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ÖZ

Girifl: A¤›z kurulu¤u oldu¤u durumlarda difleti nemlili¤i azalabilir. Amac›m›z, a¤›z kurulu¤u
olan bireylerde, oral mukozal nemlilik ve difleti nemlilik de¤erlerini di¤er tükürükle iliflkili ölçümler-
le karfl›laflt›rmal› olarak de¤erlendirmektir.

Gereç ve Yöntem: 14 Sjögren sendromu olan hasta ve 14 kontrol bireyi çal›flmaya dahil edil-
mifltir. Difleti nemlili¤i de¤erleri befl ayr› bölgeden elde edilmifltir. Ayr›ca, tüm tükürük ak›fl h›z›, al-
t› mukozal bölgenin rezidüel nemlili¤i, minor tükürük bezlerinin salg› h›zlar› ve periodontal para-
metreler de de¤erlendirilmifltir.

Bulgular: Tüm tükürük ak›fl h›z› a¤›z kurulu¤u olan bireylerde kontrollere gore daha düflük
de¤ere sahiptir. Ancak minör tükürük bez sekresyonlar› de¤erlendirildi¤inde gruplar aras›nda her-
hangi bir fark tespit edilememifltir. A¤›z kurulu¤u olan hastalarda alt dudak nemlilik de¤erlerinde
de düflüfl bulunmaktad›r. Difleti nemlilik de¤erleri gruplar aras›nda karfl›laflt›r›ld›¤›nda ise herhan-
gi bir fark tespit edilememifltir.

Sonuç: Mevcut bulgular alt mukozal dudak nemlilik de¤erlerinin a¤›z kurulu¤u olan bireyler-
de düflük oldu¤unu göstermektedir. Ancak bu hastalarda difleti nemlilik de¤erlerinde herhangi bir
de¤ifliklik satpanamam›flt›r. A¤›z kurulu¤unu de¤erlendirmede mukozal nemlilikönemli bir yere sa-
hip olabilir; ancak güvenilirli¤i artt›rabilmek için tükürükle ilgili ölçümlerin genifl da¤›l›m› göz önün-
de tutulmal›d›r.

Anahtar Sözcükler: Yafll›; Tükürük/sekresyon; Sjögren Sendromu/tan›.

ABSTRACT

Introduction: Gingival wetness can be diminished in the presence of dry mouth. Our objec-
tive was to comparatively assess oral mucosal/gingival wetness in conjunction with other saliva-
related measures, in patients with dry mouth.

Materials and Method: Fourteen Sjögren’s Syndrome (SS) patients and 14 control individu-
als were included in the study. Gingival wetness measurements were obtained from five selected
sites. Whole salivary flow rate, residual wetness of six mucosal sites, minor salivary gland secre-
tion rates, and periodontal parameters were also determined.

Results: Whole saliva flow rate was lower in dry mouth patients compared to controls, whe-
reas there was no significant difference in minor salivary gland secretions between these groups.
The patients with dry mouth had reduced lower labial wetness values. No significant difference
was observed between the groups as to gingival wetness. 

Conclusion: Present findings suggest that lower labial mucosal wetness is decreased in pa-
tients with dry mouth. However, gingival moisture is acceptably maintained in these patients.
Mucosal wetness may have a potential benefit for the assessment of oral dryness however; the
wide distribution range of most saliva-related measures needs to be taken into account to increa-
se reliability. 

Key Words: Aged; Saliva/secretion; Sjogren's Syndrome/diagnosis.
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INTRODUCTION

Saliva has been known to play a significant role in oral
defense mechanisms (1). After each swallowing cycle, a

layer of saliva, residual saliva, is left clinging to the soft- and
hard-tissue surfaces of the mouth (2). The residual saliva func-
tions as a moisture retainer, a protective barrier, a lubricant
and a determinant for microbial colonization (3-5). The sen-
sation of a dry mouth is perceived when there is insufficient
mucosal wetting (6,7). Wolff & Kleinberg (7) showed that
the lower the salivary flow rate, the thinner the residual sali-
va covering the oral mucosal surfaces. Nevertheless, the data
regarding the relationship between the salivary flow and oral
mucosal wetness is quite limited. Sjögren’s syndrome is the
prototype of salivary deficiency conditions (8). In this syn-
drome, the diminished salivary secretion leads to an increase
in the incidence of dental caries (9),(10) and gingival inflam-
mation (9, 11). Inflammatory gingival changes are also
observed in mouth breathers and are generally attributed to
irritation from surface dehydration (12). Gingiva is a part of
oral mucosa. To our knowledge, normal gingival wetness (the
thickness of residual saliva on gingiva) values are not known.
It might be expected that gingival wetness could be dimin-
ished in the presence of dry mouth. However, no evidence has
been available regarding this subject. Thus, this study was
designed to investigate the thickness of residual saliva coating
the gingiva and other selected mucosal surfaces in patients
with dry mouth and to compare the results to healthy con-
trols. Additionally the data were evaluated for the correlation
of selected salivary and periodontal parameters.

MATERIALS AND METHOD

Study Population

Starting in 2004 all patients complaining of dry mouth were
examined during the 3-year period. From this group 14 vol-
unteers (all female, mean age, 46.1 years; range, 33 - 62 years)
were selected for this study based on the presence of consis-
tent oral dryness. They were asked to fill a questionnaire
(based in part on questions of the “European classification cri-
teria for Sjögren’s syndrome”) (13) about their possible char-
acteristic sicca symptoms. All of these subjects had had the
diagnosis of Sjögren’s syndrome (11 primary, 3 secondary).
Although ten patients were on therapy for sicca symptoms, all
of the patients had a chief complaint of dry mouth (mean
duration, 5.1 yrs; range, 1-15 yrs), thirteen patients com-
plained of dry lip, and twelve patients had the complaints of

dry eye. The control group comprised of 14 age-matched sys-
temically healthy female volunteers (mean age, 46.6 years;
range, 43-57 years) with no complaints suggestive of salivary
gland dysfunction (14). None of the control subjects had
taken any medication known to affect the salivary flow rate for
several months. Moreover, none of the participants had the
habits of smoking and/or alcohol use.

The protocol of this study was approved by the Ethics
Committee of Hacettepe University (# FON 03/6-14). All
subjects were provided with the necessary information regard-
ing the experimental design and their informed consents were
obtained before any experimental process.

Probing depth, attachment loss, sulcus bleeding index
(15), plaque index (16) and calculus index (17) were recorded
to evaluate the periodontal status.

In order to minimize the variances in saliva, the circadian
rhythm of this biologic fluid was considered, and all of the
examinations and saliva sampling were carried out between
8:00 and 11:00 a.m. Before examinations, subjects had no
meal-drink or tooth brushing.

Collection of Unstimulated Whole Saliva

After a rest of 5 min, each participant swallowed and then
tilted her head forward with the chin near the chest and was
instructed to avoid any lip or tongue movements, talking, or
swallowing (18). The saliva was allowed to pool in front of the
mouth for exactly 2 min without swallowing. It was then
gently drooled into SialometerTM (Oraflow Inc., Smithtown,
NY, USA). The 2-min collection was repeated twice.

Quantification of Gingival/Oral Mucosal Wetness

Periotron 8000® (Oraflow Inc., Smithtown, NY, USA.)
micro-moisture meter was used for quantification of gingi-
val/oral mucosal wetness. (7, 19, 20). After a rest of 5 min the
residual wetness of the following sites was determined. The
gingival sites: (I-II) Labial gingival surfaces of the upper and
lower right central incisors; (IIIIV) Buccal and palatinal gin-
gival surfaces of the maxillary left first molar; (V) Buccal gin-
gival surface of mandibular left first molar. Mucosal sites: (I-
V- in the midline) (I) lower labial mucosa, halfway between
the vermilion border and the attachment of the lower lip to
the labial frenum; (II) soft palatal mucosa, along the vibrating
line; (III) upper labial mucosa, halfway between the vermilion
border and the attachment of the upper lip to the labial
frenum; (IV) anterior hard palatal mucosa, the palatal area
including the incisive papilla; (V) anterior tongue, anterior
part of the dorsal surface of the tongue approximately 5 mm
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from the tip; (VI) buccal mucosa-1 cm from the commissure
of the lip at the height of the occlusal plane. 

For each measurement the individual was asked to swal-
low, open her mouth, and then a SialopaperTM strip (frying-
pan-shaped filter paper strips, measuring area 44.15mm2)
(Oraflow Inc., Smithtown, NY, USA) was carried into the
mouth with a pair of college tweezers and pressed against the
mucosal surface for 5 sec with the forefinger of the investiga-
tor’s right hand, which was sheathed in a dry surgical glove
(7, 19, 20). The residual saliva was absorbed onto the strip. To
eliminate the risk of evaporation, strips were immediately
transferred to a chair-side located and previously calibrated
Periotron 8000®. Saliva thicknesses were calculated by divid-
ing the volume of saliva collected by the area of the
SialopaperTM strip (7).

Measurement of Minor Salivary Gland Secretions

After the measurement of mucosal wetness, minor salivary
gland secretion rates were assessed on the lower labial mucosa
(in the midline, halfway between the labial frenulum and ver-
million border) and soft palatal mucosa (in the midline, along
the vibrating line). After drying each site with gauze, a
SialopaperTM strip was placed there and retained with light
finger pressure for 30 seconds to collect saliva secreted from
the underlying mucosa. The saliva on the strip was quantified
with the Periotron 8000® and flow rates were calculated in
units of Ìl/(min cm2) of mucosal area.

Statistical Analysis

Data were analyzed statistically by using the SPSS for
Windows software program (Chicago, IL,USA). A Student’s

t-test was used for analyzing normally distributed variables
and the Mann Whitney-U test was performed for analyzing
abnormally distributed variables in Sjögren’s syndrome and
control groups. The relationships between various measures
were examined by using the Spearman’s rank correlation coef-
ficient and p<0.05 was considered statistically significant. 

RESULTS

The mean flow rate of the unstimulated whole saliva was
significantly lower in patients compared to controls

(p=0.004). However, no significant difference was observed in
minor salivary gland secretion rates from the lower labial and
soft palatal areas between the groups (p>0.05) (Table 1).

In general, the patients had lower wetness values than the
controls. However, this difference reached to a significance
level only at the lower labial mucosa (p=0.001) (Table 2). No
significant difference was observed in gingival wetness values
between the groups (p>0.05) (Table 3). No significant differ-
ence was noted in periodontal findings (PI, CI, SBI, CAL, PD)
between the groups (Table 4). Correspondingly, there was no
significant difference in periodontal findings of the selected
sites between these groups (not shown).

Correlations Analysis

In the patient group, no significant correlation was found
between the unstimulated whole salivary flow rate and labial
minor gland saliva secretion rate (r=0.013, p=0.964) or
palatal minor gland saliva secretion rate (r=0.139, p=0.635).
However, a statistically significant positive relationship was
noted between the residual saliva thickness on the buccal
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Table 1— Data Regarding Unstimulated Whole Saliva and Minor Salivary Glands 

Sjögren (n=14) Control (n=14) p

Unstimulated whole salivary flow rate (ml/min) 0.3±0.1 0.4±0.1

(0.1-0.5) (0.3-0.6) 0.004

Minor salivary gland secretion rate (μl/(cm2min)

Lower Labial 6.1±4.4 6.3±3.0

(1.6-13.3) (3.0-13.3) 0.52

Soft Palatal 4.5±3.2 6.0±3.3 0.15

(0.7-11.3) (2.1-13.3)

All the results are expressed as mean ± sd (minimum-maximum)
Student’s t-test was used for analyzing normally distributed variables (unstimulated whole salivary flow rate) and Mann Whitney-U test  was
performed for analyzing  abnormally distributed variables (minor  salivary gland secretions) in Sjögren’s syndrome and control groups
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Table 2— Oral Mucosal Wetness (residual saliva thickness) at Distinct Sites

Residual saliva thickness (μm) Sjögren (n=14) Control (n=14) p

Lower labial mucosa 9.6±5.7 24.1±18.4 0.001

(0.2-19.7) (10.4-66.4)

Soft palatal mucosa 9.6±8.0 21.0±18.0 0.07

(1.6-29.0) (2.7-59.8)

Upper labial mucosa 17.7±13.7 19.5±14.5 0.50

(3.0-51.9) (10.0-67.3)

Buccal mucosa 36.4±26.3 37.2±18.2 0.78

(3.9-67.3) (10.4-67.3)

Anterior hard palatal mucosa 12.3±19.4 19.4±25.0 0.07

(1.1-66.4) (1.4-66.4)

Anterior tongue 27.2±18.7 34.8±17.3 0.27

(5.4-65.7) (6.6-63.2)

All the results are expressed as mean ± sd (minimum-maximum).
Student t-test was used for analyzing normally distributed variables (Residual saliva thickness on anterior tongue) and Mann Whitney-U test
was performed for analyzing abnormally distributed variables (Residual saliva thickness on lower labial, soft palatal, upper labial, buccal and
anterior hard palatal mucosa) in Sjögren’s syndrome and control groups.

Table 4— Periodontal Findings (all sites)

Sjögren (n=14) Control (n=14) p

Plaque index (PI) 0.9±0.6 0.6±0.4 0.07

(0.3-1.6) (0.0-1.1)

Calculus index (CI) 0.2±0.3 0.4±0.8 0.51

(0.0-0.9) (0.0-3.1)

Sulcus bleeding index (SBI) 1.1±1.3 0.6±0.8 0.21

(0.1-4.8) (0.0-2.5)

Clinical attachment level (CAL) 2.6±0.7 2.4±1.3 0.54

(1.8-4.1) (1.1-5.3)

Probing depth (PD) 2.3±0.6 2.4±0.6 0.48

(1.6-3.6) (1.8-3.8)

All the results are expressed as mean ± SD (minimum-maximum)
Student’s t-test was used for analyzing normally distributed variables (PI) and Mann Whitney-U test was performed for analyzing abnormally
distributed variables (CI, SBI, CAL, PD) in Sjögren’s syndrome and control groups

Table 3— Gingival Wetness (residual saliva thickness) at Selected Natural Tooth Sites

Residual Saliva Thickness Maxillary Left Molar Mandibular Left Molar Maxillary Right Mandibular Right 

(μm) Central Incisor Central Incisor

Sjögren (n= 14) 24.0±21.8 30.4±22.0 16.7±14.0 13.5±18.7

(0.2-67.3) (2.7-66.4) (0.9-48.7) (0.9-66.4)

Control (n= 14) 20.7±21.0 25.6±20.7 19.8±16.4 12.5±15.4

(4.3-67.3) (2.9-67.3) (4.8-66.4) (2.3-38.3)

RST: Residual saliva thickness (μm) at natural tooth sites
All the results are expressed as mean ± sd (minimum-maximum)
Mann Whitney-U test was performed for analyzing abnormally distributed variables in Sjögren’s syndrome and control groups



mucosa and palatal minor gland saliva secretion rate
(r=0.611, p=0.020). Similar positive correlation in residual
saliva thickness was observed between the labial and soft
palatal mucosa (r=0.799, p=0.001). No significant associa-
tion was found between the unstimulated whole salivary flow
rate and residual saliva thickness on the labial mucosa
(r=0.497, p=0.070) or that on the soft palatal mucosa
(r=0.065, p=0.824).

In the control group a significant correlation was detected
between unstimulated whole salivary flow rate and labial
minor gland saliva secretion rate (r=0.611, p=0.020). A sig-
nificant positive correlation was also found in residual saliva
thickness between the anterior hard palate and anterior
tongue (r=0.674, p=0.008). Additional significant correla-
tions were noted between the palatal minor gland saliva secre-
tion rate and the residual saliva thickness on the upper labial
mucosa (r=0.588, p=0.027); and the anterior hard palate
(r=0.557, p=0.038). However, no significant association was
observed between the unstimulated whole salivary flow rate
and residual saliva thickness on the anterior hard palate
(r=0.225, p=0.439).

Statistically significant correlations were also detected
between the labial minor gland saliva secretion rate and wet-
ness values of the labial gingival surface of the lower right
central incisor (r=0.531, p=0.05) and buccal gingival surface
of mandibular left first molar (r=0.636, p=0.015). In both
groups no association was found between the clinical peri-
odontal findings and any of the saliva-related measures.

DISCUSSION

Dry mouth is believed to be sensed when the flow rate of
unstimulated whole saliva is approximately 0.1 ml/min.

However, it is well known that the severity of dryness does
not correlate directly with a reduction of salivary flow (21-
23). In the present study, although all the patients com-
plained of dry mouth, the mean unstimulated whole-saliva
flow rate was 0.3ml/min. It has been implied that insufficient
mucosal wetting leads to sensation of dryness and measure-
ment of mucosal wetness is suggested as one of the diagnostic
methods for assessing dry mouth (7,19). Wolff and Kleinberg
(7) drew attention to reduced mucosal wetness in hyposaliva-
tors. Won et al (20) analyzed mucosal wetness in individuals
with normal salivary function. Then, Lee et al (19) reported
low wetness values in hyposalivators at almost all the mucos-
al sites. The present data showed reductions in mucosal wet-
ness values in patients compared to controls, but the differ-

ence between the groups reached a significance level only on
the lower labial mucosa. A statistically significant positive
relationship was also observed in wetness values between the
lower labial and soft palatal mucosa. Collectively, although
differences existed as to the sites that were affected, the results
of the previous studies and the present findings confirmed the
presence of reduced mucosal wetness in patients with dry
mouth.

Our data revealed that there was no difference in minor
salivary gland secretions between the patient and control
groups. Moreover, in the patient group, no significant corre-
lation was found between the unstimulated whole salivary
flow rate and minor salivary gland secretions. In contrast, a
significant correlation was detected in the control group
between the unstimulated whole salivary flow rate and labial
minor gland saliva secretion rate. These findings suggest that
dry mouth may not always be associated with reduced secre-
tions of minor salivary glands. Correspondingly, Lee et al.
(19) reported that the function of the minor salivary glands
was less affected and well preserved in patients with dry
mouth.

To our knowledge, the present study is the first report
describing gingival wetness values both in normal individu-
als and in patients with dry mouth. No statistically signifi-
cant difference was detected in gingival wetness values
between the groups. These findings may suggest that dry
mouth does not lead to any reduction in residual saliva cover-
ing gingival surfaces. It was also interesting to note that 13
patients were complaining of lip dryness, and residual saliva
thickness on labial mucosa was very low in this group.
However, minor labial gland secretion rates and the amount
of residual saliva on the labial gingival surface of the anterior
teeth were not any different from those in healthy controls.
Accordingly, in the control group significant correlations
were detected between labial minor gland saliva secretion
rates and labial gingival wetness values of the lower incisors.
These findings may suggest that gingival moisture is accept-
ably maintained in patients with dry mouth, probably owing
to the regular minor salivary secretions. 

Sjögren’s syndrome is demonstrated to be a condition that
influences the periodontal status of affected patients (9, 11).
However, in the present study no significant difference was
noted in periodontal findings between the two groups and no
association was found between the clinical periodontal find-
ings and any of the saliva-related measures.

Likewise, Tseng et al (24) found no difference between
Sjögren’s syndrome patients and healthy controls as to peri-
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odontal parameters, but no information was provided in their
report indicating the severity of the salivary disease. In our
study, most of the patients were using systemic medications
to relieve the symptoms of dryness that could have con-
tributed to similar periodontal characteristics noted in both
groups. Accordingly, gingival wetness values from both the
groups were comparable.

This study was limited by its small sample size. A wider
range of volunteer participants could not be achieved. In con-
clusion, the results of this study suggest that lower labial
mucosal wetting is insufficient in patients with dry mouth
complaints. However, gingival moisture is acceptably main-
tained in these patients. Further studies investigating gingi-
val wetness values in mouth breathers or in patients with
severe xerostomia may provide valuable information about
saliva related changes on gingiva.
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