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Abstract

Background: The goal of this study was to identify the in vivo effects in patients with hyposalivation of a novel
slowly dissolving adhering test disc upon on enamel remineralization, oral biofilm, salivary production, pH and
buffering, gingival health, and on self-evaluation of oral well-being.

Methods: Five subjects with xerostomia wore custom made retainers carrying 5 demineralized enamel chips for
periods of 1 week each. In 1 study arm, subjects used the test agent plus oral hygiene self-care; in the other they
used oral hygiene self-care only, with a 1 week washout in between arms. The treatment sequence was randomized.
Before and after each study arm Plaque Index (PI), Gingival Index (GI) and Sulcus Bleeding Index (mSBI) were
recorded. Clinical plaque staining was quantified using digital image analysis. Saliva production, pH and buffering
capacity were recorded. Subjects completed a self -evaluation questionnaire for oral comfort. Enamel samples
underwent standardized Knoop microhardness testing to quantify mineralization status.

Results: Plaque presence and clinical Plaque Indices decreased significantly with test agent use (p<0.05). Five-
minute saliva production almost doubled 10 and 40 minutes after oral test disc insertion (significant, p<0.05).
Salivary pH buffering improved in 4/5 subjects with disc use. All demineralized tooth samples re-hardened intra-
orally (p>0.05). The discs favorably impacted eating problems and dental sensitivity. Subjects were positive about
disc flavor and mouth feel.

Conclusion: Using established in vivo techniques, the effects of a novel product in xerostomic patients were
evaluated and quantified. The adhering disc facilitated eating, reduced dental sensitivity, improved saliva production
and buffering capacity, reduced plaque, and alleviated xerostomia symptoms.

Clinical Relevance: Xerostomia management is challenging. A novel dry mouth disc was effective in alleviating
dry mouth symptoms.

Keywords: Xerostomia; Dry mouth; Hyposalivation; Saliva;
Remineralization; Enamel microhardness

Introduction
The causes of xerostomia, or dry mouth symptoms, are multiple,

and include medications, systemic disorders, and radiation treatments
to the head and neck [1]. Chronic dry mouth affects up to 50% of
seniors [2] and approximately 10% of younger persons [3]. The
symptoms include a sticky, dry feeling in the mouth; trouble chewing,
swallowing, tasting, or speaking; sensations of burning and dryness in
the mouth or throat; cracked lips; a dry, rough, swollen tongue; oral
ulcerations; greater risk of oral fungal and microbial infections; sleep
disturbances and increased prevalence of dental sensitivity and dental
caries [1].

Hundreds of medications, including many over-the-counter drugs
such as antidepressants, decongestants, antihistamines, muscle
relaxants, appetite suppressants and diuretics, produce dry mouth as a
side effect [4]. Smoking or chewing tobacco may also increase dry

mouth symptoms [4]. Hyposalivation is reported to be a consequence
of health conditions such as the autoimmune disease [Sjogren
syndrome] or HIV/AIDS [5,6]. Stroke and Alzheimer's disease may
cause a perception of dry mouth, even though the salivary glands may
function normally [6,7]. Snoring and mouth breathing contribute to
dry mouth during sleep [8]. In approximately 80% of patients receiving
head and neck chemo-radiotherapy, reduced saliva flow is a
consequence of therapy- related injury to the major and minor salivary
glands and is a major cause of oral symptoms during and following
therapy. This results in significant risk to oral and dental health [9].
Often forgotten is the sugar content of products used for oral care and
sore throat, which may increase caries rate, particularly in patients
with hyposalivation [10-12].

Reduced saliva flow has considerable clinical and psychological
consequences. It is often implicated in a generalized sensation or
manifestation of oral irritation and soreness, which can be exacerbated
in dental prosthesis-wearers, also affecting prosthesis retention and
tolerance [10]. Saliva plays a crucial role in maintaining oral health,
promoting important physiological functions such as antimicrobial
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effects, and oral pH control. Moreover, the oral microbiota is reliant
upon the saliva as a source of proteins essential for bacterial
aggregation and metabolism [13]. Typically, persons with dry mouth
experience an increased risk of developing dental decay and
periodontal disease [14]. The caries protective effects of saliva include
dilution and breakdown of ingested sugars, pH buffering capacity,
promotion of dental remineralization, and antimicrobial properties
[15-18]. Supersaturation of the saliva with calcium, fluoride, and
phosphate provides a reservoir of ions that support dental
remineralization [19].

Xerostomia can considerably impact a person’s quality of life.
Patients complain of oral discomfort, and difficulties with speaking
and swallowing [6,20,21]. Indeed, one of the primary causes of poor
diet that may result in malnutrition in the elderly is difficulty with
chewing, eating and swallowing due to dry mouth [10]. Other
symptoms include taste alterations, stickiness in the mouth, difficulty
in speaking, and poor sleep [10]. These effects often cause
embarrassment, and are implicated in social challenges and reduced
participation in communal activities that can exacerbate isolation and
withdrawal.

Therapeutic approaches to dry mouth include sialagogues and
symptomatic approaches [21]. The former may cause unwanted side
effects such as sweating, flushing, nausea, and increased urinary
frequency [22]. Moreover, they require adequate residual salivary
gland function to be effective, limiting their usefulness in some
patients [23]. Specially formulated chewing gum can transiently
increase salivary output [24]; however, a three-month study into the
effectiveness of regular chewing gum did not determine any
improvement in saliva presence [25]. Other symptomatic remedies
include topical toothpaste, mouthwash or dissolving lozenges [26].
Some of these commercially accessible products contain lubricating
properties that have the goal of increasing mouth wetting and some
include antimicrobial enzymes with the goal of decreasing oral
infections [25], although the potential effect of these enzymes in vivo
has not been clearly shown [25].

The study of in vivo dental remineralization requires long-term
follow-up in studies, and is fraught with challenges in determining the
quality of dental surfaces at risk for demineralization and caries.
Longitudinal studies with controls are costly and may be complicated
with ethical issues of disease progression. In this study, a previously
validated in vivo model of dental remineralization was employed that
permits quantification of enamel mineralization, facilitating the
evaluation of products for saliva management, symptom evaluation
and dental hard tissue resilience [27-30].

The goal of this clinical study was to evaluate in patients with
xerostomia the effects of a novel slowly dissolving adhering disc
(OraCoat XyliMeltsR, OraHealth Corp., Bellevue, WA 98005) on oral
health, enamel remineralization, saliva presence, pH and buffering, as
well as patient comfort.

Materials and Methods

Clinical protocol
This study was performed in 5 subjects with xerostomia who

demonstrated an unstimulated whole saliva flow rate below 0.2 ml per
minute and a stimulated saliva flow rate of less than 0.5 ml in 5
minutes (mean 0.1 ml/min). A minimum of 5 natural teeth were
present in each quadrant (excluding third molars), and subjects were

not permitted to add or stop any medications throughout the study
duration. This research was executed in full compliance with UCI IRB
protocol 2013- 9778. All subjects signed an informed consent form at
study initiation, as well as a statement of patient rights and a
photographic release form.

Subjects wore custom fabricated removable retainers (Figure 1) for 2
periods of 1 week each, with 5 sterilized demineralized enamel chips
(Figure 1) attached in the palatal surface of the appliance (Figure 1)
[27,28]. The study consisted of 2 arms. In 1 segment a novel slowly
dissolving adhering disc was added to the subjects’ usual oral hygiene
self-care. The disc releases 550 mg xylitol, and cellulose gum which
forms a gel with saliva. It has a mild mint flavor. In the other segment,
subjects conducted their usual oral hygiene self-care. They were
instructed to use the disc as often as needed during the day to relieve
symptoms of dry mouth, and to use two discs while sleeping. A one
week washout period was inserted between the 2 study arms. During
this period subjects did not wear the retainer and they continued their
usual oral hygiene self-care. Subjects were randomized with regard to
the sequence of the 2 arms of the study.

Plaque Index (PI), Gingival Index (GI) and Sulcus Bleeding Index
(mSBI) were recorded 3 times: at baseline and at the end of each study
arm to provide a quantitative measure of gingival health [31-33].
Salivary production, pH and buffering capacity were also determined
at these 3 time points using standard 5-minute collection procedure
and the Saliva Check Buffer test (GC Co., Tokyo, Japan). Saliva
collection was performed 10 and 40 minutes after a subject was seated
in a dental chair, as physical movement can affect saliva flow. In the
test agent arm, the test disc was inserted into the mouth when the
subject sat down in the chair and saliva was collected 10 and 40
minutes later. Subjects also underwent plaque staining (2 Tone™
Disclosing Agent, Young Dental Manufacturing, Earth City, MO
63045) and standardized 4 photography at baseline and at the end of
each study arm. Plaque age (color-based) and surface coverage were
quantified using Image J software, and calculated as percentage of
surface coverage for old (>24 h) and new (<24 h) plaque. Finally,
subjects completed a standardized self-evaluation questionnaire for
dry mouth and dentinal sensitivity at each visit.

Subjects were provided with the regular usage instructions included
in each package of the test discs. Briefly, they were instructed to place a
disc in the oral buccal sulcus with the adhesive side against the gingiva
whenever their mouth felt dry, then to use their tongue to push the disc
to a comfortable spot, and leave it there undisturbed, allowing it to
adhere to the gingiva and/or adjoining molar. Subjects were instructed
to place 2 discs in the buccal sulcus, one on each side, before going to
sleep at night.

Enamel Chips and Microhardness Measurements
Using sterilized extracted teeth classified as healthy by an

experienced dentist using a loupe and headlamp, a total of 100 samples
were prepared: fifty for use as baseline samples, and fifty for intra- oral
mounting on a retainer (5 samples × 5 subjects × 2 study arms). The
baseline samples were each cut in half; one half underwent
microhardness testing at study initiation to establish original sample
microhardness; the other half underwent similar microhardness
measurements directly after demineralization. All fifty samples for
intra-oral wear also underwent demineralization, which involved 6
hours of demineralization using an acetate/calcium/ phosphate buffer
at pH 4.4. The buffer contained calcium and phosphate at 2.0 mmol/l,
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0.075 mmol/l acetate with 40 ml per sample used individually [34]. The
mounted samples were worn in the mouth for 1 week, then removed
for microhardness measurements, consisting of 3 individual
microhardness indentation measurements in Knoop units on each
sample [35].

Figure 1: Stages of tooth sample use (i) sterilized enamel chip ready
for mounting on retainer, (ii) enamel chips mounted on retainer;
(iii) enamel chip embedded for microhardness testing.

Figure 2: Mean plaque presence on each tooth sample expressed as
% of image surface area covered by old (>24 h) and new (<24 h)
plaque respectively.

New chips were placed on each retainer for each study arm. Surface
remineralization was determined for 2 time points: (1) after 7-day use
of the test discs and (2) after 7 days of abstaining from use of the test
product.

For each enamel chip sample set, the following ratios were
calculated:

• Final microhardness after intra-oral wear vs. Original
microhardness and

• Final microhardness after intra-oral wear vs. post-
demineralization.

Results
All 5 subjects completed the study in full compliance with the study

protocol. The subjects used a mean of 4+1 discs each day, and 2 discs
each night.

Enamel chips
All tooth samples underwent statistically similar levels of de- and

remineralization, softening by 25-30% due to demineralization, and
then hardening again in the oral cavity to approximately the pre-
demineralization level (Table 1). There were no significant differences
between any groupings and comparisons (p>0.05).

Biofilm
A significant reduction was observed in old and new plaque

presence after use of the test discs for 1 week (p<0.05). Old plaque
presence fell to approximately 42% of the baseline value, while new
plaque presence was reduced to approximately 70% of the baseline
level. Plaque levels did not change significantly for any of the other
treatment groups during the course of this study (Figure 2).

Clinical plaque indices and gingival health
The clinical Plaque Index decreased by approximately 50% after use

of the test discs for 1 week (p<0.05). The corresponding reduction in
Gingival Index approached a significant level (p=0.0623). All other
values did not change significantly during the course of this study
(Figure 3).

Saliva volume, pH and buffering
The volume of saliva collected over 5 minutes after 7 days of

XyliMelts use and with a XyliMelts disc adhered in the mouth
increased from a mean of 0.23 ml/min at baseline to a mean of 0.56
ml/min, 10 minutes after placement of one disc in the mouth. Forty
minutes after disc placement, saliva production was measured at 0.56
ml/min. Thus at both time points more than a doubling of saliva
production was measured, representing a statistically significant
increase in each case (p<0.05). Salivary pH was not significantly
affected by disc use (p>0.05), although salivary pH buffering improved
in 4/5 subjects after 7 days of disc use with a disc present in the mouth.
No change was observed in the other groups (Figures 4 and 5 and
Table 2).

Control (no disc) Control (no disc) Test (disc use) Test (disc use)

Mean Microhardness (MH)
ratio (n=50): Mean Final/
Original MH

Mean Microhardness (MH)
ratio (n=50): Mean Final/
Demin MH

Mean Microhardness (MH) ratio (n=50): Mean Final/
Original MH

Mean Microhardness (MH) ratio (n=50):
Mean Final/ Demin MH

1.04 (S.D.=0.16) 1.32 (S.D.=0.24) 1.08 (S.D.=0.13) 1.28 (S.D.=0.23)

Table 1: Mean microhardness values of tooth chips expressed as ratios of (a) final vs. original microhardness and (b) final vs. post-
demineralization microhardness.
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Figure 3: Mean clinical indices at baseline and after 7 days each of
Control (no test disc), washout, and test disc use.

.

Figure 4: Mean saliva volume collected in xerostomia subjects after
7 days of (i) Control and, (ii) Test disc use, measured at (a) 10 and
(b) 40 mins after disc placement in the mouth.

Figure 5: Mean salivary pH in xerostomia subjects after 7 days of (i)
Control and (b) Test disc use, measured at (a) 10 and (b) 40 mins
after disc placement in the mouth.

Self-evaluation questionnaire
Oral health questionnaire: All clinical criteria showed significant

(p<0.01) improvement during the test disc use arm of the study except
for the categories “oral comfort at waking in the morning” and “do you
sip liquids to aid swallowing”, which showed no change from baseline.

Although the subjects reported an improvement in mouth wetness
upon awakening, they also reported that the effects and flavor of the
discs last approximately 6 hours while sleeping.

The self-evaluation questions showing significant improvement
involved oral function, swallowing, and dry mouth symptoms:

• I have trouble eating certain solid foods (hard to chew, crumbly,
sticky). Food gets stuck in my mouth.

• Food gets stuck in my throat.
• Problems with dry mouth make chewing and swallowing difficult. I

have problems with dry mouth.
• Are any of your teeth sensitive to hot, cold, or spicy food or drinks?

Disc Questionnaire: Overall, subject response to the discs was
positive, with subjects stating that they would like to continue using
the discs, and would recommend them to others. Ease of use, flavor,
and mouth feel of the discs as well as overall impression of the product
all scored at >80/100. Convenience rated somewhat lower at 60/100;
subjects stated that they would prefer a longer-lasting product (Table
3).

Discussion
This 21-day double-blinded, crossover, sequence-randomized study

demonstrated the potential usefulness of a novel dissolving disc
formulation for symptomatic alleviation of xerostomia. Compliance
with use of the study device was excellent. Critical oral functions of
eating and swallowing were improved with use of the test product.
Also the effect of dry mouth upon sleep disruption was reduced. These
are common, severe symptoms that are often difficult to manage. In
addition, greater mouth wetness and oral comfort were reported.
Importantly, increased salivation was clearly demonstrated in patients
using the test product plus standard oral care versus standard oral care
alone. This showed that, rather than palliation of dry mouth only, the
product also stimulated residual saliva gland function. Key variables
for salivary gland stimulation and symptomatic management of
xerostomia have been recently described [36].

Baseline 7 Days w/o
test disc

Washout 7 Days test disc use
with one disc in situ

pH
Buffering

Low (5/5) Low (5/5) Low (5/5) Low 1/5; Normal 4/5

Table 2: PH buffering capacity at (i) baseline, (ii) after 7 days Control
and (iii) during use of one test disc.

The previously demineralized enamel slabs that were worn intra-
orally showed evidence of full remineralization in both the test and
control arms of the study. This indicates effective intra-oral
remineralization resulting from natural intra-oral processes within the
one week trial periods.
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Mean score on 100 mm VAS (0-worst; 100-best)

Oral Health Baseline After 7 days
test

After 7 days
washout

After 7 days control

a) Dryness/wetness upon waking in the morning (0-wettest; 100-driest) 85 45 80 75

b) Mouth comfortable (0)/ uncomfortable (100) upon waking in the morning 90 85 85 90

2. I have trouble maintaining my weight because of swallowing problems (0-no; 100-
a lot)

0 0 0 0

3. I have trouble eating certain solid foods ( hard to chew, crumbly, sticky)(0-no; 100-
a lot)

75 35 80 70

4. I have trouble drinking thin liquids (like water, tea, and Ensure®)(0-no; 100-a lot) 0 0 0 0

5. Food gets stuck in my mouth (0-no; 100-a lot) 65 10 55 55

6. Food gets stuck in my throat (0-no; 100-a lot) 40 5 20 30

7. I choke or strangle on liquids (0-no; 100-a lot) 0 0 0 0

8. I choke or strangle on solid foods (0-no; 100-a lot) 0 0 0 0

9. I have problems with dry mouth (0-no; 100-a lot) 100 60 100 100

10. The amount of saliva in my mouth seems to be too little (0-no; 100-a lot) 100 50 100 100

11. Problems with dry mouth make chewing and swallowing difficult (0-no; 100-a lot) 70 40 60 65

12. Problems with dry mouth affect my ability to sleep (0-no; 100-a lot) 0 0 0 0

13. Do you sip liquids to aid in swallowing dry foods? (0-no; 100-a lot) 50 50 50 50

14. Problems with dry mouth affect my ability to talk (0-no; 100-a lot) 0 0 0 0

15. Are any of your teeth sensitive to hot, cold, or spicy food or drinks (0-no; 100-a
lot)

70 40 60 60

Disc

16. How long do the discs last while sleeping (in hours)? N/a 3 N/a N/a

17. How long does the effect of the discs last while sleeping (in hours)? N/a 6 N/a N/a

18. How long does the flavor of the discs last while sleeping (in hours)? N/a 6 N/a N/a

19. How long do the discs last during the day (in minutes)? N/a 120 N/a N/a

20. How long does the effect of the discs last during the day (in minutes)? N/a 150 N/a N/a

21. Please rate the ease of use of the discs (0-100) N/a 80 N/a N/a

22. Please rate the flavor of the discs (0-100) N/a 90 N/a N/a

23. Please rate the mouth feel of the discs (0-100) N/a 80 N/a N/a

24. Please rate the convenience of the discs (0-100) N/a 60 N/a N/a

25. What is your overall impression of the product? (0-100) N/a 80 N/a N/a

26. Will you continue to use this product/recommend it to others? Y/N N/a Y N/a N/a

Table 3: Responses to subject questionnaire on a Visual Analogue Scale (VAS) 0-100.

Because microhardness was not assessed at earlier endpoints, it was
not possible to compare speed and time-based progression of
remineralization between test and control legs of the study. In future
studies it would be interesting to evaluate time-based remineralization
progression in test vs control environments. However, this would

require a considerably larger research framework, as microhardness
testing cannot be repeated multiple times at different time-points in
the same samples. Moreover, an investigation into changes in the oral
microbiota related to hyposalivation, and to its mitigation using
products such as the one tested in this study would be important, as
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such shifts can also affect de- and remineralization processes in the
dental hard tissues.

Conclusion
This 21-day double-blinded, crossover, sequence-randomized study

demonstrated the potential usefulness of a novel slowly dissolving
adhering disc formulation for symptomatic alleviation of xerostomia.
This research showed desirable effects of the test product on
symptomatic management of xerostomia, demonstrating that the test
product provided effective local palliation and salivary stimulation
without the need for use of systemic sialagogue medications.
Advantages of the study design include the feature that each subject
acts as his/her own control, cross-over design, and multiple oral health
endpoints as well as direct assessment of intra-oral sample
remineralization effects. Limitations of this pilot study include the
relatively small number of subjects, and the inability to non-invasively
and progressively assess sample mineralization status.
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