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Association between the organoleptic
scores, oral condition and salivary
B-galactosidases in children affected
by halitosis

Abstract: Objectives: The goal of this work is to evaluate the
association between organoleptic scores, oral condition and salivary
B-galactosidases, to facilitate the differential diagnosis of halitosis in
children. Methods: Fifty systemically healthy children with a primary
complaint of oral malodour were included in this cross-sectional study.
The organoleptic evaluation was carried out by two judges, evaluating
the intensity of malodour of the air exhaled 5 s through the mouth of
the patients, at a distance of approximately 10 cm from their noses;
the level of salivary B-galactosidases was quantified
spectrophotometrically after a chromatic reaction between a salivary
sample of each patient and a specific chromatic substrate of the
enzyme. Clinical conditions, such as visible plaque and gingival
bleeding index, tongue coating score, localized food stagnation and
other oral parameters, were evaluated by qualified dentists through an
oral check-up. Results: The B-galactosidase level was significantly
related to the organoleptic scores and clinical parameters, such as
the tongue coating score and the visible plaque index. Stratifying
results with respect to the different phase of the day at which parents
complained halitosis in their children, statistical analysis showed that
the organoleptic scores and the level of B-galactosidases were
significantly higher in children who suffered of halitosis during the
whole day, A = 40%, with respect to those without this problem,

N =20% (P=0.001 and P = 0.006, respectively). Conclusions:
Certain oral parameters such as halitosis during the whole day, high
tongue coating score and high visible plaque index were particularly
associated with an increase in the salivary p-galactosidase level.
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Introduction

Halitosis (bad breath) is defined as a foul odour arising from a person’s
oral cavity or nasal passages (1). It has become great concern to many
people in the past few decades because it is a very common condition
which may affect up to 30% of the population (2). The acetiology of oral
malodour is multifactorial, but its main cause is the decomposition of
organic compounds caused by proteolytic anaerobic bacteria in the oral
cavity (3, 4). The products of this putrefaction are volatile sulphur com-
pounds (VSCs) which are significantly associated with the intensity of
bad breath (5, 6). Many studies have shown that salivary B-galactosidases
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are influential on the production of VSCs and consequently
are associated with halitosis (7-9).

The main producer of B-galactosidase is the Sweprococcus
Salivarius; however, also some periodontopathogenic bacteria
such as Porphyromonas gingivalis, Veillonellas sp. and Actinomyces
sp. can be important sources (8-10). This is confirmed by an
evident association between periodontal pathology and halito-
sis (2, 3, 6).

Beta-galactosidase is likely to remove the carbohydrate side
chains of salivary glycoprotein, thus allowing proteolysis and
the consequent VCSs increment. The capacity of B-galactosi-
dase to increase VSCs production from serum, saliva and
mucin is dependent on the presence of an exogenous source
of proteases such as pancreatic trypsin or P. Gingivalis gingi-
pains (11). In 2002, Sterer described that P. Gingivalis alone
produces substantial levels of VSCs from mucin, but its
pre-incubation in the presence of B-galactosidases results in a
significant increase in VSCs (9).

The fundamental importance of salivary B-galactosidase in
the acetiology of halitosis has been confirmed by the use of the
B-galactosidase inhibitor, the p-aminophenyl-b-D-thiogalacto-
pyranoside, that reduced dose-dependently the VSC produc-
tion by Solobacterium Moorei and P. Gingivalis (9).

Consequently, the B-galactosidase activity in saliva has been
associated with halitosis, and currently, the method that mea-
sures the activity of this enzyme is considered an additional or
alternative measurement method for the evaluation of oral
malodour (7-9, 12).

The assessment and investigation of halitosis in children is
essential because it has the potential to cause social restriction,
a reduced quality of life and symptoms of depression and can
be a manifestation of an extra-oral pathology (13, 14). Despite
the introduction of instrumental analysis which involves sul-
phide monitors and gas chromatography, organoleptic evalua-
tion (OLT) is still the gold standard. Sulphide monitors and
gas chromatography are only useful for identifying VSCs, while
OLT detects and recognizes all compounds, discriminates
complex mixtures and assesses the degree of social offensive-
ness of breath odour (15).

A deep understanding of the causes of the oral malodour is
fundamental, because it permits to choose the best treatment
and reduces the development of other complications. For
example, the increment of VSCs, which is associated with an
increased B-galactosidase activity, can induce the secretion of
1L-8 by gingival epithelial cells, promotes osteoclast differen-
tiation and inhibits osteoblast proliferation, contributing to
gingival inflammation and periodontal disease (16). Many
studies have investigated halitosis in young subjects; how-
ever, no one has analysed the relationship between [B-galacto-
sidase activity, halitosis and oral health status (17). A more
complete understanding of the association between the onset
of halitosis, oral condition and the increase in salivary
B-galactosidases would allow the use of targeted therapeutic
approaches that could consist, for example, in the administra-
tion of probiotic bacteria that compete with the B-galactosi-
dase producers (18).
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The objective of this study is to evaluate the association
between organoleptic scores, oral condition and salivary f-ga-
lactosidases, to facilitate the differential diagnosis of halitosis
in children.

Study population and methodology
Study subjects

The study included 50 healthy children (26 boys and 24 girls)
who attended the University of Rome Tor Vergata, Paediatric
Dentistry Unit, complaining about their bad breath. The age
ranged from 5 to 13 years (mean age, 9 £ 2 years). Their par-
ents have been fully informed of the nature of the study, and
their written consent for participation of the children in the
study has been obtained. The study, in accordance with the
Declaration of Helsinki, has been approved by the local ethics
committee. Exclusion criteria were as follows: antibiotic treat-
ments within 1 month prior to the study or the evidence of
diseases concerning respiratory or gastrointestinal tract, diabe-
tes and liver or kidney problems that may influence the orga-
noleptic evaluation. Children and their parents were instructed
to abstain from eating strong-smelling foods at least for 48 h
and from using scented cosmetics for 24 h. Moreover, they
were advised not to ingest any food or drink and not to make
their usual oral hygiene practice 2 h before the assessment day
(19). The parents were also interviewed about the intensity
and the manifestation during the day of oral malodour in their
children: ‘Do you think your child is suffering of bad breath?
When during the day?” What is the intensity of bad breath in
a scale from 0 to 5 (20).

Oral malodour assessment

All measurements have been taken between 9 and 11 o’clock
in the morning. The oral malodour assessment has been car-
ried out by two dentists (MC and RD). Before the start of the
study, these judges have completed a training protocol that
consisted in the introduction to sensory scales, exercises
assessing quality, intensity, ranking and matching of different
odour (21). Oral malodour was scored using the organoleptic
intensity scale, based on Rosenberg ez al. (20), as follows:
0 = absence of odour; 1 = questionable malodour; 2 = slight;
3 = moderate; 4 = strong; and 5 = severe. For the outcome
assessment of whole-mouth malodour, subjects were instructed
to exhale 5 s through the mouth, at a distance of approxi-
mately 10 cm from the nose of the judges. Average values of
organoleptic scores have been used for statistical analysis.

Salivary p-galactosidase activity assay (S p-g)

Saliva has been collected using the spitting method. Sam-
ples have been obtained from the participants between
09:00 a.m. and 11:00 a.m. to minimize the effects of diurnal
variability in salivary composition. Each saliva sample (20 pl)
has been immediately applied to a paper disc, containing



X-gal (5-bromo-4-chloro-3-indolyl-beta-D-galacto-pyranoside),
according to the procedure previously described (9). After
10 min of incubation at room temperature (20°C), paper discs
have been put (15 min) in test tubes containing 400 pl of N,N-
dimethylformamide (DMF, Sigma Aldrich, St. Louis, MO, USA).
T'hereafter, the discs were removed, and the remaining mixture
was frozen at —18°C and then transported to the University
of Chieti to be analysed. The assay of salivary B-galactosidases
was carried out spectrophotometrically as previously described
(22). The level of B-galactosidases was obtained calculating
the difference in maximum adsorbance between wavelengths
at 627 nm and 560 nm. Each sample was analysed three
times, and the average value has been considered.

Oral health status

The clinical oral examination included the assessment of the
number of teeth, caries, restoration overhangs, the visible
plaque index (0 = absence of visible plaque and 1 = presence
of visible plaque in more than six sites), gingival bleeding
index (0 = no bleeding and 1 = bleeding), localized food stag-
nation (0 = absence of food stagnation and 1 = food stagnation
in more than three sites), dento-alveolar infections (0 = no
infections and 1 = presence of one or more abscesses or other
infections) and fissured tongue. Standardized clinical criteria
were based on the W.H.O. format and Ainamo and Bay (23,
24). The total area and thickness of the tongue coating were
scored according to Oho ez a/. (25): 0 = no tongue coating;
1 = thin, with less than one-third covered; 2 = thin, with one-
third to two-thirds covered or thick, with less than one-third
covered; and 3 = thin with more than two-thirds covered or
thick with more than one-third covered.

Statistical analysis

We used Wessa (26) free statistic software for the statistical
analysis. Correlations between salivary B-galactosidase, oral
malodour levels and clinical parameters were made using
Spearman’s correlation coefficient (R). Cohen’s K statistic analy-
sis was used to determine the level of agreement between
the outcome assessors (27). Stat View 4.0 software (Abacus
Concepts, Berkeley, CA, USA) was used to calculate the Bonfer-
roni/Dunn analysis to detect statistically significant differ-
ences between the salivary [-galactosidase activity and the
organoleptic scores during the different phases of the day
and to analyse the other clinical parameters evaluated in this
work.

Results

All children enrolled in the study presented with a primary
complaint of oral malodour. The Cohen’s kappa value
between the two odour judges was 0.680, and the Spearman’s
correlation was 0.750.

There was an high accordance between the organoleptic
scores expressed by the parents and the judges (R = 0.810).
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However the average parents’ values were slightly higher.
Among 50 children with a halitosis complaint, 20 children
were referred to have oral malodour always during the day
(A =40%), 0 in the afternoon (¥ = 0%), 1 only in the evening
(E = 2%) and 19 only in the morning (M = 38%). The parents
of 10 children (N = 20%) did not refer to halitosis in their
sons and daughters. The upper portion of Fig. 1 shows mean
B-galactosidase scores stratifying results with respect to the dif-
ferent phase of the day at which parents complained halitosis
in their children. The Bonferroni/Dunn analysis showed a sta-
tistically significant difference for what concerning B-galactosi-
dase activity in children who suffered from halitosis in the
whole day and those who suffered of this problem only in the
morning (P-value = 0.001) and those who did not complain
bad breath (P = 0.006; Fig. 1).

T'he bottom of Fig. 1 shows mean organoleptic scores strati-
fying results with respect to the different phase of the day at
which parents complained halitosis in their children. There
were statistical significant differences between the group of
children who did not suffer from halitosis and those who had
this problem only in the morning (P < 0.001), in the evening
(P = 0.168) and for the whole day (P < 0.001).

Clinical parameters describing baseline for all participants
and the statistical analysis are summarized in Table 1. The
Spearman’s coefficient, R = 0.643 (P < 0.001), between the
salivary B-galactosidase activity and organoleptic scores of all
subjects showed that the two parameters were correlated
(Table 1). Beta-galactosidase was also remarkably positively
correlated with the tongue parameters. Its correlation coeffi-
cients between the tongue coating scores and the fissured ton-
gue were 0.517 (P < 0.001) and 0.204 (P = 0.001), respectively.
A poor oral hygiene generalized in the whole mouth (visible pla-
que index) was also associated with [B-galactosidase activity
(R = 0.496; P < 0.001). On the contrary, the presence of local-
ized food stagnation had only a mild positive correlation
(R = 0.144; P = 0.002) with B-galactosidase activity. Similarly, a
mild correlation between dental alveolar infections (R = 0.220;
P < 0.001) and gingival bleeding index (R = 0.146; P = 0.0006)
was found. Other clinical parameters such as the number
of deciduous or permanent teeth, the presence of cavities,
incongruous restorations, mouth breathing and orthodontic
appliances were not significantly associated with salivary
B-galactosidase.

Discussion

In this clinical study, 50 children visiting a halitosis consulta-
tion were examined by two clinicians, who scored halitosis and
the parameters of the whole oral cavity. Moreover, the level of
salivary B-galactosidases was measured. All data were stratified
with respect to the phase of the day during which the oral
malodour manifested, basing on parents’ complaints.

Based on average outcome assessors’ scores, 40 subjects
(80%) suffered from oral malodour (at a cut-off > 2).

The Spearman’s correlation coefficient showed a positive
association between -galactosidase activity and organoleptic
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Table 1. Clinical parameters describing baseline for all partici-
pants and the Spearman statistical analysis

Spearman with

Baseline B-gal

Parameter Mean value SD R P-value

B-galactosidase scores 0.010 0.012

Organoleptic scores (0-5) 2.900 1.741 0.643 <0.001

Tongue coating scores 1.320 0.891 0.517 <0.001
(0-3)

Number of deciduous 8.820 4762 -0.214 0.174
teeth

Number of permanent 15.260 5.851 0.188 0.153
teeth

Decayed deciduous teeth 0.760 1598 -0.158 0.548

Decayed permanent teeth 0.600 0.948 -0.126 0.818

Dento-alveolar infections 0.040 0.198 0.220 <0.001
(0-1)

Gingival bleeding index 0.160 0.370 0.146  0.006
(0-1)

Incongruous restorations 0.020 0.141 -0.089  0.001
(0-1)

Mouth breathing (0-1) 0.200 0.404 0.063 0.031

Fissured tongue (0-1) 0.100 0.303 0.204  0.001

Localized food stagnation 0.100 0.303 0.144  0.002
(0-1)

Orthodontic appliances 0.220 0.418 -0.225 0.542
(0-1)

Visible plaque index (0-1) 0.640 0.485  0.496 <0.001

scores (R = 0.643; Table 1). This result is in agreement
with Masuo ¢ al. (7), who found that R ranged from 0.400 to
0.700, in an adult population. These data have been con-
firmed, always for adult population, by other studies and with
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Bonferoni/Dunn
for organoleptic scores
(average judges scores):

AN-M P value < 0.001 S
AAN-E Pvalue0.168 S
+N-A Pvalue < 0.001 S
++M-A Pvalue < 0.001 S

Bonferoni/Dunn
for b-galactosidases:

*N-AP value= 0.006 S
**M-A P value= 0.001 S

Fig. 1. 'The data stratified with respect to the
phase of the day during which the oral
malodour manifested, basing on parents’
complaints. ‘Do you think your child is
suffering of bad breath? When during the
day?” The answers have been recorded as
follows: V, no halitosis (# = 10, 20%); M, only
in the morning (z = 19, 38%); F, only in the
afternoon A (7 = 0, 0%); only in the evening,
E (# =1, 2%); and always, A (z = 20, 40%).
Bonferroni/Dunn showed statistically
significant differences for what concerning the
activity of salivary B-galactosidases and average
organoleptic scores rated by the two judges.

similar results (8, 9, 22, 28). Moreover, the statistical analysis
based on the parents’ questionnaire showed statistical signifi-
cant differences (P-value = 0.006) between the activity of
these enzymes in children who suffered the whole day of
halitosis (A = 40%) and those without this problem (N = 20%;
Fig. 1).

Many studies have shown that oral malodour in children is
related to periodontal parameters and in particular to tongue
coating (17, 29, 30). Here, we showed that these factors apply
in children as well, but also showed the correlation with
[-galactosidase activity.

The additional importance of B-galactosidase assay for the
differential diagnosis between genuine halitosis and morning
breath was confirmed by the Bonferroni/Dunn method; there
were indeed statistically significant differences in the B-galac-
tosidase activity between children considered by their parents
‘suffering the whole day of halitosis’ and those characterized
by this problem only in the morning. This result agrees with
the fact that morning bad breath is only a transient conse-
quence of the reduction in salivary flow during the night rather
an increase in fB-galactosidase activity (31).

Many studies have found that oral malodour reaches the
critical level during the fixed orthodontic treatment, due to
the increase in the plaque accumulation (32). However,
the number of volunteers included in this study using
orthodontic appliances was not sufficient to verify such
hypothesis.

Our data showed no correlations between [-galactosidases
and caries. The decrement of the pH caused by the acids pro-
duced by mutans streptococci and lactobacilli leads to cavities
(33). These bacteria may contribute to the decrease in other



species, such as B-galactosidase producers, through the release
of antimicrobial substances, such as mutacins (34).

Although B-galactosidase assay has been associated with
organoleptic scores, there was only a mild correlation with gin-
gival bleeding index. These results are in agreement with
Masuo ¢ al. (7) whose have demonstrated that salivary B-galac-
tosidase affects physiological mouths with halitosis.

Considering that the level of B-galactosidases contributes to
the increase in VSCs and that these substances are toxic for peri-
odontal tissues, it is advisable to monitor children who are charac-
terized by high level of this enzyme, in terms of reducing the
prevalence and severity of chronic periodontitis in adulthood (35).

Conclusions

Results have shown a high correlation between organoleptic
scores expressed by the two blinded outcome assessors and
parents’ reported complaints.

The level of B-galactosidases and organoleptic scores was
particularly high in children who suffered the whole day of
halitosis, and these data were correlated with the tongue coat-
ing scores and the visible plaque index. We conclude that the
B-galactosidase assay is particularly indicated in children suf-
fering of oral malodour and with a poor oral and tongue
hygiene. Monitoring of this enzyme in addition to a clinical
examination can help to identify the oral origin of halitosis,
to accelerate the differential diagnosis with other systemic
conditions that may cause this problem.

Clinical relevance
Scientific rationale for the study

Early diagnosis of halitosis is fundamental in children, but cur-
rently, in the objective evaluation of breath, instruments are
used that measure volatile sulphur compounds only, without
the ability to discriminate complex mixtures and to assess the
degree of social offensiveness of breath odour.

Principal findings

B-galactosidase activity increased particularly in children with
high organoleptic scores in the whole day, a poor oral hygiene
and a bad breath during the whole day.

Practical implications

B-galactosidase assay combined with organoleptic rating and
objective evaluation of oral cavity is particularly indicated in
children suffering of oral malodour, with a poor oral and ton-
gue hygiene.

Acknowledgements

Authors would like to thank Dr Domenico Vitale for his scien-
tific contribution.

Petrini et al. B-galactosidases, halitosis and oral health status

References

1 Ermis B, Aslan 'I', Beder L, Unalacak M. A randomized placebo-
controlled trial of mebendazole for halitosis. Arch Pediatr Adolesc
Med 2002; 156: 995-998.

Hughes F]J, McNab R. Oral malodour-a review. Arch Oral Biol

2008; 53(Suppl 1): S1-S7.

3 Pratibha PK, Bhat KM, Bhat GS. Oral malodor: a review of the lit-
erature. J Dent Hyg 2006; 80: 8.

4 Amano A, Yoshida Y, Oho T, Koga T. Monitoring ammonia to
assess halitosis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2002; 94: 692-696.

5 Nalcaci R, Baran I. Oral malodor and removable complete dentures
in the elderly. Oral Surg Oral Med Oral Patho! Oral Radiol Endod
2008; 105: e5-¢9.

6 Scully C, Greenman ]. Halitology (breath odour: actiopathogenesis

and management). Ora/ Dis 2012; 18: 333-345.

Masuo Y, Suzuki N, Yoneda M, Naito T, Hirofuji T. Salivary

b-galactosidase affects physiological oral malodor. Areh Oral Biol

2012; 57: 87-93.

8 Yoneda M, Masuo Y, Suzuki N, Iwamoto T, Hirofuji T. Rela-
tionship between the b-galactosidase activity in saliva and

no

~

parameters associated with oral malodor. J Breath Res 2010; 4:
017108.

9 Sterer N, Bar-Ness Greenstein R, Rosenberg M. B-galactosidase
activity in saliva is associated with oral malodor. J Dent Res 2002;
81: 182-185.

10 Haraszthy VI, Gerber D, Clark B ¢z @/. Characterization and preva-

lence of Solobacterium moorei associated with oral halitosis. J Breath

Res 2008; 2: 017002.

Tanabe S, Grenier D. Characterization of volatile sulfur compound

production by Solobacterium moorei. Arch Oral Biol 2012; 57: 1639—

1643.

12 van den Broek AM, Feenstra L., de Baat C. A review of the current

1

—_

literature on aetiology and measurement methods of halitosis.
J Dent 2007; 35: 627-635.

13 McKeown L. Social relations and breath odour. Inz J Dent Hyg
2003; 1: 213-217.

14 Suzuki N, Yoneda M, Naito T, Iwamoto T, Hirofuji T. Relation-
ship between halitosis and psychologic status. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2008; 106: 542-547.

15 Romano F, Pigella E, Guzzi N, Aimetti M. Patients’ self-assess-
ment of oral malodor and its relationship with organoleptic scores
and oral conditions. /zz J Dent Hyg 2010; 8: 41-4o6.

16 Chen W, Kajiya M, Giro G ez al. Bacteria-derived hydrogen sulfide
promotes IL.-8 production from epithelial cells. Biockem Biophys Res
Commun 2010; 391: 645-650.

17 Nadanovsky P, Carvalho LLB, Ponce de Leon A. Oral malodor and
its association with age and sex in a general population in Brazil.
Oral Dis 2007; 13: 105-109.

18 Iwamoto T, Suzuki N, Tanabe K, Takeshita ', Hirofuji 'T. Effects
of probiotic Lactobacillus salivartus WB21 on halitosis and oral
health: an open-label pilot trial. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2010; 110: 201-208.

19 Sopapornamorn P, Ueno M, Shinada K, Yanagishita M, Kawaguchi
Y. Relationship between total salivary protein content and volatile
sulfur compounds levels in malodor patients. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2007; 103: 655-660.

20 Rosenberg M, Kulkarni GV, Bosy A, McCulloch CA. Reproducibil-
ity and sensitivity of oral malodor measurements with a portable
sulphide monitor. J Dent Res 1991; 70: 1436-1440.

Int J Dent Hygiene 12, 2014; 213-218 | 217



Petrini et al. B-galactosidases, halitosis and oral health status

21 Nachnani S, Majerus G, Lenton P, Hodges ], Magallanes E. Effects
of training on odor judges scoring intensity. Ora/ Dis 2005; 11: 40-44.

22 Petrini M, Trentini P, Ferrante M, D’alessandro L, Spoto G. Spec-
trophotometric assessment of salivary B-galactosidases in halitosis.
J Breath Res 2012; 6: 021001.

23 WHO. Oral Health Surveys. Basic Methods, 4th edn. Geneva: WHO;
1997.

24 Ainamo ], Bay I. Problems and proposals for recording gingivitis
and plaque. Inz Dent J 1975; 25: 229-235.

25 Oho T, Yoshida Y, Shimazaki Y, Yamashita Y, Koga 'I". Characteris-
tics of patients complaining of halitosis and the usefulness of gas
chromatography for diagnosing halitosis. Ora/ Surg Oral Med Oral
Pathol Oral Radiol Endod 2001; 91: 531-534.

26 Wessa P. Free Statistics Software, Office for Research Development and
Education, version 1.1.23-r7, 2012. Available at: http://www.wessa.
net/ (accessed 01 March 2012).

27 Randolph ]J]. Online Kappa Calculator, 2008. Available at:
htep://justus.randolph.name/kappa (accessed 11 August 2012).

28 Rosenberg M, Knaan T, Cohen D. Association among bad breath,
body mass index, and alcohol intake. J Dent Res 2007; 86: 997—1000.

218 | 1ntJ Denr Hygiene 12, 2014; 213-218

(93]
o

29 Calil G, Liberato FL, Pereira AC, de Castro Meneghim M, Good-

son JM, Groppo FC. The relationship between volatile sulphur
compounds, tongue coating and periodontal disease. [nz J Dent Hyg
2009; 7: 251-255.

Amou T, Hinode D, Yoshioka M, Grenier D. Relationship
between halitosis and periodontal disease - associated oral bacteria
in tongue coatings. /nt J Dent Hyg 2014; 12: 145-151. doi:10.1111/
idh.12046.

Snel ], Burgering M, Smit B ¢z /. Volatile sulphur compounds in
morning breath of human volunteers. A7k Oral Biol 2011; 56: 29—
34.

Babacan H, Sokucu O, Marakoglu I, Ozdemir H, Nalcaci R. Effect
of fixed appliances on oral malodor. Am J Orthod Dentofacial Orthop
2011; 139: 351-355.

de Soet J], de Graaff ]. Microbiology of carious lesions. Dent Update
1998; 25: 319-324.

Merritt J, Qi F. The mutacins of Streptococcus mutans: regulation
and ecology. Mol Oral Microbiol 2012; 27: 57-69.

Dibart S. Children, adolescents and periodontal disease. J Dent
1997; 25: 79-89.



Copyright of International Journal of Dental Hygiene is the property of Wiley-Blackwell and
its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articlesfor individua use.



