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BY 
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Salivary influence on the caries process is most clearly dem- 
onstrated by the increased caries frequency in cases of either 
absent or substantially reduced saliva secretion, whether due to 
pathological conditions in man (PRINZ 1932, BORGMAN 1948) or 
to experimental removal of the glands in animals (summary: 
STELLING & GUSTAFSSON 1952). Which salivary factors play the 
main part in these cases and under normal conditions? Our theo- 
ries on this question naturally depend on our general concept of 
the caries mechanism. An overwhelming array of evidence has 
now accumulated in favour of Miller’s chemico-parasitical theory, 
even if it does not fully explain the initial phase of caries. Ac- 
cording to this theory, as well as our present knowledge of salivary 
physiology and chemistry, the following factors may be held to 
be of the foremost importance in the formation of acid and dis- 
solution of enamel. Hydrolysis by amylase is the first stage in the 
ntraoral decomposition of starch into simpler sugars and acids. 

Acidification through these cleavage products may be substan- 
tially hampered by a high pH value and a strong buffer effect. 
The oalciugn and phosphate content should in theory counteract 
dissolution of the calcium phosphate, the chief constituent of the 
dental hard tissues. The rate of secretion should be of significance 
for diluting and rinsing away the substrate and products of the 
acid-forming bacteria. M u c h  makes the saliva viscous, thereby 

1 This investigation forms pert of co-ordinated work on dental caries, sponsored 
by the Swedish Medical Research Council. 
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retarding flow and diffusion; new investigations indicate, more- 
over, that mucin can serve both as a substrate for bacteria (Ro- 
OERS 1948) and as an inhibitor of salivary lysozyme (SIMMONS 
1952). 

The numerous experiments which have sought to correlate the 
incidence of caries with the above-named saliva factors may be 
appraised briefly as follows (the references cited cover more or 
less complete surveys). Amylase: varying and conflicting report8 
(ERICSSON 1961). pH value and buffer effect: negative correlation 
with incidence of caries, but seldom of statistical significance 
(ERICSSON 1949). Calcium, phosphate: also negative correlation, 
but even less significance (ERICSSON 1949). Mucin, viscosity: 
positive correlation, attained however by methods involving large 
sources of error (ERICSSON & STJERNSTR~Y 1951, RATHJE 1961). 

The chief aim of this investigation has been to study the cor- 
relation of salivary glucose and lactate clearances with other saliva 
factors and with the caries incidence. The term oral glucose clear- 
ance was coined by VOLKER and PINKERTON (1947: 22, 23), who 
investigated the percentage of reducing sugar in saliva after inges- 
tion of different carbohydrates, Earlier, TEUSCHER and FOSDICK 
had made investigations along the same line (1937: 20, 21). ERICS- 
SON, working on salivary amylase, used a similar technique (1951), 
and LUNDQVIST pursued the same idea on a larger scale while 
engaged in the Vipeholm investigations (1962). 

The effect of ingesting different carbohydrates on the lactic 
acid content of the saliva was first studied by NEUWIRTH and 
KLOSTERYAN (1940) and later more exhaustively by ERICSSON 
and HELLSTR~M (1960, 1962). 

A study of the course of both substrate clearance and lactic 
acid clearance in individual cases and larger groups, promised 
reward, since strong evidence had been presented in support of 
the theory that the dissolution of enamel by caries is a relatively 
acute and intermittent process, limited to short intervals after in- 
gestion of carbohydrate when the changes in the sugar and lactic 
acid content of the saliva are most pronounced (STEPHAN 1940, 
ERICSSON 1949, LUNDQVIST 1962). 

Theoretically, it seemed quite probable that a correlation could 
exist between glucose clearance and formation of lactic acid, and 
between each of these factors and some other saliva factors. The 
amylaae activity might be assumed to affect first of all the salivary 
sugar content after ingestion of starch; further, the rate of secre- 
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tion and flow could well affect both glucose and lactate clearances. 
The secretion rate, viscosity and amylase activity seemed, there- 
fore, to be the salivary factors worth closest study in connection 
with glucose clearance and formation of lactic acid. Finally, it 
seemed advisable a t  the same time to study the possible correla- 
tion of all these saliva factors with incidence of caries. 

Xnterial. 

The experiments were carried out on persons between the ages 
of 20 and 30 with extreme caries conditions. Most of the subjects 
chosen were students enrolled at  the College of Dentistry and 
other colleges in Stockholm, and student nurses a t  the College of 
Dentistry. Subjects with less than 15 predilection surfaces that 
were either carious, filled or lost by extraction (DMF surfaces, 
not counting wisdom teeth) were designated as oaries-resista.nt. 
During the last few years, each subject in this group had had an 
average of less than two new cavities per year. Persons belonging 
to the experimental high-caries group had more than 05 DMF 
surfaces; during the last few years, they had acquired an average 
of more than five new cavities per year. 

The material comprises 31 subjects in the caries-resistant group 
and 32 in the high-caries group; the former numbered 8 women 
and 23 men, the latter 17 women and 15 men. 

The mean of the caries index (according to the 100-surface 
system) is 0.08 (0.00-0.16) for the caries-resistant and 0.70 (0.58 
-0.86) for the high-caries group. 

Certain minimum health requirements were demanded of the 
subjects in order to exclude factors which might have influenced 
the caries picture through impaired general health, gingival dis- 
orders on an endogenous basis, or pathologically influenced saliva. 
Thus, none of the participants were to have had diseases requiring 
long confinement in bed; no stomach or intestinal diseases, no 
diabetes, nephritis, anaemia or any other kind of blood disease; 
no medication with hydrochloric acid, iron salts, atropine , bella- 
donna or other medicines having pronounced effects on the auto- 
nomic nervous system; and no cases of pregnancy. 

A further requirement was that none of the subjects was to  
have indulged in extreme habits during the last five years with 
respect to frequency of carbohydrate ingestion, fruit consumption 
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and use of tobacco. Excessive brushing of the teeth was a dis- 
qualifying factor for the caries-resistant group, and the opposite 
for the high-caries group. Extreme exogenous influences were thus 
excluded as far as possible. 

Id hods. 

Clinical examinations of all subjects were performed by one of 
the authors (L. S.), and covered status with respect to caries, 
gingiva and occlusion. 

All subjects were required to give anamnestic accounts covering: 
places of birth and rearing, later places of residence and their 
dates, and condition of health from birth to the date of examina- 
tion. Special importance was attached to any factors which could 
reasonably be expected to affect the secretion of saliva. Dietary 
anamnesis included times of main meals, times and composition 
of in-between meals, and other consumption of substances con- 
taining sugar and starch. In respect to oral hygiene note was made 
of the present and previous frequency of tooth-brushing, the sub- 
jects’ own valuation of the effectiveness of their mouth hygiene, 
as well as the amount of dental care they had obtained. The den- 
tal treatment was specified in greater detail for the last few years, 
this making it possible to follow the recent development of caries 
in the subjects. 

Saliva samples for the analyses were taken without stimulation 
and at a fixed time, 10 a. m. Subjects were not permitted to eat, 
smoke or brush their teeth for one hour prior to sample-taking. 
While in a relaxed state with their lips closed, the subjects let 
saliva accumulate in their mouths and then let it drip passively 
in a measuring glass. The time needed to collect 1.6 ml of saliva 
was noted in order to determine rate of secretion; this volume was 
then transferred to a Hess viscosimeter (ERICSSON & STJERN- 
STROM 1961). Actually, it is not the viscosity as such that is meas- 
used here, but its reciprocal, the flow. This was measured at  room 
temperature every 10th minute for one hour, counting from the 
beginning of the secretion period. This method was adopted be- 
cause wide variations in the secretion time were expected from 
the subjects: in view of the spontaneous reduction in viscosity, 
the comparison between individuals and groups had to take place 
a t  a standardized time after the start of secretion (ERICSSON & 
STJERNSTR~M 1961). The figures given in the results correspond 
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to 25 cm of water, making the relative viscosity 25: (salivary flow 
reading). 

When another 2.5 ml of saliva had accumulated in the meas- 
uring glass, 1 ml was pipetted and diluted with 2 ml distilled water 
for the estimation of amylase. This was done by analyzing the 
quantity of reducing sugar liberated by 1 ml of this diluted saliva 
from 100 ml of 1 yo starch solution during a two-minute in- 
cubation period at a temperature of 37". The starch solution was 
buffered at pH 6.8 by 0.005 M phosphate buffer, and contained 
0.5 yo NaCl. 

1 ml of the saliva was used for determining the fasting value 
of the reducing substance, calculated as mg glucose/100 ml, in ac- 
cordance with the colorimetric method of FOLIN and Wu (1920). 
This volume was immediately pipetted into 2 ml HCl solution 
(0.30 ml 0.1-n HCl + 1.70 ml dist. water) in order to stop 
enzyme activity and to precipitate the protein of the saliva at  its 
isoelectric point (ARNOLD & MCCLURE 1941). 

0.2 ml of the saliva obtained was used to determine the fasting 
value of lactate in accordance with BARKER and SUMMERSON'S 
colorimetric method (1941). Here the saliva was immediately 
pipetted into 0.5 ml of 20 % CuSO,.B H,O in order to check 
further enzyme activity. 

After some minutes of rest, the subjects were permitted to eat 
white bread for two minutes. A few seconds before these two 
minutes were up, the subjects were made to swallow and then to  
remove bread crumbs from their teeth with a few simple move- 
ments of tongue and lips. The times for the following sample re- 
movals have been counted from the end of this operation. 

The aubjects were not allowed to rinse their mouths during the 
experiment. 

During the next half-hour, samples of rest saliva were taken 
at  intervals of 2, 5, 10, 20 and 30 minutes after completed inges- 
tion of bread. The two-minute sample included the quantity of 
saliva accumulated between and 21/* minutes, the five-minute 
sample between 41/g-51/p minutes, etc. 

0.2 ml of each sample was immediately pipetted into HC1 solu- 
tion for analysis of reduciq sugar in accordance with FOLIN and 
Wu. Dilutions: 

2 and 
5 min. 0.6 f i  0.1-n HCl = dil. 1 : 50 
samples 1 9.3 9 dist. water 

I 0.2 ml saliva 

13--550446. Acfa  adontol. Scandinau. Vol .  11. 
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Low caries group 

Male I Female 

"3 2o 10.2 ml saliva 
and 30 ,0.15 o 0.1-n HC1 minute 

2.66 b) dist. water samples 

High caries group 

Male 1 Female 
I 

0.2 ml of each saliva aample was immediately pipetted into a 
copper sulphate solution for lactate analysis in accordance with the 
above. 

t 
P 

Signif. 

I I 
I 

Results. 

2.614 1.857 
0.01-0.02 0.05-0.1 

I 

The results of the saliva analyses are summarized in Table 1 
together with a statistical evaluation, using Student's t-test, of 
the differences between the two groups. The 30-minute flow values 
were chosen for comparison, because sufficient volumes for 
determination were obtained a t  this time in all but two cases; 
extrapolated values for these two cases were, however, also 
included in this comparison. Calculation of viscosity in terms of 
reciprocal flow values seemed unprofitable, since the fluidity of 
the saliva as obtained from the Hess viscosimeter could just as 
well be combined directly with the other factors. For reducing 
sugar and lactate, the percentage reduction was calculated for the 
intervals of most pronounced decrease. 

Since the sex distribution differed between the two caries 
groups, the analytical values of males and females were compared 
within each group. There appeared a difference in secretion rate 
which was almost significant in the low-caries group (Tab. 2). On 
account of this difference - to be commented on in the discus- 
sion - the secretion rates of sexes are also compared separately 

Table 2. 
Sex ditterenca i n  secretion rate. 

n 
Max. 
Min. 
Med. 

' 24 8 14 I 17 
10.0 I 4.0 1 7.5 I 6.0 

1.5 1.5 0.4 
2.28 3.BB 1 2.77 
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GLLCOS 

20 1 

101 

Fig. 1. Average salivary glucose values for susceptible group (- 
and resistant group (---). 

LACTATE 

*' . '. '. '. 
.....\ 1.. 

-. '. - '0 

* *  2 5 10 20 30 min. 
BREAD 

I NC. 
Fig. 2. Average salivary lactate values for susceptible group (-- 

and resistant group (-- -). 
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in Table 1. No sigdicant sex difference or definite trend was 
found for the other analytical values. 

It appears from Table 1 that the low caries group has through- 
out the theoretically more favourable values: higher secretion 
rate, lower viscosity, lower glucose and lactate values and more 
rapid reduction of these values. There is no difference between 
the group averages for the amylase activity. 

The most significant differences are found for salivary sugar 
and lactate content. (** denotes “significant difference”, 0.001 
< P < 0.01; * denotes “almost significant difference”, 0.01 
< P < 0.06). Figs. 1 and 2 illustrate the averages of the two 
groups. 

A graphic representation of flow, glucose and lactate values, 
which was made as a preliminary to the Statistical treatment, 
revealed that of 13 cases with specially viscid saliva 11 belonged 
to the high-caries group. 

Table 3 gives the correlations between some of the saliva factors. 
The analytical values to  be compared were chosen on the fol- 
lowing grounds. Secretion rate was combined with flow and amyl- 
ase activity (columns a, a), since i t  has been previously reported 
that both these factors increase with stimulation of secretion in 
the individual (ERICSSON 1961, RATHJE 1961) ERICSSON & 
STJERNSTR~M 1961). The 2-minute glucose values were combined 
with the amylase figures (g), since the amylase activity might be 
expected to influence the reducing sugar level, especially during 
the first minutes after the ingestion. The 20-minute and 30- 
minute lactate values were chosen because the greatest differen- 
ces between groups and individuals occurred a t  these intervals; 
they were combined with the 10-minute glucose values (h, i) on 
account of the lag of the lactate maxima in relation to the sugar 
values. The reasons for the choice of the other values for com- 
parison (by c, e, f) have been given in the introduction. The 
sigmficance of the correlation coefficients has been calculated 
according to Student’s t-test. Asterisks in Table 3 have the same 
meaning as in Table 1. 

Significant positive correlations are found for sugar and lactate 
concentrations. The correlations between secretion rate and 
glucose and lactate reductions are all positive but in no case 
significant. There are tendenciee towards positive correlations be- 
tween secretion rate and flow, and between flow and glucose and 
lactate reductions. 
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Table 4. 
Case history factors. 

Occlusion, Oral 
articulation j hygiene I 

I I I I I I I 
I 

I High caries group . . .I 10 - 39 - 24-  I 6--, 12+1 
' Low caries group .... 14- ~ 35- I 17- 17-, 5 +  

The case histories were specially revised for the following fac- 
tors which could be supposed to  have contributed to  the caries 
situation of the subjects: general health, occlusion and articula- 
tion, diet and mouth hygiene. The findings were estimated and 
tabulated in the following way: 
health: 1-3 minus signs for factors which had impaired the 

general state of health for any appreciable time or led to hos- 
pitalization; 

occlusion - articulation: 1-3 minus signs for disturbances which 
might have impaired the function and self-cleaning of the teeth; 

diet: 1-3 minus signs for carbohydrate ingestions between meals; 
mouth hygiene: 1-2 minus or plus signs for a standard below or 

above one daily tooth-brushing, respectively. 

The sums of minus and plus signs for the two groups are given 
in Table 4. Of the results, which must of course be judged with 
great caution on account of their partly subjective background, 
the most striking is the difference in mouth hygiene in favour of 
the high-caries group. This group also has the more favourable 
record regarding general health, while articulation and dietary 
data are better for the low-caries group. 

Discussion. 

The results of this investigation should naturally be seen in the 
light of the previous knowledge of intraoral enzymatic acid forma- 
tion and salivary influences on this process. The following may be 
said to be the most immediate theoretical expectation regarding 
the r61e of the factors analyzed in this investigation. A high 
amylase activity makes for a rapid saccharification of ingested 
starch and a high immediate salivary level of reducing sugar, but 
also for a rapid elimination of the starch from the oral cavity. 
A high level of reducing sugar in the saliva means a rapid dif- 
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fusion into the dental plaque and other oral bacterial deposits, 
resulting in rapid acid formation. "his is reflected in a high lactate 
content in the saliva through diffusion from the deposits (ERICS- 
SON & HELLSTROM 1952). On the other hand, a high salivary 
secretion rate makes for a rapid washing away of bot,h sugar and 
lactate, as does a low viscosity of the saliva. 

Assuming this course to be of crucial importance in the devel- 
opment of caries, all the differences found between the two groups 
in this investigation tend in the theoretically expected direction. 
The most important result is the strong connection between the 
salivary glucose and lactate levels, and between both factors and 
the caries picture. This confirms the impression that the intraoral 
sugar time (LUNDQVIST 1952) and acid production are the most 
important causal factors in dental caries. It also indicates that  
individual differences in the carbohydrate clearance may play an 
important part in the susceptibility to dental caries. It would, 
of course, be of great interest to  study as well the effects of sucrose 
ingestion on salivary glucose and lactate clearances. 

The small differences in secretion rate and flow between the 
caries extremes agree with the findings in numerous investiga- 
tions on salivary pH, buffering, calcium and inorganic phosphate 
( ERICSSON 1949): the differences regularly go in the expected 
direction, but the statistical significance is in most cases rather 
weak. A possible explanation of this fact lies in the complexity 
of the caries process, where bacterial, dietary, gingival and enamel 
factors, to  mention just the most obvious, also play their part. 
It is clearly difficult to  prove the effect of one single factor in 
such a context. 

The difference in secretion rate between the sexes was found 
to  be rather great in this material. BECKS and WAINWRIQHT 
(1943), in a much larger material, found rather small and sta- 
tistically non-significant differences between the sexes in all ages. 
The difference may simply depend on the smaller size of the female 
subjects - or their heads and salivary glands - and may have 
been especially large due to random factors in this particular in- 
vestigation. 

The revelation, in the survey of the case histories, of better 
average mouth hygiene in the high-caries group indicates that 
this factor is not particularly significant in the development of 
caries or lactic acid formation. 
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Sumniar y. 

The secretion rate, flow and amylase activity of the saliva, 
and its glucose clearance and lactate content after bread inges- 
tion, were analyzed in 63 subjects between 20 and 30 years of 
age, about equally divided between one group with very high 
and one with very low caries frequency. The susceptible group 
was found to have higher average sugar and lactate levels in the 
saliva during the half-hour immediately following the ingestion. 
Positive correlations were found in both groups between glucose 
and lactate contents. These differences and relationships were 
statistically significant. 

Non-significant trends were found towards higher values for 
secretion rate and flow for the resistant group, and also towards 
positive correlations between secretion rate and flow on the one 
hand, and glucose and lactate elimination on the other. The 
amylase activity showed no differences between the groups, and 
no consistent relationship to the other factors. 

Zusammentassung. 

Sekretionsgeschwindigkeit, Fliessvermogen und Amylase- 
wirkung des Speichels, gleichwie Glucoseclearance und Lactat- 
gehalt nach Brotzufuhr, wurden analysiert bei 63 Versuchsper- 
sonen zwischen 20 and 30 Jahren, verteilt auf zwei etwa gleich 
grosse Gruppen mit sehr hoher bzw. sehr niedriger Kariesfrequenz. 
Es wurde gefunden, dass die kariesempfangliche Gruppe eine hal- 
be Stunde unmittelbar nach dem Zufuhr durchschnittlich hohere 
Zucker- und Lactatwerte im Speichel hatte. Positive Korrelation 
zwischen Glucose- und Lactatgehalt wurde in beiden Gruppen ge- 
funden. Diese Unterschiede und Korrelationen waren statistisch 
signifikant. 

Nicht-signifikante Tendenz zu hoheren Werten fur Sekretions- 
geschwindigkeit und Fliessvermogen wurde in der resistenten 
Versuchsgruppe gefunden, wie auch Tendenz zu positiven Kor- 
relationen zwischen Sekretionsgeschwindigkeit und Fliessvermogen 
auf der einen Seite, Glucose- und Lactatelimination auf der an- 
deren. Die Amylasewirkung zeigte keinen Unterschied zwischen 
den Gruppen und keinen konstanten Zusammenhang mit den 
ubrigen Faktoren. 
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RBsunid. 

La vitesse de s6crdtion et de coulage, l’action d’amylase et  la 
clearance de glucose e t  d’acide lactique aprBs ingestion de pain 
ont dtd dtudi6es chez 63 sujets ayant entre 20 et 30 ans, repartis it 
peu prBs Bgalement en un groupe it frkquence de carie trBs haute 
et un groupe B fr6quence trBs basse. On a constat6 que le groupe 
susceptible avait en moyenne des titres de glucose et de lactate 
plus hauts pendant la demi-heure suivant immkdiatement l’inges- 
tion que ne l’avait le groupe r6sistant. Des corr6lations positives 
ont 6t6 trouv6es dans les deux groupes entre les titres de glucose 
et de lactate. Ces diffdrences et  corr6lations Btaient statistique- 
ment significatives. 

Des tendances non-significatives ont 6th trouv6es pour de plus 
hautes valeurs de vitesse de s6crdtion et de coulage dans le groupe 
r6sistant, et aussi pour des corrdlations positives entre la vitesse 
de sdcrdtion et de coulage d’un cot6, l’dlimination de glucose et  
de lactate de l’autre. L’action d’amylase n’a montr6 aucune dif- 
f6rence entre les groupes ni aucun rapport constant avec les autres 
facteurs examin6s. 

References. 

ARNOLD, F. A., and Mc CLURE, F. J.: A study of the relationship of 
oral lactobacillus acidophilus and saliva chemistry to dental caries. 
Pub. H. Rep. 56: 1495, 1941. 

BARKER, S. B., and SUMMERSON, W. H.: The colorimetric determina- 
tion of lactic acid in biological material. J. Biol. Chem. 138: 535, 
1941. 

BECKS, H., and WAINWRIQHT, W. W.: Human saliva XIII. Rate of . .  
flow of resting saliva of healthy individuals. J. Dent. Res. 22: 391, 
1943. 

BORGMAN, H.: Zur Frage der Zahnschaden bei rontgenbestrahlten 
Tumor-Patienten. D. Zahn-, Mund- u. Kieferheilk. 11: 37, 1948. 

ERICSSON, Y.: Enamel-apatite solubility. Acta Odont. Scand. 8: suppl. 
3, 1949. 

ERICSSON, Y.: On the salivary amylase and its significance in the caries 
process. Acta Odont. Scand. 9: 89, 1951. 

ERICSSON, Y., and HELLSTROM, I.: Salivens mjolksyrehalt efter kol- 
hydrattillforsel. Sv. Tand1.-Sallsk. Festskrift 1950, p. 115. 

ERICSSON, Y., and HELLSTROM, I.: The lactic acid content of the saliva 
after carbohydrate ingestion. Acta Odont. Scand. 10: 118, 1952. 

ERICWON, Y., and STJERNSTROM, L.: Saliva viscosity measurements. 
Oral Surg., Med., Pathol. 4: 1465, 1951. 



194 Y. ERICSSON? I. IIELLSTB8M, B. JARED AND L. STJERKSTRfiY. 

FOLIN, O., and Wu, H.: A simplified and improved method for deter- 
mination of sugar. J. Biol. Chem. 41: 367, 1920. 

QVIST, c., GRAHNBN, H., BONOW, B. E., and KRASSE, B.: The 
Vipeholm Dental Caries Study. The effect of different levels of 
carbohydrate intake on caries activity in 436 individuals observed 
for five years. Acta Odont. Scand. 11: 195, 1954. (Swedish pub- 
lication: Sv. Tandl. Tidskr. 45, suppl., 1952.) 

LUNDQUIST, C.: Oral sugar clearance. Odont. Revy 3, Suppl. 1, 1952. 
NEUWIRTH, I., and KLOSTERMAN, J. A,: Demonstration of rapid pro- 

duction of lactic acid in oral cavity. Proc. Yoc. Exp. Biol. Med. 45: 
464, 1940. 

GUSTAFSSON, B. G., QUENSEL, C.-E., SWENANDER LANKE, L., LUND- 

PRINZ, H.: Xerostomia. D. Cosmos 74: 129, 1932. 
RATRJE, W.: Sympathicotomy of the salivary glands as a cause of den- 

tal caries. J. Dent. Res. 30: 783, 1951. 
RoOERs, H. J.: Bacterial hydrolysis and utilization of polysaccharide- 

like substances (“mucin”) in saliva. Nature 161: 815, 1948. 
SIMMONS, N. S.: Studies on the defense mechanisms of the mucous 

membranes with particular reference to the oral cavity. Oral Surg., 
Med., Pathol. 5: 513, 1952. 

STELLINO, E., and GUSTAFSSON, G.: Experimental dental caries in 
animals. Odont. Tidskr. 60: 27, 1952. 

STEPHAN, R. M.: Changes in hydrogen-ion concentration on tooth sur- 
faces and in carious lesions. J. A. D. A. 27: 718. 1940. 

TEUSCHER, G. W., and FOSDICK, L. S.: The retention of reducing sugars 
in the saliva after mastication of carbohydrate. N. W. U. Bull. 37: 
17, 1937. 

TEUSCHER, G. W.: Sugar retention in the mouth. N. W. U. Bull. 37: 47, 
1937. 

VOLKER, J. F., and PINKERTON, D. M.: Some observations on the 
clearance of glucose from the oral cavity. J. Dent. Res. 26: 9, 1947. 

VOLKER, J. F.: Factors influencing oral glucose clearance. J. Dent. Res. 
26: 225, 1947. 

Address: Tandlakarhogskolan, 
Stockholm C, 
Sweden. 


