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INTRODUCTION

It has been previously reported by the writer (4) that the ratio of the
neutralizing powers, or the power to maintain neutrality, of normal
resting saliva and of the activated saliva, obtained by the chewing of
paraffine, bears a definite relationship to the incidence of dental earics.
In persons with carious teeth this ratio, expressed as a percentage,
exceeds 80 while in persons whose teeth arve temiporarily immune from
(or, more correctly, resistant to) caries the ratio falls below 80. In
other words, as the difference hetween normal resting saliva and acti-
vated diminishes so does the lHability to the incidence of caries inerease.
Shepard and Gies, in discussing this relationship or “salivary factor”
have maintained (3) that it is inconstant. They based their conclu-
sions, however, upon data which included all the different types of stim-
uli indiseriminately without regard to the nervous impulsex and re-
flexes produced by the sense of tuste.  In their experiments they used
paraffine, sucrose, sodivin chlorid. aleohol and certain combinations of
these. It was subsequently stated by the writer (8) that comparisons
of saliva, the samples of which have been collected under different con-
ditions. are inadmissible since such procedure ignores entirvely peychic
mfluences.  Recaleulation of their figures confirms the findings origi-
nally reported (4).

In a second communication (6) the writer presented data which hoth
substantiated and developed the above thesis. Reports were made of
investigations conducted 1in some of the state jnstitutions for the in-

' Submitted in partial satisfaction of the requirement for the Degree of Doc-
tor of Philosophy in the University of California and accomplished in part under
the auspices of the Research Institute of the National Dental Association.
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COMPOSITION OF SALIVA AND DENTAL CARIES 213

sane, and consisted of analvses of saliva from certain cases of dementia
praecox and epilepsy. This work was likewise eriticised by Gies (7)
and answered in turn by the writer {9). No data have been presented
which disprove any of the conclusions drawn in cither paper (+ and 6)
and it 18 in the further development of the consequences arising out of
these conclusions that the following experiments were undertaken.

There are two main questions which fail under consideration in this
connection, namely, first, the origin of the change of the neutralizing
power of saliva which occurs in response to certain stimuli, and second,
the significance of this change ir relation to the incidence of dental
aries. In other words, whether the alteration of the salivary factor
18 a confributing cause of dental ecaries. or conversely. an cffect pro-
dueced by dental caries, and lastly, whether there iz a cause common to
both altered factor and dental caries in which case the {factor would
become merely an ineidental svimptom.

In connection with the first of these problems, 1 have sought to throw
ight on the origin of the differences between the neutralizing powers of
different samples of saliva: (a; By dialvsis experiments in whieh the
atterupt has been made to determin~ the relative magnitudes of the
parts plaved by the inorganic, or at least the diffusible substances, and
the non-diffusible, and presumablyv oreanic, constituents of saliva,
(b) By the determination of the amino nitrogen content of various
samples of saliva after hydrolvsiz with a view to estimating more ex-
actly the part plaved by protein in contribating to the difference in
properties and composition between normal resting and activated sa-
livas.  In conneetion with the second problein I have sought to extend
the observations of Pickerill upon the relationship of diet and habit
to the incidence of dental earies and furthermore to determine the influ-
ence of the locality of the stimulus upon the neutralizing power of the
secretion which ix evoked.

Part 1

THE ORIGIN OF THE DIFFERENCES IN NEUTRALIZING POWERS DISPLAYED
BY NORMAL RESTING AND PARAFFINE ACTIVATED SALIVA

«. The relative magnitude of the parts played by diffusible and non-
diffusible substances in determining the neutralizing power of saliva

The experiments were carried out as follows: Saliva was titrated and
a second set of samples was dialyzed for a period of time; then the lig-
uids both outside and inside the membrane were separately titrated.

Ay
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214 JOHN ALBERT MARSHALL

The dialysis of the samples was made in these cases where a sufficient
quantity of saliva could be obtained without conscious exertion on the
part of the patient. Following the method of Clausen (10) and Porter
(11) a solution of gun cotton in an cther alechol mixture was made.
From this solution collodion thimbles were fabricated and then placed
in recently boiled distilled water until ready for use. From 2 to 5 cc.
of the sample were measured directly into the thimble and then placed
in a small preseription vial. DBoiled distilled water was pipetted into
the bottle until the level of the sample exactly coincided with that of
the water. Decomposition of the sample was prevented by adding

TABLE 1

Comparison of undialyzed and dialyzed saliva

RESTING SALIVA | ACTIVATED SALIVA

el T A | 3
z 2z = 1l = bz z 2
j = i <€ R 0 0% 1< i 2
] 2 1= - Z =2 R R
1) E \ﬁ———’/__i _ I
i = Cubic eentimeters : Cubic centimeters | Cubie centimeters ‘l Cubice centimeters
A of HCL . of NuOTL j of HC1 ! of NaOH
i~ e
, i i i , ' : ) i ! i i
) E 4: 6.60° 3.002.00 5.0()‘13‘75‘ 9.204.2013.4024.15116 .00 2.65‘18.6514.75‘2.85‘1.65 1.50
i E 1, 9,00: 6.205.40 11.60‘ 9.50: 8_25‘().20‘ 8 4517 .75:14.00'0.95114.95'5.50 4 40.0.69 5.00
: L 6i19.5012.30'1.2813.58, 6.50" 6.00 6.00148 .30 46.7)(?-'3_4()‘—19.9()&.1203 |
E7'8.75 6.3500.000 6.30, f),SO‘IO.TU 10.70'25.20 121,—1()“2.40‘\23.80‘4,55‘34()1.0014.40

E 9 10.70, §.101.00° 9.10: 7.30 4.850 85 5 7015.8014 4511515603 103.00.  3.00
E10 (14.00. 9.233.1512.40° 5.00 4.900 75 5.6516 3513 70.2.00'15.70,4.80'2,102.25 4.

E11°17 4510.257.0017.25 7 40. 3,30 0.90 4.2019.10'18.30.3.00'21.30,2.90/1.75'1.002.75
| 121725 4.003.15 715 11,75 S.102.70 10,80 19.90:16.70°2.20.18.90,4.85'3 10,095,405
i EI3 8500 4.853.20° 3.0512.40 9.603.0012.60'22.70.20.10'1.50,21.60,5.40'4 00:0.90 +.90
' B14 1640 9.705.80 15,50 8.90, 4.803.90 8.7035.40 23 10340 26.50 1.70.1.00.  1.00

) one drop of chloroform and one drop of xylol. The bottle was tightly
corked and placed in an air tight cabinet for twenty-four hours, at a
, temperature between 20° and 24°C. - At the end of this time the liquid

outside the membrane was titrated separately from that inside the
‘ membrane.  Theoretically, if there werve no loss of COs, from the sam-
I ple, the sum of the two titration figures for either alkalinity or acidity
' should equal the original titration value. But a slight precipitation
‘ of phosphates, which is always evident, demonstrates that some loss of
[ ' COy has occurred.  Data based on twelve, thirty-six and forty-eight
\ L hour dialyses showed a wider variation than those based on the twenty-

T
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four hour limit and this later time, consequently, was chosen as a
standard.

The results of this work are reported in tables 1 and 2. The analy-
ses, although of questionable quantitative value demonstrate, quali-
tatively, that the greater percentage of alkalinity and acidity is found
in that portion of the sample which has dialyzed through the membrane
‘and is due, therefore, to inorganic constituents. With subject No. E4
the alkalinity of 10 cc. of the resting saliva was 6.60 cc. N /200 HCL
After dialysis the alkalinity outside of the membrane was 3.00 cc. and
inside the membrane, 2.00 ce. The activated sample cxhibited a

TABLE 2

Dialysable proportior. of neutralizing power

| NORMAL RESTING SALIVA PARAFFINE ACTTVATED SALIVA

power
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E9 ' Carious | 18.00 © 14.80 | 82.03 | 1860 | 9841 95.23
K10 | Carious | 19.00 | 18.05  95.00 ' 20.15 ' 20.05 9930  94.29
E1l | Carious, 2485 ' 2045 1 86,11 22,00 | 2405 | 109.32 | 113.00

¥12  Immune 19.00 ; 17.95‘ 0447 0 2 TS 22,95 092,77 . T76.76

CImmune 1845 ] 1720 93.22 1 ‘.’9.75,1 22,20 9479 | 62.02

F13 | Dmmune 2090 20650 9850 | 2810 | 2650 | 0431 | 7437
; | 68.20

E14 Immune, 25.30 | 23.20 91.70 ¢ 3710 27.50 | 7T4.12

marked difference for the titration figure of the undialyzed sample was
24.15 and for the dialyzed, 16.00 outside the membrane and only 2.65
inside the membrane. The acidities likewise show the same phenomena,
the undialyvzed normal resting saliva having a reading of 13.75 ec. N /200
NaOH and the dialyzed 9.20 ouside the thimble and 4.20 inside.

=

b. The amino-nitrogen yielded by hydrolysis of normal resting and
activated saliva

In the utilization of the Van Slyke apparatus for the determination
of the amino-nitrogen in the saliva the author has employed a method
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which combines accuracy with simplicity. The wide application which
this apparatus has found in blood analysis recommends it favorably to
the problem at hand. The procedure outlined in Hawk (14) was fol-
lowed with a few modifications. The technique of the analytical work
waos performed by Mr. 8. A, Waksman and I take pleasure in acknowl-
edging his service.

It was at first thought best to analyze the samples as soon as they-
were chtained from the patient but this procedure is open to objection
on account of the fact that there is so small an amount of gas evolved
in the reaction that accurate readings of the gas volume are exceedingly
difficult.  Since it has been the custom in the salivary work to secure
the material hetween cight and eleven in the morning it was found in-
convenient fo make the determinations at the same time. To over-
come these objections all the samples were hydrolyzed.  Ten cubic cen-
timeters of well mixed saliva were measured into a special digestion
tube and 4 ce. of concentrated HCI were added.  The tube emploved
was of soft glass about nine inches long and one inch wide.  One end
was sealed off and the other drawn out until the diameter was reduced

to nearly { inch.  After the introduction of the sample and the addition

of the acid the small end was sealed.  These tubes elosed at hoth ends

were placed in a water bath and digested at 100°C. for four hours.
Attempts to digost the samples by boiling over a flame and using a re-
flux condenser were wnsatisfactory as bumping and loss of the material
could not be controlled.

Having prepared the Van Slyke micro-apparatus in the usual manner
2 cc. of the well mixed kydrolyzed sample were carefully transferred to
the measuring tube and »un into the decomposing bulb.  The bulb was
shaken for ten minutes and the NO absorbed by the permanganate
solution.  The volume of nitrogen was read and the room temperature
and barometer noted.  Duplicate determinations were made and, in
many instances, triplicates.

The results of the analyses are reported in tables 3 and 4 and repre-
sent the cuble centimeters o amino nitrogen at standard pressure and
temperature yielded by 10 ce. of sample. This caleulation was made
so that the data would he comparable to those of the titration experi-
ments. Inspection of the table shows that, in the greater pereentage of
those cases which were classed as immune from dental carics, the ni-
trogen content of the normal resting saliva is appreciably higher than
that of the paraffine activated saliva. Those samples, however, taken
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from the mouths in which caries existed did not exhibit the same dif-
ference.  These facts substantiate the work done on the dialysis experi-
ments.  For it was shown that the inercase of total neutralizing power
in paraffine saliva from immune eases was due to a larger amount of
mmorganic constituents.  These later tests demonstrate that a smaller
pereentage of organic hodies, represented by the amino nitrogen values.
1s contained in this same type of =aliva and that therefore the difference
in titration equivalents must be due to inorganic material.

TABLL 3
Caries

PARATTINE ELECTRUCALLY
ACTIVATED STIMULATED
SALIVA U BIC SALIVA CTRIC

NORMAL
RESTING, CUBIC

DATH SETHTAL NUMB 1{‘ i;‘;"iii‘}lll,\{i:j:]j\? ‘ ((;;ﬁjif\:;]}:}lf\j i (O}l;\i;?lri:[‘ol—i{j
pin l0ce. 1 T 0 e, bR 10 o
SAMPLE : SAMPLE i SAMPLE
September 18, 1016, . Gz 220 3.00
September 21, 1014, ... . G2 2.50 3.00 i
Neptember 25, 1616, . (S 370 380 Q
October 27, 1616, .. G2 3.70 3.60
October 270 1616, . (249 3.70 360
October 27010160 1 3.30 1.30
November 2. 1916, . (36 410 3.060
November 2, 1916 .. 37 120 3.80
September 25, 1916, . G0 3.10 3.30
October 3.01916. ... . [EIS] 3.00 3.00
October 30, 1916, .. GO 340 2 80
September 20, 1016, ... . 10 330 3 40 3.80
November S, 1916 .. o G110 115 427
November 10, 1016...° .. . 10 3.77 3.63
November 10, 191G.... ... .. Gi1S 280 2.95
November 7.1016....... .. GIS 3.10 3.20
November 9, 1916...... .. GI1IS 4.10 1.00
November 4. 1916. .. : G3s 3.00 3.80
November 5. 1916....... .. 42 4.20 1.10 |
November 8, 1916.... .. G 4 10 1.50 :
November 15, 1916..... ... . Gy £.27 3.70 |
November 20, 1916........ .. Goo 5.80 3.57 ‘
November 23, 1916..... ... . 10 1.02 1.02
November 2, 1916, .. - (35 4.10 ‘ 4.00
November 4. 1916........ . G143 ; 5.90 4 87 3.00
November 21, 1916.... .. . (a2 1 4,48 1 4.84 ‘ N
November 21, 1916..... o (53 ! 3.80 ‘ 4.10
November 23, 3.12 3.39

1916 ... G538
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TABLE ¢

ITmmunity

NORMAT, REST-

PARATFINE

YLECTRICALLY

|
3 : SERIAL ‘k IV,\'(.' SALIV}f, ) A(,’TleA'\I‘ED SSTI){ULAWTEDF
P owumer G | S Nk 10 | sarvo N ax 10
J ’ SAMPLE €C. SAMPLE CC, SAMPLE
J

September 16, 1916.......... R 1 2.40 2.30 2.20
September 19, 1916........ .. | G 1 | 3.20 2.90

September 19, 1916.... ... .. P Gs Loa60 3.80 | 3.5
September 26, 1916. ... ... .. G350 3.30 ’
September 21, 1916..... ... .. | G4 ‘ 3.00 2.60 ‘
Septeraber 28, 1916..........] G 4 | 8.50 4.00 3.20
Octoher 9, 1916.......... | G4 [ 3.8 3.20 3.40
September 21, 1916...‘......5 G5 ; 290 | 2.7

September 21, 1916.......... w 5, 320 | 3.0

September 28, 1016.......... G35 37 | 3.9 4.60
October 9, 1016 ... ... I N B ; 300 | 2.90
October  3,1916.......... G#6 | 340 | 260 |
October  3,1916.........., Gl | 340 | 310 |
October 9, 1916.........., GII | 490 | 410 |
October  3,1916.........| G2 | 500 | 410 |
October  9.1616........., G12 | 420 | 3580 |
October ~ 9,1916...........  GI4 = 400 | 340 |
October 9, 1916.........., GIl5 o420 | 3.2 ]
October 13, 1916 ......... G186 300 | 370 |
October 13, 1916, ...... .. % G17 \ 4.60 \ 4.00 |
October 20, 1916....... .. bocw 1 200 0 230
October  20.1916..........1 G20 | 360 | 340 |
October 20, 1916...... . CoGu 30 | 270
October  20,1916..........1 G2 420 | 340 |
October 20, 1916..... ... G23 |  430 | 3.0 |
October  23,1916..........1 G2+ 410 | 3.7 |
October 25, 1016.........., G244 ' 420 3.0 |
October  27,1916.... ... G2 | 110 | 100

October 25, 1016...... .. .. G2 | 560 | 200 |
October 25, 1916........ . G2 ' 360 | 300 |
October 28, 1016........."  G26 | 430 | 360 |
October 28, 1916......... oG s a3 |
October 28, 1916..........0  G33 360 { 430 |
October 28, 1916..........  G3+ 130 | 3.80 |
November 2,1016..........| G3% | 42 | 39) |
November 18, 1916...........  G26 | 580 | 4.10 ‘
November 11, 1916......... G26 ‘5 5.75 l 4.00 \
Noverber 4, 1016....... . . COG3 L 4s | 410 \
November 4, 1916 A G40 | 4.60 ’ 1.15 i
November 4, 1916. - Gl 5.70 | 4.05 :
November 11, 1016 I B A
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TABLE 4—Continued

/ H NORMAL REST- ‘ PARAFFINE ‘ ELECTRICALLY
DATE ‘ SERIAL J ;(?'Go;%i‘\ll\;\\,o i ALCI‘VI\'A['-I‘CED i ~STI.\'IULATED
R S T et G et
: } SAMPLE V‘ CC. SAMPLE l CC. BAMPLE
November 11, 1916..... .. Gi6 | 4.80 ' 4.00 (
November 11, 1916..........|  G47 o624 437 (
November 11, 1916.........| G48 : 497 | 397
November 13, 1016..... ... |  Gd8 {163 405
November 14, 1916....... .. .|  G48 4 113 |
November 15, 1916..........  G48 | 490 406 |
November 16, 1916..... .. |  GiS | 5.04 120 |
November 17, 1916......... " G413 | 3.51 3.30 :
November 23, 1916........... G2 |  5.25 3.10 |
November 24, 1916.......... G253 | 5.44 3.19
November 24, 1016...........  G26 | 3.80 3.20 |
November 13, 1916..........  G26 5.80 410 |
November 15, 1916...........  G26 5.75 100 |
November 6, 1916.........., G | 497 414
November 13, 1916, ...... ... LG4 L1487 414 |
November 14, 1916.......... G0 | 5350 406
November 17, 1917.......... boGso 1 520 1 3.99 |
December 4, 1916.......... LGH 5.93 | 3.67
December 11, 1016..........1 (3 5.70 ‘ 3.67

On averaging these tables, the following figures are obtained:

Immunity normal resting saliva........ ... .. 4.47 cc. amino N
Immunity paraffine activated saliva......... 3.63 cc. amino N
Difference............ ... L 0.84
Equals. ... ... oo 20.7 per cent of the mean
Caries normal resting saliva................. 3.89 cc. amino N
Caries paraffine activated saliva............. 3.72 cc. amino N
Difference. ... 0.17
Fquals. ... 4.5 per cent of the mean

The difference in nitrogen content between the normal resting saliva
in cases of immunity and that in ecaries is strikingly brought out by
the above tabulation. In the determination of averages however there
is always an error which must be measured before the data may be
considered conclusive.

The determination of the standard deviation of the mean demon-
strates, however, the reliability of the results presented. These calcu-
were evaluated from the formula given by Davenport (15) as

lations
follows:
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. S ‘sum of the squares of the deviation from the mean
Standard deviation = N the squares ol 1ht deviation 1rohi THE B
number of measurements,

. o standard deviation
Probable error of the mean = 0.6745 X

A\

The appended table thus summarizes the data:

number of measurements.

i

CARIES t IMMUNITY
Standard deviation normal resting saliva.....) 0.643 0.913
Probable error. .o o 1008 0.07
Fauals, ..o 0 S 2 1per cont of + 1.8 per cent
the mean
Standard deviation paraffine saliva..... .. - 0.5564 bo0.569
Probable crror... .o - 0.0735 | 0.0406
Lauals... .o o 2.0 per cent of . 1.4 per cent

the mean

t 13 evident from these figures that the difference between the vields
of amino nitrogen by normnal resting and activated saliva in persons
afflicted with denta’ caries is only twice the probable crror of the mean:
in other words, that there is either no difference, or at the most only a
dight one hetween tle average protein content of normal resting salivs
and activated saiiva seereted by sueh persons. In normal individuals,
on the contrary. the difference between the aming nitrogen vields is no
less than ten tunes the probable error of the determination and it is
evident that in such persons there is a verv definite divergence of com-
position between normmal resting and activated saliva.  The normal rest-
ing saliva of a person with caries approaches. in protein content. the
actvated saliva of a normal person. and stimulation by chewing paraf-
fine results in Dittle change either in protein content or in neutralizing
power of the saliva secrveted.

Thesc relations are illustrated in the appended table showing the
average neutralizing powers (that is the number of cubic centimeters of
N 200 acid and alkali required to change 10 ce. of saliva from neatra'ity
to phenolphthalein to neutraiity to paranitrophenol) of normal resting
and activated saliva In normal persons and in persons afflicted with
carics.  These averages ave compiled from salivary analyses com-
pleted within the last two vears and comprize daia obtained vfrom over
one hundred individuals. Tt ix evident that saliva from subjeets with
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carious teeth presents two distinet differences from saliva of immune
subjects, namely, that the neutralizing power of the resting saliva is
supernormal while that of the paraffine activated saliva is subnormal.

Average total newtralizing power

| ) =

: i RAFFINE | AVERAGE

U NORMAL Rusr- | DARAFFINE AVERAGE

D7ING SaLIva | ACTIVATED 4 SALIVARY
o s SALIVA i

. FACTOR

| T
Immunity. ... 23603 | 38.320 | 6182
Carles. . ... i ' 30.006 30952 97.24

The normal resting saliva of persons with carious teeth is, therefore,
characterized by (1) a relatively high neutralizing power and therefore,
presumably, (2) a high content of diffusible substances; (3) a low con-
tent of proteins,

TABLE 5

Comparison of values of amino nitrogen with the tolal neulralizing power

i NORMAL RESTING SALIVA \ PARAFFINL ACTIVATED SALIVA
NUMBER l Total  Amino ; w ‘ h‘l‘m:x‘l 3 A\}ninf) i\ -
HOL NaOH RSN | HOL L NeoH R RN haer
} i j power | samp]v‘ ; . power  sample
| cc. L ee i i coo e ce ] oc.
G20 117.10 ;0 500 2210, 4.10 ;3830 | 1.000 3950 = 3.70  35.95
G26 2740 170 8230 5.60 0 5845 | —1.50 56.65 1 3.15  50.40
G261 20.00 | 450 2450 0 4.30 1 49.00 | 0.50, 49.50 | 3.60 | 49.50
G2715.00 1200 12790 1 80004110, 1.75 42,85 4.90  65.10
G9 20750 255530300 3.40 03655 1.50 38.05 2,80 79.60
G45 2830 1160 0 26,00 . 487 5T.60 1 —4.15 5345 4.63 | 50 .30
G481 BLTH 215 36,90 0 4.63 4755 2,300 45.05 1 4.05 1 81.90
GIS 024000 330 13730 | 400 35.00  0.60:35.60 1 4.06 76.70
G190 1610 570 02080 4.97 3550 1 1.25 36.75 0 414 59.30
G40 1840 3.70 [ 2210 5.30 1 31.60 ;  2.30 33.90 | 406 65.20
G52 33.00 0 S.00 14100 44814065 1.00 4165 1.8+ 98.45
G331 2415 395, 2510 0 3.50 130.80 . 2.80.33.60 | 4.10 83.60
GES | 7701 800 1570 31203245 13003375 339 46.50
G538 (11.90 1 600 1790 10 133,45 1.25 34.90 § 3.70 | 51.60
G50 [ 2455 | 27502030 310026701 0.90 27.60 | 3.00 | 98.90

The inter-relation between the amino nitrogen and the salivary fac-
tor is shown in table 5. Subjects 52 and 39 were classed as carious,
the others as immune. This conncetion of the one to the other is ren-
dered all the more striking when the results of the dialysis experiments
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are kept in mind, for the data evaluated in table 1 pointed to the fact
that the increase of the total neutralizing power is due primarily to an
increased amount of inorganic substances. Conversely, the lowered
amount of organic bodies in activated salivas coupled with their
greater neutralizing power brings further evidence to substantiate this

conelusion.
From these results it is evident that immune persons sccrete In re-
'f spense to stimulation by chewing tasteless substances a saliva which

has a greater neutralizing power than normal resting saliva and 1s

furthermore differentiated from normal resting saliva by a considerably

“1 lower content of protein and higher content of inorganic salts. The

' alteration in the character of the saliva is not merely due to dilution,

consequent upon more rapid secretion, but involves a marked change

in the relative proportion of the constituents. Persons with carious

teeth differ from normal persons in that their normal resting saliva ap-

proximates in composition and neutralizing power to the composition

| of the activated saliva, in other words the salivary glands of such per-

“ sons behave as though they were constantly receiving stimulus analo-

gous to that constituted by the act of chewing a tasteless substance.

‘ Such a stimulus might conceivably be provided by carious teeth them-

: selves, or on the other hand, both conditions may be attributable to a
- common underlying cause.

X Part 2

|

i RELATIONSHIP OF DENTAL CARIES AND THE COMPOSITION OF SALIVA TO
‘ DIETARY (ONDITIONS AND THE LOCALITY AND NATURE OF STIMULI
PROMOTING SECRETION

. The relution of diet to the incidence of caries

The alteration in the salivary factor may be due fo either a direct or
an indirect cause. If the former, then the presence of dental caries in
an otherwise healthy mouth would initiate the change. * If the latter,
then the change is either incidental or comprises a portion of a vicious
circle.

Among the indirect factors which may initiate an acute disturhance
may be mentioned diet, a lesion or an infeetion, a chronic peripheral
nervous affecticn, a central nervous affection or lastly a defect in the
processes of repair and growth correlated with a defeet in salivary

funetion.
Diet eomprises per se two factors, namely composition and taste.
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The former has been the subject of much discussion and research and
the conclusions reached by the many authorities appear to be rather
negative in character. Data hereinafter reported will deal more par-
ticularly with this phase.

It has been shown (6) that the salivary factor is constant in certain
types of insanity to the same extent as in the normal individual and
from this fact the deduction may be made that differences in neutral-
izing power are not related to the central nervous system.

In reviewing the literature concerned with the problems of dental
caries and its possible relation to habits of cleanliness, climatic condi-
tions, diet and general health of an individual or of a race, one notes a
lack of uniformity in the recorded observations. This may be attrib-
uted to the fact that the many different writers were influenced in
their judgment by different standards of observation, so that teeth
which superficial examination would designate as non-carious might
disclose, upon a more thorough examination, exactly the opposite
condition.

Pickerill (1) states that certain food investigations point to the fact
that the modern dietary of the civilized world differs from the diet of
the uncivilized world in that the former is less hard but more tough and
requires, therefore, more triturating but less crushing. From this
conclusion the idea 1s advanced that, since different sets of muscles are
used in triturating than in crushing, the over-development of these tri-
turating muscles (buccinator and pterygoids) is responsible for both the
abnormally shaped as well as the undeveloped dental arch. This, in
turn, accounts for the increasing number of malposed teeth which accom-
pany the under-developed arch. Malposed teeth are very susceptible
to dental caries and therefore the increase of this disease among the mod-
ern civilized nations is correlated to our changed habits in masticating.
Pickerill notes further that of the races of the world, the meat eaters,
or at least those whose food is largely protein in character, were quite as
susceptible to caries as those whose diet was mainly vegetarian, This
is contrary to the views expressed by both Mummery and Patrick.
The argument advanced by Pickerill is that the immune races, which
include according to some authorities the Asiaties, Africans, Polynesians,
Australians, et cetera, owe their comparative freedom from caries to the
fact that their diets were both varied and sapid. Their universal use
of masticatories resulted in the prevention of stagnation within the
oral cavity (p. 314) a fact which other investigations appears to
support.
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Dr. R. Thurnwald, in speaking to the author of his anthropological
researches in New Guinea, mentioned that the inhabitants in that sec-
tion of the world seem to be comparatively free from dental caries.
Their diet is mainly vegetable consisting of vams, sago, rice and sugar
cane, etc.; meat is rather an accessory and, with the exception of the
rather scarce mango, there are no acid fruits. The custom of chewing
the betel nut plays, unintentionally, an important part, no doubt, in
their oral prophylaxis. For at the age of puberty this custom, often
connected with one of the initiatory ceremonies, is commenced and
continued throughout the life of the individual.

Contrary to the usual belief, this betel nut habit does not blacken
the teeth. Tor that purpose there iz employved a mixture of cocoanut
oil and goot which is vigorously rubbed on the teeth,

The betel nut is not used alone but is combined with seeds or leaves
of a peppery nature together with pulverized lime from calcined shells.
These three substances are taken into the mouth onc after the other and
are masticated between meals. The old men are edentulous and pre-
pare a paste by mixing the material hefore chewing it. The natives
expectorate profusely after *he use of this mixture and the saliva is
colored blood red. This coloration might be aseribed to the bleeding or
to a compound formed by the action of the lime on the betel nut.
The teeth are lost between the ages of forty and fifty and are exfoliated
comparatively rapidly once the process has commenced. This exfolia-
tion is accompanied by swollen and bleeding gums.

Caleulus is deposited upon the teeth in almost unbelievable quantity,
and it is often the case with the adults to sec the size of the lower in-
cisors inereased by these coneretions to 300 or 400 per cent.

Underwood (2) after examinations of skulls from different collee-
tions makes the following comment:

In the hot belt of the earth includ'ng India. Africa and Southern China,
bathing and washing are natural habits heeause of the heat; rinsing the mouth
after meals and the use of sticks, toothpower. ashes and salt for clf;msing the
mouth is almost universal among the natives; while the foodis largely rice and
no aleohol is used. In all of them caries isso rare that to all intents and purposes
the natives may be regarded.as immune.

He states further that the people of the arctic regions whose personal
habits, at least in vegard to the care of the mouth, leave much to he
desired, and whose diet is quite different, likewise enjoy immunity.,
He considers the Australian native equally immune. These observa-
tions lead him to conclude that the use of artificial foods and the re-
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placing of hreast feeding exerts a dircet influence in the “sveakening of
the tooth defences.” Just what constitutes “tooth defence” is not
mentioned.

The effect of certain drugs upon the teeth has been dealt with by
Austen (3). The systemic conditions which are supposed to favor
the development of caries are anemia, dyspepsia, pregnancy, acute
rheumatism, enteric and other continued fevers. Various salts and
compounds of mercury, lead, bismuth, silver and copper were used in
the experiments.  Although it was found that the drug was partly
excreted into the oral mucosa, vet it is rather an open question whether
this exerction at one time may be so long continued as to aceclerate or
even ecause any deleterious effect upon the erupted teeth. Another
point however which may well be considered, is that the frequent drug-
ging of growing children promotes a disturbance in the nutrition of the
ameloblast and of the odontoblast thereby bringing about structural
changes in the enamel and dentin respectively. Histological examina-
tions conducted along this line of experimentation would undoubtedly
throw light upon certain phases of present therapeutic methods.

In table 6 are presented certain abstracts and notations upon the
teeth and diet of a few races from different parts of the world. Defi-
nite information on the subject appears to be rather scattered for in
many instances an author may detail the foods at great length, the
manner of cooking and habits of eating but will overlook entirely the
conditions of the masticatory apparatus. In so far as the relative
amounts of protein to carhbohvdrate in the diet are concerned, the data
appear to confirm Pickerill's (1) conclusion in this regard, namely, that
the protein eating races are as suseeptible to dental caries as those whose
food is mainly carbohvdrate. On the other hand they appear to nega-
tive the popular impression that the teeth of primitive races are relatively
immune to caries. '

b. Relation of type and locality of stimulus to the neutralizing power of
the secretion of saliva evoked by the stimulus

1f the chronie distwrbance of the neutralizing power be due to a
chronic peripheral nervous affection or to a lesion or an infection remote
from the salivary glands or teeth. such a disturbance would probably
act through nervous reflexes.  If the locality of the lesion is important,
then by applying a definite stimulus to a circumscribed area in the
oral mucosa such nervous irritation so produced might be expected to




TABLE 6

TEETH

Australian

Australian

Australian

Australian

Northern

lians

Brazilian

Kesa

branch of Somal

or

Austra-

Bedoin

“Toothache and indigestion com-
mon’’

Tecth very tender

[nusually liable to deeay

Tecth do nol project, are poor
and stained from surat tobacco

DIET AND HABITS

AUTHORITY

Large proteid diet. Ilesh some-

times eaten raw. Only vege-
table. “Nardw”’  grass, fern
rocts, yums

Chewing  fiber from making of
twine wears down teeth and

“lill((’S trll(‘lll t(‘“d(‘r
at.
[§

almost, anything in the shape
{ animal food

Ioat all the mammalian fauna

Natives ent anything that is edi-

ble

Milk,
meat.

cheese, farina, sun dried

IPood 1s bolted and all
expectorate rather excessively

Mutton, milk, butter, rice, millet
bread, dates

tagle Bank and Crow, J. Mathieu.
David Nutt, London

The Australinn Race, To. M. Curr.
Tribunder & Co., London

Customs, Rites, ete., of the Abor-
iginal Tribe of the Gulf of Car-
pentaria, W. (i. Stretton and
.. C. Stirling. Trans. Roy.
Soc. So. Australia, vol. 17, part
2 p. 240

Report of the TTorn Kxpedition,
5. C. Stirling.  Part 1V, p. 51

Native Tribes of the Northern
Territory of Australia, Spencer.
MacMiilan & Co., 1914, New
York

Highlands of Brazil, R. 1" Burton.
Tinsley Bros., London

1first Footsteps in Bast Afriea, R.
I". Burton. Dent & Co., Lon-
don

968
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Egyptians,®  An-
cient and Mod-

ern
I'itipinos

I'riendly Isles

Qallois Tribe

[gorots

Otaheite

Natives of Sara-

wak

Somal

13

Foothache common

Caries present in 20.90 per cent of
cases examined

In general good teeth, but poorer
than those of other nations

(See Somal)

Caries present in only 2.05 per
centoof o large number of cases

examined

White and regular

“Poothache and decayed teeth are
almost unknown”’

NSeattered teeth considered o sign
of warm temperament

* Note that Patrick quoted by Pickerell eites the Lgyplians as one of the immune races, the ratio of caries in

examined being only 3.418 per cent.

Dict mainly vegetables, bread of
millet or maize; milk, cggs, mel-
ons, beans, lupins.  The elean-
ing of teeth o religious rite.

Diet inceludes great quantities of
sigar

(See natives of Island of Otaheife)

Gourds the only vegetable,  1a-
hitual drunkards.  Habitaalty
use the tooth stick

Carnotes, a sweet potato, 30 per
centofl diet.  Rice, 30 per contof

Other vegetables, maize,

I'ish,

diet.

eles, 30 per cent of diet.

meat and  eggs, 10 per cent.
Sugar is distasteful and is not
used

Mainly carbohydrate in character.
Teeth cleansed six times oo day

Rice, yams, cucumbers, fowls, and
fish
(See Tesa)

Account of Manners and Customs
of Modern Iigyptians, 1. W,
Lane.  John Murray, London

Ottofy Laneccet, 176, 1909, 263

Captain Cook, Voyages of Dis-
covery. Dent, London.  Tid-
ited 14, Phys.

First Footsteps in East Africa,
R. I Burton.  Dent, London

253

Ottoly Lancet, 176, 1909,

Captain Cook, Voyages of Dig-
covery. Dent, London.  ld-
ited 5. Phys.

Natives of Narawak and British
North Borneo, Il 1. Roth.
Traslone & Hansone, Londan,
p. 77.

First Footsteps in 10 Afrien, R.
I'. Burton. Dent, London

3,306 teeth
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TABLE 6--Continued

RACE

Somal

Tasmanians

Tasmaniansg

Tasmanians

Malkololo

Kebrabasa

Manganja

Matumboka

TEETH

Teeth do not project, are poor and
stained by tobacco

Among forty-two natives cxam-
ined all had “very good teeth”

Are reported by Cook, Lo Bil-
lardiere and Widowson as hav-
ing good teeth

Teeth much worn; decay uncom-
mon

Beautiful teeth

“Teeth here are more solid and
often wear down to the gums in
old  persons  without deeay.
Cases of toothache not at all
uncominon nevertheless”

DIET AND HABITS

The teeth are cleaned by tooth
stick. Flesh, holcus, few vege-
tables.  Millet beer

Refuse Kuropean food; eat rats,
many vegetables  of  various
kinds. Huave cnormous appe-
tites. Meals are eaten with
greal greediness and great quan-
tities arc caten at eone time.
Live chiefly on animal food

Soundness of teeth due 1o chewing
hard and tough material

General mixed diet, including: -
porridge, milk, bulier, corn,
honey, beer, wild fruit, cle-
phaut meat

Fowls, cggs, sugar cance, sweef
potatoes, tomatoes, rice, maize;
Kaflir corn

Millet, maize, beans, nuts, yams,
vice, pumpking, cassava, sweet
potatoes, cte.

Mixed diet

AUTHORITY

First Footsteps in Bast Africa, R.
I. Burton. Dent, London

Aborigines of Tasmania, H. K.
Roth. King & Son, Halifax,
England, pp. 8 and 87

Daily Life of the Tasmanians,
Bonwick

Narratives of an Expedition to
the Zambesi, ete., David and

Charles  Livingstone. John
Murray, London, 1865

Ibhid.

hid.

Ihid.
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lnﬂuence the neutralizing power. One of the easiest methods of stimu-
latlf)n is the use of an electric current which has been passed through
an inductorium, and experiments along these lines were projected.

In fthis series of experiments it was desired to determine what com-
parative differences would result in titratable acidity and alkalinity by
the use of the clectric current at different parts of the oral mucosa.
It has been demonstrated that the mechanical stimulus obtained by the
chewing of paraffine excites a flow of saliva which is markedly different
from that found normally in the mouth. With the employment of the
electric current, obtained from an inductorium, a third sample was se-
cured which differed in titration value from either the normal resting
or paraffine saliva. The amount of current used and the locality at
which it was applied did not appear to produce any marked deviation
from the general result.  Although the strength of eurrent varied with
different individuals, only that strength was used which at the end of
two minutes produced a tingling sensation at the point of contact.
Whenever this amount was appreciably increased it was found to be
prejudicial to salivary activity, as an unnecessary nervous tension was
thus produced.

The apparatus consisted of two Iidison Lelande cells, type Z con-
nected in geries with an inductorivm and a key. The electrodes con-
sisted of two platinumn points mounted on a vualeanite handle.  The
clectrode was applied to the mucous membrane at some predetermined
point and the saliva thus obtained titrated in the usual manner. The
different localities at which the eleetrode was applied were, first, the
opening of Stenson’s duct opposite the upper second molar in the buceal
mucosa: sccond, the openings of Wharton's ducts and the ducts of
Burtholin on either side of the frenum linguae; third, on the dorsum of
the tongue at the juncture of the posterior with the middle third near
the apex of the V formed by the convergence of the two lines of the
circumvallate papillac; fourth, at the gingivae. In applying the cur-
rent at the bilateral structures one side was stimulated for two minutes
and then the opposite side.  No inflammation of the mucosa at the
point of contact was developed at any time.  The results of these ex-
periments are reported in table 7. In the first column is noted the
serial number of the patient, in each column “A” the alkalinity of 10
ce. of sample expressed in cubie centimeters of N /200 HCL; in “B”
the acidity of 10 ce. sample expressed in cubic centimeter of N, 200
NaOl., :1;1(1 in “C" the total neutralizing power. The salivary factor
appears whenever the paraffine saliva was taken; the distance of the




NUMBER
¥ o1
M 12
§ | D]
L 4
¥ E 5
§ E 6
{ Dl
G 8
I
12
DR
[
o2
o3
Fo3
5
G
Vo8
P8

NORM

He

11,05
15.30
410
6.60
17.70
19.50
8.75

900
1695
| 1780
1625
2110
20 10
1610
1770
585
15 15
; 2605

20,10

TABLE 7

‘ I

CIlectrical stimudus’

)

PARAVET STIMULATED T RICALLY STIMULATED
SALIVA SALIVA
NaO! T NP HC A NaOI1l NPOICU | NaOH [N, P e cotn bt
B « A B _ ! ‘ A B «
Stenson’s ducl
o, e, e e — (4N (/73
5.25 1 19.30 | 25.50 235 27.85 1.80 | 16.50 | 21.30 69.30 27 .50 December 28, 1915
5.80 | 2110 | 31.40 37.65 1 18.20 500 23.70 5650 25 .60 January 5, 1916
15.30 1 19 .40 | 2450 27 96 Uodd | 1100 | 2015 069 .50 27 .00 December 28, 1915
13.75 ] 20.35 | 2415 28,90 TH5 L 17.75 | 25.30 704 30.00 .r::::;% 7, 1916
2075 [ 42 45 1 227 36,10 | 17.80 S.H0 | 26.30 117.60 27.00 January 10, 1916
6.50 ] 26.00 | 48.30 A7.10 | 25 145 2500 | 27.95 HH .20 27 .00 January 8, 1916
O.80 | 18.55 | 25.20 155 29.75 ) 10.65 7.00 | 17.63 6240 27.00 January 12, 1916
3.30 1 23,70 | 39.80 0.50] 1030 | 27 10 | 11.30 | 3840 5880 27.00 September 1, 1916
Wharton's and Bartholin's duels
950 11850 | IT.75 5.000 23,25 1 10.75 530 [ 16.05 79.60 30.00 January 5. 1916
1.30 | 18,25 | 3470 | —3.75] 30.95 | 20.15 1—1.50 | 18.65> 28,00 32.00 January 12, 1916
1.60 | 22140 | 19.40 825 27.65 1 15.90 710 ] 23.00 81.00 20.50 January 8, 1016
6.95 | 23.20 | 20.50 2700 32,20 | 19.05 6.25 1 25.30 72.00 30.00 January 15, 1916
S0 | 21050 | 320 1.90] 3610 [ 19 .30 310 | 22,40 67.90 20.75 January 16, 1916
310 7 D320 215 2750 2600 | 15,00 230 | 17.30 8620 2050 January 17, 1916
6,25 1 2235 * 2200 ; 1.85) 23.85 | 11110 2.50 | 16.90 93.70 20950 January 18, 1916
£.50 7 2220 i 3710 200 3000 125 3.05 1 18,20 5570 2000 January 18, 1916
250 7 19.90 270 | 22.60 2050 Iebruary 22, 1916
) ! 1485 1.500 16,35 1 27.55 | 11.00 | 38.55 16.71 27 .80 July 22, 1916
26,40 | 11 38.20 .70 26.00 August 16, 1916

st

3.10] 17.65
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Tongue
JO| 8.70 | 10.50 | 19.20 | 15.75 485 20,60 | 1135 445 | 15.80 03.20 l 28.00 January 22, 1916
In 4 11.00 | 14.70 | 25.70 12.50 | S.10 ' 20.90 ’ 28,50 November 11, 1915
(Hingivae
6 1825 1 7.60 | 25.85 22,95 3.500 | 26.25 31.00 January 10, 1916
Is 7 10.50 | 815 | 18.65 12.25 5.75 1 18.00 2450 January 13, 1916
G 1725 | 800 | 25.25 | 21.60 2,75 2035 | 16.55 5.35 | 21.90 103.70 25.50 November 3, 1916
| DR ’ 1840 | 23.55 | 41.95 2555 | 6.90 | 32,45 31.00 January 11, 1916
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secondary coil from the primary shows the comparative strength of the
current and is expressed in centimeters.

The data submitted demonstrate first, that the alkalinity of the
electrically excited saliva is lower than that of the paraffine sample; see-
ond, that the acidity of the former is relatively higher than that of the
latter; and third, that the neutralizing power of the saliva obtained by
electrie stimulus is lower I every instance than that collected by the
paraffine method. This fact indicates that the use of the inductorium
does not promote salivary activity to the same extent as the paraffine.

It was hoped that differential arcas of irritation in the mouth could
be demonstrated by means of this electrieal stimulation for it was de-
sired to determine whether one part of the oral mucosa is more sensi-
tive to extrancous influences than another, so that a local irritation
m one circumseribed loeality would tend to produce a greater change
in the salivary neutralizing power than in another locality. The ex-
periments, however, o far reported, have failed to supply any conclusive
evidence.

The repeated use of the inductorium on one individual produces a
marked effect upon the relationship of the normal resting saliva to the
activated paraffine saliva.  This cleetrie Irritation alters the factor in
a few days from one which 1= comparatively low to one with a much
higher valuation.  As examples of this condition may be cited subjects
EL, 14 and G8. In the fist instanee the experiment was commenced
on December 28, 1915, The =alivary factor at this time was 69.3.
Flectrical stimulation was applied and after eight davs a second test
was made.  The normal resting saliva and the paraffine saliva were
first collected and the application of the current repeated. It was
found that the factor rose steadily from 69.3 to 79.6 and finallv to 93.2.
Stnilarly with E4 the factor at the start was 69.5 but rose in eleven days
to 81.0. Tor subject G8 the factor evaluated on July 23, 1916 was
46.7; on August it had risen to 7407, One month later it had retwned
to nearly the =ame yatio 2x at the =taet and duplicate samples on sue-
cessive days gave a factor of 388, The results reported are hased on
duplicate analyzesand on duplicate samples obtained on suceessive davs.

The determination of the reaction of the taste impulses upon salivary
secretion was attempted by comparing the vesults obtained with a nor-
mal resting sample with those sccured by the use of different substances
of marked taste.  Howell (123 and other investigators deseribe the taste
sense as being composed of four fundamental sensations, namely, bitter,
sweet, acid and salty.,  Tastes other than these wre combinations of
any two or more of the prinary sensations and produce, therefore, a
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mixed stimulation of the sense organ. There was used for this ex-
periment quinine on one day and sucrose on the second or third day
following.

In securing the samples there was collected first a resting saliva and
then the saliva secreted from the use of the taste stimulant. The re-
sults are reported in table 8. 1In the first column appears the subject
number. Tigures in columns A, B and C represent respectively the
alkalinity, acidity and total neutralizing power of cach sample. It may
be stated in general that the action of sucrose, the sweet stimulant,
tends to lower the total neutralizing power of the saliva.  Quinine, the
bitter stimulant, appears to produce the opposite condition vielding
saliva resembling that secveted in response to the stimulus of chewing

TABLE §

Comparison of effects of different types of stimulation upon salivary secretion

i SALIVA 1 2ALIVA FROM QUININE SALIVA FROM STUCROSE
NUMBER ! NORMAL RESTING STIMULUS i STIMULUS
A B < \ B I C A B C
F1 605 2320 20065 455 2520 1380 1070 © 24,50
I 4202375 3395 2,00 35.95 ‘ ‘
ra 5.00 0 30,50 2380 3.75 2055 117.15 ¢ 8.00 ' 19.15
T2 70 2865 ‘ ‘ CI8 45 550 | 23,95
F3 1200700 3.70 0 24 40 ‘ J13.25 0 8.00 1 21.25
F3 1S40 . 5.40 0 23.80 ‘ S 9.95 ) 825 18.20
Fi 19.25 0 4.75 0 24.00 ;1500 1 6.20 | 21.20
T5 1910 575 24.85 | ©10.65 . 8.00 ! 18.65
Gr 22850 25001 25.35 12,60 3.60 © 16.20
F1 11805 0 470 ;22,75 19.60 ' 1340 . 33.00 13.85 7 20.85

00

paraffine.  The well known work of Miller (13) demonstrates that fer-
menting carbohvdrates such as would be found on the teeth tend to
promote caries.  From the above experiments it would be logical to
infer that =aliva favors the condition as well, since the neutralizing power
of the sucrose-stimulated saliva approaches that of the normal resting
waliva, and a factor evaluated on this basis would be of a magnitude cor-
responding to that which under the paraffine stimulux would indicate
the presence of caries.
SUMMARY

Dialvsis of saliva shows that the total neutralizing power is chiefly
due to inorganic constituents.

The use of the Van Slvke apparatus in the determination of amino-
nitrogen in saliva is a new application of this method. The results so
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obtained show that there iz a definite correlation between the concen-
tration of inorganic constituents, the amino-nitrogen content, and the
neutralizing power of saliva; namely, that a high neutralizing power is
associated with a correspondingly high percentage of inorganie constit-
uents and with a low percentage of protein.

Data are presented which confirm Pickerill’s observations concern-
ing the effect of different constituents of the diet upon dental caries.

The use of the electric current as a salivary stimulant excites a se-
cretion markedly low in alkalinity and correspondingly high in acidity
when compared to the saliva resulting from the paraffine stimulus.
The neutralizing power of saliva scereted in response to electrical stimuli
is less than that seereted in response to the chewing of paraffine.

Differential areas of stimulation in the oral mucosa cannot be demon-
strated.

The comparison of analyvses of saliva obtained by a sweet stimulus
{sucrose) with that obtained by a bitter stimulus (quinine) proves that
the former vields a saliva low in neutralizing power and that the latter
produces the opposite result.

In conclusion I wizh to express my deep appreciation to Dr. T. Brails-
ford Robertson for his interest evineed throughout the work as well as
for the valuable suggestions offored. My thanks are also due to those
students and elinie patients who have provided the necessary material
for the experimental purposes,
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