UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Clinical oral dryness score: evaluation of a new screening method for oral
dryness

Jager, D.H.J.; Bots, C.P.; Forouzanfar, T.; Brand, H.S.

DOI
10.1007/s10266-018-0339-4

Publication date
2018

Document Version
Final published version

Published in
Odontology

License
CcCBY

Link to publication

Citation for published version (APA):

Jager, D. H. J., Bots, C. P., Forouzanfar, T., & Brand, H. S. (2018). Clinical oral dryness
score: evaluation of a new screening method for oral dryness. Odontology, 106(4), 439-444.
https://doi.org/10.1007/s10266-018-0339-4

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:09 Mar 2023


https://doi.org/10.1007/s10266-018-0339-4
https://dare.uva.nl/personal/pure/en/publications/clinical-oral-dryness-score-evaluation-of-a-new-screening-method-for-oral-dryness(354504b9-c280-49fd-b301-66f80a9bc260).html
https://doi.org/10.1007/s10266-018-0339-4

Odontology (2018) 106:439-444
https://doi.org/10.1007/5s10266-018-0339-4

ORIGINAL ARTICLE

@ CrossMark

Clinical oral dryness score: evaluation of a new screening method
for oral dryness

Derk H. Jan Jager'?® . Casper P. Bots® - Tim Forouzanfar' - Henk S. Brand'*

Received: 9 January 2018 / Accepted: 10 January 2018 / Published online: 22 January 2018
© The Author(s) 2018. This article is an open access publication

Abstract

The purpose of this study was to explore the association of the clinical oral dryness score (CODS) with salivary flow rates,
xerostomia inventory (XI), and bother index (BI). 147 patients were screened using CODS, which determined 10 features of
oral dryness. Each feature contributed 1 point, and the total score varied from 0 to 10. Unstimulated (UWS), chewing-stim-
ulated (CH-SWS) and acid-stimulated (A-SWS) whole salivary flows and the XI and BI were measured. Associations were
explored with a bootstrapped Spearman rank correlation test (1000 X bootstrapping). Based on unstimulated salivary flow,
55 patients were classified as hyposalivators, 31 as low salivators, 48 as normosalivators and 13 as high salivators. Median
CODS in the hyposalivation group was 5 (IQR 3-6) compared with 3 (IQR 2-5) in the low salivation group, 2 (IQR 1-4) in
the normal salivation group and 2 (IQR 1-2.5) in the high salivation group. Significant associations between CODS and the
other parameters were only found in the hyposalivation group between CODS and UWS (p(53) = — 0.513; p < 0.01), between
CODS and CH-SWS (p(53) = — 0.453; p < 0.01), between CODS and A-SWS (p(53) = — 0.500; p < 0.01), CODS and XI
(p(53) =0.343; p < 0.001) and between CODS and BI (p(53) = 0.375; p = 0.01). In patients with hyposalivation, CODS is
associated with unstimulated and stimulated salivary flow and XI and BI. CODS alone or a combination of CODS with a
subjective measure, such as the XI or BI, could be recommended during routine clinical assessment to detect hyposalivation.

Keywords Hyposalivation - Xerostomia - Saliva - Screening - Indexes - Mouth

Introduction

Whole saliva is a complex oral fluid comprising a mix-
ture of secretions from major and minor salivary glands,
with additional contributions by crevicular fluid [1]. Saliva
plays a pivotal role in preserving the integrity of the oral
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environment, via lubrication and protection [2]. Neverthe-
less, it is hard to determine precisely when diminished saliva
secretion results in oral problems such as an experience of
dry mouth (xerostomia) [3]. However, it has been demon-
strated that a diminished salivary flow rate is associated with
mucosal changes, and signs and symptoms may emerge [4].
An accurate quantification of the salivary flow would require
each patient to be followed longitudinally [3], as the amount
of saliva is subject to intra-individual differences [2]. Con-
sidering the impact of a decreased salivary flow rate on a
person’s quality of life and oral health, it has been suggested
that assessment of salivary function should be part of routine
dental check-ups [3, 5]. In the general dental practice, quan-
tification of the unstimulated, chewing-stimulated and citric
acid-stimulated saliva secretion rates is hardly performed
as many dentists consider it time consuming and not part of
their daily routine.

In addition to objective quantification of the saliva secre-
tion, several subjective measures are available to assess the
symptoms and burden for patients experiencing dry mouth.
The xerostomia inventory (XI) is a validated and frequently
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used questionnaire, that explores how the patient experi-
ences dry mouth (xerostomia) [6]. This questionnaire con-
sists of 11 items, each on a 5-point Likert scale. Another
self-reported index is the Bother Index (BI). In the BI, the
patient is asked to rate the severity of dry mouth on a scale
from O to 10 [7]. Both the XI and the BI are based on self-
report, and are therefore subjective. Recently, a new instru-
ment was designed to objectively quantify clinical signs of
reduced salivary secretion: the clinical oral dryness score
(CODS). The aim of the CODS is to provide a quick, easy
and objective method to determine salivary gland function
in the clinical setting, such as a dental practice or maxillofa-
cial outpatient’s clinic. The CODS is designed to assess oral
dryness by clinical and visual inspection of the oral cavity
based on several signs of oral dryness such as the presence
of frothy saliva, the dryness of the oral mucosa and sticki-
ness of the dental mirror to the tongue or the buccal fold [8].
In the study by Osailan, it was suggested that the CODS is a
reliable routine assessment of the severity of hyposalivation.

Until now, the CODS has not been reviewed and evalu-
ated in more detail. In this study it is hypothesized that the
CODS is associated with salivary flow rates and the aim of
this retrospective case series study was to investigate the
association of the CODS with salivary flow rates among
a heterogeneous group of patients. Furthermore, we inves-
tigated whether there is a relationship between the CODS
and xerostomia measured by two subjective measures (XI
and BI).

Materials and methods
Study design

A retrospective case series study was designed. Data were
collected through convenience sampling from 147 patients
(mean age, 53 + 17 years; female to male ratio, 1.5:1) who
attended the saliva clinic of the Centre for Special Care
Dentistry Amsterdam, the Netherlands, between December
2011 and December 2015. Dentists, physicians, or medical
specialists referred patients to the saliva clinic. Patients were
included in this study when all questionnaires and all data,
necessary for this study, were present in their patient record.
The heterogeneous study population comprised patients
who could be stratified into five groups based on their rea-
son for referral: (1) dental or restorative problems such as
dental erosion, wear, bruxism and caries (50 patients); (2)
medication-related hyposalivation and/or xerostomia (34
patients); (3) Sjogren’s syndrome (27 patients of which 10
patients with a secondary syndrome and 17 with a primary
syndrome (according to AECG criteria) [9]); (4) radio-
therapy in head and/or neck region (3 patients); 5) control
group (33 patients; no reported xerostomia/hyposalivation).
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The patient population was also stratified according their
unstimulated whole mouth salivary (UWS) flow into four
groups: hyposalivation (UWS < 0.1 mL/min, 55 patients),
low salivation (UWS > 0.1-0.2 mL/min, 31 patients), nor-
mal salivation (UWS > 0.2-0.5 mL/min, 48 patients) and
high salivation (UWS > 0.5 mL/min, 13 patients). This study
followed the Declaration of Helsinki on medical protocol
and ethics. The experiment was performed in accordance
with the guidelines of the Ethics Review Committee of the
VU University Medical Center. The Ethics Review Com-
mittee of the VU University Amsterdam confirmed that the
Medical Research Involving Human Subjects Act (WMO)
does not apply to this study. Written informed consent was
obtained of each patient. The reporting of this study con-
forms to the STROBE statement [10].

Data collection methods

Case report forms (CRFs) were designed to collect data in a
standardized manner. One data abstractor, with specialized
knowledge of the research question (DHIJJ), performed data
abstraction from the medical charts to the case report forms.
To verify incorrect transfer of data from the medical record
to the CRF, random checks were performed prior to data
entry. This was done according to the 100-20 rule in which
100% of the data is checked in 20% of the CRFs and 20% of
the most important data was checked in 100% of the CRFs
to prevent mistakes in data retrieval [11].

Variables
Subjective oral dryness

Before a patient visited the clinic he or she received ques-
tionnaires on paper by mail to fill out at home. The first
questionnaire was the XI [12]. The XI consists of 11 state-
ments about mouth feel and oral dryness, each with a 5-point
Likert scale to indicate how often the patient suffers from
problems with regard to mouth feel and oral dryness. The
scores from the 11 questions are summed resulting in a total
Xl score that varies from 11 (no dry mouth) to 55 (extremely
dry mouth). The second questionnaire was the BI. This index
quantifies the burden related to the dry mouth on a 10-point
scale. Scores range from 0 to 10, where 0 is no burden and
10 is excruciating burden [7].

Clinical oral dryness score

The CODS used in the present study consisted of a 10-point
scale; each point representing a feature of dryness in the
mouth as follows: (1) mirror sticks to buccal mucosa. (2)
Mirror sticks to tongue. (3) Tongue lobulated/fissured. (4)
Tongue shows loss of papillae. (5) Frothy saliva. (6) No
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saliva pooling in floor of mouth. (7) Glassy appearance
of other oral mucosa, especially palate. (8) Debris on pal-
ate (excluding debris under dentures). (9) Altered/smooth
gingival architecture. (10) Active or recently restored (last
6 months) cervical caries (> 2 teeth) [8]. The scores from the
ten features were added together resulting in a total CODS.
A high total score indicates increased severe oral dryness.

Every patient was examined by one examiner (DHJJ or
CPB). The examiner scored the features observed in the
patient’s mouth, using a specially designed form with illus-
trations of dry mouth features. This form used pictures from
the original publication describing the CODS [8]. Before
collecting salivary flow data and analysing the xerostomia
questionnaires, the examiners first recorded the CODS. This
way, the examiners were not aware during the recording of
the CODS whether a patient was a hyposalivation/xerosto-
mia or a non-hyposalivation/non-xerostomia patient.

Sialometry

Unstimulated whole saliva (UWS), chewing-stimulated
whole saliva (CH-SWS), and citric acid-stimulated saliva
(A-SWS) were collected in a standardized manner. Patients
were instructed to refrain from eating, drinking, chewing
gum, brushing teeth, using mouthwash, and smoking for
60 min prior to visiting the clinic. All assessments were
made between 8:00 am and 12:00 pm to minimize fluctua-
tions associated with the circadian rhythm of salivary secre-
tion [13].

At the time of visit, each patient was placed in a quiet
room and asked to sit in an upright position. Unstimulated
saliva was collected by the draining method in a pre-weighed
plastic container [5]. Patients were instructed to begin col-
lecting saliva immediately after an initial swallow and to
expectorate in the container as soon as they collected saliva.
During the collection period (5 min) patients were not
allowed to swallow. To collect SWS, patients were asked
to chew a 5 X 5 cm sheet of paraffin (Parafilm M, Pechiney,
Chicago, IL, USA) at a chewing frequency of approximately
60 chews per minute and expectorate into a pre-weighed
container every 30 s during a 5 min period. For A-SWS,

saliva secretion was stimulated with a citric acid solution
(2% wiv) applied with a cotton wool swab to the lateral bor-
ders of the tongue at 30-s intervals [14]. After the collec-
tion period the plastic containers were reweighed and the
collected volume was determined by subtracting the weight
of the container prior to collection. Salivary flow was cal-
culated by dividing the collected volume (assuming 1 g of
saliva equals 1 mL) with collection time (min) and values
were expressed in mL/min [5].

Data analysis

Data were assessed for normality using the Shapiro—Wilk
test. As all parameters were not normally distributed, the
data are presented as median and their interquartile range
(IQR). Differences between CODS of the salivation sub-
groups were examined using the Mann—Whitney U test
(significance level was set at 0.05). Possible relationships
between XI, BI, CODS, UWS, A-SWS and CH-SWS were
explored with a bootstrapped Spearman rank correlation test
(1000 x bootstrapping). Data were analysed using SPSS,
version 22.0 (IBM Corp, Armonk, NY, USA). A significance
level () of 0.01 was chosen for the correlation test.

Results

The UWS, CH-SWS, A-SWS, BI, XI, and CODS data were
not normally distributed (Shapiro—Wilk test; p < 0.01).
Analysis of patients according to reason for referral
revealed that the lowest median UWS values were found in
the Sjogren’s syndrome group (Mdn = 0.02 mL/min, IQR
0.0-0.6) and the highest median UWS values were found
in the control group (Mdn = 0.22 mL/min, IQR 0.09-0.35)
and in the erosion, wear, bruxism, caries (EWBC) group
(Mdn = 0.26 mL/min, IQR 0.18-0.36).

The patients were also grouped according to their UWS
flow rates into hyposalivation, low, normal and high saliva-
tion groups. The median UWS, CH-SWS, A-SWS and CODS
values for each of these subgroups and the overall study
population are presented in Table 1. There was a significant

Table 1 The median UWS, CH-SWS, A-SWS, XI, BI and CODS and their corresponding IQRs for the overall group and the four subgroups
based on their salivation: hyposalivation, low, normal and high salivation

UWS IQR CH-SWS IQR A-SWS IQR XI  IQR BI IQR COoDS  IQR
Hyposalivation 0.02°  0.0-0.06 0.85% 0.35-1.45 0.22% 0.06-0.42 39* 35-45 8@ 5.9 5&SE@ 3 4
Low salivation 0.14  0.12-0.18 22 1.3-275 0.76 0.44-1.06 25 19-38 6 2-8 3 2-5
Normal salivation 0.3 0.26-0.39 245 1.63-3.39 1.13 0.76-141 225 17.25-30 3 -7 2 14
High salivation 0.66 0.56-0.92 3.3 2.63-44  2.02 1.28-2.62 28 175-42 4 05-75 2 1-2.5
Overall 0.16° 0.04-03 1.9% 1.05-2.85 0.7° 0.37-121 28* 20-39 6 2-8 3ESKC@ 9 5

Significant (p < 0.01) associations between CODS and the other parameters, within each group, are marked with corresponding symbols
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difference in CODS between the hyposalivation (Mdn =5,
IQR 3-6) and the low salivation group (Mdn = 3, IQR 2-5;
U = 520,5, p = 0.003, r = — 0.33), the normal salivation
group (Mdn = 2,1IQR 1-4; U =470 p < 0.01, r = — 0.56)
and the high salivation group (Mdn =2, IQR 1-2.5; U =171,
p < 0.01, r = — 0.55). Also, there was a significant dif-
ference between the low salivation group and the normal
salivation group (U = 517.5, p = 0.02, r = — 0.26), and the
high salivation group (U = 97, p = 0.006, r = — 0.41). The
normal and high salivation groups did not differ significantly
(p=0.27).

Table 2 shows how frequently each item of the CODS
was scored. In the overall study population, item 1 (the mir-
ror sticks to the cheek; 21%) was most frequently scored,
and item 8 (food debris on the palate; 1%) the least. When
stratified according to the UWS, item 1 was most frequently
scored in the normal salivation group and least frequently in
the hyposalivation group. Item 4 (fissured tongue) was most
frequently scored in the hyposalivation group and least fre-
quently in the low salivation group. Item 4 was scored more
frequently in the normal salivation group compared with the
low salivation group. In the high salivation group three items
related to severe dry-mouth complaints were not scored at
all, including item 6 (no saliva pooling in floor of mouth).

When analysing the associations between CODS and
the salivary parameters (UWS, CH-SWS, A-SWS), XI and
BI, significant associations in the overall study population
were found between CODS and UWS (p(145) = — 0.554;
p < 0.01; 95% CI — 0.659 to — 0.419), CODS and CH-
SWS (p(145) = — 0.579; p < 0.01; 95% CI — 0.666
to — 0.462), CODS and A-SWS (p(145) = — 0.467;
p < 0.01; 95% CI — 0.582 to — 0.306), CODS and XI

Table 2 Analysis of separate CODS items

(r(145) = 0.343; p < 0.01; 95% CI1 0.196 to — 0.477) and
between CODS and BI (p(145) = 0.375; p < 0.01; 95%
CI10.227 to 0.498). When analysing the patients stratified
according to their degree of salivation (hypo-, low, normal
or high salivation) significant associations between CODS
and the other parameters were only found in the hyposali-
vation group: between CODS and UWS (p(53) = — 0.513;
p <0.01;95% CI — 0.704 to — 0.291), between CODS and
CH-SWS (p(53) = — 0.453; p < 0.01; 95% CI — 0.625 to
— 0.223), between CODS and A-SWS (p(53) = — 0.500;
p < 0.01; 95% CI — 0.693 to — 0.277), CODS and XI
(p(53) = 0.343; p < 0.001; 95% CI 0.195 to 0.476) and
between CODS and BI (p(53) = 0.375; p = 0.01; 95% CI
0.236 to 0.497).

The association between UWS and the subjective,
patient-reported severity of dry mouth measures (XI and
BI) was also analysed. In the overall study population, a
significant association was found between UWS and XI
(p(145) = - 0.380; p < 0.01; 95% CI — 0.519 to — 0.221)
and between UWS and BI (p(145) = — 0.365; p < 0.01;
95% CI — 0.508 to — 0.210). In addition, the XI and BI
correlated significantly with each other (p(145) = 0.82;
p < 0.01; 95% CI 0.746 to 0.880). When patients were
stratified according to their degree of salivation, only
in the hyposalivation group a significant association
was observed between UWS and XI [(p(53) = — 0.478;
p <0.01;95% CI — 0.683 to — 0.251] and between UWS
and BI [(p(53) = — 0.319; p = 0.01 95% CI — 0.582 to
—0.260].

All the significant associations can be considered robust
to distributional violations as the bootstrapped 95% Cls did
not exceed 0.

CODS item Overall n = 147 UWS <0.1 UWS 0.1-0.2 UWS 0.2-0.5 UWS>0.5
n=>55 n =31 n=48 n=13
Mdn Cods =3 (%) Mdn Cods =5 (%) Mdn Cods =3 (%) Mdn=2(%) MdnCods=2 (%)

(1). Mirror sticks to buccal mucosa 22.2 18.3 23.9 28.8 25

(2). Mirror sticks to tongue 15 14.5 16.5 15.3 12.5

(3). Tongue lobulated/fissured 7.4 6.9 8.3 7.6 8.3

(4). Tongue shows loss of papillae 7.4 8.8 3.7 8.5 4.2

(5). Frothy saliva 12.7 9.5 15.6 13.6 29.2

(6). No saliva pooling in floor of mouth 7.6 12.6 3.7 1.7 0

(7). Glassy appearance of other oral mucosa, 9.9 10.7 10.1 7.6 12.5
especially palate

(8). Debris on palate (excluding under den- 1 1.15 0.9 0.8 0
tures)

(9). Altered/smooth gingival architecture 7.6 7.6 8.3 8.5

(10). Active or recently restored (last 9.4 10.3 9.2 7.6 8.3

6 months) cervical caries (> 2 teeth)

The table shows how frequently each CODS item was scored (in %) in the overall group and stratified according to their UWS hyposalivation,

low salivation, normal and high salivation groups
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Discussion

In the present study we explored the CODS in four
subgroups of patients with different degrees of saliva-
tion, and we demonstrated that the CODS is related to
unstimulated and stimulated salivary flow in patients with
hyposalivation.

Compared to the study by Osailan et al. [8], the mean
CODS values in the present study were lower in the overall
and in the subgroups with different salivary flow-rates.
A smaller proportion of severe hyposalivation patients
with obvious clinical signs in the study population could
explain this difference.

Not unexpectedly, CODS item 6 (a dry floor of the
mouth, no saliva present) was scored only positive in the
most severe hyposalivation patients. In contrast, some
other findings were unexpected. The most surprising find-
ing was that item 1 (mirror sticks to the buccal mucosa
of the cheek) was scored most frequently in the normal
salivation group, and least frequently in the hyposaliva-
tion group (Table 2). This apparent contradiction could
be explained by the composition of the normal salivation
group. The group contained, next to patients from the con-
trol group, patients with dental erosion, dental wear, or
medication-related xerostomia. Increased susceptibility
to erosion and tooth wear could be related to an altered
protein composition of saliva. Specifically, mucins are
thought to play an important role in preventing demin-
eralization [15]. Thus, the dental erosion patients in the
normal salivation group could have had lower salivary
mucin concentrations. Moreover, lower salivary protein
concentration, especially of mucins, can result in less
lubrication [16, 17] and result in sticking of the mirror to
the buccal mucosa of the cheek in patients with normal
salivary flow levels. A publication by Chaudhury et al.
[18] provides an alternative explanation. They reported
that in xerostomia patients the UWS mucin concentration
is not changed, but that the glycosylation of the mucins
is altered leading to functional impaired mucins. These
mucins retain less water and subsequently to a reduced
hydration of mucosal surfaces such as the cheek. In sup-
port of our findings with respect to item 1 of the CODS,
they found that patients with healthy UWS (i.e., > 0.2 mL/
min) but complaining of a dry mouth feeling (xerostomia)
had lower total mucin/glycan proportion and glycosyla-
tion. This indicates a reduction in mucosal hydration and
rheological properties even in xerostomia patients with
healthy salivary flow rates [18]. This could also apply to
patients with medication-related xerostomia in the normal
salivation group. Certain classes of drugs can induce hypo-
salivation or xerostomia by targeting neurotransmitters

and receptors. Consequently, the salivary composition
can change. Patients with medication-related xerostomia
often have a normal salivary flow rate, but with reduced
protein concentration. Drugs that inhibit neurotransmit-
ter binding to acinar membrane receptors or that interfere
with ion transport pathways may affect the quantity as
well as the quality of the saliva [19]. The designers of the
CODS were already aware of this possible problem as they
also explored the relationship between CODS and mucosal
wetness. Patients with similar flow rates appeared to have
significantly different mucosal wetness [8]. Collectively,
these findings suggest that there may be changes in the
coating properties of saliva as a result of differences in
saliva protein content or function between patients. Unfor-
tunately, this could not be studied in the present study.

From our data, it appeared that the CODS was only
significantly related to UWS in the hyposalivation group.
Therefore, in our opinion, the CODS can only be used to
differentiate between hyposalivation and normal saliva-
tion. However, the score would still be useful in the gen-
eral clinical setting, as this information is important in the
examination of patients. We also found that there was a
significant association between the CODS and the subjec-
tive, patient-reported severity of dry mouth (XI, BI) in the
overall group (Table 1). In addition, the subjective meas-
ures correlated significantly with each other and with the
UWS in the overall group (Table 2). This corresponds with
previous research using the Xerostomia Inventory [20].
When patients were grouped according to their degree of
salivation, only the hyposalivation group showed a sig-
nificant association between XI, BI, and CODS. Further-
more, only the hyposalivation group showed a significant
association between the subjective measures (XI, BI) and
salivary flow data (Table 1). This suggests that most of the
patients in our cohort become aware of dry mouth symp-
toms when salivary flow drops below 0.1 mL/min. Taken
together, our data suggest that the XI, BI and CODS are
all able to differentiate between hyposalivation and nor-
mal salivation. Therefore, the combination of a subjective
measure and the CODS could provide the general prac-
titioner with easy-to-use tools to identify hyposalivation
patients.

For the CODS, the designers incorporated several clini-
cal criteria resulting in a total of 10 features with the aim
to discriminate between normal, moderate, and severe
hyposalivation. The suggested model was a first attempt
to design a model to semi-quantitatively assess oral dry-
ness in patients complaining of xerostomia. Our evaluation
of the model partly confirms earlier findings described by
Osailan et al. [8], but further optimization of in a large
cross-section of the population seems desirable.
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Conclusion

This study is the first to use the Clinical Oral Dryness Score
in a survey of a large, heterogeneous group of patients. The
results indicate that, in patients with hyposalivation, CODS
is associated with unstimulated and stimulated salivary flow
and XI and BI. A combination of the CODS with a sub-
jective measure, such as the XI or BI, into routine clinical
assessment of patients with dry mouth complaints in dental
practices or maxillofacial surgery clinics could be recom-
mended and is easy to perform. Further research is required
to investigate whether optimization of the model and better
discrimination between hyposalivation and normal salivation
is possible with this score.
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