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Background

Oral malodor, also known as bad breath, is a nuisance problem for many people around the world.
Previous studies have reported that about 30 to 50% of the population possess with a problem of bad
breath. The main causative substances of oral malodor are volatile sulfur compounds (VSCs) produced by
bacteria and protein putrefaction of sulfur-containing amino acids. There are various etiological factors for
oral malodor, but intra-oral sources, such as periodontal diseases, tongue coating, poor oral hygiene, and
dry mouth are the main causes of increased levels of VSCs. Among these, the primary source of VSCs
production is a coating on the dorsum of the tongue.

Both chemical and mechanical methods are available for controlling oral malodor. Many studies of
various mouth rinse applications and tongue cleaning procedures have been conducted. However, few
studies have compared the effect of simultaneous chemical and mechanical procedures on the reduction of
VSCs in subjects with oral malodor. Therefore, this study aims to assess the effects of different oral
hygiene procedures, i.e., tooth brushing, mouth washing, and tongue cleaning, alone and in combination,

on the reduction of VSCs in subjects with oral malodor.

Methods

This clinical study was conducted in Yangon, Myanmar, from September to October of 2013.
Forty-eight male monk volunteers were screened to assess whether they matched the inclusion criteria and
total VSCs more than the threshold level of 250 ppb measured by Breathtron®. Eighteen of these subjects
were excluded because they did not match the criteria. After the screening, the final subjects used for this
study were 30 males aged 18 to 30 years (mean age: 20.2 + 2.8 years).

This study was carried out with a randomized, single blind and 5-week parallel design. Subjects were
randomly divided into two groups (A and B) of 15 subjects each. Both groups were instructed to brush
their teeth with a scrubbing method in the first week. For the next 3 weeks, in addition to tooth brushing;
group A used 12 mL of chlorine dioxide (ClO2) Fresh® mouthwash for 30 seconds twice daily, and group

B performed tongue cleaning twice daily with a small toothbrush. Following the above, both groups




practiced all three oral hygiene regimens: tooth brushing, mouth washing, and tongue cleaning for the last
1 week.

Oral malodor was evaluated during the day from 2 pm to 5 pm. Subjects were asked to refrain from
drinking and eating as well as oral hygiene practices at least 2 hours before the measurement. The amount
of total VSCs was measured using Breathtron® and the level of total VSCs of more than 250 ppb were
categorized as having oral malodor.

Following the oral malodor evaluation, dentition status [number of decayed teeth (DT), number of filled
teeth (FT), and number of missing teeth (MT) excluding third molars] was examined. The amount of
plaque was evaluated with the debris index (DI) of the Oral Hygiene Index (OHI). The highest score for
each tooth was recorded. Gingival bleeding on probing (BOP) was recorded if bleeding was detected after
examination with a periodontal probe. Tongue coating was evaluated by a modified Winkel tongue-coating
index. The tongue dorsum was divided into nine areas and tongue coating was evaluated for all nine areas
with a score from 0 to 2. The tongue coating score was calculated by adding the scores of all nine areas,
resulting in a possible range from 0 to 18. The flow rate of saliva (mL/min) was calculated, and the saliva
pH level was measured with a bromothymol blue test paper. Total VSCs, DI score, BOP and tongue
coating were examined at the baseline and weekly during the 5 weeks by a principal examiner who was

blinded to the subject’s group.

Results

There were no significant differences in any characteristics, including age, total VSCs, present teeth
(DT, FT, MT), flow rate and pH of saliva, DI, BOP, and tongue coating between groups A and B at
baseline. Compared to the baseline, DI scores were significantly improved in both groups at the first
week’s examination (P <0.01) and low scores have been maintained at the following weekly examinations.
There was no significant difference in DI scores between groups A and B at any examination period. In
comparison with the baseline, BOP was significantly decreased at the first week’s examination in both
groups (P <0.05). At the following weekly examinations, BOP has been maintained low values in both
groups. There was no significant difference in BOP between groups A and B at any examination period.
Compared with the baseline, tongue coating score did not change significantly at the first week’s
examination in either group, but it significantly decreased from that of the second week’s examination in
both groups (P <0.05). Group B had significantly lower tongue coating scores than group A at the second
and fourth weeks. At the third week, group B had lower tongue coating score than group A but there was
no significant difference between the two groups. At the fifth week, the tongue coating score in both
groups was its lowest, and there was no significant difference in the tongue coating score between groups
Aand B.

As for oral malodor, there were no significant reductions of total VSCs at the first week’s examination
compared to that at baseline in either group. In both groups, the mean values of total VSCs level were
above 250 ppb, and there was no significant difference between the two groups. At the second week, total

VSCs was significantly decreased from baseline in both group A (P <0.01) and group B (P <0.05). From
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the second to the fourth week, both groups indicated significant reductions of total VSCs compared to
baseline, and all mean values were lower than 250 ppb. Group A showed significantly lower total VSCs
values than group B. At the fifth week, the total VSCs were significantly lower than at baseline and lower
than the previous weekly examinations in both groups. There was no significant difference in the total
VSCs between the two groups.

Regarding the change of the percentage of the subjects with oral malodor, after one week tooth brushing,
more than 50% of the subjects in both groups still had oral malodor. The percentage of subjects with oral
malodor in group A was decreased to 6.7% on the second week, and that in group B declined to 20.0% by

the fourth week. At the fifth week, no subjects in either group had oral malodor.

Discussion

The current study revealed that tooth brushing alone could not improve the oral malodor, but either
mouth washing or tongue cleaning significantly reduced the VSCs. Further, the combination of tooth
brushing, mouth washing and tongue cleaning was the most effective regimen for improvement of oral
malodor.

ClO2 mouthwash reduced VSCs significantly and kept the VSCs level low during the study period (as
long as 4 weeks in this study). ClIO, has a powerful oxidative action to change VSCs to non-malodorous
products, and the chloride anion exerts bactericidal activity against oral malodor-producing
microorganisms. Further, our study found that the amount of tongue coating was significantly reduced
when using a ClO, mouthwash without tongue cleaning.

A previous study demonstrated that oral malodor of subjects in a tooth-brushing group was more severe
than those in a tongue-cleaning plus tooth-brushing group. Tongue coating plays a vital role in the
production of VSCs. Adding tongue cleaning to tooth brushing significantly reduced the VSCs as well as
the percentage subjects with oral malodor by up to 80% in this study.

Comparison of oral malodor reduction between groups A and B showed that the percentage of subjects
with oral malodor quickly declined to 6.7% at the second week’s examination in group A. The decrease
was more gradual in group B, from 46.7% at the second week to 20% at the fourth week. It was probably
because the actions of mouthwash had a prompt effect on oral malodor improvement in group A. On the
other hand, the subjects in group B might take time to learn the skills for complete cleaning of the tongue.

This study demonstrated that a combination of chemical and mechanical procedures had the strongest
effect on the reduction of VSCs. One former study reported that using mouthwash was essential for
additional reduction of oral malodor if the subject still had oral malodor after tooth and tongue brushing.
Our findings agree with that result, in that mechanical tongue cleaning without using any kind of chemical
agents could reduce the VSCs but was not more effective than combining methods. This suggests that the
chemical action of a mouthwash can help reduce oral malodor by reaching areas that are difficult to access
by tongue cleaning. The results of this study could contribute to the formulation of appropriate preventive
strategies against oral malodor.




Conclusions
The results of this study indicate that both mouth washing, as a chemical method, and tongue cleaning,
as a mechanical method, significantly reduce oral malodor. However, combining both mechanical and

chemical regimens is the most effective method for the reduction of VSCs in subjects with oral malodor.
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