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Abstract: The present paper reviews the role of the tongue as a
habitat for oral microorganisms and the potential need for
tongue cleaning as part of daily oral hygiene. In addition tongue
coating is described. Many microorganisms have been found
colonizing the dorsum of the tongue. Some studies find a
positive effect to tongue brushing on bacterial counts on the
tongue. On the other hand there are also studies that do not find
any differences in bacterial counts before or after tongue
brushing. Bacteria colonizing the tongue and periodontal
pockets play an important role in the production of volatile
sulphur compounds in periodontal health and disease. These
compounds can be the cause of oral malodour. The amount of
tongue coating in patients complaining of halitosis was
significantly greater than in patients without halitosis. Tongue
brushing on a regular basis, particular aiming at removing the
coating on the dorsum of the tongue, has been found to be
fruitful in reducing oral malodour. Studies investigating the role
of tongue brushing and plague accumulation or gingival in-
flammation show conflicting results. It is clear that the tongue
forms the largest niche for microorganims in the oral cavity.
However, on the basis of literature, there appears to be no data
to justify the necessity to clean the tongue on a regular

basis. One exception would be oral malodour.
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Introduction

The papillary structure of the tongue dorsum forms a unique
ecological oral site that provides a large surface area favouring
the accumulation of oral debris and microorganisms (1, 2). Tongue
microorganisms may contribute to dental plaque formation (1, 3).
Although there is a continuous shedding of tongue epithelium,
Sarrazin (4) showed that the dorsum of the tongue is hardly ever

free from staphylococci and streptococci. These microorganisms
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can comprise up to 90% of the bacterial mass on the tongue. It has
been suggested that tonsils, teeth and gingiva can be colonised by
tongue bacteria, which originate especially from the posterior
region. Daily tongue cleaning was therefore recommended, stat-
ing that the best time for it was in the morning on an empty
stomach, so that vomiting ensued or gagging occurred (4). For
centuries, tongue hygiene has been routinely practiced by many
eastern and oriental cultures (5). In western countries over the last
few decades, little attention has been paid to tongue hygiene. In
traditional Chinese medicine, inspection of the tongue is an
important method of making medical diagnoses and determining
prognosis. It can be traced back to rudimentary tortoise shell and
bone inscriptions dating from the 16th century Bc. Many articles
and books on tongue coating have been published, and two more
recent papers give a review of traditional Chinese tongue inspec-
tion (6, 7). However, as all referenced literature is in Chinese, it is
difficult to grasp the true scientific value of this diagnostic method.
The appearance of the dorsum of the tongue is variable.
Normally, it is either pinkish or has a thin white coating (7),
and the elderly are more likely to have a discoloured tongue
because of change of diet, decrease in salivary flow and their
inabilty to cope with oral-hygiene methods (5). The thickness of
the tongue coating can vary as well. It seems that subjects with
periodontal disease are more likely to have a thick layer of coating
compared to subjects with healthy periodontal tissues (8, 9).
T'he purpose of this paper was to review the role of the tongue
as a habitat for oral microorganisms as well as the potential need

for tongue cleaning as part of daily oral hygiene.

Tongue coating

Tongue coating comprises bacteria, large amounts of desqua-
mated epithelial cells released from the oral mucosa, leukocytes
from periodontal pockets, blood metabolites and different nutri-
ents (8-10). Microscopic research on the tongue’s ultrastructure
has shown that formation of the tongue coating is closely related
to the rate of multiplication of epithelial cells and the quantity of
desmosomes and membrane-coating granules (6).

For a number of reasons, the elderly patient is more likely to
exhibit a coated tongue than the younger patient. Change in
dietary habits, inability to physically cope with oral-hygiene
techniques, a decrease in the salivary flow and change in the
nature of the saliva will all lead to accumulation of oral debris and
its deposition on teeth, supporting tissues and the dorsal aspect of
the tongue (11). Furthermore, there is a decrease in fungiform
papillae and increase of filiform papillac with age (6). It has been
suggested that the tongue-coating volume tends to increase in

cases with periodontal involvement. Leukocytes are increased in
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saliva of patients with periodontal disease and accumulate on the
tongue surface (9, 10). In a study by Gomez ez @/. (12), the extent
of a white coating on the dorsum of the tongue was greater in
periodontitis patients compared to periodontally healthy patients.
Salivary flow rate appeared not to affect the accumulation of
tongue coating in patients with periodontal disease (9).

De Boever and Loesche (13) observed differences in total
colony forming units (CFU) of the tongue in patients with
presence or absence of tongue coating. Tongues with deep
fissures were found to have higher number of CFU in samples
taken from the tongue as compared to patients with smooth
tongue surfaces. Contrastingly, Quirynen ¢ @/. (10) and Gémez
et al. (12) did not find a relation between the total number of CFU
on the tongue and the presence or absence of tongue coating.
There also appeared to be no relation between different tongue
surface profiles (fissures or no-fissures) and the total number of
CFU on the tongue. No differences have been found in the
prevalence of black-pigmented colonies (suggestive for Porphyro-
monas or Prevotella) in samples taken from coated and non-coated

tongue surfaces (8).

Measurement of the tongue coating

Several methods have been described to measure the extent of
tongue coating. Yaegaki and Sanada (8) suggested a method to
measure the tongue coating, whichreadsasfollows: ‘... The tongue
coating was carefully removed with a tongue scraper of the small
spoon type, from the terminal sulcus to the apex of the tongue, then
the tongue dorsal surface was cleaned with cotton pellets immersed
in physiological saline. After removal of the tongue coating, the
wet weight of the tongue coating was estimated (mg). ... Gross
et al. (14) used an index (0-3, i.e. no coating to severe coating);
however, neither a clinical description nor photographs were given
to visualise such an index. Bosy ¢z a/. (2) estimated the amount of
coating on the tongue’s dorsal surface by visual examination as
heavy, medium, light or none. Miyazaki ¢z /. (15) assessed the
tongue-coating status according to the distribution area: score 0,
none visible; 1, less than one-third of tongue dorsum surface
covered; 2, less than two-thirds; and 3, more than two-thirds. Chen
(7) classified the tongue coating by colour (white, yellow, grey
and black) and by quality of the tongue (dry, slippery, dry and
rough, prickly, partially furred, completely furred).

As is obvious from the preceding paragraph, several methods to
assess the tongue coating have been proposed, but none of them
seem to provide an exact method to score it. Recently, a new
tongue-coating index has been described by Winkel e7 a/. (16).
The dorsum of the tongue was divided into six areas, i.c. three in

the posteriorand three in the anterior part of the tongue. The tongue



Figl. Discolouration of the tongue: score 0, pink;
score 1, yellow/light brown; score 3, brown; score
4:, black.

coatingineach sextantwasscored as0 = nocoating, 1 = lightcoating
and 2 = severecoating. Thediscoloration of the tongue wasscored in
the same sextants and scored as 0 =no discoloration, 1=light
discoloration and 2 = severe discoloration.

Recently, Gomez er a/. (12) investigated the intra- and inter-
examiner reproducibility of assessing tongue coating and disco-
loration according to a well-described modification of the method
introduced by Miyazaki ez a/. (15). For this index, the tongue was
divided into nine parts. For each of the nine sections, discolora-
tion and coating was visually assessed. The discoloration was
scored on a scale from 0 to 4 (0 = pink, 1 =white, 3 =brown and
4 =black) and the thickness of coating was scored on a scale from
0 to 2 (0 =no coating, 1 =light-thin coating and 2 = heavy-thick
coating). On average, approximately 70% intracxaminer agree-
ment for discoloration and coating was obtained between two
assessments 1 week apart. The percentage of agreement between
the examiners for the assessment of discoloration was lower as
compared to the thickness of coating. On average, 50% agreement
was found for discoloration and 58% for thickness of coating.

Figure 1 shows samples of tongue-coating discoloration.

The dorsum of the tongue as a habitat for
microorganisms

Krasse (17) found that Streptococcus salivarius comprised a large

proportion of the facultative streptococci present in saliva and on
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the tongue, while this organism included only a small percentage
of dental plaque streptococci. As a result of these and other
studies, it was suggested that a large proportion of bacteria
present in saliva emanate from the tongue. The significance of
oral mucosal surfaces as a habitat for the microbes has also been
investigated using an experimental gingivitis model. The pre-
sence of motile organisms and black-pigmented Bactervides on the
dorsum of the tongue and tonsils was found to be correlated with
the presence of these microorganisms in a 23-day-old dental
plaque. It was concluded that, in particular, the mucosa of tongue
and tonsils may harbour periodontopathic microorganisms and
may possibly function as a nidus for these bacteria (3).

As has been mentioned earlier, the tongue harbours and sheds
many microorganisms each day. Investigators of the source of
salivary microorganisms conclude that a large proportion of sali-
vary microorganisms emanate from the tongue, and, in general,
the microorganisms of the tongue influence the flora of the entire
oral cavity (1, 18). Many microorganisms have been found colo-
nising the tongue. In the following paragraphs, microorganisms
frequently described in connection with periodontitis and caries
are evaluated in relation to their presence on the tongue.

In periodontitis patients, P. gingivalis can be detected in saliva,
on the dorsum of the tongue, tonsils, buccal mucosa and gingiva,
and other mucous membranes (19). This organism is usually
absent or present in low numbers in periodontally healthy indi-

viduals (20, 21). In an Indonesian population (15-25 years of age)
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that had not received periodontal treatment, P.gingivalis was
present in 63% of samples from the tongue, in subjects with or
without attachment loss (22).

Prevotella intermedia can colonise the oral cavity at an early age
(23; Frisken ez al. 1990). It has been isolated from oral mucous
membranes, from saliva and from supra- and subgingival plaque
(19). In the young adult Indonesian population, P. intermedia was
detected in 99% of tongue samples (22). In a western population
without clinical attachment loss, P.intermedia was found in
approximately 80% of the tongue samples (24). This species
has also been recovered in relatively high numbers from the
majority of the tongues and tonsils of patients with periodontal
breakdown (25).

In generalised juvenile periodontitis patients, A. actinomycetem-
comitans has been recovered from the subgingival samples and the
tongue; however, on the tongue, the frequency has been much
lower as compared to the deepest periodontal pocket (26). In
adult periodontitis patients, A.actinomycetemcomitans has been
detected in 55% of the samples taken from the dorsum of the
tongue, when the microorganism was also present in subgingival
sites (27). In the Indonesian young adults, A. actinomycetemcomi-
tans was detected in 25% of the tongue samples (22).

Prevotella melaninogenica, P. loescheii and P. denticola are found
on the tongue of both periodontally healthy and periodontally
diseased subjects, and are regarded as normal colonisers of the
oral cavity (3, 25, 26, 28).

Eikenella corrodens is frequently isolated from subgingival den-
tal plaque samples in adult periodontitis patients (29). K. corrodens
is also recovered from other oral sites in these patients (30, 31).
Capnocytophaga are also colonisers of the oral cavity and more
frequently recovered from the tongues of non-diseased persons
compared to periodontal patients (20). The presence of Strepro-
coccus mutans in the oral cavity differs. Their presence in the
dental plaque is correlated with dental caries. Their presence in
saliva is considered to influence and contribute to the presence of
these microorganisms on the tongue (32, 33). When the number
of CFU in saliva increases, the number of CFU on tongue
increases as well. Odontomyces viscosus has its habitat among the
filiform papillae of the tongue, coating the dorsum of the tongue
with a viscous, white, non-adherent material (34). Root caries in
patients above age 50 is primarily attributed to O. viscosus. The
yeast Candida albicans has been found on the tongue as well, and
is a member of the commensal oral microbiota with an estimated
prevalence in the human population of 30-40% (35). Furthermore
on the tongue, spirochaetes and other motile organisms have been
recovered often in patients with periodontal breakdown, while in
periodontally healthy patients, these species have not been

recovered (25).
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Wolffe and Van der Velden (36) found that in the course of
1 day, the percentage of motile microorganisms on the dorsum of
the tongue undergoes considerable changes. Also, intraindividual
variations in the percentage of motile microorganisms in the
course of a month were observed by Van der Weijden and Van
der Velden (37). Based on these two studies, it was concluded that
the composition of the bacterial flora on the dorsum of the tongue
varies within time.

It was found that on the tongue of smokers, the number of
Neisseriae was smaller compared to that of non-smokers, and that
it harboured more Bacteroides and Veillonellae [38]. An experi-
mental gingivitis study was conducted in a group of young
subjects, of which 11 were smokers and 14 were non-smokers.
The results showed that there were no qualitative differences in
the microbiology of the tongue between smokers and non-
smokers. Quantitatively, the total number of CFU at baseline
measurements was higher for non-smokers as compared to
smokers (24). A dramatic fall in the oxidoreduction potential
(Eh) occurs in the floor of the mouth and in the buccal surface of
the upper molars after smoking one cigarette (39). This and pro-

bably other factors could influence the microflora in the oral cavity.

Tongue coating and malodour

Although oral malodour has multiple aetiologies, the most com-
mon type is caused by the degradation of protein, peptides and
amino acids by microorganisms residing on the tongue and tooth
surfaces (10). Much more volatile sulphur compounds, H,S and
methyl mercaptan, are produced on the dorsal surface of the
tongue in patients with periodontal disease. Bacteria colonising
the tongue and periodontal pockets play an important role in the
production of volatile sulphur compounds in periodontal health
and disease (9, 10, 13, 15). As many as 82 oral species have been
shown to produce fatty acids, H,S and methyl mercaptan from
cysteine and methionine, but no single organism has been impli-
cated as the primary cause of oral malodour (40). In people with
rigorous oral hygiene, clean and intact dentition and a healthy
periodontium, the source of bad breath is likely to be the dorsum
of the tongue. Although the anterior part of the dorsum of the
tongue usually smells, the main source of odour is usually the
posterior part of the dorsum of the tongue. Malodorous micro-
organisms such as P.gingivalis, Fusobacterium sp., P.intermedius
and Capnocytophaga sp. are present (2, 41). In the elderly, Odon-
fomyces viscosus organisms have their normal habitat amongst the
filiform papillae of the tongue and take over or replace Strepro-
coccus viridans at about 70 years of age. 'T'hese inhabit the tongue
in particular and produce a viscous coating with malodorous

components on it (11, 34).



T'he relation of tongue-coating and oral malodour has been the
subject of many studies. Delanghe ez @/. (42) found that in 87% of
the patients with oral malodour, the cause was of oral nature. Of
these oral causes, 51% were because of tongue coating, 17% a
result of gingivitis, 15% a result of periodontitis and 17% a result
of combinations. In a study by Oho ¢z a/. (43), it was stated that the
amount of tongue coating in patients complaining of halitosis was
significantly greater in the halitosis-positive group compared to
the halitosis-negative group. Morita and Wang (44) investigated
the relationship between sulcular sulphide level and oral mal-
odour in subjects with periodontal disease. The volume of tongue
coating and the percentile of sites with bleeding upon probing
were significantly associated with oral malodour. In a study by
Quirynen e al. (10), the effect of a 1-stage full-mouth disinfection
on oral malodour and microbial colonisation of the tongue in
periodontitis patients was investigated. The baseline organolep-
tic ratings and the volatile sulphur compound (VSC) scores
correlated well with the presence of tongue coating. No correla-
tion was found between tongue coating and the total number of
CFU on the dorsum of the tongue. Therefore, it was concluded
that tongue coating perse and not the bacteria might be respon-
sible for malodour. Alsoinastudy by Miyazakieza/. (15),asignificant
correlation was observed between the VSC value and the period-
ontal conditions and the tongue-coating status. In this study, 2672
subjects of the general population were included (18-64 years).
Their results suggest that oral malodour might be caused mainly
by tongue coating in the younger generation and by periodontal
diseases together with tongue coating in older cohorts in the general
population. Delanghe ez a/. (42) evaluated experiences of a Belgian
multidisciplinary breath odour clinic. The volatile sulphur com-
pounds were measured in all patients, and it appeared that tongue
coating was the most frequent cause of malodour.

Yaegaki and Sanada (9) studied biochemical and clinical factors
influencing oral malodour in periodontal patients and demon-
strated that (i) the concentration of disulphide increased in
proportion to the total pocket depth; (ii) 60% of the VSC was
produced from the tongue surface; (iii) the amount of tongue
coating was four times greater than in control subjects. This sug-
gests that not only microorganisms butalso tongue coating is a factor

enhancing VSC production in patients with periodontal disease.

Tongue brushing

Tongue cleaning has been used since antiquity and is still used by
natives of Africa, Arabia, India and South America. Hygiene of the
tongue has in the past been considered as an important part of oral
hygiene (45). Many ancient religions emphasised cleanliness of

the entire mouth, including the tongue. The Indians’ daily ritual
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of oral hygiene was confined not only to brushing of the teeth, but
the tongue was also scraped, and the mouth was rinsed with
concoctions of betel leaves, cardamom, camphor or other herbs.
T'ongue scraping and brushing have been practiced for hundreds
of years, but they are still little appreciated or used by the public
in western countries. Throughout the centuries, tongue scrapers
have been constructed of thin, flexible strips of woods, various
metals, ivory, whalebone, tortoiseshell and plastic (45). Tongue
cleaning is a simple and fast procedure that helps to remove
organisms and debris from the tongue. When tongue cleaning is
practiced on a daily basis, the process becomes easier. Eventually,
the person feels unclean when tongue debris has not been
removed (45). In the last decades, the tongue has been neglected
because of the need to concentrate on the protection and treat-

ment of the hard dental tissues and their supporting structures.

Methods of tongue cleaning

Tongue cleaning can be carried out by using a modern tongue-
scraping instrument that is available and that consists of a long
strip of plastic ribbon, which is held in both hands and bent so that
the edge can be pulled down over the dorsal surface of the tongue
removing the coating (Fig. 2). It has also been mentioned that the
inverted bowl of a spoon may be used as a substitute for the
commercial variety of tongue scrapers. Brushing also appears to
be an easy method of cleaning the tongue, provided that the
gagging reflex can be controlled. Massler (34) advised that
the practice of regular tongue brushing should be initiated in
the elderly as soon as the tongue shows signs of developing a thick
white mucoid coat, which persists after breakfast. However, he
suggests that the earlier the cleaning of the tongue is commenced

in life, the easier it will be to control the gagging reflex (11).
Suggestion for the tongue-cleaning procedure (taken from

Christensen; 46):

e Place the tongue as far out of the mouth as possible.

e Observe the location of the debris accumulation. Unfortu-
nately, the debris is usually on the most posterior aspect of
the dorsum of the tongue.

e Place the tongue cleaner/scraper as far posterior as possible, and
apply force on the scraper to flatten the tongue, making sure thatit
will make contact with the whole of the tongue. Many persons gag
atthis time, and practice is required to find the right positioning of
the implement and to minimise the gag response.

e Pull the tongue cleaner forward slowly to the front of the mouth.

e Remove the debris from the cleaning device by placing it under
a stream of running water.

e Repeat the scraping procedures several times until further

debris cannot be removed.
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e (Clean and dry the cleaning device and store it until the next
use.

T'ongue brushing not only improves the clinical appearance,
but will also reduce bacterial populations (47). In a study by Gross
et al. (14), the test group was instructed to brush their tongue in
addition to their normal oral-hygiene measures. The control
group was not allowed to do so. A reduction in the presence of
tongue coating was found of 40% in the test group as compared to

the control group.

Tongue brushing and plaque accumulation

Some studies have shown that tongue brushing in combination
with other methods of oral hygiene is an effective method in
reducing the formation of dental plaque (1, 47). In contrast,
Badersten e a/. (48) found no difference in plaque accumulation
between a 4-day period of tongue brushing and a 4-day period of
no oral hygiene procedure. Also, when toothbrushing was com-
pared with a combination of tooth and tongue brushing for
1 week, differences in plaque accumulation were not established.
Badersten ez al. (48) suggest that the majority of the important
plaque-forming bacteria might not originate from the tongue.
Another reason for not finding an effect of tongue brushing on
plaque formation may be that brushing of the posterior part of the
dorsum of the tongue is difficult because of inaccessibility and

discomfort.

Tongue brushing and gingival inflammation

In the study conducted by Jacobson ez a/. (1), no significant

reduction in gingival inflammation after tongue and palate brush-
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Fig2. Different types of tongue scrapers.

ing in combination with regular oral hygiene was observed. A
trend was observed towards reduction in the gingival index of all
participants, as the study progressed. This was explained by the
frequency of oral prophylaxis performed on the participants
throughout the study. It could also have masked any effect
that tongue and palate brushing had on reducing gingival inflam-

mation.

Tongue brushing and oral malodour

Some studies show that tongue brushing and tongue cleaning
diminishes the percentage of volatile sulphur compounds in
patients suffering from malodour (2, 49). Removal of the tongue
coating markedly reduces both volatile sulphur compounds
production and the H,S/methyl mercaptan ratio, not only in
orally healthy subjects but also in patients with periodontal
disease (9, 10). The average reduction in oral malodour after
tongue brushing ranged from 59 to 88% (49). These results
indicate that the tongue, and not the plaque, as suggested by
some investigators, appears to be the principal source of oral
malodour (H,S). It is quite possible, however, that dental plaque
may play a more significant role in subjects with periodontal

disease who emit a more disagreeable mouth malodour.

Tongue brushing and taste sensation

In a review article, it is suggested that tongue brushing is
especially important for increasing taste acuity in geriatric
patients who receive prostheses, because a dry mouth cannot
distinguish the subtle flavours of good well-prepared food

(50). There is, however, only one study available which evaluated



taste sensation after tongue brushing (51). In this study, each
subject attended several sessions to test different flavours, i.e.
sucrose, NaCl, citric acid and caffeine. In one session, the tongues
of the participants were cleaned with a new toothbrush and in
another session the tongue was cleaned with toothbrush and
dentifrice. The results showed that in young subjects, the use
of dentifrice decreased taste perception for sucrose. Both tongue-
cleaning procedures decrease the sensitivity for citric acid. Ton-
gue brushing alone decreased caffeine thresholds and increased
NaCl thresholds. The older subjects were affected similarly by
both tongue treatments with a major influence of the dentifrice on
caffeine thresholds. It was concluded that the brushing of the
tongue with or without dentifrice affected taste-perception
thresholds.

Effect of tongue brushing on the microbiology

of the tongue

Large quantities of plaque bacteria can be present on exfoliated
epithelium from the tongue (52). Subjects who habitually
brushed their tongue had less daily variation in total bacterial
and streptococcal counts on their tongues than non-tongue
brushers (47). Tongue brushing for 2weeks has been shown
to reduce the total number of all streptococcal species from
both the tongue and natural dental plaque (53). Menon and
Coykendall (54) stated that the number of streptococci recovered
from the swabs of the tongue varied among the 22 subjects
studied, but mostly were between 10° and 107. Although tongue
scraping may impart a feeling of cleanliness and health to its
practitioners, their investigation indicates that the procedure does
not significantly reduce the population of streptococci on the
tongue.

Van der Velden ez a/. (55) evaluated the effect of mechanical
cleaning of the dorsum of the tongue and the prevalence of
P. intermedia and motile organisms in superficial and deeper layers
of the tongue. The results showed that even after extensive
mechanical cleaning of the tongue, P.infermedia and motile
organisms could still be recovered and that 2 weeks of mechanical
cleaning of the tongue showed no effect on the prevalence of
P.intermedia and motile organisms on the tongue.

Dawes e al. (56) investigated four different oral-hygiene
regimes and the output of bacteria into human whole saliva.
The four regimes were: (i) rinsing with water; (ii) eating a meal
and toothbrushing; (iii) a thorough dental prophylaxis and (iv)
tongue brushing and scraping. No differences were found in
effects of the four procedures in terms of bacterial counts. It
was stated that various oral hygiene procedures have similar

effects on the number of bacteria in saliva.
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Summary

This review aimed at searching for an evidence-based advice on
whether habitual cleaning of the tongue should be part of daily
oral-hygiene procedures. It is clear that the tongue forms the
largest niche for microorganisms in the oral cavity. On the basis of
the literature, there appears to be no data that justify the necessity
to clean the tongue on a regular basis. One exception would be
oral malodour. It has become clear that in those cases the
presence of a tongue coating is an important factor. Subsequently,
when there is a complaint of oral malodour, tongue brushing on a
regular basis, particularly aiming at removing the coating on the

dorsum of the tongue, has found to be fruitful.

References

1 Jacobson SE, Crawford ]JJ, McFall WR. Oral physiotherapy of the
tongue and palate: relationship to plaque control. J Am Dent Assoc 1973;
87: 134-9.

Bosy A, Kulkarni GV, Rosenberg M, McCulloch CAG. Relationship of

oral malodor to periodontitis: evidence of independence in discrete

subpopulations. J Periodontol 1994; 65: 37-46.

3 Van der Velden U, Van Winckelhoff AJ, Abbas F, de Graaf ]J. The
habitat of periodontopatic micro-organisms. J Clin Periodontol 1986;
13: 243-8.

4 Sarrazin ]JJ. Tongue cleansing. Dent Pract Dent Rec 1920; 30: 599.

Ralph W]. Oral hygiene — why neglect the tongue? Aust Dent J 1988;

33: 224-5.

6 Chen Z, Hu Q. Recent development in research on tongue inspection.

Chinese Med J 1986; 99: 444-56.

Chen Z. Brief history of tongue inspection. Chinese Med J 1987; 100:

38-44.

8 Yaegaki K, Sanada K. Biochemical and clinical factors influencing oral
malodor in periodontal patients. J Periodontol/ 1992; 63: 783-9.

9 Yaegaki K, Sanada K. Volatile sulfur compounds in mouth air from

no

w

~

clinically healthy subjects and patients with periodontal disease.
J Periodont Res 1992; 27: 233-8.

10 Quirynen M, Mongardini C, Van Steenberghe D. The effect of a
1-stage full-mouth disinfection on oral malodor and microbial colo-
nization of the tongue in periodontitis patients. A pilot study.
J Periodontol 1998; 69: 374-82.

11 Ralph W]. Hygiene of the tongue. Gerodontics 1987; 3: 169-70.

12 Mantilla Gémez S, Danser MM, Sipos PM, Rowshanu B, Van der
Velden U, Van der Weijden GA. Tongue coating and salivary bacterial
counts in healthy/gingivitis subjects and periodontitis patients. J C/lin
Periodontol 2001; 28: 970-7.

13 De Boever EH, Loesche W]. Assessing the contribution of anaerobic
microflora of the tongue to oral malodor. J Am Dent Assoc 1995; 126:
1384-93.

14 Gross A, Barnes GP, Lyon TC. Effects of tongue brushing on tongue
coating and dental plaque scores. J Dent Res 1975; 54: 1236-7.

15 Miyazaki H, Sakao S, Katoh Y, Takehara T. Correlation between
volatile sulphur compounds and certain oral health measurements in
the general population. J Periodontol 1995; 66: 679-84.

16 Winkel EG, Roldan S, Van Winkelhoff AJ, Herrera D, Sanz M.
The clinical effects of a new mouthrinse containing chlorhexidine,

Int J Dent Hygiene 1, 2003; 151158 | 157



Danser et al. A literature review

20

21

22

23

24

25

26

27

28

29

30

cetylpyridinium chloride and zinc-lactate on oral halitosis. A dual-
center, double-blind placebo-controlled study. J Clin Periodontol 2003;
30: 300-7.

Krasse B. The proportional distribution of Stzreptococcus salivarius and
other streptococci in various parts of the mouth. Odontologisk Revy
1954; 5: 203-11.

Gordon DF, Gibbons R]. Studies of the predominant cultivable
microorganisms from the human tongue. Areh Oral Biol 1966; 11:
627.

Van Winkelhoff AJ, Van der Velden U, Clement M, De Graaf ].
Intraoral distribution of black-pigmented Bacteroides species in period-
ontitis patients. Oral Microbiol Immunol 1988; 3: 83-5.

Dahlén G, Manji F, Baelum V, Fejerskov O. Putative periodonto-
pathogens in ‘diseased’ and ‘non-diseased’ persons exhibiting poor
oral hygiene. J Clin Periodontol 1992; 19: 35-42.

Griffen AL, Becker MR, Lyons SR, Moeschberger ML, Leys EJ.
Prevalence of Porphyromonas gingivalis and periodontal health status.
J Clin Microbiol 1998; 36: 3239-42.

Timmerman MF, Van der Weijden GA, Armand S ¢ @/. Untreated
periodontal disease in Indonesian adolescents. Clinical and micro-
biological baseline data. J Clin Periodontol 1998; 25: 215-24.

Petit MDA, Van Steenbergen TJM, Timmerman MF, De Graaff ],
Van der Velden U. Prevalence of periodontitis and suspected period-
ontal pathogens in families of adult periodontitis patients. J Clin
Periodonrol 1994; 21: 76-86.

Lie MA, Van der Weijden GA, Timmerman MF, Loos BG, Van
Steenbergen TJM, Van der Velden U. Oral microbiota in smokers
and non-smokers in natural and experimentally induced gingivitis.
J Clin Periodontol 1998; 25: 677-86.24.

Van Winkelhoff AJ, Van der Velden U, Winkel EG, De Graaf J. Black-
pigmented Bacteroides and motile organisms on oral mucosal surfaces
in individuals with and without periodontal breakdown. J Periodontal
Res 1986; 21: 434-9.

Van Steenbergen 1], Van der Velden U, Abbas F, De Graaf ].
Microbiological and clinical monitoring of non-localized juvenile
periodontitis in young adults: a report of 11 cases. J Periodonto!
1993; 63: 40-7.

Asikainen S, Alaluusua S, Saxén L. Recovery of Actinobacillus actino-
mycetemcomitans from teeth, tongue and saliva. J Periodonto/ 1991; 62:
203-6.

Ké6nénen E, Asikainen S, Alaluusua S ¢z a/. Are certain oral pathogens
part of normal oral flora in denture-wearing edentulous subjects? Ora/
Microbiol Immunol 1991; 6: 119-22.

Dzink JL, Tanner ACR, Haffajee AD, Socransky SS. Gram-negative
species associated with active destructive periodontal lesions. J Clin
Periodonrol 1985; 12: 648.

Chen C, Dunford R, Reynolds H, Zambon J. Eikenella corrodens in the
human oral cavity. J Periodontol 1989; 60: 611-6.

Lee KH, Tamer ACR, Maiden MF], Weber HP. Pre- and post-
implantation microbiota of the tongue, teeth, and newly-placed im-
plants. J Clin Periodontol 1999; 26: 822-32.

Togelius ], Kristofferson K, Anderson H, Bratthall D. Streprococcus
mutans in saliva: intraindividual variations and relation to the number
of colonized sites. Acta Odontologica Scand 1984; 42: 157-63.
Lindquist B, Emilson CG, Wennerholm K. Relationship between
mutans streptococci in saliva and their colonization of the tooth
surfaces. Oral Microbiol Immunol 1989; 4: 71-6.

158 | Int J Dent Hygiene 1, 2003; 151-158

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

55

56

Massler M. Geriatric dentistry: root caries in the elderly. J Prosth
Dentistry 1980; 44: 147-9.

Basson NJ, Van Wyck CW. The establishment of a community of oral
bacteria that controls the growth of Candida albicans in a chemostat.
Oral Microbiol Immunol 1996; 11: 199-202.

Wolffe GN, Van der Velden U. Reproducibility of phase contrast
microscope measurements of percentage motile microorganisms in
samples recovered from the dorsum of the tongue. J Periodontal Res
1987; 22: 366-9.

Van der Weijden GA, Van der Velden U. Fluctuation of the microbiota
of the tongue in humans. J Clin Periodontol 1991; 18: 26-9.

Colman G, Beighton D, Chalk AJ, Wake S. Cigarette smoking and the
microbial flora of the mouth. Aust Dent J 1976; 21: 111-8.

Kenney EB, Saxe SR, Bowles RD. The effect of cigarette smoking on
anaerobiosis in the oral cavity. J Periodontol 1975; 46: 82-5.
Tonzetich J. Production and origin of oral malodor: a review of the
mechanisms and methods of analysis. J Periodontol 1977; 48: 13-20.
De Boever EH, De Uzeda M, Loesche W]. Relationship between
volatile sulfur compounds, BANA-hydrolizing bacteria and gingival
health in patients with and without complaints of oral malodor. J C/in
Dentistry 1994; 4: 114-9.

Delanghe G, Bollen C, Van Steenberghe D, Feenstra L. Multidisci-
plinaire aanpak van halitosis. Ned Tijdscr Tandheelk 1998; 105: 314-7.
Oho T, Yoshida Y, Shimazaki Y, Yamashita Y, Koga T. Characteristics
of patients complaining of halitosis and the usefulness of gas chro-
matography for diagnosing halitosis. Oral Surg Oral Med Oral Patho!
Oral Radiol Endod 2001; 91: 531-4.

Morita M, Wang H-L. Association between oral malodor and adult
periodontitis. J Clin Periodontol 2001; 28: 813-9.

Christen A, Swanson B. Oral hygiene. a history of tongue scraping and
brushing. J Am Dent Assoc 1978; 96: 215-9.

Christensen G. Why clean your tongue? J Am Dent Assoc 1998; 129:
1605-07.

Gilmore E, Bhaskar S. Effect of tongue brushing on bacteria and
plaque formed iz vitro. J Periodontol 1972; 43: 418-22.

Badersten A, Egelberg ], Jonson G, Kroneng M. Effect of tongue
brushing on formation of dental plaque. J Periodontol 1975; 46: 625-7.
Tonzetich J, Ng SK. Reduction of malodor by oral cleansing proce-
dures. Oral Surg 1976; 42: 172-81.

Winkler S, Garg A, Mekayarajjananonth T, Bakaeen L, Khan E.
Depressed taste and smell in geriatric patients. J Am Dent Assoc
1999; 130: 1759-65.

Hyde R], Feller RP, Sharon IM. Tongue brushing, dentifrice and age
effects on taste and smell. J Dent Res 1981; 60: 1730-4.

Arnim S. Microcosms of the human mouth. J Tennesse Dent Assoc 1959;
39: 3.

Gilmore E, Gross A, Whitley R. Effect of tongue brushing on plaque
bacteria. Oral Surg Oral Med Oral Pathol 1973; 36: 201-4.

Menon MV, Coykendall AL. Effect of tongue scraping. J Dent Res
1994; 73: 1492.

Van der Velden U, Kippuw N, Petit M, Van Winkelhoff AJ, De Graaf
J. Localization of microorganisms on the tongue and the effect of
cleaning. J Dent Res 1989; 68: 1007.

Dawes C, Tsang RWL, Suelzle 'T'. The effects of gum chewing, four
oral hygiene procedures, and two saliva collection techniques, on the
output of bacteria into human whole saliva. A7k Oral Bio/ 2001; 46:
625-32.



