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Abstract 
Objectives: Recently, an increasing number of elderly patients have com-
plained of tongue pain and fissured tongue, while atrophy of the lingual pa-
pillae with low nutrition has also become a commonly encountered condi-
tion. The viewpoint that lingual papilla atrophy reflects systemic and patho-
logical conditions, such as diabetes and in the circulatory system abnormali-
ties, is supported by many clinicians. The present study was conducted to cla-
rify the relationship of degree of atrophy of tongue papillae with oral symp-
toms, with an aim to evaluate the usefulness of clinical diagnostic criteria for 
tongue papillae atrophy. Subjects and Methods: The subjects were asked to 
protrude the tongue forward. The tongue was held at rest and impressions 
were taken of the tongue dorsum 15 mm posterior to the apex of the tongue. 
Surface impressions were measured using a Surfcoder SE300 and the obtained 
values were used to define surface roughness (Ra). Multivariate analyses of 
the relationships between the Ra measurements and the living environment, 
subjective symptoms of oral health, and survey results of measurements were 
performed to examine factors associated with Ra. The tongue was photo-
graphed with a digital camera, then RGB color value of four random points 
15 mm from the tongue apex was determined. Using those findings, redness 
was calculated. Results and Conclusions: One hundred and six subjects with 
a mean age of 79.5 ± 9.2 years were analyzed. In the smooth group, there was 
more redness in the tongue dorsum as compared to the rough group. Total 
and Sagittal Ra values of subjects with dysphagia were lower than those 
without dysphagia, suggesting that the degree of oral mucosal atrophy is re-
lated to subjective symptoms of dysphagia. Subjects with high water intake 
had higher Coronal Ra values, which was considered to be related to the 
edematous state of the lingual papillae. 
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1. Introduction 

Recently, an increasing number of elderly patients have complained of tongue 
pain, fissured tongue, geographic tongue, and smooth tongue, while atrophy of 
the lingual papillae with low nutrition has also become a commonly encountered 
condition [1] [2]. The viewpoint that lingual papilla atrophy reflects systemic 
and pathological conditions, such as diabetes [3], oral candidiasis [4], and Sjo-
gren’s syndrome [5] [7], as well as allergic tendencies and in the circulatory sys-
tem abnormalities [6], is supported by many clinicians. In daily clinical practice, 
various tongue lesions are often seen in elderly patients and frequently accom-
panied by atrophy of the lingual papillae. Degree of lingual papilla atrophy de-
gree was previously assessed by Negoro, et al. using a combination of video mi-
croscopy and contact endoscopy to observe the papillae [8], though such visual 
inspection is reliant on the observer’s experience and subjective assessment. In 
another study, Amagasa determined surface roughness of the gingiva and mu-
cosa of the alveolar ridge using an indirect measurement method [9], while Ue-
mori et al. evaluated the degree of lingual papillae atrophy using surface rough-
ness (Ra) as a new assessment method and reported that it was significantly re-
lated to clinical assessment results [10].  

The present study was conducted to clarify the relationship of degree of atro-
phy of tongue papillae with oral symptoms, with an aim to evaluate the useful-
ness of clinical diagnostic criteria for tongue papillae atrophy. 

2. Materials and Methods  
2.1. Background 

The results of a survey of oral symptoms in elderly people living in nursing 
homes and silicon impressions of tongue mucosa obtained by Uemori et al. from 
March to October 2010 were analyzed. Consent forms for participation in this 
study were obtained from the subjects and stored at our department (Ethical Re-
view of Kyushu Dental University, No. 10-003, 20-13). 

2.2. Methods 

1) Impression taking and impression surface measurement 
The subject was seated in a chair and asked to protrude the tongue forward. 

The tongue was held at rest and impressions were taken of the mucosa on the 
dorsal surface 15 mm posterior to the apex of the tongue under no pressure. A 
plastic frame constructed by Uemori et al. was used for the impressions [10] 
along with a dental silicone rubber impression material (Genie; Morita, Inc.). 
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Surface impressions were measured using a Surfcoder SE300 (Kosaka Research 
Institute, Inc., Tokyo) and the obtained values were used to define surface 
roughness (Ra). Surface roughness (Ra) refers to arithmetic mean roughness and 
the value is obtained by using average surface roughness as the reference line 
and averaging the distance from the reference line for the examined section. 

In principle, we performed nine measurements in the sagittal plane and nine 
in the coronal plane of each sample, with the measurement position moved 1.0 
mm for each. The average of seven sagittal plane measurements was defined as 
Sagittal Ra, the average of seven coronal planes was defined as Coronal Ra, and 
the average of the Sagittal and Coronal Ra was defined as Total Ra. Areas with 
significantly uneven impression surfaces were avoided. Measurement speed was 
0.500 mm/s, measurement length was 5.00 mm, and the depth cutoff value was 
2.5 mm, while the other settings were the same as the initial values. 

Multivariate analyses of the relationships between the Ra measurements and 
the living environment, subjective symptoms of oral health, and survey results of 
measurements were performed to examine factors associated with Ra. 

2) Clinical classification of papillary atrophy of the tongue 
Using intraoral photographic data, three dentists performed a visual examina-

tion for determining a clinical diagnosis of lingual papilla atrophy. When a sub-
ject was not clinically classified as that by the three dentists, one other dentist 
performed the clinical diagnosis according to Uemori’s diagnostic criteria [10]. 
The subjects were classified into three groups; Normal, Smooth, and Rough (Table 
1). Those without intraoral photographic data were excluded from analysis.  

3) RGB color value measurements using intraoral photography 
The subject was asked to protrude their tongue forward and it was photo-

graphed with a digital camera (CASIO EXILIM EX-Z1200). A CASMATCH col-
or chart (Funakoshi) used for image correction was copied onto the photograph 
and color tone levels were corrected with the ADOBE PHOTOSHOP CS5 
EXTENDED image processing software, then RGB color value of four random 
points 15 mm from the tongue apex (Figure 1) was determined. Using those 
findings, redness was calculated using the following equation: r = R/(R + G + B). 
Areas inside of the grooves were excluded because of their different coloration. 
Subjects who were unable to sit without movement or uncooperative during 
intraoral photography were excluded from analysis. 

4) Resting saliva volume 
Resting saliva volume was measured using the exhaled saliva method [11]. 

Since all subjects were residents of a long-term care facility, a five-minute mea-
surement was used to determine saliva secretion, then they were dived into the  
 
Table 1. Clinical classification of atrophy of tongue. 

Normal group: similar to healthy controls 

Smooth group: smoother than healthy controls 

Rough group: rougher than healthy controls 

https://doi.org/10.4236/ojst.2021.112007


Y. Tada et al. 
 

 

DOI: 10.4236/ojst.2021.112007 80 Open Journal of Stomatology 
 

 
Figure 1. RGB measurement region, four points anterior from the tongue. 

 
normal (≥0.1 ml/min) and low (<0.1 ml/min) flow group. Those that did not 
undergo these measurements were excluded from analysis. 

5) Saliva wetness [12] 
Saliva wetness test papers (KISO-Wet®, KISO Science) were placed in contact 

with the tongue dorsum and the hypoglossal area, and the value for membrane 
suction in 10 seconds was recorded. Two sites were measured, the tongue dor-
sum 10 mm behind the apex and the hypoglossal area. Subjects with measured 
values for the tongue dorsum from 0 - 2.9 mm were considered to be in the dry 
group, from 3 - 4.9 mm were considered to be in the middle group, and ≥5 mm 
were considered to be in the high group, while subjects with measurements in 
the hypoglossal area from 0 - 4.9, 5 - 9.9, and ≥10 mm was considered to be in 
the dry, middle, and high group, respectively those that could not undergo these 
measurements were excluded from analysis. 

6) Oral moisture meter value [13] 
Oral mucosa moisture content was determined three times in each subject 

using an oral moisture meter (Moocas, Inc.), with the average used as the meas-
ured value. Two sites were measured, the tongue dorsum, 10 mm behind the 
apex, and the central part of the buccal mucosa, 30 mm behind the angle of the 
mouth. Subjects with measurements of ≤27.9 were considered to be in the low 
oral fluid level group, 28.0 to 29.5 in the borderline oral fluid level group, and 
≥29.6 in the normal oral fluid level group. Those that could not undergo these 
measurements were excluded. 

7) Salivary amylase 
Saliva was collected by placing a saliva collection paper the hypoglossal area 

for 30 seconds, then the activity level of amylase was determined with a saliva 
amylase monitor (Nipro Corporation), originally developed as an enzyme ana-
lyzer [14] [15]. Salivary amylase monitor readings are considered to provide 
quantitative indication of stress changes in the body. Based on the results, the 
subjects divided into four groups, with 0 - 30 KU/L indicating no stress, 31 - 45 
KU/L indicating mild stress, 46 - 60 KU/L indicating moderate stress, and 61 - 
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200 KU/L indicating severe stress [16]. Subject who were unable to undergo 
these measurements were excluded from analysis. 

8) Subjective symptoms and living environment 
For determining subjective symptoms and living environment, we interviewed 

the subjects or their family members, or other caregivers who met them on a 
daily basis and filled out a record sheet. Subjective symptoms were “dry mouth 
feeling” and “difficulty with swallowing”, and the amount of fluid intake outside 
of meals was also recorded. Unmarked items were excluded from analysis. 

Four arbitrary points 15 mm anterior from the tongue (numbers in circles) 
were used as measurement regions. Areas such as the inside of grooves of the 
tongue were excluded because of differences in color tone. 

3. Results 
3.1. Subjects 

A total of 106 subjects were analyzed, including 31 males (29.2%) and 75 females 
(70.8%), with a mean age of 79.5 ± 9.2 years. Ages ranged from 61 to 99 years, 
with 22 (20.8%) under 70, 35 (33.0%) in their 70s, 36 (34.0%) in their 80s, and 13 
(12.2%) in their 90s (Table 2). Ra values by age and gender are shown in Table 3 
and Table 4, respectively. There were no significant differences between age and 
Ra value (Spearman’s rank correlation coefficient, p = 0.8820), or between gend-
er and Ra value (Mann-Whitney U test, p = 0.9941). 
 
Table 2. Subjects (n = 106). 

Age (years) Total no. Male Female 

61 - 69 22 (20.8%) 10 (9.5%) 12 (11.3%) 

70 - 79 35 (33.0%) 12 (11.3%) 23 (21.7%) 

80 - 89 36 (34.0%) 8 (7.5%) 28 (26.5%) 

90 - 99 13 (12.2%) 1 (0.9%) 12 (11.3%) 

 
Table 3. Age and Ra value (μm) (n = 106). 

Age (years) No. of subjects Sagittal Ra Coronal Ra Total Ra 

61 - 69 22 (20.8%) 51.1 ± 15.0 61.6 ± 18.2 56.4 ± 14.2 

70 - 79 35 (33.0%) 51.3 ± 18.3 62.1 ± 17.9 56.7 ± 17.0 

80 - 89 36 (34.0%) 54.0 ± 16.8 64.1 ± 16.8 59.1 ± 15.3 

90 - 99 13 (12.2%) 51.7 ± 17.1 55.8 ± 21.6 53.8 ± 18.0 

 
Table 4. Gender and Ra value (μm) (n = 106). 

 No. of subjects 
Average age ± standard 

deviation (years) 
Sagittal Ra Coronal Ra Total Ra 

Male 31 (29.2%) 74.5 ± 8.2 52.0 ± 18.3 62.9 ± 19.0 57.5 ± 17.3 

Female 75 (70.8%) 79.5 ± 9.2 52.3 ± 16.3 61.5 ± 17.1 56.9 ± 15.4 
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3.2. Ra Value 

Surface roughness of the impression surface was determined using a Surfcoder 
SE300. Three subjects who did not cooperate were excluded and 103 samples 
were measured. The Sagittal Ra value was 52.2 ± 16.8 μm, the Coronal Ra value 
was 61.9 ± 18.0 μm, and the Total Ra value was 57.0 ± 15.9 μm (Table 5). 
Spearman’s rank correlation coefficient analysis showed that the correlation was 
significantly greater for Coronal Ra, followed by Total Ra and Sagittal Ra (p < 
0.05, p < 0.01, respectively) (Figure 2).  

3.3. Clinical Classification of Papillary Atrophy of the Tongue 

Using photographic data obtained for 96 subjects, the degree of lingual papilla 
atrophy was classified by visual examinations conducted by three dentists. There 
were 24 subjects (25.0%) in the smooth group, 66 (68.8%) in the normal group, 
and 6 (6.2%) in the rough group. The probability of agreement between all three 
dentists’ classifications was 53.1%, while the probability of agreement between 
two dentists’ classifications was 97.9%.  

When Spearman’s rank correlation coefficient was used, there was a signifi-
cant positive correlation between clinical classification of lingual papillary atro-
phy and Total Ra value (p = 0.0171), and between clinical classification of lingual 
papillary atrophy and Coronal Ra value (p = 0.0040) (Figure 3, Figure 4). How-
ever, there was no correlation between clinical classification of lingual papillary 
atrophy and Sagittal Ra value (Figure 5). 
 
Table 5. Ra value determined with surface roughness measuring instrument (μm) (n = 
103). 

Sagittal Ra 52.2 ± 16.8 

Coronal Ra 61.9 ± 18.0 

Total Ra 57.0 ± 15.9 

*p < 0.05, **p < 0.01 (Mann-Whitney’s U test). 

 

 
Figure 2. Relationship between Sagittal and Coronal Ra. Spearman’s rank correlation 
coefficient, p < 0.0001 (correlations between groups were found) (r = 0.656240). 
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Figure 3. Total Ra value and clinical classification of atrophy of tongue. Spearman’s 
rank correlation coefficient, p < 0.0001 (correlations between groups were found) (r = 
0.656240). 
 

 
Figure 4. Coronal Ra value and clinical classification of atrophy of tongue. Spearman’s 
rank correlation coefficient, p < 0.0001 (correlations between groups were found) (r = 
0.656240). 
 

 
Figure 5. Sagittal Ra value and clinical classification of atrophy of tongue. Spearman’s 
rank correlation coefficient, p = 0.185240. 
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Ra values for the three groups are shown in Table 6. Coronal Ra values for the 
rough group were significantly (p < 0.05) greater than those for the smooth 
group, while Coronal Ra values for the normal group were significantly (p < 
0.05) greater than those for the smooth group. Total Ra values for the rough 
group were also significantly (p < 0.05) greater than the Total Ra value for the 
smooth group. 

3.4. Relationship with RGB Color Value 

RGB color values were determined using color-corrected photographs of the 
lingual apex of the tongue obtained from 96 subjects who were able to cooperate 
with the examination. Spearman’s rank correlation coefficient testing revealed a 
negative correlation between redness and clinical classification of lingual papil-
lary atrophy (p = 0.0258). Redness in the smooth group was significantly (p < 
0.05) greater than that in the normal group (Figure 6). 

3.5. Resting Saliva Volume 

Resting saliva volume of the oral mucosa was determined using a spitting tech-
nique. There were 48 patients (45.5%) in the normal (>0.1 ml/min) and 53 pa-
tients (52.5%) in the low flow (≤0.1 ml/min) group (Table 7). The low flow  
 
Table 6. Clinical classification and Ra value related to tongue atrophy (μm) (n = 96). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Smooth group 24 (25.0%) 48.2 ± 22.4 52.1 ± 22.3 50.1 ± 21.3 

Normal group 66 (68.8%) 52.9 ± 14.7 63.8 ± 15.9 58.3 ± 13.5 

Rough group 6 (6.2%) 64.7 ± 17.6 76.6 ± 18.9 70.7 ± 16.4 

*p < 0.05 (Mann-Whitney’s U test). 

 

 
Figure 6. Clinical classification of redness and atrophy of tongue. Spearman’s rank cor-
relation coefficient, p = 0.0258 (correlations between groups were found) (r = −0.228773). 
*p < 0.05 (Mann-Whitney’s U test). 

* 
* * 
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Table 7. Resting saliva volume and Ra value (μm) (n = 101). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Low flow group (≤0.1 ml/min) 53 (52.5%) 51.0 ± 17.3 60.1 ± 18.8 55.6 ± 16.9 

Normal flow group (>0.1 ml/min) 48 (45.5%) 54.2 ± 17.3 63.8 ± 17.5 59.0 ± 14.9 

*p < 0.05 (Mann-Whitney’s U test). 

 
group subjects had lower Ra values than those in the normal flow group, though 
the difference was not statistically significant. 

3.6. Saliva Wetness 

The mean value for the tongue dorsum in the 10-second saliva wetness test was 
2.9 ± 2.6 mm and 58 (56.3%) subjects in the low group had a value lower than 3 
mm (Table 8). There was no significant difference for Ra values in relation to 
saliva wetness on the tongue dorsum. The mean value for the hypoglossal area 
was 5.0 ± 5.2 mm and 66 (64.1%) in the low group had a hypoglossal measure-
ment of less than 5 mm (Table 9). 

In the group with low hypoglossal saliva wetness, the Sagittal Ra value was 
53.8 ± 18.1 μm, Coronal Ra value was 64.0 ± 19.4 μm, and Total Ra value was 
58.9 ± 17.3 μm, while those values in the middle group were 53.2 ± 11.0 μm, 58.2 
± 15.4 μm, and 55.7 ± 13.9 μm, respectively, and in the high group were 48.5 ± 
14.9 μm, 57.8 ± 15.6 μm, and 55.7 ± 13.9 μm, respectively. In the middle group, 
the Total Ra value was larger than Sagittal Ra (53.2 ± 11.0 μm) and Coronal Ra 
(58.2 ± 15.4 μm), as well as compared to Sagittal Ra (48.5 ± 14.9 μm), Coronal 
Ra (57.8 ± 15.6 μm), and Total Ra (53.1 ± 13.6 μm) in the high group, though 
the differences were not statistically significant. 

3.7. Oral Moisture Levels 

The mean value for oral fluid measurement in the tongue dorsum was 27.8 ± 4.3, 
with 47 (45.6%) subjects showing a value of ≤27.9 (Table 10). In the group with 
low moisture on the tongue dorsum, the Ra value was higher as compared to the 
borderline and normal groups, though the differences were not statistically sig-
nificant. 

The average oral fluid level in the buccal mucosa was 28.9 ± 2.7, with 32 
(31.1%) of the subjects showing a level ≤ 27.9 (Table 11). There were no signifi-
cant differences for Ra values in the buccal mucosa among the subjects. 

3.8. Salivary Amylase 

Salivary amylase monitor values are shown in Table 12. There were 44 patients 
(46.3%) in the severe stress group, with a salivary amylase level ≥ 61 KU/L. 

3.9. Subjective Symptoms and Living Environment 

Fifty respondents (47.6%) reported experiencing subjective symptoms related to 
oral sensation either “always” or “sometimes” for dry mouth, and 19 (18.1%)  
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Table 8. Saliva wetness of the tongue dorsum and Ra value (μm) (n = 103). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Low group (0 - 2.9 mm) 58 (56.3%) 51.9 ± 17.4 61.8 ± 20.2 56.9 ± 17.0 

Middle group (3 - 5 mm) 28 (27.2%) 53.4 ± 15.8 61.4 ± 11.4 57.4 ± 12.4 

High group (>5 mm) 17 (16.5%) 53.1 ± 16.9 62.8 ± 21.0 57.9 ± 18.3 

 
Table 9. Salivary wetness of the hypoglossal area and Ra value (μm) (n = 103). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Low group (0 - 4.9 mm) 66 (64.1%) 53.8 ± 18.1 64.0 ± 19.4 58.9 ± 17.3 

Middle group (5 - 10 mm) 13 (12.6%) 53.2 ± 11.0 58.2 ± 15.4 55.7 ± 11.9 

High group (>10 mm) 24 (23.3%) 48.5 ± 14.9 57.8 ± 15.6 53.1 ± 13.6 

 
Table 10. Oral moisture levels of the tongue dorsum and Ra value (μm) (n = 103). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Low group (≤27.9) 47 (45.6%) 53.2 ± 15.8 64.0 ± 18.1 58.6 ± 15.1 

Borderline group (28.0 - 29.5) 21 (20.4%) 52.5 ± 15.6 63.6 ± 13.2 58.1 ± 12.8 

Normal group (>29.5) 35 (34.0%) 51.6 ± 19.0 57.7 ± 20.6 54.6 ± 18.9 

 
Table 11. Oral moisture levels in buccal mucosa and Ra values (μm) (n = 103). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Low group (≤27.9) 32 (31.1%) 52.4 ± 18.5 62.2 ± 18.0 57.3 ± 16.7 

Borderline group (28.0 - 29.5) 24 (23.3%) 52.7 ± 14.0 66.2 ± 18.4 59.5 ± 14.1 

Normal group (>29.5) 47 (45.6%) 52.5 ± 17.2 59.3 ± 18.2 55.9 ± 16.6 

 
Table 12. Salivary amylase monitor values and Ra value (μm) (n = 95). 

Base value (KU/L) No. of subjects Sagittal Ra Coronal Ra Total Ra 

No stress group (0 - 30) 34 (35.8%) 49.4 ± 16.2 60.3 ± 18.1 54.8 ± 15.6 

Mild stress group (31 - 45) 12 (12.6%) 54.9 ± 19.7 58.9 ± 19.4 56.9 ± 19.2 

Moderate stress group (46 - 60) 5 (5.3%) 52.1 ± 16.1 58.6 ± 12.8 55.3 ± 14.5 

Severe stress group (61 - 200) 44 (46.3%) 54.2 ± 16.2 65.7 ± 18.6 60.0 ± 15.5 

 
reporting dysphagia (Table 13, Table 14). The Total Ra values for “always” and 
“sometimes” were significantly (p < 0.05) lower than the Total Ra values for “not 
much” and “never” in terms of dysphagia. Additionally, the Sagittal Ra values for 
“always” and “sometimes” were significantly (p < 0.05) lower than the Sagittal 
Ra values for “not much” and “never”. 

Subjects who noted awareness of dysphagia “always” or “sometimes” were al-
so significantly (p < 0.05) more likely to report xerostomia. The value in the 
resting saliva for those who “always” or “sometimes” experienced dysphagia was 
0.07 ± 0.1 ml/min, which was significantly (p < 0.05) lower than that (0.17 ± 0.2 
ml/min) of those who noted dysphagia “not much” or “never”. 
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The value for oral moisture levels in the tongue dorsum for subjects who 
noted dysphagia “not much” or “never” was 29.6 ± 2.0, which was significantly 
(p < 0.05) higher than that (27.4 ± 4.5) for subjects who reported awareness of 
dysphagia “always” or “sometimes” (Table 15). The Coronal Ra value was posi-
tively correlated with daily fluid intake (p = 0.0203) (Figure 7). 
 
Table 13. Subjective symptoms of oral dryness and Ra values (μm) (n = 105). 

 No. of subjects Sagittal Ra Coronal Ra Total Ra 

Always/Sometimes 50 (47.6%) 52.4 ± 17.8 61.9 ± 20.2 57.1 ± 17.6 

Not much/never 55 (52.4%) 51.9 ± 16.2 61.7 ± 16.0 56.8 ± 14.3 

 
Table 14. Subjective symptoms of dysphagia and Ra values (μm) (n = 105). 

 
Always/sometimes 

No. of subjects 
19 (18.1%) 

Sagittal Ra 
44.8 ± 15.5 

Coronal Ra 
55.9 ± 18.1 

Total Ra 
50.3 ± 15.4 

Not much/never 86 (81.9%) 53.7 ± 16.8 63.2 ± 17.9 58.4 ± 15.7 

*p < 0.05 (Mann-Whitney’s U test). 

 
Table 15. Subjective symptoms of dysphagia and other associations. 

Subjective symptoms 
of dysphagia 

 

Subjective symptoms of dry 
mouth Resting saliva volume 

(ml/min) 
Oral moisture levels 

of the tongue dorsum 
1  2  3  4 

Always/sometimes 
9  5  3  2 

(n = 19) 
0.07 ± 0.1 
(n = 17) 

29.6 ± 2.0 
(n = 17) 

Not much/never 
15  20  22  28 

(n = 85) 
0.17 ± 0.2 
(n = 83) 

27.4 ± 4.5 
(n = 85) 

*p < 0.05 (Mann-Whitney’s U test), ☨p < 0.05 (chi-squared test). Symptoms: 1, always; 2, sometimes; 3, not 
much; 4, never. 

 

 
Figure 7. Coronal Ra values and daily intake of fluids other than food. Spearman’s rank 
correlation coefficient, p = 0.0203 (correlations between groups were found) (r = 0.23300). 
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4. Discussion 

For objective evaluation of lingual papilla atrophy, Uemori et al. developed a 
method for evaluating surface roughness (Ra) by use of a dedicated instrument 
and reported results that were significantly related to clinical evaluations [10]. In 
this study, surface roughness was determined using a Surfcoder SE300, a differ-
ent instrument than the one used by Uemori. Using those measurements, the 
relationships of subjective symptoms related to xerostomia with resting saliva 
volume, saliva wetness value, oral moisture levels, salivary amylase monitor val-
ues, and RGB color values were examined. The subjects were elderly individuals 
who were living in care facilities, of whom 70.8% were female and 67.0% were 
aged from 70 - 89 years. 

Total and Coronal Ra values were found to be correlated with the clinical clas-
sification of lingual papilla atrophy, and Ra values measured using the present 
instrument were also considered useful for clinical evaluations. The Ra values 
were largest for Coronal Ra, following by Total Ra and then Sagittal Ra. This is 
because the grooves of a fissured tongue often run in a sagittal direction, making 
it possible to avoid them when determining Sagittal Ra in a clinical setting, while 
the unevenness of the grooves cannot be avoided and are included as a measure 
of surface roughness when determining Coronal Ra, thus it was largest in the 
present study. 

The three dentists who performed clinical classifications of papillary lingual 
atrophy by visual examinations were skilled and each had more than five years 
of clinical experience, thus agreement among them was considered to be high. 
For the clinical classification of lingual papillary atrophy, there was a positive 
correlation between Total and Coronal Ra values, while there was none with Sa-
gittal Ra values. Therefore, we concluded that it is clinically useful to determine 
the Ra value in the coronal plane direction, even if the grooves of a fissured ton-
gue are included during the measurement. 

Redness was higher in the smooth group and lower in the rough group as 
compared to the normal group. The value for the rough group was lower than 
that for the smooth group because of increased tongue mucosa keratinization, 
which gave it a whiter appearance. The smooth group reflected the color tone of 
capillaries on the tongue surface, and was thought to be related to systemic con-
ditions such as dehydration. It was significantly (p < 0.05) greater as compared 
to the normal group, but not significantly different from the rough group, likely 
due to the small number of subjects in the latter 6. 

There was no association of Ra values for resting saliva volume, saliva wetness, 
or oral moisture levels. There was also no correlation between salivary amylase 
measurements and Ra values, suggesting that the degree of lingual papilla atro-
phy at the tongue apex may be less affected by stress. 

Regarding dysphagia, the Total Ra value for subjects who always or sometimes 
experienced dysphagia was lower than that of those who rarely or never expe-
rienced dysphagia, suggesting a lingual papilla atrophy tendency. Similarly, the 
Sagittal Ra value of subjects who “always” or “sometimes” experienced dyspha-
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gia was lower than that those who “not much” or “never” experienced that con-
dition, again suggesting a tendency for lingual papilla atrophy. 

Subjects who had swallowing difficulty also had a stronger sense of xerosto-
mia. Values obtained with the spit method were low, thus it was considered that 
those objective findings indicated a dry oral condition and difficulty with swal-
lowing due to dryness. Subjects with swallowing difficulty found it difficult to 
hold saliva on the surface of the oral mucosa, partly due to lingual papillae atro-
phy. In addition, those subjects had higher oral moisture meter value on the 
tongue dorsum, suggesting difficulty with swallowing saliva and that those high-
er values might be due to saliva accumulation on the tongue. 

There was a positive correlation between Coronal Ra value and daily fluid in-
take. Based on this finding we considered that edema of the papillae of the ton-
gue might have occurred and the Ra value may be greater in individuals with a 
high level of water intake.  

5. Conclusions 

When the degree of lingual papilla atrophy was determined using Ra values, 
there was a correlation between clinical diagnosis of lingual papilla atrophy 
based on visual examination findings, and Total and Sagittal Ra values. Thus, 
measurements of Total and Sagittal Ra may be an effective diagnostic method 
that does not rely on clinical experience or visual examination, allowing for ob-
jective recording of changes over time. 

In the smooth group, there was more redness in the tongue dorsum as com-
pared to the rough group. Total and Sagittal Ra values of subjects with dysphagia 
were lower than those without dysphagia, suggesting that the degree of oral mu-
cosal atrophy is related to subjective symptoms of dysphagia. Subjects with dys-
phagia also had lower spit measurement values as compared to those without 
dysphagia, suggesting a dry oral cavity. On the other hand, those with dysphagia 
had higher oral moisture meter value on the tongue dorsum than subjects with-
out dysphagia, suggesting that saliva accumulation on the tongue dorsum was 
caused by difficulty with swallowing. Finally, subjects with high water intake had 
higher Coronal Ra values, which was considered to be related to the edematous 
state of the lingual papillae. 
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