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Introduction

Taste disorders commonly occur in patients with 
type 1 and type 2 diabetes mellitus (DM); often, 
they report a significant impairment in sweet 
detection.1 A preliminary evaluation of a taste 
disorder can be performed with colorless solutions 
of sweet, bitter, sour, and salt. Regional chemo
gustometry is more sophisticated, where chemicals 
are applied to a particular part of the tongue with 
a  piece of filter paper or a cotton swab.2 How
ever,  chemogustometry is a qualitative measure
ment. The simplest quantitative test for evaluating 
regional taste is electrogustometry (EGM). It was 
introduced as a clinical assessment of taste acuity 
during the 1950s.3,4

Compared to tests based on chemical solutions, 
EGM is an efficient clinical tool for evaluating taste 
disorders. In EGM, a mild, anodal current is applied 

with a reloadable probe. It offers a quick, portable, 
easily administered method of testing taste. EGM 
is  currently used as a clinical tool to assess 
patients  with taste disorders caused by different 
factors, including middle-ear surgery, Bell’s palsy,5 
cancer,6,7 tonsillectomy, aging, and diabetes.8 It also 
serves as a diagnostic aid in disorders such as 
trigeminal nerve disease, cerebellopontine tumors, 
Bell’s palsy, and facial paralysis, due to supra
geniculate lesions.9 Several studies have reported 
good test-retest reliability of the EGM threshold 
estimation.9-11 EGM has also been used to evaluate 
taste disorders in patients before and after surgery 
for trigeminal neuralgia and patients with trigeminal 
sensory neuropathy.12 Previous studies have also 
described a relationship between taste impairment 
and diabetic neuropathy.5,6,12

The present study aimed to test our hypothesis 
that changes in gustatory function (measured with 
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assessments of sensations of pinprick, joint position, 
touch, and temperature. Autonomic function was 
assessed based on blood pressure and the heart rate 
response to a series of maneuvers. Subsequently, a 
complete otorhinolaryngological examination was 
performed in both patients and healthy subjects. 

Fasting blood samples were used to determine 
blood glucose levels (expressed in mg/100 mL). 
We also recorded blood glycosylated hemoglobin 
concentrations (HbA1c) from the previous 2 to 
3 months for each subject with DM, as previously 
suggested (3). Subjects with HbA1c levels less than 
7% (53 mmol/mol or 154 mg/dL) were considered 
to have controlled DM; those with higher levels 
were considered to have uncontrolled DM. 

The patients were asked to report any subjective 
observations of altered taste function or any changes 
in nutritional habits. Among the 36 patients with 
DM, 25 reported a diminished sense of taste 
(hypogeusia), particularly with sweet stimuli; 5 
reported a bad taste while eating, independent of 
stimulus (dysgeusia); 3 reported a bad taste in the 
absence of eating or drinking (phantogeusia); and 3 
reported no taste disturbances. 

Body Mass Index (BMI) was used as a covariate. 
The BMI of the patients with type 1 DM was 
28.4  ±  1.6 kg/m2; the BMI of those with type 2 DM 
was 27.3 ± 2.2 kg/m2; and the BMI of the healthy 
subjects was 24.9 ± 1.8 kg/m2.

Electrogustometry testing

Taste acuity was evaluated with EGM. Electrical 
stimuli were delivered with an electrogustometer 
(TR-06, Rion Co, Tokio, Japan) equipped with a 
single, flat, circular stainless steel stimulus probe 
(5 mm in diameter). The device produced low-
amplitude stimuli with pre-determined durations 
(0.5, 1, 1.5, and 2 s). A feedback circuit controlled 
the output current with an error < 1% (14). 

All subjects were instructed not to drink or eat 
for one hour prior to the testing session. First, 
a  30 dB-stimulus was delivered to test whether 
the  subject was capable of recognizing electro
gustometric stimuli. Then, stimulations started at 
the lowest stimulus amplitude (-6 dB) and increased 
to stronger stimuli until the subject recognized the 
stimulus. If a threshold of stimulus perception was 
not clearly determined, the next higher- and lower-
strength stimuli were delivered. The electric 
threshold scores were measured at six locations, 

EGM) were related to changes in tongue mucosal 
vascularization and/or fungiform papillae (fPap) 
morphology (tested with CE) in patients with DM.

Materials and methods

This study was conducted according to the 
guidelines of the Declaration of Helsinki on 
biomedical research involving human subjects, and 
it was approved by the local Ethics Committee. All 
subjects provided oral and written consent after 
they had been extensively informed about the study 
background and purpose. To minimize variability 
in technique and interpretation of the findings, all 
examinations were carried out by the same examiner 
(PP). 

Of the 36 selected patients with DM, 14 had type 
1 DM (8 women and 6 men, aged 48 ± 3.2 y) and 
22  had type 2 DM (15 women and 7 men, aged 
46 ± 2.6 y). The durations of type 1 and type 2 DM 
(mean ± SE) were 8.7 ± 0.2 y and 8.8 ± 0.3 y, re
spectively. The control group comprised 36 healthy 
subjects that were age- and sex-matched to the 
patients (23 women and 13 men, aged 47 ± 2.3 y). 
Exclusion criteria for patients and healthy subjects 
were the following: use of antihypertensive drugs, 
such as captopril or ramipril; smoking; treatment 
with medications, such as antirheumatic, anti
depressants, or antiepileptic drugs; prior otological 
operations; and neurological disorders (including 
facial palsy); these exclusions were similar to 
those  imposed in previous studies (13). Patients 
with type 2 DM were treated with alpha-glucosidase 
inhibitors (acarbose), biguanides (metformin), and 
pioglitazone (Actos). Patients with type 1 DM 
were  treated with short-acting insulin (3 patients, 
Actrapid), intermediate-acting insulin (6 patients, 
NPH), and long-acting insulin (5 patients, Lantus, 
Levemir). 

We collected demographic data, including age, 
sex, and weight, and we examined medical histories 
for information on current medical care, recent 
hospitalizations, significant medical conditions 
(hepatitis, epilepsy), allergies, cardiac murmurs 
and/or valve disease, prosthetic hip replacements, 
and pregnancy. A thorough examination of patient 
medical archives showed that none of the patients 
had retinopathy, nephropathy, polyneuropathy, or 
macroangiopathy. To diagnose diabetic neuropathy, 
a bedside examination was performed, which 
included an assessment of muscle power and 
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subjects were instructed to discriminate between 
the perception of a sour/metallic taste, which 
suggested gustatory function (for a taste threshold), 
and the perception of an electrical sensation, which 
suggested trigeminal nerve stimulation. Then, the 
subject answered “yes” or “no” to whether any taste 
was perceived. The subject was not informed of 
whether the current had been applied (blind test), as 
described in a previous study.13 A two-alternative, 
forced-choice, initially ascending, single-staircase 
detection study design was employed, based on a 
two-down, one-up rule.14 The trial sequence began 
at the 8-mA current level, as in previous studies.14,15 
When the subject failed to answer at all, because 
they did not perceive any stimulus,a trial stimulus 
before reaching this criterion, the subsequent trial 
stimulus was presented at the next-higher stimulus 
level. This latter process was continued until five 
consecutive trial stimuli were identified correctly at 
a given current level. At this point, the subsequent 
trial stimulus was presented at the next-lower 
stimulus level. When the first or the second two 
successive trial stimuli were not perceived at this 
stimulus level, the subsequent trial stimulus 
was  presented at the next-higher stimulus level, 
representing a reversal in the staircase. If two 
successive trial stimuli were identified correctly at 
this level, the following trial stimulus was given at 
the next-lower level.

Chemogustometry

For chemical taste stimulation, four different 
tastants (sweet, sour, salty, and bitter) and a blank 
were applied with taste strips (Taste strips, Burghart 
GmbH, Germany). The taste strip was 8 cm long 
with an area of 2 cm2, and it was impregnated with 
a taste stimulant. These “Taste Strips” represented 
a psychophysical chemical taste test. Normative 
values suitable for clinical use have been provided 
previously.16 In the present study, we used 18 Taste-
strips (4 sweet, 4 sour, 4 salty, 4 bitter, and 2 blank) 
per person.

Contact endoscopy

Imaging was performed with a 30° contact 
endoscope (magnifications ×60 and ×150; Karl 
Storz, Tuttlingen, Germany). The subjects sat in the 
examination chair with their head and neck 
supported by a pillow. The fPap was first identi
fied  with a non-contact technique. Subjects were 

including two para-medial points innervated by the 
chorda tympani on both sides of the tongue apex 
(each 2 cm away from the tip); two points innervated 
by the glossopharyngeal nerve at the vallate papillae 
on both sides of the tongue; and two points 
innervated by the major petrosal nerve on both 
sides of the soft palate (Figure 1). 

In healthy subjects, EGM thresholds for the 
tongue apex, vallate papillae, and soft palate 
are  generally 8, 14, and 22 dB, respectively. We 
delivered a 500-ms electric stimulus, beginning at 
-6 dB and increasing up to +34 dB (3-400 μΑ) in 
2-dB steps. Thresholds were measured at the six 
points in random order on both sides of the tongue 
to avoid any possible bias. All six areas were tested 
with the same stimulus duration before proceeding 
to a stimulus of different duration. This procedure 
resulted in a 3-4 min stimulus interval between 
applications of stimuli of different durations, which 
reduced the possibility of stimulus adaptation. The 

Figure 1
Locations of electrogustometric threshold measurements. The 
sites were chosen to evaluate the function of the chorda 
tympani (tongue apex: apex), glossopharyngeal (vallate 
papillae: val), and greater petrosal nerves (soft palate: pal). 
R: right side; L: left side.
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Statistical analysis

The null hypothesis was that EGM thresholds were 
not statistically different between age groups or 
between sexes. In the statistical analysis, when no 
EGM threshold could be measured, it was assigned 
a numerical value of 36 dB. We examined the 
distribution of our findings with a quantile-quantile 
plot (QQ plot), which assessed normality. The QQ 
plot set showed that the data were not normally 
distributed. Thus, we applied non-parametric tests 
for evaluating significance. The level of statistical 
significance was set at p < 0.05. All EGM thresholds 
were compared between two groups with the 
Kruskal-Wallis and Mann-Whitney tests. The 
Bonferroni correction was used when necessary. 
Tukey’s multiple comparison test was used to 
detect significant differences (at the 0.05-level) in 
mean thresholds among the various age categories. 
The Kendall rank correlation coefficient was 
applied to regression analyses of age, fPap 
morphology, and fPap vascularization. The null 
hypothesis was that the two variables examined on 
each occasion were independent. The Kendall rank 
correlation coefficient was also applied to examine 
correlations between HbA1c and fPap-related 
variables. Analyses were performed with SPSS 
software (Version 12 for Windows, SPSS Inc. 
Chicago, IL, USA).

Results

EGM thresholds

The EGM thresholds on the right and left sides of 
the tongue after 1-s stimulations are depicted in 
Table 1. The EGM thresholds of patients with DM, 
irrespective of DM type, were significantly higher 
than those of healthy subjects. Additionally, the 
EGM thresholds were significantly higher in 
patients with type 2 DM than in those with type 1 
DM. 

The differences between EGM Thresholds in 
patients (males and females) suffering from DM 
type 1 and type 2 and healthy patients, as well 
between patients suffering from type DM 1 and 
DM 2 are shown in Table 2.

The EGM thresholds were not significantly 
different between male and female subjects in both 
DM groups, for all 6 loci examined (p > 0.05). 

The Kendal-t test was applied to all patients 
(Figure 2). We found correlations between EGM 

instructed to rinse their mouth with water before 
CE. To reduce tongue instability during endoscopy, 
subjects were advised to hold the tip of their tongue 
between their upper and lower teeth, but gently, to 
avoid venous congestion and hyperemia, which 
could eventually confound CE findings. The contact 
technique was first performed without staining 
to  image subepithelial vessels. Next, the saliva 
was carefully suctioned, and a 1% methylene-blue 
solution was applied to stain the epithelia and taste 
pores. A filter paper strip was placed in a paramedian 
position on the tongue tip to delineate an area of 
1 cm2, as proposed previously.13,16 The subjects were 
asked to keep the tongue in a fixed position as much 
as possible. The CE examination lasted about 30 s. 
Anesthesia was not necessary. A cold light source 
was used to minimize any heat at the tip of the 
endoscope. No change (increase or decrease) in 
vascularization was observed during the CE 
examinations.

The fPAP morphology was classified according 
to a previously introduced classification system, as 
follows: type 1, egg-shaped or long ellipsoid form, 
without surface thickness of the papillae; type 2, a 
slightly thicker surface of the papillae compared to 
type 1; type 3, a thick, irregular surface; and type 4, 
a remarkably flat, atrophic surface. Type 1 
corresponds to the healthier state, and type 4 
corresponds to an unhealthy state. It should be 
stressed that mushroom-shaped papillae with horny 
tips were considered filiform, not fungiform, 
papillae.17 To estimate the fPap density (number of 
papillae per cm2), we used the CE image with the 
highest fPap density from each individual. Due to 
the very light staining of fungiform papillae, they 
could readily be distinguished from the strongly 
stained filiform papillae.17 The blood vessels at the 
tip of the anterior tongue apex were also classified 
by morphology, according to a previously described 
classification system.16 Vessel morphologies 
included type A, a clear loop and branch shape; 
type B, an unclear loop and branch shape; type C, 
elongated blood vessels; type D, a granular or 
dotted shape; and type E, unclear blood vessels. 
Type A represents the most healthy morphology, 
and type E corresponds to the least healthy 
morphology. All participants completed the study. 
The findings, particularly the CE images and the 
fPap classifications, were checked by two 
individuals (P.P. and G.K.) to achieve a consensus 
and avoid potential mistakes.
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threshold values between the left and right sides. 
Aging did not seem to affect EGM thresholds in 
patients with DM, given that some younger patients 
presented higher EGM thresholds than some older 
patients, based on an analysis of variance (ANOVA; 
F = 0.335, p = 0.72) 

Chemogustometry

The use of taste strips showed that patients with 
DM had reduced taste perception for all taste 
stimuli compared to healthy subjects. Sweet taste 
perception was reduced to a greater extent than 
other taste qualities. The mean numbers of correct 

thresholds and (1) fPap vascularization, (2) fPap 
morphology, and (3) fPap density in both type 1 
and type 2 DM groups. In patients with type 1 DM, 
the respective correlation coefficients were: t = 0.45, 
t = 0.42, and t = 0.27; in patients with type 2 DM, the 
respective correlation coefficients were: t = 0.62, 
t = 0.74, and t = 0.42. 

Interestingly, we also found that patients with 
HbA1c values >7% showed higher EGM thresholds 
than those with an HbA1c values < 7%. Patients 
with poor glycemic control (HbA1c values > 7%) 
of both DM types (3 with type 1 DM and 4 with 
type 2 DM) showed significantly higher EGM 
thresholds than patients with good glycemic control 
(HbA1c values < 7%) (p = 0.003) and healthy sub
jects (p < 0.0001). 

Moreover, both DM groups and the healthy 
subjects showed significantly different EGM 

Table 1
EGM-thresholds (in dB) measured at the right and left sides of the tongue (as depicted in Figure 1)  

after 1-s stimulations in patients with diabetes mellitus and healthy subjects

Site
Diabetes Mellitus Type 1 Diabetes Mellitus Type 2 Healthy Subjects

Men Women Min Max Men Women Min Max Men Women Min Max
Rpal 23.7 ± 1.4 23.8 ± 1.8 18 34 33.4 ± 2.2 33.7 ± 2.4 18 34 21.5 ± 2.2 21.4 ± 2.3 18 28
Rval 22.2 ± 1.9 22.5 ± 2.1 16 34 23.4 ± 2.1 24.2 ± 1.9 18 34 18.4 ± 2.1 18.2 ± 2.4 14 22
Rapex 16.3 ± 1.8 16.6 ± 1.8 10 32 19.5 ± 2.6 19.6 ± 2.4 12 32 8.7 ± 2.2 8.8 ± 2.2 8 12
Lapex 21.5 ± 2.2 21.6 ± 2.8 12 36 25.3 ± 2.2 24.9 ± 2.1 14 36 9.2 ± 2.4 9.1 ± 2.5 8 14
Lval 30.7 ± 2.6 31.8 ± 2.3 22 36 32.5 ± 2.7 32.3 ± 2.5 24 36 19.9 ± 1.6 19.8 ± 1.3 12 26
Lpal 34.7 ± 1.3 34.1 ± 1.3 24 36 34.8 ± 1.9 33.9 ± 2.8 28 36 23.4 ± 2.5 22.9 ± 2.5 22 28

Values represent means ± standard deviation. Both the lowest (Min) as well as the highest (Max) EGM/threshold values are presented. 
Rpal: right soft palate; Rval: right vallate papillae; Rapex: right tongue apex. Lpal: left soft palate; Lval: left vallate papillae; Lapex: 
left tongue apex.

Table 2
The respective p-values resulting from the comparison 
of EGM-thresholds between patients suffering from DM 
I and healthy individuals (divided in female and male 
subgroups), between patients suffering from DM II and 
healthy individuals (divided in female and male subgroups)  
as well as between the DM I and DM II groups of patients 
(irrespective of gender) are presented

(p) DM I vs.
healthy subjects 

DM II vs.
healthy subjects 

DM I vs. 
DM II

Site Men Women Men Women Patients
Rpal 0.002 0.002 0.003 0.003 0.03
Rval 0.003 0.003 0.002 0.002 0.02
Rapex 0.001 0.001 0.001 0.001 0.02
Lapex 0.004 0.001 0.002 0.002 0.03
Lval 0.003 0.001 0.001 0.001 0.03
Lpal 0.001 0.002 0.001 0.001 0.03

Figure 2
The τ-Kendall criterion was used to evaluate associations with 
EGM thresholds measured on the right side of each subject. 
(T1) shows the τ-Kendall ‘s criterion (τ-1) for the regression-
analysis between the EGM thresholds and vascularization of 
fPap. (T2) shows τ-Kendall’s criterion (τ-2) for the regression-
analysis between the EGM thresholds and shape of fPap; and 
(T3) shows τ-Kendall’s criterion (τ-3) for the regression-
analysis between the EGM thresholds and density of fPap. 
Light gray bars: type 1 DM; Deep gray bars: type 2 DM; 
Medium gray bars: healthy controls.
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detected in EGM thresholds, fPap morphology, 
and tongue vascularization in patients with type 1 
and type 2 DM. Although the functional changes 
in  taste acuity have been studied previously, 
little  evidence has been published about the 
morphological changes in mouth mucosa in vivo. 
Similar to other investigators,13 we concentrated 
this study on the fungiform papillae. Thus, our 
results can be readily compared to those of previous 
studies without other measurements or observations 
from other areas of the tongue’s surface. Our study 
provides useful information about the changes in 
form and vascularization of fPap combined with 
the results of Electrogustometry. Moreover, from 
the patient’s perspective, the CE procedure we 
employed was simple, because it avoided the gag-
reflex or other complaints that might interrupt the 
evaluation.

Diabetes may be complicated by retinopathy, 
nephropathy, and neuropathy. The disease is also 
positively correlated with oral alterations, including 
periodontal disease, dental caries, and salivary 
flow.19 DM is a life-long disease characterized by 
elevated blood-sugar levels with chronic complica
tions that can affect almost every organ system.20 

A previous 5-year follow-up study in patients 
with diabetes showed that, over time, the EGM 
threshold significantly increased, and the frequency 
of electric hypogeusia increased from 11% to 
46%.21 Another previous study by Le Floch et al.21 
also provided useful data concerning the change in 
EGM thresholds in patients with DM. They studied 
taste function 50 patients with type 1 DM and 50 
control subjects, paired for age and sex. Their 
exclusion criteria were similar to those used in our 
study. They studied taste with EGM and also 
evaluated retinopathy, nephropathy, peripheral 
neuropathy, and autonomic neuropathy. Electric 
hypogeusia (EGM threshold >100 μA) was found 
in 54% of patients with diabetes and only 2% of 
control subjects. Furthermore, they found that the 
EGM threshold was associated with complications 
of diabetes, particularly peripheral neuropathy. The 
EGM threshold was also correlated with age 
(r = 0.37; p < 0.01) and duration of diabetes (r = 0.52; 
p < 0.001), but not with HbA1c (r = -0.04). A 
multivariate analysis showed that the duration 
of  diabetes and peripheral neuropathy had the 
strongest associations with taste impairment. Those 
authors concluded that taste impairment was a 
degenerative complication of DM.

answers were 4.625 ± 1.4 and 3.33 ± 1.5 for patients 
with type 1 and type 2 DM, respectively.

Fungiform papillae structure

Changes in fPap morphology and density and 
changes in tongue tip vascularization were detected 
with CE. No changes in vascularization or 
morphology were observed during the present 
study. However, compared to healthy subjects, both 
groups of patients with DM exhibited significant 
deteriorations in fPap morphology and tongue tip 
vascularization, based on Negoro’s classifications. 
Among patients with type 1 DM, one showed fPap 
types 3 & B, three showed fPap types 3 & C, and 
eight showed types 4 & D. In patients with type 2 
DM, four showed fPap types 2 & D, four showed 
types 3 & B, nine showed fPap types 3 & C, and 
seven showed types 4 & D. Among healthy subjects, 
one showed fPap types 2 & B, six showed types 2 
& C, ten showed types 2 & D, nine showed types 3 
& B, six showed fPap types 3 & C, and four showed 
fPap types 4 & D.

We also found that both groups of patients with 
DM showed reduced fPap density on both sides 
of  the tongue compared to healthy controls. In 
individuals with type 1 DM, the densities (number 
of fPap/cm2) on both sides of the tongue in males 
were 15.6 ± 3.4 (right side) and 15.9 ± 5.9 (left side); 
in females, 15.4 ± 3.1(right side) and 15.8 ± 3.7 (left 
side). In patients with type 2 DM, the densities in 
males were 15.2 ± 2.5 (right side) and 14.9 ± 5.9 
(left side) and in females, they were 15.2 ± 3.7(right 
side) and 15.3 ± 3.6 (left side). The respective 
findings in healthy males were 24.7 ± 4.2 (right 
side) and 25.3 ± 3.6 (left side) and in females, they 
were 24.5 ± 3.9 (right side) and 25.5 ± 3.2 (left side). 
The differences were significant between each 
patient group and healthy subjects, and between 
patients with type 1 DM and type 2 DM. Patients 
with type 1 DM had lower fPap densities on both 
sides of the tongue compared to patients with type 
2 DM. The HbA1c serum level did not strongly 
correlate with either fPap morphology (τ = -0.1) or 
tongue tip vascularization (τ = -0.3).

Discussion

Our findings showed that both functions and 
anatomic structures (fPap, vasculature) associated 
with the sense of taste were severely impaired 
in  patients with DM. Significant changes were 
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may explain the bitter, sweet, and umami taste 
disorders associated with diabetes, but determination 
of the mechanisms involved requires further 
exploration. 

One should also consider the potential effect of 
DM on peripheral nerves, such as the chorda 
tympani, the glossopharyngeal nerve, and the 
petrosal nerve, which may affect both the 
morphology of fPap and the EGM-thresholds. Taste 
buds differentiate in the epithelium of developing 
papillae shortly after nerve fibers have penetrated 
the epithelium. Therefore, taste bud formation 
appear to be functionally and structurally associated 
with these sensory nerves.2,24 An advantage of our 
study was that the patients showed no signs of 
polyneuropathy, based on their medical records, 
and they did not consume tobacco (smoking was an 
exclusion criteria). Taste disorders can therefore 
seriously affect the quality of life25,26 of patients 
with DM.

Conclusion

Taste and taste disorders have quite significant 
effects on eating habits, an important factor in 
treating patients with DM. The ability to perceive 
taste significantly influences food choices. In turn, 
these choices contribute, cumulatively, to health 
status. For the purposes of this study, we used 
EGM, which, compared to chemogustometry, is 
more amenable to precise spatial and temporal 
stimulus control and requires no chemical mixing 
or inter-stimulus rinsing. These features, in addition 
to the portability of the equipment, make it 
exceptionally practical for applications in a range 
of clinical and non-clinical settings. 

Acknowledgements

Dr. Pavlos Pavlidis is the guarantor of this work and, as 
such, had full access to all the data in the study and takes 
responsibility for the integrity of the data and the 
accuracy of the data analysis. The authors declare no 
conflict of interest. The authors thank Mr. Stefan Krupp, 
a member of the Department of Informatics in Marienhof 
Hospital (Koblenz, Germany), for his assistance.

References

1.	Fons M, Osterhammel PA. Electrogustometry: spatial 
threshold variations. Acta Otolaryngol. 1970;69(6):445-
449.

Interestingly, we also found different EGM 
thresholds between the left and right sides of the 
tongue. A previous study showed a significant 
difference in EGM thresholds between the left and 
right sides of the tongue in healthy subjects.11 Our 
findings in patients with DM were also consistent 
with findings from studies like that of Stillman 
et  al.9 In that study, an automated, computer-
controlled, testing paradigm was used to obtain 
threshold estimates simultaneously from the left 
and right sides of the tongue in 97 volunteers, aged 
17 to 63 years. They found small, but significant 
advantage in the thresholds recorded on the right 
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every-day clinical praxis, we found that patients 
with DM presented severe hypogeusia and, in some 
cases, near-ageusia. This finding was observed in 
both DM types. The fact that none of our patients 
exhibited signs of stomatitis or other oral diseases 
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