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Reduction of Oral Malodor by
Oxidizing Lozenges”

Ronir Bar-Ness Greenstein, Sarit Goldberg, Sharon Marku-Cohen, Nir Sterer, and
Mel Rosenbrerg

THE MAIN PURFOSE OF THE STUDY was to examine the anti-malodor properties of
oxidizing lozenges, as compared to breath mints and chewing gum. Healthy, young
adult volunteers (N = 123; mean age 24.5 vears) were measured for oral malodor-
related parameters {whole mouth odor measured by 2 judges; tongue dorsum posterior
odor using the spoon test; volatile sulphide levels; salivary levels of cadaverine and
putrescine; and 2 versions of an oral rinse test) on the first afternoon of the study.
They were then assigned randomly to one of 6 groups (2 brands of breath mints,
chewing gum with no active ingredients, regular and full-srength oxidizing lozenges,
and a no-treatment control), and instructed to employ the treatment before bedtime,
the next morming, and in the early afiernoon 3 hours prior to measurements, which
were carried out 24 hours following baseline measurements. Volunteers also estimated
the level of their own whole mouth and tongue odors at baseline and post-treatment.
The data showed that, among reatments, only the full-swength oxidizing lozenge sig-
nificantly reduced tongue dorsum malodor, as determined by the spoon test, The full-
srength lozenge also yielded a significant increase in the modified oral rinse test,
presumably due, at least in parm, to residual oxidizing activity retained in the oral
caviry, Self-esimations of whole mouth and tongue malodor by volunieers were sig-
nificantly correlated with corresponding-judge assessments, suggesting some degree
of objecuvity in assessing one’s own oral malodor. J Perfodoniol 1997,68:1176-1181,

Key Words: Halitosis/drug therapy.

Bad breath (halitosis, fetor ex ore) is a common complaint
dating back to ancient times.'” In most cases. breath odors
originate within the oral cavity itself.'-* Bad breath is con-
sidered to result from production of sulphur-containing’
and other gases*® by Gram-negative bacteria.™* penerally
under anaerobic conditions.® In healthy persons. bad
breath often derives from the posterior pan of the tongue
dorsum.** In many®*"*-"* but net all™'* studies, periodontal
disease-relaled parameters have been found 1o be asso-
ciated with bad breath levels. Other oral causes of bad
breath include faulty restorations {e.g., overhanging res-
torations and leaking crowns) and sites of food impac-
lan.”

Frevious investigations have addressed the anumalodor
properties of various mouth rnses, including those con-
taining zinc compounds, essential oils, cetylpyridinium
chlonde, chlorhexidine. and 2-phase oil:water mouth-
washes. """ Few studies have addressed other oral prod-
ucts. In the present report. 123 young adults were tested

“The Maunce and Gabnela Goldschieger School of Dental Medicine,
Tel-Aviv University. Ramat-Aviv, Israel,

for oral malodor parameters prior to and following suck-
ing of various candies and lozenges, as well as chewing
pum. as compared with a control group (no treatment).
The data show that sucking of a full-strength lozenge with
oxidizing properties reduces tongue dorsum malodor for
3 hours following use.

MATERIALS AND METHODS
The experiment consisted of a randomized clinical trial
of 123 healthy volunteers {mean age 24.5 + 3 years; 71
females) who were recruited by newspaper and university
advertisements. Subjects who took antibiotics within 1
month prior to study, smokers, or those who had partial
or complete dentures were excluded. The experiment was
conducted according to an approved human subjects pro-
tocol and participants signed an informed consent form.
Subjects were split randomly into one of 6 groups:
chewing gum (N = 22; chewing gum with no active in-
gredients:” breath mint 1¢ (N = 22); breath mint 2§ (N =

"Wamer Lamben, Morris Plains, NI,
‘Tic Tac, Ferrero Frankfurt/M., Germany.
'0"del Mice, Linger Fischer, Buhl. Germany.
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Table 1. Experimental Protecol

Imital | Final
Measurement Treatment | Tremmem Treaxment Measurement
4 pm-7pm fedLme i earis eariv Jpm-T pm |
{ | meETnE afermodn
|

| DAY 1 . DAY 2 |

19). oxidizing lozenge, regular strength (N = 211); oxi-
dizing lozenge.! full strength (N = 19): as well as a con-
rol group (N = 20: no treatment). Subjects were tesied
in random order, with researchers and odor judges blinded
o group affiliation throughout.

The protocol of the experiment was similar to that pre-
viously used 1o compare mouth rinses.' Pre-treatment
measurements were conducted between 4 p.m. and 7 p.m.
of the afiernoon of day 1. Subjects were insiructed o
reappear at the clinic at the same time on the next after-
noon for posi-treatment measurements. They were ran-
domly assigned to 1 of the 6 groups. Those assigned to
the iozenge/breath mint groups were asked to suck | loz-
enge/mint directly before bedtime on the same day (day
1) | in the early moming of the next day iday 2); and |
in the early afiernoon of day 2, 3 hours prior to their
sxamination. Subjects in the chewing gum group were
instructed to chew | piece of gum for 5 minmes directly
before bedume on the same day (day 1); 1 piece in the
early morming of the next day (day 2); and 1 piece in the
early afternoon of day 2, 3 hours prior 1o their examina-
tion. All subjects were instructed to continue their regular
oral hygiene regimen, but to refrain from any oral hygiene
activities. including toothbrushing, flossing. and rinsing,
3 hours before measurements. They were instructed to
refrain from eating and dninking for at |east 2 hours before
measurements. The protocol of the experiment is sum-
manzed in Table |.

Measurement Parameters

Volatilé sulfur compounds (VSC). Determination of in-
traoral headspace VSC was camed out using a sulphide
monitor.” Measurement was camed oul essentally as pre-
viously reported,*™"™"™ using disposable straws. rather
than teflon tbing. Participants were asked 1o refrain from
talkang for 5 minutes prior 10 measurement. The monitor
was zeroed on ambient air, and measurement performed
by inserting a disposable one-quarter inch plastic straw
approximately 4 cm into the parually open oral caviry.
Subjects were asked 1o breathe through their nose during
measurement. Results were recorded as peak ppb sulphide

uivalents.

Deesaguick exira tresh, Rolamd Arzneimitie], Hamburg. Chuermnany
WDresaguick Tore. Roland Arzneimitel, Hamburg, Crermm
“Model 1170, Intersean Corp.. Chatswirth, CA

Oxygen depletion in expectorated milk rinse. Oxygen
depletion in expectorated milk nnse was determuned using
the oratest oral rinse procedure.™ as well as a modihed
version. Previous studies have shown thal oratest scores
are sensitive 1o changes in microbial counts and clinical
parameters.”'*%2' Briefly, volunteers rinsed vigorously
for 30 seconds with 14 ml of sterile milk. Following ex-
pectoration, 3 ml of the sample was added to test tubes
containing 0.12 ml of methylene blue solution (0.1%).
and the tume required for a blue-to-white color change
over a 6 mm diameter at the bonom of the test be was
recorded. The oratest was performed directly following
the judges’ organoleplic measurements.

In the modified oratest. a 10 ml sample of the same
milk expectorate was poured into a plastic disposable
conic tube (12 cm height X 1.5 cm diameter)** and the
extent (height in mm) of color change was recorded fol-
lowing 30 minutes’ incubation al room lemperature as
above.

Organoleptic measuremenis. Organoleptic measure-
ments of whole mouth malodor were performed by 2
judges, both with previous experence in assessing oral
malodor (AG and EL). For judge scoring of whole mouth
malodor. subjects were instructed to exhale briefly
through the mouth. at a distance of approximately 10 cm
from the nose of the 2 judges, sequenually. For self-as-
sessment of whole mouth malodor. subjects were instruct-
ed to smell the odor emanating from their entire mouth
by cupping their hands over mouth and nose, exhaling
through the mouth and breathing in through the nose.'
Odor measurements to assess the odor emanating from
the postenior tongue dorsum were performed by one judge
(EL). using 2 piastic spoon to scrape and scoop material
from the far back region of the 1ongue dorsum. Five sec-
onds later, both the odor judge and subject assessed the
spoon odor at a distance of approximately 5 cm. Resulis
of all malodor assessments were independently rated in
semi-integer intervals on a scale of 0 10 5' with descrip-
tion as follows: 0. no appreciable odor: i. barely notice-
able odor: 2. shght. but clearly noticeable odor: 3. mod-
erate odor: 4. strong odor: 5. extremely foul odor. Judges
and subjects were blinded from one another’s scores
throughout,
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Table 2 Mean Baseline Valoes for the \ arious Farameters oratest) 1o the prediction of post-treatment mean judey
Mean = SCOTe.

Parameter Standard Deviauon
Whole mouth Judge AGH™ 195 = |4 RESULTS
::z:; g ::::::‘Ei;:w_ : §'§ fg'?,; Mean baseline values of the various parameters for the
Whole mouth 1 sell-assessment)™ 1.79 = 1.07 entire subject group are summanzed in Table 2. No dif-
Spoan tesi (Judge EL)” 195 = M‘g ferences in any of the parameters among the 6 treatment
; (- ARSERSERENT )" 243 = LI A
e e e o i groups were detected at baseline (P > 0.05. ANOVA),
Ln volanle sulphides 4.26 = 040 ) : ot :
Ln orates! 483 = 0.60 Following treatment, significant differences among treai-
Maditicd aralest” ']'-'Té = Hg ment groups were noted for 2 parameters: tongue dorsum
t_: ;ff;:?: 314 = 1.06 posterior odor judge scores (P = 0.025, ANOVA) and

*On 2 serm-inteper U 1o 5 scale

‘In ppb sulphde equivalemis.

In mamesirs jor color change on botom of tube
Willimeters height color chaner afier 30 menoes
In peak ppm dsarmanes

Diamine analysis. Cadaverine and putrescine levels
were determined in unstimulated whole saliva using high
performance liquid chromatography (HPLC) as described
previously.'¥=-

Statistical analysis. Comparisons between the various
groups of the study were carried out using ANOVA, fol-
lowed by Bonferroni's multiple comparisons. Several of
the parameters (peak volatile sulphide levels, oratest, pu-
trescine, cadaverine) were ln rransformed in order to ap-
proximate normal distributions.

Comparisons between self-assessments and judges’
scores were performed using paired r-tesis. Associanons
between the various parameters were assessed by Pearson
correlations. Multiple regression was applied in order to
test the contribution of some of the posi-treatment param-
eters (In [cadavenine]. In [sulphide levels]. and modified

Table 3. Changes From Baseline Means

modified oratest (P = 0.018, ANOVA)

The mean changes in each group following the vanous
treaiments are summarized in Table 3. Among the vanous
treatmenis, only the full-soength oxidizing lozenge was
found o significantly reduce tongue dorsum posicnior
malodor. This reduction was significant not only with re-
spect to the no-treatment control (P = 0.009). but also
with respect o the chewing gum group (P = 0.002),
breath mints | and 2 (# = 0.023 and P = 0.016. respec-
tively). and the regular-strength oxidizing lozenge group
(P = 0.003).

The full-strength oxidizing lozenge also yielded the
largest improvementis (decreases) in self-assessment
whole mouth and self-assessment tongue posterior odor
scores, as well as whole mouth odor scores (judge EL).
but these did not reach significant levels.

With respect 10 the modified oratest, use of the full-
strength oxidizing lozenge was found 1w be associated
with significant increases in the extemt of oxygen con-
sumption in the nnsed milk samples. This increase was
significant not only with respect 10 the no-treatment con-
trol (P = 0.0025), but also with respect to the chewing

Repgular Full-Strength Control

Tested Parameter Chewing Gum Breath Mint | Breath Mim 2 Oxidizing Lozenge Oxidizing Lozenge (No Treatment)

Whole mouth (Judge A" =054 = |28 -054 = 1,17 =147 = 1.58 =40 = L.75 —1. % = |22 =100 = 160
Whole mouth (Judee EL1* 002 = 1.25 =007 = 0L, -0.08 = 1.31 0.02 = 0.77 -0.29 = 0.B9 =0.10 = 0.B4
Whole mouth (Judpes’ mean1” -0.26 = 095 03 =078 =078 = L7 068 = 1.03 =079 = 0.77 =[1.55 = (.E4
Whole mouth (sell-assessmenti® 04 = 0,77 =000 = 1.1 =021 = 1.I% =017 = 1.06 038 = 113 0.27 =079
Spoon test Judpe EL 020 = 092 —0.07 = 082 0AM) = [LER 04 = 0.74 =074 = DN 0eos = 1,15
Spoon wsl sell-asiessment e 002 = 1.12 -0 - 123 L3 = |.&5 00 = 1.7 —DE? = D9 =012 = DA%
La volaule sulphides’ D00} = 0325 =0C = .35 =008 = 034 003 = 041 0089 = 021 =06 = 03K
i OrEE! 003 = 053 —03 = (69 (.16 = 05K =020 = 068 =02 = 0.6] 005 = 0.59
Modihed oralest =004 = LiIb - = 1.A3 -0.74 = 1.9 009 = 165 02 = 1.3% =06 = [ 16
Ln cadavenne s = 1.00 —i = D.ES 0l = &S 053 = 0LBb a3l = 1.3 =03 = 0.0
Ln putrescine =019 = D75 —028 = . -D45 = DET =02 = 073 =039 = 0.78 =032 = 0564

*On 2 semu-mieger O 10 5 scair

In ppb sciphide equavalenis

“In manutes lor color change on botom of wwbe

Millimeters hesghi color changs afier 30 minutes

In pezk ppm diamins

Sigmficant difference amang groups. P = 00254 (ANOVAL full-sirength axidizing lozenge scores differed significamily from | ) chewing gum group,
Ff = 00015 21 breath mint | group, # = 0.0228: 3) breath mine 2 group, P = 0.0156: 4) regular oxidizing lozenge. £ = 0.0033; and 5} no treatment
control proup, P o= LLOD0S9].

*Sipnificant difference among groups, £ = 00184 (ANOY A full-sirenpth oxidizing lozenge scores differed significantly from 1) chewing pum group,
£ = (0389, 2| breath mint 1 group. P = (L024; 3} breath mint 2 proup, # = (L0013 and 4) no iresiment control proup, # = 00025,
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gum group (P = 0.0389), as well as breath mints 1 and
2 (P = 0024 and P = 0.0013, respectively). Modified
oratest levels following use of regular versus full-strength
oxidizing lorenges were not significantly different from
one another. Similar trends to those found for the modi-
fied oratest were observed with the original oratest pro-
cedure, but differences among groups were not signifi-
cant,

The increase in the modified oratest scores following
use of the full-swrength oxidizing lozenges appears anom-
alous, since it would ostensibly indicate an increase, rath-
er than decrease, in microbial activiry.'™'®%*' However,
since the efficacy of the lozenges is based on oxidizing
activity, we guessed that the observed increase was due,
at least in pari, to the depletion of oxygen brought about
by active components of the lozenge. Indeed, in vitro ex-
periments in which lozenges were mixed with sterile sa-
liva and added to sterile milk containing methylene blue
yielded rapid color change indicative of oxygen depletion,
whereas control 1ubes containing sterile saliva and milk
alone did not vield color change (data not shown). Future
research 1s necessary to determine whether the oxidizing

s of the lozenge indeed show retentivity on the
<ue surface for 3 hours following use.

Pearson correlation coefficients were used 1o compare
assoclations among the various parameters. At baseline
and following treatment. both judge's scores of whole
mouth malodor were moderately associated with one an-
other (r = (L35, P < 0.001). Both judges' initial whole
mouth maledor scores were related to volatile sulphide
levels, vielding r values of 0.27 (P = (.003) and 0.39
(P = 0.001) for judges AG and EL. respectively. How-
ever. neither of the initial odor judge scores was signifi-
cantly related to cadaverine levels (P > (.05), Following
treatment, correlations berween odor judge scores and
volatile sulphide levels were significant for judge AG
ir = 0.27. £ = 0.003), but not for judge EL (r = 0.16.
£ = 0.072). Conversely, EL post-treatment scores were
highly associated with cadaverine ir = 0.31, P = 0.001),
whereas AG post-treatment whole mouth scores were not
ir=0.16, P = 0.09). Multiple repression analysis of post-
treatment results showed that both cadaverine and volatile
sulphides factored equally in accounnng for mean whole
mouth odor judge scores (P = {(L0] for both parameters),
yielding a multiple r of 0.36 (P < 0.001). In contrast,
anly volatile sulphide scores factored into the regression
equation accounting for baseline m=an odor judge scores,
vielding a multiple r of .39 (P < 0.001).

If-assessments of whole mouth malodor were not
szatficantly different from the corresponding mean judge
scores at baseline (P = 0.073. paired /-test). but were

significantly higher thin . omesponding mean judge scores
post-treatment 1/ - i e o caests, Self-assessment
of ST =T WIS S o) sl e 1L g dorsum
posteriar o was higher than comespuon.,..: aires

both prior to, and following treatment (P < 0.001 and
P = (.00&, respectively; paired /-test). Self-assessments
of whole mouth, pre- versus posi-treatment. were highly
associated with one another (r = (.52, P << 0.0011 as
were self scores of the spoon odor prior to versus follow-
ing treatment (r = 0.49, P < 0.0001). Correspanding pre-
versus posi-treatment odor judge scores were less strongly
associated with one another (r = 0.33, F < 0.001: and
r = (.35, P < 0.001 for whole mouth scores of AG and
EL. respectively; and r = 0.40, P < 0.001 for spoon
scores of judge ELL

Interestingly, self-assessments of whole mouth were
significantly associated with corresponding mean judge
scores, both at baseline (r = 0.20, P = 0.024) and post-
rreatment (r = 0.23, P = 0.009). Furthermaore, self-scor-
ing of spoon odor versus comesponding judge (EL) scores
yielded highly significant correlations of r = 0.25, P =
0.005 (baseline) and r = 0.35, P < 0.001 (post-iretament),
respectively. Self spoon scores were also significantly
correlated with volatile sulphide scores, both pre- and
post-treatment (r = 0.20. P = 0.03: and r = 0.25, P =
0.005, respectively). but not with levels of salivary ca-
daverine (P = 0.03).

Salivary cadaverine concentrations were marginally as-
sociated with sulphide levels both before and following
treatment (r = 0.20, P = 0.03; and r = 0.19. P = 0.043,
respectively). In contrast, putréscine levels were not re-
tated o sulphide levels (P = 0.2).

Caorrelations berween the modified oratest and the pre-
vious oratest technique were high, both at bascline and
following treatment (r = —=0.61, P < 0.001; and r =
—0.68, £ < 0.001. respectively).

DISCUSSION

Although mouth rinses have been tested for their effee-
tiveness in reducing oral malodor paramelers in a vanety
of studies ™' few investigations have been conducted
using other kinds of oral products. In the present study,
we compared the efficacy of breath mints, oxidizing loz-
enges. and chewing gum in reducing oral malodor over a
3-hour period.

Among the various treatments, only the full-strength
oxidizing lozenge was effective in reducing tongue mal-
odor, as determined by the spoon test. Funthermore. this
decrease was significant, as compared 1w all other treat-
ment groups { £ values ranging from 0.025 10 0.009). Al-
though the full-strength oxidizing lozenge also vielded the
largest improvemenis (decreases) in other parameters: i.e..
self-assessment scores (whole mouth and twongue dorsum
posterior). and whole mouth odor scores (judge EL). these
did not reach significant levels. To our knowledge. this is
the first repont demaonstrating a 3-hour anti-malodor efiect
of any logenge. More recent findings (unpublished have
demonstrated o Y-minute effect [or the reeular-sirength
oxidizing lorenge in reducing posterior oneue mudodor,
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The anti-malodor effect may be due o the activity of
dehydroascorbic acid. which is penerated by peroxide-
mediated oxidation of ascorbate present in the lozenges.
indeed, in vitro malodor reduction by mixtures containing
oxidizing agents and ascorbic acid has been previously
demonstrated.*

Although gum chewing per se is considered to be help-
ful in reducing bad breath during the day by stimulaung
saliva flow and mechanical cleansing.® the chewing gum
emploved in this study, devoid of active ingredients, was
not effective in reducing malodor parameters 3 hours fol-
lowing use.

Gentle scraping of the back of the tongue with a plastic
spoon, as performed here, has been used successfully for
several years in our clinical assessment of the source of
oral malodor.* We have recently begun to employ this test
as g measurement parameter in research protocols.'® In
addition to its ability 1o distinguish anti-malodor activity
among the groups. the “spoon test” appears o have po-
tential in self-assessment. Subjects’ scores of the spoon
malodor, both at baseline and post-treatment, correlated
significantly with corresponding odor judge scores, as
well as with volarile sulphide measuremenis.

As in previous studies, odor judge scores were signif-
icantly associated with sulphide monitor results. although
the correlation coefficients obtained were not as high as
those found elsewhere.' Furthermore. changes following
treatment were slight and not significant. Similarly, al-
though cadaverine was marginally related to volatile sul-
phide scores. and factored significantly (together with sul-
phide levels} in explaining posi-treatment odor judge
scores, the relationships between this diamine and other
malodor-associated parameters were weaker than those
found in a previous investigation.” One reason for the
lower degree of association may be the relatively voung
age and good health of the subjects studied here.

This is the first study 10 employ the modified oratest.
[ts main advantage is that the color change is not followed
continuously, but rather at a fixed interval (30 minutes).
The modified oratest was highly associaled with the pre-
vious oratest technique, and was more sensitive to differ
ences among groups than the previous test. Although the
oratest was onginally devised as a test of oxygen con-
sumption by the expectorated oral microbiota, the resulis
presenied here sugpest the potential of the modified ora-
test in monitoring substantivity of oxidizing agents in the
oral cavity,

Correlations between the 2 judges. although significant,
were moderate, even though both judges had previously
participated in clinical malodor studies. In a previous
study, we compared inter-examiner scores among 7 judg-
es and found that the Pearson correlation coefficients
ranged from 0.14 (P = 0.135) to 0.49 (P < 0.001).> One
potential factor in accounting for inter-examiner variabil-
ity is that each judge exhibits a different sensitivity to-

wards different “notes™ of oral malodor. The post-treat-
ment odor judge scores presented here provide initial sup-
port for such a hypothesis. Whereas judge EL's posi-treat-
ment scores were highly associated with cadavenine (P =
0.001) but not volatile sulphides (P = 0.072), judge AG’s
posi-treatment scores were associated with volatile sul-
phides (P = 0.003), but not with cadaverine (P = (,087),
When the molecular compositions of the various kinds of
oral malodor become better characterized. it should be
passible to test this hypothesis more thoroughly.

In a recent study, we addressed the question of whether
people can objectively gauge their own bad breath, in a
group of 52 subjects, most of whom had a complaint of
bad breath. Subjects were asked to raie the odor emanat-
ing from their mouths in the same manner as described
here (i.e., by cupping hands over mouth). In the previous
study, no cormrelation was found between self-estimation
of whole mouth malodor and objective measurements.
However, in the present investigation, significant associ-
ations were found comparing self-scoring of malodor with
odor judge scores, as well as with volatile sulphide levels.
One possible explanation for this discrepancy is that the
group of subjects in the previous study were concerned
about having bad breath and exhibited elevated psycho-
pathological scores as compared with a normal popula-
tion.* In contrast, the subjects studied here were healthy
voung adults who had no specific complaint regarding
bad breath and were recruited based on financial remu-
neration. As with whole mouth odor, self-estimation of
spoon scores was also significantly associated with odor
Judge scores and sulphide levels, both pre- and post-treat-
ment, These data raise the possibility that in the general
population, some degree of objective self-evaluation re-
garding oral odor is possible. This objectivity, however,
may still be mitigated by personal sensitivity 1o one's own
odor. As found in the previous investigations,*** subjects
in the present study tended to score their own tongue odor
more severely than the corresponding odor judge scores,
both prior to and following treatment. Moreover, subjects’
baseline and post-treaiment self-scores were more highly
associated with one another than corresponding odor
Judge scores.

Acknowledgments

We thank Jeff MNeal for help with the in vitro oxidation
reduction experiments and Ilana Gelernter for statistical
guidance. This study was supported by a grant from Ro-
land Arzneimittel. Hamburg, Germany: the chewing gum
was provided by Wamer-Lambert, Morris Plains, NJ.

REFERENCES
|, Geist H. Halitosis n anciem literature. Dear Absre |957:2:417-418.
2. Rosenberg M. Introduction, In: Rosenberg M. ed. Bad Breath: Re-|
search Perspectives, Ind ed. Tel Aviv: Ramot Publishing-Tel Aviv]
Liniversity: 1997:1-12, '



B e L —

Volume 68

amiber 12

Lad

GREENSTEIN. GOLDBERG. MARKU-COHEN, STERER. ROSENBERG 1181

. Tonzench J. Producton and ongin of oral malodor: A peview of

mechamsms and methods of analysis. J Periadoniol 1977:48:13-20.

. Rosenberg M. Climcal assessment of bad breath: Current concepis.

J Am Denr Assoc W 127475452

. Kleinberg [ Codipilly M. The hological basis of oral malodar for-

maton. In: Rosenbere M. ed. Bod Breath: Research Perspecrives.
2nd ed. Tel Aviv: Rumot Publishing-Tel Aviv University; 1997:13-
34

. De Boever EH. De Uszeda M. Loesche W, Relatonship berween

volatile sultur compounds, BANA-hvdrolvzing bactena and gingival
health m patients wah and withow complamis of oral malodorn J
Chr Denr 1993:4: 1 14-119,

. [ Boever EH. Loesche W1, Assessing the contribution of anasrobic

microflora of the lonpue w0 oral malodor J Am Derr Assoc 1995;
[ 26: 1 384—F 393,

. Kozlovsky A Gordon D, Gelernter 1. Loesche W), Rosenberg M.

Correlation between the BANA 1est and oral malodor parameners, S
Dent Kex 199473 10361042

. Grapp GL. Felor oris (halitosis). & medical and dental responsibiliny,

Northwerr Med 1933:32:375-38(.

. Rozlovsky A, Goldberg 5. Nawwr L Ropatkv-Gat A, Gelermer 1

Rosenberg M. Efficacy of a 2-phase oil:water mouthrinse in con-
trolling oral malodor, gingivitis, and plague. f Periodanid 1996:67:
57T-582.

- Sulser GF. Bremng RH, Fosdick L5, Some conditions thar affect the

odor concentration of breath. J Denr Rer 19300 18:155-354,

. Berg M. Fosdick L. Studies in periodomal disease. 11, Putrefactive

orgamsms 1n the mouth. J Denr fes 1946:25:-73-81.

Mivazaki H. Sakao 5. Kawh Y. Takehara T. Oral malodor in the
eeneral populanon of Japan, In: Rosenberg M, ed. Bad Sreath: fe
search Fergpectives, 2nd ed. Tel Aviv: Ramot Publislimg-Tel Aviv
Universuy: 199711 1%=13a.

. Yacgaki K, Sanada K. Volatile sulphur compounds 1 mouth air

tram clinically healthy subjecis and patents with periodonial dis-
ease. S Periodon) Res 1992;2T:133-238.

15 Rosenberg M. Kulkarmi GV, Bosy A, McCulloch Ca. Reproducs-
bility and sensitivity of oral malodor measurements with a parable
sulphide monitor. J Denr Res 199 1:70: 14361340,

it Bosy A. Kulkami GY. Rosenberg M. McCulloch CAG. Relationship
aof oral maledor 1o penodontinis: Evidence of independence in dis-
crere subpopulations, J Periodome’ 1994:65:37-46.

17, Miles HE. Gaffar A. Advances in mouth odor research, In: Rosenberg
M. ed. Bud Breath: Research Perspecrives. Ind ed. Tel Aviv: Ramol
Publishing-Tel Aviv University: 1997:55-69.

I8, Rosenberg M. Gelermer I Barki M. Bar-Mess K. Davlong reduction
af oral malodor by a 2-phase oil:water mouthrinse, a5 compared o
chlorhexidine and placebo rinses. J Peripdonio! 199263 39—35,

19. Rosenberg M. Septon L Eli [ Bar-MNess R. Gelernier, [ Brenner 5.
Gahbay J. Halitosis measurement by an indusinial sulphide monnor.
I Pertodontol 99162487489,

20. Rosenberg M. Barki M. Ponnoy 5. A simple method for estimating
oral microbial levels, J Micrabin! Methods 19899 253-256.

21, Tal H. Rosenberg M, Estimation of dental plague levels and gingival
inflammation using a simple oral nnse techmgue, J Periodontol
[Ge06]:335-342.

23, Larsson BT, Widmark G. A gas chromaiographic method for 2nal-
ysis of volatiles in saliva samples, Acre Pharmacentica Swecica
| 69 ATY—4EE.

23, Goldberp 5. Kozlovsky A. Gordon D, Gelemter I Simov AL Ro-
senberg M, Cadaverine as a putative component af oral maledor. S
Demr Rer 194:73: 11681172

24, Rosenberz M. Kozlovsky A, Gelemter [ et al. SeIf estimation of
oral maloder, J Denr Res 1995:74:1577-1582

5. Eli 1. Baht R, Koziovsky A. Rosenberz M. The complaint of oral
malodor—possible psvchopathologic aspects. Pavchosomaric Med
199658 156159,

Send reprim requests 10 D Mel Rosenberg, Maurice and Gabricla
Goldschleger School of Denial Medicine. Tel-Aviv University, Ramat-
Aviv, [srael 69978

Accepted for publication April 14, 1997,




