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Recording of Swallowing Events Using Electromyography as
a Non-invasive Measurement of Salivation

C. NEDERKOORN, F. T. Y. SMULDERS and A. JANSEN
Department of Psychology, Maastricht University, The Netherlands

The present study examined whether the measurement of swallowing activity by
electromyography (EMG) provides a sensitive and valid method for the assessment
of the amount of saliva secreted. Thirteen subjects tasted lemon juice and water,
and smelled lasagna and hay, while the amount of saliva, measured with the aid
of cotton dental rolls, was compared with the number of peaks in the EMG
activity of the musculus digastricus. Swallowing indeed differentiated between the
stimuli and the correlation between the number of swallows and the amount of
saliva was significant. The present data suggest that monitoring the swallowing
movement using EMG might be a sensitive, valid and reliable method for the
measurement of salivary flow. The use is recommended for the measurement of
salivation when a simple and non-invasive method is needed.
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One of the main functions of saliva is to act as a lubricant, facilitating passage
through the digestive tract; it also initiates digestive processes. Chemosensory stimu-
lation (e.g. smell and taste) and the view of food are able to elicit an increase in
salivary flow (Epstein et al., 1996; Wooley et al., 1976) which optimizes the digestion,
absorption and use of ingested nutrients (Mattes, 1997). The anticipatory salivatory
reaction to food cues is stronger when the subject is hungry or when the food is
palatable (Franchina & Slank, 1988; Hodgson & Greene, 1980; Sahakian et al.,
1981; Wooley & Wooley, 1973, 1981; Wooley et al., 1976; Wooley et al., 1975).
Obesity, dieting and eating disorders also influence salivatory responses to food cues
(Epstein et al., 1996; Klajner et al., 1981; LeGoff et al., 1988; Wooley et al., 1976).
For example, LeGoff et al. (1988) found that subjects with anorexia nervosa salivated
less and subjects with bulimia nervosa salivated more when exposed to different
food odours, compared to matched controls. Measurement of salivatory responses
might therefore be an important tool for the investigation of eating behaviour. In
other research areas too, the measurement of salivatory responses has been valuable.
In the field of alcohol addiction, for example, salivation to alcohol cues has been
used as an index of craving or cue reactivity (Cooney et al., 1984; Pomerleau et al.,
1983; Walitzer & Sher, 1990).

There are several techniques for the measurement of salivation. Some are not
suitable in experiments on eating behaviour or craving for drugs because of their
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invasive characteristics. For example, measurement by the insertion of a cannula
into the various ducts of the salivary glands is laborious and painful (Gormezano,
1966; White, 1977). Measurement with Lashley’s disk may also cause discomfort
(Gormezano, 1966) and does not tap all sources of saliva. Moreover, it is unpleasant
for subjects to void saliva; the method does not allow online monitoring and thus
requires interruption of the experiment. The ideal technique is non-invasive, does
not interfere with appetite or craving for drugs, permits study of the change in
salivary flow over time and minimizes the influence of demand characteristics and
expectancies, which are also found to influence the salivatory response (Siegel &
Hagen, 1982). It will therefore be a great advantage if subjects are not aware of the
measurement of their salivation.

An easy and frequently used method is the absorption of saliva by rolls of cotton.
According to the Strongin, Hinsie and Peck (SHP) technique (White, 1977), two
rolls are placed buccally and one sublingually. The weight of the rolls is determined
before and after the period of measurement. The cotton roll method has proven to
be a reliable, valid and sensitive technique: White (1977) showed that measurements
with cotton rolls correlated strongly with Lashley’s disks measurements. Other
researchers were able to distinguish adequately salivatory responses to diverse stimuli
(Drummond, 1995; Epstein et al., 1992; Epstein et al., 1995; LeGoff et al., 1988;
Pomerleau et al., 1983; White, 1977). However, the dental roll method also has
disadvantages: the monitoring of changes in salivary flow over periods shorter than
2 min is less sensitive (Epstein et al., 1995); also in order to insert and to remove
the dental rolls, it is necessary to interrupt the experimental procedure. Furthermore,
it is rather unpleasant to keep dental rolls in one’s mouth and this might interfere
with appetite. Finally, the pressure of the dental rolls in the salivary glands can itself
provoke a salivary response, thus affecting the reliability of the experimental data.

A completely different technique is to measure the frequency of swallows as an
estimate of amount of saliva. The frequency of swallowing can be determined by
counting peaks of electromyographic activity of the musculus digastricus. This swallow
technique allows the monitoring of time courses and is not invasive or reactive.
Kapila et al. (1984) found that the rate of spontaneous swallowing appeared to be
influenced directly by salivary flow. They showed that surface electrodes placed on
the larynx could measure swallowing activity adequately when the subjects did not
move their mouth or jaws. Consequently, the method cannot be used during the act
of eating. However, both alcoholics and controls were found to swallow more during
exposure to their favourite alcoholic beverage than when smelling cedar chips (Kaplan
et al., 1985) and alcoholics swallowed more often than non-alcoholics in response
to their favourite alcohol beverage relative to a control stimulus (Pomerleau et al.,
1983). In a validation study (Pomerleau et al., 1983) the change in swallowing and
the change in amount of saliva measured with dental rolls were significantly correlated
(r=0·69). Unfortunately, this was the only study in which swallowing was compared
with another method of measuring saliva and no details are given about the method
of measurement. Furthermore, only alcoholics were included, who were exposed to
their favourite beverage to provoke saliva.

Because of the obvious advantages of the swallowing technique over others, it is
worthwhile examining its validity and sensitivity in a sample of normal subjects,
utilizing various foods and other cues. In the present study, two salivation-provoking
stimuli (lemon juice and lasagna) and two control stimuli (water and hay) were
presented. If the swallowing method is sensitive, it should be able to discriminate
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between these stimuli. Correlation with the dental roll technique was used as an
index of criterion-validity, whereas correlation between repeated measurements was
used to examine the reliability of the new method.

M

Participants

Sixteen women participated in the experiment. Only dietarily unrestrained women
were invited to participate, because dieting and eating disorders might influence
salivatory responses (LeGoff et al., 1988). The subjects were instructed not to eat or
to drink coffee in the 4 h before the experiment. All subjects had a normal weight
{mean Body Mass Index [BMI, weight (kg)/height2 (m)]=21·9, standard error of
mean (SEM)=0·4} and mean age was 20·7 (range 19–24). None of the subjects
reported having a cold or having trouble with smelling the stimuli. No one suffered
from hay fever or used any medication known to influence saliva production.

Questionnaires

As part of another study, all first grade students of the department of psychology
of the Maastricht University completed a set of questionnaires, one of which was a
Dutch translation of the Restraint Scale (RS; Herman & Polivy, 1980). The RS is a
self-report questionnaire consisting of 10 items assessing attitudes towards weight
and eating, degree and frequency of dieting and weight fluctuations. The RS is
reliable and valid in normal-weight samples, its test–retest reliability is high and the
internal consistency is good (Cronbach’s alpha=0·86; see Ruderman & Besbeas,
1992). The scale has high predictive validity; it is a good predictor of eating behaviour
in normal-weight individuals in a variety of situations (Gorman & Allison, 1995;
Heatherton, et al., 1988). Subjects with scores lower than 12 were considered
unrestrained (based on the mean score of 269 Dutch female students; Overduin &
Jansen, 1996), and they were invited to participate. In addition, line ratings were
used to assess hunger, ranging from 0 (not hungry at all) to 100 (very hungry), and
liking for lasagna (0=not at all, 100=very much). Finally, a questionnaire enquired
about compliance with the instructions, ability to smell and use of medication.

Stimuli

The experimental gustatory stimulus was 0·3 ml lemon juice, administered by
drops on the middle of the tongue. The control stimulus was 0·3 ml non-carbonated
mineral water, also administered in drops. The lemon juice and the mineral water
were both at room temperature. The experimental olfactory stimulus was the sight
and smell of a plate with 500 g lasagna, heated in a microwave. The control stimulus
was a plate with hay on it.

Measures

Three dental rolls were used (Hartman nr.2, 10×35 mm), one placed sublingually
and two placed buccally. The weight of the three dental rolls in a little plastic bag
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F 1. Example of two swallows, in epoch of 30 s. (a) upper line is raw EMG, bottom
line is rectified and integrated EMG; (b) depicts signal after resampling, filtering and baseline
subtraction. Both peaks are larger than the threshold and identified as swallows.

was determined before the experiment. At the end of each measurement episode, the
subjects were instructed to take the rolls carefully with their fingertips and to put
them back in the plastic bag as quickly as possible. Then they sealed the bag. The
weight was determined again after the experiment and the gain in weight was
calculated. Maximum absorption possible with the three dental rolls was approx-
imately 10 g. The maximum weight measured in this experiment was 8.45 g; therefore,
complete saturation was not reached.

Swallowing was measured by Ag-AgCl electrodes (diameter 11 mm, Sensor-
Medics). Two electrodes were attached under the left jaw, lengthways along the
anterior part of the musculus digastricus, at a distance of 1·0–1·5 cm from each other,
and a reference electrode was placed on the left mastoid process. EMG activity was
recorded using a Psylab Bio-Amplifier, with a band pass filter set between 10 and
300 Hz. The signal was rectified online and integrated (using Psylab Rectifier/
Integrator) with time constant set at 200 ms and digitized (12 bit, 500 Hz) on a
personal computer. EMG was recorded for 2 min after each stimulus. The integrated
EMG data were used for further analysis. First, the data were resampled at 20 Hz
by replacing every 25 samples by the mean value of these samples, in order to reduce
the number of data points. The epochs were then lowpass filtered at 0·036 Hz (−3dB,
Ruchkin & Glaser, 1978), and the mean level of an epoch was substracted as baseline.
An example of a swallow, before and after these transformations, is depicted in
Fig. 1. From this smoothed signal, the computer detected every peak (defined as a
sample flanked by samples with lower values). Close visual inspection of pilot swallow
measurements led to the definition of a swallowing response being an integrated
signal response above the threshold of 3·8 lV, with a minimum of 1·5 sec between
responses. During the recordings, artifacts like coughing were noted down by the
experimenter. Epochs with artifacts were not analysed. All signals were also visually
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examined, and the first author counted the number of apparent swallows, after the
removal of any cues that indicated the experimental conditions. The correlation
between visual and automatic analyses of swallowing was significant over all (104)
records (r=0·90, p<0·001). The results yielded by the automatic detection were used
for further processing.

Procedure

After the subject entered the laboratory, the electrodes were attached and the
signal was checked. Then the subject was instructed to rate her hunger and to
practice with the insertion and removal of the dental rolls, including putting them
back in the plastic bag and sealing it. The subject was asked to sit quietly and to
relax during the measurements, without talking or moving, in order to diminish
movement artifacts. A baseline EMG record of 4 min was made during which saliva
was simultaneously measured with the dental roll method. Then the subject received
each stimulus in turn, together with new dental rolls. She was instructed to concentrate
on the taste or the smell of the stimuli. The order of presentation of the two pairs
of stimuli was counterbalanced. After each recording the subject rinsed her mouth
with 30 ml of mineral water and a 2-min pause followed.

Because dental rolls absorb saliva, their presence might dimish the frequency of
swallowing. The pressure of the rolls on the cheeks is also able to influence production
of saliva. Therefore, the whole procedure was repeated without dental rolls being
inserted. The order of measurement with and without dental rolls was counter-
balanced. At the end of the experiment, the subject filled out the questionnaires; her
weight and height were measured and she received payment.

R

Subject characteristics

All subjects but one reported that they compiled with the instructions neither to
eat nor to drink coffee for 4 h before the experiment. The data of this one subject
were excluded from analysis. Two subjects reported a strong dislike for lasagna
(scores 24 and 38) and they did not sit quietly while smelling the lasagna. Their data
were also excluded from analysis. The remaining subjects (N=13, mean BMI=21·6,
SEM=0·39; mean age=21, SEM=0·41) rated a liking for lasagna (mean score=
77·8, SEM=4) and were moderately hungry (mean score=55·4, SEM=5·5). The
mean Restraint Score of these 13 subjects was 7·7 (SEM=0·7).

Dental rolls

Subjects salivated significantly more when tasting lemon juice than when tasting
water (Fig. 2a), t(12)=14·7, p<0·001. The subjects also salivated more when they
were exposed to lasagna than when they were exposed to hay, t(12)=2·3, p<0·05.

Swallowing

Subjects swallowed significantly more after tasting lemon juice than after tasting
water F(1,12)=50·1, p<0·001 (Fig. 2). Insertion of dental rolls had no significant
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F 2. Reactions to the different stimuli, measured by (a) dental rolls, (b) swallowing
without dental rolls and (c) swallowing with dental rolls, with the standard error of means
(SEMs). ∗p<0.05, ∗∗p<0.01.

effect on the number of swallows during the gastatory stimuli and there was no
significant interaction effect. However, during exposure to the olfactory stimuli
subjects swallowed less when the dental rolls were inserted, F(1,12)=6·9, p<0·05.
There was also a significant interaction effect: the difference between lasagna and
hay was larger without than with dental rolls present, F(1,12)=12·1, p<0·005. Post
hoc t-tests revealed that the difference in swallows between lasagna and hay was
significant in the absence of dental rolls, t(12)=3·1, p<0·05, but not when dental
rolls were inserted, t(12)=0·64. Generalizing over all stimuli, subjects swallowed
more in the absence of dental rolls than in their presence, t(51)=2·4, p<0·05.

Correlation of measurements

To validate the use of swallows as an index of saliva, the correlation with weight
of saliva collected in dental rolls was calculated. Data for all four stimuli were
included in the correlation (N=13 subjects×4 stimuli=52). Weight gain of dental
rolls correlated with number of swallows in absence of dental rolls, r=0·57, p<0·001,
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and with number of swallows with dental rolls inserted, r=0·72, p<0·001 (Fig. 3).
For experimental study of influences on eating behaviour, changes in saliva flow

need to be measured. Therefore, the change in salivatory response to control and
experimental stimuli (measured with dental rolls) was correlated with the change in
the number of swallows between the control and experimental conditions, subtracting
effects of the control stimuli from effects of the experimental stimuli, as in Pomerleau
et al. (1983). In the lemon juice minus water condition, the change in salivation
measured by dental rolls did not correlate significantly with the change in the number
of swallows (r=0·19 without and r=0·23 with dental rolls). In the lasagna minus
hay condition, however, the change in salivation measured with dental rolls correlated
significantly with the change in number of swallows measured either without dental
rolls (r=0·85, p<0·01) or with dental rolls in place (r=0·65, p<0·05); see Fig. 4.

Test–retest reliability was determined by computing the correlation between
measurements of the number of swallows with and without dental rolls inserted,
including all the stimuli (N=52). This correlation was highly significant (r=0·74,
p<0·001). Separate correlations for each stimuli yielded the same results.

D

These results indicate that electrophysiological measurement of swallowing is a
sensitive, valid and reliable index of the amount of saliva produced in response to
food stimuli. Swallowing occurred more often during the tasting of lemon juice than
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it did with water, in both the absence and the presence of dental rolls. Without
dental rolls, the subjects swallowed more during exposure to lasagna than they did
to hay, although this effect disappeared in the presence of dental rolls. The measure-
ment of swallowing is thus a sensitive method, especially when no dental rolls are
inserted. Test-retest correlation shows that the method is also reliable.

Correlation between the number of swallows and the amount of saliva over all
stimuli showed that the electromyographic method is valid. A closer look at the
data, however, shows that the correlation using the lasagna minus hay value is
significant whereas it is not with the lemon juice minus water value. This may be
because lemon juice is such a strong stimulus that it provokes contractions of muscles
in and near the mouth which are unrelated to swallowing. So, electromyography
may be most useful for research into foods and drinks which do not elicit such
contractions.

A limitation to the method is that validity is diminished in situations where
movement artifacts cannot be prevented and during strong stimuli such as extreme
sourness. In these instances, other methods (like use of Lashley’s disk) must be
considered. In other cases, the electromyographic method has the advantages over
cotton rolls that measurements are not invasive, will not provoke salivary reactions
on their own, do not interfere with appetite or craving, and enable the study of
changes in salivary flow over time. The method might prove to be useful, therefore
in the study of influences on human responses to food (e.g. anticipation, cue reactivity,
cue exposure), eating disorders and addictive behaviour.
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