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ABSTRACT 

Based on the findings of epidemiological surveys in west- 
ern countries, the number of person with suspected 
xerostomia in Japan is estimated to be 30,000,000. 
Xerostomia is caused by: 1) Systemic diseases; 2) 
Medications; 3) Tumors or trauma; 4) Radiotherapy; 
and 5) Neurological factors. Its symptoms can be al- 
leviated, and its progression can be stopped by close 
cooperation between the dental and medical depart- 
ments. However, at present, symptomatic treatment 
methods such as water drinking, oral rinsing with 
water, and administration of Kampo medicines or 
parasymptomimetic drugs are mainly used, and a 
standard treatment has not been established. On the 
other hand, previous studies on xerostomia have re- 
ported improvement in dry mouth symptoms using 
dental approaches or a relationship between the de- 
velopment of candidiasis and the salivary flow rate. 
Therefore, in this study, to establish a dental method 
useful for improving xerostomia associated with sys- 
temic diseases and medications for them, we restored 
occlusal function, and as a result, increased the sali- 
vary flow rate, and evaluated changes in oral find- 
ings. 
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1. INTRODUCTION 

Based on the findings of epidemiological surveys in 
western countries, the number of person with suspected 
xerostomia in Japan is estimated to be 30,000,000 [1]. 
However, many persons have not visited hospitals, and 
the diagnostic and treatment methods for xerostomia have 
not been established because the patients may visit vari-
ous departments depending on the underlying disorder. 

The symptoms and signs of xerostomia include dry  

mouth, oral pain, oral discomfort, dysgeusia, dysphagia, 
a decrease in the oral pH, an increase in dental caries, 
and fungal infection as a complication, which markedly 
aggravate the oral environment, reducing patients’ qual-
ity of life (QOL). Xerostomia is caused by: 1) Systemic 
diseases; 2) Medications; 3) Tumors and trauma (their 
sequelae); 4) Radiotherapy; and 5) Neurological factors.  

Concerning causes 1) and 2), systemic diseases tend to 
become chronic, prolonging the drug administration pe-
riod, which results in aggravation of the symptoms of 
xerostomia. This aggravation increases dental caries and 
worsens periodontal disease. Due to loss of teeth and 
dislodgement of restorations and prostheses, masticatory 
function decreases, and the oral hygiene status becomes 
poor. Malnutrition results from a decrease in eating func-
tion, and candidiasis develops due to the poor oral envi-
ronment. Candida induces aspiration pneumonia. Thus, 
close cooperation between the dental and medical de-
partments is indispensable. 

In addition, the symptoms of xerostomia can be allevi-
ated, and its progression can be stopped by appropriate 
treatment in the dental and medical departments. 

At present, the treatment methods include water drink-
ing, oral rinsing with water, use of artificial saliva, and 
use of oral moisturizers [1]. For xerostomia due to 
Sjögren syndrome, symptomatic treatment with anethol-
trithione as a cholagogue, bromhexine hydrochloride and 
ambroxol hydrochloride as expectorants, Kampo medi-
cines such as bakumon-do-to, or pilocarpine as a para-
symptomimetic drug is mainly performed, and a standard 
treatment have not been established. 

Previous studies on xerostomia have reported improve-
ment in dry mouth symptoms using dental approaches or 
a relationship between the development of candidiasis 
and the salivary flow rate [2-4]. 

Therefore, in this study, to establish a dental method 
useful for improving xerostomia due to systemic diseases 
and associated medications, we restored occlusal func-
tion, and as a result, increased the salivary flow rate, and 
evaluated changes in oral findings. 
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2. SUBJECTS AND METHODS 

2.1. Subjects 

The subjects consisted of 40 patients (15 males and 25 
females) aged 43 - 83 years (mean, 63.85 years) who 
visited the hospital affiliated with our university between 
2000 to 2007, required occlusal treatment, and also com-
plained of oral dryness and discomfort. 

The patients were classified into two groups: those 
with underlying diseases under treatment (Group 2) or 
those without underlying diseases (Group 1). Group 1 
consisted of 20 patients (8 males and 12 females) aged 
48 - 83 years (mean, 63.85 years), and Group 2 consisted 
of 20 patients (7 males and 13 females) aged 43 - 76 
years (men, 59.65 years). 

2.2. Tooth Missing Status at the Initial  
Consultation 

The tooth missing pattern at the time of the initial con-
sultation was classified according to the Eichner index.  

2.3. Measurement of the Salivary Flow Rate 

The resting and stimulated salivary flow rates were meas-
ured using the saliva spitting method. For the measure-
ment of the resting salivary flow rate, saliva was col-
lected for 15 minutes in a paper cup, and its volume was 
measured. Decreased salivary flow rates were defined as 
≤ 1.5 ml/15 minutes. 

The stimulated salivary flow rate was measured using 
the gum test. During gum (Lotte Free Zone/Tokyo) chew-
ing, whole saliva was collected for 10 minutes in a paper 
cup, and its volume was measured. Decreased salivary 
flow rates were defined as ≤ 10 ml/10 minutes. Meas-
urements were performed in a quiet situation at about 
10:00 in the morning more than 1 hour after breakfast.  

2.4. Oral Findings 

The tongue (redness, erosion, smoothness, fur), palate 
(redness, erosion), buccal mucosa (redness, erosion), 
mouth angles (cheilosis angularis), and the oral cavity 
(aphtha, ulcer) were observed. The relationships between 
changes in oral findings and those in the salivary flow 
rate as well as the oral hygiene status were evaluated.  

2.5. Study Period 

At the time of the initial consultation, in addition to oral 
hygiene instruction and prosthetic treatment, the salivary 
flow rate was measured, and the oral cavity was exam-
ined. After 1 - 2 weeks, at the time of prosthesis fitting, 
and after 6 months, 1 year, and 3 years, measurement of 
the salivary flow rate and examination of the oral cavity 
were performed. 

2.6. Statistical Analysis 

Differences were analyzed using repeated 2-way ANOVA, 
and p < 0.05 was regarded as significant. 

3. RESULTS 

3.1. Status of Treatment for Underlying Diseases 

In Group 2, diabetes mellitus was observed in 10 patients 
(that complicated by other diseases in 6), hypertension in 
7 (that complicated by other diseases in 3), Sjögren syn-
drome in 4 (that complicated by other diseases in 3), and 
other diseases under treatment in 7 (Table 1). 

All patients, excluding 1with diabetes mellitus receiv-
ing only dietary therapy and 1 with Sjögren syndrome 
using only a mouthwash, were receiving drugs.  

3.2. Tooth Missing Status at the Initial  
Consultation and Contents of Prosthetic 
Treatment 

In Group 2, Eichner Class A was observed in 4 patients, 
Class B in 8, and Class C in 8. In Group 1, Class A was 
observed in 7 patients, Class B in 10, and Class C in 3 
(Table 2). The tooth missing status according to the 
Eichner index was slightly be severer in Group 2. 

Concerning the prosthetic treatment, new denture fab-
rication was performed in 11 patients, denture and oc-
clusal adjustments in 7, and only hygiene instruction 
without denture problems in 2 in Group 1. In Group 2, 
new denture fabrication was performed in 15 patients 
and denture and occlusal adjustments in 5; no patient 
received only oral hygiene instruction without denture 
problems (Table 3). 

 
Table 1. Underlying disorders. 

Underlying disorders Patients 
Diabetes mellitus 7 

Hypertension 6 
Sjögren syndrome 4 

Depression 1 
Angina pectoris 2 

Osteoporosis 2 
Myocardial infarction 1 

Cerebrl infarction 1 
 

Table 2. Eichner index. 

 Group 1 Group 2 
Class A 7 4 
Class B 10 8 
Class C 3 8 

 
Table 3. Treatment contents. 

 Group 1 Group 2 
New denture fabrication 11 15 

Denture adjustment-Occlusal 7 5 
Hygiene instruction 2 0 
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3.3. Salivary Flow Rate 

In Group 1, the resting salivary flow rate at the initial 
consultation was 2.38  0.70 ml/15min, which exceeded 
the lower limit of the reference value (1.5 ml/15min), 
and 3.09  0.87 ml after 3 years, showing a significant 
increase. In Group 1, there was no patient showing a 
resting salivary flow rate below the reference value at the 
initial consultation. In this group, only 1 patient showed 
a decrease at the time of prosthesis fitting compared with 
the value at the initial consultation and the same value as 
the initial value after 3 years, and 4 patients showed no 
changes after prosthesis fitting compared with the value 
at the initial consultation. Of the 4 patients, 2 showed an 
increase after 6 months, and 1 of the other 2 showed a 
slight decrease after 6 months, a decrease after 1 year 
compared with the value at the initial consultation, but a 
slight increase after 3 years compared with the initial 
value. In the other patient, no increase was observed 
even after 6 months compared with the value at the ini-
tial consultation (Figure 1)  

In Group 2, the resting salivary flow rate at the initial 
consultation was 1.71  0.58 ml/15min, slightly exceed-
ing the lower limit of the reference value ( 1.5 
ml/15min), and 1.95  0.65 ml, showing a slight increase 
after 3 years. However, the rate of increase (14.07%) in this 
group was lower than that in Group 1 (29.98%). In Group 
2, the resting salivary flow rate at the initial consultation 
was below the reference value in 6 patients, of whom 4 
had a history of Sjögren syndrome. The value decreased 
at the time of prosthesis fitting in 2 patients, both of 
whom had Sjögren syndrome. One of them showed no 
changes in the flow rate at the time of prosthesis fitting 
compared with the value at the initial consultation but 
slight increases after 6 months and 1 year, and a slight 
decrease after 3 years. The other showed a peak value 
(1.0 ml/15min) at the time of the initial consultation, 
decreases after 1 - 2 weeks, reaching the minimum value 
(0.7 ml/15min) after 6 months, and a decrease (0.9 

 

 

Figure 1. Resting salivary flow rate. 

ml/15 min) after 3 years compared with the value at the 
initial consultation (Figure 1). 

In Group 1, the stimulated salivary flow rate at the ini-
tial consultation was 11.20  3.67 ml/15min, exceeding 
the lower limit of the reference value ( 10 ml/10min) 
and 16.26  2.46 ml/15min after 3 years, showing a sig-
nificant increase. In 12 patients in this group, the flow 
rate was below the reference value at the initial consulta-
tion, but increased at the time of prosthesis fitting, ex-
ceeding the lower limit of the reference value, and re-
mained increased after 1 and 3 years (Figure 2). 

In Group 2, the stimulated the stimulated salivary flow 
rate at the initial consultation was 8.66  1.95 ml/15min, 
being below the reference value ( 10 ml/10min), but 
12.56  2.96 ml/15min after 3 years, exceeding the lower 
limit of the reference value. In this group, there were 12 
patients showing a value below the reference value at the 
initial consultation. A decrease in the flow rate compared 
with the value at the initial consultation was observed at 
the time of prosthesis fitting in 2 patients. One of the two 
patients had Sjögren syndrome, and showed an increase 
after 6 months compared with the initial value, a de-
crease after 1 year, and an increase after 3 years com-
pared with the initial value, but the value after 3 years 
was still 6.9 ml/10min, being below the reference value. 
One patient showing a decrease at the time of prosthesis 
fitting was receiving a drug due to depression. However, 
the values after 6 months, 1 year, and 3 years, were 
slightly increased, slightly exceeding the lower limit of 
the reference value. In 4 patients, the value at the time of 
prosthesis fitting increased compared with that at the 
initial consultation, but was below the reference value. 
Of the 4 patients, 3 had Sjögren syndrome but showed 
increases after 6 months, 1 year, and 3 years, including 1 
showing a value exceeding the lower limit of the refer-
ence value after 3 years (Figure 2). 

Concerning the influences of underlying diseases on 
the salivary flow rate in Group 2, only in the group with 
Sjögren syndrome, the resting salivary flow rate at the 

 

 

Figure 2. Stimulated salivary flow rate. 
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initial consultation was below the reference value and 
significantly lower than that in the groups with the other 
diseases. The group with Sjögren syndrome also showed 
values above the reference value both after 6 months and 
3 years. In all underlying disease groups, the value 
tended to gradually increase with time at the time of 
prosthesis fitting and after 6 months, 1 year, and 3 years 
(Figure 3). 

The stimulated salivary flow rate was below the ref-
erence value at the initial consultation for all underlying 
diseases, but exceeded the reference value after 6 months 
for all diseases, and remained higher than the reference 
value after both 1 and 3 years (Figure 4). 

3.4. Oral Findings 

In Group 1, the frequent findings at the initial consulta-
tion were tongue redness (75%), tongue erosion (65%), 
tongue fur (50%), buccal mucosal redness (35%), and 
tongue smoothness (30%). In Group 2, oral findings and 
their incidences decreased at the time of prosthesis fitting;  
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Figure 3. Resting salivary flow rate according to disorder in 
Group 2. 
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Figure 4. Stimulated salivary flow rate according to disorder in 
Group 2. 

tongue redness (5%), tongue erosion (5%), tongue smooth-
ness (5%), and tongue fur (5%) were observed, but other 
findings were absent. There was no finding after 1 or 3 
years (Table 4). 

In Group 2, the frequent findings at the initial consul-
tation were tongue redness (90%), tongue erosion (85%), 
tongue fur (70%), buccal mucosal redness (70%), and 
tongue smoothness (60%). The incidences of oral find-
ings tended to decrease at the time of prosthesis fitting 
and after 6 months: tongue redness (45%), tongue ero-
sion (35%), tongue smoothness (25%), and tongue fur 
(25%) at the time of prosthesis fitting; tongue redness 
(35%), tongue smoothness (20%), and palatal erosion 
(20%) after 6 months. However, oral findings were still 
present even after 1 and 3 years: tongue redness (30%) 
and tongue smoothness (20%) after 1 year; tongue red-
ness (25%) and tongue smoothness (20%) after 3 years. 
Thus, oral findings did not completely disappear in 
Group 1 (Table 5). 

4. DISCUSSION 

The maximum incidence of xerostomia was reported to 
be 25% of the population [5], and the estimated number 
of people in Japan with this disease is about 30,000,000. 
Patients with this disease visit various departments such 
as the department of internal medicine, otolaryngology, 
or dentistry. The symptoms of xerostomia can be allevi-
ated by appropriate treatment with close cooperation be-
tween the dental and medical departments. In particular, 
dental treatment using direct approaches to the oral cav-
ity is important. The effects of recovery of masticatory 
function on the salivary flow rate have been reported 
[2-4]. Therefore, we evaluated the possible improvement 
in xerostomia associated with systemic diseases after 
occlusal treatment. 

4.1. Relationship between Xerostomia and Drugs  
for Underlying Diseases 

There are many drugs that induce xerostomia. The drugs 
frequently inducing this disease are: 1) Drugs acting on 
the central and peripheral nerves and their receptors and 
2) Drugs involved in electrolyte or water transfer [6]. 

Psychotropic drugs classified as category (1) are often 
used for a long period, and often induce inhibition of 
salivary secretion. Concerning the mechanism of this 
inhibition, some studies have suggested binding of these 
drugs to sympathetic and parasympathetic receptors on 
salivary gland cells, resulting in inhibition[1,6-9], These 
drugs not only alleviate tension in the central nervous 
system, reducing the instruction to secrete saliva but also 
inhibit the function of receptors on salivary gland cells 
and that of cell organelles. 

Copyright © 2012 SciRes.                                                                                OJST 
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Table 4. Oral findings in Group 1. 

 0 w 1 - 2 w Prosthesis fitting 6 M 1 y 3 y 

Findings disease % disease % disease % disease % disease % disease % 

Tongue redness 75 40 5 5 0 0 

Tongue erosion 65 20 5 0 0 0 

Tongue smoothness 30 15 5 0 0 0 

Tongue fur 50 25 5 0 0 0 

Palatal redness 10 5 0 0 0 0 

Palatal erosion 5 5 0 0 0 0 

Buccal mucosal redness 35 20 0 0 0 0 

Buccal mucosal erosion 5 0 0 0 0 0 

cheilosis angularis (erosion) 15 10 0 0 0 0 

Oral aphtha 10 5 0 0 0 0 

Oral ulcer 5 0 0 0 0 0 

 
Table 5. Oral findings in Group 2. 

 0 w 1 - 2 w Prosthesis fitting 6 M 1 y 3 y 

Findings disease % disease % disease % disease % disease % disease % 

Tongue redness 90 55 45 35 30 25 

Tongue erosion 85 50 35 15 10 15 

Tongue smoothness 60 45 25 20 20 20 

Tongue fur 70 40 25 10 0 0 

Palatal redness 35 25 20 15 15 5 

Palatal erosion 30 25 25 20 10 10 

Buccal mucosal redness 70 35 35 20 15 10 

Buccal mucosal erosion 20 20 20 10 5 10 

cheilosis angularis (erosion) 50 40 25 15 0 0 

Oral aphtha 35 30 25 15 5 0 

Oral ulcer 25 20 15 5 0 0 

 
One of the subjects in this study was receiving a psy-

chotropic drug (second generation tricyclic antidepres-
sant). This type of drug inhibits binding of acetylcholine 
to muscarinic receptors, inhibiting salivary secretion. 
However, prosthetic treatment slightly increased the rest-
ing salivary flow rate by 13% and the stimulated salivary 
flow rate by 4%. 

Drugs classified as category (2) include diuretics, 
which are subclassified according to the mechanism of 
action into osmotic and loop diuretics. As osmotic diu-
retics, two types that poorly permeate the cell membrane 
are often used. Disaccharides are negligibly reabsorbed 
by epithelial cells during their transfer through renal tu-
bules, and excreted into the pelvis [10]. Since the sali-
vary glands have no filtration system, when the blood 
osmolarity is high, water transfer from the blood vessels 
becomes difficult, causing difficulty in saliva production. 
Loop diuretics inhibit the action of ion transporters [10], 

and therefore, water returning to the blood decreases, 
resulting in an increase in the urine volume. In the sali-
vary glands, since ion transporters are present on the 
blood side of the cell membrane of acinar cells, ion in-
flow into the cells is inhibited due to the effects of these 
drugs, and water movement becomes slow, resulting in a 
decrease in saliva secretion [11]. Diuretics are frequently 
used as anti-hypertensive drugs. In this study, 6 patients 
were receiving diuretics, but showed a 6% increase in the 
resting salivary flow rate and 60% increase in the stimu-
lated salivary flow rate after prosthetic treatment. 

As causes of a decreased salivary flow rate, some 
studies have suggested the influences of age and sex 
while others have suggested no influences of them. How-
ever, these studies have also shown the influences of 
drugs [6-11]. 

At the time of the initial consultation, Group 2 with 
underlying diseases showed a mean resting salivary flow  
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rate (1.73  0.43 ml/15min) above the reference value, 
but a mean stimulated salivary flow rate (8.19  0.35 
ml/10min) below the reference value. However, the 
mean stimulated salivary flow rate was above the refer-
ence values at the time of prosthesis fitting, and after 6 
months, 1 year, and 3 months. 

The incidence of drug-induced xerostomia differs among 
drugs, and is also affected by the number of drugs and 
drug administration period [12]. In this study, there were 
3 patients with diabetic mellitus complicated by hyper-
tension. The resting salivary flow rate at the first consul-
tation in these patients was 2.16 ml/15min, being higher 
than the mean in Group 1 (1.73 ml/15min). The stimu-
lated salivary flow rate in these patients was  8.66 
ml/10min, being higher than the mean in Group 1 (8.52 
ml/15min), but below the reference value ( 10 ml/ 
15min). These results suggested certain influences of 
drugs and differences in the drug dose and administration 
period. 

4.2. Relationship between Underlying Diseases 
and the Salivary Flow Rate 

As diseases causing xerostomia, diabetes mellitus and 
Sjögren syndrome are particularly important. The inci-
dence of diabetes mellitus including the borderline type 
is 10% of the Japanese population [12]. Sandberg et al. 
[13] showed a significantly high incidence of xerostomia 
in patients with diabetes mellitus. In general, dehydration 
due to osmotic diuretics induces xerostomia, but a de-
crease in saliva secretion itself has often been reported 
[14]. Association with decreased oral self-cleaning action, 
intractable changes of dental infections, or cheilosis angu-
laris has also been suggested [15-17]. Brenardi et al. [15] 
reported a decrease in the salivary flow rate in patients 
with diabetes mellitus irrespective of control of the blood 
glucose level. Chavez et al. [16]. reported a significantly 
lower stimulated parotid salivary flow rate in elderly 
diabetic patients showing poor glycemic control (HbA1C 
> 9%) than in those showing good glycemic control or 
healthy subjects. Kao [17] performed salivary gland scin-
tigraphy, and reported decreased salivary production and 
secretion in patients with type 2 diabetes mellitus com-
plicated by xerostomia even in the presence good glyce-
mic control, suggesting impairment of slivery gland 
function itself.  

In this study, the resting salivary flow rate in the group 
with diabetes mellitus was 1.61 ml/10min, being above 
the reference value, and tended to gradually increase at 
the time of prosthetic fitting and after 1 and 3 years. In 
this group, the stimulated salivary flow rate was 8.39 
ml/15min, being below the reference value, but also 
tended to increase at the time of prosthesis fitting and 
after 1 and 3 years. 

Shögren syndrome is an organ-specific autoimmune 
disease [2-4], and the estimated number of patients with 
this disease is about 500,000. The symptoms include dry 
eyes, dry mouth, and dry nasal cavities. In the oral field, 
this disease damages the salivary glands, inducing sali-
vary secretion disorder. Therefore, improvement in the 
salivary flow rate has reported to be difficult by improv-
ing masticatory function and the oral hygiene status [4]. 

Concerning changes in the salivary flow rate in the 
group with Sjögren syndrome, the resting salivary flow 
rate was 0.95 ml/10min at the initial consultation, being 
below the reference value. In 1 patient, it increased to 
1.60 ml/10min after 6 months, exceeding the reference 
value, and further to 1.70 ml/10min after 3 years. The 
other 3 patients showed a mean value of 0.90 ml/10min 
after 6 months and 0.96 ml/10min even after 3 years, 
being below the reference limit. The stimulated salivary 
flow rate was also below the reference value at the initial 
consultation. One patient showed an increase to 13.7 
ml/10min after 1 - 2 weeks, exceeding the reference 
value, 2 showed an increase to 10.3 ml/10min and 
10.6 ml/10min, respectively, exceeding the reference 
value after 6 months, but the other showed 6.3 ml/ 
10min, not exceeding the reference value (10.0 ml/ 
10ml), even after 3 years. This patient had angina pecto-
ris complicated by diabetes mellitus and was 79 years old. 
Since the drug administration period was long, recovery 
of the salivary flow rate was difficult by prosthetic 
treatment alone. 

In the group with Sjögren syndrome, 2 patients had 
upper and lower complete dentures as the prosthetic 
status at the initial consultation, and the other 2 had up-
per and lower partial dentures. The treatment content was 
new upper and lower denture fabrication in 2 patients, 
new upper and lower partial denture fabrication in 1, and 
adjustment of upper and lower partial dentures in the 
other. Since new dentures were fabricated in 3 patients, 
masticatory function may have slightly improved. These 
results suggest that the salivary flow rate can be im-
proved by prosthetic treatment even in patients with 
Sjögren syndrome. 

4.3. Relationship between the Salivary Flow Rate  
and Oral Findings 

In Group 1 without underlying diseases, tongue redness 
(75%), tongue erosion (65%), and tongue fur (50%) were 
frequently observed. With progression of oral hygiene 
instruction and prosthetic treatment, oral findings disap-
peared, and only tongue redness (5%) was present after 6 
months. After 1 year, there was no symptom or sign. 

In Group 1, the mean resting salivary flow rate was 
2.38 ml/15min at the initial consultation, exceeding the 
reference value. The mean stimulated salivary flow rate  

Copyright © 2012 SciRes.                                                                                OJST 



H. Mori et al. / Open Journal of Stomatology 2 (2012) 269-276 275

was 11.17 ml/10 minutes, exceeding the reference value. 
In this group, 12 of the 20 patients in this group showed 
a stimulated salivary flow rate below the reference value 
at the initial consultation but a value exceeding the ref-
erence value at the time of prosthesis fitting, suggesting 
effective recovery of occlusal function. Although it was 
reported that gustatory stimulation by food more mark-
edly affects the salivary flow rate than mechanical stimu-
lation given to the periodontal membrane or mucosa [18], 
these results suggest that masticatory stimulation also 
can increase the salivary flow rate. 

In Group 2 with underlying diseases, many oral find-
ings were present at the initial consultation: tongue red-
ness (90%), tongue erosion (85%), tongue fur (70%), 
buccal mucosal redness (70%), tongue smoothness (60%), 
cheilosis angularis (erosion) (50%). At the time of pros-
thesis fitting, many oral findings were still observed: 
tongue redness (45%), tongue erosion (35%), tongue fur 
(25%), buccal mucosal redness (35%), tongue smooth-
ness (25%), cheilosis angularis (erosion) (25%), palatal 
erosion (25%), and oral aphtha (25%). 

Only the group with Sjögren syndrome showed tongue 
redness, tongue smoothness, palatal redness, and buccal 
mucosal redness after 1 year and 3 years. In this group, 
oral findings after 1 year and 3 years were present in 
20%, and tongue redness in 35% after 6 months, 30% 
after 1 year, and 25% after 3 years. 

In Sjögren syndrome, lymphocyte invasion around the 
salivary gland ducts and disappearance of acini were 
reported [18]. Since the salivary glands themselves are 
damaged, mastication as mechanical stimulation may not 
induce changes in the salivary flow rate. In Group 2 with 
underlying disease, patients without improvement in oral 
findings tended to show only slight increases in both the 
resting and stimulated salivary flow rates. 

The actions of saliva in the oral cavity are mucosal 
protection and repair. A decreased salivary flow rate re-
duces these actions, inducing aggravation of oral find-
ings. A negative relationship between the salivary flow 
rate and Candida count has been reported [19-22]. Can-
dida albicans, the main pathogen inducing oral candidi-
asis, is a member of the indigenous flora in 40-50% of 
healthy people, but becomes pathogenic when the host 
immunity and infection defense function decreased. The 
provoking systemic causes include HIV infection, diabe-
tes mellitus, radiotherapy or chemotherapy for malignant 
tumors, and long-term use of steroids and antibiotics. 
The local causes include wearing of ill-fitting dentures 
and decreased salivary sectretion [19]. 

Therefore, improvement in dentures that can be made 
by dentists can increase salivary secretion, which may 
contribute improvement in oral symptoms of xerostomia. 
One of treatment methods for xerostomia is elimination 
of inducing factors. Changes in drugs for systemic dis-
eases and a reduction in the drug dose are difficult be- 

cause cooperation with medical institutions is necessary. 
However, if salivary secretion can be increased by dental 
approaches, improvement in xerostomia may be possible. 

Based on the results of this study, complete cure of all 
cases of xerostomia associated with underlying diseases 
may be difficult by only increasing the salivary flow rate. 
Salivary secretion is adjusted by sympathetic and para-
sympathetic nerves. The activity of these nervous sys-
tems induces salivary secretion; a high activity of the 
parasympathetic nervous system induces more salivary 
secretion. Occlusal movements activating masticatory 
muscles reflexively stimulate parasympathetic nerves, 
resulting in salivary secretion. This suggests that recov-
ery of occlusion after prosthetic treatment for the crown 
and missing teeth results in more active stimulation of 
parasympathetic nerves. Hoshi et al. reported improve-
ment in indefinite complaints associated with xerostomia 
after recovery of occlusal function by prosthetic treat-
ment and oral hygiene instruction [4,5]. In some cases, 
symptoms of xerostomia may improve after prosthetic 
treatment without special treatment methods such as drug 
administration. 

We performed this study, speculating that an increase 
in salivary secretion can improve oral symptoms of 
xerostomia associated with systemic diseases. As a result, 
there were correlations among an increase in the salivary 
flow rate, improvement in oral findings, and improve-
ment in oral dryness. However, in patients with Sjögren 
syndrome showing direct damage in the salivary gland 
tissue, since neither an increase in salivary secretion nor 
improvement in oral dryness was observed, selection of 
other treatment methods may be necessary. Thus, appro-
priate diagnosis of xerostomia including its cause is nec-
essary in patients with systemic diseases. Based on this 
diagnosis, improvement may be achieved by dental treat-
ment. 

5. CONCLUSION 

To improve symptoms of xerostomia associated with 
systemic diseases, we restored occlusal function to in-
crease the salivary flow rate, and evaluated changes in 
oral findings and salivary secretion. As a result, im-
provement in occlusion led to an increase in the salivary 
flow rate and improvement in oral signs and symptoms. 
Thus, oral hygiene instruction and improvement in oc-
clusion are useful for improving xerostomia, and can be 
used for treating this disease. In addition, their combina-
tion with other conventional treatment methods may 
produce more marked treatment effects. 
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