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Abstract

Aim: This study investigates the occurrence of oral malodour in 
an adult dental clinic population in Pretoria, South Africa, and the 
clinical parameters associated with the condition.

Methods: Data collected from new patients (n=896), exam-
ined by oral hygiene students under supervision of instructors, 
between January - October 2004, were retrospectively analysed. 
Subjects self-reported their medical history and smoking status. 
Caries experience, plaque index, pocket depths, bleeding on 
probing (BOP), tongue coating status, and oral hygiene practises 
were recorded. Malodour was diagnosed using the halimeter 
(≥120ppb) and an organoleptic measurement (0-5 point scale) 
of ≥3. Data analysis included chi-square, t-tests and logistical 
regression.

Results: 15.1% presented with organoleptically-determined mal-
odour and 20.9% presented with malodour detected by the use 
of the halimeter.  Irrespective of the diagnostic tool used, tongue 
coating, increased plaque levels and BOP were associated with 
an increased likelihood for oral malodour, while regular flos-
sing reduced the likelihood of presenting with the condition. 
Periodontitis was associated with oral malodour when applying 
organoleptic ratings, but not with the halimeter. 

Conclusions: Oral malodour prevalence corresponds with val-
ues reported in developed countries. Interdental flossing was 
the most effective self-care practise associated with a reduced 
likelihood of presenting with malodour. Halimeter performance 
should be further investigated in relation to varying degrees of 
severity of periodontal disease. 

Introduction

Oral malodour, also referred to as halitosis or bad breath, is 
experienced by between 20% and 50% of the general population.1 
Although numerous non-oral sites and many different causes 
have been suggested as etiologic factors,2 an estimated 80% to 

90% of all bad breath odours originate from the mouth itself, and 
the tongue in particular.3,4 Oral malodour has been reported to be 
caused by the same micro-organisms which cause gingivitis and 
periodontitis.5,6 However, it has also been reported that a large 
proportion of individuals with oral malodour are periodontally 
healthy.4 It has thus been proposed that the existence of active 
gingival inflammation7 is more important for the production of 
oral malodour than is the mere presence of deeper periodontal 
pockets.8

It is well accepted that volatile sulphur compounds (VSC)9 
containing hydrogen sulphide (H2S), methyl mercaptan (CH3SH) 
and dimethyl sulphide [(CH3)2S] are the primary substances 
responsible for oral malodour.10 These gases originate from the 
breakdown of amino acids such as cysteine, cystine, methionine, 
or peptides, by microbial putrefaction within the oral cavity.11 
Measurement of oral malodour by and large relies on subjective 
detection of smell by human nose (organoleptic scoring),9 while 
the objective measures such as the halimeter, which uses 
sulphur detectors, have produced varying levels of reliability.12 
The correlation between VSC levels as detected by the halimeter 
and oral odour smell ranges between r = 0.2713 and r = 0.66.12 
Nonetheless, the use of the halimeter remains the commonly 
employed objective measure of oral malodour. 

Most of the studies that have have examined oral malodour 
are from developed nations and have used a wide range of 
non-uniform criteria.14 Despite the potential social disability 
associated with oral malodour,15 there is limited information 
on the prevalence and clinical correlates of oral malodour in 
developing countries. This study was designed to investigate 
the occurrence and clinical parameters associated with oral 
malodour in an adult population in a developing country, using 
the halimeter and organoleptic perception, with the objective 
of contributing towards a locally relevant and evidence-based 
protocol for management of the condition.
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Materials and methods

Study population 
This retrospective cross-sectional study involved a population of 

all patients aged > 16 years, requiring a routine examination, who 
visited the Preventive Oral Health Clinic at the School of Dentistry, 
University of Pretoria, between January and October 2004 (n = 
896). The patients were either requesting dental prophylaxis or 
were referred from other clinical departments for oral hygiene 
instruction and scaling and polishing. Each participant completed 
the medical and dental history questionnaire routinely used in 
the clinic, and signed an informed consent document permitting 
the use of the information obtained for research purposes. Data 
extracted for this study excluded personal identifiers. Other infor-
mation obtained from the dental questionnaire included data on 
how regular was the use of additional cleaning aids other than 
tooth-brushing (i.e. floss, mouth rinses and tongue cleaning). 
Additionally, subjects were asked to report whether they cur-
rently smoked, or not.

Clinical measurements

Assessment of oral malodour
All of the 14 oral hygiene students who participated in the 

assessment of oral malodour were trained prior to the study by 
an expert in the use of the halimeter. As part of routine proce-
dure at the Oral Hygiene Clinic, each patient was evaluated by 
the attending student by means of an organoleptic oral malodour 
score, rated as follows: 0=  ‘no odour’; 1=  ‘barely noticeable’; 
2= ‘slight but clearly noticeable’; 3= ‘moderate’; 4= ‘strong’; and 
5= ‘extremely strong’.

VSC values were measured using a halimeter (Interscan Corp., 
Chatsworth, CA, USA). Oral malodour was diagnosed if the ave-
rage level of two VSC readings was ≥120 parts per billion (ppb) 
(value suggested by the manufacturer’s instruction sheet) and if 
the organoleptic measurement, using the 0-5 point scale, was ≥2. 
However, because of the potential for measurement bias from 
the inexperienced noses of student judges, a narrower definition 
of oral malodour using an organoleptic score of ≥3 was used dur-
ing analyses. 

Plaque scores
Each tooth was divided into four sites, namely the mesio-buc-

cal-occlusal, disto-buccal-occlusal, mesio-lingual-occlusal, and 
disto-lingual-occlusal. Plaque-covered surfaces were identified 
by disclosing all teeth with a proprietary brand of disclosing 
solution (2 Tone, Young Dental Manufacturing, MO, USA), using 
a cotton bud. The percentage plaque was calculated by dividing 
the number of the above-mentioned sites, fully or partially cov-
ered with plaque, by the total number of sites examined (teeth 
present in the mouth multiplied by four).

Probing depths
Full-mouth probing depths (mm) were recorded using a manual 

UNC probe at six sites per tooth. Guided by previously suggested 
criteria,16 study participants were diagnosed as having peri-
odontitis if the number of periodontal probing depths measuring 
≥5mm were ≥5% of the total teeth examined.

Bleeding on probing (BOP)
Following probing, BOP was recorded dichotomously as any 

area in the mouth bleeding on probing, or not.

Assessment of tongue coating
The accumulation of tongue coating was assessed by visual 

examination based on a modification of the criteria of Shimizu 
et al17 as follows: score 0= ‘not visible’, 1= ‘visible coating’ of a 
part or whole of the tongue with plaque. All the student examin-
ers had been trained using standard colour photographs of the 
tongue coating. 

Dental caries experience
The DMFT Index was also recorded according to the standard 

guidelines.18

After the completion of the examination, all of the above-men-
tioned clinical findings were confirmed, corrected and signed off 
by an experienced clinician.

Table 1: Distribution of organoleptic scores according to gender, oral health-
related behaviours and oral health status

Percentage distribution organolep-
tic halitosis measurement

n 0 1 2 3&4 p-value 

889 31.4 32.1 21.5 15.1

Sex/gender

Males 369 20.3 30.9 26.8 22.0 <0.001

Females 520 39.2 32.9 17.7 10.2

Tongue cleaning

No 353 25.2 31.7 26.6 16.4 <0.01

Yes 536 35.4 32.3 18.1 14.2

Floss daily 

No 528 25.4 28.0 25.9 20.6 <0.001

Yes 361 40.2 38.0 15.0 6.9

Mouth rinse 

No 673 30.8 29.7 22.7 16.8 <0.01

Yes 216 33.3 39.4 17.6 9.7

Bleed on probing 

No 718 33.0 32.9 20.8 13.4 <0.001

Yes 170 24.1 28.8 24.7 22.4

Diagnosed periodontitis 

No 797 32.0 33.1 21.2 13.7 <0.001

Yes 42 14.3 16.7 26.2 42.9

Decayed teeth 

No 521 36.1 33.0 17.5 13.4 <0.001

Yes 368 24.7 30.7 27.2 17.4

Filled/restored teeth 

No 255 23.5 27.1 25.1 24.3 <0.001

Yes 634 34.5 34.1 20.0 11.4

Tongue coating

No 714 34.9 34.5 19.0 11.6 <0.001

Yes 175 17.1 22.3 31.4 29.1

Smoking

Non-smokers 637 35.9 31.7 18.5 13.8 <0.001

Smokers 252 19.8 32.9 29.0 18.3

Sinusitis

No 694 30.5 30.7 23.3 15.4

Yes 195 34.4 36.9 14.9 13.8
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Statistical analysis

All analyses were performed using the commercially available 
statistical package SPSS, Version 13. The data were expressed 
as mean ± standard deviation (SD) for all continuous variables 
and group differences were tested using independent t-tests. 
Categorical variables were analysed using chi-square tests. The 
Pearson correlation co-efficient was utilised to measure the 
correlation between halimeter and organoleptic oral malodour 
scores. Two multiple logistic regression models were constructed 
to determine the independent association of each clinical param-
eter with a diagnosis of oral malodour (as previously defined). 
The clinical parameters listed in Table 1 were entered as covari-
ates together with age into the models. Covariates which record-
ed a low significance of  association (p≥0.25) were subsequently 
dropped from the respective models. As has been mentioned, 
smokers were excluded from analyses involving the halimeter, in 
accord with the protocol for the use of the instrument.

Results

Most of the study participants were middle-aged females, 
the sample having  a mean (±SD) age of 39.9 (±16.8) years  

(range 16-91 years). All the study participants reported brushing 
at least once daily. Sixty percent of the sample reported regular 
tongue cleaning, 40% flossed daily, and 24% reported regular use 
of a mouth rinse. Of the study participants, 19% were diagnosed 
with BOP, 5% had periodontal pockets of ≥5mm on more than 
5% of their teeth, 20% presented with a tongue coating, 41% 
had decayed teeth, and 71% had at least one filled tooth. The 
mean number of decayed- and filled teeth was 1.1 (±2.3) and 
5.2 (±5.7), respectively. Of the participants, 29% reported to be a 
current smoker. The mean plaque score was 46.1% (±21.0) with 
a mean halimeter reading of 103.3 (±187.8). The mean plaque 
index score of those who flossed daily was significantly lower 
than that of those who did not practise daily flossing (41.1 vs. 
49.5; p<0.05). None of the other clinical parameters showed a 
significant relation with the plaque index score.

Organoleptically, 21.5% suffered from ‘slight but clearly notice-
able’ malodour, while only 15.1% of the subjects presented 
with a moderate to strong oral malodour (Table  1). Using the 
halimeter, 20.9% of subjects registered a reading greater than 
or equal to 120 ppb. There was a modest, but significant cor-
relation between halimeter readings and organoleptic scores 
(Pearson’s r = 0.39; p<0.01). 

In a bivariate analysis, being female was significantly associated 
with lower organoleptic rating of oral malodour. Furthermore, 
regular tongue cleaning, daily flossing and an increased number 
of filled teeth were also significantly associated with lower orga-
noleptic ratings of oral malodour (Table  1). In addition, the use 
of mouth rinse was significantly associated with reduced levels of 
oral malodour, while the presence of BOP and decayed teeth, as 
well as smoking was associated with higher organoleptic ratings. 
Irrespective of the measurement method, oral malodour was sig-
nificantly associated with presence of a tongue coating (Table 2). 

Table 3 contains the multivariate results for non-smokers only, 
so as to make the two explanatory models comparable. After 
controlling for potential confounding factors, being female and 
being of a younger age was associated with reduced likelihoods of 
presenting with oral malodour using organoleptic measurement 
and the halimeter respectively (Table 3).  Daily flossing remained 
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Table 2:  Tongue coating in relation to halitosis, periodontal status and oral 
health-related behaviours

n

% Tongue coating

No Yes

Halitosis 1

Halimeter<120 428 88.6 11.4*

Halimeter>120 128 78.1 21.9

Halitosis 2

Organoleptic<3 755 83.6 16.4*

Organoleptic>3 134 61.9 38.1

Periodontal disease

No 803 81.0 19.0

Yes 42 69.0 31.0

Bleeding upon probing

No 725 80.1 19.9

Yes 170 82.4 17.7

Tongue cleaning

No 356 76.7 23.3*

Yes 540 83.0 17.0

Daily flossing

No 534 77.7 22.3*

Yes 362 84.5 15.5

Use of mouth rinse

No 677 79.9 20.1

Yes 231 77.9 22.1

Smoking

No 642 85.51 14.49*

Yes 254 67.72 32.28

Sinusitis

No 698 80.2 19.8

Yes 198 81.3 18.7

* Chi2 - statistically significant at P<0.05

Table 3: Multivariate logistic regression model for significant predictors of 
malodour

Organoleptic ≥3 
OR (95% CI)

Halimeter ≥120
OR (95% CI)

Age - 0.99 (0.97-1.00)*

Female/male (1) 0.50 (0.33-0.75)* -

Daily flossing/not (1) 0.36 (0.22-0.60)* 0.54 (0.33-0.88)*

Plaque score (continuous 
variable on a scale; 0-100) 1.02 (1.01-1.03)* 1.01 (1.00-1.02)*

Tongue coating/none (1) 2.57 (1.66-4.00)* 2.37 (1.35-4.18)*

Periodontitis/not (1) 3.45 (1.70-6.97)* 1.94 (0.81-4.65)

Bleed on probing/not (1) 1.46 (0.91-2.33)* 1.82 (1.08-3.04)*

Sinusitis - 0.52 (0.27-1.01)

Diabetes 0.37 (0.10-1.40) 0.43 (0.11-1.64)

Independent variables with p>0.25 were dropped from the models *p<0.05



associated with a reduced likelihood of presenting with oral 
malodour while an increased plaque index score, the presence 
of a tongue coating, and BOP were associated with an increased 
likelihood of oral malodour. In particular, daily flossing was 
associated with 64% and 46% lower probability of being diagnosed 
with oral malodour using organoleptic rating and halimeter, 
respectively. It is however pertinent to note that periodontitis 
was no longer significantly associated with a diagnosis of oral 
malodour using the halimeter after controlling for BOP, but the 
condition remained significantly associated with organoleptic 
oral malodour scores ≥3.

Discussion

This study showed that about one in five South Africans 
attending the preventive oral health clinic in Pretoria may have 
experienced oral malodour. This finding is consistent with the 
oral malodour prevalence previously reported for the general 
population in developed countries.1,8 Also consistent with the 
literature,19-21 this study showed that the presence of a tongue 
coating, increased plaque levels and BOP are risk indicators for 
the occurrence of oral malodour.

The literature indicates that the association between periodon-
titis and oral malodour remains ambiguous.19,22-24 In the current 
study periodontitis was associated with oral malodour when 
determined by organoleptic scoring, but not with oral malodour 
measured by means of the halimeter. This finding suggests that 
the malodour gasses of periodontal disease origin in this sample 
were not significantly detected by the halimeter and might be 
explained by the low prevalence of diagnosed periodontitis and/or 
the halimeter’s relatively lower sensitivity to detect methyl mer-
captan compared with other VSCs like hydrogen sulphate.25 Gas 
chromatography analyses has shown that methyl mercaptan is the 
main cause of perceptible oral malodour.26 Methyl mercaptan is 
predominantly produced by Porphyromonas gingivalis in patients 
suffering from periodontitis.11,27 Hence the methyl mercaptan/
hydrogen sulphide ratio increases with increasing pocket depth 
or severity of periodontal disease.5,6,10,28 It is therefore possible 
that the differences in detection of malodour by halimeter and by 
organoleptic rating observed in this study and the inconsistencies 
observed in other studies19,22-24  may  be related to the differences 
in the clinical severity of periodontal disease in the study popula-
tions. Variation in the diagnostic criteria used could also explain the 
discrepancies in results. The fact that periodontitis is associated 
with gingival inflammation29 and with BOP, may explain why the 
halimeter measurement of malodour was not significantly associ-
ated with periodontitis when BOP was controlled for.

Recent literature reviews suggests that regular self-care oral 
hygiene practices such as brushing, and interdental flossing 
are effective in reducing oral malodour.21,30 Oral rinses provide 
a short term benefit,31 but some others containing a high 
concentration of alcohol might exacerbate oral malodour.32  

Tongue cleaning has also been suggested as being beneficial in 
reducing halitosis.21,30 Although the current study confirms the 
importance of plaque control, especially through daily flossing, 

no support could be found to indicate that tongue cleaning (as 
reportedly practised by the study population) and the use of oral 
rinses are significant independent determinants of oral malodour. 
It should however be noted that the lack of significant association 
may be a result of reporting bias, considering these were self-
reported practices. Nevertheless, others have suggested that 
tongue cleaning without the addition of mouth rinse may not be 
effective in reducing oral malodour.33 

Previous research found that compared with males, females 
may be more anxious about bad breath and are generally more 
likely to seek care, especially when experiencing oral malodour.34-

35 This might explain the significant association between being 
female and the reduced occurrence of oral malodour, as well 
as the predominant female population in the current study, 
despite the fact that males and females have equal access to the 
preventive clinic in Pretoria.

The major limitations of this study are the cross-sectional study 
design and the utilisation of a non-representative population 
sample under clinical training circumstances. It should also be 
noted that this sample comprises a majority of dentally aware 
adults who may have demanded dental services elsewhere in the 
past, as reflected in the relatively high average number of dental 
restorations, as well as the high frequency of interdental flossing, 
tongue scraping, and the use of oral rinses. This might explain the 
protective effect of filled teeth on oral malodour. It has indeed 
been established that adults with more access to dental care in 
South Africa have more filled teeth than those who do not.36

The reliability of the data collected by oral hygiene students was 
ensured by the double-checking and signing off of every detail on 
the dental record by an experienced supervising clinician. Some 
measurement bias, however, cannot be excluded since it could 
not always be determined whether the patients had complied 
with the instructions pertaining to the protocol for breath 
sampling using the halimeter. Lastly, the data presented is dated, 
but the associations reported are not likely to have changed with 
time. Furthermore, the study was conducted at a time when 
the halimeter was routinely used in the clinic. The strength of 
this study is the use of an objective measure of halitosis along 
with a subjective measure, while controlling for several clinical 
parameters in a relatively large sample of adults. Despite the 
limitations, this study provides useful information on clinical 
correlates of oral malodour in a dental clinic population within a 
developing country. 

Conclusions

Although further studies are indicated, the results of this study 
indicate that the prevalence of oral malodour in this dental clinic 
sample falls within the range previously reported for populations 
in developed countries. However, the study findings in relation 
to halimeter measurements highlight the need to further investi-
gate the performance of the halimeter instrument in relation to 
varying degrees of severity of periodontal disease. 

Oral conditions, namely the presence of a tongue coating, poor 
plaque control, BOP and periodontitis were identified as risk 
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indicators of oral malodour. Plaque control, particularly daily 
flossing was identified as an important intervention to reduce 
oral malodour in the studied population. 

Declaration: No conflict of interest. 
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