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INTRODUCTION

HE control of dental caries has been

one of the most difficult of the major

healill problems of the past half-
century. This has been due primarily to
absence of knowledge as fo its etiology.
This is the most important problem con-
fronting the dental profession today, both
because of the cvidence that caries is
on the increase in many districis and
because of the metastatic involvements
arising from dental focal infections made
possible by dental caries.

The theories as to the efiology of den-
tal caries that have been propounded as
a result of past investigations can be
divided into two distinct groups: most
of the theories have been related directly
to the external environment of the iooth ;
some of the later theories have been re-
lated to the internal environment of the
tooth. Liltle or no evidence has been
presented associating these two. The
studies herewith presented provide an
important connecting link.

Miller’s outstanding work presented

strong evidence of a bacterial origin of
dental caries. Black® has presented data
indicating that dental caries is not re-
lated to the structure of the tooth; that
so-called soft teeth are no more suscepti-
hle than so-called hard teeth; that the
active cause of caries is a thing apart
from the teeth themselves acting upon
them [rom withont; that caries of the
teeth is not dependent upon any tissues
of the teeth but on conditions of their
environment. He further states, “There
is no basis for the treatment of pregnant
women nedicinally with the view of
Turnishing lime salts to prevent the soft-
ening of iheir teeth, or with the view
of producing better calcified teeth in
their offspring.” .,
The slogan of oral prophylaxis for the

" last two decades has been largely built

around the concept that dental earies is
primarily dependent upon cleanliness of
the surfaces of the tooth. Williamns has
supported this view, which finds its cx-
pression in a phrase which he advises ns
he coined; namely, “a clean tooth will
not decay.” Clinical results have not sup-
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ported this view. Williams’ iulensified
studies placed him ju accord with Black’s
fundamental concept that the cause is
to be found in the external environinent
rather than in the structure of the toolh.

During the past decade much work
has been done on the relalion of the
acidophilic bacteria of the month {o den-
tal caries. These studies have been
largely presented by Rodriguez,* Bunt-
ing and his associates® In this country,
and James* and his associates in ITing-
land. Their stndies have not indicated
that dental caries can be controlled by
the use of bactericides, notwithstanding
the fact that the acidophilous group ol
orgamisms has tended to be Jess abundant
i mouths without active caries than in
those with active caries.

The importance of the textwre of the
food has been emphasized by many work-
ers. An important recent contribution
dealing with this phase has heen pre-
sented by Hopperl® and his associates.
They have interpreted their studies to
indicate that dental caries developed
much more readily wlen rats weve eating
coarse particles of cracked corn than
when eating fine particles.

A mew approach to nutrilional prob-
lems has been provided in the last two
decades by knowledge of organic cata-
lysts, some of which have heeu identified
as vitamins. These would seem to lave
a direct relationship to the internal en-
viromnent. Iividence has heen presented
indicating the importance of vitamin C,
not only in soft tissues as scurvy but in
the formative processes of bhard tissues,
particularly the teeth. Howe® and
Hanke” have emphasized the jmportance
of vitamin C in the etiology and control
of dental caries.

The use of synthetic vitamin D as ac-
tivated ergosterol has been recommended,
and cata presented to support this view
hy May Mellanhy.®

A series of clinical and laboratory
studies covering scveral years, with sev-
eral progress reports, have Dbeen con-
dllcted by Price,ﬂlll),l‘l_12,13,14,15,'10 ]'ndicat’
ing that the addition to almost auy
average et on which dental caries was
developing of fat-soluble activators com-
ing from butier and cod-liver oil, with a
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veinforcement of wniinerals in milk and
the entire mineral content of selected
cereals, is competent to conirol dental
caries to 30 per cent efficiency in even the
worst cases.

MecCollum and Klein' have empha-
sized the Tmportance of an adequate
mineral ratio and content of calcinum and
phosphorus, which for the rat might he
obtained largely from inorganic sources.

The controlling imfluence of the pulp
and of an internal circulation in the den-
tin from the pulp has been postulated,
and is stressed by Bédecker at this meet-
ing.

We have accordingly today supporters
of a variety of viewpoints. There are
those who say that caries 18 of bacterial
origin; others consider it to be all or
partly nutritional; and there are others
who would say tood has little or nothing
to do with it. Some would expect to ac-
complish control of caries by prophy-
lactic procedures; others believe that pro-
phylaxis eaunot prevent dental caries or
at least that it is not adequate alone.
Some would persuade the public that
particular brands of washes and denti-
{rices can accamplish the desired results.
Others would put primary emphasis upon
the mechanical phases, such as the
method of wsing the brush, the coarse-
ness or hardness of foods eaten, ete.

As in all health prablems, we get our
standards fromn Nature. When we study
Nature we find that animals thronghout
the passing periods have been largely
immune to dental caries, that many races
of humans have been immnne, and that
limited groups are loday immune. These
immune peoples, whether of the past or
present, have had very little knowledge
of the toothbrush, mouthwashes and den-
tifrices. "

From the above 1t is suggested (hat
progress, when it is made, must be
throngh a better understanding of the
natural laws as involved in nutrition and
as physically expressed in the internal
and exlernal environments of the teeth,
as these vary with susceptibility and im-
wunity to dental caries.

The investigations herein reported
have been directed to throw further light
on this phase of the problem.
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EXPERIMENTAL

Since our problem of the ctiology and
control of dental caries involves the be-
havior of the calcified tooth tissues in
the presence of biologic fluids, internal
and external, it has seemed fundamental
that we should lmow more about the
chemical and physical characteristics of
these fluids, and that studies should be
made as to the hehavior of calcified tis-
sues of other parts of the body in the

blood, saliva and urine total approxi-
malely 150 different determinations on
each case. In the last 800 of these blood
studies, over a period of about six years,
there have been included determinations
of data on the variations in the behavior
ol bloods in the presence of ealcified ma-
teral, wusually powdered bone. These
studies have thrown very important light
on the pliysico-chemical factors involved
in the presence of biologic flnids when
in contact with caleified tissues.
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presence of changing condilions of the
fluids involved. As a part of this study
aud the general one of the natore of the
vital processes involved in health and
disease, with particular emphasis on den-
tal disease, the writer has been accumu-
lating data from blood chemical analyses
of the patients under his observation for
twelve years, and on saliva for six years.
These include at this time over 2000
blood chemical analyses and over 400 sa-
liva analyses. These have been progres-
sively more detailed and at present the
chemical and microscopic studies on the

In "general, it has been fouud that
when finely powdered bone dried at room

temperalure in ordinary atwosphere 1.

placed in normal blood serum, the serum
will give up from 30 fo 50 per cent of
its calcimn and nearly as mnch of its
inorganic phosphorns.  Further, this
transfer of calcium and phosphorns from
the blood serum to the bone chips or in
opposite direclion has a very direct re-
lationship to the constitutional well-being
and to the general health of the individ-
nal. Tt has, indeed, been found that fre-
quenily with phosphorus, and occasion-
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ally with calcium, the transfer will be
in the opposile direction, showing that
there 1s an avidity on the part of the
blood serum for calcium and phosphorus,
such that it will take these from calci-
fied bones, even thongh in normal blood
the movement is always in the opposite
divection ; namnely, from the sernm to the
bone chips. A comparison of the physical
state of the individnals with regard to
the structnre of the bone can be splen-
didly illustrated in relation to these
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18 per cent. While this is not as much
as normal, it will be seen that they are
all in this general phase. The fifty cases
were selected from a group of sixty con-
secutive cases. Ten were considered sep-
arately because they had marked evidence
of calcification disturbances; some had
had spontaneons fractures. In this group
of ten it will be seen that the average
calcium trapsfer from the blood sermum
to the bone chips was 24 per cent of the
total calcinm contained in the blood

henomena. serom. Not only did inorganic phos-
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In Fig. 1 will be seen two groups of
individualg, ihe first group including
fifty and the second, ten individuals. The
physical characteristics of the fifty are
those of miscellaneous cases presenting
with dental problems and not generally
seriously 1ll. I'rom their history and from
the roentgenograms of the teeth and sup-
porting structures and of other bones
ol the body, it was apparent that these
individuals are not in a marked state of
tissue decalcification. In this group the
average percentage of transfer of caleiwm
from blood serum to bone chips is 27
per cent and for inorganic phosphorus,

phorus fail to be transferred from the
blood serum to the bone chips, as in the
other group, but, on the contrary, an
amount of inorganic phosphorus was .re-
moved from the bone chips and taken up
by the blood sermm equal to an average
of 28 per cent of the total sernm inor-
ganic  phosphorns. These phases are
shown 1n this figure by the rise or fall
above or below the base line crossing the
center of the chart. The caleium is shown
by a single line and the phosphorus by
a double line.

It is particularly important that we
observe the effect of treatment on these
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appavent imbalances. This is shown
graphically in Tig. 2. The first patient
is cne with a spontaneous fracture. It
will be observed thal before treatment
the calcium behaved about normal. The
inorganic phosphorus, however, was in
opposite phase, an amount equal to 85
per cent of the total being faken from
the hone chips and transferred to the
blood serum. Afler two montbs of nu-
tritional treatment, the fracture showed

TFic.

-80

. T‘_“ ) |‘ . | t
Solubility factor of

erum gor bone chips.
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illuslrated a case of the degenerative type
of arthritis with extreme decalcification
of all the bones. Again ihe calcium factor
will be scen to behave practically as nor-
mal both before and after ireatment.
There is a marked change, however, in
the inorganic phosphorus. Before treat-
ment an smount equal to 11 per cent of
the total in the serum passed from the
bone chips to the serum, but after twen-
ty-four days on the dietary program

3

Marked Decalcigicationvith Spontaneous Fractures.

The marked decalcification shown in the bones is accompanied by a movement of phosphorus
from bone chips to blood serum in amount equal to 70 per cent of total inorganic phos-
phorus ol secrum. Calecinm moved in the normal direetion, though in reduced awount

from normal of 17 per cent.

splendid callus formation, with progres-
sive caleification of all the bones and a
marked improvement in general health.
T'he phosphorus changed with treatment
to a reverse phase, approaching but not
yet reaching normal. Iforty per cent of
the caleimin now passed from the serum
to the bone and 15 per cent of the in-
organic phosphorus moved in this di-
rection.

In the second case shown in Fig. 2 is

specially designed to meet this emer-
gency, the phosphorus factor changed to
praetically normal ; namely, 34 per cent
of the total inorganic phosphorus of the
serum now passed to the bone chips.
This phase is so important that it is
desirable to observe ancther and even
niore exireme case which is shown in
Fig. 8. This young woman has suffered
g0 many spontancous fractures that she
can scarcely count them. She hag had
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nineteen in one year. It will be seen from
the structure of the bones that they were
not able to even resist the normal pull
of the muscles and had curved. The de-
calcification has extended nearly to the
cortex of all the bones. Her father told
me thal at two diflerent times he had
seen her with both legs and one arm in
a cast at the same time. She has spent
many years of her life in casts.

We are here primarily concerned with
the behavior of the blood serum in re-
lation to bone, which is shown graph-
jeally in lhe same figure. The extent to
which caleinm moved from the serum
to the bone i mmuch less Lhan normal,
the reduction being 17 per cent of the
total. However, the phosphorus moved
rapidly (vom the bone chips to the serum
of this paiint to an amount equal to
70 per ceut of the total inorganic phos-
plorus of the serum. It will reacily be
secn Lhat, to the extent that this process
was operative in the body, there would
be marked demincralization of the phos-
phorus. It is of interest that the history
of this case showed a nearly normal early
childhood, with progressive development
of disturhed growlh and easily produced
fractures following childhood sicknesses.
This individual has mever used dairy
products, at leasi not since childhoed,
and but little then.

These data suggest that the forces
within the body must be very strong
which wounld prevent bones from weak-
ening or dissolution if the plasma in cir-
culation had such an avidity for phos-
phorus as this patient’s serum does in
the presence of bone chips. Second de-
terminations following treatment are not
veb available.

Since the chemical content ot tooth
structure and of bone is 50 similar, differ-
ing largely in organic matter, it has
secmed probable that a similar relation-
ship would be found between tooth strue-
ture and clrculating blood within the
tooth and the saliva and the exiernal
tooth surface. Accordingly this program
has involved the routine study of the
behavior of the saliva of the individual
with regard to the divection of the move-
nment of minerals from saliva to calcified
structure or in the opposite direction.

THE DENTAL COSMOS

The saliva study has been associated with
the blood studies in about the last 400
cases, besides being applied directly to
salivas in a large number of cases where
the blood chemical analyses were not In-
cluded. The importance and significance
of the findings revealed in these studies
can be evalnated by data relating to par-
ticular individuals and by groups, .there
being a distinct advantage iu the latter.

It has continuzlly been observed that
even Lhe blood piciure with regard ro the
amount of caleium and phosphorus that
will leave the serum and go into bone
had a divecl bearving upon not only the
physical welfare of the individual, as
presented 1n Figs. 1 and 2, but often
appeared to have a divect relationship
to a tendency to dental caries; and,
further, that with improvement in gen-
eral physical condition as a result of an
improved nutritional program, there was
not only an improvement in the solubil-
ity factor of the blood serum but also i
the saliva as a result of treatment. It
has also been observed that when the
factor of satety is Jow in the blood serum,
it is Jow in the saliva.

The application of this method of
sludy to practical cases has now been
applied to several hundred cases. It has
been deemed exceedingly important that
controlling factors should not be allowed
to mask the interpretation of the data.
The principles involved are fundamental,
and they should obtain in severe cases
of dental caries, regardless of geographic
location amdl racial characteristies. I
therefore endeavored 1o establish data ob-
tained from patients in distiuetly differ-
ent environments. My clinical cases fur-
nish several hundred different types
provided in a vaviety of families and
types of homes and home life as found
in a large city.

It is important to know whether sin-
ilar conditions would be found in aver-
age families from city life in other parts
of the world. This T have undertaken to
provide and at the same time obtain
helpful criticism of the procedure hy
having a group of cobperating dentiste,
usually five, in each of about a dezen
cities distributed thronghont the United
States, Canada and Switzerland. Under
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this arrangement these dentists have been
requested to send roentgenograms of the
teeth, history of the case on a quesiion-
naire furnished, and also a sample of
saliva and culture from the mouth. We
furnish the containers for that purpose.
The saliva tests are repeated at the end
of one month and again at the end of
three months. Tach dentist is requested
1o select a typical severe case of dental
caries, preferably of the “teen” age, or a
case of pregnancy. I have undertaken,
with the patient’s codperation, lo provide
additional vitamins and directions for re-
inforcing the diet where found uecessary.
Notwithstanding the disadvantage ot ab-
sence of personal contact, the evidence
indicates a splendid degree of success, as
will be shown, and splendidly comparable
to data obtained directly from patients
with whom I have personal contact tov
examination and instruction. This has
furnished two groups differing primarily
in geographic location, bath, however,
having the ordinary severe conditious of
dental caries found in homes with aver-
age nutritional programs.

It has been desirable to have still an-
other group in which the individuals had,
il possible, a wore vampant type of den-
tal caries and associated with a more
extreme systemie disturbance. Fou this, a
group of children has been selected [vom
a district of a civy thal has been seri-
ously handicapped by the industrial de-
pression. This district is in the vicinity
of the steel mills, which Liave been closed
down for a year or two. The same type
of data has been obtained fov these clil-
dren; namely, roentgenograms, saliva
chemical analysis, and the placing of fill-
ings in open cavilies in most cases. In
the fivst Lwo groups all 1hat was deemed
necessary was to provide additional ac-
tivators, Lo be described, and some rein-
lorcement of the dietary program. In
this last group there was no possibility
of the puarents providing an adequate nu-
teitional progran.

Through the kind and cficient co-
operation of Reverend Edwin A. Brown,
of the Broadway Melhodist Dpiscopal
Chwareh, which is in the vicinily of these
homes, and working in complete codpera-
tion with hig staff, arrangements were
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made for providing one reinforced mceal
a day 1o the most serious of these cases.
In all, about three dozen have been on
this program. The content of the meal
provided will be described. The exam-
ination of the mouths of these children
revealed maany very large open cavities
i first and second permanent molars,
mauy of which apparently involved the
pulp, but with pulps still vital. Some of

these will he shown in roentgenograms.

Frc. 4

Behavior of In, P of saliva of three groups of
patients with dental caries before
and after treatment
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In IMig. 4 will be seen data being oh-
tained from each of these three groups.
The frst group is called Broadway Mis-
sion Group; the second, Other Cities
Group, and the third, Office Clinie
Group. The severity of the dental caries,
as demenstrated by lhe roentgenograms,
all of which are 1n my files, was clearly
wmuch greater in the Broadway Mission
Group children than in those of the other
lwo groups. This was to be expected.
However, this Js a matter of degree only,
for many areas of deealcification, chicfly
on oeclusal and proximal surfaces, are
lound in practically all of these cases of
all three groups.
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The voutine chemical analysis of the
saliva Tor all ol these cases includes the
following: pH or hydrogen-ion concen-
tration, potassium, sodivm, total calcinm,
diffusible calciuam, non-diffusible cal-
cium, per cent diffusible, saliva plus bone
caleium, chanze from same, percentage
change, total phosphorus, inorganic phos-
phorus, percentage of total phosphorus,
that is, morganic, dulfusible phosphorus,
non-diffusible phospborus, percentage of
torganic phosphotus, saliva plus bone
phosphorus, change produced by bone,
percentage change, product of calcium
and inorganie plosphorus, ratio of inor-
ganic phosphorus to calcium, ratio of dif-
tusible phosphorus to diffusible calcinm.

In the chart only two factors arc
shown before and after freatment. In the
first square for each group the movement
of the calcitun and inorganic phosphorus
of the saliva as a result of adding bone
chips to the saliva is illustvated. I will
be seen that lhe line representing cal-
cum, reading down, represenis an aver-
age reduction by calelum going from the
saliva to the bone clips, of 88 per cent.
The phosphorus is graphically shown hy
the double lines and will be seen to 1ead
above the base or zero line to almost the
same extent that the caleium is shown
Lelow the line; namely, an increase in
an amount equal to 37 per cent of the
total inorganic phosphorus of the saliva.
We will keep in nund that in normal
galiva both phosphorus and calcium have
Leen found to move in the divections that
the calcium has moved heve.

When we compare the caleium and
phosphorus movement in the saliva ol the
Broadway group, with its very severe
dental caries, with thal which obtained
in the two other groups, we note that the
essential and striking difference is one
of degree in the moiement of the phos-
phorus. The average showed some move-
ment of phosphorus from the bone chips
to the saliva i the members of these last
two groups. The calcium factor in all
three groups was quite similar.

The addition to the daily intake of
food of fat-soluble activators, to be de-
seribed, with some Improvement in nin-
eral-carrying foods, made a remarkable
change, in that the phosphorus ceased to
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nmove [rom the bone chips to the saliva
but mow moved from the saliva to the
bone chips. The rapidity with which this
change can be brought about will pres-
ently be shown.

The individuals in  the Broadway
group received as a reinforcement one
specially prepared meal reinforced in
activators and minerals. Many of the
children received at home little but plain
unsweetened coffee and white bread, and
often little of either of these. A special
meal was designed {o furnish nearly the
amount of the body’s daily requirements
in calcium and phosphorus and activa-
tors. After six weeks’ treatment the cal-
ciut is secn to be in the same phase as
before, with a slight increase in the
movement of the percentage of calcium
from the saliva to the bone chips. The
morganic phosphorus in the time covered
in this graph changed in the same direc-
tion for the Broadway Mission group to
an amount equal to 14 per cent of the
total sdliva inorganic phosphorus; in the
Other Cities group, to 16 per cent and in
the Office Clinic group, 18 per cent. The
time covered hy the treatment in these
cases was sIX weeks for the Broadway
group, one month for the Other Cities
group and an average of four months in
the Office Clinic group. At the time of
this writing, which allows the Broadway
group twelve weeks’ time, the phosphorus
movement has increased in the same di-
rection, averaging o9 per cent of the fotal
saliva inorganic phosphorus. The third
monthly salivas for the Other Cities
group are not availahle.

The ratio of inorganic phosphorus to
calcium was 0.8 for the Proadway Mis-
sion group, 0.9 for the Other Citles
group and 1.3 for the Office Clinic group.
These factors changed after treatment to
1.5, 1.1, and 1.4, respectively. The in-
crease In weight in the Broadway Mis-
ston group was from an average of 78.8
per cent to 77.6 per cent in twelve weeks’
time. These dala are not yet available for
the other groups.

It is important to note that this die-
tary program does not necessarily in-
crease weight. It does tend to bring in-
dividuals more nearly to normal, which
otten means a loss In weight. However,
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for growiug children it generally does
mean a gain in weight.

Tor those who wish to read the data
as oxids of the minerals, the correction
factor would be obtained by multiplying
the amonnt of the element shown as fol-
lows : calcium by 1.4, phosphorus by 2.29,
potassium by 1.2, sodium by 1.35, mag-
nesjum by 1.66.*

A chemical analysis of one of the test
meals showed calcium in grams as CaO
at 1.48 grams, phosphiorus as P,0; at
1.28, magnesinm as MgO at 1.06, fats at
10.7 grams, proteins at 8.89 grams. This
mcluded one helping only of the various
elements of the meal, whereas many of
the children {ook a second belping of sev-
eral courses. T'wo children of five years
each took four bowls of thick soup the
first lwo days (about two quarts). This
meal was begun by each child marching
up in a line and taking half a glass of
thick tomato jusce or citrus {ruit and a
teaspoonful of half and half of a high
vitamin cod-liver oil and high vitamin
butler concentrate mixture provided by
the writer. They then proceeded to the
tables and had as thewr first course a
large bhowl of vegetable and meat soup
containing a large assortment of veg-
etables and chopped meat prepared as a
stew. Many of the children took a sec-
ond liberal helping of soup. For the
next course they had sliced canned
peaches and deliclous rolls made of
freshly ground whole wheat, to which
had been addled an additional quantity of
fresh wheat germ. The whole wheat was
ground 1n a motor-driven coffee mill set
up in the kitchen, and freshly prepared
from day to day. These rolls were spread
liberally with an extra high vitamin
butter provided by the writer, which had
been produnced by cows while pasturing
on green wheat. TUnfortunately, as yet
this has to be shipped long distances and
most of it provided by special arrange-
ment for feeding the dairy cows. Hach
child bad also one or two glasses of milk,

“The assay methods used for determina-
tions were, for Ca, the Cramer-Tisdall (Journ.
Biol. Chem., 192], 47, 475), and, for P, the
Stannous Chloride method of Kutler and
Cohen (Jouwrn. Biol, LXXYV, Nov. 1927, No.
2, 617) adapted to saliva.
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This meal is varied from day to day but
so designed as to maintain these high
levels ol fal-soluble activators (minerals
and grain embryo). These children re-
ceive six meals a weels. The source of vita-
min C was varied. Carolene was rein-
forced by adding to the vegetable soup
finely grvound small carrots of deep yel-
low color. These and the wheat germ were
added to the vegetable soup after il was
removed Irom the stove, but still hot, to
avoid the high temperature and long
cooking, which would injure the activa-
tor content.

Individuals in the Other Cities group
and the Office Clinic group received the
sane fat-soluble preparation placed in O
size capsules containing six-tenths of a
gram. Three of these capsules were taken
with each meal. An arrangement was
made for providing freshly ground whole
wheat and a {reshly prepared wheat germ
for all the patients of the Other Cities
and Office Clinic groups. [Instructions
were given for the preparation of this
cereal by cooking the crushed wheat in
a double boiler fram two to four hours
and, before removing trom the fire, add-
ing an amount of wheat germ, according
to the percentage of embryo contained,
sufficienl to provide ten per cent pure
embryo, which gefs only the cooking of
the cooling-down process. Enongh can
be prepared for several days and the por-
tion desired warmed up each day. It can
be varied and the appetizing factors,
which are very high, can be enhanced hy
adding pieces of fresh ov dried fruits
and nuts.

The method of preparing the activa-
tor mixtnre is as follows: A natural high
vitainin cod-liver oil is selected by chem-
ical tests, nsiug the Lovibond Tintometer
method of reading anlimony trichlorid
colorations for vilamin A as suggested
by Carr and Price*® and Drummond aud
Hilditeh.** The vitamin D content is de-
termined by a modification of the Yoder*®
hydrodic acid test. The high-vitamin
hutter is selected hy the same procedure.
I have discussed these factors in detail
in earlier communpications.

‘When I have located a sample of butter
—and a very small percentage of avail-
able butter samples will be considered
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sufficiently high in vitamins for this use
—the low-melting sterols are separated
hy chilling and centrifuging while in a
proper physical stale. The oil thus pro-
duced remains liquid at room tempera-
ture, is complefely miscible with the cod-
liver oil, has a surface tension that does
not lealt in the capsules.

These studies are including observa-
tions on the relations of acidophilic bac-
teria and dental caries and the change
in incidence and number of these organ-
isms under these putritional programs.

An important phase of these nulri-
tional stuclies in relation to the control
of dental caries has been the rapid change
it Lhe development of the dentin about
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virtual exposure. The involved dentin has
been removed.

This nutritional program has made
possible a new prognosis for leeth with
virtnal exposures. This principle has
been applied in a number of cases. The
children constituting the Broadway Mis-
sion group presented many teeth with
conditions of this type. Several of these
ave shown in Fig. 6. This 1s of great
significavce in that the dental caries had
decalcified the tooth through to the pulp
so that there clearly would have been cx-
posure had the decalcified dentin all been
removed. These pulps are progressively
building in new walls, which are readily
disclosed by the Roentgen rays in even

Tic. 5

the pulps of the teelh, together with a
marked ivcrease of density of toolh roots
as well as of crowns when a patient is
under treatment. In Fig. 5 will be seen
a striking llustration of this phenom-
enon. In A, the first view, caries had de-
calcified apparently through to Lhe pulp
from a distal eavity i the bicnspid and
underneath a leaking alloy filling. The
dentin was partially disinfected and a
protective capping placed over it. The
renoval of the involved dentin was de-
layed until the pulp could build in a
new protecling wall. The second view,
B, shows the wall of deulin being buill
Leneath the area of approaching caries
underneath the dressing and temporary
filling. The third view, ¢, shows a splen-
did protecting wall of dentin over the
area which originally constituted the

eight weeks’ time. The upper or left hand
plcture in each case shows the condition
at the time treatment was begun; in
many cases temporary treatment fllings
are shown 1u place. The lower pictures
show the same teeth six or eight weeks
later, as indicated. Ouly two cases gave
trouble and they had considerable apical
mvolvement. To save space only six of
these cases are shown here.

One of the cases of excessive carles,
which had destroyed all of the occlusal
surface ol the crown and the dentin with
apparent decalcification to the pulp
chamber, did not receive a temporary
filling due to an oversight, and a large
area of dentin was left freely exposed
to the saliva. When this girl was sent for
to have this tooth taken care of, it was
found that the dentin had become very
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tough and dark in color, with evidence
that the active caries had ceased even
without filling. Tt is my experience that,
where decalcification has not extended
through the enamel to the dentin while
on this nutritional program, dental caries
ceases to be active even in the small prox-
imal contact cavities.

Fia.
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A typical case is shown in Fig. 7. This
boy presented with thirty-eight open cav-
1ties and with the report that the dentist
could not keep up with the caries even
with cne appointment a week. The two
upper bite-wing roentgenograms show
the condition at the beginning, and il
will be noted that the crowns of nearly

6
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During tbe years that this nutritional
program has been under development as
a practical procedure for the control of
dental caries, results have been reported
from tine to time indicating the per-
centage of control excerding 90 per cent
for even difficult and rampant cases.
Many individuals have been put on this
program who had been referred by other
dentists because of exceedingly rampant
dental caries. These cases frequently had
even two and three dozen open cavities.

decnislfioptlon Luwpivln
pad poip pretesilan whbh

all the molars and bicuspids have heen
greatly injured by dental caries. There
are abmost two years between the upper
and lower pair of roentgenograms, and
during this time few if any new cavities
developed. Some old amalgamm margins
broke down and needed repair. This case
is of particular interest because this con-
irol has been maintained notwithstand-
ing the fact that the yonng man was ont
of the country for approximately a year
of this time living under conditions
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where it was very difficult to control the
basic diet. The vitamin capsules were
gent to him in Turope. Note particularly
the redunction in the size of pulp cham-
bers, particularly the lower left second
molar, and note that the carious cavity
shown in the upper view of this tooth
apparently originally exposed the horn
of the pulp. Similarly note the reduc-
tion in the size of the pulp chamber in
{he lower right first molar.

Several groups of sludies have been
put into chart form comparing individ-
nals with and without this defensive
treatment. A summary of some of these

is shown in TIlig. 8, which shows in

Tra.
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there were in 1928 an average of 4.85
cavities per person, and in 1929, about
the same, 4.73. .

In B will be seen results of the ex-
amination of individuals presenting in
a two weeks’ period for their regular
check-up at spring vacation in 1930. Of
fifty-six patients, 44 had not received
treatment and since their last examina-
tion, approximalely six months previ-
ously, they had an average of 2.9 cavi-
ties per person. Twelve had veceived
treatnient and the number of cavities was
0.25 per individual. In Llhe age gronp
twelve to eighteen there were nine with-
out treatinent, with an average ol 5.5

T

Tery esxtsanslvre
%9 open caviliss wt

wlogs before nutritionsl progras,

yaars plfter trestment bhegar.
l¢=lted to 2 ur &

ing e,

graphic form the results of five separate
studies made at different times for the
comparison of individuals who are
treated with those who are not treated
in regard to the wmatter of prevalence
in carious cavities. “A” compares the
same ipdividuals in two different groups,
neither of which received treatment in
1928 and one of which, including 38 pa-
tienfs, received treatment in 1929. This
secoud group included individnals who
in 1928 had cexcessively active dental ca-
ries; namely, an average of 8 cavities
per person. In 1929, alter these individ-
uals had been put on the defensive {rcat-
ment, the nwmber of cavilics dropped in
this very suscepiible group to 1.4 cayv-
ities per person, whereas in the other
group nat receiving ircatment either year

Iiing margine of old & 1
fizke redugsd site of pulp ohankers In lower wat,

ton ef
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cavities per individual, while the six
witli freatment had no cavities. In the
boarding school gronp, four wilhonl
treatment Lind an average of 8.5 cavities,
while four with treatment had no carvi-
ties. There were two cases of pregnancy;
one withont treatment had nine cavilies
and the one with treatment had one-cav-
ity.

In series C, there were sixty-six pa-
tients in which {orty-eight were without
treatment and for the period of study
had 1.73 cavities per person. Eighteen
with treatment had 0.05 cavities per per-
son. When the adults and yonng people
are separated, there were thirty adulis
without treatmeut; they had 1.55 cavi-
ties per person, and the nine with treat-
ment had mno cavities. In the young
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group there were eighteen withount treat-
ment, with an average ol two cavities per
person, and the mme with treatment had
0.11 cavities per individual.

In series D (1930) a group of 200
individuals, including 100 with treal-
ment and 100 without treatment, arc
shown in ten-year age groups up 1o sixty
years. The lower solid line with ils up-
right column represents those with treal-

F1G.
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other series of ten-ycar age groups cov-
ering the period from January 15 to
May 15, 1931. In this series there werc
uinety-two individuals, of which number
jifty-seven were adults and thirty-five
were children. In this graph again, as in
the last one, the lower solid hne repre-
sents those receiving treatinent, and the
upper broken line those without treat-
ment. It will be noted that in the twen-
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ment, and the upper dotted line with up-
vight broken ecolumns represents the
number of cavities for those without
treatment. It is of interest that in the
age group ten to twenty there were forty
times as many cavities in those not re-
ceiving trealment as in those receiving
treatment. Tor all the groups of this
geries an average difference of {enfold
was found.

In scries E is shown the vesult ol an-

ty-four children without treatment theve
were 3.4 cavities per person, wheveas the
eleven with treatiment had only 0.24 cav-
ities per child. Of the fifty-seven adults,
there were foriy-three without treatment
and they had 5.5 cavities per individual ;
ol the fourteen receiving treatment there
was an average ot 0.3 cavities per indi-
vidual. There were scventeen times as
many cavities in the group of children
not receiving lrentment as in the group
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receiving it. There was a slightly larger
difference in the group of adulls. When
divided into ten-year age groups the ca-
ries was praclically controlled except in
the {wenty to thirty age group, which
averaged one cavify per person under
treatment, while those of this age not
receiving trealment had 4.9 cavities per
person. Tor the entire series as expressed
in Fig. 8,A, B, C, D and I, there is an
average of 5.2 caviries per person in the
groups without treatment as compared
with 0.55 cavities per person in the
groups receiving treatment, or 9.25 times
as many cavilies per person in the in-
dividuals not receiving treatment ag in
those receiving it.

DISCUSSION

In ibe light of lhese new data it Js
possible to explain some of the conflict-
ing theories relative to dental caries.
When an wnerupted tooth is extracted,
the surface will be permeable to dyes or
silver mitrate for a conspicuous distance
into the enamel. Affer normnal eruption
has faken place and the tooth is exposed
to saliva for some months or years, the
surface under normal conditions progres-
sively beeomes more dense, 1n which state
dyes will 1ot penetrate the surface. In
rampant caries the change in tooth struc-
ture is often sufficient (o impress opera-
tors that it is more readily cut with
chisel or hur. This has frequently heen
noted in cases of pregnancy, and yet
these teeth readily, after the patient has
retnrned to normal condition, recover
their original hardness. An explanation
is provided for thesze phenocwmena in this
reverse phase, in which minerals pass out
of the surface of the tooth into the saliva
under conditious of stress. Normally,
the minerals go in the other direction.

An interpretation of Lhe data here pre-
scnted leads immediately to the mineral
and activator content of the ingested
foods, and the emphasis is placed on the
phosphorus content. The animal life of
the world has developed by adaplation
to the mormal balances of minerals in
growing green plant structures and their
seeds. It Is of great significance that the
plants store phospliovus in high percent-
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age in their reproductive units, such as
seeds and grains. Lactating animalg sim-
ilarly provide milk carrying calcium and
phosphorns in liberal amounts approxi-
mating ten times the level of calcinm and
inorganic phosphorus iu the blood per
volume. Milk also provides activators or
vitamins. Per volume of ingested food,
cereals Turnish phosphorus both in lib-
eral quantity and high ratio {o other
minerals. It is ol inlerest that the in-
organic phosphorus of the saliva is from
half again to twice that ol the blood,
whereas the caleinm is usually less than
that of the blood. nften about ome-half.
This clearly indicates a special {function
of the salivary glands if these levels are
to be maintained for establishing the en-
vironment of the teeth. This is an im-
portant provision of Nature, and can
only be provided by the blood maintain-
ing an adequalely high inorganic phos-
phorus level.

[f, as there are indications, saliva
normally contains {ricalecinm phosphate,
Ca3(P0,)., in saturated solution, which
for water wonld be 2.7 milligrams per
100 cc., using 0.5¢ milligrams of phos-
phorus and 1.05 nulligrams of calcium,
this amount of water also could carry in
saturated solution twenty milligrams of
dicaleium phosphate, CaHPO, - 21,0,
providing 3.6 milligrams of phosphorus
and 4.7 milligrams of caleium. If the
saliva were saturated wilh these two salts
of calehum and phosphorus, they would
together provide £.14 milligrams of phos-
pherus aud 5.71 milligrams of caleiam.
If, in addition te providing saturated
solutions of tricileium phosphate and di-
calcium phosphate, a monocaleium phos-
phate, Cal14(P0,), - H,0, was formed,
100 ce. of water could carry in solution
as ugh as 1800 milligrams of monocal-
cirum phosphate, providing 285.71 milli-
grams of caleinm and 442.86 milligrams
of phosphorus. However, since the saliva
contains olher strong bases, sodium and
potassium, phosphates of these would
also be formed, so that all the phosphorus
that would be present in the saliva would
not be available for forming phosphates
of ealeium. ven if all of the phogphorus
available and all the caleium available in
the saliva were (irst used to produce so-
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lutions of tricaleium and dicalcium phos-
phale, there would not be enough total
caleium and total inorganmic phosphorns
present to provide saturated solutions in
some salivas. Salivas arve being studied
to throw [urther light on this plase of
the problem,

The clinical observations of a marked
merease in Lhe density of decalcified den-
tin when the mndividual has changed
from a state of susceptibility to one of
immunity would seem to be related to
this condition. In a previous paper'¢ we
have discussed the réle of vitamin A in
increasing the function of the salivary
glands and thus dirvectly affecting the
chemical conlent of the saliva,

A comparison has been made of the
action of enamecl, dentin and bone in re-
gard to the moevement of phosphorus and
calcium to or from ihe saliva and blood
sernm. These data will be discussed in
another communication.

In a previous communication™ we
have reviewed data dealing with the ac-
tion of fat-soluble activators in the re-
teasing of phosphorus from phospho-
lipids, whiclk seem to be an important
function of vitamin D, the amount of
calcium phosphate that can be formed
being in part provided by the release of
phosphorus with the formation in tissues
of tricalcium phosphate in precipitated
form where the calcinm 1s already avail-
able in the tissues when and where the
phosphorus s released. An important
confribution to this phase has been made
by McGewan and associates.®* This may
throw light npon the action that tales
place within the tooth struclure where
pliosphorus has been removed, leaving an
excess of caleiun.

We have previously reported an im-
portant phase of this problem’®?%,2¢
which deals with the behavior of caleiim
and phosphorug in solution in various
media, including biologic fluids, when
these fluids ave exposed fo dircet lrra-
diation or placed in contact with certain
substances like buticr and cod-liver oil;
also these when they have heen exposed
to Jrradiation. These studies have indi-
cated that the diffusibility of calcinm can
be greatly modified by {his procedure,
there being a very marked release of the
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caleimm from its organic bound. These
phenomena also affect the phosphorus,
though not to so great an extent, there
being often a marked increase in the oz-
ganic phosphorus in the casc of blood,
saliva or millk. These effects weve pro-
duced by many procedures, for example,
to a limited extent by direct ivradiation
of the animal’s or individual’s body, by
the irradiation of some foods and by tak-
ing into the stormnach even small doses of
irradiated cod-liver oil or butter, and also
to a very marked degree by rnbbing these
substances on the surface of the body,
with the result that the phosphorns and
calcium content of the blood serum has
been raised by rabbing the material onto
the hwman body or the body of experi-
menial animals. The sernm calcium of
chicks with riekets was nearly doubled
by rubbing the activated oil on their
necks. This has developed a procedure
for Lhe management of ununited frac-
tures and the management of arthritic
processes which often produees most grat-
ifying results.?®

We have shown® that Dblood serium
shaken with irradiated cod-liver oil not
only greatly changes diffusibility of cal-
cium, but was able to increase the inor-
ganic phosphorus of the serum from 2.9
to 4.1 milligraras, which amounts to 41.3
per cent, where an irradiation of the
blood serum increased it from 2.9 to 3.75,
an increase of 29.3 per cent. I have dem-
onstrated that shnilar effects are pro-
duced in saliva when shaken with high
vitamin butter and high vitamin cod-
liver oil, or when these are ingested, this
being one of the routine factors being
estimated as a resulf of administration of
activafors in connection with control of
dental caries. k

This has been an essential phase of our’ -
successful treatment of large clinical
groups of denlal caries patients by the
two procedurcs of adding inore activators
to the food and increasing the high
phosplhorus-carrying foods. We do not
now administer internally the activated
cod-liver oil. We are obtaining best re-
sults with a mixture of high vitamin
butter and high vitamin cod-liver oil.

Qur extensive blood chemical studies
before and alter trealment demonstrate
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that we modily these and other factors
in the blood, and our saliva chemncal
analyses demonstrate (hat we have dis-
tinetly modified both the chemical con-
tent and mineral ratios and changed the
environment of the tooth by changing
the direction of movement of the phos-
phorus.

Forbes,” in discussing “Dental Ca-
rics from a DBiochemical Standpoint,”
has detailed the processes by which the
solid phase tricaleinm phosphate passes
into solution and hecomes dissociated as
caleinm and phosphorus ions according
to known Jaws of ionization, and he has
also illustrated the influence of changes
in concentration ol either of these ious
on the phosphate buffer system of the
saliva.

Tt Js at this point that the activators
cun, by modifying the saliva, modify the
ion concentration hy releasing the bond
of the phosphorus wilh organic com-
pounds, and probably by some such
mechanism as this it enhances the im-
munizing eflect of the saliva. This very
important point has not, to my knowl-
edge, heen brought to our attention as a
part of the consideration in any previ-
ons discnssion of the phenomena of den-
tal cavies. There are, however, other
phases of this vital aspect of saliva as a
controlling factor in maintaining im-
mmnity to dental caries than its buffer
action which have to do with the modi-
fication of the culture medium which
influences the growth of acidophilic bac-
teria. These data augment those pre-
sented by Kleln and MeCollum?'™ on den-
tal cavies in rats.

Il we review the theories that have
been propounded and ihe evidence 1in
their support, we find that most of the
data can now be correlated.

Miller stressed the importance of the
rble of acidophilic bacteria, which theory
still liag a place, but the organisms can-
nol produce caries except where the fac-
tor of safely las gone down both gener-
ally and locally to a sufficienlly low
point, thus explaining also why 1mmu-
uity may prevail in spite of abundant
baclerial growlh.

Black’s evideuce, indicaling that both
hard and soft teeth may be atlacked by
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dental caries, immediately becomes clear
since we are able to change an Individual
from a stale of susceptibility to one of
immunity in a few days’ time. The so-
called dense teeih may have their surface
Jactor of safety changed in a short pe-
riod of nutritional disturbance. Sim-
ilatly, while age may have a varying in-
fluence on the structure of the teeth, it
will not in itself prove a protection.
The relation of prophylaxis to the pre-
vention of dental caries seems to have a
very important place, though not a con-
trolling one, in the presence of dental
carles. In those conditions which have a
low factor of safrty in the saliva of the
nonth, though not sufiiciently low to con-
stitute a loss of tumunity to caries, bac-
terial growll 1n protected areas can
reduce the Jow local immunity to a posi-
tive susceptibility. Adequate prophylactic
procedures, as so strongly emphasized
by Willlams and others, may make the
difference In this often narrow margin
of satety of the presence or absence of
active caries. This also explaing why in
open cavities, where the saliva has free
access, after the patient has been changed
from n state of susceptibility to one ol
immuuity, active caries has been checked
even though no fillings are placed, while
carics 1n protected places, for example,
in the dentin beneath an adjoining prox-
imal contact where there is a small open-
ing throungh the enamel, or beneath over-
hanging fillings and crowns that have a
physical condition which, by preventing
the neutralizing effect of the saliva, pro-
vide a local susceptibility. This stresses
the réle of Lhe acidophilic bacteria as a
factov ju the production of dental caries.
While it is probable that dental caries
cannot take place without their -assis-
tance, they are not able to funection with
the production of denlal caries in any
location where the phosphorus protective
factors are adequate. Appaveutly the fac-
tor of eafety of every part of the mouth
will be established by the Jevel primarily
of the phosphorus factor of the saliva,
and this in turn will be established
through the blood stream by the nutri-
tion, which takes us immediately to the
activator and mineral content ol the
food, especially 1ts phosphorus content.
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SUMMARY AND CONCLUSIONS

(1) Based on lhese new data, a new
theory of dental caries may be formulated
as follows; Both the external and internal
environments of the tooth as provided by
the saliva and blood are diflerent in in-
dividuals who are immune fo dental ca-
ries from those who are susceptible.
There will be jucluded in the variations
physico-chemical differences, particularly
in the saliva, with regard to phosphorus
and to a Jesser degree wilh regard fo
caleium, go that in the immune individ-
uals these elements will tend to be de-
posited inlo the toolh strneture from the
saliva, and in those individuals who are
susceptible 1o dental caries the mevement
of phosphorus and, m extreme conditions,
of calcium, this factor will be reduced to
zero or even to a reversal of direction of
movement, particidarly of phosphorus.
While these faclors have been shown to
have a velationship In many cases to the
level of the total phosphorus and cal-
cium and to the raiio of phosphorus to
caleium, these relationships have not
been constant. Nature seems to lLave
provided the salivary glands wiih the
function and capacity to increase the
imorganic phosphorus content of saliva
well above that of the blood in normal
individuals.

(2) Data are presented indicating
that these physico-chemical factors of
blood and saliva ate controlled by the
presence in the food of activating sub-
stances, chiefly fat-soluble, together with
adequate minerals in suitable chemieal
form. The fat-soluble activators are nor-
wally present in dairy products pro-
duced from very favorable plant tissues,
the best of which has been found being
green, young, tapidly growing wheat.
Helpful activators ave also found in
varying amounls in cod-liver oils. A com-
bination of the two is especially effective.
Tmmunily to denfal caries is sssociated
with & normal or increasing density of
tooth structure. These changes in direc-
ticn cf movement of phosphorus and cal-
cium, particularly the formev, control
the factors of salety of all surfaces of
the teeth wilh which saliva 1s in contact
with regard to attack from fermentation
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processes, and account for the limiting
of attack in most instances to protected
areas such as sulci and proximal con-
tacts. Baclerial proliferabions of aci-
dophilic erganisms can only progress in
proportfion with the degree of disturbance
of the activator and phosphorus factor of
safety and the degree of pliysical pro-
tection of the areas involved.

(3) Meang are indicated whereby the
factor of safely of most available diets
can be reinforced sufficienily to conirol
dental caries by the simple means of add-
ing a small but proper kind and amount
of fat-soluble activators and a cereal pro-
viding the normal minerals of a freshly
ground whole wheat, rye or oats, olten
reinforced to advantage with an addi-
tional amount of wheat embryo, together
with a liberal supply of mulk, cheese and
butter. Any food combination providing
the proper minerval halances and activa-
tors and other essential chemicals will
provide pnmiunity.

() A comparizon of three groups of
individuals with dental caries, hiving un-
der various and diJerent conditions and
in different geographic locations, has
shown them to respond similarly to the
stress of their environment and nutrition
as expressed in typical dental cavies and
they respond similarly {o Lhe effect of
nutritional reiuforcement of the same
general type regardless of location.

(5) A =saliva chemical procedure has
been presented which reveals degrees of
immupity and suseeptibility to dental ca-
ries and indicates that individuals can
be changed from a state of susceptibility
to one of immunity quite vapidly and
effectively.

(6) Many ohscure phenomena, such as
variationz in density of tooth structure,
are provided with an explanation in ac- *
cordance with the clinical, physical and
chemical data.

(7) In the light of these new data it
is posaible to harmonize much of the
evidence that has been presented by vari-
ous workers who have attacked the dental
caries problem From different approaches,
and also to account for the clinical ex-
periences of workers in different coun-
tries, as well as provide an explanation
for individual and group immunity and
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susceptibility both of the past and pres-
ent for all animal species, including hu-
mans.

(8) The phenomena that have been
emphasized 1o their relalion to dental ca-
ries as those of beliavior of calcium and
phosphorus, pavticularly the latter, in the
presence of calcified tissues, apply with
evident lmportance in all building up
and tearing down processes occurring in
other parts of the skeleton, and have a
constanl relation and universal express
ion in the bones of the body as associat
and correlated Factors with the phenom-
ena of lmnmunity and susceptibility tlo
dental caries, and offer mportant sug-
gested procedures [ov the preveution and
managemen(. of disturbed mineral metab-
olism, including disease affecting the
sheleton,
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