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Abstract

Background: Xerostomia or dry mouth sensation corresponds to a common clinical problem that can significantly
impair the oral health related quality of life (OHRQoL). Currently, there is a large variety of local agents available
for the treatment of xerostomia, but there is a lack robust evidence supporting the use of one treatment over another.
We aimed to compare the effectiveness of a 1% malic acid salivary stimulant spray with a 1.33% betaine-based
saliva substitute mouthwash in the improvement of xerostomia.

Material and Methods: Fifty-one participants with drug induced or idiopathic xerostomia were randomly allocated
into three groups, two intervention and one control group (placebo). OHRQoL and severity of xerostomia were
assessed with the OHIP-14sp questionnaire and a visual analogue scale (VAS) respectively. Stimulated and non-sti-
mulated salivary flow rates before and after treatments were also measured.

Results: All three groups reported a significantly improvement in the dry mouth sensation and non-stimulated
salivary flow rates, but only the malic acid spray and the betaine-based mouthwash significantly improved the
OHRQoL. There were no significant differences between both intervention groups.

Conclusions: This study provides evidence that both tested agents are comparable in improving the dry mouth
sensation and OHRQoL of patients with drug induced and idiopathic xerostomia.

Key words: Xerostomia, dry mouth, malic acid, betaine, oral-health related quality of life.

Introduction

The term xerostomia corresponds to a clinical symptom
defined as a “subjective impression of oral dryness”
(1,2). This is term is based on an individual’s own sensa-
tion of dry mouth, which depending on the cause is not
necessarily correlated with an objective decrease in the
amount of saliva (hyposalivation) (3). Xerostomia with
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or without hyposalivation can impair speaking (4,5),
chewing (4,5), tasting (6) and swallowing (1,3), having
a significant impact on the oral health-related quality of
life (OHRQoL) (7). When xerostomia is accompanied
with hyposalivation, individuals are at a higher risk of
developing dental caries (2,4), gingivitis (4), erosion and
ulceration of mucosal tissues (6), oral candidiasis, dys-
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geusia and dysphagia (6,8), which have also a detrimen-
tal effect on the OHRQoL (7,9).

Xerostomia affects millions of persons worldwide, with
an estimated prevalence that ranges from 10-46% (1,5).
Dry mouth sensation is most common in menopausal
women and in individuals above 65 years of age (10).
Medication is considered as the main cause of xerosto-
mia (6,11). In fact, more than 400 medications are asso-
ciated with xerostomia; antidepressants, antihypertensi-
ves, and antihistamines being the most commons (6). It
is not only the type of medication that matters, but also
the number of drugs being taken. In a previous report we
estimated that the chance of having xerostomia increases
1.12 times with each additional medication (7). Other
common causes of xerostomia include head and neck ra-
diotherapy, Sjogren’s syndrome, anxiety and depression,
systemic sclerosis, sarcoidosis, Parkinson’s syndrome,
among others (2,5,10).

Appropriate patient assessment, including a compre-
hensive medical-dental history and diagnostic tests, e.g.
salivary flow measurement, are essential when diagno-
sing xerostomia (12). A decrease in the amount of saliva
accompanying the dry mouth sensation requires further
investigation, as this might suggest a systemic condition
affecting the salivary glands (e.g. Sjogren’s syndrome).

In order to treat xerostomia, it is important to identify
the underlying cause, as xerostomia is a symptom, not
a disease itself. If xerostomia is being caused by a sys-
temic condition, it is important to have that condition
under medical control, although that will not necessarily
improve the dry mouth sensation by itself. If xerostomia
is secondary to medication intake, an attempt with the
patient’s physician could be done to replace that medi-
cation (60), although that is not always possible. Also,
xerostomia is sometimes caused by a combination of
drugs, rather than by a single drug itself (7).

Currently, there are plenty of available options for the
treatment of xerostomia, which include systemic and lo-
cal therapies. In patients in which xerostomia is being
caused by hyposalivation (with remaining glandular aci-
ni), systemic therapies such as cevimeline or pilocarpine
might be of used (4,13), although they can have signi-
ficant adverse side-effects (13). Local therapies, which
include salivary stimulants and salivary substitutes, are
the most preferred treatment options, as they produce
symptom relieve with little or no adverse side effects.
Nevertheless, there is a lack of substantial evidence su-
pporting the use of one treatment above another for the
relieve of dry mouth sensation (14). We previously re-
ported that a topical salivary stimulant containing 1%
malic acid (Xeros Dentaid Spray) was effective in im-
proving dry mouth sensation and OHRQoL of patients
with drug induced or idiopathic xerostomia (15). In the
present study, we aimed to compare the effect of a 1%
malic acid spray (Xeros Dentaid Spray) with a 1,33%
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betaine- 0,10% allantoin saliva substitute mouthwash
(Xeros Dentaid Mouthwash) in the improvement of dry
mouth sensation and OHRQoL of patients with xerosto-
mia, in order to provide evidence of which of this agents
is superior in the treatment of xerostomia.

Material and Methods

-Patients and study design

Only patients over 18 years of age were enrolled in this
study. Patients who had history of head and neck radio-
therapy, chemotherapy, and/or any systemic disease re-
ported to produce hyposalivation (Sjogren’s syndrome,
scleroderma, hepatitis C, HIV, sarcoidosis, rheumatoid
arthritis, polyarteritis nodosa, systemic sclerosis, or lu-
pus erythematosus) were excluded from this study. The
study involved 51 patients with xerostomia who atten-
ded to the Dentistry Faculty of Andres Bello Universi-
ty, Vina del Mar- Chile, between April to September of
2016. Written informed consent was obtained from all
patients, who voluntarily agreed to participate in this
study. The Ethical and Scientific Committee of the Den-
tistry Faculty of Andres Bello University approved this
study (approval number 43-2016). This research was
conducted in full accordance with the World Medical
Association Declaration of Helsinki. The study was de-
signed as randomized clinical trial following guidelines
established by The Consort Statement (http://www.con-
sort-statement.org/consort-statement/).

Patients with xerostomia were randomly distributed into
three groups of 17 individuals each (two intervention
groups and one control group). Randomization was done
by an investigator not involved in the study through a
specific web page (http://www.randomization.com/)
using the method of randomly permuted blocks.
-Sample size calculation

Sample size was calculated using G Power 3.0.10. We
set the significance level and power of the study at 5%
and 95% respectively. Proportions were obtained from
our previous paper (15). Calculated sample size was of
17 participants for each group.

-Interventions

After randomization, 51 patients were distributed into
three groups of 17 individuals each (two intervention
and one control group) (Fig. 1). In one of the interven-
tions groups, patients received a topical salivary stimu-
lant spray comprising 1% malic acid, 10% xylitol, and
0.05% sodium fluoride (Xeros Dentaid Spray; Dentaid)
while in the other intervention group patients received
a saliva substitute mouthwash comprising 1,33% betai-
ne, 0,10% allantoin, 3,30% xylitol and 0.05% sodium
fluoride (Xeros Dentaid Mouthwash; Dentaid). In the
control group, patients received a placebo spray compri-
sing 10% xylitol and 0.05% sodium fluoride. Each for-
mulation was placed into identical opaque flasks (with
atomizer) and labelled according to randomization by
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Enrollment

Assessed for eligibility (n= 83)

Excluded (n= 32)

- Not meeting inclusion criteria (n=27)
- Declined to participate (n=5)

- Other reasons (n= 0)

Randomized (n=51)

v [ Allocation ] v

Allocated to intervention group (n=34) Allocated to control group (n=17)
- Received allocated intervention of spray (n=17) - Received allocated intervention (n=17)
- Received allocated intervention of mouthwash - Did not receive allocated intervention (n= 0)
(=17)
- Did not receive allocated intervention (n= 0)

[ Follow-Up }

A 4

Lost to follow-up (n= 0) Lost to follow-up (n=0)
Discontinued intervention (n= 0) Discontinued intervention (n= 0)

[ Analysis }

Analysed (n=34)
- Excluded from analysis (n= 0)

Fig. 1: Study CONSORT flow chart.

personnel unrelated to the study. The atomizer of the
mouthwash preparation was blocked, so in case of recei-
ving a non-working atomizer, patients were instructed
to open the bottle and use it as a mouthwash, without
telling the researchers. All participants were instructed
to use the allocated treatment for a period of 2 weeks,
no more than 8 times a day. We had no losses during
the study and no adverse side effects were reported. To
assess compliance, patients had to write in a diary the
number of applications per day.

-Measurements

*Xerostomia

Xerostomia was assessed as follows. Participants were
asked the following question as reported in previews ar-
ticles (15,16): “How often do you feel that your mouth
is dry?”. Participants could select from the following
answers: “never”, “sometimes”, “usually”, or “always”.
Those who answered “usually” or “always” were con-
sidered to have xerostomia and were asked to mark in a
visual analogue scale (VAS) how dry their mouth was.
Of those participants, the ones that scored 30 mm or hi-
gher in the VAS were invited to participate in the study.
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Analysed (n=17)
- Excluded from analysis (n= 0)

*Severity of xerostomia

The severity of xerostomia was assessed using the vi-
sual analogue scale (VAS), which comprised a 100 mm
horizontal line with a “0” and “100” marked on each
extreme. A score of 0 indicated “no xerostomia” and 100
indicated the “worst imaginable xerostomia”. All pa-
tients were asked to draw a vertical line perpendicular to
this horizontal line to reflect their symptom severity. We
evaluated and recorded the distance between the vertical
line and the zero extreme to obtain the VAS score for
each patient (8, 9). Only patients scoring 30 mm or more
were enrolled.

*Evaluation of impact on the quality of life

The OHRQoL was assessed using the Spanish version of
the Oral Health Impact Profile-14 questionnaire (OHIP-
14sp) before and after the treatment (19). OHIP-14 is
a l4-item questionnaire designed to assess self-reported
functional limitation, discomfort, and disability attribu-
ted to oral conditions. The OHIP-14sp has been proven
to be reliable, sensitive to changes, and have adequa-
te cross-cultural consistency (19,20). We evaluated the
OHIP-14sp according to the following dimensions:
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functional limitation, physical pain, psychological dis-
comfort, physical incapacity, psychological incapacity,
social incapacity, and social disadvantage. The answers
were assessed using a Likert type evaluation scale with
five points as follows: never = 0; rarely = 1; sometimes
= 2; repeatedly = 3; and always = 4. Of note, the OHIP-
14sp scale ranges from 0 to 56 (20). The lowest scores
represent a satisfactory perception of an individual’s oral
conditions and, therefore, a higher satisfaction and better
quality of life.

*Salivary flow rate

We assessed stimulated and non-stimulated salivary
flow rates before and after treatment using the spitting
method. All patients were instructed to refrain from ea-
ting, drinking, smoking, and oral hygiene procedures
for a minimum of 60 min before the procedure. Sam-
ples were collected in the morning hours, between 9:30
and 11:30 am, always in the same room under similar
room temperatures. The collection time for stimulated
and non-stimulated whole salivary flow was 5 min. First,
non-stimulated whole saliva was collected. Patients
were instructed to spit into a previously weighted cup
for 5 min. The cup was then weighted using a precision
balance. The salivary flow rate was calculated in ml/min
using the following formula: X=p2-p1/T/1.005, where
pl is the initial weight of the cup, p2 the weight of the
cup with saliva, T the time of collection, and 1.005 the
saliva estimated weight (g/ml) (21).

After a break of three minutes, stimulated whole sali-
va was collected using the mastication method. Patients
were asked to chew a wax cube of 15 x 10 mm for 1
min at their own pace and then to spit into a cup for 5
min. Wax residues were eliminated using a filter paper.
Quantification was done using the method previously
described.

-Outcomes

*Impact on OHRQoL: The impact of a 1% malic acid
salivary stimulant spray and a 1,33% betaine-based
saliva substitute mouthwash on the OHRQoL was de-
fined as the difference between the baseline total OHIP-
14sp scores and post-treatment total OHIP-14sp scores
(19,20).

*Dry mouth symptoms: Measured through a visual ana-
logue scale (VAS) before and after intervention (17,18).
*Salivary flow stimulation: Defined as the difference be-
tween the stimulated and non-stimulated salivary flows
before and after treatment, expressed as mL/min.

Both primary and secondary outcomes were measured 2
days after patients finished the 2-week treatment, whe-
ther with the placebo, saliva substitute or saliva stimu-
lant (15).

-Statistical Analysis

Data were analysed using Graphpad Prism 7 Software.
Shapiro-Wilk test was applied to study the normality of
all groups. When related samples were not normally dis-
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tributed, the Wilcoxon test was performed. In all other
cases, the t-Student test was applied. The comparison
between interventions was studied using ANOVA or
Kruskal-Wallis tests, according to whether the variables
had a normal distribution or not, respectively. Values <
0.05 were considered as statistically significant.

Results

Fifty-one patients were randomly allocated to any of the
three study groups; 17 to the 1% malic acid spray group
(Xeros Dentaid Spray), 17 to the 1,33% betaine-based
mouthwash group (Xeros Dentaid Mouthwash) and 17 to
the control group (a placebo containing 10% xylitol and
0.05% sodium fluoride). Groups were matched in terms
of age and gender (Table 1). Xerostomia was associated
to drug use in 46 patients (90%), while in the other 5
patients (10%) xerostomia was associated to idiopathic
causes. No differences were observed between groups
(Table 1). Hyposalivation (defined as a decrease in the
stimulated salivary flow) (2) was observed in 10 patients
(19.6%); 4 from the malic acid group, 4 from the control
group and 2 from the betaine group. No differences in
the initial VAS and OHIP-14 scores, non-stimulated and
stimulated salivary flow rates and the mean number of
medications were observed between groups (p > 0.05)
(Table 1).

After the intervention period, all three groups (malic
acid, control and betaine) reported to have a statistically
significant improvement in the severity of xerostomia,
measured by the VAS (p = 0.0001 for the malic acid
group, p = 0.0001 for the control group and p = 0.0004
for the betaine group). No differences were observed
between the groups (p > 0.05) (Fig. 2A). When asked,
“how effective the treatment was in reducing your dry
mouth sensation”, most patients answered good or very
good (15 in the malic acid, 12 in the control group and 12
in the betaine mouthwash group). No differences were
observed between groups (p > 0.05) (Fig. 2B).

All three interventions (malic acid spray, placebo spray
and the betaine mouthwash) significantly increased
non-stimulated salivary flow rates (p = 0.0039 for the
malic acid group, p = 0.0005 for the control group and p
= 0.03 for the betaine group) (Fig. 2C) but not stimulated
salivary flow rates (p > 0.05) (Fig. 2D). No differences
between groups were observed, neither for non-stimula-
ted nor stimulated salivary flow rates (p >0.05).

After two weeks of treatment, both the malic acid spray
and the betaine mouthwash significantly improved the
OHRQoL (p = 0.0019 for the malic acid spray and p =
0.0006 for the betaine mouthwash). No differences were
observed between both intervention groups (p > 0.05).
No improvement was observed in the placebo group (p
> 0.05) (Fig. 3). Patients from the betaine mouthwash
group had a significant improvement in six of the se-
ven dimensions of the OHIP-14 questionnaire (all apart
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Table 1: Demographics and initial OHIP-14, VAS and salivary flow values of each study group.

Malic acid spray | Placebo spray | Betaine mouthwash | p-value
m=17) m=17) m=17)

Gender

Male 1 4 1

Female 16 13 16
Age in years (mean + SD) 55+78 58 +14.8 59+8.8 >0.05
Likely cause 16 14 16

Drug related xerostomia 16 14 16

Idiopathic xerostomia 1 3 1
Medication (mean) 34+29 29+28 3.6+3.2 >0.05
Starting point measures

VAS in mm (mean + SD) 60 +20.6 67+ 14.5 59+ 19.5 >0.05

OHIP-14 (meand + SD) 26.6 + 11.7 244 +13.1 252+10.3 >0.05
Salivary flow (ml/min)

Unstimulated 0.2+0.16 0.27+0.2 0.32+0.26 >0.05

Stimulated 0.82+0.5 1.29+£0.8 1.2+0.7 > (.05
Hyposalivation 24% (n=4) 24% n=4) 12% (n=2)

from social disability), whereas individuals from the
malic acid group had a significant improvement in four
dimensions (physical pain, physical disability, psycholo-
gical disability, handicap). Individuals from the control
group had a significant increase in only one dimension
(psychological disability) (Table 2).

Discussion

Xerostomia corresponds to a very common clinical pro-
blem with an increasing prevalence (5), probably becau-
se of an increase in medication intake due to age-related
pathologies (4). Xerostomia with or without hyposali-
vation can significantly affect the OHRQoL (7,22-24),
thus it is important to find treatment agents that can im-
prove the dry mouth sensation, but more importantly,
improve the OHRQoL of the affected individuals. Cu-
rrently, there is a lack of robust evidence supporting one
treatment over another (14,25), so the selection of treat-
ment agents is basically done based on personal prefe-
rences. We previously reported that a salivary stimulant
spray containing 1% malic acid (Xeros Dentaid Spray)
was successful in improving dry mouth sensation and
OHRQoL of patients with xerostomia when compared
to a placebo (15). In this study, we aimed to compare the

effectiveness of a saliva substitute containing 1.33% be-
taine and 0.10% allantoin (Xeros Dentaid Mouthwash)
with a salivary stimulant spray containing 1% malic
acid (Xeros Dentaid Spray) in improving the OHRQoL
and dry mouth sensation of patients with drug-induced
or idiopathic xerostomia, in order to provide evidence
of which of these agents is superior in the treatment of
xerostomia.

Drug intake is the most common cause of dry mouth
(6,11). In the present study, we only included patients
with drug-induced or idiopathic xerostomia (90% of the
patients were taken medications for chronic conditions),
as it is known that in both, the salivary glands have no
irreversible damage. It is thought that both forms of xe-
rostomia (idiopathic and drug related) are caused by the
affection of salivary gland innervation, at either the cen-
tral or peripheral level (26). This means that in theory,
affected patients could benefit of both, salivary stimu-
lants and salivary substitutes.

We observed that the three study groups (malic acid,
control and betaine groups) had a statistically significant
improvement in the dry mouth sensation measured by
the VAS. None of the tested interventions was superior
than the other. It was not a surprise that the control group
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Fig. 2: Patients self-perception of dry mouth and salivary flow rates before and after treatment. Both interventions and the placebo signifi-
cantly reduced dry mouth sensation after two weeks of treatment. No differences between the three groups were observed (A). Most of the
patients (in each of the groups) felt the intervention they were receiving was having a good or very good effect. No differences between the
three groups were observed (B). All three groups experienced a significant increase in non-stimulated salivary flow rates after two weeks of
treatment, with no significant differences between groups (C). No significant differences in stimulated salivary flow rates were observed in
any of the groups (D). * p <0.05, ** p <0.005, *** p <0.0005.

Malic acid spray
Placebo spray
Betaine mouthwash

Fig. 3: Both the malic acid spray and the
betaine-based mouthwash significantly im-
proved the OHRQoL. Both interventions
(malic acid spray and betaine mouthwash)
but not the placebo, significantly improved
the OHRQoL, as shown by a significant de-
crease in the total OHIP-14 scores. No sig-
nificant differences were observed between
both interventions. ** p < 0.005, *** p <
0.0005 .

OHIP-14 total scores
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Table 2: Improvement of the different OHIP-14 dimensions in each study group.

OHIP-14 dimension Malic acid p-value Placebo p-value Betaine p-value
Functional limitation 0.227 0.12 0.009*
Physical pain 0.011* 0.092 0.013*
Psychological discomfort 0.269 0.358 0.003**
Physical disability 0.0001*** 0.272 0.039%*
Psychological disability 0.037* 0.048* 0.017*
Social disability 0.140 0.608 0.330
Handicaps 0.032* 0.413 0.010%*

* p<0.05, ** p < 0.005, *** p < 0.0005

had also a decrease in the dry mouth sensation, as in our
previous study (15) we found similar results. This can be
explained by the fact that patients in the control group
used a placebo spray consisting in 10% xylitol and
0.05% sodium fluoride, and xylitol can act as an active
placebo increasing the salivary flow rate (27). In fact,
it seems that this was the case in the present study, as a
significant increase in non-stimulated salivary flow rates
were observed in all three groups, including the control
group. Our results are aligned with the ones reported by
Goémez-Moreno et al. (28) and Ship et al. (29) who re-
ported a decrease in dry mouth sensation after treatment
with 1% malic acid and a betaine-based mouthwash, res-
pectively.

As mentioned above, a significant increase in non-sti-
mulated salivary flow rates were observed in all three
groups. No significant increase in stimulated salivary
flow rates were observed in any of the groups. An ex-
planation for this might be that most of the patients
included in this study had xerostomia without hypo-
salivation. Also, no patients with known conditions to
produce irreversible damage to the salivary glands were
included, thus the salivary glands were fully functional
(2,11). Thus, under proper stimulation (e.g. mastica-
tion), the salivary glands were able to respond as ex-
pected, increasing the salivary output. Hence, any effect
induced by the intervention had to be very significant in
order to reach statistical significance. In fact, in all three
groups, a minor increase in stimulated salivary flow rate
was observed, but in none of them reached statistical
significance. Because the salivary output is lower under
no stimulation, the improvement induced by the inter-
ventions in non-stimulated salivary flow rates was more
noticeable, thus reached statistical significance.

These results are similar to the ones reported from pre-
vious reports (15,27,28) where a 1% malic acid spray
was shown to significantly increase unstimulated and
stimulated salivary flow rates after two weeks of use.
Similar to this, betaine containing mouthwashes (29,30)
have also shown to increase non-stimulated salivary
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flow rates, although this is likely to be due to the xylitol
present in betaine-based mouthwashes rather than from
the betaine itself (29).

Both interventions, the 1% malic acid spray (Xeros Den-
taid Spray) and the 1.33% betaine-based mouthwash
(Xeros Dentaid Mouthwash), but not the placebo, were
successful in improving the OHRQoL of patients with
xerostomia. Individuals using the betaine-based mou-
thwash had a significant improvement in 6 of the 7 di-
mensions of the OHIP-14 questionnaire, whereas indi-
viduals using the malic acid spray had an improvement
in 4. Nevertheless, none of the interventions showed
to be superior than the other in improving the overall
OHRQoL, as no statistical differences were observed
between both groups. Both interventions have been re-
ported previously to increase the OHRQoL of patients
with xerostomia (15,27-30), but it is difficult to compare
our results with other published reports, since until now,
no clinical trials have compared both interventions be-
tween each other.

This study had some limitations. Although we inclu-
ded a control group where patients had to use a placebo
spray, it would have been ideal to have a second con-
trol group with a mouthwash placebo. This would have
allowed to do a more reliable comparison between the
control group and the betaine mouthwash group. Never-
theless, the main aim of this study was to compare both
interventions between each other, rather than compared
them with a control group. Also, we just included pa-
tients with drug induced or idiopathic xerostomia, whe-
re patients are not expected to have glandular damage,
so these results are not transposable to other causes of
xerostomia in which glandular damage is common (e.g.
Sjogren’s syndrome, post head and neck radiotherapy,
among others)

Currently, there are no standardized protocols for the
treatment of dry mouth. There are many reports showing
a variety of treatment agents to have different success
rates in the relieve of xerostomia, but there are not many
clinical trials comparing two or more interventions in
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terms of OHRQoL improvement. Thus, in clinical se-
ttings, it is very difficult to choose a single treatment
when prescribing to patients, as there is a lack of evi-
dence supporting one treatment over another. In this
study, we provided evidence that both interventions, the
1% malic acid salivary stimulant spray (Xeros Dentaid
Spray) and the 1.33% betaine-based saliva substitute
mouthwash (Xeros Dentaid Mouthwash), are equally
able to improve the OHRQoL and dry mouth sensation
of patients with drug-induced or idiopathic xerostomia.
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