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CLlNICAL 1NVESTIGATIONS OF THE SALIVARY 
BUFFERING ACTION 

Soiiie of the iiiost frequent and iniportant pathological condi- 
tions of the teeth and the oral cavity are strongly dependent on 
pH changes. Dental caries and erosion are both characterized, 
at  least in their initial stages, by the dissolution of the inorganic 
salts of the hard dental tissues. This dissolution is 1ii:rinly caused 
by a lowered pH value of the fluid layer adjoining the tooth sur- 
face. The formation of calculus, and of occasional stones in the 
salivary glands and ducts, is characterized by a precipitation of 
largely the same salts which are dissolved in the above-mentioned 
processes. Even if the role played by pH increases in this stone 
formation iiiay be less dominating than the acidification is for 
the dissolution, there is still ample evidence that allcalinization 
is an iniportant factor in calculus formation (Nrrslund 1926, 
Sand 1949). 

The buffering power of the saliva is, by definition, its ability 
to counteract pH changes. It should then, theoretically, be of 
importance for the protection against the above-mentioned patho- 
logical processes. For obvious reasons iiiost of the studies in this 
field have dealt with the relationship between caries and the 
salivary buffering in the pH range below neutrality, generally 
down to about pH 5. Table 1 gives a suiiiniary of published re- 
sults. 

It is seen from Table 1 that most investigators have found an 
inverse relationship between the salivary buffering power and 
the caries experience. A coiiiparison with the results of studies 
of the relationship between other salivary factors and dental 
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caries justifies the stateiiient that the buffering action has the 
best established connection with caries. Investigations by Munly 
(1954) of the acidity of artificial plaques in glucose - phosphate 
buffer solutions indicate one possible riiechanisiii of this con- 
nection. 

The physico-chemical iiiechanisin of the salivary buffering has 
been the object of several previous studies (Ericsson 1949, Sell- 
man 1950, W a h  Leung 1951, Lilienthal 1955 a, b).  It has been 
established that the COz-HCOs systeiii accounts for the greatest 
part of the buffer capacity in the pH range about and below 
neutrality. With a constant concentration of the total carbonic 
acid systeiii in the solution the cheiiiical buffering capacity of 
this systeiii has its iiiaximuiii at pH 6.3, at the average ionic 
strength of saliva. However, both the COZ capacity and the actual 
salivary content of the total carbonic acid systeiii increase with 
increasing pH. The actual chemical buffering of the carhoiiic 
acid systeiii in the saliva therefore increases to about pH 7.7. 

In addition, the carbonic acid systeiii exerts a buffering action 
according to another mechanism. With a lowered COZ pressure 
or lowered pH, volatile COZ is liberated froiii the liquid phase. 
This escape of an acid substance constitutes the so-called phase 
buffering. Since the COc pressure of the freshly secreted saliva 
is higher than that of the oral cavity, and even higher than that 
of the alveolar air (Clark & Shell 1927, Sand 1949) such a COt- 
liberation will always take place in the mouth. The presence in 
the saliva of the enzyiiie carbonic anhydrase iiiay catalyze the 
transforiiiation HzCO~+COZ+H~O ( R n p p  1945, 1946, Snnd 1!)49). 

In coinparison with the carbonic acid systeiii the inorganic phos- 
phates and the proteins play a iiiinor role a s  buffer substances. 
This is evident froiii their coiiiparatively low concentrations in the 
saliva. N o  correlation is found between the inorganic phosphate 
content of the saliva and its buffer effect (Hubbell 1933, White 6 
Bunting 1W6).  The mandibular iiiucoid has practically no buf- 
fering action in the pH range below neutrality (Oldfeldf 1936). 
On the contrary, the mucoid is apt to contribute to the acidificn- 
tion of the saliva through the liberation of acid substances by 
the action of bacterial enzyiiies (Rogers 1948, 1949). 

The experiiiiental part of this investigation has had the follow- 
ing aims, 
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1. to establish a simple and practicable test iiiethod for the 
clinical estimation of the salivary buffering action, 

2. to study the diurnal variation of the buffering, 
3. to study the possible variation with some dietary factors. 

I. METHODS OF ESTIMATION OF SALIVARY BUFFERING 

The iiiain iiiethod of estimation of the buffering action of the 
saliva within a certain pH range is titration with acid or alkali 
between two pH limits in this range. As can be seen froiii Table 1 
a very coniiiion iiiethod has been the titration froiii the original 
pH of the saliva to the colour shift of iiiethyl orange (about 
pH 4). This, however, is  a rather indistinct endpoint, especially 
in flocculent saliva samples. Lactic acid is especially unsuitable 
for titration to this endpoint on account of its own diminishing 
dissociation in this pH region. 

Electroiiietric titration has obvious advantages over the colori- 
iiietric method, but the endpoint is still somewhat difficult to 
define because of the slow escape of volatile COZ. Soiiie electro- 
iiietric titration iiiethods which have been used are indicated in 
Table 1 .  

Since the carbon dioxide capacity of the saliva is a function 
of its alkali reserve the determination of this capacity can be 
used as  R buffer test. There is a strong correlation with the re- 
sults of a titration method, as can be calculated from Hubbell’s 
parallel results with both methods (1933).  

None of these iiiethods is very precise. With a carefully per- 
formed micro-titration method Ericsson ( 1949) found about 6 % 
error. Simplified methods iiiay therefore be used with little or 
no loss of accuracy. Forbes (1932) mixed 3 nil of saliva with 
1 +0.5 1111 0.02-N hydrochloric acid and iiieasured the resulting 
pH electroiiietrically after each of these two additions of acid. 
The correlation of this test with the iiieasureiiient of the carbon 
dioxide capacity was found to be good. Ericsson ( 1 9 5 3 ~  working 
with a siiiiilar method, found that the pH value was not sta- 
bilized until after 15-20 minutes’ bubbling with air due to the 
gradual escape of the liberated carbon dioxide. Such an aeration 
procedure iiieans a standardization of the phase buffering of the 
saliva saiiiples. 
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For a clinical estimation of the salivary buffering the follow- 
ing method was first used by the author (clinical test I ) .  Equal 
voluiiies of saliva and 0.01-N hydrochloric acid are mixed and 
bubbled through with air for 20 minutes. The resulting pH is 
determined, preferably electrometrically. The correlation between 
this test and the sanie author’s microtitration inethod, mentioned 
above, is illustrated by Fig. 1. 
PH 

8 

. 
. . 
. 

0 

3 44 
0 6 10 I6 20 26  SO 

rn E/I 

Fig. 1. Correlation of microtitration (abscissae) and clinical test I 
(ordinates). 

Note horizontal deviation for the strongest buffered salivas. 
resting saliva . stimulated saliva 

It appears from the diagram that this siiiiplified test hardly 
differentiates between those stiiiiulated salivas which, according 
to the microtitration, are most strongly buffered. While the nie- 
thod is still useful for clinical estimations, it can thus not be 
applied in more precise investigations of the stiiiiulated saliva. 
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A revised method was therefore worked out in which the quan- 
tity of acid added to the stimulated saliva was increased 50 per 
cent. This method, which is here called the clinical test 11, is 
described in the following. 

Standardization of sampling 

Throughout this investigation resting or unstiiiiulated saliva 
(RS) was taken from subjects sitting in a relaxed position, with 
the lips closed and the head slightly bent forward, so that the 
saliva accuinulated in the anterior part of the mouth floor, with- 
out any iiiovenients of the tongue or lips. The saliva was pas- 
sively dripped through a funnel into an ice-cooled iiieasuring 
glass which was then iiiiiiiediately sealed with wax. 

Stimulated saliva (SS) was obtained by vigorous chewing of 
paraffin. It was collected in the same way as described above. 

Tests were performed which showed that storage of the saliva 
markedly increases its buffer capacity, even at  refrigerator teni- 
perature and with the addition of toluene (Table 2). The deter- 

Table 2. Effect of storage in refrigerator on salivary buffer capacity. 
Per cent increase of buffer effect as titrated down to pH 5.0 

(average of 6 test series). 

1 Type of storage 1 Saliva ' 3 hours ! 6 hours 124 hours 

I 2 ml glass ampoule practically I RS I 4.4 0.8 14.1 
filled. 1 drop of toluene added I SS I 11.0 1 14.5 1 17.9 

2 ml saliva in 10 ml glass RS I- cylinder. No toluene 

-~ 

iiiinations were therefore performed immediately after the saiii- 
pling. 

UnstimuZated saliua. 1 nil saliva + 2 nil 0.005-N HCI + 1 nil 
dist. water. One drop of capryl or octyl alcohol added to prevent 
foaming. Air bubbling through a capillary for 20 min. Electro- 
metric determination of resulting pH. 

Stimzilated saliua. 1 nil saliva + 3 1111 0.005-N HCI; capryl or 
octyl alcohol ; bubbling and pH determination as above. 

With this method, lower pH values are obtained for stiiiiulated 
saliva than according to the method illustrated by Fig. 1, and 
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consequently a clear differentiation is possible even between the 
most strongly buffered specimens, as appears froiii Fig. 3. On 
the other hand, coiiiparisons between resting saliva and sti- 
mulated saliva are not possible. Stimulation by chewing paraffin 
generally increases the buffer capacity in this pH region by about 
60-80 % (Ericsson 1949). 

PH 

0 6 10 16 20 
rn E/I 

Fig. 2. Correlation of microtitration (abscissac) :ind clinical 
test I1 (ordinates). Resting sdiwi.  

The diagrams, Figs. 2 and 3 show :I strong correlation between 
this test and the author’s microtitration method (Zx.); the r 
values were found to be 0.94 for resting saliva and 0.96 for sti- 
iiiulated saliva. In another series of 190 individual cases where 
only the clinical tests were carried out the pH values found for 
resting saliva varied between about 2.75 and 6.75, for stiniulatetl 
saliva between about 3.00 and 8.25. For resting saliva the average 
was found to be in the range 4.50-4.75, for stimulated saliva in 
the range 6.00-6.25. 
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8 

7 

0 

6 ,  

On account of the linear relationship of this test to  the titra- 
tion results, and since the pH values obtained have shown a nor- 
mal distribution in both RS and SS series, the figures have 
throughout been treated as a linear function in spite of their 
logarithmic nature. 

4 .  

3 .  

a . 
. a  

a 
a 

a . r S  
a 

m E/I 

Fig. 3. Correlation of microlitration (abscissae) and clinical test I1 
(ordinates). Stimulated saliva. 

11. DIURNAL VARIATION OF SALIVARY BUFFERING 

Little work has been done on the diurnal variation of the buf- 
fering action of saliva. Krasnozv (1932) found a higher neutral- 
izing power in the afternoon than in the morning. Forbes (1932) 
found a decrease in its neutralizing action after a light meal; 
this was not due to the chewing per se, since chewing of paraffin 
or gum did not produce the same decrease. Van der Molen h 
Offringa (1909) found, in 2 tests with resting saliva, the highest 
buffer capacity in the morning, the lowest one hour after break- 
fast and lunch, rising towards the following meals. Kulz  (1887). 
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in a single test, found a decrease in the salivary content of bound 
carbonic acid 1-3 hours after a meal. 

The salivary pH values, which have a strong relationship to 
the buffer ing action, have been studied iiiore extensively. Stnrr 
(1922) found a n  inverse relationship of the salivary pH to the 
alveolar COS pressure after the iiiidday meal. On the other hand, 
Anderson (1949) found no influence of meals on the salivary pH 
measured "immediately afterwards". The same author found a 
statistically significant increase in the pH value 2 hours after 
lunch. Henderson d Millet (1927) found low pH values on rising 
in the morning, slightly increasing during the day. This course 
was interrupted by each meal which involved soiiie chewing: :I 

sharp rise in salivary pH iniiiiediately after the iiieal was fol- 
lowed by a depression 1/2--3/4 hour afterwards. 

When judging the results of pH and buffering iiieasureiiients 
following a iiieal one must consider, in addition to the systemic. 
changes produced by the food intake per se, the prolonged effect 
of the stimulation of the salivary flow and the effect of acids 
produced locally froiii foods containing carbohydrate. Fig. 4, froiii 

MIN. 
Fig. 4. pH changes of mixed saliva after candy ingestion. 

Average of 25 subjects. Saliva samplss collected, without intenlional stimu- 
lation, between time intervals 1W-2% min (= 2 min sample), 

4?4-5?4 min (= 5 min sample), etc. 
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unpublished work by Ericsson & Oberg (1954), illustrates both 
these effects. During the minutes iiiiniediately following the in- 
gestion the salivary pH is considerably elevated because of the 
stimulation. After 10-15 iiiinutes there is a pH decrease of an 
order which may well be explained by the acids formed in the 
oral cavity (Ericsson 1949, Ericsson 6. nl. 1954, Neiirvirth h Sam- 
merson 1951). These pH changes, which seem to have been un- 
known to soiiie of the previous authors in this field, must evi- 
dently also influence the buffer effect. 

Experimental 

In 5 normal, healthy, young, adult subjects the diurnal varia- 
tion was studied in the following way. 

Samples of the iiiixed saliva secretion were taken iiiiiiiediately 
on rising in the morning, without previous brushing of the teeth, 
and at the following tiiiie intervals after breakfast, lunch and 
dinner: 15 iiiin., 30 niin., 1 hour, 2 hours, 3 hours. The teeth 
were brushed without dentifrice for 2 niin. imniediately after 
each meal. No siiioking and no in-between meals were allowed 
on the test days. 

Fig. 5. Diurnal variation of the buffering power of resting saliva. 3-day 
averages of 5 subjects. Vertical lines denote end of meals, abscissae 

the following hours. 
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Fig. 6. Diurnal variation of the h f fer ing  power of stimulated saliva. 
The same subjects and diagram construction as in Fig. 5. 

The saliva was collected and iiiiiiiediately pipetted for the buf- 
ber test which was perforiiied according to the technique pre- 
viously described (clinical test 11). 

Resting saliva was tested in this way for three days, paraffin 
stimulated saliva for three subsequent days. 

Results 

The averages for the 5 subjects are given in Figs. 5 and 6. 
Fig. 7 gives a n  exaiiiple of the single tests of resting saliva in 

one of the subjects. 
In spite of the well-known general variation of the coniposi- 

tion and quantities of the saliva the following features can Be 
discerned. 
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1 2 3  
Fig. 7. Variation of the buffering power of resting saliva of one subject on 

three consecutive days. 

1. A higher buffer capacity iiiiiiiediately on rising than after 

2. An increased ,buffer capacity 1/4 hour after the meals. 
3. In iiiost cases a drop of the buffer capacity %-1 hour after 

each meal. 
4. A general trend towards increasing buffer capacity during 

the whole day after breakfast, with a downward tendency in iiiost 
cases in the evening. 

breakfast. 

Discussion 

It is well known that even slight nervous stimuli have an ini- 
mediate effect on the salivary secretion, infer  rrlia increasing its 
pH value (Schmidt-Nielsen, 1946, and others). This might be the 
reason for the high iiiorning values obtained for the buffer effect, 
since rising from the bed involves a considerable irritation. How- 
ever, Henderson & Millet, as pointed out earlier, found especially 
lozii salivary pH values on rising. Soiiie difference in saiiipling 
technique niay account for this apparent discrepancy. 

Hrrsfings h Eisele (1940) found the following changes in blood 
HC03 content during the day: a rise of about 2 iiiillinioles during 
the forenoon (as compared with the morning value); a return 
to the morning value in the afternoon; an increase of approxi- 
iiiately 1 iiiM 1.5-2 hours after a meal. It may be significant 
that these changes are directly opposite those of the salivary 

10 - Actir odont. Smnd.  Vol .  17 
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buffering. The acidity of the saliva has likewise been found to 
vary inversely with that of the urine (Stnrr 1!122) and that o f  
the gastric juice (Rcindel 1940). 

Further, Browne h Vineberg (1932) found that an increased 
COz content of the plasiiia caused a rise of both the voluine and 
the acidity of the vagus-induced secretion of gastric juice. Dianios 
inhibition of carbonic anhydrase has been found to decrease the 
acidity of gastric and renal secretion (review: Maren h nl .  1954), 
and to decrease the buffer capacity of the saliva (Niedermeier 
h nl. 1955). All these data seein to fit the :issumption that sali- 
vary alkalinity is influenced by a non-nervous mechanism also. 
which would have an opposite effect on the gastric and urinary 
secretions. 

The stimulation of the buffer effect by a iiieal and the sub- 
sequent reaction indicate that saliva sanipling for the deterniina- 
tion of the buffer capacity for diagnostic purpose should be done 
at least one hour after a meal in order to obtain R S  st:ible results 
as possible. Tests for inter-individual coniparisons should be done 
either before or after lunch. 

111. INFLUENCE OF FOODS ON THE SALIVARY I3UFFEIi CAPACITY 

Nervous stiiiiulation is well known to influence the rate o f  
salivary secretion, and the blood supply to the glands also has 
an effect on the secretion. The established influence of water loss 
and thirst may be assumed to be exerted via the blood supply. 
Since there is a strong positive relationship between the secretion 
rate and the buffer capacity, the latter is evidently also dependent 
on the factors mentioned. 

Regarding the possible influence of dietary constituents on the 
salivary buffer capacity there is inuch less inforiiiation :ivailnble. 
Only Wil ls  Ce Forbes (1939) seeiii to have studied this question 
systematically, and on a very limited material. They found :in 
increased capacity of the saliva to neutralize acid with a diet 
rich in protein and vegetables, while a diet rich in carbohydrates 
lowered the neutralizing power. The buffer capacity iiiight further 
be slightly increased by the increased phosphate content which, 
according to some investigators, follows the administration o f  
phosphate (Eddy  h nl. 1933, Bleser 1939, Eggers Litra 1946). 
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A. Influence of proteins, carbohydrates and vegetables on the 
salivary buffering 

5 subjects were chosen for this investigation, a11 laboratory 
workers or persons fami1i:ir with this work, and :ill about 20 
years of age and healthy. 

The experimental period comprised 4 consecutive weeks during 
which the following dietary regilllens were kept Monday-Fri- 
day: (1)  the subjects’ customary diet; (2 )  a protein-dominated 
diet; ( 3 )  a vegetable-dominated diet; (4) a carbohydrate-do- 
niinated diet. 

During the protein week each lunch comprised eggs with bacon or sausages, 
or fish, and one small slice of bread with butter. Dinner comprised meat 
or fish and ice cream. N o  coffee or tea with these meals. Milk and cheese 
were included in every meal, i.e. also breakfast and occasional evening meals. 

During the uegetable week lunch and dinner consisted of vegetables with 
the quantities of fat necessary for the preparation. The beverage was fruit 
juice. One small slice of bread with butter was included in the lunch. 
The dinner dessert was fruit. No coffee or tea with these meals. Proteins 
were avoided at  breakfast and evening meal. 

During the carbohgdrate week every lunch comprised corn flakes with 
lingonberry jam and milk. Dinner consisted of flour-rich food, without meat, 
fish or eggs. The beverage was lemonade, and bread, butter and marmelade 
were included in each meal. 

Samples of resting saliva and stimulated saliva were taken 
according to the standard technique half an hour and two hours 
after the coiiipletion of each lunch, Tuesday-Friday. 

Results 

The results of the buffer tests are condensed in Table 3. 
It is seen that proteins and vegetables increase the buffer capa- 

city, the strongest effect being obtained with proteins, while 
carbohydrates tend to decrease the buffer action. All the differ- 
ences obtained point in this direction, while only part of the 
differences are statistically significant. 

Discussion 

The results of our tests agree with those of Wills & Forbes, 
although these authors found a greater buffering increase with 
vegetables than with meat. There are thus good reasons to as- 
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suiiie that the salivary buffering is one of the ways by which 
the different foods influence the caries process. 

It is noteworthy that the alkalinity of the saliva is increased 
by proteins which are known to be acid-forming in the body, 
and to make the urine more acid. Part of the explanation might 
be the following. Proteins are acid-forming iiiainly through their 
content of sulphur which on oxidation yields sulphuric acid. 
While these acid groups are excreted with the urine to a great 
extent, very little sulphur is found in the saliva. 

B. Influence of alkalosis and acidosis 

There seem to be no investigations regarding the possible in- 
fluence of alkalosis and acidosis on the salivary buffer capacity. 
The tests with different foodstuffs do not indicate any simple 
relationship to these factors; however, the foods iiiay also have 
an influence through other iiiechanisnis than their combustion 
residues. 

Anderson (1949) found that peroral doses of aiiiiiioniuni chlo- 
ride and sodium bicarbonate, sufficient to influence the urinary 
pH level, also significantly changed the salivary pH in the cor- 
responding directions. With regard to the connection between 
pH and buffer action of saliva an investigation of the possible 
influence of alkalosis and acidosis on the latter thus seemed 
justified. 

Experimental 

The following tests were perforiiied with 12 healthy adult sub- 
jects. The noriiial salivary values were obtained by analyses of 
samples of resting saliva and stiiiiulated saliva taken 2 hours 
after breakfast and 2 hours after lunch for 4 days. 

To test the influence of alkalosis 8 g sodiuiri bicarbonate in 
gelatin capsules were swallowed together with 200 1111 water one 
hour after breakfast on two consecutive days. Saliva saiiipling 
was performed two hours after breakfast and lunch on both days. 

During two days of a following week the influence of acidosis 
was tested with 5 g aniiiioniuiii chloride in the saiiie way. 

In addition to the buffer effect the secretion rate was deter- 
mined, and in the stimulated saliva also calcium plus niagnesiuiii 
and inorganic phosphate. CafMg was determined by titration 
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with ethylene dianiine tetraacetate according to a technique pre- 
viously worked out (Ericsson 1955). P was determined photo- 
metrically after precipitation of the protein and mucoid at the 
isoelectric pH of saliva (Ericsson 1953). 

Results and Diseussion 

A tendency towards an increase in buffer capacity and secre- 
tion rate in the resting saliva may be deduced from Table 4, as 7 
out of 8 comparisons point in this direction. Since this tendency 
is found both in alkalosis and acidosis, and not in stiniulated 
saliva, it niay be due to the nervous irritation produced by the 
ingestion rather than to the alkalosis or acidosis per se. Compare 
the lack of correlation between plasma and salivary bicarbonate 
in Sand’s experiments with acidosis (1951). 

The content of inorganic phosphorus of the stimulated s a 1’ iva 
was increased significantly one hour after the ingestion of bi- 
carbonate, while the increase of the corresponding afternoon 
value was non-significant. The mechanism of this apparent effect 
must remain an open question. 

111. INFLUENCE OF THE INGESTION OF BONE SALTS ON SALIVARY 
BUFFER CAPACITY 

Several investigators have found a mitigating influence of the 
salts contained in bones and teeth on the development of aniiiial 
or human caries or on the acid decalcification of dental enamel 
in vitro. Schroder (1941) reported that 1 ?L calciuiii phosphate 
added to flour prevented enamel dissolution if teeth were ex- 
posed in vitro to fermentation of this flour in saliva. The addi- 
tion of calcium phosphate to a cariogenic diet had a caries-pro- 
tective effect in animal experiments. Harootinn (1943) obtained 
a caries reduction in human subjects through the adniinistra- 
tion of bone salts. Strdlfors (1956, 1957) found similar caries re- 
ductions both in hanisters and school children through the addi- 
tion of 2 7% calcium phosphate to the food. Bnrnnrd & Johnnsen 
(1958) could confirm this in rat experiments. 

While a direct local retention of such salts with n protecting 
action against enamel dissolution would be the simplest and 
perhaps also most probable explanation of this effect, a systemic 
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influence on the saliva may also be visualized. The following 
experiments were designed to test this supposition. 

Experimental 

In principle the experiment consisted of daily analysis of the 
salivary secretion rate, buffer capacity, and contents of calciuin 
plus iiiagnesiuni and phosphorus during a week with 8 low 
dietary calciuin phosphate intake, supplemented for the last 
three days with bone meal tablets. 

Seven nornial healthy subjects between 15 and 45 years of age 
kept their ordinary dietary during the test week, with the ex- 
clusion of milk, cheese and eggs. Resting saliva and stiiiiulnted 
saliva were collected according to the standard method 2 hours 
after breakfast and 2 hours after lunch on the 2nd-7th day of 
the experiment. 

Beginning with dinner the 4th day, 0.3 g bone meal tablets 
were taken before every meal, 3 tablets before breakfast and 
lunch and 4 before dinner. The tablets contained 100 ins GI, 
46 ing P, 0.5 mg Mg, 0.15 ing F, 0.03 nig Si, and sinall quantities 
of sorbitol, niannitol, cocoa, etulose, talcum and chocolate aroma. 
The tablets were chewed and swallowed with soiiie water. 

The analyses which were made according to the methods pre- 
viously described coinprised secretion rate and buffer effect in 
resting saliva and stiinulated saliva, and calciuin + inagnesiuni 
and inorganic phosphorus in stimulated saliva. 

Results 

The results are condensed in Tables 7 and 8. The only apparent 
effect of the bone ineal ingestion was on the calciuiii plus iiiagne- 
siuiii content of the saliva which was slightly elevated. 

IV. INFLUENCE OF FLUORINE IN~CESTION ON SALIVARY BUFFER 
CAPACITY 

It has been suggested that the ingestion of inoderate doses of 
fluorine would increase the rate of flow of the saliva and, thereby, 
its buffer capacity (Rathje  1952, Knnppwost 1952, Bishop & nl. 
1955). On the other hand, it has been reported that the inges- 
tion of down to  10 mg sodiuiii fluoride causes acidosis of t he  
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blood and saliva (Yonezawa 1957). To test the supposition that 
moderate doses of fluorine might influence the salivary buffer 
capacity and/or secretion rate the following experiment was per- 
formed. 

Saiiiples of resting saliva and stiniulated saliva were taken 
froiii ten healthy subjects 2 hours after breakfast and 2 hours 
after lunch, according to standard technique. On the 3rd and 4th 
days the subjects swallowed 5 iiig fluorine, as sodiuiii fluoride, 
dissolved in 15 1111 distilled water; this was taken 1 hour after 
breakfast. Soiiie of the subjects iiieant to feel some very slight 
nausea froiii the fluoride ingestion while the others could not 
report any particular sensation. (With twice this dose of fluorine 
the author had a very vague feeling of nausea). 

Results 

The results of the determinations of secretion rate and buffer 
capacity are condensed in Table 9 where the individual analysis 
figures represent the averages of the two test days and the two 
control days, respectively. 

It appears from the table that the average buffer effect and 
secretion rate was higher on the test days than on the control 
days in all coiiiparisons except one. This increase was greater 
in the fore-noon (one hour after the fluorine ingestion) than in 
the afternoon in three cases out of four. Two of the fore-noon 
differences ~iiay be regarded as significant. 

Discussion 

It may be concluded that these doses of fluorine have shown 
a slight tendency to increase the secretion rate and buffer capa- 
city of the saliva. The lack of definite significance makes it im- 
probable, however, that the much siiialler single doses of fluorine 
ingested with drinking water or other vehicles would niarkedly 
influence the salivary secretion and buffer effect. 

GENERAL DISCUSSION 

This investigation was undertaken with a view to the clinical 
deteriiiination of the salivary buffer effect as  a constitutional, or 
at  least endogenous, factor in the pathogenesis of dental caries. 
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There is strong evidence that the salivary buffering does con- 
stitute such a factor, but it is also evident that the iniportance 
of the local interaction of the carbohydrates and the bacterial 
flora overshadow the buffering. Only very definite deviations 
froin the average values for salivary buffer effect are, therefore, 
at  present of any diagnostic or prognostic value. Since the secre- 
tion rate and the coiiiposition of the saliva varies with many 
temporary stimuli, only influences which are apparent even in 
sinall groups of subjects seem to be of definite clinical impor- 
tance. 

The test method which has been described and used in this in- 
vestigation has also been used a t  the author’s department in some 
hundred clinical cases since 1955. It is felt that it is of greater 
analytical value to estimate the different salivary factors sepa- 
rately - buffer capacity, secretion rate, bacterial flora, Ca and 
P content, etc. - than to use caries tests which coiiibine two or 
more of these factors without any possibility to distinguish be- 
tween them. Especially one feature has been persistent in our 
clinical cases: the so-called paradoxical cases of caries develop- 
ment, i.e. rampant caries without excessive external causing fac- 
tors, or relative iiiiiiiunitg in spite of the presence of such factors, 
have practically uniforiiily shown very low salivary buffer values 
in the susceptible cases, very high in the resistant. This appears 
to help to explain such cases, which have often thrown doubt on 
the cheniico-parasitic caries theory, and to support the clinical 
value of the salivary buffer tests. 

The diurnal variation which has been deiiionstrated enipha- 
sises the importance of a standardization of the sampling condi- 
tions also as regards the time of the day. 1--3 hours after break- 
fast or lunch may be regarded as the most stable periods. 

The beneficial influence on the buffer capacity of proteins 
and vegetables in the diet indicates that these foods are of iin- 
portance for the caries resistance not only through their relative 
freedom from fermentable carbohydrates but also according to 
some as yet unltnown endogenous iiiechanisni. This corroborates 
the earlier results of Forbes & nl. and thus gives a new aspect 
on the dietary measures against dental caries. With regard to 
the local attack through the formation of acids it is of importance 
to restrict the frequency and duration of the carbohydrate in- 
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take while the quantities seeiii to play a iiiinor part. The im- 
portance of the salivary protection makes it desirable also to eni- 
phasize to soiiie extent the value of a limitation of the qunntity 
of ingested carbohydrate with a siiiiultaneous increase of the 
dietary proteins and vegetables. 

The iiiechanisiii of the diurnal variation and dietary influences 
on the salivary buffer capacity is far froiii clear. In addition to 
the nervous regulation there are indications of iiietabolic in- 
fluences with simultaneous effects on the renal and gastric secre- 
tions. These problems should be the object of further studies. 

SUMMARY 

Previous investigations into the buffering action of the s a I '  1va 
are reviewed with special- regard to the relationship to dental 
caries. 

A convenient iiiethod for the clinical estimation of the salivary 
buffering is demonstrated. 

The diurnal variation of the buffering is studied with special 
regard to the influence of meals. The iiinst stable periods, suit- 
able for taking clinical samples, :ire found to be 1-13 hours after 
breakfast or lunch. The iiiechanisiii underlying the diurnal varia- 
tions is discussed in the light of soiiie data regarding varid 'I t ' ions 
in other secretions and in the blood COz content. 

The influence of dietary proteins and carbohydrates and of 
vegetables is studied under noriiial conditions of living. Proteins 
and vegetables are found to increase, carbohydrates to decrease 
the buffering action of s a I' iva. 

Acidosis or alkalosis, a s  produced by iiioderate peroral doses 
of aiiiiiioniuiii chloride and sodiuiii bicarbonate, respectively, :ire 
not found to influence the buffering action appreciably. 

The ingestion of bone salts is found to increase the calciuiii 
plus magnesium content of the saliva, but has no deiiionstrable 
influence on the buffer value or rate of flow. 

The ingestion of sodiuiii fluoride, providing single doses of 
5 iiig fluorine, shows a tendency towards higher values for secre- 
tion rate and buffer capacity, especially when iiieasured one hour 
after the ingestion. 

The significance of the results for clinical caries analysis and 
for dietary caries prevention is discussed. 
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RECHERCHES CLINIQUES SUR L’ACTION TAMPON DE LA SALIVE 

Un rdsuiiiC est donnd des recherches antcirieures sur I’action 
tampon de la salive, dtudide sp6cialement en ce cpi  concerne ses 
rapports avec In carie dentaire. 

Une mdthode simplifide de dCterniination de I’action taiiipon 
de la salive est d6crite. 

La variation diurne de l’action tampon est dtudide en ce qui 
concerne I’influence des repas. Les periodes les plus stables, donc 
indiqudes pour la prise de prdl&venients cliniques, sont de 1 A 3 
heures aprhs le petit dkjeuner ou le ddjeuner. Le iii6cunisnie des 
variations diurnes est discut6 A 1:i lumi&re de quelque donnPes 
concernant les variations d’autres sPcr4tions et du contenu de 
COr du sang. 

L’influence des p r o t h e s  et des hydrates de carbone alinien- 
taires et des vdgktaux est 6tudiCe dans des conditions de vie nor- 
males. II est trouvC que les protdines et les v6gPtaux :tugmentent 
l’action tampon de I n  sulive, les hydrates de  carbone la dimi- 
nuent. 

Ni acidose ni :tlk:ilose, produites par des doses niodCr6es I’une 
de chlorure d’aninioniuin I’autre de bicarbonate de sodiuin, n’ont 
d’influence dhiontrable  sur I’action tmipon de l a  salive. 

L’ingestion de sels d’os augiiiente l a  teneur de c:rlcium plus 
iiiagnesiuni de la  salive mi i s  n’exerce ttucune influence dPnion- 
trable sur I’action t a i i i pn  ni sur le flux de 1:i salive. 

L’ingestion d’une dose de 5 iiig de fluor, sous foriiie de fluorure 
de sodium, apporte une tendance A une :iccCICrntion de l a  sdcrd- 
tion et A une augmentation de la capicit6 t:iiiipon, en particulier 
une heure a p r k  l’ingestion. 

Les rdsultnts de I’6tude sont discutds en w e  de 1’an:ilyse clini- 
clue de la carie et de sa prevention di@tttique. 

Z L‘ S A A l  bI EN F ASS L’X G 

KLINISCHE UNTERSUCHUNG UBER DIE PUFFEHWLRKUNG DES 
SPEICHELS 

Eine Ubersicht friiherer Untersuchungen uber die Puffer- 
wirkung des Speichels wird gegeben, wobei das j’erhdtnis zur 
Karies besonders beriicksichtigt wird. 

11 - d c l a  odorit. Scccnd. V o l .  17 
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Eine vereinfachte Methode zur Bestiiiiiiiung der Speichelpuf- 
ferung wird beschrieben. 

Die Tagesschwankung der Pufferung wurde studiert, wobei 
der Einfluss von Mahlzeiten besonders herucltsirhtigt wurde. Die 
stabilsten und fiir die klinische Probeentnnhiiie geeignetsten 
Perioden sind 1-3 Stunden nach derii Fruhstuck oder Mittages- 
sen. Der Mechanisiiius der Tagesschwankung wird an  H:ind 
einiger Daten uber Schwankungen anderer Seltrete uiid des ( 3 3 2 -  
Inhaltes des Blutes diskutiert. 

Der Einfluss der Vegetabilien, I'roteine uiid Kohlehydrtrte dcr 
Nnhrung wurde unter noriiialen Lebensbedingungen studiert. Es  
wurde gefunden, dass die Speichelpufferung durch Proteine und 
Vegetabilien erhiiht, durch Kohlehydrate eriiiedrigt wird. 

Acidose und Alkalose, durch iiiassige Dosen von Aiiimoniuiii- 
chlorid und Natriuinbikarbonat hervorgerufen, uben keinen deut- 
lichen Einfluss auf die Pufferung aus. 

Die Zufuhr von Knochensalzen erhiiht den Inhalt von Kalziuiii 
plus Magnesiuiii des Speichels, hat aber lteinen nac1iweisb:iren 
Einfluss auf die Pufferung oder die Speichelflut. 

Die Zufuhr von 5 iiig Fluor :ils Einzeldose von Natriuiiifluorid 
zeigt eine Tendenz zu erhiihten Werten der Speichelabsonderung 
und Pufferkapazitat, besonders bei Bestiiiiiiiung eine Stunde nach 
der Zufuhr. 

Die Bedeutung der Ergebnisse fur die klinische Kariesandysc 
und die Kariesverhiitung durch die Nahrung wird besprocheii. 
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