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Abstract
This cross-sectional study determined the prevalence of self-perception malodor and
associated predictors in a group of Thai dental patients. A self-administered questionnaire,
subjective assessment of oral malodor, an oral health examination, and volatile sulfur compounds
(VSCs) analysis using a portable gas chromatograph were carried out on 185 dental patients. A
multivariate model using multinomial regression, in which the outcome was a dichotomous variable
indicating self-perceived oral malodor (mild vs. none and moderate to severe vs. none), was
performed.
Approximately 63% of the participants reported having a bad breath experience. There was no
significant distributional difference in self-reported oral malodor by gender, education, self-reported
medical history, smoking, and tooth brushing. Self-reported oral malodor was positively associated
with plaque deposit and gingival inflammation levels, but not with the extension of probing depth,
tongue coating, and VSCs concentrations. In a multinomial logistic regression model, compared to
reporting no odor detected, female and plaque deposits were significantly associated with
increased odds of reporting mild level of malodor (OR = 3.10; 95% CI = 1.23-7.78) and moderate to
severe level of malodor (OR =1.82; 95% CI = 1.09-3.03), respectively. In conclusion, self-perceived
oral malodor was associated with being female and poor oral hygiene.
Clinical article (J Int Dent Med Res 2022; 15(2): 802-808)
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Introduction
Malodor or halitosis, defined as an
offensive or unpleasant odor emanating from the
mouth, is a common oral complaint among the
general population, affecting interpersonal social
communication.1-4 The prevalence of oral
malodor considerably varies between studies due
to different methodologies, year of publication,
and socioeconomic background of the country.1,
4-8
A worldwide pooled estimate prevalence of
halitosis was 31.8%.8 However, two studies in
Thailand have reported greater self-perceived
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malodor prevalence (61-71%).5, 6 Oral malodor
was associated with several risk factors such as
dry mouth, smoking, dietary habits, and alcohol
consumption.1, 3, 9, 10
The occurrence of odorous substances
can be derived from intra-oral and extra-oral
sources. The intra-oral etiology is primarily
associated with the by-products of oral bacterial
metabolic degradation, especially in periodontal
pockets and on the dorsal tongue surface.4, 11
Plaque deposit and gingival inflammation were
associated with oral poor hygiene.12 Other intraoral sources contributing to intra-oral malodor
included healing wounds, deep caries exposed
pulps, prostheses, and fixed orthodontic
appliances.13 Volatile sulfur compounds (VSCs)
consisting of hydrogen sulfide, methyl mercaptan,
and dimethyl sulfide are the most conspicuous
malodorous compounds. Gram-negative and
proteolytic nitrate-producing anaerobic bacteria
played an essential role in VSCs production.1, 3, 14
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Direct assessment methods for oral
malodor include the organoleptic test, gas
chromatography, and portable sulfide monitor
(Halimeter). To facilitate clinical implementation,
portable gas chromatography (i.e., Oral
ChromaTM) has been developed to measure
sulfur-containing compound levels inside the
mouth.3, 15, 16 Previous clinical studies have
demonstrated associations of self-reported
malodor with various clinical indicators of
periodontal diseases or poor oral hygiene,
including pocket depth, gingival bleeding, gingival
swelling, plaque deposit, tongue coating,5-7, 17
and organoleptic test or VSCs concentrations.3
The agreement of self-assessment oral
malodor with an organoleptic assessment
conducted by trained dentists or VSCs was
inconsistent and not strong.9, 18, 19 An accurate
diagnosis is essential for decision making and
management of oral malodor.4, 11, 20, 21
Clinicians need to evaluate its causes
using objective measurement and understand
patients’ perception of breath odor. The present
study aimed to determine the prevalence of selfperception malodor and its correlated predictors
in a group of Thai dental patients.
Materials and methods
This cross-sectional study was performed
after approval by the Ethics Committee of the
Faculty of Dentistry (EC5904-17-J-LR). The
target population was outpatients who visited the
dental student clinic between May 2016-March
2017. Participants who met the following
inclusion criteria were eligible for enrollment in
the study: male or female aged 35-55 years with
a minimum of 20 natural teeth. Participants who
had fixed orthodontic appliances; needed
prophylactic antibiotic coverage; taken antibiotics
or anti-inflammatory medications during the last
two months; suffered from a respiratory
dysfunction, sinusitis, and tonsilitis; had
undergone surgical removal of the impacted
tooth in the past week, or had any periodontal
treatments in the past two weeks were excluded
from the study. A total of 185 participants who
met the study inclusion and exclusion criteria
gave written informed consent.
All participants completed a standardized
self-administered
questionnaire
concerning
health and oral health behaviors, presence or
absence of subjective oral malodor symptoms,
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and related items.5 The examination was carried
out between 7.30-9.00 am. Prior to the
assessment, participants were instructed to
abstain from using scented personal products,
having breakfast, and brushing their teeth for at
least 2 hours before the examination. They were
also advised to avoid smoking, drinking coffee
and alcohol, using oral hygiene products, and
chewing gum for at least 12 hours; eating strongsmelling food and drinking at least 24 hours
before measurement. Participants were asked to
cover their mouth with hands and keep their lips
closed for 10 seconds, then exhale briefly with
moderate effort through the mouth and instantly
smell the expelled air. Subjective oral malodor
was assessed using a scale of 0 to 3 as follows:
0 = no odor; 1 = mild odor; 2 = moderate odor; 3
= severe odor.
Following the subjective evaluation of oral
malodor, the VSCs of each participant were
measured by a portable gas chromatograph
( Oral ChromaTM CHM-2, Nissha FIS Inc. Osaka,
Japan ) according to the manufacturer’s
instructions. A disposable 1 ml syringe was
placed into the oral cavity, and the participants
were instructed to nose breathe for 30 seconds
while sealing and unventilating the mouth cavity.
Following that, the syringe drew 1.0 ml of the air
sample, and the collected sample was injected
into the Oral Chroma CHM-2. Hydrogen sulfide,
methyl mercaptan, and dimethyl sulfide
concentration were automatically calculated and
recorded. A single trained examiner completed
all VSCs measurements.
All participants were examined using a
dental mirror and periodontal probe in a dental
chair. The number of remaining teeth was
recorded. Oral hygiene assessment includes
plaque deposit, using Stallard plaque index at
buccal and lingual sites.22 Probing depth was
determined at mesiobuccal, mesiolingual,
distobuccal, and distolingual areas of all teeth
except for the third molars. The condition of
gingivae, using the Loe and Silness gingival
index, was evaluated at mesial and distal
papilla.23 The presence of tongue coating using
the Winkel Tongue Coating index (WTCI) was
also evaluated. The dorsum of the tongue was
divided into six sections. The coating density of
each section was evaluated as follows: no
coating = 0; light coating = 1; and heavy coating
= 2. The tongue coating value was obtained by
the summation of all six scores, ranging from 0Page 803
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12.24 The clinical measurements were made by
two calibrated examiners. They were trained and
calibrated by and against a ‘senior examiner’ in a
pilot study of 5 subjects. The method of
examination and scoring was standardized until
inter - examiner reliability ( percentage of
agreement ) exceeded 80% for tongue coating,
probing depth, gingival index, and plaque index.
Median, maximum, and minimum values
were obtained per subject for plaque index,
gingival index, and tongue coating scores.
Percentage of sites with probing depth greater
than 3 mm was calculated. Hydrogen sulfide,
methyl mercaptan, and dimethyl sulfide levels
were grouped as a binary variable using the
cognitive threshold level proposed by the
manufacturer of the device, which was <112 vs.
≥112 ppb; <26 vs. ≥26 ppm; <8 ppb vs. ≥8 ppm,
respectively.
Self-assessment malodor was
grouped as none, mild, and moderate to severe.
Chi-square tests analyzed bivariate associations
between self-perception malodor with nominal,
binary, and categorical variables. The nonparametric Kruskal-Wallis test was used to
determine differences between groups regarding
the plaque index, gingival index, tongue coating
index, and %probing depth >3 mm. The
correlations of VSCs concentrations with three
levels of self-perception malodor and clinical
indicators of periodontal disease and oral
hygiene were assessed using Spearman’s
correlation coefficient. Bonferroni adjusted pvalue was performed for multiple comparisons.
To estimate the adjusted odds ratio (OR) and
95% confidence interval (CI) of self-perceived
oral malodor (mild vs. none and moderate to
severe vs. none), multinomial logistic regression
was performed. In the model, plaque index,
gingival
index,
tongue
coating
index,
and %probing depth >3 mm variables were
categorized into tertiles, and the linearity of these
variables was assumed. Potential predictors
were included in the model. All statistical
analyses were carried out with STATA MP
version 16.0 (StataCrop LP, Texas, USA).
Results
Overall self-perception malodor (mild to
severe) prevalence among patients seeking
dental care was 62.7%, with a prevalence of
26.5% for the moderate to the severe group. The
prevalence was not significantly associated with
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022

Self-perception oral malodor and risk predictors
Supawadee Naorungroj and et al

respect to gender, education levels, systemic
diseases, smoking, and tooth brushing frequency.
Moreover, the cognitive threshold levels of three
gases were not correlated with self-reported
malodor.
Self - perception malodor was significantly
associated with plaque deposit and gingival
inflammation levels, but not significantly
correlated with the extension of probing depth
and tongue coating. However, the highest
median value of the extension of probing depth
and tongue coating score was observed among
those who reported self-perception malodor as
moderate to severe (Table 1).

Table 1. Study characteristics, health behaviors,
and clinical periodontal health (n =185).
*Median (maximum, minimum)
Chi-square tests were used to analyze bivariate associations
between self-perception malodor with socio-demographic, medical
health, and health behaviors. Kruskal-Wallis tests were used to test
the associations between self-perception malodor with clinical
variables.

Table 2 presents the correlation between
VSCs concentrations with clinical indicators of
periodontal health and oral hygiene status. All
clinical indicators were significantly associated
with hydrogen sulfide. While methyl mercaptan
was correlated with clinical indicators of oral
hygiene and gingival inflammation, none of the
clinical indicators were correlated with dimethyl
sulfide.
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In multinomial logistic regression model,
female was more likely to report self-perception
malodor than male (OR = 3.10; 95% CI = 1.237.78 for mild level; OR = 2.11; 95% CI = 0.815.50). Increased tertiles of plaque deposit were
significantly associated with increased odds of
reporting moderate to severe levels of malodor
(OR =1.82; 95% CI = 1.09-3.03). Similarly, the
increase in tertiles of %probing depth > 3mm,
gingival index, and tongue coating scores
increased the odds of reporting greater severity
of self-perception malodor. However, a
statistically significant difference was not
observed. (Table 3).

Table 2. Associations of volatile sulfur compound
concentrations with clinical self-perception
malodor and clinical periodontal health
parameters.
Values: Spearman’s correlation coefficient (R). Bonferroni adjusted
p-value was performed for multiple comparisons.

Table 3. Multinomial logistic regression model for
self-perception malodor.
Multinomial logistic regression was performed. Adjusted odd ratios
(OR) and 95% confident intervals (CI) of self-perceived oral
malodor (mild vs. none and moderate to severe vs. none) were
calculated.

Discussion
Oral malodor seems to pose an oral
health problem among Thai dental outpatients,
primarily due to oral hygiene and periodontal
disease. The current study’s findings also
support earlier reports, indicating that perceived
oral malodor is weakly correlated with clinical
parameters and VSC levels measured by
portable gas chromatography.25
There are epidemiological data on
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halitosis prevalence.1, 24, 25 A previous study in
Thailand using a self-administered questionnaire
reported that about 61% of adult patients seeking
dental care concerned about oral malodor.6 The
prevalence of self-assessment malodor in this
study, which used the hand-on-mouth technique,
is 63%, which is consistent with the previous
study. However, the prevalence is lower
compared to another study in Thai pregnancy
women using the same technique (71%).5 Bad
breath problem in pregnant women, that is more
pronounced, may be due to hormonal change,
increasing susceptibility to gingivitis; less use of
dental service; and improper oral hygiene care.5
As expected, hydrogen sulfide and methyl
mercaptan showed positive correlation with
clinical indicators for poor oral hygiene or
periodontal disease in bivariate analyses.
However, strong associations were not observed
among these parameters with was consistent
with previous investigations.20, 21 Malodorous
chemical compounds, hydrogen sulfide and
methyl mercaptan as byproducts of microbial
amino acid metabolism, are common causes of
oral-derived malodor. An increased in those
sulfide levels suggests oral hygiene problem. On
the other hand, dimethyl sulfide, known as the
primary volatile sulfur compound in extra-oral or
blood borne halitosis, is uncommon. The causes
included respiratory disorders, gastrointestinal
diseases,
metabolic
disorders,
and
medications.3,26
The results of this study are consistent
with earlier research that reported a positive
correlation between increased hydrogen sulfide
levels with greater extension of probing depth,
plaque deposit, gingival inflammation, and
tongue coating.3,20,27 Among healthy individuals
without halitosis and no periodontal disease, the
tongue is a common source for VSCs
production.19 Effective tongue cleaning has been
shown to minimize halitosis.28,29 Methyl
mercaptan levels at high concentrations could
indicate periodontitis.3,27 However, in the present
study, a significant association between methyl
mercaptan levels and probing depth was not
observed. During the early stages of periodontal
disease, the sensor device may be unable to
detect low methyl mercaptan concentration.
While a previous study demonstrated that among
oral pathologic halitosis patients, the greater
extend of periodontal pockets was associated
with higher total VSC levels and organoleptic
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scores. In that study, periodontal pocket depth
was considered as a reliable predictor for oral
malodor treatment outcome.20 (Figure 1).

Figure 1. Self-perception malodor and volatile
sulfur compounds concentrations.
VSCs level had a poor correlation with the
levels of self-assessed oral malodor, which was
in line with previous studies that self-perception
oral malodor was less reliable than objective
assessment.9,18,19,25 This could be explained that
there was a difficulty for individuals to assess
their own breath25 or a limitation of equipment.
Other malodorous gaseous molecules associated
with halitosis were not detected, including volatile
short-chain fatty acids, alcohols, and nitrogencontaining
compounds.3
Moreover,
the
discrepancy may be influenced by sampling
procedure. In this study, because each sample
was obtained by a single examiner, this is
unlikely to be a cause.
Persons’ experience, stressful situation,
personality traits, and gender affect how one
perceived odor.2,3,20 Gender was a significant
factor in self-reported oral malodor in the present
study. After controlling for covariates, female was
about 3 times and 2 times more likely than male
to report mild and moderate to severe oral
malodor, accordingly. However, no significant
difference between gender was found for
moderate to severe oral malodor perception. Our
finding is in agreement with previous studies
examining dental patients that females were
more concerned about bad breath and they
tended to report having oral malodor.30, 31 In
contrast to a study in dental students that male
perceived oral malodor more than female
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students. A possible explanation was that female
students may be more embarrassed about oral
malodor compared to males.27
Additional
investigation may be necessary to determine this
conflicting association between gender and oral
malodor.
Halitosis treatment requires not only
professional dental care but also psychological
support, as it has a direct effect on an individual's
well-being and quality of life4. In some cases that
complain of oral malodor, but causes are
unidentified or not related to level of selfperceived oral malodor. Halitophobia may be
diagnosed when a patient continues to believe
that he or she has halitosis, despite reassurance,
treatment, and counseling.1,2
The perception of bad breath also
influences care-seeking behavior and attitudes
toward of oral health-promotion activities. It is
reasonable to suppose that dental patients might
be more concerned about periodontal disease
than the general population.32 Individuals may
have a more poor perception of their oral health
than their counterparts. Besides being females,
the tendency toward reporting a mild level of oral
malodor was also observed prominently among
those with more frequent tooth brushing (OR =
3.51; 95% CI = 0.61-20.22) and those with a
lower tongue coating score (OR = 0.87; 95% CI =
0.56-1.33), even though statistical significance
was not revealed. Additional research is required
to explore the factors that influence oral malodor
perception in Thai people.
The objective measurement of bad breath
is essential for clinical diagnosis, management of
halitosis and building a trust with patients.
Several methods have been used to detect oral
malodor including direct and indirect methods.
The primary reference standard for the detection
of oral malodor is organoleptic test, which
requires experienced dentist and relies on human
senses. Clinical studies supported that
organoleptic test is a gold standard for oral
malodor assessment as it shows significant
correlation with periodontal parameters or VSCs
levels.21,33 Although this method is simple, the
major disadvantages are the poor inter-and intraexaminer reliability and reproducibility.3,34,35 Also,
it may not be accepted by the patients, especially
by those suffering from psychogenic halitosis.
Gas chromatography is a gold standard of
measurement of oral malodor; however, it is a
laboratory-based and an expensive equipment.
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That is not suitable for a clinical use. Two
instruments, commonly used in practice to detect
sulphur-containing compound level inside the
mouth, are the Halimeter® and the Oral
ChromaTM. Portable sulfur monitor (Halimeter®)
measures the total concentration of sulfur
compounds, while Oral ChromaTM based on a
gas chromatograph detects and discriminates the
three components of VSCs.3,35,36 A new portable
device, the Breath-AlertTM, which measures
VSCs and hydrocarbon gas, has recently
demonstrated a good diagnostic accuracy.16
There have been significant correlations reported
between organoleptic assessments and the
Halimeter®, the Oral ChromaTM 21, or the BreathAlertTM.16 The present study confirmed that using
Oral ChromaTM CHM-2, a new model, provided a
reliable
and
comprehensive
chair-sided
assessment of VSCs concentration in clinic.
The present study is not without
limitations. The dental hospital was chosen for
this study because it provides facilities necessary
for a high-quality oral health examination, even
though the dental patients cannot be generalized
to the entire population. Their characteristics may
differ from those of the general population as
discussed previously. It is possible that dental
patients might have a more negative perception
of their oral health than general population.32 The
current study is exploratory in nature and
employs a cross-sectional design using a
convenience sample of dental patient. Further
investigation utilizing probability sampling among
the Thai population is required to conduct an indepth analysis of the factors influencing of oral
malodor perception.
Conclusions
In summary, self-perceived oral malodor
was found to be substantially linked with being
female, plaque accumulation, and gingival
inflammation. Detection of VSCs concentration
could be useful for evaluating the degree of an
issue in particular patients.
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