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Abstract
Background: Halitosis is the term used to define an unpleasant odor emanating from the mouth. However, no studies have
evaluated the causes and treatment of halitosis in the population of older adults with denture.

Methods: A randomized, controlled trial is proposed. The patients will be divided into 2 groups: G1: older adults who wear
complete dentures and will be treated with tongue scraper (n=20); G2 older adults who wear complete dentures and will be treated
with PDT (n=20). If the halitosis persists, the participants will be submitted to hygiene procedures for the mucosa and dentures. The
evaluation of halitosis will be made before and after treatments, with OralChromaTM. If the halitosis is solved, the participants will
return after 1week for an additional evaluation. Oral Health Impact Profile (OHIP-14) will be administered by a calibrated examiner on
the day the patient history is taken (baseline) and 1week after treatment for halitosis.

Discussion: This protocol will determine the effectiveness of photodynamic therapy regarding the reduction of halitosis in older
adults with complete denture.

Trial registration: This protocol was registered in ClinicalTrial.gov, under number NCT03960983. It was first posted and last
updated in May 23, 2019. https://clinicaltrials.gov/ct2/show/NCT03960983.

Abbreviations: CH3SCH3 = dimethyl sulfide, CH3SH = methanethiole, ICC = intraclass correlation coefficient, OHIP-14 = Oral
Health Impact Profile, PDT = photodynamic therapy, SH2 = sulfide, VSC = volatile sulfur compounds.

Keywords: complete dentures, halitosis, photodynamic therapy
Approval has been obtained from the Human Research Ethics Committee of
Universidade Nove de Julho, under process number 12416619.1.0000.5511.
Any changes in the protocol will be reported to this committee. Participants will
sign an informed consent form previous to the adherence to the study.

The results of this study will be presented at international conferences and
published in a peer-reviewed periodical. The individual data of the patients will
remain confidential. The identity of the patients will not be divulged. All data
related to the study will be saved on a computer in the laboratory of the
Department of Biophotonics Applied to Health Sciences. A backup will be copied
in a blocked file in the Cloud with limited access. The dataset of the project will
be saved on a computer of the Department of Biophotonics Applied to Health
Sciences of Universidade Nove de Julho, São Paulo, Brazil and all datasets will
be protected by a password.
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1. Introduction

Halitosis is a term used to define a transitory or prolonged
unpleasant odor emanating from the mouth or breath.[1,2] The
prevalence of this condition is not well established, but there are
reports of 15% to more than 50% of the population
worldwide,[3–5] with a nearly threefold higher incidence among
men compared to women, independently of age.[6,7] There is a
correlation between older age and bad odor with aging, resulting
in increased odor intensity.[8]

Few studies have analyzed the prevalence of halitosis in the
population of older adults, which is defined by the World Health
Organization as individuals aged 60 years or older.[9] The
increase in older adults at medical and dental offices underscores
the need for greater attention to the adverse health conditions
that affect this age group, considering the relationship between
halitosis and both oral health and systemic conditions.[10] In
Thailand, researchers report a high incidence of halitosis in older
adults.[11] In Turkey, this condition was identified mainly in older
females who wear complete dentures.[12]

Halitosis can exert a negative impact on social aspects, thereby
affecting one’s quality of life.[13] This condition has a multifactor
etiology. It is estimated that the source is intraoral in 90% of
cases, resulting from bacterial degradation, especially anaerobic
Gram-negative bacteria (Treponema denticula, Porphyromonas
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gingivalis, Tannerella forsythia), which produce volatile sulfur
compounds (VSCs) on different surfaces of the oral cavity, such
as biofilm on the dorsum of the tongue and in periodontal
pockets.[6,14] The VSCs produced through the metabolism of
Gram-negative bacteria are hydrogen sulfide (SH2), emanated
mainly from the dorsum of the tongue, with values higher than
112 ppb indicative of halitosis, methanethiole (CH3SH), which is
predominantly higher in periodontal pockets, with values up to
26 ppb considered normal, and dimethyl sulfide (CH3SCH3),
which can be of either a periodontal origin or systemic origin
(intestinal, hepatic or pulmonary) and has a very low perception
threshold (8ppb). VSCs not only contribute to halitosis, but also
result from the formation of volatile aromatic compounds, such
as organic acids, acetic acid, propionic acid and the amines
cadaverine, and putrescine. The production of VSCs in the oral
cavity also depends on local factors, such as saliva, a reduction in
the concentration of oxygen in the oral cavity as well as bacterial
proliferation and metabolism.[5,13,15–17] Therefore, the condi-
tions that favor the retention of bacterial biofilm (dentures) and
poor hygiene constitute predisposing factors for halitosis.[5] Total
dentures may favor the appearance of halitosis.[8] Total denture
hygiene is related to age, sex, and nocturnal use.[9] The number of
denture wearers and individuals with poor oral hygiene is high in
the population of older adults, which favors the occurrence of
halitosis.[18]

Only 8% of cases of halitosis are caused by extra-oral factors.
Respiratory, gastrointestinal, hepatic, endocrine, and metabolic
disorders have been associated with this condition.[5,6,13]

Halitosis can be diagnosed with 3 methods: the organoleptic
test, gas chromatography, and a portable gas analyzer.[13,14,19]

The gold standard for this diagnosis is gas chromatography.[17]

The Halimeter and Oral Chroma are electronic equipment
capable of detecting some exhaled VSCs.[17,19] Oral Chroma is a
device that specifically identifies VSCs (hydrogen sulfide,
methanethiol, and dimethyl sulfide) through a sulfur detector,
analyzes breath, and volatile compounds produced by detritus
(decomposing food scraps) on the tongue and in saliva, but does
not detect other possible causes of halitosis.[17]

Treatment for halitosis is related to its etiology. When
intraoral, conventional therapy involves a reduction in micro-
organisms with the use of mouthwashes with antiseptic
characteristics combined with mechanical removal using tongue
scrapers or brushes, as the dorsum of the tongue is one of the
main sources of bacterial colonization.[13,19–21]

Antimicrobial photodynamic therapy (PDT) is a treatment
option for reducing the amount of intraoral microorganisms in
localized infections.[22–26] With this method, there are no reports
of bacterial resistance, there are no side effects, the oral
microbiota is preserved and toxicity to humans is minimal.[22]

PDT consists of the combination of a photosensitizing agent and
light at a wavelength of 630 to 830nm in the presence of
oxygen.[27] Despite the advantages of this method, there are no
well-designed studies on PDT for the treatment of halitosis in
older patients.[28] Only 2 studies have addressed the treatment of
halitosis with PDT in healthy adolescents and patients with
multiple sclerosis,[25] achieving favorable results. No studies have
investigated the effects of PDT for the treatment of halitosis in
older adults with denture.
The aim of the proposed study is to evaluate the treatment of

halitosis using PDT or a tongue scraper in older adults with
complete denture, as this population has not previously been
studied.
2

2. Methods/design

A single-center, randomized, controlled, single-blind clinical trial
was designed in accordance with the criteria recommended for
interventional trials in the SPIRIT Statement. The project for the
proposed study received approval from the Human Research
Ethics Committee of Universidade Nove de Julho (certificate
number: 12416619.1.0000.5511). This protocol was registered
in ClinicalTrial.gov, under number NCT03960983. It was first
posted and last updated in May 23, 2019.
2.1. Selection of individuals – characterization of sample

Two groups will be composed of older adults (60 years or older)
in treatment at the dental clinic of Universidade Nove de Julho.
Since they are already in treatment in the clinic, this will make
recruitment simpler. After verbal and written explanations of the
study, those who agree to participate will sign a statement of
informed consent approved by the Human Research Ethics
Committee of Universidade Nove de Julho. The study will be
conducted in compliance with the precepts stipulated in the
Declaration of Helsinki (revised in Fortaleza, Brazil, 2013).
2.2. Calculation of sample size

To calculate the sample size we established an error err=x1�x2
where x1 and x2 are the mean values of groups G1 and G2, whose
variances ares2

1 es
2
2, respectively. The effect sizewas calculatedby:

ef f ect size ¼ errffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2
1 þ s2

2

q

If the normal distribution hypothesis is rejected, the sample size
should be corrected by approximately 5%.
Observing statistical samples from the reference Mota et al[14];

to estimate the mean values and sample variance we obtain the
following sample sizes for each group. G1: 18; G2: 18 (Fig. 1).

2.3. Inclusion criteria

Men and women aged 60 years or older using complete dentures.
2.4. Exclusion criteria

Dentate patients and edentulous with no complete denture
hypersensitivity to the photosensitizing agent used in PDT,H2S<
112ppb.
2.5. Training and calibration of examiner

An examiner (gold standard) will perform training and
calibration exercises to maximize the reproducibility of the
measurements. For such, 10 individuals with halitosis will be
evaluated using the Oral Chroma device. These individuals will
not participate in the main study. The intraclass correlation
coefficient (ICC) will be calculated for the determination of intra-
examiner agreement (≥0.90) with regard to the halitosis readings.
2.6. Randomization

The 40 individuals with complete denture will be randomized in 2
groups: Group A (20 individuals submitted to treatment with a
tongue scraper) and Group B (20 individuals submitted to



Figure 1. Sample size graph.
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treatment with PDT) (Fig. 2). Opaque envelopes will be identified
with sequential numbers (1–40) and will contain pieces of paper
with the information of the corresponding experimental group (A
or B). Blocked randomization will be performed in blocks of 5
patients (8 blocks for both treatments; example of a block:
AABAB). The envelopes will be sealed and kept in numerical order
in a safe place until the time of the treatments. The randomization
and preparation of the envelopes will be performed by a researcher
who will not otherwise participate in the study. Randomization
will be performed using Microsoft Excel, version 2013.

2.7. Characterization of the study

The experimental design will consist of 2 groups: G1-older adults
with halitosis (SH2 ≥ 112 ppb) who wear complete dentures and
treatment with a tongue scraper (n=20); G2-older adults with
halitosis (SH2 ≥ 112 ppb) who wear complete dentures and
treatment with PDT (n=20). The evaluation of halitosis will be
performed at baseline (1st session), after treatment with a tongue
scraper or PDT (1st session) and after 1week (2nd session) (Fig. 3).

2.8. Patient history

After filling out a conventional questionnaire addressing the
patient’s general health, data will be collected on demographic
(age, sex, marital status, occupation, schooling, living conditions,
and income), medical (principal complaint, current state of
disease, medical history, dental history, and use of medications),
and behavioral (alcohol intake, eating habits, and oral hygiene
habits) characteristics.
2.9. Assessment of halitosis

This is the primary outcome of the study. The portable Oral
ChromaTM (Abilit, Japan) will be used for the assessment of
halitosis, which is a highly sensitive semiconductor gas sensor.
The participant was instructed to rinse with cysteine (10mM) for
1minute, with the aim of selecting the gases produced by bacteria
3

degradation. A syringe will be placed in the patient’s mouth with
the plunger completely inserted and the participant will breathe
through the nose with the mouth closed for 1minute, being
careful not to touch the tip of the syringe with the tongue. The
plunger will then be withdrawn to fill the chamber with air. This
procedure will be repeated. The tip of the syringe will be cleaned
to remove the saliva. The gas injection needle will be placed on
the syringe and the plunger will be adjusted to 0.5ml. This air will
be injected into the input of the device in a single motion. When
connected to a computer, the specific software accompanying
Oral ChromaTM produces a graph with peaks and values
corresponding to the concentrations of VSCs (from 0 to 1000
ppb) with considerable precision after a period of 8minutes. The
results are stored in both the program and the device. As it is a
device, Oral ChromaTM is a blind assessor.
To standardize the readings, the exam will be performed in the

morning and the participants will be instructed to avoid the
ingestion of some strong spices, onion, garlic, and alcohol as well
as the use of an antiseptic mouthwash 48hours prior to the exam.
The participants will also be instructed to abstain from coffee,
mints, chewing gum, oral hygiene products, and personal hygiene
products with perfume (after shave, deodorant, creams, or tonic)
and brush only with water on the day of the test as well as not eat
anything at least 2hours prior to the test.[23–25]

Analysis of Oral Health Impact Profile (OHIP-14 question-
naire): The OHIP-14 is a shortened version of the original OHIP
questionnaire used for the evaluation of the impact of oral health
on quality of life. The items are distributed among subscales
(functional limitation, pain, psychological discomfort, physical
disability, psychological disability, social disability, and social
handicap). The OHIP-14 will be administered by a calibrated
examiner on the day the patient history is taken (baseline) and 1
week after treatment for halitosis.
2.10. Treatment with tongue scraper on coated tongue

The patients in the group G1 will receive treatment with tongue
scraper. It will be positioned on the posterior third of the dorsum

http://www.md-journal.com


Researcher’s calibra�on:10 pacients

Older adults who wear complete dentures in treatment at UNINOVE

Gas Cromatography Oral Chroma

        Randomiza�on 1:1

    Treatment with 
 tongue scraper n=20

     Treatment with 
            PDT n=20

Oral Chroma Oral Chroma

Cleaning of dentures Cleaning of dentures

Oral Chroma

Seven days follow up Seven days follow up 

     Excluded SH2 < 112 ppb

Analysis of findings

Oral Chroma

Figure 2. Activity flowchart.
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of the tongue in the region of the vallate papillae and pulled with
light pressure to the apex of the tongue, following the
manufacturer’s instructions. This procedure will be performed
only once.[29] The participant will then be instructed to rinse with
50ml of water for 2seconds and spit.
4

2.11. Photodynamic therapy for coated tongue
The patients in the group G2 will receive PDT. Methylene blue
(0.005%) (Fórmula e Ação, São Paulo, Brazil) will be applied in
sufficient quantity to cover the middle and posterior thirds of the
dorsum of the tongue. After 5minutes, irradiation will be
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performed with a red (l=660nm) diode laser, operating with an
output power of 100mW, 9J, radiant exposure of 320J/cm2 and
radiance of 3537mW/cm2, using the point method in direct
contact with the tongue (MM Optics Twin Laser, São Paulo, SP,
Brazil).[23–25] All parameters can be found in Table 1. Six points
will be irradiated, with a distance of 1cm between points (Fig. 4),
considering the light spreading halo and effectiveness of PDT.[24]

During the application of the laser, both the patient and
operator will use protective eyewear. The stained parts of the
tongue will then be washed abundantly with saline solution until
the complete removal of the dye.
2.12. Cleaning of dentures

The edentulous patients will be instructed to remove their
dentures for cleaning. Sterile gauzes soaked in a 2% chlorhexi-
dine solution will be applied over the entire inner and outer
surfaces of the dentures. The mucosa of the edentulous patients
will be cleaned with 0.12% chlorhexidine. After cleaning of the
mucosa and dentures, patients will rinse with water for 1minute.
5

2.13. Statistical analysis

The Lilliefors test will be used to determine the normality of the
data. If normality is demonstrated, analysis of variance (t test
student, Bioestat 5.3, Pará, Brazil) will be used to compare
continuous and dependent variables among G1 and G.2. If non-
normal distribution is demonstrated, Mann Whitney test will be
used. The baseline data will be compared to the data collected at
1week follow-up evaluation. A P-value< .05 will be considered
indicative of statistical significance. The x2 test will be used to
compare categorical variables among G1 and G2, at baseline and
the 1week evaluation. These data will be expressed as mean±
standard deviation.

2.14. Strategies for obtaining the adequate recruitment of
the participants

The participants will be recruited from the clinics ofUniversidade
Nove de Julho. A researcher (KLV) will perform the exam to
detect halitosis in a reserved room at the university. Treatment
will be performed immediately after the diagnosis. The

http://www.md-journal.com


Table 1

Dosimetric parameters used in each group.

Parameters

Peak Wavelength [nm] 660
Spectral width [nm] 5
Polarization Random
Beam spot area [cm] 0094
Irradiated area per point 0254
Operating mode (FWHM) Continuous
Output Power [mW] 100
Energy [J] 9
Radiant Exposure [J/cm2] 320
Energy Total [J] 54
Irradiated points 6
Radiance [mW/cm2] 3537
Irradiância na superfície [mW/cm2] 3537
Exposure per point [s] 90
Distance [cm] Contact direct
Number of applications 1

Figure 4. Irradiation spots in the tongue dorsum.
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participants will be counseled with regard to oral health and will
receive a set of instructions for performing daily oral hygiene. If
they wish to withdraw their consent, there will be no loss for
them. It is expected that patients will complete their participants,
due to the benefit of halitosis reduction. Data from those who
discontinue will not be used for analysis. After 1week, all patients
will be asked to return to Universidade Nove de Julho for the
reevaluation of halitosis.

3. Discussion

Through the proposed clinical trial, we will evaluate the effect of
PDT on halitosis in older adults who wear complete dentures,
comparing this therapy to the use of a tongue scraper. PDT is an
alternative therapeutic intervention for halitosis that diminishes
the quantity of intraoral microorganisms, offers low toxicity,[5]

does not induce bacterial resistance, does not have side effects and
preserves the oral microbiota.[22]

Halitosis is a common condition among older adults in nursing
homes due to their greater frailty, poorer hygiene, greater risk of
multi-morbidities, impaired cognition, and impaired function-
ing.[30] However, few studies have analyzed the prevalence of
halitosis in the older population, which, according to the World
Health Organization is composed of individuals 60 years of age
or older. In Thailand, the incidence of halitosis is high in the older
population,[11] whereas halitosis was mainly identified in older
women who wore complete dentures in Turkey.[12] A significant
number of older adults wear dentures and this number has
increased mainly in developed countries, at least with regard to a
complete upper denture.[31] Dentures themselves favor bacterial
colonization, especially when associated with poor hygiene,[18,32]

which is a consequence of the limited dexterity and reduction in
visual acuity in the older population, making it difficult to
maintain adequate oral hygiene, which is indispensable to
esthetic quality and the maintenance of oral health.
The surfaces of complete dentures are subject to colonization

by oral microbiota, which can undergo changes when an
individual becomes edentulous, with an increase in the presence
of acidophilic bacteria in the oral cavity.[33,34] Few studies have
addressed the oral microbiota in patients who use complete
dentures. It is reported, however, that changes in this microbiota
6

stem from factors such as age, systemic condition, changes in
salivary flow, differentiated dietary habits, the use of medica-
tions, poor hygiene, and changes in salivary pH,[31] which can
increase the amount and proportion of microorganisms that
favor the occurrence of halitosis.
Changes in general health have also been identified as

etiological agents of halitosis of an extra-oral origin,[5,6,13] such
as lung diseases as well as gastrointestinal, hepatic, endocrine,
and metabolic disorders.[5,6,13] Some treatments for halitosis are
well established, such as the use of a tongue scraper and
mouthwash. However, tongue scrapers are not habitually used
by Brazilians due to the discomfort caused to the papillae and the
lack of a technique of standardized use.[29] The tongue scraper
used in the proposed study has soft bristles to avoid discomfort to
the tongue and injury to the adjacent periodontium during use.
Moreover, its anatomic design favors handling. The method
employed will be the same as that described by Mota et al.[24]

The dosimetric parameters for PDT were chosen based on
previous studies that report favorable results with the adminis-
tration of this type of therapy.[23–25] According to Mota et al,[24]

immediate positive results were achieved with PDT for the
treatment of the dorsum of the tongue in adolescents, with a
reduction in halitosis due to the reduction in the concentration of
VSCs. However, as mentioned above, the effects of PDT on
halitosis in older adults with complete denture have not yet been
studied.
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