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A B S T R A C T

The aim of this study was to examine the correlation of subjective dry mouth assessment (xerostomia)

with age, sex, denture type, wear duration, denture stability, subjective discomfort, soreness in denture-

bearing tissues, and dissatisfaction with chewing, tasting, or speaking in a group of elderly Turkish

removable denture wearers. The participants of this study were 229 healthy subjects, 101 males (mean

age: 68.1 � 5.2 years) and 128 females (mean age: 66.4 � 4.2 years), all aged 60 years and above. A self-

administered structured questionnaire on sensation of dry mouth, its effects in the oral mucosa and ability in

the oral functions were given to the participants. Associations of the categorical variables were examined

using the x2-test (p < 0.05). Satisfaction in the ability of speaking, tasting foods, chewing hard food was

determined statistically significant in patients without dry mouth (p < 0.05). Overall satisfaction of dentures

was significantly higher in patients without dry mouth (p < 0.05). Participants with having dry mouth

reported soreness in denture-bearing tissues in both complete and removable partial denture (RPD) wearers.

It was also found that oral dryness significantly affects oral functions in terms of the satisfaction with

removable denture and the ability in the oral functions independent to education level or gender.

� 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Xerostomia is a symptom that has been defined as the
‘subjective impression of oral dryness’ and is a frequent complaint
in the aging population (Ikebe et al., 2002b). It is described as a
symptom of middle aged or elderly individuals; however, it may
develop in any age (Ikebe et al., 2007). Prevalence has been
estimated to range from 10% to 38% and is more common in older
adults (Matear et al., 2006). Dry mouth can occur due to the severe
reduction or even when there is apparently normal salivary gland
function (Matear et al., 2006).

Saliva plays an important role in the preservation and the
maintenance of oral health and function (Ikebe et al., 2002b).
Digestion, facilitating communication and its microbial property for
protection of the oral tissue are major functions of the saliva. Saliva is
important in preparing food for mastication, for swallowing, and for
normal taste perception (Ikebe et al., 2005). The food-related
activities are responses to reflex stimulation by olfactory, gustatory,
and masticatory stimuli (Mandel, 1987). Protection occurs due to the
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basal secretions in the absence of obvious stimulation. Salivary flow
protects the soft tissues from desiccation, penetration or ulceration
by means of lubricating function (Ikebe et al., 2005). Saliva also can
stimulate soft tissue repair by reducing clotting time and
accelerating wound contraction (Dawes, 1987). It is also reported
that stimulated salivary flow can decrease the candidal activity in
denture users (Ikebe et al., 2006).

The sensation of a dry mouth would occur when the salivary
flow rate was less than the sum of the rates of water absorption and
evaporation (Dawes, 1987). Subjective oral dryness, or xerostomia,
is usually associated with a decreased salivary flow rate
(hyposalivation) and psychological factors. The common causes
of reduction in salivary flow rates are dehydration, medications,
head and neck radiotherapy, diabetes mellitus and specific
diseases (Narhi, 1994; Billings et al., 1996; Thomson et al.,
2000; Moore et al., 2001; Ikebe et al., 2005; Matear et al., 2006).

Xerostomia is more prevalent in the elderly population,
primarily due to increased use of drugs because of their
susceptibility to disease (Sreebny and Schwartz, 1997). When
compared with mechanical factors in denture construction, the
importance of salivary flow as a co-factor in causing denture
problems has not been adequately investigated. Clinical experi-
ence suggests that complete denture patients with xerostomia
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Table 1
Some basic parameters of the study group, n (%).

Gender

Males Females Total

Education level

Primary 28 (12.22) 67 (29.25) 95 (41.48)

Secondary 29 (12.66) 42 (18.34) 71 (31.0)

University/PhD 44 (19.21) 19 (8.29) 63 (27.51)

Total 101 (44.09) 128 (55.88) 229 (100)

Smoking history

Never 32 (13.97) 101 (44.09) 133 (58.07)

Currently 69 (30.13) 27 (11.79) 96 (41.92)

Table 2
Denture type and dry mouth distribution in the study group.

Denture type Gender Dry mouth

Male Female Total Male Female Total

None 7 5 12 1 2 3

RPD 54 65 119 25 23 48

RCD 40 58 98 12 17 29

Total 101 128 229 38 42 80
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have more intense sore spots than patients with normal salivary
flow (Edgerton et al., 1987). Niedermeier and Kramer (1992) found
that there was a small correlation between the secretion of palatal
glands and the retention of maxillary dentures; however, the
pharmacological stimulation of salivation showed that increase of
mucus secretion induced improved retention of maxillary com-
plete dentures.

Therefore, the purpose of this study was to examine the
prevalence of the perception of dry mouth (xerostomia) among a
group of elderly individuals with natural dentition or removable
denture, and also to determine its association with age, sex,
denture type, wear duration, denture stability, subjective dis-
comfort, soreness in denture-bearing tissues, and dissatisfaction
on chewing, tasting and speaking.

2. Subjects and methods

2.1. The study group

The subjects in this study were the patients who referred to
Ankara and Yeditepe University, Faculty of Dentistry which were
located in two major cities of Turkey (Ankara and Istanbul) to have
their dentures renewed. These patients were recruited for the
study, after taking their informed consent. The participants of this
study were 229 healthy subjects, 101 males (mean age: 68.1 � 5.2
years) and 128 females (mean age: 66.4 � 4.2 years), all aged 60 years
and above. The overall mean age of the participants in the study was
67.25 � 4.6 years. Two hundred and seventeen subjects were (94.7%)
were edentulous or partially edentulous. Of all these patients, 98
subjects (45.1%) were edentulous (40 males and 58 females), whereas
119 (54.8%) subjects were partially edentulous (54 males and 65
females).

2.2. Data collection and dental status

Each subject underwent a comprehensive dental examination
by the calibrated examiners. Training and calibration exercises
were conducted prior to the study. The number of teeth, number of
restorations, type of dentures (RPD or CD) were recorded. Each of
the subjects was also asked the duration of having a denture and
time of wearing the last denture.

The dental status of the subjects was classified separately into
the following 3 categories: CD (complete denture), persons who
wore at least 1 complete denture in maxilla and/or mandible; RPD,
persons who wore an RPD in at least 1 arch and who were not
included in CD group; and ND (natural dentition), persons who had
a natural dentition as an arch with at least 12 teeth between the
first molars, but which could include spaces restored with fixed
prostheses.

Perception of dry mouth was measured by a self-administered
questionnaire was given to the participants. The first section of the
questionnaire inquired about socio-demographic data, including
age, gender, education level and smoking status (current, past, or
non-smoker). The second section included questions regarding the
presence of medical conditions or medications that have been
proposed in the literature to have an association with xerostomia.
The subjects who reported as having no systemic disorders and no
medication use were included in the study. In the following section
of the questionnaire questions regarding subjective oral dryness
and oral functions were asked.

Satisfaction of oral functions was evaluated by the response to
the following questions: ‘Do you feel oral dryness while eating?’,
‘Are you satisfied with your ability to chew?’, ‘Are you satisfied
with your ability to speak clearly?’, and ‘Are you satisfied with your
ability to taste foods?’. The participants were asked to respond to
each question by indicating if they were ‘satisfied’, ‘fairly satisfied’
or ‘dissatisfied’ (Ikebe et al., 2005).

Following questions were asked to determine self-assessed
chewing ability: ‘Can you chew apples, dried fruits or roast beef
without difficulty?’. Persons who answered ‘yes’ to all three
questions were determined as a ‘good’ for chewing ability and
those who answered ‘no’ to all 3 questions were determined as
‘poor’ for chewing ability. Those who answered at least 1 ‘yes’ and 1
‘no’ were classified as ‘fairly good’ for chewing ability.

The patients were also asked questions about the dentures such
as ‘Does your denture move while eating or talking?’, Does your
denture hurt you while eating or talking?’ and ‘Do you feel
uncomfortable with your dentures?’. The participants were asked
to answer these questions by ‘never’, ‘hardly ever’, ‘occasionally’, or
‘often’. The patients were asked to rate their overall satisfaction
with their removable dentures as ‘satisfied’, ‘fairly satisfied’ and
‘dissatisfied’.

Evaluations of distribution tables were followed by x2-test tests
of independence. Values of p < 0.05 were considered to be
statistically significant. The data was analyzed using SPSS for
Windows Version 12.0 (SPSS Inc., Chicago, IL, USA).

3. Results

The number of participants, sex, education level and smoking
status were presented in Table 1. The mean tooth loss was
22.0 � 4.8 for females and 15.6 � 3.2 for males. The rate of tooth loss
was higher in females than males without statistical significance. Of
all 229 patients, 217 patients (94.7%) had dentures. Of all this 217
patients, 98 had CD (40 males and 58 females), whereas 119 had RPD
(54 males and 65 females), and most of the dentures were ill-fitting,
causing consequent irritations (Table 2). The mean duration of
denture wear was about 13.6 years; however, the patients’ present
dentures were in use for an average of 8.67 � 7.05 years. Twelve
subjects (5.3%) in the study group were dentate (mean age:
64.2 � 3.8) (7 males and 5 females).

In the CD group 29 (12.6%) had dry mouth, in RPD group 48 had
(20.9%) dry mouth, whereas 3 had dry mouth (1.3%) in ND group.
Overall 80 subjects (34.9%) had reported a subjective feeling of dry
mouth with a prevalence of 16.6% (n = 38) in men and 18.3% in



Table 4
Evaluation of satisfaction with the dentures in the subjects.

n Dry mouth(�),

n = 143

Dry mouth(+),

n = 74

p

Stability of the denture while eating and talking

Not stable 78 26 <0.02*

Stable 65 48

Feeling of aching spots while eating and talking

No 99 8 <0.0001*

Yes 44 66

Feeling comfortable with the dentures

Never 34 7 <0.0001*

Hardly ever 62 18

Occasionally 14 22

Often 33 27

Overall satisfaction

Satisfied 80 25 <0.02*

Fairly satisfied 37 28

Not satisfied 26 21

* Significant differences.
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women (n = 42) (Table 2). The subjects who had complete and
partial removable dentures exhibited a higher prevalence for dry
mouth than natural dentate patients with significant difference
(p < 0.05). Gender and education level were not found to be
associated with dry mouth (p > 0.05). When smoking status was
evaluated, it was found that 96 (41.4%) were current smokers; 69
(30.2%) of them were male, with a mean consumption of 20 � 10
cigarettes per day, and 27 (11.79%) of them were females, with a
mean consumption 12 � 3.1 cigarettes per day. Dry mouth was
significantly associated with smoking (p < 0.05). There was also a
significant difference between smoking status and tooth loss
(p < 0.05). However, no significant difference was found between
smoking and education level (p > 0.05).

Patients with oral dryness reported statistically significant
difficulty in chewing, tasting and speaking (p < 0.05). Table 3
shows the association of dry mouth with oral functions such as
tasting, chewing, speaking and the ability of chewing hard foods
such as apples, dried fruits or roast beef in the study group. All
these evaluated issues, except ability to chew dried fruits and roast
beef, were determined significantly poor in patients with oral
dryness (p < 0.05). In the whole group of denture wearers
(n = 217), hyposalivation resulted in a high range of mobility of
the removable dentures and also lead to the formation of aching
spots while talking and eating. This association was found to be
significant. Overall satisfaction of the dry mouth patients with
their dentures was found to be fairly satisfied or dissatisfied
(Table 4) (p < 0.05). Patients without the feeling of dry mouth and
wearing a CD or RPD, reported that they were mostly satisfied with
their dentures and their capability in oral functions such as
chewing and tasting (p < 0.05).

In xerogenic elderly CD group, the most common significant
complaint was determined as the instability of the dentures, feeling
of aching spots and statement of discomfort with their prostheses
(p < 0.05). However, xerogenic elderly RPD group was mostly in
trouble with tasting, speaking and instability of the prosthesis.
Ability to eat dried fruit was found significantly poor in xerogenic
elderly RPD group and they stated that they were not comfortable
with their prostheses (p < 0.05), but we did not find any statistically
significant result in the overall satisfaction (p > 0.05). ND group did
not report any significant difficulty about the oral functions.
Table 3
Distribution of the individuals according to the satisfaction with oral functions and

self-assessed chewing.

Dry mouth(�),

n = 149

Dry mouth(+),

n = 80

p

Ability to chew

Dissatisfied 44 25 0.016*

Satisfied 73 29

Fairly satisfied 32 26

Ability to speak

Dissatisfied 20 14 0.006*

Satisfied 112 38

Fairly satisfied 17 28

Ability to taste

Dissatisfied 18 26 0.0001*

Satisfied 87 28

Fairly satisfied 44 26

Ability to chew

Apples/No 51 43 0.004*

Apples/Yes 98 37

Dried fruit/No 68 44 0.056

Dried fruit/Yes 81 36

Roast beef/No 47 58 0.11

Roast beef/Yes 102 22

* Significant differences.
Overall satisfaction of prosthesis was significantly higher in
patients without oral dryness (p < 0.05). If we compare xerostomic
CD and RPD wearers, those wearing RPD reported higher
satisfaction rate than CD wearers (p < 0.05). Participants with
having dry mouth reported soreness in denture-bearing tissues in
both CD and RPD wearers.

4. Discussion

This study evaluated a sample of older adults referred for
prosthetic restorations. Perception of dry mouth during eating was
asked to identify and predict a serious deficiency or dysfunction of
the major salivary gland output and also to detect the ability of oral
functions such as chewing, tasting and speaking.

The results of this study showed a higher frequency of tooth loss
in the elderly population. The tooth loss was higher in females than
males with no statistical significance. The level of education in the
study group varies form primary school (41.5%) to university/PhD
(27.5%). In our study, females with low education level were found
to be significantly associated with tooth loss. These findings are in
accordance with the findings of Ekanayake and Perera (2004),
Nalcaci et al. (2007), Shah et al. (2004), and Susin et al. (2005); but
do not coincide with others which have shown a higher mean of
tooth loss and a tendency towards a higher level of edentulism in
males than females (Hugoson et al., 1995; Suominen-Taipale et al.,
1999).

In this study, an association between tooth loss and smoking
was found in line with previous studies (Suominen-Taipale et al.,
1999; Lin et al., 2001; Susin et al., 2005) but do not match with
other studies (Loesche et al., 1995; Nalcaci et al., 2007). This may be
due to different populations. Nalcaci et al. (2007) conducted a
study on elderly Turkish population which found no significant
difference between smoking and tooth loss. However, their study
was conducted in a rural area. Our study was conducted in urban;
thus this can be an explanation for difference between the two
studies. Moreover, in our study the education level of the
participants is higher than their study. The cigarette usage with
increased education level may reveal this correlation between
smoking and tooth loss.

Additionally, it was found that gender and education level were
not found to be associated with dry mouth (p > 0.05). The effect of
age, gender and education in the etiology are not clearly
established (Sanz et al., 2001). However, differences in oral
hygiene habits or the perception of overall self-image related to
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age and education may be indirectly responsible for differences (Eli
et al., 2000). Nalcaci and Baran (2008) also found no difference
with gender and self-reported halitosis and perceived taste
disturbance in other study about Turkish elderly which is similar
to our study.

Overall, the frequency of the complaint of oral dryness was
34.9% in the elderly patients, and partial denture wearers were
more likely to report a dry mouth. Ship and Fischer (1997) reported
that the prevalence of xerostomia is approximately 30% in the
population aged 60 and above and added the prevalence is
dependent on the type of sample. Ikebe et al. (2005) reported 9%
oral dryness in their study group. Matear et al. (2006) stated that
prevalence of dry mouth can be estimated to range from 10% to 38%
and is more common in older adults than in other age groups. In
our study, sensation of dry mouth was seen in 34.9% of the patients
which is consistent with other studies. Moreover, we found that
dry mouth sensation is increasing with age. We consider as long as
the study population will get older, the rate of xerostomia will also
increase. This assumption is supported by Nederfors et al. (1997)
who described a strong association between xerostomia and
increasing age.

Satisfaction with dentures has a multivariate character, and so
many factors are associated with denture function as well as
personal expectation factors. But before all, especially an upper
complete denture must have a good retention without causing any
soreness on the oral mucosa. This is mainly provided by the saliva.
In denture-wearing population saliva wetting mechanism is
necessary to create adhesion, cohesion and surface tension to
ultimately lead increased retention of dentures (Turner et al.,
2008). Perception of oral dryness while eating is useful in
identifying and predicting a serious deficiency or dysfunction of
the major salivary gland output (Fox et al., 1987). Palatal saliva,
secreted by minor salivary glands, improves also retention of upper
full dentures (Niedermeier et al., 2000).

Clinical experience suggests that complete denture wearers
with xerostomia have more intense sore spots than patients with
normal salivary flow. In our study, xerostomic patients wearing a
removable denture reported soreness while eating and talking. The
xerostomic elderly group who was wearing CDs reported
dissatisfaction with the instability of their dentures and the
formation of aching spots. This fact suggests that CD wearers may
have longer denture-wearing experience, develop a learned
pattern of functioning, and adapt their diet. They may also have
lower expectations of their dentures (Ettinger, 1998). But the
xerostomic elderly group who was wearing RPDs reported much
more discomfort as dissatisfaction in tasting, speaking, eating and
about the instability of their prostheses. This might be because of
short-term use of the RPDs for them and they might have higher
expectations for their dentures (Ettinger et al., 1984). Ikebe et al.
(2002b) reported that hyposalivation and low perceived salivary
flow were related to chewing ability and satisfaction with tasting
foods. But in contrast, CD group had worn a removable denture for
a longer time than the RPD group and did not expect so much
comfort about the dentures.

Our study showed that ability of chewing, tasting food, eating
apples and roast beef tended to be associated with perception of
dry mouth during eating in the xerogenic group. This finding
suggests the importance of stimulated salivary flow rate for
chewing in denture wearers especially in CD wearers.

It is known that complete denture wearers with hyposalivation
have more intense spots than patients with normal salivary flow
(Edgerton et al., 1987). Our study showed that the perception of
dry mouth during eating associated with soreness in the denture-
bearing tissues. In addition, feeling of aching spots with dentures
was more likely to be related with dry mouth during eating for the
CD group, but not for the RPD group. The presence of salivary film
layer may be essential for lubricating and hydrating the mucosa
beneath a denture base and for protecting tissues from the forces of
the denture base in function (Edgerton et al., 1987).

Ikebe et al. (2002b) reported that there was no association
between the salivary flow rate and the number of teeth but added
that perceived salivary flow was significantly lower in persons
with fewer teeth. In the present study, when we compared
xerogenic elderly ND/RPD/CD groups, we did not find any
statistically significant association among them.

Speaking was also found as a problem in patients with oral
dryness. Studies emphasized that dry mouth reduces quality of life
and well-being of the elderly individuals (Locker, 2003; Matear
et al., 2006; Ikebe et al., 2007) although oral function may be less
affected (Matear et al., 2006). But we think that edentulous
patients, having disturbance in saliva flow rate and using a
complete denture for more than 20 years, will have disturbance in
the stability of prosthesis due to the deficiency of alveolar bone
support, so their ability to speak with their prosthesis as well as
their quality of life will decrease. Ikebe et al. (2002a) reported that
chewing was the prominent complaint among RPD patients but
among CD patients the main concern was the speech. In our study,
we determined that dissatisfaction in tasting was mostly reported
by RPD group, but CD group was mostly reported dissatisfaction in
formation of aching spots. Consequently, as well as the quality of
life, oral functions also will be deteriorated in the elderly patients.

Polypharmacy has been related to xerostomia (Thomson et al.,
2000; Matear et al., 2006). These last authors reported that elderly
patients who had the most physical disease symptoms were at a
greater risk of having reduced salivary flow. Hyposalivatory drug
use affects salivatory flow. Oral dryness due to the medication is
often reversible (Narhi, 1994). Cessation of these drugs will reverse
the hypo-salivation, but some of them are lifelong medicaments.
Thus, it will be impossible for the patient to quit the drug, but he/
she can ask his/her doctor to prescribe less xerogenic types. If the
dry mouth is associated with salivary gland dysfunction, pilocar-
pine administration has been found to be one of the most
promising systemic agents in relieving oral dryness and increasing
salivary output (Narhi, 1994).

In terms of gender, Narhi (1994) reported that females perceive
dry mouth much more than males. This difference may be
originated from low salivary flow due to the menopausal age of the
women. We did not find statistically different significance between
male and female participants. Differences between studies may be
attributable to age, health status, length of time with dentures and
testing techniques.

In the literature significantly high rates of low BMI was reported
for the healthy elderly xerostomic patients. Dormenval et al.
(1995) stated a significant relationship between hyposalivation
and malnutrition. They also showed that complaints of dry mouth
were associated with low BMI and 10% weight loss in hospitalized
elderly people. In our study we did not remark any statistically
relationship between BMI and oral dryness. Our study showed that
oral dryness may disturb chewing and tasting function. Narhi
(1994) reported that dry mouth was significantly associated with
subjective difficulties in tasting food.

In this study we found a significant association between oral
function and problems and the perception of dry mouth among a
group of denture wearers. Oral dryness per se is not a serious
condition, but it has a negative effect on the quality of life in the
denture-wearing patients causing impediments in the oral
functions. When dentists notice symptoms of oral dryness
especially in denture-wearing patients, they should alert them
about the risks of dry mouth and they may help reducing
discomfort associated with the dentures.
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