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Abstract 

Background 

 Oral mucosal moisture determined using oral moisture-checking devices is 

used as a mouth dryness evaluation method. Such devices are capable of evaluating the 

state of mouth dryness in a simple manner and have applicability in a wide range of 

subjects; however, their intra- and inter-investigator reliabilities have not yet been 

clarified. 

Objective 

 This study aims to investigate the intra- and inter-investigator reliabilities of 

measuring oral moisture using an oral moisture-checking device for a wide range of age 

groups. 

Methods 

 Intra- and inter-investigator reliabilities were investigated in 28 young subjects 

and 19 older subjects aged ≥65 years. Three trained investigators independently 

measured oral mucosal moisture values using an oral moisture-checking device. 

Intra-investigator reliability was assessed using the coefficient of variation (CV) and 

intraclass correlation coefficient (ICC) (1.1), and inter-investigator reliability was 

assessed using ICC (2.1). 
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Results 

 Mean CV was 0.015 and 0.016, mean ICC (1.1) was 0.806 and 0.877, and ICC 

(2.1) was 0.873 and 0.829 in the young and older subjects, respectively. 

Conclusion 

 In young subjects, the mean values of ICC (1.1) and ICC (2.1) of the oral 

moisture-checking device were 0.806 and 0.873, respectively, whereas in older subjects, 

these values were 0.877 and 0.829, respectively. Thus, this confirms that the 

examination of oral mucosal moisture using the oral moisture-checking device has 

sufficient intra- and inter-investigator reliabilities for a wide range of age groups. 

 

Keywords: Mucous membrane, Mouth dryness, Clinical investigator, Reliability of 

results, Xerostomia, Evaluation methodology 
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INTRODUCTION 

 The concept of oral hypofunction has been proposed to evaluate multifaceted 

and diagnose decreased oral function.1 Mouth dryness is a diagnostic criterion of this 

condition. Mouth dryness is assessed by the evaluation of oral mucosal moisture1–4; 

saliva volume using the gum chewing test,5 paraffin chewing test,5,6 Saxon test,1,5 

spitting method,3,5,7 or modified cotton roll method8 and the evaluation of the physical 

properties of saliva. To diagnose oral hypofunction, mucosal moisture in the central 

region of the tongue dorsum is assessed using an oral moisture-checking device or by 

measuring the saliva volume using the Saxon test.1 Oral moisture-checking devices are 

considered to be useful to evaluate mouth dryness because they allow the assessment of 

oral mucosal moisture without the influence of total saliva secretion volume.2,9,10 Saliva 

volume measurement requires time and thus places a significant burden on patients. 

Furthermore, it is difficult to perform in patients with reduced cognitive function and 

high brain dysfunction. In contrast, saliva measurement using an oral moisture-checking 

device is completed within 2 s, has significantly fewer burdens on subjects, and is 

capable of evaluating oral mucosal moisture at rest without depending on the general 

condition or cooperativeness of subjects. Therefore, the use of these devices is 

appropriate for mouth dryness evaluation in older and disabled individuals. 
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 Despite these advantages, values measured using an oral moisture-checking 

device has been reported to be influenced by contact pressure during the measurement.11 

Therefore, investigating the intra- and inter-investigator reliabilities of measurements 

performed using oral moisture-checking devices is important to confirm the reliability 

of measured values. In this study, the intra- and inter-investigator reliabilities of oral 

moisture measured using an oral moisture-checking device were investigated to clarify 

this issue for a wide range of age groups. We hypothesized that the oral 

moisture-checking device has sufficient intra- and inter-investigator reliabilities. 

 

METHODS 

Subjects 

 The present study was performed between October and December 2018. Study 

subjects consisted of 28 Tokyo Dental College students (15 males:13 females; mean 

age: 24.3 ± 2.9 years) and 19 patients aged ≥65 years (8 males:11 females; mean age: 

73.6 ± 8.2 years) who visited the prosthetic dentistry Department of Tokyo Dental 

College Suidobashi Hospital. Patients with abnormal features, such as pain on the 

tongue, or experiencing discomfort from device touching the tongue were excluded 

from the study. Study objectives and methodology were orally explained to the subjects 
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using study documents and written informed consent to participate was retrieved from 

all. The study was approved by the ethics committee of Tokyo Dental College (approval 

no. 884). 

 

Measurement method 

 Oral mucosal moisture was measured using an oral moisture-checking device 

(Mucus®, product number: 441244, Life Co., Ltd., Saitama, Japan) (Figure 1). 

Following the method reported by Fukushima et al., the device was covered with a 

polyethylene disposable sensor cover exclusive to it, and mucosal moisture was 

measured in the central region of the tongue mucosa at 10 mm from the tongue tip.2,11 

To appropriately measure oral mucosal moisture, the device was pressed to the tongue 

mucosa at 200 gf of pressure.11,12 Three dentists carefully read the manual of the device 

and calibrated the technique of measurement with each other. Subsequently, they 

independently measured the oral mucosal moisture value three consecutive times for 

each subject, in a total of nine measures. The measurement interval among investigators 

was 15 seconds, with subjects closing their mouth during intervals. To standardize the 

measurement method, the three investigators trained separately as reported by 

Fukushima et al.2,11,12 
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Measurement conditions 

 Subjects closed their mouth 10 minutes before measurement and rested.11,13 

During measurement, participants sat on a chair and followed two previously given 

instructions: to resist the force of the oral moisture-checking device pressing against 

their tongue and to keep their mouth open during the three consecutive measurements 

performed by each investigator. Subjects wearing complete dentures removed them 

during measurement. For subjects wearing removable partial dentures, the measurer 

confirmed denture stability and judged whether they should be removed during 

measurement. 

 

Intra- and inter-investigator reliabilities 

 To investigate intra- and inter-investigator reliabilities, the oral mucosal 

moisture value was measured in young and older subjects. To investigate 

intra-investigator reliability, each of the three investigators measured the oral mucosal 

moisture value three times for each subject. For inter-investigator reliability assessment, 

investigators performed three measures for each subject, and the median of the three 

values was adopted.11 Inter-investigator reliability was investigated using representative 
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values measured by the three investigators. Retrieved values were not shared between 

investigators during measurement. 

 

Statistical analysis 

 For reliability analysis, the coefficient of variation (CV) and intraclass 

correlation coefficient (ICC) were used. To assess intra-investigator reliability, CV and 

ICC (1.1) were calculated from the three values measured by each investigator. To 

assess inter-investigator reliability, ICC (2.1) was calculated from representative values 

measured by the three investigators. According to the method by Wolak et al., assuming 

a 95% confidence interval width of 0.3 and an ICC of 0.8, the required sample size was 

17 people.14 Therefore, the number of subjects in this study was sufficient for both 

young and older subjects.14 The significance level was set at 0.05. Statistical analysis 

was performed using IMB SPSS Statistics 25 (IBM Corp., Armonk, NY, USA). 

 

RESULTS 

 Mean ± standard deviation of the representative oral mucosal moisture values 

measured by the three investigators was 28.1 ± 1.4 and 29.7 ± 2.0 in the young and 

older subjects, respectively. CV of the three measurements performed by the three 
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investigators is shown in Table 1. Mean CV of the three investigators was 0.015 and 

0.016 in the young and older subjects, respectively. ICC (1.1) of the three measurements 

for each investigator is shown in Table 2. Mean ICC (1.1) among the three investigators 

was 0.806 and 0.877 in the young and older subjects, respectively. ICC (2.1) of the 

median values measured by the three investigators is shown in Table 3. ICC (2.1) was 

0.873 and 0.829 in the young and older subjects, respectively. 

 

DISCUSSIONS 

 Oral moisture-checking devices employ the bioelectrical impedance method, 

which measures resistance from a very small electric current flowing into the sensor and 

calculates the water content at 50 μm under the mucosa. As this device does not 

measure the water content of the oral mucosal surface, but instead it measures the 

electrical charge proportional to the submucosal water content; measured values are 

unlikely to be influenced by drinking water or gargling before measurement. Moreover, 

during this process, electrical current flows through the shallow submucosal layer and 

not into the body, being safe and noninvasive to tissues. 

 In this study, the intra- and inter-investigator reliabilities of oral mucosal 

moisture values assessed using an oral moisture-checking device were investigated. To 
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confirm reliability for a wide range of ages, the assessment was performed in young and 

older subject groups. Intra-investigator reliability was evaluated based on CV and ICC 

(1.1) and inter-investigator reliability on the ICC (2.1). Mean CV determined from the 

CVs by three investigators was 0.015 in the young subjects and 0.016 in the older 

subjects. CV was very low in both the young and older subjects, highlighting that 

variation between repeated measurements within the same subjects is small in both the 

subject groups and that such measurements are reliable. 

  Mean ICC (1.1) representing intra-investigator reliability was 0.806 and 0.877 

in the young and older subjects and ICC (2.1) representing inter-investigator reliability 

was 0.873 and 0.829 in the young and older subjects, respectively. Although no clear 

evaluation criterion exists for ICC values, following the evaluation criteria of Kappa 

coefficient used for similar purposes an ICC of 0.81 or higher is considered close to 

ideal.15 CV and ICC (2.1) of tongue pressure measurements used for diagnosing oral 

hypofunction were 0.091 and 0.653, respectively,16 and ICC (2.1) of masticatory 

function evaluation, which is also used to diagnose oral hypofunction, was 0.93,17 

suggesting that the oral moisture-checking device is as reliable as other evaluation 

methods. In this study, ICC (1.1) and ICC (2.1) of measured oral mucosa moisture 

values were very high in both the young and older subjects. As the inter- and 



11 

 

intra-investigator reliabilities were both superior, the oral moisture-checking device may 

be applicable to a wide range of patients in different clinical settings and studies, with 

sufficient reliability. 

 The measurement method employed in this study was simple, which may 

justify the observed high reliability. The oral moisture-checking device is capable of 

measuring mucosal moisture by pressing the device vertically to the mucosal surface 

with appropriate force. The simplicity of the measurement method reduces 

measurement bias, potentially resulting in high reliability. 

 The following limitation needs to be considered. Values measured using an oral 

moisture-checking device reportedly varies because of the contact pressure on the oral 

mucosa.11 In the present study, investigators underwent proper measurement training 

before the study and employed the standardized measurement method, which might 

explain the absence of large contact pressure-associated errors in the measured values. 

If an investigator who has little experience with oral moisture-checking device takes 

measurements, it may be possible for the contact pressure to vary and affect the 

measurements. Therefore, it is necessary to practice in advance when measuring oral 

moisture using an oral moisture-checking device. 

 For inter-investigator reliability analysis, the median of the three values 



12 

 

measured by each investigator was adopted as representative for that investigator. 

Regarding the oral moisture-checking device, use of the three measurement median is 

recommended to offset the influence of random errors due to subject body movement 

and poor sensor contact.11 Measurement ICC (2.1) using an oral moisture meter was 

very high, suggesting that both the oral moisture-checking device and the method 

measurement are sufficiently reliable, and adoption of the median value of three 

measurements is valid. 

 The oral moisture-checking device has already been reported to be useful in the 

evaluation of dry mouth.4,9,10,12 In the present study, we focused on the intra- and 

inter-investigator reliabilities of the oral moisture-checking device. Overall, intra- and 

inter-investigator reliabilities of values measured using an oral moisture-checking 

device were confirmed in this study. This study is considered to be one of the evidences 

about the measurement method of dry mouth. The results of this study made it possible 

to compare different evaluation methods of oral moisture, such as the Saxon test, to 

further clarify the usefulness of the oral moisture-checking device. This measurement 

method may improve the accurate evaluation of oral moisture in oral function and 

xerostomia treatment studies in the future. As the measurement method is simple, 

dentists and dental hygienists with little experience may be able to use it after training. 
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CONCLUSIONS 

 In young subjects, the mean values of ICC (1.1) and ICC (2.1) of the oral 

moisture-checking device were 0.806 and 0.873, respectively, whereas in older subjects, 

the values were 0.877 and 0.829, respectively. Thus, the examination of oral mucosal 

moisture using the oral moisture-checking device is confirmed to have sufficient intra- 

and inter-investigator reliabilities for a wide range of age groups. 
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Table 1. Coefficient of variation of measurements performed by three investigators to 

evaluate intra-investigator agreement 

 

 Young subjects (n = 28)  Older subjects (n = 19) 

  Coefficient of variation   Coefficient of variation 

  Mean SD   Mean SD 

Investigator A 0.016 0.015   0.016 0.011 

Investigator B 0.015 0.011   0.013 0.014 

Investigator C 0.014 0.013   0.019 0.013 

SD, standard deviation  
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Table 2. Intraclass correlation coefficient (ICC) (1.1) of measurements performed by 

three investigators to evaluate intra-investigator agreement 

 

  

 Young subjects (n = 28)  Older subjects (n = 19) 

    

95% confidence 

interval     

95% confidence 

interval 

  

ICC 

(1.1) Lower Upper   

ICC 

(1.1) Lower Upper 

Investigator A 0.764 0.613 0.873   0.925 0.849 0.968 

Investigator B 0.816 0.690 0.903   0.875 0.758 0.945 

Investigator C 0.837 0.722 0.914   0.832 0.683 0.925 
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Table 3. Intraclass correlation coefficient (ICC) (2.1) of median measurement values 

obtained by three investigators to evaluate inter-investigator agreement 

 

  

 Young subjects (n = 28)  Older subjects (n = 19) 

    

95% confidence 

interval     

95% confidence 

interval 

  

ICC 

(2.1) Lower Upper   

ICC 

(2.1) Lower Upper 

Investigator A, B, C 0.873 0.780 0.934 

 

0.829 0.677 0.923 
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Figure Legend 

Figure 1. Oral moisture-checking device 

A: Main unit, B: sensor, C: disposable sensor cover 

 


