ITES'S' | in"Sn. JuL. for Nation. Share of Cost.
I I I

Extractions .... 238,300,000 | $2 00 $477,000,000 $15,700,000

Fillings 632,000,000 ! 350 2,212,000,000 72,600,000

Prophylaxes
.... 125,000,000 j 200 I 250,000,000 8,200,0001 :

Dental treatments . . 20,000,000 j 200 | 40,000,000 1,300,000
Crowns and bridges . . 39,500,000 15 00 592,500,000 19,500,000

Partial dentures . . . 20,000,000 I 25 00 500,000,000 16,500,000
$4,071,600,000 $133,800,000

i ;

It will be seen that it would cost the sum of 14,000,000,000
to repair the damages done by dental caries and pyorrhea
to the teeth of the nation. Once the teeth were put into
good repair the constant inroads of dental caries would
produce additional damage which would cost the nation
additional sums to repair.

If the $4,000,000,000 were distributed to the forty-eight
States in proportion to their population, Massachusetts’
share for putting the teeth of her citizens into good repair
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would cost over $130,000,000. If this amount were again
distributed to the entire population of the State, each citi-
zen would have to pay $3l for the repair of dental defects.
Many who will read this report will recognize that this is a
conservative estimate because some of them will have spent
sums in excess of this amount in a single year.

When we look at the size of the task it can be immedi-
ately understood that there are not sufficient dentists and
dental assistants in the State to take care of this accumu-
lated volume of dental work. The best study available on
the total annual expenditures for dental care in the United
States is that made by Maurice Leven, who estimated in
1929 that the gross income of dentists per year was $446,-
000,000. This figure is about one ninth of the $4,000,000,000
mentioned above. In other words, it would take the men
now trained in dentistry approximately nine years to care
for the accumulated needs of the nation.

On the premise that the destruction of teeth by dental
caries and pyorrhea will continue at the present rate, Dollar
has estimated that the annual cost of maintaining the teeth
of the nation in good repair would be approximately $1,300,-
000,000 annually. This is about three times as much as is
being expended for dental service by the nation at the pres-
ent time. Massachusetts’ share of this annual cost would
be almost $43,000,000.

It is a self-evident fact that if the people of this country
are to have good teeth we must either provide a sufficient
number of dentists and dental assistants, and pay them the
cost of good dental care, or ways must be found for halting
the inroads of dental caries and pjmrrhea. This is the reason
why those of the nation who are interested in dental health
are looking so hopefully toward the use of fluorine and of
other agents which give promise of reducing the annual dam-
age bj’ diseases of the teeth and gums. This is the reason
why health departments should have a part in carrying on
studies which will uncover any other measures which will
be useful in stopping this annual drain upon the health and
energy of the nation and the annual inroads upon our
purses.
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The Effects of Fluorine on Dental Caries.
As would be expected, the first noted effect of fluorine on

tooth enamel was an example of the most extreme changes
which the chemical can produce. This was the so-called
“Colorado brown stain” found in residents of Colorado
Springs and other adjacent places. At that time, however,
it was not recognized that the condition was associated with
fluorine. Because of the splotched appearance of the tooth
enamel, the lesion -was named “mottled enamel.” In 1908
the Dental Society of Colorado Springs undertook to inves-
tigate the cause of this mottled enamel. It w-as noted that
the changes in the teeth were found mostly in persons who
had resided in Colorado Springs during infancy and early
childhood. Persons who moved in at a later age showed
no mottling of the enamel. It was noted, also, that chil-
dren living in near-by communities were entirely free of the
disfiguring changes in the teeth. The only apparent dif-
ference between these communities and Colorado Springs
was the water supply. However, when chemical examina-
tions were carried out, the chemicals contained in the water
supplies were so nearly similar that no explanation of the
mottling was discovered. Alany years were to pass before
any satisfactory explanation for the condition was found.

In 1928 the United States Public Health Service under-
took to investigate a similar discoloration and deformity of
the teeth of the children of Bauxite, Arkansas. The com-
pany owning the mine, around which the town was located,
caused samples of water to be examined in its own labora-
tory. This examination disclosed that the water from the
deep wells supplying the town contained an unusually high
amount of fluorine. Up to that time no one had attached
any significance to the presence of fluorine in water supplies.

This led to similar examinations of water supplies in other
•communities throughout the country where mottled enamel
had been noted. It was soon disclosed that those communi-
ties in which teeth showed marked changes were using water
containing high concentrations of fluorine. Examination of
the water supplies of communities where no mottling had
occurred showed that fluorine was veryllor,wr

, usually much
less than 1 p. p. m.



HOUSE No. 1608. [Jan.26

a

It was recommended that Bauxite obtain a water supply
which did not contain fluorine. This was done. In 1941,
twelve years after the town had begun taking water from
the Saline River, which contained practically no fluorine,
Dean and others from the United States Public Health Serv-
ice reported on a study carried on in Bauxite. In this study
it was found that children who had used the water from the
deep wells during infancy and childhood all showed mottled
enamel. On the other hand, these same children exhibited
a low incidence of dental caries, even though they had been
using fluorine-free water for the past twelve years. In con-
trast, children living in the near-by town of Benton, who
had used Saline River water throughout their lifetime,
showed no mottling ofenamel, but a high prevalence of dental
caries. Other evidences of the beneficial effects of fluorine
were also found. Children of Bauxite born within a few
years after the change-over in water supplies, and who had,
therefore, used the old water for only three or four years,
showed practically no mottling, but had a low dental caries
experience. Those children born after the new water supply
was obtained showed the highest caries index.

Meanwhile other studies had been in progress to deter-
mine how much benefit fluorine exerted in the prevention of
dental caries. In 1939 Dean and others reported a study of
four cities in Illinois. In Galesburg and Monmouth, where
the water contained 1.8 and 1.7 p. p. m., respectively, the
children examined showed an average of 2.0 decayed, miss-
ing or filled teeth per child. In Macomb and Quincy, where
the water supplies contained only .2 p. p. m. of fluorine, the
children showed an average of 4.0 and 6.3 decayed, missing
and filled teeth, respective!}".

Another study was made by Dean and others to determine
the lowest concentration which is effective in reducing the
incidence of dental caries and the magnitude of this inhibi-
tion. Eight suburban cities around Chicago were selected.
The cities of Elmhurst, Maywood, Aurora and Joliet had,
respectively, 1.8, 1.2, 1.2, and 1.3 p. p. m. of fluorine in their
drinking water; Elgin was intermediate, with .5 p. p-
and Evanston, Oak Park and Waukegan used fluorine-free
water. The prevalence of dental caries in these eight cities.
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expressed as an average of the number of decayed, missing
and filled teeth per child, was as follows: Elmhurst, 2.5;
Maywood, 2.6; Aurora, 2.8; Joliet, 3.2; Elgin, 4.4; Evans-
ton, 6.7; Oak Park, 7.2; Waukegan, 8.1.

It will be seen that children living in the communities with
the higher fluorine had markedly less dental caries than those
living in communities using fluorine-free water, and that
.5 p. p. m. was not sufficient to give appreciable protection.
The populations in these cities were so nearly similar from
other points of view that it is difficult to ascribe these differ-
ences in the prevalence of dental caries to any other cause
than the differences in the concentration of fluorine in the
water supply. Moreover, the inhibiting effect was exhibited
at such a low concentration that mottled enamel as an
esthetic problem was not encountered.

In another study, including examinations of children in
twenty-one cities in four States, the level at which the in-
hibiting factors operate is made even clearer in the following-
table :

Relation of the Prevalence of Dental Caries to the Fluorine Content of Water
Supplie.

NnmWnf i Number of , Fluoride Concentration“r °f Children of Public Water Supply %&%£££%}examined. in Parts per Million. iqo Childl4n examined.

11 3,867 j Leas than 0.5 j 700+
3 1,140 0.5 to 0.9 | 400+
4 1,403 j 0.9 to 1.4 j 300
3 847 | More than 1.4 j 250

It will be noted that there was a marked drop in the bene-
ficial effect when the concentration was found to be under
.5 p. p. m. of fluorine, and that there -was no appreciable in-
crease in the inhibiting effect when the concentration is above
1.4 p. p. m. of fluorine.

The mechanism whereby this element contributes to the
prevention of dental decay is thought to be primarily one of
increased fluorine content of the tooth enamel. This may
result from incorporation of fluorine into the tooth during
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the period of tooth formation, or by acquisition of fluorine
from the external surface of the tooth after eruption. There
is an affinity betAveen the calcium phosphates of the tooth
and fluorine. This fluorine increment in the enamel makes
the tooth less soluble in acids; also, in an environment of
fluorine the acid and bacteria in the vicinity of the teeth are
reduced. Thus it seems that at least one substance has been
found which successfully counteracts the effects of acids
produced by the growth of bacteria in the presence of carbo-
hydrates.

Since it has been demonstrated that fluorine found nat-
urally in water supplies combats the inroads of dental caries,
one of the first questions which occurs to the practically
minded is whether this useful element can be purposely sup-
plied in areas where it is absent or very loav in the water
supplies. A number of studies have already been carried
out to determine if this can be done.

Because it was suspected that fluorine could act directly
upon the teeth through the external surface, one of the first
methods of using fluorine was, therefore, the application of
solutions of sodium fluoride directly to the teeth, either in
the mixtures used in cleaning the teeth, or simple solutions
after such cleanings had been performed by dentists and their
assistants. The results of a few of these studies are shown
in the folloAving table:

Local Application of Fluorides.

Children Treatments.
Carioe
Reduc-

Place and Author. Number Fluoride tion

be?" *«“■ <Pcr,
, p

Solu‘ioit Cent)uer- 1 Year). (PerCent).

•R,

Brockton (Bibby) .... 90 10-13 3 0.1 NaF 46

0.05 KF 50Indiana (Cheyne)
.... 46 4-6

7-15 7-15 2 2.0 NaF 40Minnesota (Knutson and Armstrong) 289

188 17-22 1 Acidulated NoneCoast Guard (Ar:
1.6 NaF
1.6 NaFCambridge (McKelleget and Bibt 6-14

Bibby) 91 6-14 2 1.0 NaFMillville (Lat

In eight weeksicmth
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It will be seen that when these applications are made in
children of the youngest age groups the caries reduction from
only a few applications varies from 25 to 50 per cent, and
that similar applications in adults produce very little effect.
Undoubtedly, when the proper concentration of solutions and
the optimum number of applications has been determined
we can expect the caries reduction to be regularly over 50
per cent. The principle drawback of this method of the use
of fluorine is that it must be carried out in the dentist’s
office, and the results will be limited by the fact that there are
not sufficient dentists and dental assistants available to give
treatments to all of the persons in the areas where fluorine
in water supplies is low. Other methods of using fluorine
must, therefore, be found to supplement direct applications
in the dentist’s office. At the present time studies are in
progress in various States to determine whether fluorine
added to mouth washes or dentifrices will exert a beneficial
effect.

A more universal method of supplying fluorine to popula-
tions is to add sufficient sodium fluoride to public water sup-
plies to raise the concentration to one part per million. Three
large studies and a few smaller ones are now in progress to
test the usefulness of artificially applied fluoride. In addi-
tion, it is expected that these studies will answer questions
in regard to the mechanical problems of adding the fluorine,
the need of laboratory control to insure proper concentra-
tions, and the cost to the community. Moreover, those who
claim that fluorine exerts a beneficial effect upon body de-
velopment and general health are expecting confirmation of
their claims in these studies. Some of these studies will be
mentioned later in this report in discussing the research work
now in progress in other States.

The question has been raised as to whether sufficient
amounts of fluorine can be obtained from food materials to
exert some beneficial effect. This matter has been investi-
gated by a number of workers. It has been found that most
foodstuffs contain very small quantities of fluorine. As
would be expected, the quantities are somewhat increased in
high-fluorine areas, particularly if vegetables are irrigated or
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sprayed with water containing fluorine. The supply of food-
stuffs coming from such areas, however, constitute such a
small portion of the total quantities used that the general
level of fluorine is not raised in any significant degree. It
has been found that fluorine is excreted in the feces, urine
and sweat in sufficient quantities so that the amount ob-
tained from food supplies is lost so promptly that no bene-
ficial effects can be expected. The only food materials with
a high quantity of fluorine are those which contain bone or
bone meal, such as small fish of which bones are consumed,
or baby foods to which bone meal has been added. It has
been observed that certain primitive peoples who depend
largely upon fish for protein show a low attack-rate of dental
caries. It may be that this is due to the fluorine in the bones
of the fish.

"While this field has not been explored thoroughly, it would
appear unlikely that persons living in modern American
communities will receive much benefit from fluorine obtained
from food supplies. If it is eventually demonstrated that the
beneficial effect of fluorine is due to the local contact when
water flows over the teeth, and not to the fact that fluorine
is assimilated into the blood supply, this might further ex-
plain why fluorine in foods is not more effective, since it is
not so easily available for a local effect, it being intimately
bound up with the foods.

It will be seen from the foregoing discussion that we have
good reason to believe that fluorine exerts a direct beneficial
effect in preventing dental caries. It may even be that the
higher prevalence of dental defects in Massachusetts can be
ascribed to the absence of this useful chemical. If this proves
to be the case, the simple addition of fluorine to water sup-
plies or to other materials widely used by our citizens may
exert a profound effect upon this public health problem. It
is important, however, that fluorine be used judiciously, be-
cause it exerts not only a beneficial effect, but a deleterious
effect upon the teeth. We must, therefore, carefully guard
against supplying the chemical in amounts large enough to
produce the undesirable effects.

There are probably still many factors which aftect the
action of fluorine yet to be investigated; for instance, it has
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been noted that in northern India, where the fluorine con-
tent is high and the general diet is superior, the natives do
not develop fluorosis. On the other hand, the condition is
frequently seen in southern India, where the diet is much
less adequate and the fluorine content of the water is no
higher. Susceptibility to fluorosis, therefore, would seem to
increase through lack of certain essential nutrients.

Further studies are, therefore, necessary to determine the
best methods for utilizing this useful chemical. Some of the
proposed studies are outlined in a later section of this report.

The Massachusetts Department of Public Health first be-
came interested in the fluoride content of the waters of the
State in the year 1936, because of the interest at that time
in fluorine as a cause of mottled enamel of teeth, a condition
disclosed by studies outlined above in this report. The pos-
sibility of a relationship between mottled enamel and the
fluoride content of the water consumed was first brought to
light in 1931 by H. V. Churchill, Chief Chemist for the
Aluminum Company of America, because of his interest in
the condition of the teeth of those employed by that com-
pany at Bauxite, Arkansas.

Fluoride determinations were made by the Division of
Sanitary Engineering in 1936 and 1937 on 76 samples from
63 public water supplies located in various sections of Massa-
chusetts. The results of these tests failed to show fluorine
present in any sample in excess of 0.15 of a part per million.
The quantities present varied from 0 to 0.15 of a part per
million, and averaged 0.05 of a part per million. Inasmuch
as the amount necessary to cause mottled enamel was be-
lieved to be in excess of 1.0 part per million, no further con-
cern was given by the Massachusetts Department of Public
Health to fluoride determinations in connection with water
analysis until the year 1941, following the disclosure of
H. Trendley Dean in 1939, that there is a definite correlation
between the amount of fluorine in drinking water and the
degree of occurrence of dental caries. In the annual report

Fluorine in the Public Water Supplies or
Massachusetts
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of the Division of Sanitary Engineering for the year 1941 the
results of tests made in 1936 and 1937 were published.

This information, and the disclosure that the rate of dental
caries among children in Massachusetts greatly exceeded that
in other sections of the country, prompted the Division of
Sanitary Engineering of the Department to determine the
fluorine in all the public water supplies of the State.

Starting with the year 1944, further analyses were made
by the Division of Sanitary Engineering to determine the
presence of fluorine in our public water supplies, and this
analytical work was extended in many instances to individual
sources of certain public water supplies. This work was
continued into the year 1945. At the time of the writing of
this report the Department now has an intimate knowledge
of the fluoride content of all public water supplies in the
State (see Fig. I and appended table).

The analytical results of 1944 and 1945 confirm the results
obtained in 1936 and 1937, in that they show that, in general,
fluorine is present only in very small concentrations in the
public water supplies of Massachusetts. The maximum
quantity found in any one sample was 1.2 parts per millio.
in the water supply at Farnumsville in Grafton. Fluorine
concentrations of 1.0 part per million and 0.7 of a part per
million, respectively, were found in deep wells used only as
auxiliary water supplies at Lyonsville in Colrain and at
Fisherville in Grafton, but the regular supplies were low in
fluorine. An examination of the results shows that of the
368 samples analyzed, 359, or 97.5 per cent, contained 0.20
of a part per million or less of fluorides, and 229, or 62.2 per
cent, contained 0.10 of a part per million or less. The aver-
age of all the samples was 0.11 of a part per million.

Chemical Analyses of Massachusetts Water Supplies.
The laboratories of the Division of Sanitary Engineering

make annually about 9,000 analyses in connection with the
public water supplies of the State in order to determine
changes in the sanitary condition of the wr ater supplied.
These analyses include color, ammonia, both free and albu-
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minoid, nitrogen, both as nitrates and nitrites, chlorides,
hardness, alkalinity, iron, manganese and the pH or hydro-
genion concentration of the water. A table of the results of
such analyses made during the year 1944 is appended to
permit comparison with similar analyses of waters in other
parts of the country.

Mineral analyses of our public water supplies are made but
infrequently by the Department, inasmuch as the mineral
characteristics of the water do not vary to any considerable
extent. The results of the mineral analyses made in the
water and sewage laboratories of the Division of Sanitary
Engineering of the Department are included in the table
referred to in the previous paragraph.

An examination of both sanitary and mineral analyses
shows that Massachusetts waters are for the most part soft
and free of any considerable quantities of minerals. This
condition is well illustrated by the hardness determinations
which showr that the water throughout the State varies from
7 to 8 parts per million in the Cape Cod section to a maximum
of 186parts per million in the westerly part of the State where
deposits of lime are to be found. In the large cities of the
State the mineral content of the water is in no case high.
The total hardness of these wmters as calculated as CaCo 3
varies from 5 to 85 parts per million.

In connection with the water supplies at state institutions,
it has been found that the fluorine content of the wrater is
in the same relative magnitude as that of the public wrater
supplies. In view of the suitability of some of these institu-
tions for conducting an investigation on the effect of fluorine
upon dental caries over a period of years, consideration is
being given to the application of sodium fluoride to one of
these w'ater supplies. A similar institution with a practi-
cally fluorine-free water can be used as a control.

The Division is prepared to supervise the application of
fluorine to water supplies in any studies wdiich may be set
up. Its laboratories can perform the tests necessary to in-
sure that the concentrations are maintained at the proper
level to exert the beneficial effects and avoid the harmful
ones.



HOUSE No. 1608.34 [JAN.

Massachusetts Public Water Supplies

Fluoride Content, 1944-45

Type Fluorides
of (Parts per

Supply. Million).

Fluorides
(Parts per
Million).

tT City or TownCity or Town'
Supply

Ground .02-. 13
Ground . 11

Surface . 10

Ground j .05
Ground . 10
Ground .05

Ground .05
Surface .14

Ground | .15

Surface 07

BarnstableMetropolitan Water
District:

BarreArlington

Belmont
Boston

Bedford

Belchertown
Bellingham

Bernardston
Beverly .

Chelsra

Everett
Lexington

Malden
Medford
Melrose

08-.16Surface
Billerica
Blandford
Bourne Ground i .07-11

Surface I .10Milton .

Nahant
Braintree

Ground .05

Ground ! .08

Ground . 10
Ground | .12
Surface j .00-. 15

Ground ( .06-. 13
Ground j 08

Ground j .12-15

Surface I •07

Surface | H

Surface ! •10

Surface .08-. 10

Ground 1 15

Bridgewater

Brockton
Brookfield
Brookline

Quin
Revere

Somerville

Stoneham
iCambridg:

Swampscott

Watertown
Winthrop

iCanton

Chatham

Chelmsford
i Cheshire .

,05Surface
Ground
Surface
Surface
Surface
Ground
Surface
Surface
Surface

Abington

Acton .08

,05Acushnet
Adams

|Chicopee

jClinton
iCohasset

.08

10Agawam

16Araesbury

Amherst .

Andover

Ground .10-1.0
Surface | ■O9Colrain.07

10 Surface 05

Ground 06

Surface 20

Surface 08

Surface .07-1

Ground 10
Surface 09

Concord
10Ashburnham

Ashfield .

(Cummington
! Dalton .

11Surface
Ground
Surface
Ground
Ground

10Ashland
Athol

Danvers
10 Dartmouth

Dedham .

10Attleboro

Auburn . ,05

Deerfield.06Ground
Ground

Avon Ground 0<

13Ayer

Chester
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Massachusetts Public Water Supplies Continued

Fluoride Content, 1944~4$ Continued.

Type Fluorides Type Fluorides
of (Parts per Citt or Town. of (Parts peiCity or T

Supply. Million Supply. Million

Ground
Ground
Ground
Ground
Ground
Ground
Surface
Ground

Ground .08
Ground . 12

. 10 | Hamilton

.08 | Hanover

Douglas

Dover

11-.13 Hanson
. 13 Hardwick
.08 Harwich .

.15 Hatfield .

08 Haverhill
.03

; Hingham

Surface 08

Ground .08-. 10
Ground j .05

Surface .12

Dracut

Dudley

Dunstable
Duxbury

East Bridgewater

East Brookfield
East Longmeadow
Easthampton .

Surface .10-. 13
Ground ' .12

Surface . 06

Surface i .06
Surface I .12
Surface . 06
Surface j .10

10Surfac

Ground
Ground
Ground
Surface

.08 Hinsdale
.20 Holbrook
.06 Holden
.07 Hollistou
.08 i Holyoke

.08 , Hopedale

.11 ! Hopkinton

.08 Hudson .

Easton

Edgartown

Egremont
Erving Surface

Ground
Surface
Surface
Surface
Ground

Ground
Ground

Surface 08-.10

Surface .08-10
Ground . 12

Fairhaven

Fall River
Falmouth Surface . 10

Ground . 12Fitchburg

Foxborough

Framingham

Franklin

06- 09 Hull
.07 Huntington

10-.12
Ipswich .

.06-.15

Surface . 12
Surface .13

Ground . 18
Ground . 20

Surface .08-10
Ground .06

Gardner 08 | Kingston

08 i Lancaster

Surface

Ground
Ground
Surface
Ground
Ground
Ground
Ground

Georgetown
Gill .08 Lanesborough

. 12 LawrenceGloucester
Gosnold .

Surface . 15

13 Lee Surface .08-. 10

Ground .12-13
Surface . 12

Grafton 10-1.2 Leiccs te
. 05 LenoxGranville

.09 Leominster
.12-.13 Lincoln

.03 Littleton

. 08 Longmeadow

.03-. 10 Lowell .

. 12 Ludlow

. 12 Lunenburg

Surface .08Ireat Barringtoi
Surface . 10
Ground .11

Surface

Ground
Surface

Ground
Surface
Surface

Greenfield
Surface . 10
Ground .14Groton

Groveland
Hadley .

Surface

Surface . 08
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Massachusetts Public Water Supplies Continued.

Fluoride Content, 19J&-J& Continued

Type Fluoric!
of (Parts ilupply. Million

T ype Fluorides
of (Parts per

Supply. Million).
■ITY OR TC per City or Tc

13 North Attleborough j Ground .11
10 Northborough . Surface .10

Surf;

16rrouni

C sld . Surh

M

M North Reading . Ground

Ma: Grou Surfac<

GroumBIu;

Ground

Medf Surfac

Medw

Me

Met Ground .08-

Surf

SurfSui

C

Millbur
Millie

Moi
Plymout

Moi Ground . 05-.09 I Groun

LundGround .09 Provincetown . Ground

08 Randolph . Surfai
Readin

Nantucket C

Surface

Ground

G:

Groui

-.11 Russell
11 Rutlani

SurfacNew B

Surf

Surfac

Ground13 Salisbury

09 Saugusui

Ground4 j ScituatNorth A
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Massachusetts Public Water Supplies Cmirhided.

Fluoride Content, 19AA-IS Concluded

10 ; Yarmout
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Research on Dental Caries in Other States.

In order to learn of any research recently begun or in
progress in other States, which has not yet been described in
public health and dental journals, letters were sent to all the
health officers of the States and provinces of the United
States and Canada, asking for such details as were available.
Attention was called to the fact that we were particularly
interested in research regarding the effect of fluorine. More
detailed information regarding some of the most interesting
projects was obtained by a staff member of the Bureau of
Dental Health who visited those supervising the projects
in New York, Michigan, Ohio and Illinois. The information
obtained is briefly tabulated in an appended table. A short
description of the projects in a few of the States is as
follows:

Alabama. Studies are being conducted in establishing
prevalence rates for dental disease. The geological depart-
ment of the University of Alabama is making a study of
ground water supply to determine, quantitatively, the
amount of sodium fluoride (State Health Department
financed). State-sponsored clinics will utilize topical appli-
cations of NaF on half of patients, the other half being
controls. Further work will be carried on using fluorine in
topical applications, the state dentist working in collabora-
tion with department of geology, University of Alabama.

California. Drs. Becks and Wainwright of California
Dental College have carried out studies on the relationship
of B. acidophilus to dental caries. Dr. Becks and his co-
workers are also studying the effect of fluorides on dental
tissues.

Connecticut. Projects set up to show the local effects of
fluorides on tooth structures:

I. Effect of adding fluorine to the water supply (Southbury Training
School).

Tooth analyses are being made and B. acidophilus counts recorded
2. Topical applications of fluorine (County Temporary Home for Chil-

dren)
.

3. Mouth wash containing fluorine (5 p. p. m. NaF).
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Georgia. - Preliminary studies by Dr. Dean (U. S.
P. H. S.) in low caries area to ascertain the basis for rela-
tive low attack rate and its relation to the concentration of
fluorine.

Illinois. Study of the use of fluorine in public water
supply as a dental decay preventive in Evanston, Illinois, is
being planned. Previous work has been done by U. S. P. H. S.
on the relation between dental caries and fluorine content
of the local water supplies in several Illinois cities.

lowa. In the past three years conducted oral examina-
tions of 12,000 high school pupils in high and low fluorine
areas. DMF rate in the high areas, 200 to 300; in low areas
the DMF rate varied from 300 to 600.

Kansas. Conducted surveys as to the distribution of
fluorine in city water supplies and DMF rates for permanent
teeth of children in eastern third and western third of State.
High DMF rates were found in low' fluorine areas.

Maine. Investigation of caries incidence for a number of
years and study of the analysis of drinking water.

Maryland. Pre-war investigation of fluorine in water
supplies by U. S. P. H. S., but has been delayed until more
personnel is added. Statistical variation of caries wr as car-
ried on.

Michigan. Conducting a pilot program in the utilization
of NaF (1 p. p. m.) in the public water supply (Grand
Rapids) as a dental caries preventive; Department of Public
Health and U. S. P. H. S. sponsored. Other projects are also
being carried on in the field of fluorine therapy and diet at
the University of Michigan, School of Dentistry.

Minnesota. - Pilot study by Dr. Knutson (U. S. P. H. S.)
on the topical application of sodium fluoride (2 per cent
solution of NaF) on 289 school children. Three other studies
are being carried on along the same lines in Hibbing,
Chisholm and Virginia (northern part of State) by the De-
partment of Public Health.

Mississippi. Preliminary studies are being carried on
by Dr. Hagan (U. S. P. H. S.) in two counties on the effec-
tiveness of topical applications of NaF.

Nebraska. Studies were carried on in the relation of
B. acidophilus to dental caries at Boys’ Town.
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Nevada. Study in preliminary form as to dental fluorosis
due to varying high percentages of fluorine in water supply.

New Hampshire. Two demonstrations are now in prog-
ress on the topical application of fluorine to tooth structures.

Neiv York. Conducting a pilot program in the utiliza-
tion of NaF (1 p. p. m.) in the public water supply (New-
burgh). Kingston, across the Hudson, is used as the control
community. Other projects in fluorine therapy are con-
templated.

Ohio. The U. S. P. H. S. has been conducting a fluorine
project in Garretsville for the past five years. Fluorine has
been added to the water supply in this community. A
fluoride study is being conducted in Miami County by the
U. S. P. H. S. This will include topical applications of NaF.

Oklahoma. Investigations are being conducted utilizing
ammoniacal silver nitrate precipitated with eugenol as a
dental caries control for incipient caries. Twofold program
is in progress, remedial and preventive by ammoniacal
silver nitrate.

Pennsylvania. Two limited programs are being con-
ducted on the topical effects of sodium fluoride.

Rhode Island. Studies are being initiated in the topical
effect of sodium fluoride:

1. St. Aloysius Orphanage, 2 per cent solution Nal
2. Abby Frances Lawton Dental Clinic in Central Falls, under D:

Bibby’s direction.
3. Projected West Warwick (20,000 population) study of all school chil-

dren in relation to caries attack rate and introduction of NaF into
water supply.

Texas. Marshall is adding 1 p. p. m. NaF to public
water supplies. Jacksonville will be the control. This is a
pilot program.

Washington. Laboratory service to private practitioners
for B. acidophilus counts, and diet in dental caries control

West Virginia. Suggested technique to dentists in the
application of sodium fluoride topically.

Wisconsin. Preliminary surveys were made to determine
dental caries prevalence. Further work in which there was
a comparison of the incidence of caries among kindergarten
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children in two cities: Green Bay, with a fluorine content
of 2.3 p. p. m. in the water supply, and Sheboygan, with
05 p. p. m. Sheboygan proposes to add NaF to the water
ripply. Other studies of long duration are contemplated.

Alberta, Canada. Study conducted as to the relation of
mottling of enamel to low dental decay incidence.

Ontario, Canada. In co-operation with the research de-
partment of the Faculty of Dentistry, University of Toronto
water analyses and surveys to ascertain the incidence of
dental caries are being carried on. Dental surveys were
conducted in two fluorine-free municipalities. Following the
survey, one of the municipalities introduced fluorine into the
water supply.

Dental Caries Research Programs in United States and Canada, 194-

Fluorine Addition of Other Fluo- , Otherin Water Fluorine rine Studies ! Dental Carie,Supplies to Drinking (Topical, [ gtudies ,
(Surveys). Water. etc.).

State or Proving

Planned Prevalence rateIn progresiAlabama
Arizona .

California In progress Bacterial

In progress In progress In progress Prevalence rates
bacterialConnecticut

Delaware

Prevalence ratesFlorida
Georgia

Idaho

Prevalence rate

Prevalence rate

Completed Planned - Prevalence rateIllinois
Indian? Planned Planned Planned Prevalence rates

In progress -
- Prevalence ratesPrevalence rates

lowa

In progress -
- Prevalence rateKansas

Kentucky

Louisiana
Maine Completed -

- Prevalence rates

Planned j - In progress PlannedMaryland

Completed Planned In progress Prevalence and me
K dence rates

Completed In progress Planned Prevalence rates
Massachusetts
Michigan

In progress Prevalence rates
Minnesota
Mississippi

Missouri

In progress Prevalence rate

Montana
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Oklaho

Hawaii

Ontario

Oregon

Texas
Utah

V’ermont
Virginia

Wyoming

Alaska .

Puerto Ric
Alberta .

Dental Caries lit Programs in United Stales and Canadt
Concluded.

; Fluorine Addition of Other Fluo- nState or Province. I 111I 11 Wi*?er , Fluorme rine Studies | „Y™■ icavai tut.. line OIUIUUS j to . , *~-ySupplies to Drinking (Topical, i Dental Ca
[Surveys). Water. etc.). ! Studies

Provalenc
iterial

In progress Prevalence rat

In progress Prevalence rat

it

it

itit'

North Carolin
North Dakota

In progress In progress Prevalencerat ■t

Ammoniacal AgN
(topical)Planned Planned Prevalence ratPlanned

Pennsylvania

Rhode Island
South Carolina
South Dakota
Tennessee

In progress | Prevalence rat

In progress Prevalence rat

Timeandcost itud:

Prevalence rat
nutrition

nd

Washington
West Virginia
Wisconsin

Prevalence rat'
bacterial

ind

Planned In progress Caries stud: ‘ii
eral

British Columbia
Manitoba
New Brunswick
Nova Scotia .

Incidence rate rl
Prince Edward Island
Quebec .

icte

Saskatchewan

Completed
Completed
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Surveys Carried Out Under This Resolve.
As mentioned above, sufficient time was not available to

iet in motion any long-term research projects before De-
cember sof this year. These will be undertaken when the
further expenditure of funds is authorized. Meanwhile
more information in regard to the prevalence of caries
was needed, and surveys to obtain this information were
organized.

The Division of Sanitary Engineering had already com-
pleted examinations for fluorine on most of the public water
supplies of the State, as noted above in this report. It had
been found that practically none of the water supplies had
as much as 0.5 of a part of fluorine per million, and that
most of them had less than 0.2 of a part per million.

It had been previously observed in studies in other States
that water supplies containing less than 0.5 of a part of
fluorine per million exerted practically no beneficial effect in
preventing dental caries. To determine if small concentra-
tions are any more effective under conditions found in Massa-
chusetts, two groups of communities were chosen for these
surveys; one group which had the highest fluorine content
in water supplies, and the other which had the lowest fluorine
content.

Surveys of school children between the ages of 6 and 15
were carried out in these communities. Not more than 250
children were examined in any one community, in order to
give wider geographical coverage. Except for one com-
munity, the towns were chosen from rural areas depending
upon small systems of water supply. One group in Belmont
using the Metropolitan District Water Supply was included
in the surveys. The only group using water containing a
high fluorine was the group examined in Farnumsville, a
village in the town of Grafton, where the fluorine content
was 1.2 parts per million.

The results of these surveys are expressed as the average
number of decayed, missing and filled teeth per child. In
Farnumsville there were 3.3 DMF per child. \\hile this
figure is fairly low, fewer DMF teeth were found in some of
the other towns where the fluorine in the water supply is
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almost absent . A study of the surveys made in the various
towns, tabulated in an appended table, shows that the fig-
ures vary from 2.7 DMF per child to 7.1 DMF, and that
the variations do not follow closely the variations in the con-
centration of fluorine.

When all the communities with high fluorine are combined
and compared with the communities with low fluorine, as
shown in two appended tables, one showing the communities
and the fluorine content of the water supply, and the other
showing the prevalence by age, it will be seen that the preva-
lence of dental caries in the two groups is almost the same.
The high fluorine group averaged 4.4 DMF per child, and
the low fluorine group averaged 4.9 DMF per child. How-
ever, the former included a greater proportion of children in
ages 6, 7 and 8 where the DMF is less than 3.0, and a smaller
proportion in ages 12 and over where the DMF is over 6.0.
If the age distribution had been similar in the two groups,
the DMF per child would probably have been identical.
This confirms the previous observations that less than 0.5 of
a part of fluorine per million exerts practically no beneficial
effect.

Further studies must be carried out to determine why the
children in Farnumsville did not have markedly better teeth
than those in other communities. It is, of course, recognized
that fluorine is not the only factor which is influencing the
prevalence of dental caries. Further information in regard
to the racial extraction, the food habits, the amount of dental
care, the brushing of teeth, and other factors must be ana-
lyzed before we can understand the reasons for the variations
observed in these surveys. Also, we are not justified in
drawing conclusions about Farnumsville because the number
of children examined was too small. The DMF per child
would have been somewhat lower if an undue number of the
children had not been in the older age group where the rate
is high.

These surveys confirm the previous observations that the
teeth in Massachusetts are subject to a high rate of decay.
In the table showing the totals by age, it will be seen that
the very high rate of 14.1 DMF is reached by age 15 in this
State.
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Prevalence of Dental Caries in School Children, Massachusetts,
1945,

Belmont (l<

4 58 H. 5
240 1.386 to 56

Total
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Prevalence of Dental Caries in School Children, Massachusetts,
1945 Continued

Danvers (/■

Number of Number of Average
Children Decayed DMFexamined. | ' Child

68

108 3.3

141 4

5.4

298

10.0240

364 12.1

90 12.9

168 18.9

1,66 6.8

Grafton ( Center) (F. .11).

0.4

0.3

35 2,3

2.3

83 3.2

103 5.4

135 6.4

121 7.1

81 9.0

29 9.7

657 3.7
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Prevalence of Dental Caries in School Children, Massachusetts,
1945 Continued

Grafton (Famumsville) (F

Number of Average
Children DMF
examined. Teeth. Per Child

24

11

5.8

10 0

15

3.3212

Grafton. (Fisherville) (F. .15).

0.6

O.ii

1.08

2.4

3.849

4.664

125

131

.049

938

4.1497Total
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Prevalence of Dental Caries in School Children, Massachusetts
1945 Continued.

Grafton (Saundersville (h

Number of Number of AverageChildren Decayed, DM#
examined. p/lMTerth. Per Child

13

4Total
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nob or Dental Caries in School Children, Massachusetts,
1945 Continued.

Number of ; ND^ b“
d
°f Avcrag,

Children mVc,!?™™,! DMF
examined. | ]?ineci Teeth. per Chil.

130 4

152

184

173

24

13.997

5.41,184221

Sutton ( Manchovg) (F. Low).

0.214

0.74

14

418

10

12614

6.612

19

4.845495

Rock port il
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Pr e or Dental Gabies in School Children, Massachi setts
1945 Continued.

Sutton (II

Number of dumber of Average.Numoeroi , Averai

Children DidAr - • jjiVlr

xamined. per Childur

4

18 111

17421 8

14 141 10,1

13 198 13

14 11.0

15

Total 826 7.1

Upton (West Upton School) (/'

17 8 0

16 15 0.9

14 40

9 14 3.7

10 78

33 148 4

49 5.4

17
14

15 1 7.0
Total 129
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Prevalence ok Dental Caries in School Children, Massachusetts,

1945 Concluded.

Uxbridge [F. .26).

j |
Number of j I Average

Agk. Children | M;S and t DMF
examined. | Filled Teeth. Per Child.

6 40 24 0.9

7 41 44 1.1

8 36 97 2.7

9 34 108 3.1

10 38 174 4.6

11 28 139 5.0

12 ....... 9 55 6.1

13 14 93 6.6

14 ....... 2 II 5.5

15 - “
~

Total 242 742 3.1
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Relation of Concentration of Fluorine in Water to the Prevalence of Dental
Caries

In
l wlif Number of N>'beL°f Averagein Water Children Decayed DMF

;pSU
p
PP

m
y

). F&eell P« Child

F

Farnumsville (Grafton

Wilkinsonville (Sutton 0.42

Manchester 4

U xbridge 7422420

41,184

West Upton 0.2; 414

Total 4,455 4

Low FI

Fisherville (Graft 0.15 11 497 4 4

Center 178

Saundersville (Graftc

Belmont
0 10 4.4

0.09 149 403

Danvers 0.08 247 6.8

West Concord 0.05 241 1,386 5.8

Manchaug (Suttoi 95 454 4.8

Total 1.084 5,336 4 9

Total of both gi 2,075 4.79,791•Ups
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Plans for the Continuation of the Dental Caries
Study.

During the three months when this study was in progress,
the personnel of the Bureau ofDental Health have postponed
most of their regular activities in order to accomplish as much
as possible in the study. This backlog of accumulated work
will limit the amount which can be done in the immediate
future toward setting up any of the projects outlined below.
However, all the time possible will be devoted to the proj-
ects. As soon as funds again become available and the neces-
sary personnel can be employed, additional projects will be
initiated and pushed along.

The most urgent need at the present time is to determine
the most satisfactory methods of using fluorine for the control
of dental caries. The methods can be tested by trying them
out in schools or other groups where half of the group receive
a treatment or use a preparation containing fluorine, and the
other half receive a similar treatment or preparation with
no fluorine added. Each study group should consist of at
least 500 individuals, so that the dental caries experience of
the 250 receiving the fluorine can be compared with that of
the 250 in the control group. Before beginning the use of
the fluorine, a complete record of the condition of the teeth
of every one in the study must be made so that the appear-
ance of new defects can be accurately determined in the
succeeding annual re-examinations. The examinations
should be made by a dentist, while the treatments can be
given by a dental hygienist. If possible, more than one
study group on each method of use should be organized. The
number of projects carried on will be dependent upon the
number of dentists and dental hygienists available. Some
of the projects can be set up in communities where assistance
can be obtained from the dental personnel of the schools.

The projects will be concentrated among children of the
lower grades of the public schools, who are at the age when
fluorine is supposed to be most active, but some groups will
be chosen from the older ages, including the high school.
If personnel permits, groups will be studied also among pre-
school children and among adults in order to determine if
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fluorine is sufficiently beneficial at these ages to justify its
use by methods other than by raising the concentration in
water supplies.

Some of the methods of use of fluorine which have beer
planned are as follows:

1. Adding Fluorine to Water Supplies. The Depart-
ment has been looking over institutions in the State to find
one which is suitable for such a study. Another institution
would have to be used as a control, so that the appearance of
new dental defects in the two could be compared. Repre-
sentative samples of those in the institutions would be ex-
amined by dentists at the beginning of the study and re-
examined at yearly intervals. Some of the institutions under
the supervision of the Department of Mental Health seem
to be the most suitable, and the advisability of setting up a
study is under consideration by the Research Committee of
that Department. Later, it may be possible to organize a
stud}r in one of our smaller municipalities.

2. Fluorine in Dental Cleaning Preparations. In these
studies, sodium fluoride is added to the solution for making
a paste of the pumice used by the dental hygienist in clean-
ing the teeth. The solutions used for the control group do
not contain fluorine. Some small studies of this kind have
already been begun in the State.

3. Fluorine applied Directly to the Teeth. This method is
called by dentists topical application. The teeth are cleaned
by the dental hygienist. The dentist then isolates the teeth
with absorbent materials and applies a solution of sodium
fluoride directly to them, and allows them to stay wet with
the solution for several minutes. The mouth is then thor-
oughly washed out so that the action of the fluorine will be
entirely local and not due to internal action after swallowing
the solution. One small group has already been started on
a study of this kind.

4. Fluorine in Mouth Washes. This is one way by which
the individual may apply fluorine himself. In organizing a

study, the groups must be under good supervision to make
sure that the mouth wash is actually used, and that the rec-
ommended amount of solution and the length of time foi
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washing the mouth is observed. A control group receives a
mouth wash containing no fluorine. One study of this kind
was already in progress at the time the resolve was passed.

5. Fluorine in Tooth Paste. This is another way in
which the individual may apply fluorine himself. It will have
to be proved, however, that the fluorine is really available
for action, as the varying composition of dentifrices may in
some preparations so bind up the fluorine that little action
could be expected. The same difficulties in use would be en-
countered as for mouth washes.

6. Internal Use vs. Local. —lt is still undetermined
whether fluorine exerts its principal action directly on the
surface of the teeth or by being taken into the body and car-
ried to the interior of the teeth by the blood. Information
on this point can be obtained by giving one group pills, con-
taining fluorine, coated on the outside with material which
willnot allow them to be dissolved in the mouth or stomach.
To act, the fluorine must be absorbed from the intestine.
Another group would receive a lozenge containing fluorine.
It would be allowed to melt slowly in the mouth so that the
fluorine would be in contact with the teeth as long as pos-
sible. There would be a third control group. One study of
this kind is being planned by Dr. Bibby and will be financed
by a private individual. The Department has been assisting
in locating suitable institutions for the project. It may be
profitable to set up other projects of this kind if sufficient
personnel is available.

While these research projects are in progress, other in-
formation bearing upon dental caries wall be collected.
Further study of the groups surveyed under this resolve
must be carried out to explain the differences in the preva-
lence of caries in the various communities. Information will
be assembled from local boards of health and from the public
schools carrying on dentalprograms. Additional surveys will
be carried out, if indicated. Close touch will be maintained
with the research studies going on in other States so that our
work can be directed toward elucidating factors not covered
elsewhere, rather than duplicating what is being done by
others.
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The Need for a Comprehensive Dental Program.

The need for a program for improving the teeth has been
recognized for many years, but action in this field has been
sporadic and uncorrelated. The recent increased interest in
dental health was predicted by the Commission whichstudied
health laws and organizations in Massachusetts in 1936
(House Bill No. 1200). The Commission surveyed the situa
lion as follows:

ddition to the field of organizedOral hygiene is a relative]

health endeavor, and w: probability, assume greater impi
dentistry was confined very larginee in the future. In forr

was interested in theto mechanical reparative measure
>sion to expediency. Teetal treatment. 1

ins removal and frequently replived and became painful, recall
developed rapidly. More recentt

the fact that the tooth isthere has been increasing recosnitic
1 influences that.ibiect tetegral part of the hu

that therefore the hygieaffect the entire human meoh:
the teeth and the mouth are a
and public health.

The importance of preventk

t preventive

■ recognition of defects, and wi
pparent than in the field of decorrective measures is nowhere i

tistry. The development of the teeth in the embryo is at
of the expectant mother. The forma
3 child, especially the permanent teetl
the diet as well as by the attention give

dependent upon the proper diet
tion of sound, strong teeth in the
is conditioned by the elements of t
to the first teeth. The maintenam
not without its preventive aspect

cheating surfaces is

proper chewing of the food is
;estion. In adult life the
tion of diseased teeth, is <

importance as a preliminar
defects, notably the elimin

■tain systemic diselactic value in the prevention of ce
It is thus obvious that oral hygie

health. It is an important pithat has as its aim the maintenanc
of the program of maternal hygien hild hygiei

of adult hygiene. With the inevitable future advances in scientific
knowledge, particularly as to the relation between diet and teeth, oral §

hygiene promises to become of even greater importance, and to hoi
greater possibilities for development than in the past

In discussing the kind of program which should be organ-
ized, dental health education and research were recognized
as important functions. The conclusions of the C omxnission
in regard to these are given in the following tv o paiagrapht.

itial part ol



1946.] HOUSE No. 1608. 61

Education is the keystone in any public health program. Dental
health education is, however, in need of further study and evaluation in
order to bring forth the best and the most practical methods. It should
have some strong appeal to the public in order that full and intelligent
co-operation may be given. Educational, health and other agencies must

ited to the varying localapproach this problem with a flexible
needs.

dependent upon research. It is no

oral hygiene and dental physiology
Further progress in oral hygiene i

criticism of our present knowledge
s been slower than in other medical
due in large part to lack of research

to say that progress in these fields h:
fields. This lack of progress has beer
facilities. Foundations have been

■f research

irous to the medical and social
tifying. Until lately they havesciences, and the results have been

not been generous to dentistry. It
professional groups that the method

rent to both social and
idge of dentistry are in-

li sense hadequate. The social significance of the prevention of dental diseas
emphasized the need of better understanding of social and biologic cause

sly social sense that the problem beIt is absolutely necessary in
is entitled to the best services thatattacked intelligently. The public

5 and nursing, but also in dentistry,
thin the reach of those with modest

can be given, not only in medicir
Health service must be brought v>
incomes. This cannot be accompli
A generous public which has been

1 in dentistry at the present tin
taught to give freely to medical
to give as freely for dental research
five methods of prevention and con-
perative that governmental agencies
ch studies in this field.

research must now be taugl

in order that simpler and more effe
trol may be found. It is also in
should be equipped to pursue resea

Since the report of the Con
much progress has been made
factors which can combat the

mission was drawn up in 1936,
in determining the important
ravages of dental caries. Un-

doubtedly, the studies which are in progress in this State
and in other States will soon reveal sufficient facts so that
well-planned programs to control dental caries can be de-
veloped. In many of the States, health departments are
building up a corps of well-trained dentists and persons with
other training, so that the comparative usefulness of these
methods under the conditions existing in the State can be
determined and programs planned which can be depended
upon to reduce the prevalence of dental caries.

In the past, Massachusetts has been a pioneer in develop-
ing programs of this kind. It is important that our Depart-
ment should take the leadership in this phase of health in
order that our citizens may have the immediate benefit of
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all the discoveries which are being made. It seems likely
that federal legislation will be passed which will provide
funds for grants in aid to States to carry on dental control
programs. The extent to which a State may benefit from
such funds depends largely upon its being able to formulate
acceptable plans for programs. Our Bureau ofDental Health
is a small one and has never been able to lend all the aid to
local communities for which there has been a demand. It is
to meet this need that the Department has voted to establish
a Division of Dental Health and to ask the General Court
for funds to provide sufficient personnel so that a compre-
prehensive dental health program can be planned and car-
ried out.

In Massachusetts, due to the fact that each community,
even the smallest, has complete autonomy inregard to health
matters, it falls upon the local agencies to put plans of this
kind into operation. In most instances there is no one in the
local agency with special knowledge of dental health prob-
lems, and they look to our Department for guidance and
assistance in this field. Recently, there has been a great in-
crease in interest in such programs, but we have not had
sufficient personnel to go deeply enough into the problems of
each individual community, by assisting in making surveys
and uncovering local resources for sponsoring such programs.
If we are to give the guidance which the urgency of this
problem deserves, we must be able to obtain additional well-
trained persons who can outline plans for meeting the needs
of these communities.

The American Dental Association has now launched upon
a wide program of dental education. A National Council on
Dental Health has been organized and similar councils set
up in the state and district dental societies. The Department
will have the full co-operation of these organizations in get-
ting over to the public the importance of taking part in the
programs which are set up in the cities and towns under our
guidance.

The dental schools and other organizations, such as the
Forsyth Dental Clinic, have developed a keen interest in
carrying on studies which will contribute toward the pm-
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motion of dental health. Without doubt, there are other
resources which can be tapped to assist in carrying on re-
search and sponsoring dental service programs when the
people can be convinced that progress is being made in this
field.

It falls to official state agencies, in this case our Depart-
ment, to take the lead and bring about a satisfactory correla-
tion of the activities of all the agencies interested in attack-
ing the problem. The success that the Department can
accomplish in achieving this goal depends upon our being
able to attract to our staff dentists and other personnel of
such recognized standing that their recommendations will be
accepted.




