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ABSTRACT
Objective: This multicenter clinical study was to
assess the clinical usability of an oral moisturechecking device in detecting the dry mouth patients
and evaluating the optimal measurement site.
Materials and Methods: The study group comprised
250 patients with dry mouth and 241 healthy
volunteer subjects at 13 medical centers. This device
was used to measure the moisture degrees of the
lingual mucosa and the buccal mucosa. Subjective
oral dryness, objective oral dryness, and saliva flow
rates were also compared between the two groups.
For statistical analysis, receiver-operating characteristic analysis was performed to calculate the area
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under the curve (AUC). Results: The moisture degree
of the lingual mucosa was significantly lower in the
dry mouth group (27.2 ± 4.9) than that in the healthy
group (29.5 ± 3.1, AUC = 0.653). When a lingual
mucosa moisture degree of 31.0 or higher was defined
as normal, less than 27.0 as dry mouth, and 27.0 to
less than 31.0 as borderline zone of dry mouth, both
the sensitivity and the specificity for the diagnosis of
dry mouth were close to 80%. Conclusion: These
results suggest that the oral moisture-checking device
is a usable screening device for dry mouth.
Keywords: Dry Mouth; Oral Moisture-Checking Device;
ROC Analysis

1. INTRODUCTION
In general, oral dryness is objectively evaluated by examinations of salivary flow rates by techniques of stimulated whole salivary collection (SWSC) such as the
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chewing gum test and the Saxon test or unstimulated
whole salivary collection (UWSC) such as spitting method, or by assessing salivary gland secretory function by
salivary gland scintigraphy. These methods indirectly
estimate oral dryness on the basis of the salivary flow
rate and salivary gland function, but do not evaluate oral
mucosal dryness (moisture degree) directly.
An oral moisture-checking device has been developed
recently by adapting a skin moisture sensor suitable for
oral mucosa. This device measures the moisture content
of the surface of oral mucosa on the basis of electrostatic
capacity. In 2002, a prototype model was developed, and
possibilities for clinical use have been reported [1-3].
Subsequently, several improvements were made, including the use of smaller device sensors, the introduction of a spring to ensure that pressure is uniformly applied, and changing the shape of the handle and labeling.
The improved oral moisture-checking devices in thirdgeneration are now available. Measurements can now be
obtained in about 2 seconds, causing minimal stress and
discomfort to subjects in examinee [4,5]. However, the
physiological borderline value classifying patients with
dry mouth from normal subjects has not been established
yet. In addition, although the moisture contents of the
tongue and buccal mucosa are usually measured, the optimal site for measurement remains unclear. The purpose
of this multicenter clinical study is to assess the clinical
usability of an oral moisture-checking device in detecting
the dry mouth patients and evaluating the optimal measurement site.

2. SUBJECTS AND METHODS
The study group comprised subjects with dry mouth (dry
mouth group) and those without dry mouth (healthy
group) who were enrolled at the following 13 participating medical centers: Hokkaido University Hospital, Jichi
Medical University Hospital, Dokkyo Medical University Hospital, Tochigi National Hospital, Gunma University Hospital, Tsukuba University Hospital, Saitama
Medical University Hospital, Tokyo Medical and Dental
University Hospital, Kanagawa Dental College Hospital,
Niigata University Medical and Dental Hospital, Nippon
Dental University Niigata Hospital, Yamanashi University Hospital, and Kyushu University Hospital.

2.1. Inclusion Criteria for Dry Mouth Group
Subjects in the dry mouth group were adults who were
subjectively aware of mouth dryness and had a diagnosis
of dry mouth according to the criteria proposed by the
Japanese Society for Oral Mucous Membrane [6] (i.e.,
subjects who have objective symptom of dry mouth with
decreased salivary flow rates in SWSC ≤10 mL/10 minutes on the chewing gum test or ≤2 g/2 minutes on the
Copyright © 2013 SciRes.
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Saxon test, or UWSC ≤1.5 mL/15 minutes, or subjects
with decreased salivary gland function on salivary gland
scintigraphy). These examinations were performed at the
day or within 1 week before or after the measurement of
oral moisture degree with an oral moisture-checking device. During this period, no changes were allowed in
factors with potential effects on mouth dryness, such as
modifications of treatments, drugs, or environmental
factors. However, if patients were receiving saliva-stimulating agents such as cevimeline hydrochloride hydrate, pilocarpine hydrochloride or some other treatments
such as salivary gland massage, the aforementioned examinations were obtained on the same day as measurement with an oral moisture-checking device. Persons
who routinely used oral moisturizers and those who were
considered unsuitable for the study by the investigator
were excluded.

2.2. Inclusion Criteria for Healthy Group
Subjects in the healthy group were adult volunteers with
no subjective awareness of mouth dryness who had SWSC
rate of >10 mL/10 minutes on the chewing gum test.
Persons who had a diagnosis of dry mouth or Sjögren’s
syndrome, abnormalities of the oral mucosa, or burning
mouth syndrome, and those who were considered unsuitable for the study by the investigator were excluded.
The enrollment period was from October 2009 through
May 2010. The target sample size determined with preliminary power analysis was 250 for both dry-mouth and
healthy groups. Subjects were consecutively assigned to
two groups according to the above mentioned criteria.
The following variables were evaluated: subjective
oral dryness, objective oral dryness, SWSC rates on the
chewing gum test, UWSC rates on the spitting method,
and oral moisture degree as measured with the testing
oral moisture-checking device. A self-administered questionnaire was used to assess subjective oral dryness.
Each patient was requested to grade oral dryness at the
time of measuring oral moisture degree as follows: no
sensation of mouth dryness (0 points), mild mouth dryness (1 point), moderate mouth dryness (2 points), and
severe mouth dryness (3 points). Objective oral dryness
was evaluated by the examiner who measured moisture-checking device as follows: none (0 points), mild (1
point), moderate (2 points), and severe (3 points). Mucus®, oral moisture-checking devices* (serial numbers,
301722 to 301726, 301731, 301733 to 301736, 301741,
301744 to 301754, 301756 to 301758, and 301760; Life
Co., Ltd., Saitama, Japan) were used to measure oral
moisture degree (Figure 1). To eliminate the effects of
stimulants such as food, water, speech, and stress on the
measurements, the subjects in examinee were requested
to physically rest and mentally relax for about 5 minutes
OPEN ACCESS
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Figure 1. Oral moisture-checjing device.

before measurement [5]. A disposable cover which was
made by polyethylene was applied to the sensor for each
subject. This coverage of the sensor has been proven not
to disturb the calibration of the device. The measurement
sites were the center of the lingual mucosa about 10 mm
from the tip of the tongue and the right buccal mucosa
about 10 mm from the corner of the mouth (Figures 2(a)
and 2(b)). The sensor was manually applied to the measurement sites at a pressure of about 200 g, as practiced
beforehand with a manometer. To eliminate outliers, oral
mucosal wetness was measured continuously 3 consecutive times. The median was used as a representative
value [4]. We examined the following variables: oral
moisture degree according to measurement site, participating medical centers, cut-off values according to
measurement sites, correlations of oral mucosal dryness
with other measured variables, and the presence or absence of adverse events at the time of measurement of
oral moisture degree.
Receiver-operating characteristic (ROC) analysis, unpaired t-tests, Pearson correlation coefficients, and
Spearman correlation coefficients (Medcalc version 11.3
for Windows) were used for statistical analysis. As for
ROC analysis, the area under the ROC curve (AUC) was
calculated, and the value providing the best balance between sensitivity and specificity was used as a cut-off
point. P values of less than 5% were considered to indicate significant differences.
In this study, all subjects received thorough explanations about the contents of examinations, methods including the measurement, the need for examinations and
the measurement, associated risks, freedom to give or
withdraw consent, protection of privacy and personal
information, anticipated benefits, and alternative examinations that were available. All subjects signed informed
consent forms. The ethical approval of this study was
obtained by the Institutional Review Board of Saitama
Medical University (approval number: 09-015-1), as well
as by the institutional review boards of each participating
medical center.

3. RESULTS
1) Demographic characteristics of subjects
The study group comprised 250 subjects with dry
mouth (35 men and 215 women) and 241 healthy subjects with no evidence of dry mouth (117 men and 124
Copyright © 2013 SciRes.

(a)

(b)

Figure 2. Measurement of oral moisture degree of the lingual
mucosa and buccal mucosa; (a) Lingual mucosa; (b) Buccal
mucosa.

women) who were enrolled at 13 medical centers (A to
M) (Table 1). Mean age was 65.0 years in the dry mouth
group and 50.5 years in the healthy group.
2) Oral moisture degree according to the measurement
site and medical center
Oral moisture degree of the lingual mucosa was significantly lower in the dry mouth group (27.2 ± 4.9
[mean ± standard deviation]) than in the healthy group
(29.5 ± 3.1, p < 0.001). Oral moisture degree of the buccal mucosa did not differ significantly between the dry
mouth group (31.2 ± 3.7) and the healthy group (31.3 ±
2.6). In both groups, oral moisture degree of the buccal
mucosa was significantly higher than that of the lingual
mucosa (p < 0.001 in the both groups) (Table 2).
The data from 9 centers (A to I) had enough sample
sizes needed for statistical comparison between the 2
OPEN ACCESS
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Table 1. Number of patients according to each medical center.
Medical center

Dry mouth group

Healthy group

A

16

69

B

39

24

C

25

24

D

27

20

E

25

16

F

27

13

G

23

15

H

20

18

I

18

15

J

25

2

K

0

17

L

2

8

M

3

0

Total

250

241

443

Table 3. Mean oral moisture degree of the lingual mucosa according to medical center.
Medical center

Dry mouth group

Healthy group

P value

A

28.8 ± 5.3

28.9 ± 3.7

n.s.

B

26.8 ± 4.7

31.1 ± 2.1

p < 0.001

C

28.2 ± 3.8

28.3 ± 3.0

n.s.

D

27.3 ± 3.8

30.3 ± 0.6

p < 0.001

E

27.8 ± 5.1

30.6 ± 3.4

n.s.

F

28.1 ± 4.6

31.8 ± 3.5

P = 0.0078

G

25.4 ± 3.0

29.8 ± 2.4

p < 0.001

H

27.5 ± 5.5

29.7 ± 2.8

n.s.

I

25.8 ± 6.2

28.3 ± 3.3

n.s.

Table 4. Mean oral moisture degree of the buccal mucosa according to medical center.
Medical center

Dry mouth group

Healthy group

P value

A

31.2 ± 3.4

31.2 ± 2.5

n.s.

B

31.6 ± 2.5

32.5 ± 2.0

n.s.

C

32.7 ± 2.8

29.5 ± 3.6

n.s.

Table 2. Oral moisture degree (mean ± SD) according to
measurement site.
Dry mouth group

Healthy group

P value

D

28.6 ± 2.9

31.4 ± 0.9

p < 0.001

Lingual mucosa

27.2 ± 4.9

29.5 ± 3.1

p < 0.001

E

33.6 ± 3.3

32.8 ± 2.6

n.s.

Buccal mucosa

31.2 ± 3.7

31.3 ± 2.6

n.s.

F

32.9 ± 4.6

33.4 ± 1.6

n.s.

P value

p < 0.001

p < 0.001

G

28.6 ± 2.4

30.4 ± 1.6

P = 0.0046

H

32.2 ± 2.3

31.9 ± 2.1

n.s.

I

28.0 ± 5.6

29.2 ± 2.9

n.s.

Copyright © 2013 SciRes.
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Positive rate (sensitivity)

groups. The oral moisture degree of the lingual mucosa
differed significantly between the dry mouth group and
healthy group in 4 centers (B, D, F, and G). The oral
moisture degree of the buccal mucosa differed significantly between the groups in only 2 centers (D and G)
(Tables 3 and 4).
3) Cut-off points according to measurement site
At the lingual mucosa, AUC calculated by ROC analysis was 0.653 (Figure 3). The best balance between sensitivity and specificity was achieved at a cut-off point of
29.3, with sensitivity and specificity of 67.6% and 58.9%,
respectively. A cut-off point of 30.9 had sensitivity of
80.8% and specificity of 32.0%. A cut-off point of 27.1
had sensitivity of 39.2% and specificity of 81.3% (Table
5).
At the buccal mucosa, AUC calculated by ROC analysis was 0.520 (Figure 4). A cut-off point of 32.9 provided the best balance between sensitivity and specificity,
with sensitivity of 74.7% and specificity of 34.8% (Table 6).
4) Correlation of oral moisture degree with other
measured variables

60
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AUC = 0.653
0
0
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False positive rate (100% - specificity)

Figure 3. Receiver-operating characteristic curve for the lingual mucosa.
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Table 5. Cut-off values for the lingual mucosa.
Cut-off value

Sensitivity

95%CI

Specificity

95%CI

Positive likelihood ratio

Negative likelihood ratio

30.9

80.8

75.4 - 85.5

32

26.1 - 38.2

1.19

0.6

29.3

67.6

61.4 - 73.4

58.9

52.4 - 65.2

1.65

0.55

27.1

39.2

33.1 - 45.6

81.3

75.8 - 86.0

2.1

0.75

100

Positive rate (sensitibity)

80

60
40
20
AUC = 0.520
0
0

20
40
60
80
False positive rate (100% - specificity)

100

Figure 4. Receiver-operating characteristic curve for the lbuccal mucosa.

Subjective oral dryness and objective oral dryness
were measured in all 491 participating subjects. At the
lingual mucosa, the correlation coefficients of oral moisture degree with subjective oral dryness and objective
oral dryness were −0.320 and −0.350, respectively, indicating weak negative correlations (p < 0.05). At the buccal mucosa, oral moisture degree did not correlate with
either subjective oral dryness or objective oral dryness.
Among the 491 subjects, salivary flow rates were
measured by SWSC of the chewing gum test in 472 subjects, and UWSC in 211. At the lingual mucosa, the correlation coefficients of the oral moisture degree with
SWSC and UWSC were 0.25 and 0.34, respectively,
indicating weak positive correlations (p < 0.05). At the
buccal mucosa, however, oral moisture degree did not
correlate with saliva flow rates (Table 7).
5. Presence or absence of adverse events at the time of
measuring oral moisture degree
During the study period, there were no adverse events
caused by the use of the oral moisture-checking device.

4. DISCUSSION
This oral moisture-checking device measures electrostatic capacity on the basis of impedance generated by
connecting high-frequency waves supplied by a 5-volt
battery to plus and minus comb-shaped electrodes depicted on the surface of a 7.2 mm2 sensor. The electrostatic capacity reflects not only the water content of the
Copyright © 2013 SciRes.

oral mucosal surface, but also the intramucosal water
content to a depth of about 50 µm. The numerical data
are expressed as 3-digit numbers, ranging from 0.00 to
99.8. The value strongly correlates positively with the
actual gravimetric moisture percentage, with a correlation coefficient of 0.99, and is a relative measure of water content, rather than the actual moisture percentage.
Even if technical difficulties occur, such as damage to an
insulator, only a limited site is exposed to a maximum
electric current of 8.9 µA and the effect on the human
body is nearly negligible.
The sensor has a square surface. Accurate measurements cannot be obtained unless the surface of this sensor comes in close contact with the mucosal surface.
Therefore, a flat surface of an adequate size is needed at
the measurement site of the oral mucosa. The lingual
mucosa and the buccal mucosa have been used as measurement sites [1-4]. These sites were also used for measurement in the present study. The moisture degree of the
buccal mucosa was significantly higher than that of the
lingual mucosa in both the dry mouth group and healthy
group. Disabato-Mordarski et al. reported that the thickness of the moisture coating of the oral mucosa is sitespecific, strongly suggesting that the moisture degree
differs depending on the site of measurement [7]. Takahashi et al. similarly reported that the moisture degree of
the buccal mucosa tended to be higher than that of the
lingual mucosa in patients with subjective oral dryness
[2]. One of the reasons for this difference is that the
measurement site of the buccal mucosa is near the parotid papilla. Secreted saliva may thus be directly measured. Takahashi et al. found that the moisture degrees
differed significantly between patients with dry mouth
and healthy subjects in both the lingual mucosa and the
buccal mucosa [2]. In our study, however, the moisture
degree of the buccal mucosa did not differ between the
groups. Moreover, the moisture degrees of the buccal
mucosa were nearly the same in the dry mouth group
(31.2 ± 3.7) and the healthy group (31.3 ± 2.6). When the
results were analyzed according to medical centers, the
moisture degree of the tongue was lower in the dry
mouth group at all centers, whereas the moisture degree
of the buccal mucosa was higher in the dry mouth group
than in the healthy group at 3 centers. In addition, the
moisture degree of the buccal mucosa did not significantly correlate with subjective oral dryness, objective
OPEN ACCESS
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Table 6. Cut-off values for the buccal mucosa.
Cut-off value

Sensitivity

95%CI

Specificity

95%CI

Positive likelihood ratio

Negative likelihood ratio

33.7

81.7

76.3 - 86.4

26.4

21.0 - 32.3

1.11

0.69

32.9

74.7

68.7 - 80.1

34.8

28.9 - 41.1

1.15

0.73

28.3

12.5

8.6 - 17.3

80.4

74.9 - 85.1

0.64

1.09

Table 7. Relation between oral moisture degree and measured variables.

Lingual mucosa

Buccal mucosa

Subjective oral dryness
(N = 491)

Objective oral dryness
(N = 491)

SWSC
(N = 472)

UWSC
(N = 211)

Correlation coefficient

−0.32*

−0.35*

0.25*

0.34*

95%CI

−0.38 to 0.22

−0.43 to -0.27

0.16 to 0.33

0.21 to 0.45

Correlation coefficient

0.01

−0.02

−0.03

0.11

95%CI

−0.08 to 0.10

−0.10 to 0.07

−0.12 to 0.06

−0.03 to 0.24

oral dryness, the results of SWSC and UWSC. These
findings suggest that the lingual mucosa is better suited
than the buccal mucosa for the measurement of moisture
degree by the oral moisture-checking device.
Overall, the mean moisture degree of the lingual mucosa differed significantly between the dry mouth group
and healthy group, but when the results were analyzed
according to centers, significant differences were found
at only 4 of the 9 centers. These results may have been
caused by problems such as measurement bias of the
device itself, technical bias of using the device and selection bias in subject enrollment among the centers. As for
measurement conditions, oral moisture degree (dryness)
might be influenced by factors immediately before
measurement, such as drinking water, prolonged conversation during interviews, and extreme tension. To eliminate these factors, subjects should physically rest and
mentally relax for about 5 minutes before measurement
[5]. Our study was conducted in accordance with this
recommendation. However, some bias may have still
existed. The optimal measurement pressure of the sensor
of an oral moisture-checking device is 200 g. If the sensor is applied to the lingual mucosa at a pressure of 300 g,
the value measured by the moisture-checking device
would increase by 1.1 times on average [4]. In our study,
we measured the moisture degree after practicing application of the sensor at a pressure of 200 g. However, we
do not have exact evidence whether oral moisture degree
was actually measured at a uniform pressure in all subjects. Outliers might occur if the contact angle of the
sensor is not vertical to the mucosal surface. To avoid the
occurrence of outliers, the median value of 3 or 5 measurements should be used [4]. In our study, we used the
median of 3 measurements, but all outlying values may
not have been eliminated.
Oral moisture degree thus may not have been measCopyright © 2013 SciRes.

ured appropriately in some subjects. However, the AUC
of the ROC curve for the lingual mucosa was 0.653 including these values. This value is comparable to that of
the diagnostic accuracy of creatine kinase for myocardial
infarction [8]. These results indicate that the oral moisture-checking device may be a usable tool for the examination of dry mouth. However, when a cut-off point
of 29.3, providing the best balance between sensitivity
and specificity, was used for diagnosis, the sensitivity
and specificity were only 67.6% and 58.9%, respectively.
Therefore, a differential diagnosis between dry mouth
and non-dry mouth might be difficult by using cut-off
point of 29.3. Taken together, the present oral moisture-checking devices should be considered as a screening device, and a borderline range between dry mouth
and non-dry mouth should be established. In our study,
the cut-off value providing a sensitivity of at least 80%
was 30.9 (sensitivity, 80.8%), indicating that dry mouth
will not be diagnosed in about 2 of 10 patients with this
condition. The cut-off value with a specificity value of at
least 80% was 27.1 (specificity, 81.3%), indicating that
dry mouth is misdiagnosed in less than 2 of 10 healthy
subjects. If a moisture degree of 27.0 to 31.0 is defined
as borderline zone for diagnosing dry mouth, a value of
more than 31.0 as normal, and a value of less than 27.0
as dry mouth, the sensitivity and specificity are close to
80%, making the oral moisture-checking device to be a
usable screening tool for dry mouth.
Conventionally, dry mouth was diagnosed mainly on
the basis of symptoms and salivary flow rates on the
chewing gum test and other examinations. Osailan et al.
showed that mucosal wetness of the anterior tongue correlate with UWSC in dry mouth patients [9]. Won et al.
reported that moisture of the oral cavity depends on the
USWC, is not always decreased at least in some patients
[10].
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In our study, only a weak correlation was obtained at
the lingual mucosa. However, saliva flow rates are
merely an index of salivary gland function. Needless to
say, decreased secretion of saliva may lead to dry mouth.
If oral mucosal wetness is preserved, mouth dryness may
not necessarily develop. On the other hand, even if saliva
flow is enough, xerostomia induced by excessive oral
vaporization can occur. Because the oral moisturechecking device measures the amount of moisture not
only on the oral mucosal surface, but also in the epithetlium of the oral mucosa, it provides a more accurate
measure of the moisture status (dryness) of the oral mucosa than dose saliva flow rate. Therefore, the oral
moisture-checking device may be usable as a screening
device of the moisture status (dryness) of the oral mucosa. The oral moisture-checking device can be used to
provide one of standard measures of the moisture status
(dryness) of the oral mucosa. With further improvements,
such devices are expected to be widely used for the objective assessment of dry mouth.
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5. CONCLUSION
The oral moisture degree in patients with dry mouth
group and normal subjects group was measured and statistically analyzed. The moisture degree of the lingual
mucosa showed significant differences between the groups,
whereas that of the buccal mucosa did not. On ROC
analysis, the AUC is 0.653 for the lingual mucosa and
0.520 for the buccal mucosa. For the lingual mucosa,
when a moisture degree of more than 31.0 is defined as
normal, less than 27.0 as dry mouth and 27.0 to 31.0 as
borderline zone of dry mouth, both the sensitivity and the
specificity are close to 80%. These results suggest that
this moisture-checking device is usable as a screening
device for dry mouth.
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