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The relationship between

volatile sulphur compounds,

tongue coating and periodontal

disease

Abstract: The purpose of the present study was to observe

the casual levels of volatile sulphur compounds (VSC) in

volunteers with different clinical scores of tongue coating,

periodontal pockets depth and Gingival Bleeding Index.

Seventy-two subjects who attended for the first time at the

dental clinic of the University were randomly selected for

intra-oral and periodontal examinations. Systemic and dental

histories were also obtained. The subjects were unaware of

all procedures. The level of VSC was assessed by using a

portable sulphide monitor (Halimeter�; Interscan Co.,

Chatsworth, CA, USA). High tongue coating levels were

related with more VSC counts (multivariate anova, P = 0.01).

No statistically significant relation (multiple linear regression,

P > 0.05) was observed among the VSC levels considering

age, bleeding and periodontal pockets sites (depth >4 mm).

We concluded that the tongue coating was one of the main

factors influencing the VSC levels.
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Introduction

Halitosis is the general term used to describe any disagree-

able odour in expired air, regardless of whether the odorous

substances originate from oral or non-oral sources (1, 2). The

malodour is usually caused by poor oral conditions, periodon-

tal disease and gingival bleeding (3, 4). Halitosis can be also

caused by non-oral aetiological factors such as diabetes, gastro-

intestinal disorders, psychopathological symptoms and stress

(5–7).

Hydrogen sulfide (H2S), methyl mercaptan (CH3SH) and

dimethyl sulfide [(CH3)2S] comprise about 90% of the volatile
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sulphur compounds (VSCs) found in exhaled air (8) and they

are probably the major contributors to the objectionable odours

presenting in bad breath. These compounds result from the

proteolytic degradation of various sulphur-containing substrates

from mouth (food debris, saliva, blood and epithelial cells),

which are produced mainly by anaerobic gram-negative oral

microorganisms (9).

As oral malodour is a perceived olfactory stimulus, direct

sampling and assessment by human judges (organoleptic mea-

surements) has been pointed as the most logical measurement

approach. However, this method raises several disadvantages.

There is a considerable variation among judges on the ranking

of the unpleasantness of different odours. Moreover, it may be

equivocal to judge the rank of an odour using ordinal scales as

there are no standards (10). The development of the Halime-

ter� (Interscan Co., Chatsworth, CA, USA) has led to increas-

ing halitosis researches due to its convenience, portability and

reproducibility (7, 10–12).

The two main anatomical sources of VSC identified in the

oral cavity are gingival sulcus and the tongue (1). Tongue coat-

ing has components, such as blood debris, nutrients, large

amounts of desquamated cells and bacteria. These substances

are responsible for putrefaction (13) and strongly correlate with

malodour (14, 15).

Although some studies have assumed a positive correlation

between VSC levels in the air from mouth and the number of

periodontal pockets, the relationship between the periodontal

disease and malodour remains contradictory (15). The actual

evidence for periodontal disease as being the major source of

oral malodour has been considered unequivocal. The aim of

the present study was to correlate the VSC levels with tongue

coating, periodontal disease and gingival bleeding in dentate

Brazilian adults.

Patients and methods

This study was approved (protocol 112 ⁄ 2004) by the Ethical

Committee at the Piracicaba Dental School ⁄ Unicamp (State

University of Campinas). Subjects of both gender (31 males),

aging from 18 to 60 years old (39.8 ± 10.9 years) were selected.

These subjects were attending for the first time at the dental

clinic of the University and they were unaware of all proce-

dures of the study. This condition was important to assure that

the subjects did not perform any other oral hygiene measure

than the usual.

They were informed of the nature, potential risks and bene-

fits of study. Brief systemic and dental histories were obtained

after signing the informed consent form. Intra-oral and peri-

odontal examinations were also performed in all subjects by

two examiners. All subjects were examined between 10:00 am

and 12:00 pm hours. All the data were analysed anonymously.

Exclusion criteria were pregnancy, smoking, previous peri-

odontal therapy in the past 3 months, absence of all teeth and

total prosthesis wearing. In addition, patients taking medica-

tion for the past 3 months (except over-the-counter medica-

tion), which could interfere in the VSC production such as

antibiotics and antidepressants (salivary flow reduction) were

excluded. In addition, subjects with localized juvenile peri-

odontitis, rapidly progressive periodontitis, or acute necrotizing

ulcerative gingivitis were also excluded. Only the subjects that

refrained from eating, drinking, smoking, brushing and rinsing

their mouth for 2 h before the evaluation of VSC were

accepted.

Measures of bleeding on probing (BOP, 0 ⁄ 1) and probing

pocket depth (PPD) were taken at four sites per tooth (mesial,

buccal, distal and lingual) of all teeth. Probing pocket depth

was recorded to the nearest millimeter using a North Carolina

periodontal probe (Hu-Friedy, Chicago, IL, USA). Four or

more teeth showing at least one PPD greater than 4 mm was

considered as indicative of periodontal disease.

The VSC measurements were made using a portable sul-

phide monitor (Halimeter) as previously described (7, 11).

Subjects were instructed to refrain from talking for 1 min prior

to measurements. The monitor was zeroed on ambient air and

the measurement performed by inserting a short length of tef-

lon tube (connected to the monitor inlet), fitted with a dispos-

able suction tube approximately 4 cm into the oral cavity. The

volunteer was oriented to avoid breathing during measurement

in order to prevent contamination. Results of peak of sulphide

concentration (ppb) were recorded. Measurements were made

in duplicate and the mean value was calculated (16).

Tongue coating was scored using a clinical index (10, 17).

This score ranged from 0 to 3 (0 – no tongue coating apparent;

1 – tongue coating covering less than 1 ⁄ 3 of tongue dorsum;

2 – tongue coating covering less than 2 ⁄ 3 of tongue dorsum;

and 3 – tongue coating covering greater than 2 ⁄ 3 of tongue

dorsum). Two examiners performed all measurements. The

percentage agreement (Kappa Index) of tongue coating scores

between the two examiners was 92% (k = 0.92).

Statistical analysis

A power calculation was performed by using NQuery 4.0 soft-

ware (Statistical Solutions, Boston, MA, USA), considering

data from a previous study (7). A sample size of 30 subjects

will have 90% power to detect a difference in means of at
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least 11.0 ppb in the VSC levels, when using a two group

t-test calculation with a 0.05 significance level.

Data were analysed using of the Systat for Windows (Systat

Software Inc., Chicago, IL, USA). Multivariate anova, multiple-

linear regression and Kruskal–Wallis (Mann–Whitney) tests were

used to compare the data, considering 5% of significance level.

Results

Eighteen (25%) subjects met the periodontitis disease criteria

and 49 (68%) subjects presented more than 50% of the teeth

sites bleeding. All volunteers presented tongue coating level

higher than zero.

Figure 1 shows the relationship between VSC (mean ±

SEM) and the tongue coating levels. Table 1 shows the rela-

tionship among VSC levels and age, gender, the percentage of

bleeding sites and the percentage of pocket depth sites

(>4 mm).

Multivariate anova considering gender, tongue coating,

periodontal status (disease or not) and race showed that only

tongue coating (P = 0.01) influenced the VSC levels (Table 1).

There were no statistically significant correlation (multiple lin-

ear regression, P > 0.05) among age, number of sites with BOP

and number of sites with PPD >4 mm with VSC levels.

Discussion

We found a significant correlation between VSC and tongue

coating scores for all age groups, which was the same reported

by Hinode et al. (18) and Liu et al. (19). It has become increas-

ingly clear that tongue coating is the major factor inducing hal-

itosis (13).

The fissures and crypts of the tongue can harbour large

amounts of bacterial species (20). These innumerable depres-

sions in the tongue surface are ideal niches for bacterial adhe-

sion and growth, sheltered from cleaning action. These

bacteria can be an important source for VSC, which are major

components in oral malodour. Unfortunately, many clinicians
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Fig. 1. Volatile sulphur compounds (VSC; mean ± SEM) according

to the tongue coating levels. The dashed line (80 ppb) represents

the social acceptable VSC level.

Table 1. VSC and tongue coating levels

according to age, gender, periodontal

disease and number of BOP and PPD sites

VSC (mean ± SEM)
[95% CI] P

Tongue coating
(median) [lower
and upper
quartiles] P

Age (years)
18–29 (n = 16) 100.8 (10.9) [77.5–124.0] 0.667* 2 [1–2] 0.169�

30–44 (n = 33) 126.6 (±17.7) [90.6–162.7] 2 [1.5–3]
45–60 (n = 23) 120 (±15.9) [87.1–153.0] 2 [2–2]

Gender
Male (n = 31) 132.9 (±17.0) [98.1–167.6] 0.220� 2 [2–3] 0.477§

Female (n = 41) 108.1 (±11.4) [85.0–131.2] 2 [1–2]
Periodontal disease

Yes (n = 18) 126.1 (±23.3) [76.8–175.3] 0.672� 2.5 [2–3] 0.002§

No (n = 54) 116.4 (±10.7) [94.9–137.8] 2 [1–2]
BOP sites

Up to 25% (n = 16) 123.6 (±27.35) [65.3–181.9] 0.472* 2 [1.25–2.75] 0.097�

Up to 50% (n = 7) 132.9 (±28.76) [62.5–203.2] 3 [2–3]
Up to 75% (n = 16) 130.4 (±22.81) [81.8–179.0] 2 [2–3]
More than 75% (n = 33) 107.8 (±11.82) [83.7–131.9] 2 [1–2]

PPD sites
None (n = 48) 114 (±11.37) [91.2–136.9] 0.142* 2 [1–2] 0.008�

Up to 25% (n = 19) 113.5 (±14.01) [84.1–142.9] 2 [2–3]
More than 25% (n = 5) 184.2 (±75.09) [24.3–392.7] 3 [1.5–3]

BOP, bleeding on probing; PPD, probing pocket depth; VSC, volatile sulphur compounds.
*Multiple linear regression; �Kruskal–Wallis test; �Multivariate anova; §Mann–Whitney U-test.
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still believe that periodontal disease is the only cause for bad

breath and they ignore that the tongue should be the

first structure verified when facing a patient complaining about

halitosis.

Gordon and Gibbons (21) were the first to analyse the ton-

gue microbiota and they identified several anaerobic species

(Bacteroides, Fusobacteria spp, Peptococcus and Peptostreptococcus)

among the prominent cultivable microorganisms (22). Since

then, most of the studies that evaluated the tongue microor-

ganisms have concluded that it was characterized by a wide

variable and diverse microbiota, with high proportion of anaer-

obic bacteria (23).

Although most patients perceive the condition of bad breath

primarily as a cosmetic problem, reports of tissue toxicity at

even extremely low concentrations of VSC have appeared (24),

possibly causing damage in periodontal tissues (25). For these

reasons, instructions for the prevention of halitosis should be

included in oral health promotion activities.

There has been some disagreement regarding the effect of

the aging on halitosis levels. Rosenberg et al. (11) suggested

that sulphide measurements with the monitor were positively

related to the age of the subject. However, Miyazaki et al. (10)

demonstrated that age was a risk factor for deterioration of

gum disease but not related to VSC increase. Our results sug-

gest that oral malodour problems may not occur in older peo-

ple having healthy periodontal conditions and little tongue

coating.

Previous studies have shown that periodontal disease and

tongue coating are a major source of VSC, and therefore, the

cause of offensive odours (3, 13, 26). As most of the oral bacte-

ria that produce malodorous compounds (e.g. Porphyromonas

gingivalis, Prevotella intermedia, Tannerella forsynthensis, etc) are

periodontal pathogens, it was logical to assume a positive cor-

relation between VSC levels in the mouth air and the extent

of periodontal pocket depths and the gingival bleeding ten-

dency (14). The present study, however, showed that there

was a much weaker association between VSC and periodontal

conditions, which was also reported by Bosy et al. (15). These

observations tend to suggest that oral malodour is not caused

by periodontal disease alone but by a combination of factors,

including periodontal conditions and tongue coating.

Another interesting data of our results was that 9 out of 16

periodontal patients with tongue coating level 3 had periodon-

tal disease and 1 out of 16 patients with tongue coating level 1

had the same problem, which has lead us to speculate that ton-

gue coating is a contributing factor for periodontal diseases.

Moreover, Faveri et al. (27) reported that the tongue surface

could be an important reservoir for periodontal pathogens and

may play a role in the colonization of tooth surfaces and in the

aetiology of halitosis.

Bad breath becomes an important factor in social relations

and can cause concern, not only related to health aspects but

also to psychological changes that lead to social and personal

isolation (28). In addition, clinical studies revealed that brush-

ing the teeth exclusively was not very effective in reducing

oral malodour scores (13). Brushing the dorsum of the tongue

with toothpaste was more effective than brushing the teeth.

Therefore, it is clear that tongue cleaning is clinically highest

priority to reduce oral malodour. Thus, health education

should be realized with a view to a dynamic balance (29),

involving the physical and psychological aspects of human

beings as well as their social interactions, so that individuals

do not turn into puzzles of sick parts.
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