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Abstract
Objective. Previous research has suggested that oral malodor could be a useful motivational tool for increasing the awareness
of oral health in adolescents and improving their oral health behaviors. Hence, the aims of this research were: (1) to develop an
oral health education program that included oral malodor prevention and (2) to test the effects of the program in Japanese
senior high school students by comparing the changes of oral health outcomes between the intervention and control groups.
Materials and methods. Subjects were 163 Grade 1 and 135 Grade 2 senior high school students in Tokyo, Japan. A novel
oral health education program, which incorporated prevention of oral malodor, was developed and conducted on all Grade
1 students (intervention group). Grade 2 students (control group) did not receive the program. Changes in oral health status
from baseline to 1-year follow-up were compared between the intervention and control groups. Results. The intervention
group, compared with the control group, had a significantly higher proportion of students who improved or maintained good
oral health status (i.e. dental plaque, gingivitis, tongue coating and oral malodor). Among students in the intervention group,
the change was more evident in subjects with detectable oral malodor at the commencement of the program.Conclusions. An
oral health education program focusing on the prevention of oral malodor is effective for promoting oral health among Japanese
senior high school students. Therefore, embedding such a program in the school oral health curriculum would be beneficial for
adolescents.
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Introduction

Oral malodor (bad breath or halitosis) is a common
complaint in human society [1]. In Japan, about 15%
of the general population aged over 15 years who have
some oral health problems are concerned about oral
malodor, according to the Health and Welfare Survey
[2]. Further, an epidemiological survey of oral mal-
odor in Japan reported that 6–23% of adults have oral
malodor [3]. Recently, studies on oral malodor in
children and young people have indicated that the
prevalence of oral malodor in children or young
people is similar to that found in adults [4–6].
Our previous study on oral malodor in a Japanese

senior high school found that 40% of students had
detectable oral malodor. There also was a strong
relationship of oral malodor with dental plaque,

tongue coating and not eating breakfast. Moreover,
over 42% of the students were conscious or anxious
about their oral malodor and most of the subjects
reported being troubled by it in their daily lives [7].
Other research suggests that the oral malodor level
becomes higher in cases of poor oral hygiene or in the
presence of periodontal disease [8–12]. It is especially
salient that children’s oral malodor is mainly caused
by poor oral hygiene [13]. These findings suggested to
us that oral malodor would be a useful motivational
tool for adolescents to increase their oral health
awareness. They might be encouraged to clean their
mouth more intensively because increased oral mal-
odor hinders communication and human relation-
ships [14]. By changing to more favorable oral
health behaviors, their oral health condition would
also be expected to improve.
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Oral health education is a powerful and successful
tool in promoting oral health in adolescents [15–18].
Adolescence is an important life stage for establishing
adult behaviors [19]. Hence, school is an ideal place
to provide oral health education programs in order to
control the growing burden of dental diseases and to
promote oral health by forming appropriate oral
health behaviors.
Systematic reviews by Kay and Locker [20] sug-

gested that an individual’s level of knowledge about
oral health could be relatively easily improved by oral
health education. However, there was no clear evi-
dence for an impact of increased oral health knowl-
edge on behavior. Because people have different
learning styles or characteristics in processing infor-
mation, developing attitudes and changing behaviors
[6], health education programs should be tailored to
each situation.
A school-based oral health education program

that incorporates oral malodor prevention may
be more beneficial than an ordinary education
program because it could not only reduce oral mal-
odor but also improve other oral health conditions.
Moreover, such a program might more effectively
bring about a desirable change in students’ oral
health behavior. It is also expected that any improve-
ment of oral health behaviors, such as oral hygiene
and eating habits, might contribute to improve-
ment of general health by promoting positive general
health behaviors.
Currently, school oral health education programs in

kindergartens, elementary schools and high schools in
Japan mainly focus on prevention of dental caries or
periodontal disease. None of these programs include a
component on preventing oral malodor. Therefore,
the main purposes of this research were: (1) to
develop and conduct a new oral health education
program, particularly targeting the prevention of
oral malodor, for senior high school students, and
(2) to compare the 1-year changes of oral health
outcomes in the intervention group with those in
the control group.

Materials and methods

Subjects

This research was conducted at one of the senior high
schools belonging to the ‘Encourage School’ pro-
grams in Tokyo. The subjects were 163 Grade 1
(male: 79, female: 84, mean age: 15.0 ± 0.1) and
135 Grade 2 (male: 65, female: 70, mean age: 16.0 ±
0.1) students as of April, 2007. The intervention
group comprised all Grade 1 students and they
received the new oral health education program.
Grade 2 students, who served as the control group,
received an existing school oral health education
program.

Examination of oral health status

Both grades of students underwent the annual
school oral examination in April. Assessment criteria
for the examination were based on the standard
procedures for the Japanese School Dental Exami-
nations [21]. Oral examinations were carried out
by three dentists, one of whom was a school dentist,
and the other two were specialist dentists from the
Fresh Breath Clinic at Tokyo Medical and Dental
University.
Dental health status, such as presence of decayed

teeth, was examined using a dental mirror and an
explorer and was classified as either presence or
absence of decayed teeth. Oral hygiene status was
evaluated by a dental plaque score ranging from
0–2 (0 = no observable plaque, 1 = less than 1/3 of
anterior teeth with observable plaque and 2 = more
than 1/3 of anterior teeth with observable plaque).
Gingivitis was investigated by a gingival status score
ranging from 0–2 (0 = healthy gingiva, 1 = slight
gingivitis without dental calculus around one or
more anterior teeth and 2 = moderate gingivitis
with dental calculus around one or more anterior
teeth). The area of tongue coating was visually inves-
tigated using the score described by Oho et al. [22],
which ranged from 0–3 (0 = no observable tongue
coating, 1 = less than 1/3 of tongue dorsum with
coating, 2 = 1/3–2/3 of tongue dorsum with coating
and 3 = coating on more than 2/3 of tongue dorsum).
The tongue coating status was dichotomized dep-
ending on the existence (score 1–3) or non-existence
(score 0) of a tongue coating. Students were
notified of the results of the oral examination and
received recommendations for dental treatment, if
necessary.

Assessment of oral malodor

The organoleptic test described by Rosenberg [23]
was used for the oral malodor measurement. The
measurement was carried out in the morning prior to
the oral examination. Students breathed out through
a mouthpiece that was inserted in a screen separating
the examiner and examinee and dentists evaluated
the odor produced. Malodor was initially diagnosed
as: 0 = Absence of odor; 1 = Questionable malodor;
2 = Slight detectable malodor; 3 = Moderate mal-
odor; 4 = Strong malodor; and 5 = Severe malodor.
Oral malodor was evaluated by the two specialist
dentists and an average score was recorded. The
value of Cohen’s kappa between two examiners
was 0.783. For later analyses, malodor scores were
dichotomized: ‘malodor –’ no detectable malodor
(scores 0 and 1) and ‘malodor +’ detectable malodor
(scores 2–5). Students were given feedback on the
result of oral malodor assessment right after the
measurement.
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Oral health education

The intervention group received a 100-min oral
health education program twice a year (July and
December) by research staff dentists. This program
specifically targeted prevention of oral malodor. The
content of the program included detailed explanations
of causes, treatments and prevention of oral malodor
using visual materials such as photographs, figures
and dental models.
The control group received only the existing school

oral health education program that was provided as
part of the school health curriculum. This program
comprised a 60-min oral health lecture on causes,
symptoms, treatments and prevention of dental caries
and periodontal disease. The program was delivered
in December by one of the research staff dentists. The
intervention group also received this program.

Statistical analysis

Data on oral health outcomes were collected twice, at
the annual school oral examination in 2007 and
12 months later in 2008. For the analysis of 1-year
changes in oral health outcomes, students in both the
intervention and control groups were sub-grouped by
the presence (malodor +) or absence (malodor –) of
detectable oral malodor at the baseline examination in
2007. Subjects were further categorized into those
who either ‘maintained a good oral health status or
improved their oral health status’ (= positive change
group) and those who either ‘retained a poor oral
health status or worsened their oral health status’
(= negative change group) during the 1 year. Chi-
square tests were used to examine the distributional
differences between the two groups. All statistical
analyses were performed using SPSS 18J software
(IBM SPSS, Tokyo, Japan). The level of significance
was set at p < 0.05.

Human subject approval statement

This study has been approved by the Tokyo Medical
and Dental University institutional review board
(IRB).

Results

Baseline condition

Table I summarizes the variables investigated at base-
line. There was no significant difference in gender
distribution between the intervention and control
groups. No significant difference was observed in
the proportion of students with decayed teeth, dental
plaque, gingivitis, tongue coating or oral malodor
between the intervention and control groups. At the
baseline, 42.6% of all students had oral malodor and

there was no significant difference in the prevalence of
oral malodor between the intervention and control
groups.

Changes during 1-year period

Because there was no significant difference in the
changes of any oral health status over the 12-months
by gender, the following analysis was conducted by
combining male and female data.

Oral malodor. At the 1-year follow-up examination,
the prevalence of oral malodor decreased to 16.6%
(from 41.7% at baseline) in the intervention group
and to 28.1% (from 43.7% at baseline) in the control
group. This was a statistically significant difference of
oral malodor prevalence between the intervention and
control groups (p = 0.017).

Oral health status. Table II shows the changes of oral
health status between the baseline and the 12-month
follow-up in the intervention and control groups by
oral malodor status. There were no statistically sig-
nificant differences between the intervention and
control groups or between oral malodor sub-groups
with respect to presence of decayed teeth.
For dental plaque, 69.9% of students in the inter-

vention group and 55.6% in the control group main-
tained good oral hygiene status or improved their oral
hygiene status. The intervention group showed a
significantly higher proportion of positive change
than the control group (p = 0.011). Further, students
with oral malodor at baseline in the intervention

Table I. Gender and oral health status at baseline in intervention
and control groups.

Intervention
group

Control
group

Variables Category n % n %

Gender Male 79 48.5 65 48.1

Female 84 51.5 70 51.9

Decayed teeth Absence 76 46.6 67 49.6

Presence 87 53.4 68 50.4

Dental plaque 0 82 50.3 63 46.7

1 70 42.9 55 40.7

2 11 6.7 17 12.6

Gingivitis 0 78 47.9 68 50.4

1 63 38.7 55 40.7

2 22 13.5 12 8.9

Tongue coating Absence 16 9.8 22 16.3

Presence 147 90.2 113 83.7

Oral malodor � 95 58.3 76 56.3

+ 68 41.7 59 43.7
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group (72.1%) responded significantly more favor-
ably by keeping good oral hygiene status compared to
those with oral malodor in the control group (54.2%)
(p = 0.037). The difference between the intervention
and control groups was not statistically significant in
students without malodor at baseline.
In total, 47.2% of students in the intervention

group and 32.6% in the control group maintained
a good gingival condition or improved their gingival
health. The intervention group showed a signifi-
cantly higher proportion of positive change than
the control group (p = 0.013). In the oral malodor
sub-groups, 51.5% of students with oral malodor at
baseline in the intervention group and 25.4% in
the control group demonstrated an improvement
or maintenance of gingival health. This was a
statistically significant difference between the two

sub-groups (p = 0.003). However, there was no
significant proportional difference between the inter-
vention and control groups among students without
oral malodor at baseline.
The overall percentages of students who maintained

a good tongue coating condition or improved their
tongue coating condition were 46.6% in the interven-
tion group and 33.3% in the control group. The
intervention group presented a significantly higher
proportion of positive change than the control group
(p = 0.024). In the oral malodor sub-groups, 52.9% of
students with oral malodor at baseline in the interven-
tion group and 25.4% in the control group maintained
or improved their tongue coating condition. This was a
statistically significant difference between the two
groups (p = 0.002). On the other hand, between the
sub-groups without oral malodor at baseline, there

Table II. Changes of oral health status after 1 year in the intervention and control groups.

Oral malodor
status at baseline

Positive change Negative change

n % n % Significance

Decayed teeth

Intervention group Malodor � 33 34.7 62 65.3

Malodor + 22 32.4 46 67.6

Total 55 33.7 108 66.3

Control group Malodor � 34 44.7 42 55.3

Malodor + 26 44.1 33 55.9

Total 60 44.4 75 55.6

Dental plaque

Intervention group Malodor � 65 68.4 30 31.6

Malodor + 49 72.1 19 27.9

*
*

Total 114 69.9 49 30.1

Control group Malodor � 43 56.6 33 43.4

Malodor + 32 54.2 27 45.8

Total 75 55.6 60 44.4

Gingivitis

Intervention group Malodor � 42 44.2 53 55.8

Malodor + 35 51.5 33 48.5

**
*

Total 77 47.2 86 52.8

Control group Malodor � 29 38.2 47 61.8

Malodor + 15 25.4 44 74.6

Total 44 32.6 91 67.4

Tongue coating

Intervention group Malodor � 40 42.1 55 57.9

Malodor + 36 52.9 32 47.1

**
*

Total 76 46.6 87 53.4

Control group Malodor � 30 39.5 46 60.5

Malodor + 15 25.4 44 74.6

Total 45 33.3 90 66.7

*p < 0.05, **p < 0.01.
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was no statically significant difference between the
intervention and control groups.

Discussion

This study demonstrated that a higher proportion of
students in the intervention group maintained or
improved their oral health status (i.e. oral malodor,
dental plaque, gingivitis and tongue coating) than
those in the control group who only received an
ordinary oral health education program. The edu-
cation program utilizing oral malodor as a motiva-
tional tool achieved a successful outcome towards
students who are considered to be sensitive to their
own oral malodor condition, while the existing
program had little impact on the students’ oral
health behavior.
Overall, this novel intervention program brought

the expected desirable results. In particular, the pos-
itive change was more remarkable in the students who
had detectable oral malodor at baseline. In contrast,
for students without detectable oral malodor, no
significant differences in oral health outcome changes
were observed between the intervention and control
groups. These findings suggest that, by being exposed
to the intervention program, students with oral mal-
odor may become more interested in their oral health
and clean their mouth more intensely or carefully
than those without oral malodor. Being informed of
oral malodor by the examiner at the assessment
was thought to serve as a trigger for favorable oral
health behavior changes, principally in students with
oral malodor.
Among oral health outcomes, the positive change

was most notably found in the dental plaque status.
The degree of positive change in gingivitis was lower
than that in the dental plaque. This result indicates
that the oral health education can make students
recognize the accumulation of dental plaque as well
as change their oral hygiene behavior. Mild gingivitis
without the deposition of dental calculus can be
improved in a relatively short time with careful oral
self-care; however, severe gingivitis, especially with
the presence of dental calculus, cannot be cured
without professional treatment at a dental clinic
[13,17,24]. This is probably the reason why the pos-
itive change in gingivitis was not so pronounced in
spite of the improved oral hygiene status.
There is still plenty of room for improvement of the

current intervention program. The status of decayed
teeth did not change in the intervention or control
group. Although students had been given feedback
about their dental needs from the dentist after the oral
health assessment and had received oral health edu-
cation, more than half of them did not seek dental
treatment for their decayed teeth during the 1-year
period. Similarly, 30–40% of students still did not
improve their dental plaque status and more than half

of the students presented with poor oral health status
(i.e. gingivitis and tongue coating) at the 1-year
follow-up examination.
Dental plaque and tongue coating can be improved

by thorough oral hygiene, which could lead to the
amelioration of gingivitis or oral malodor [13,25].
Dental caries, on the other hand, cannot be healed
naturally even if oral hygiene is perfect; they must be
managed through professional treatments at a dental
clinic. More elaboration of current oral health
education programs will be necessary to promote
further positive change of students’ behavior and to
help them find a dentist and receive appropriate
professional care.
An organoleptic test for oral malodor measurement

[23] needs to be performed with this kind of health
educationprogram.Inthis study,we informedstudents
of their oral malodor status after the organoleptic test,
but recognize that caution should be exercised when
disclosing the information to them because of privacy
concerns.We believe that any dentists would be able to
perform oral malodor evaluation if they receive appro-
priate training for oral malodor measurement [26].
However, it is important to keep in mind that adoles-
cents may be very sensitive to issues like bad breath,
body malodor and their appearance [27].
There are some limitations in this research. First,

the senior high school which participated in this study
belonged to the ‘Encourage Schools’ programs in
Tokyo. An ‘Encourage School’ is a special school
that admits and supports students who have lower
levels of achievement socially and academically than
average school students. The oral health status of
these students is also lower, and they are at higher
risk for oral diseases compared to general senior high
school students [7]. One possible reason for the
limited success of the intervention program on dental
caries might be attributed to this character of the
school. If the current health education program had
been carried out at a general senior high school,
improvement of oral health outcomes might have
been greater. Thus, further research should be con-
ducted to confirm the effects of the current education
program in general senior high schools, obtain addi-
tional information for modifying the program and
assist students to promote their oral health status.
Second, the intervention group was exposed to

two different types of oral health education: the new
oral health education that focused on oral malodor
prevention and the ordinary oral health education.
Therefore, the independent impact of the new pro-
gram incorporating oral malodor prevention is not
clear. A future study would be required to distin-
guish more specifically which program component
has the greatest effect on behavioral change and to
what extent.
Finally, the grade levels of the intervention (Grade 1)

and control (Grade 2) groups were different. In a
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school-based program, it is very difficult to allocate
students in the same grade to different groups due to
the principle of equal opportunity in education. How-
ever, no significant differences were detected in any
variables at baseline between the two grades in this
study. Hence, we consider the influence of different
student grade levels on this study’s outcomes to be
minimal.

Conclusions

Although this study was conducted on special senior
high school students, the results indicate that intro-
ducing an oral health education program that incor-
porates oral malodor prevention as a motivational tool
for oral health promotion can be effective. Students
may be more interested in and motivated to clean
their mouth more carefully and intensively after
receiving the program. This research implies that
there are benefits to embedding an oral health edu-
cation program that targets oral malodor prevention
in the school oral health curriculum because it may
effectively act as a trigger to drive senior high school
students to favorably change their oral health
behavior.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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