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Determinants of salivary response to mechanical
stimulation
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SUMMARY In a study of 32 individuals aged 4 to 38 years forced spitting was shown to be an

optimal mechanical stimulus of salivary secretion suitable for use in functional studies. The flow
rates obtained by this means were related to body weight and probably reflected the growth in size
of the salivary glands.

The spontaneous, diurnal flow of saliva observed in
man is probably a response to continuous minimal
stimulation. The flow disappears during sleep
(Schneyer, Pigman, Hanahan, and Gilmore, 1956;
Kerr, 1961) but, during waking hours, it is subject
to numerous influences, in particular to stimulation
by oral and extraoral muscular movements which
are difficult to restrict. Consequently, the measure-
ment of salivary flow by methods designed to
minimize mechanical stimulation, such as by simple
drainage of saliva from the mouth, shows con-

siderable variability (Becks, 1939; Becks and
Spealman, 1943; Spealman, 1943; Kerr, 1961) and
is unsuitable for secretory studies.

In this study a simple technique is outlined in
which it is sought instead to maximize and thus
standardize mechanical stimulation. The technique
was used to evaluate the biometric determinants of
salivary secretion.

Materials and Methods

SUBJECTS

The study was conducted on 32 healthy subjects
distributed as follows: group I, pre-school children;
Received for publication 21 May 1971.

groups II and III, school children from two schools
for different age groups; and group IV, young adults.
The subjects' sex, age, height, and bodyweight are
recorded in Table I.

COLLECTION OF SALIVA BY FORCED SPITTING
In order to standardize the mechanical oral stimulus,
each subject was asked to exercise the muscles of
the cheek and tongue against the teeth and squeeze
the saliva out before voiding it into a pre-weighed
plastic bottle. The process was continued for 10
minutes at the end of which the bottle was weighed
again and salivary flow calculated by difference.

All collections were obtained in midmorning
some two hours after breakfast. Duplicate collections
were obtained in 16 subjects in order to test for
reproducibility; in 13 of these the second collection
was obtained immediately after the first, and in three,
two weeks later. In addition, 13 collections were
obtained in each of two adult subjects at intervals
of a few days to several weeks.

COLLECTION OF SALIVA BY COTTON ROLLS
Flow rates of saliva measured incidentally during
the course of gastric secretory studies (Makhlouf,
McManus, and Card, 1966a and b) were used for

Group No. in Each Group Age Height Weight Average Weight SalivaryFlowRate
(Yr) (cm) (kg) (kg)

Male Female ml/lOmin + SE pJ/kg/min ± SE

I 1 4 4-7 108-125 19-26 23-0 2-49 ± 0-73 10-8 ± 3-1
II 4 8 8-13 131-152 31-48 38-0 4-59 ± 0.37 12-1 ± 1-0
II 3 4 13-15 143-174 34-57 51-5 5-67 ± 1-06 11-0 ± 2-0
IV 5 3 20-35 160-186 54-80 69-5 6-44 ± 0-40 9-3 ± 0-6

Table I Flow rates obtained by forced spitting in groups I-IV
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comparison. The measurements were made by
inserting cotton rolls into the sulci of the cheeks and
under the tongue. The cotton rolls were removed
and weighed at regular intervals and a new set was
inserted. In this manner, a body of salivary flow
data was acquired in eight healthy adult males. In
six of these saliva was collected during two tests
each lasting 100 minutes. In the two remaining
subjects (GM, JM) (Makhlouf et al, 1966a and b),
saliva was collected during the course of numerous
experiments lasting a total of 45 and 20 hours re-
spectively. Their results are reported separately.

Results

REPRODUCIBILITY OF THE FORCED SPITTING
TECHNIQUE
Figure 1 shows the points resulting from a plot of
flow rates obtained during the first test versus those
obtained during the second. The scatter of points
around the line of identity indicates the extent of
reproducibility achieved by this technique. Only
minor variations were encountered when the tests
were repeated at intervals over a period of several
months: the mean flow rates ± SE in 13 tests on
each of two individuals were 7.4 ± 0.3 and 6.4
+ 0.1 ml per 10 minutes.

RELATION OF SALIVARY FLOW TO AGE, HEIGHT,
AND WEIGHT
Salivary flow increased in general with age, height,
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Fig. 1 Plot offlow rates during first and second tests-
same day 0; different day 0

and bodyweight (Table I). As indicated by a plot
of individual values in Fig. 2, the increase in flow
with age probably reflected the increase in body
size. In this respect there was no difference between
male and female. The correlation between flow rate
and body weight (r = 0-59, p < 0-001) or height
(r = 0-58, p < 0.001) was significant, as was the
multiple correlation of flow rate with weight and
height (r = 0.60, p < 0-001). The flow rate in
millilitres per 10 minutes = 0.058, body weight in
kilograms + 00155, and height in centimetres =
0.10.

Figure 3 shows the agreement between the average
values obtained in this study and those reported in
the literature for adults (Kerr, 1961) and school
children (Brawley and Sedwick, 1940) using the
spitting technique and for infants (Hymanson and
Davidsohn, 1923) using mechanical suction. The
curve relating flow rate and body weight for groups
I-IV was convex upwards such that when flow rate
was expressed per kg body weight the values for
school children were slightly higher than those for
adults (Table I).

COMPARISON OF FORCED SPITTING AND OTHER
TECHNIQUES OF MECHANICAL STIMULATION
In this connexion comparison could only be made
between adults. Table II shows that the flow rates
obtained by inserting cotton rolls in the mouth were
similar to those obtained by forced spitting (group
IV, Table I). Similar values could be calculated from
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Fig. 2 Relation between salivary flow rate and body
weight in 32 subjects aged 4 to 38 years. Males 0;
females 0 (r = 059, P < 0001).
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Fig. 3 The relation between salivaryflow rate and body
weight in different age groups. Groups I-IV Table I @;
adult data Table II *; data in infants and school
children 0.

simple drainage varied widely. On average it was
3 3-3 7 ml per 10 minutes in adults and 2-5 ml per
10 minutes between the ages of 9 and 15. By contrast,
flow rates elicited by deliberate mechanical stimu-
lation were about twice as high. Provided the stimu-
lus was adequate, different techniques of mechanical
stimulation (suction, cotton rolls, spitting) gave
rise to similar flow rates. In the case of spitting, the
optimal stimulus was 4 spits per minute (Kerr, 1961);
this was comparable to forced spitting as described
in this study. Forced spitting resulted in short-
lasting fairly reproducible responses which could
serve as the basis of functional studies.

RELATION OF SALIVARY FLOW TO BODY SIZE
Analysis of individual values showed an increase in
flow rate with body weight reflecting in all probability
the growth in size of the salivary glands (Boyd, 1941).
Analysis of values by age group disclosed in addition
a larger response per kg body weight during periods
of rapid growth, such as in adolescence and during
the first two years of life. This relative increase in
response may be attributed to the more rapid growth
of internal organs, including salivary glands,

Method No. ofSubjects Sex Weight (kg) Salivary Flow Rate 4E SE

mi/1O min sl/kg/min

Cotton rolls JM M 82-0 7 40 :1 0 49 9 0 0-6
Cotton rolls GM M 66-0 6-00 0-23 91 0*3
Cotton rolls 6 M 73-0 7-15 1-02 9-8 1-4
Spitting 8 M,F 69 5 6-44 ± 040 9 3 0-6
Cotton rolls 20 F 62-0 5 72 0-13 9-2 i 02

(Schneyer and Levin, 1955)
Suction 22 M 70 0 6-5 9-3

(Palmai and Blackwell, 1965)

Table II Flow rates in adults obtained by various techniques of mechanical stimulation

the literature for various techniques of mechanical
stimulation (suction (Schneyer and Levin, 1955),
cotton rolls (Palmai and Blackwell, 1965), spitting
(Kerr, 1961)) (Table II). The identity of flow rates
when expressed per kg bodyweight was further
underlined by the linear slope in Fig. 3 relating
absolute flow rate and bodyweight in adults.

Discussion

RESPONSE TO STANDARD MECHANICAL
STIMULATION
Asshownin three large series (Becks, 1939; Spealman
1943), the flow rate of whole saliva obtained by

relative to body weight during these periods (Boyd
1941).
The relationship between flow rate and body weight

was also observed in groups of adults receiving
adequate mechanical stimulation (Fig. 3, Table II).
The lack of correlation noted by Kerr (1961) in a
group of young adults must, therefore, be ascribed
largely to the use of suboptimal stimulation.
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