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Introduction
Proteolytic degradation of proteins, peptides and mucines by the oral microbiota adherent to the tongue and to a lesser extent the teeth, contribute to oral malodour (1 -4). Over 80 species resident in the subgingival plaque can, at least in vitro, be considered malodorous because they produce volatile sulphur compounds (4, 5), fatty acids or both. Some of the most prominent odour forming bacterial species, including members of the Treponema, Prevotella, Porphyromonas and Selenomonas genera, have been associated with periodontitis, suggesting a link between the lafter and halitosis. In addition, oral sites other than the periodontal pocket and gingival tissues are also involved in odour-production. One such site is the dorsal surface of the tongue, where large amounts of bacteria are present in fissures and between mucosal papillae. These fissures and crypts may create an environment where the microorganisms are well-protected from the flushing action of the saliva and where oxygen levels are low, which in turn promotes the development of an anaerobic microbiota at these sites. This paper reviews findings from our laboratory and other investigators in support of the primary role of the tongue microbiota in the etiology of oral malodour.
The periodontitis-halitosis relationship
The association between periodontitis and oral malodour has received wide attention. There is ample evidence to show that volatile sulphur compounds (VSC) levels in the mouth correlate with the extent of periodontal breakdown (6,7), and that the amounts of sulphur volatiles in the breath increase with the number and depth of the periodontal pockets (8,9). Furthermore, bleeding pockets also contain higher levels of VSC than shallow, healthy sites (10). By inserting lead strips into periodontal pockets (11), or by using a sensitive gas-chromatographic technique which allows VSC-measurements at individual periodontal sites (8,10), it can be demonstrated that the periodontal pocket is a place of VSC-production in these patients.
Thus, it is conceivable that periodontal breakdown is a causative factor in odour formation, at least in people with periodontitis.
Tongue coating and oral malodour
There are, however, a number of periodontally healthy people who suffer from chronic halitosis and whose bad breath cannot be explained by the relationship described above. Bosy et al. examined 127 patients, the majority of which presented to the clinic with subjective complaints of oral malodour (11). Several variables were measured in these patients, including VSC-levels, organoleptic mouth and tongue odour ratings, and estimates of gingival inflammation and periodontitis. When the subjects were divided into four groups according to halitosis levels and periodontal health, there was no significant association between the presence of halitosis and periodontitis, and the VSC-concentrations and organoleptic odour scores were very similar among the four groups (Table 1). Findings from this and other studies (7) demonstrate that a substantial proportion of people with complaints of oral malodour do not have periodontal infections.
 

Table 1 : Evaluation of the halitosis-periddontifis relationship: evidence of a periodontally healthy subpopulation with oral malodour.
	 
	Periodontitisa Halitosisb
	No Periodontitis Halitosis
	Periodontitis No Halitosis
	No Periodontitis No Halitosis

	Number of
subjects (%)
	23(18)
	52(41)
	14(11)
	38(30)

	VSC Peak (ppb)
	135.7
	110.4
	73.9
	69.1

	OR-Mouth c
	3.5
	3.4
	1.3
	1.7

	OR-Tongue d
	2.7
	2.7
	1.7
	1.7

	Association of Halitosis with Periodontitis X2=0 .208 P-value=0.65

	a: Periodontitis = 1 or more pockets of ( 5 mm
b: Halitosis = organoleptic exceeding 3 on an ordinal scale
c: OR-Mouth = Full mouth organoleptic odor measurement
d: OR-Tongue = Tongue odor organoleptic measurement


Adapted from Bosy at al. Periodontol 1994; 65:37-46
 

In periodontally healthy individuals with chronic malodour, a combination of conventional oral hygiene and tongue brushing is twice as effective as toothbrushing alone (7), indicating that the dorsal surface of the tongue is a likely place for proteolytic activity in these patients. Indeed, a growing body of research indicates that tongue coating also plays a significant role in odour formation in periodontally diseased patients (11-16). Tongue coating is composed of blood components and other nutrients, large amounts of desquamated epithelial cells and bacteria, suggesting that it has the putrefactive capacity to produce large amounts of volatile sulphur compounds and other malodorous molecules. Yaegaki measured the amount of the tongue coating from patients with and without periodontitis, and determined the amounts and types of VSC produced by this coating (12,13). While subjects with periodontitis had significantly higher levels of VSC in their breath, they had on average 6 times more coating on their tongues, and this tongue coating was responsible for 60% of the total VSC production in these patients. The majority of the VSC was identified as methylmercaptan, which is organoleptically more offensive than H2S or dimethyl sulphide (17). Bosy et al. (11) explored the relationship of VSC with tongue odour in their patient population and concluded that the dorsal surface of the tongue is an important site of odour production in the mouth.
Studies from our own laboratory confirm these findings. We examined 54 individuals with and without complaints of oral malodour as part of a study to investigate the association between self-reported halitosis, certain tongue surface features, (specifically the presence of tongue coating and or fissures), and selected bacterial groups colonizing the tongue. In order to optimize organoleptic and quantitative measurements, the subjects were instructed to refrain from eating, drinking, smoking, chewing gum and rinsing their mouths for at least two hours before each appointment, and not to brush, floss or use commercial mouth rinse on the day of the examination. In addition to clinical parameters, such as organoleptic odour ratings, VSC level measurements, bleeding scores and periodontal status, we evaluated the presence of tongue coating and fissures. We will summarize the results of this study some of which has been previously published (15).
We were unable to establish a relationship between the levels of sulphur compounds in the breath and gingival health. Neither the extent nor the severity of gingival bleeding was associated with VSC-production, suggesting that the periodontal tissues were not the primary source of VSC-formation in our study population (Table 2). In contrast, tongue odour showed a positive linear relationship with the levels of VSC in the breath (r=0.561; p <.05), and with full mouth organoleptic odour (r=0.662; p< .005) (15). Whole mouth odour, tongue odour and VSC levels were markedly higher in individuals complaining of bad breath who also had a visible tongue coating, fissures or objectionable odour coming from their tongue (i.e. organoleptic score 2) (Table 3). A complaint of oral malodour significantly increased the subject's probability of having clinical malodour (as defined by an organoleptic rating exceeding 2), and of having tongue coating or fissures. High mouth odour scores were associated with the presence of coating or deep fissures on the tongue (Table 4). Not only are these findings in agreement with recent reports citing the tongue as a primary site of oral odour production, they also indicate that certain tongue surface features might promote the colonization of the tongue with odour producing bacteria.
 Table 2: Relationship between VSC-levels in the breath and gingival health. 

	 
	Tertile of VSC (ppb)
	p-value

	 
	Lower (0-138)
	Middle (138-240)
	Upper (>240)
	 

	Subjects (n)
	18
	18
	18
	 

	VSC (ppb)
	107.3 ± 22.9
	178.3 ± 24.6
	436.0 ± 181.1
	< 0.001c

	OR
	1.6 ± 0.6
	2.4 ± 0.6
	2.9 ± 1.0
	< 0.001c

	Complaints (n)
	3/18
	8/18
	9/18
	n.s. d

	Coating (n)
	4/18
	11/18
	11/18
	< 0.03 d

	Fissures (n)
	1/18
	6/18
	8/18
	< 0.03 d

	Bleeding lndex a
	40.8
	42.8
	39.3
	n.s. c

	Bleeding Severit b
	22.2
	19.4
	13.5
	n.s. c

	a: Percentage of sites bleeding upon probing or with PBS ( 2
b: Percentage of sites bleeding with flow of blood along the gingival margin
c: Kruskall-Wallis test
d: Chi-Square analysis


 

Table 3: Coating, fissures and odour in subjects with malodour complaints. 

	 
	Subjects
(n)
	OR
Mouth
	OR
Tongue
	VSC
(ppb)

	Coating Yes
	15
	3.1
	3.3
	349.4

	CoatingNo
	5
	2.2*
	1.4f
	224.1

	Fissures Yes
	8
	3.4
	3.4
	403.1

	Fissures No
	8
	2.0*
	2.4f
	215.7

	Tongue Odor Yes
	15
	3.1*
	3.4f
	378.7*

	Tongue Odor No
	5
	2.0
	1.0
	135.9

	OR Mouth = full mouth organoleptic score;
OR Tongue = Organoleptic rating tongue
* P-value < or = 0.05 (Mann-Whitney U-test)
f P-value < 0.01 (Mann-Whitney U-test)


  

Table 4: Association between odours, complaints of halitosis, and tongue parameters (n=54). 

	Explored Association
	X2
	df
	P-value

	Complaints and Mouth Odour a
	8.145
	1
	0.004

	ORb
	12.90
	3
	0.005

	Coating
	6.075
	1
	0.014

	Fissures
	7.819
	1
	0.005

	Mouth Odour and Coating
	11.63
	1
	0.001

	Fissures
	7.831
	1
	0.005

	Organoleptic Rating and Coating
	19.15
	3
	0.001

	Fissures
	11.87
	3
	0.008

	a: mouth odour = organoleptic rating > 2
b: OR = organoleptic rating


Role of tongue bacteria in halitosis development
Despite the compelling evidence that the tongue coating is probably responsible for the majority of the VSC found in the mouth air, a number of questions remain unanswered. It is not known, for instance, which bacterial species in the tongue coating are involved in this odour production. There is some evidence to suggest that the tongue biota contains some species which are similar to the odour producing periodontal plaque flora (18, 19). These studies, however, looked at a small number of individuals without complaints of halitosis. No one has simultaneously monitored the tongue biota and malodour levels in individuals with complaints of oral malodour and correlated the specific bacterial species with malodour.
To address this issue, we included a component in the study outlined above that would allow us to investigate the association between self-reported halitosis and selected bacterial groups colonizing the tongue. In addition to information on various halitosis and clinical parameters, we collected tongue coating material from each patient for bacteriological evaluation. To account for varying amounts of coating on each subject's tongue, and to make comparisons across groups possible, we transferred a standardized inoculum of tongue coating material to transport media, and subsequently plated ten-fold serial dilutions onto various media. Given the vast number of bacterial species present in the mouth and the fact that most species or groups of bacteria colonizing the tongue have not yet been characterized, it would be a time consuming task to easily identify or characterize the tongue microbiota using classical culturing techniques. We circumvented this problem by dividing the oral microbiota into segments corresponding to known physiological states (e.g. anaerobic biota, facultative organisms, saccharolytic biota), and mimicked these states by carefully choosing the culture media and growth conditions. In addition, we tested the tongue coating material for the presence of Treponerna denticola, Porphyromonas gingivalis and Bacteroides forsythus, three odour producing bacterial species, which are unique in that they are capable of hydrolyzing the synthetic trypsin-like substrate benzoyl-DL-arginine-2-naphthylamide (BANA). By means of the BANA T11 test (20), we could monitor these and other BANA-positive and possibly malodorous species in the subgingival plaque and in samples taken from the tongue coating.
 

 

Table 5: Relationship between oral malodour variables and bacterial colonization of the tongue
	 
	Subjects
(n)
	BANA(+) Tongue Sample (n)
	Bacterial Density (CFU/sample)
	Facultative Bacteriad (%)

	Complaints Yes
	20
	16
	13.2 x 10 6
	63.5

	Complaints No
	34
	23
	0.5 x 106
	117.4

	P-value
	 
	< 0.08b
	< 0.002 a
	< 0.01 a

	 
	 
	 
	 
	 

	Malodour Yesc
	17
	17
	13.0 x 10 6
	70.2

	Malodour No
	37
	26
	1.6 x 106
	110.0c

	P-value
	 
	< 0.02b
	< 0.002 a
	< 0.04 a

	a: Mann Whitney U-test
b: Chi-Square Association
c: Malodour = organoleptic odour rating > 2
d: Percentage Facultative Bacteria = CFU on Metronidazole supplemented Media X 100 / CFU on Non Selective Media


Our results indicate that the presence of tongue coating was related to the bacterial density or total number of bacteria in the tongue coating sample. Given that we used a standardized inoculation volume for each subject (i.e., one wire loop of coating material), differences in total counts retrieved from the sample probably reflect differences in the number of bacteria actually colonizing the subjects' tongues. Participants who had coated tongues harbored over 25 times more bacteria per unit volume than subjects who did not have coated tongues. Similarly, subjects with high organoleptic odour scores (organoleptic rating 3 or 4) wore found to have ten-fold higher bacterial counts than their non-malodorous counterparts, suggesting that bacterial load on the tongues of individuals with maloclour may be ten times greater than in subjects without appreciable halitosis (Table 5). These increased counts per unit volume (density) do not take into account the fact that the individuals with malodour had more coating material than those without malodour, so that the overall bacterial load on the tongue is considerably higher than the 10-25 fold increase in densities noted.
We explored the relationship between VSC-concentrations and bacteriological variables by dividing the study group into tertiles of quantitative odour measurements (Table 6). A positive linear trend was observed between VSC-levels in the breath and the number of subjects with BANA-hydrolyzing bacteria on their tongue, while no difference could be seen between the three groups in terms of the number of BANA-positive interproximal plaque samples. The importance of BANA-activity on the tongue in odour formation was further illustrated by the tact that BANA-hydrolyzing bacteria on the tongue, but not in interproximal plaque samples, was associated with complaints of malodour and high odour scores (Table 5).
Table 6: Relationship between VSC-concentrations and bacterial variables.
	 
	Tertile of VSC (ppb)
	 

	 
	Lower (0-138)
	Middle (138-240)
	Upper (> 240)
	p-value b

	Subjects (n)
	18
	18
	18
	 

	VSC (ppb)
	107.3 ±  22.9
	178.3 ± 24.6
	436.0 ± 181.1
	<0.001

	BANA(+) Sites
	4.6/6c
	4.3/6
	4.8/6
	 

	BANA(+) Tongue Sample
	12/18d
	14/18
	17/18
	 

	Bacterial Densitya
	0.9 x 10 6
	8.6 x 106
	6.2 x 106
	<0.02

	Anaerobic/Aerobic Flora
	1.5
	1.7
	2.1
	 

	a: number of colony forming units (CFU) per sample
b: Kruskall-Wallis test
c: number of positive sites/number of tested sites
d: number of subjects with positive tongue sample/total number of subjects in the group


The proportion of the biota recovered from the tongue coating that was anaerobic was highest in the group with the highest VSC-concentrations in their breath, which was consistent with our hypothesis that the anaerobic microbiota are responsible for the odour formation (Table 6). Similarly, the percentage of the tongue microbiota that was facultative, was significantly lower in subjects with a complaint of halitosis, and in individuals with mouth odour scores of 3 or 4 (Table 5). Note that facultative counts, obtained from a medium supplemented with 5 pg/ml metronidazole, were compared to the growth on standard media to calculate the percentage of the flora that was facultative. In some cases, the numbers of organisms retrieved from the standard medium were lower than those counted on the metronidazole-supplemented agar, explaining why some of the values exceed 100%.
These findings complement a previously published study in which we used a 0. 12% chlorhpxidine gluconate mouthrinse to demonstrate that reducing the oral microbiota on the tongue and other mucosal surfaces caused reductions in volatile sulphur measurements and organoleptic odour ratings (15) (Table 7). After treatment, the average organoleptic odour score was less than 1, which is considered non-objectionable, and significant reductions in the bacterial density and in the number of BANA-positive tongue samples were observed. The reduction in the percentage of tongue coating samples exhibiting BANA-activity was consistent with Bosy's findings that chlorhexidine treatment reduced tongue BANA scores (11).
Table 7: Halitosis and bacteriological parameters at baseline and after treatment.
	 
	Baseline
	After Treatment
	Percent Change
	P-valueb

	VSCa (ppb)
	309.4 ± 241
	82.2 ± 32.0
	-73.3
	< 0.002

	OR-Orala
	2.9 ± 0.9
	0.9 ± 0.6
	-68.6
	< 0.001

	OR-Tonguea
	2.7 ± 0.9
	0.6 ± 0.8
	-77.8
	< 0.001

	Total Counts (CFU)
	9.4 x 106
	2.4 x 106
	-74.0
	< 0.03

	% Facultative Organisms
	69.1
	111.4
	+61.2
	 

	% BANA(+) Tongue Samples
	68.8
	18.8
	-50.0
	< 0.003

	% BANA(+) Plaque Samples
	90.6
	41.7
	-48.9
	< 0.003

	a: mean ± SEM
b: Paired Nest analysis 

Adapted from De Boever et al. JAIDA 1995; 126:1384-1393


 

These observations suggest that the BANATM test can help identify some of the bacterial species that are responsible for, or that biochemically resemble the organisms that produce odour on the tongue. We also saw a shift towards more facultative, and conceivably less odorous, microbiota (Table 7), but we were unable to correlate odour measurements orchlorhexidine treatmentwith the asaccharolytic portion of the tongue microbiota. Taken together, these data lend support to the idea that the Gram-negative anaerobic microbiota in the oral cavity and in particular on the tongue, are associated with oral malodour production.
Conclusion
As Rosenberg (21) pointed out, treatment strategies for halitosis should be aimed at reducing the levels of odour-producing organisms on the tongue and in the dental plaque, The research presented in this paper indicates that in the majority of the patients suffering from bad breath, the bacterial load on the tongue is indeed a major reservoir for the malodorous microbiota, and in these cases treatment should target the odour-producing tongue microbiota. Elimination or reduction of these microbiota could be achieved in a number of ways, including mechanical debridement of the tongue with a stick or toothbrush, and/or by means of antimicrobial mouth rinses specifically aimed at controlling the flora associated with oral malodour production.
References
1. Tonzetich J. (1978) Oral malodor: an indicator of health status and oral cleanliness. Int Dent J 28:309-319.
2. Kleinberg 1. & Westbay G. (1990) Oral Malodor. Crit Rev Oral Biol Med 1:247-259
3. McNamara T.F., Alexander J.F. & Lee M. (1972) The role of microorganisms in the production of oral malodor. Oral Surg 34:41-48.
4. Persson S., Claesson R. & Carlsson J. (11989) The capacity of subgingival species to produce volatile sulfur compounds in human serum. Oral Microbiol Immunol4:169-172.
5. Persson S., Edlund M.B., Claesson R. & Carlsson J. (1990) The formation of hydrogen sulfide and methyl-mercaptan by oral bacteria. Oral Microbiol Immunol 5:195-20 1.
6. Sato H., Ohkushi T., Tsunoda T. & Sato T. (1980) A study of the mechanism of halitosis occurrence in periodontal patients. Bull Tokyo Dent Coll 21:271-278
7. Kaizu T., Tsunga M., Aoki H. & Kimura K. (1978) Analysis of volatile sulphur compounds in mouth air by gas chromatography. Bull Tokyo Dent Coll 19:43-52.
8. Persson S. (1992) Hydrogen sulfide and methyl mercaptan in periodontal pockets. Oral Microbiol Immunol 7:378-379.
9. Yaegaki K. & Sanada K. (1992) Volatile sulfur compounds in mouth air from clinically healthy subjects and patients with periodontal disease. J Periodont Res 27:233-238.
10. Coil J. & Tonzetich J. (1992) Characterization of volatile sulfur compounds production at individual gingival crevicular sites in humans. J Clin Dent 3:97-103.
11. Bosy A., Kulkarni G.V., Rosenberg M. & McCulloch C.A.G. (1994) Relationship of oral malodor to periodontitis: evidence of independence in discrete subpopulations. J Periodontol 65:37-46.
12. Yaegaki K. & Sanada K. (1992) Volatile sulfur compounds in mouth air from clinically healthy subjects and patients with periodontal disease. J Periodont Res 27:233-238.
13. Yaegaki K. & Sanada K. (1992) Biochemical and clinical factors enhancing oral malodor in periodontal patients. J Periodontol 63:783-789.
14. Yaegaki K. (1995) Oral malodor and periodontal disease. In: Rosenberg M. (Ed). Bad Breath: Research Perspectives. Ramot Publishing, Tel Aviv, Israel, pp 88-108.
15. De Boever E.H. & Loesche W.J. (1995) Assessing the contribution of anaerobic microflora of the tongue to oral malodor. J Am Dent Ass 126:1384-1393.
16. Miyazaki H., Sakao S., Katoh Y. & Takehara T. (1995) Oral Malodor in the general population of Japan. In: Rosenberg M. (Ed) Bad Breath: Research Perspectives. Ramot Publishing, Tel Aviv, Israel, pp 119-136.
17. Tonzetich J. & Ng S.K. (1976) Reduction of malodor by oral cleansing procedures. Oral Surg Oral-Med Oral Patho/. 42:172-181.
18. Gordon D.F. & Gibbons R.J. (1966) Studies of the predominant cultivable microorganisms from the human tongue. Archs oral Biol 11:627-632.
19. Van Winkelhoff A.J., Van der Velden U., Winkel E.C. & De Graaff J. (1986) Black-pigmented bacteroides and motile organisms on oral mucosal surfaces in individuals with and without periodontal breakdown. J Periddont Res 21:434-439.
20. Loesche W.J., Bretz W.A., Kerschensteiner D., Stoll J.K., Socransky S.S., Hujoel P. and Lopatin D.E. (1990) The development of a diagnostic test for anaerobic periodontal infections based upon plaque hydrolysis of benzoyl-DL-arginine naphtylamide (BANA). J Clin Microbiol 28:1551-1559.
21. Rosenberg M. (1990) Bad breath: diagnosis and treatment. U Toronto Dent J 3:7-11.
