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Is electrogustometry useful for screening abnormalities
of taste?

E K ELLEGARD, K D Havy*, R P MORTONT

Abstract
Background: Electrogustometry is an accurate and increasingly popular method used to examine taste.
However, its usefulness as a screening test is unknown.

Methods: We asked 114 subjects, some healthy but most with medical conditions possibly affecting taste,
to rate their overall taste ability, on a scale of zero to 10. Those who had current symptoms related to taste—
and who rated their taste as five or worse — were defined as ‘aberrant tasters’. We recorded automated
electrogustometry thresholds, and visual analogue scale intensity ratings, for solutions of the four basic
tastes (sweet, sour, salty and bitter). A visual analogue scale score of 50 was used as a cut-off point to

identify ‘poor tasters’.

Results: The sensitivity and specificity of electrogustometry in identifying abnormal taste function were

low.

Conclusions: We conclude that automated electrogustometry is not a useful clinical screening method

for taste disturbance in a population such as ours.
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Introduction

There are different methods available to measure
taste perception in human subjects. These include:
assessing the intensity of solutions of different
strengths and taste qualities, used as a whole mouth
wash or applied on parts of the oral mucosa;' and
assessing threshold levels, using solutions introduced
into the mouth,” or solutions on filter paper discs® or
strips.*

Electrogustometry uses electric current as the
stimulus. It has been used for studies of taste loss
due to various causes,” such as middle-ear surgery,’
tonsillectomy and laryngomicrosurgery,’ extraction
of molar teeth,® drug side effects,® and age.” All these
methods have relied on subjects’ subjective responses.
However, objective measurement of taste pathways is
possible, and involves assessment of gustatory evoked
potentials; this can also be used together with positron
emission tomography and functional magnetic res-
onance imaging.'? The subject’s concomitant taste
experience is not evaluated.

Taste examinations are performed to varying
degrees in different parts of the world. In Japan, such
examinations have become increasingly common, and
around 250 000 patients are tested every year. Electro-
gustometry and the filter paper disc method are very
popular, and have become routine procedures in

the otorhinolaryngological institutions of almost all
Japanese university hospitals, and many private
clinics."! Thus, the research tools of psychophysicists
have become the clinical tools of otorhinolaryngolo-
gists. However, chemical assessment methods are time-
consuming, and it would be of great value to have
a screening test for taste disturbance.

The aim of this study was to evaluate how electro-
gustometry relates to chemical testing of taste in the
clinical setting, and to what extent it may be used as
an initial or generalised test to detect underlying
taste dysfunction.

Subjects and methods
Subjects

Data from 66 women and 48 men aged 23-92 years
(mean 60 years) were included in the study. Subjects
comprised 10 healthy individuals, 34 patients who
had undergone radiotherapy for head and neck
cancer, 31 patients with Sjogren’s syndrome, and
39 patients with burning mouth syndrome or oral
dysaesthesia.

Self-assessment of taste

Before taste testing, subjects rated their present
overall ability to taste, as a whole number on
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a scale from zero to 10. They were also asked whether
or not they had experienced any abnormal taste
sensations at the time.

Electrogustometry

All subjects were tested by automated electrogusto-
metry, using a computer-controlled, two-alternative,
forced-choice technique previously described,'*"?
with a stimulating anode diameter of 5 mm. This
method can measure electrogustometric thresholds
of less than 3 pA;'* thresholds greater than 30 wA
are considered pathological.'?

Chemical testing

Solutions of different concentrations, representing each
of the four basic taste qualities (sweet, sour, salty and
bitter), were used to elicit subjects’ perceptions of
taste, using a method we have described elsewhere.®
The solutions were sucrose (1 M, 0.3 M, 0.1 M and
0.03 M), citric acid (0.032M, 0.01 M, 0.003M and
0.001 M), sodium chloride (1M, 03M, 01M
and 0.03 M) and caffeine (0.1 M, 0.03 M, 0.01 M and
0.003 M). A water control was included in each set.

The order of presentation of each taste quality was
randomised, as was the side of the tongue first tested
and the order of presentation of concentrations.
Cotton buds dipped in the respective solutions were
applied to the lateral border of the anterior tongue.
The subject was aware of which taste quality was
being used. After each presentation, the subject
was asked to score the intensity of the taste by
making a cross on a visual analogue scale (VAS),
which was presented as a simple line scale, with the
word anchors ‘no taste’ at the left end and ‘greatest
imaginable taste’ at the right. After each VAS
scoring, the subject’s mouth was rinsed with distilled
water. Finally, the procedure was repeated with
whole mouth solutions, using 4 ml samples of the
same concentrations as above, taken as mouth
rinses and then expectorated.

Data

For the purposes of analysis, the VAS scoring was
considered to be zero at the left end and 100 at the
right end; subjects’ markings were scored accord-
ingly. At the strongest whole mouth concentrations,
all subjects registered above the detection threshold
(i.e. greater than zero), so we used the results from
those concentrations for statistical analyses, with
a VAS score of <50 being used as a cut-off level
to identify ‘poor tasters’. An electrogustometric
threshold of 30 wA was taken as the upper limit of
normal. We defined subjects as ‘normal’ when they
reported no abnormal taste experiences and rated
their overall ability to taste as greater than five, as
this was the range in our group of healthy subjects.
Subjects who did not meet these criteria were
labelled ‘aberrant tasters’.

Statistics

For electrogustometric testing versus testing each of
the four basic tastes, we calculated the sensitivity
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(i.e. the proportion of ‘poor tasters’ having an
abnormally high electrogustometric threshold),
specificity (i.e. the proportion of ‘good tasters’
having a normal electrogustometric threshold), as
well as the positive predictive value (i.e. the pro-
portion of those with a high electrogustometric
threshold who were ‘poor tasters’) and the negative
predictive value (i.e. the proportion of those with a
normal electrogustometric threshold who were
‘good tasters’). This was performed for each of the
taste qualities on each side of the tongue separately,
and for the whole mouth.

Ninety-five per cent confidence intervals (CI),
taken from binominal distribution, were calculated
for the values of sensitivity, specificity, positive pre-
dictive value and negative predictive value. Sensi-
tivity and specificity was also calculated for the four
whole mouth solutions (VAS < 50) and for electro-
gustometry, in order to detect ‘aberrant tasters’.
We considered p < 0.05 to be statistically significant.

Ethical considerations

All participants gave their informed consent, and the
Auckland Ethics Committee ‘X’ approved the study.

Results

Five subjects did not perform the whole mouth tests.
Three of the cancer patients were tested before
radiotherapy. Three subjects were ‘poor tasters’ for
all four taste qualities, six for three qualities, five
for two qualities and 12 for one quality.

The sensitivity and specificity of electrogustometry
in identifying ‘poor tasters’, with corresponding Cls,
are shown in Table I. The positive and negative pre-
dictive values for electrogustometry are also shown
in Table L.

The negative predictive value for whole mouth sol-
ution testing was over 90 per cent for all four taste
qualities; however, the negative predictive value of
taste testing on the left and right sides of the
tongue was much lower. The positive predictive
value for whole mouth solution testing was very
low, in contradistinction to lateral tongue testing,
for which the positive predictive values were notice-
ably higher.

Twenty-nine subjects met our criteria for rating
themselves as ‘normal’.

The sensitivity and specificity for whole mouth sol-
ution testing of the four tastes, and for electrogusto-
metry, in the detection of ‘aberrant tasters’ are shown
in Table II.

Discussion

Our analyses of data from 114 subjects, some healthy
but most with various medical conditions which
could impair their taste ability, revealed that electro-
gustometry cannot be used as a screening test to
detect taste disturbance in similar populations. The
overall sensitivity of electrogustometry was low,
and the specificity, while better, was still not at clini-
cally useful levels.
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CAPACITY OF ELEVATED ELECTROGUSTOMETRY THRESHOLDS TO DETECT ‘POOR TASTERS’ IN QUALITATIVE TASTE TESTING ON THE LEFT OR RIGHT
SIDE OF THE TONGUE, OR AS A WHOLE-MOUTH RINSE*

Parameter

Sweet

Sour

Salty

Bitter

Left

Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)

NPV (95%CI)

Right

Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)

NPV (95%CI)

Whole mouth
Sensitivity (95%CI)
Specificity (95%CT)
PPV (95%CI)
NPV (95%CI)

0.30 (0.19-0.44)
0.91 (0.80-0.97)
0.78 (0.56—0.92)
0.55 (0.44-0.65)

0.46 (0.32-0.61)
0.84 (0.73-0.92)
0.70 (0.51-0.84)
0.67 (0.55-0.77)

0.33 (0.04-0.71)
0.80 (0.71-0.87)
0.09 (0.01-0.28)
0.95 (0.88-0.99)

0.45 (0.32-0.57)
0.61 (0.46-0.75)
0.60 (0.45-0.74)
0.45 (0.33-0.58)

0.38 (0.25-0.51)
0.83 (0.71-0.91)
0.68 (0.79-0.83)
0.58 (0.46-0.69)

0.40 (0.12-0.74)
0.81 (0.72-0.88)
0.17 (0.05-0.39)
0.93 (0.85-0.98)

0.55 (0.40-0.69)
0.68 (0.55-0.79)
0.58 (0.43-0.72)
0.65 (0.52-0.76)

0.56 (0.40—0.72)
0.88 (0.78-0.94)
0.72 (0.53-0.86)
0.78 (0.68—0.86)

0 (0.0-0.37)
0.77 (0.68-0.85)

0 (0.0-0.15)
0.91 (0.82-0.96)

0.49 (0.38-0.61)
0.74 (0.55-0.86)
0.81 (0.67-0.91)
0.39 (0.28-0.52)

0.42 (0.30-0.54)
0.91 (0.80-0.98)
0.88 (0.71-0.96)
0.52 (0.41-0.64)

0.30 (0.07-0.65)
0.80 (0.71-0.87)
0.13 (0.03-0.34)
0.92 (0.84-0.97)

Tastant perception scoring less than 50 on a 0—100 visual analogue scale was considered ‘poor’. CI = confidence interval; PPV =

positive predictive value; NPV = negative predictive value

If a patient had an abnormally high electrogusto-
metric threshold (i.e. >30 wA) - even on the
better side — there was a low probability (i.e. a low
positive predictive value) that this person was a
‘poor taster’ (Table I). A similar situation pertained
in respect of unilateral taste testing, although the
positive predictive values were somewhat higher.
Chemical tests would be needed to confirm qualitat-
ive taste performance. If, on the other hand, the elec-
trogustometric threshold was normal, there was an
approximately 90 per cent probability that the
subject was a ‘good taster’ in all whole mouth sol-
ution tests (i.e. high negative predictive value), and
chemical testing may not be needed. Unilateral
values were not useful in the same way, although
the specificity values were generally >80 per cent,
suggesting that most subjects with ‘normal’ electro-
gustometry results were likely to have a good
appreciation of the four taste qualities.

Assessment of whole mouth solution VAS scores
(using a VAS score of <50 to define ‘poor tasters’)
showed a pattern similar to electrogustometry, but
with a much more impressive specificity, in that
almost all subjects with a VAS score of <50 were
also ‘aberrant tasters’ (Table II). However, as the
sensitivity was very low, those who had higher
VAS scores were also just as likely to be ‘aberrant
tasters’.

TABLE 11
SENSITIVITY AND SPECIFICITY FOR WHOLE MOUTH VAS SCORING OF
<50 FOR THE 4 TASTE QUALITIES, AND FOR ELECTROGUSTOMETRY, IN
DETECTING ‘ABERRANT TASTERS’

Test Sensitivity Specificity
VAS, sweet 0.07 0.97
VAS, sour 0.13 0.93
VAS, salty 0.10 0.97
VAS, bitter 0.16 1.0
Electrogustometry 0.21 0.79

VAS = visual analogue scale
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It may be more relevant to compare electrogusto-
metry thresholds with chemical thresholds rather
than suprathreshold VAS scores, because chemical
thresholds may not correlate well with suprathres-
hold profiles, as taste loss can occur over part of the
concentration range to which an individual is sensi-
tive.! However, in our evaluation, we chose a strong
concentration in order to provide a more complete
comparison between all subjects.

We chose to use VAS scores as indicators of poor
taste ability, and we set a VAS score of 50 as the arbi-
trary cut-off level for poor tasters. A lower VAS
cut-off only marginally affected the results; in any
event, too few subjects would have been in some of
the groups to make relevant calculations, despite
our large, varied study group.

e A screening test for abnormalities of taste
would be of great value

e FElectrogustometry is a widely used clinical
tool

e This study shows that electrogustometry
cannot be used as a screening test for taste
disturbance in a population likely to contact a
taste clinic

We also chose to define 30 pA as the normal
cut-off for electrogustometry, rather than 40 pA, as
suggested earlier by Grant et al.'> This was because
we had previously shown 30 wA to be an appropriate
level for the automated version of electrogustometry,
in which the computer produces a repeatable, prede-
termined level of performance with minimal subject
bias.'"> Electrogustometric current density is
thought to correlate better with the true electrical
taste stimulus than current intensity; therefore, it is
important to note the size of the stimulus electrode
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when comparing data obtained by electrogustome-
try.!® We used the same electrode size in all
measurements.

We have earlier shown a significant correlation
between electrogustometry and whole mouth sol-
ution testing only for the salt taste. In comparison,
on the left and right tongue sides, electrogustometry
correlated significantly but weakly for all four taste
qualities.!” The reliability of unilateral electrogusto-
metric assessment'” makes it a relevant tool in the
quantification and follow up of injuries to the taste
pathway, due to, for example, middle-ear disease,
surgery or Bell’s palsy. Unilateral taste loss is often
not obvious to the patient in the course of everyday
experience.

Conclusion

The results of the present study show that electrogus-
tometry cannot be used to screen for taste disturb-
ance. As there is no strong correlation between
eletrogustometry results and those of chemical taste
perception tests, electrogustometry seems to comp-
lement chemical taste tests, rather than substitute
for them.
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