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Mouthrinse in

Dmi Malodor

Abstract: Studies have supzested that when chlorine dioxide is contained in
wmotthringe, it neutralizes volatile swelfir compounds tn mouth air. The effi-
eacy of a chlorine dioxide—containing mouthrinse in the reduction of oral mal-
ador was evaluated in a randomized, controlled, double-blind, parallel group
stdy of 31 men and womnen, Subjects with a meximum odor pleasantness
score of < =1 (slightly wnpleasant/siale) on a 7-point ordinal scale at both
screening and haseline were randomized to treatment with the chlorine diox-
ide—containing rinse (n = 16) o distilled water {negative control) (n = 15).
Oral malodor was evaluated ot baseline {previnse) ond at 2, 4, 8, 24, 48,
72, and 96 hours postrinse by hoth a trained, previously calibrated panel of
organoleftic judges and a factory-calibrated portable sulfide monitor. The
sulfide monitor measured concentrations of velatile sulfur compounds in the
subjects’ mouth air 3 minutes after completion of the organoleptic assessment
at each time point. The correlation berween the organoleptic assessments
wnd log-transformed sulfide monitor values was evaluated., With the chlorine
- dioxide mouthrinse, a statistically significant improvement in odor pleasant-
ness, reduction in odor intensity, and reduction in oral volarile sulfur com-
pownd concentrations cmrt]‘mred to the water control were evident at 2 howrs
bostrinse and persisted through 8 hours postrinse. The mean [+ 51) odor
pleasantness anproved from ~1.23 = .31 at baseline to <0.73 £ 0.33 ar 2
" howurs postrinse in the chlerine disvide group compared to =1.40 = 0,38 mt
baseline to =1.31 = (L.67 at 2 hours in the control group (P <0.01). Oduwr
Pleasaniness reached its meximuom chunge from buseline to .63 = 0.45 at 8

hirs postrinse. The mean {2 5D log-transformed sulfide monitor measure-

ment decreased from 3.40 = (.29 ar baseline 10 3.17 = 0.13 at 2 hours
Postrinse in the chlorine dioxide group, but increused from 3.47 = .40 at
baseline to 5.56 + (.54 ar 2 howrs in the contral group (P <0.01). As mea-
sured by the sulfide monitor, the mean volatile swdfur compound concentra-
tion in the chlorine dioxide group reached its minbmon level ut 8 hours
postrinse (change from baseling in the log-transformed Halimeter™ measure-
ment of <(L35 = 0,31} Thus, this study demonstrates that a one-time wse of
@ chlovine dioxide-containing meuthrinse significantly improves mouth odor
Measantness, reduces mouth oder intensity, and reduces volatile sulfur com-
pownd comcentrations i mouth air for at least 8 hours after wse.

he growing inrerest in halitosis (bad breach) is evidenced by the prolif-

eration of diagnostic and creatment services offered in many denral

offices and breath clinics. Bad breath is most often caused by oral con-
ditions,! including poor general oral hygiene, pericdontal diseases, dry mouth
{transient or chronic), food impaction, improper or faulty restorations, unclean
denrutes, excessive bacterial growth on the dorsum of the tongue, throat infec-
tions, and oral carcinomas™; nonoral etiologies are rare.”

The principal source of oral malodor is bacterial stagnation in grooves, fis-
sures, and interpapillary areas of the dorsoposterior surface of the tongue.™*7
Mass spectrometric and gas chromatographic studies have shown that volatile
sulfur compounds (VSCs), including hydrogen sulfide (1,5}, methyl mercapean
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| Learning Objectives:

Afrer reading this aroclz, the reader

shoredd be able o:

o Jiscuss the efficacy of a
chlorine dioxide-conmining
maurhrinse in reducing oral
malodor.

evaluate the use of serial
organoleptic and Halimerer®

measurements for characteriz-

ing aral malodor,

discuss the carrelarion
herween valarile sulfur

compounds and aral maladar.

* compare the affect of
cammercially available
mouthrinses vs a chlorine
dioxide—containing
mouthrinse,
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{CH,SI), and, to a lesser extent, dimethyl sul-
fide (CH,SCH,}, are the principal malodor-
ants in bad breath.”” Hydrogen sulfide is pro-
duced primarily from the rongue dorsum, while
ml._'i:}lyl mercaptan and dimethyl disulfide
L‘Tiriﬂh tl"l[ﬂ TI'IH]_I:ICIU-r prUiil]L‘L‘L] h':f' Fﬂ'.'r'i(_'l:li_'intﬂl
tissues.®!? In the mouth, V5Cs originate from
the anaerohic bacterial activity on sulfur-con-
taining amino acids derived from degraded
proteins present in salivary filcrare.™ Al-
though commenly associated with such condi-
tions as chronic halitosis and periodontal dis-
ease, VSCs are derectable in the mouth air of
normal (ie, dentally healthy) individuals.’
Following the application of cysteine as a
mouthrinse, ¥Y5SUs have been produced in the
mouths of healthy subjecrs with no history of
halitosis.!

linical use of a mounthrinse containing
chlorine dioxide can be expected to reduce
oral malodor by reducing concentrations of VSCs.

Reliable and reproducible assessment of
oral malodor has been difficult o achieve.
Organolepric or hedonic assessment, the sim-
plest and most commonly used methad of mea-
suring oral malodor, involves the direcr nasal
sniffing of mouth air*!"!* Organoleptic assess-
ment by a panel of sensory judges is considered
a reference standard of oral malodor measure-
ment because it closely approximares the way
in which bad breath is detecred. However,
researchers have cbserved wvariation berween
judges on scoring the degree of unpleasaniness
of various odors.?''= The reliability and repro-
Jueibility of measurement may be improved it
the judges are trained to recognize and rate
oral malodor.” Although agreement among
judges may be increased if they are previously
instructed to assign specific scores to designat-
ed odor stimuli,'""" reproducible oltactory
standards do not exist.®' Arttempts o creare
such standards have included the use of mass
spectrographic and gas chromatographic tech-
niques and, more recently, portable sulfide
monitors adapred for use in oral malodor

(RN E

researci,

Studies have suggested that when chlorine
dioxide is contained in 2 mouthrinse, it neu-
tralizes V5Cs in mouth air. In experimental
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models, use of a mouthrinse containing a mi:
ture of chlorine dioxide and chlorite anion h
[een shown ro resuit in oxidacive consumptic
of the amino acids cysteine and methionin
which are precursors of V5Cs."? Thus, clinic
use of a mouthrinse comtaining chlorine dim:
ide can be expecred to reduce oral malodor H[
reducing concentrations of V3Cs. [n cantras
commercially available mouthwashes have ni'
significant effect on oral malodor.?*!% i
The objecrive of the present study was ¢
investigate the efficacy of a chlorine dioxid:
mouthrinse in reducing oral malodor over |
Y6-hour period following a single 30-secom
rinse. The study used a double-blind, random
ized, parallel group design, with disalled WELTEE_
serving as a negative control, Organolepeit
assessment was used to characrerize the pleas)
antness and intensity of the subjects’ oral mal
odor, and a portable sulfide monitor was useff
tir provide a quantitative measure of oral V'S
concentrations for each rtime poinc cha
organolepric evaluations were recovrded.

—

Materials and Methods
Study Treatments i
The chlorine dioxide—containing mout
rinse used as the test treatment in this study
was CloSYSI™ (formerly RetarDEX?® oral
rinse), which is 0149 seabilized chlorine diex
wle in aqueocus solution. The rreatment wa
administered in blinded containers withour che
addition of an oprional mint flavering agent
Distilled warer, used as a negative control i
this study, was indistinguishable by raste, ador
or appearance from the test treatment.

T TN

Subjects and Selection Criteria

Thirty-one subjects were enrolled in the
study and randomized tor trearment witky
either the test mouthrinse (n = 16) or discillec
warter {n = 13). Twenry-four {77.4%) of the
subjects were women and 7 (22.6%) were men.
The subjects ranged in age from 27 to 70 years.
There were no statistically significant differ-
ences between the treatment groups with
tespect to gender, ecthinicity, or age. The study
protocal was approved by oan Institutional
Review Board and written informed consent
Wik ".'.II_'II.'.'-'li'l"Il'_"L{ El'l.'lln :-'l” .‘i\'ll_-lj{.‘.":,rﬁ l:;e{ﬂr[.’. thu sEart
of screening procedures. All subjects enrolled
completed the study according to protocol.

Subjects were eligible for inclusion in the

Fonvpor Phammaezmticals. Tnes Seorsdnle, 27 3232605400
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Treatment
I i I:Hminu Diu:idl llm Distilled Water

| 125 m 31) 40 (030
i  Mean | -073(0.33) 21 31(0.67)
| ﬂtﬂm& from 0 0.52 (0.34) 0.09 {0.51)

! Povalue (Change) 001 0.58
' 4 -0.92 (0.45) -1.49(0.73)
Change from 0 0.33 (0.49) -0.09 (0.66)

i . Pvalue {Change) 0.02 0.61
' 8 Mean (Sl -0.63 (0.42) -1.29 (0.76)
Change from 0 0.63 (0.45) 0.11(0.72)

Pvalue (Change) <0.01 0.56
l 24 Mean (SD) -0.92 (0.45) -1.20 (0.66)
Change from 0 0.33 (0.44) 0.20 (0.71)

] P-valus (Change) <0.01 029
48 Mean (SD) -1.21 (0.57) -1.31 (0.76)
Change from 0 0.04 (0.56) 0.09 (0.71)

Pvalue (Change) 0.77 0.53
72 Mean (SD) -1.19 {0.54) -122(0.07)
Change from 0 0.06 (0.44) 0.18 (0.83)

Povalue {Change) 0.58 0.42
96 Mean (SD) 1,15 (D.44) -1.38 (0.62)
- Change from 0 0.10 (0.34) 0.02 (0.57)

| Pogalue {Change) D.24 0.88

! * Pvales for comparisons i kesed oa 2-sample [ lest

—— ——

bErwees Groaup
Povaioe for within-groep change frem baseline s bated o 1-sampls (paired) 12t

trial if they were in good general health; at least
18 years of age; capable of understanding the
plan and scope of the study with respect to sub-
ject participation and giving informed consent;
and had an average odor pleasaniness score of £
=1.0 (slightly unpleasant/stale) assigned by the
organoleptic panel at screening and ar baseline,
Subjects were excluded if they had a known
allergy to any ingredients found in denmal prod-
ucts; preexisting oral irritations; had gingival
surgery within the 6 months before screening;
had full dentures, partial dentures, or orthodon-
tic appliances; were pregnant or lactating; had
halitosis because of known factors other than
oropharyngeal bacteria {eg, diabetes); or used
any daily medication that might mterfere with
the performance of the study according to pro-
tocol. A thorough intraocral examination was
performed at screening to determine whether
subjects met the inclusion or exclusion crireria.
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P-yalue*

General Study Procedures

The subjects were inscructed w
abstain from oral hygiene (ie, w0
refrain from brushing, flossing, or
rinsing their mouths) beginning ar
midnight before each study visic
They were permitted to eat and
drink on the moming of the study

0.24 visit, but were instructed o avoid
<001 eating foods that could impart a

strong residual odor. Smoking on the
morning of the assessments was not

(1113 permitted. The subjecs also

refrained from using hair spray,
cologne, perfume, or strong derer-

<001 gents 50 as not to distract the judges.

The subjects remained at the
study site for the first 4 hours after

017 rinsing. They were permitted two

drink only water during this period.
The subjects returned to the study

0.67 site for the 8-, 24-, 48-, 72-, and 96- .

hour assessments, having observed |
the restrictions on food, drink, and |

0.89 oral hvgiene reguinad by protocol |

The subjects’ study participation cul- '
minared with completion of the 96- I

0.23 bour sulfide monicor mensurements, f

Efficacy Assassmenis
Organoleptic Assessments—An |

experienced panel of three senson -

judges performed all organoleptic |

assessments. All of the judges had
been selecred, trained, ELJ.'I-.[}"FHL:‘.-LM'I, calibrated
according ro standardized criteria. '™ All sub-
jects were evaluared by each of the three judges
at O hour {baseline/prerinse) and at 2, 4, 8, 24
48, 71, and 96 hours postrinse. Odor pleasant-
ness was rated on a 7-point bidirectional scale as
follows: very pleasant/fresh (+3), moderately
pleasant/fresh (+2), slightly pleasant/fresh (+1).
neutral or no significant breath odor (), slight-
v unpleasant/stale (1), moderately unpleas-
ant/stale (-2}, or very unpleasant/srale (-3}
Odor intensity was rated on a 4-point categori-
cal scale as follows: none (0), slight (1), moder-
ate (1), strong (3), or very strong (4).

For each scheduled assessment of odor
pleasantness and intensity, each subject was
given a bonded [.'-Jpl.“r-l:m'ered tube and |
instructed to insert the tube through the open-
ing of a curtain behind which a judge was sta-
tioned. The judge was instructed to notify the

YVol_21. Mo 3



Time

Postrinse (hours) Chlorine Dioxide Rinse Distilled Water

0 Mean (SD) 1.27 {0.30) 1.42 (0,46}

2 Mean {50} 0.81 (0.38) 1.40 (0.70)
Change from & -0.46 (0.32) -0.02 (0.70)
Pyalue (Change) <0.01 0.90

4 Mean (S0} 0.94 (D.48) 1,56 {0.86)
Change from D -0.33 (0.50) 0,13 {0.77)
Pyalue (Change) n.02 0.52

8 Mean {50} 0.63 {0.42) 1.29 (0.73)
Change from 0 —0.65 {0.46} —0.13 (0.66)
Pevalug (Change) <0.M1 0.45

24 Mean (50) 0.96 {0.47) 1.22(0.71)
Change from O -0.31 {0.45) -0,20 (0.79)
Pyalue (Change) 0.01 0.35

48  Mean (8D} 1.21 {0.57) 1.31 (D.78)
Change from 0 -0.06 {0.57) =011 [0.67)
F-value (Change) 0.67 .53

72 Mean {50} 1.21 [0.58) 1.29 (0.86)
Change from 0 -0.06 (0.49) -0.13 (0.89)
P-value {Change) n.62 n.a7

95 Mean (S0} 1.21 (0.48) 1.40 (0.66)
Change from 0 -0.06 (0.39) -0.02 (0.60)
Pvalue (Change) 0.53 0.89

Table 2—Mean Odor Intensity Scores: Summary of Between-
Group Comparisons and Within-Group Changes from Baseline

Pvalue*® J 1
it quantifies ar the parts-per-hillion

(prh) level. :

0.29 After completing the organolep-;
<001 tic assessment, the subjects, withg
their mouths closed, proceeded in:

single file to a second odor grading?

0.h2 station for WSC evaluation. Onees
there, ench subject connected onel

end of a clean straw to the Hali

001 meter® and kept the mouth closed forg
approximately 30 seconds. While

holding the breath, the subject then

0.23 placed the mouth over the frec end of
the straw. The Halimerer” then drew

air from the subject’s mouth. The

0.67 measured VSC value indicated by the
INSEEULment Was TL'CL'II'I:IE'I'.{ 01 [htﬂ CESEs

report form by the clinical staff. As

076 stipulated in the Halimeter" specifi-
cations, three replicate measurement

readings were ohrained from each

0.36 subject at each time point and aver-

+ Pogalun lor betwean-greup comparnisans |5 basad on 2-sample f L2sl
Puyalun Tar within-group change fram baseline is based an 1-sampls [palred} fiest

subject when the assessment was to be made by
using the word “ready.” The subject placed the
lips around the tube, forming a right seal, and
expelled no air in order o avoid introducing
lung air into the mouth. The judge took one or
two staccato sniffs in order 1o clear the tube of
any “"tube air,” (ie, air present in the tube
which did not originate from the subject’s
mouth). The judge then inhaled the subject’s
mouth air gently through the tbe and wrote
down the odor pleasantness and intensity
scores. | a second or third assessment was
needed, the judge indicated this to the subject
by stating “again.” The subject was then rold
“next,” a signal to move on to the next judge’s
station. This process was repeated by each of
the subjects for each judge in succession.

VSC Measurements—A factory-calibraced
Interscan RH-ITE Halimerer™ was used w

~ reracan Carponition, Chatswaeerh, CA 915132496
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ohmin all measurements of VSC i)
the subjects’ mouth air. The onlyd

funcrion of the Halimerer® is 1o serves '
as a reliable monitor for the measure-
ment of VSC concentrations, which

aged for a single score. The
Halimerer! was reser to zern for ambi-
ent room air before each recording.

Statistical Methods

Organoleptic Assessments—

Descriptive staristics {means and standard
Jeviations) were used to summarize the aver
age of the assessments of the three judges at all
time points. Berween-group differences in
organaleptic assessments were tested using the
: test at the 5% level of significance. Within-!
aroup changes from prerinse levels each’
postrinse rime point were analyzed using the
paired ¢ test at the 5% level of significance. |
The apparent lack of homogeneity
between the two treatment groups with respect
to odor pleasantness at baseline, while not sta-)
tistically significant, prompted a supplementary:
statistical analysis of the effect of haseline.

scares on postrrearment odor pleasantness.
Odor pleasantness scores were analyzed at each
postrinse time point using an analysis of covari-
ance with the baseline score as the covariate.

VSC Measurements— The three replicate
measurements obtained from each subject ar

yoi, 21, No. 3




within treatment, evaluation time,
and treatment time interaction.

-Tahle 3—I.ug Transfnrmed ’l..'SE Measureménts, Summar of
Between -Group Cumparisuns and Wlthm Gruup Changes from Resilis
__BESEIII'IE Al et : o S Odor Pleasantness
' Table 1 summarizes odor pleas-
antness scores for the average of the
three-judge panel at all time points.

‘_I'i'r'm! _ : Treatmenl ; Pvalug*
Postrinse (hours) Ghlurine Dioxide Rinse D!sti!lﬂd Water

D Mean (5D) 5.40 (0.29) 5.47 (0.40) 061 There was no statistically significan:
2 Mean (5D} 5.17 (0.13) 556 (0.54) <0.01 difference between the chlorine diox-
Change from 0 -0.24 {0.21) 0.10 {0.23) ide and control groups ac baseline {0
P-valug (Change) <0.04 013 ’ hour). The mean {+ SD) odor pleas-
4 Mean (D) 5.19 {0.15) 558 (0.52) <0.01 antness improved from —1.25 = 0.3]
Change from D -0.22 (0.28) 0.11{0.21) at baseline to =0.73 + 0.33 ar 2 hours
P-valug (Change) <0.01 0.08 postrinse in the chlorine dioxide
&  Mean (SD) 5.05 (0,11} 5.21 (0.29) 0.05 group compared to ~1.40 £ 0.38 ar
Change from 0 -0.35 {0.31) -0.25 {0.25} baseline ro —-1.31 = 0.67 at 2 hours in
Pvalue {Change) =0.01 =0.01 the control group. Two-sample ¢ rests
24 Mean {SD) 5.22 (0.12) 5.40 {0.37) 0.07 showed that the berween-group dif-
Change from 0 -0.18 {0.31} —0.06 {0.21} ference in odor pleasantness scores
P-value {Change) 0.04 0.25 was statistically significanr ar 2 hours
48  Mean (SD) 5.27 (0.25) 5.32 (0.31) 0.64 (P <0.01), 4 hours (P = 0.01), and 8§
Change from 0 —0.13 (0,32} -0.15 (0.20) hours (P <0.01) postrinse {Table 1),
Pvalue (Change) 0.12 .0 The mean (£ 5D} odor pleasancness
72 Mean (SD) 523 (0.34) 5.31 (0.33) 0.50 ity the chlorine dioxide group reached
Change from 0 -0.18 (0.36) -0.16 (0.28} its maximum level of -0.63 = Q.42
Pyalue (Change) .07 0.05 indicating the greatest increase in
95 Maan (SD) 5.25 (0.27} 5.24 (0.35) 0.08 odor pleasantness, at 8 hours
Change from 0 .16 (0.23) -0.22 (0.21) postTinse.
F-value (Change) 0. <0.01 Analyses of within-group changes:

from baseline in the chlorine dioxide
group using a |-sample ¢ test showed
scaristically significant increases from
baseline in odor pleasantness at 2, 4,
each rime point were averaged, then [ p-Lrans- B, and 24 hours postringe (P <0.01, P = 0.02, P
formed. Descriptive statistics (means and stan- <001, and P <0.01, respectivelv}, whereas the

* Plue for between-group comparisans is based on 2-sample flest
Fuabug for within-group change from basaline is based on 1-sample (paired) £ test

dard deviarions) were used to summarize the
mean log-transformed Halimerer® measure-
menes at all cime points. Between-group com-
parisons of the mean log-transformed values
for each time point, as well as analyses of the
within-group changes from baseline (prerinse)
ar each time point postrinse, were performed
using the 2-sample ¢ test and the paired ¢ rest,
respectively, at the 3% level of significance.

Correlation of Odor Pleasantness Scorves
and VSC Values—A parrial correlarion coeffi-
cient was computed between the organcleptic
assessments (ie, negative pleasantness score
and average of judges) and the log-transformed
Halimerer® values. The correlation coefficient
was based on all observed dara, using a linear
model including factors for treatrment, subjece
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control group showed no significant increases
from baseline postrinse at any time point during
the srudy (Tahle [ ).

The apparent lack of homopeneity
berween the two treatment ErOnIPS with TESpECT
to odor pleasantness at baseline, while not sta-
tistically significant, prompted a supplementary
statistical analysis of the effect of baseline
scores on posttreatment odor pleasantness.
This analysis (ANCOVA) confirmed the pres-
ence of a statistically significant treatment
effect (rtest > contral) atr 2, 4, and 8 hours
postrinse, even after adjusement for che effect of
baseline differences in the staristical model.
Odor Intensity

Cdor intensicy scores for the average of the
three-judge panel ac all time points are summa-
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rine dinxle and control groups ar haseline

| 33 - 80
; _. _ ; Lewre ). The mean (£ SDY fog-rransformed W
' measurement Jecreased from 3,40 + 0.29
| W aseline to 3.17 £ 0,13 at 2 hours postrinse
¥ " %% | the chlorine dioxid increas
N T the chlorine dioxide group, bur increased fi
| e W ¢ 22 5.47 + 0.40 ar baseline to 5.56 + 0.54 ar 2 ho

! : = : in the conrrol group, Two-sample r tests show
| IELY'(W\W—— - e 4 that the berween-group difference in V5C me

i = s surements was statistically significant at 2 ha
] "-.1 g (P =0.01) 4 hours (P =0.01), and 8 hours (T
/&\7-;—-""’ P45 0.05} postrinse and approached significance
: - 24 hours (P = 0.07) postrinse (Table 3). .
: measured by the Halimerer”, the mean V&
concentration in the chlorine dioxide gro
reached its minimum level, corresponding tc
log-rransformed Halimeter® reading of 5.05
0,11, ae 8 hours postrinse.

Analysis of within-group changes fro
baseline using the paired t rest showed thar d
chlotine dioxide group had statistically signii
cant reductions in VSC concentrations at 2, -

Q 12 24 [+ a5
Hours Postringe

[ = chlerine dioxida-containing mouthringe. W = water

Mate: the lof ordinata (y-axis) far salid ings is the negativa of lhe pleasantness score

avesaged across judges: the sght ardinate for dashed lines is the log-lransformed WSC
reading. The ditfferances detwagn trealmonts wire statisbically significant (2 < 0.05) al

2, 4, and 3 haurs postrinse [ar bolh measuros

Figure 1—MWean aral plaaseningss scores and Halimeter® scoras by traatmant va Lime.

rized in Table 2. There was no statistically sig-
nificant difference between the chlorine diox-
ide and conrral groups ar baseline (0 hour). The
mean (2 SD) odor intensity deereased trom
[.2T £ 030 ar baseline ro C.81 £ 0,38 ar 2 hours
postrinse in the chlorine dioxide group com-
pared to 1.42 £ 0.46 at baseline to 1.40 = 0.70
ar 2 hours in the control group. Two-sample ¢
rests showed thart the berween-group difference
in odor intensity scores was statistically signifi-
cant ab 2 hours (P <0010, 4 hours (P = 0.02),
and 8 hours (P <0.01) postrinse (Table 2}, The
mean (x 5D} odor intensity in the chlorine
dioxide group reached its minimum level of
0.63 + 0.42, indicating the greatest decrease in
odor intensity, at § hours postrinse.

Analysis of within-group changes from
baseline in the chlorine dioxide group using a
l-sample t test showed statistically significant
reductions from baseline in odor intensity ar 2,
4, 8, and 24 hours postrinse (P <0.01, P = 0.02,
P <0.01, and P = 0.01, respectively), whereas
the control group showed no significant reduc-

tions from baseline at any time point postrinse
(Table 2).

VSC Measurements

The mean log-transformed VSC measure-
ments using the Halimerer® at all time points
are summarized in Table 3. There was no statis-
ticatly significant }i%ence between the chlo-
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24, and 96 hours postrinse (P <0.0i
P <0Q0L, P <0.0L, and P = 0.04, respectively
and a reduction approaching significance at 7.
hours postrinse (P = 0.07). The contrel grog
had significant reductions in V5C concentn,
tions from baseline at 8, 48, 72, and 96 hours (
=001, P =0.01, P = 0.05, and P <0.01, respec
E'iVE[‘f}, and reductions ':Jpprn;]{_'hing sigl':iﬁr::mu
ar 4 hours postrinse (F = 0.06) {Table 3). I|
Correlation of Odor Pleasantness Scm'e.s!
With Levels of VSC f

The changes in odor pleasaniness scnres::
and levels of VSC as measured by the
Halimeter® ar all time points postringe are
depicted graphically in Figure 1. Statisrically
significant differences (P <0.05) between!
treatments in odor pleasantness and VST lev4
els were derected ar 2, 4, and 8 hours postrinse.!
The partial correlation coefficient mlcuiaced:
berween the odor pleasanimess scores and con-:
centrations of VSC in mouth air as measured:
by the Halimeter® was 0.277 with 203 df fﬂr!
etror and a significance level less than 0.001.!
Thus, the improvement in organcleprically”
assessed breath odor pleasantness was positive-
ly correlared with the reduction in concentra-
tions of VSC in mouth air.

Discussion )

The organoleptic assessments of breath
odor pleasantness and intensity showed statis-
tically significant malodor reduction with

Yol 21, Mo, 3



I

chlorine dioxide compared to distilled warer at
2, 4, and 8 hours postrinse. These findings
were paralleled by statistically significant
reductions in VSC concentrations as measured
by the Halimeter® at the same time points.
The Hl‘;ttiﬁti{tu”y .a;.igniﬁcant cortelation
between odor pleasantness scores and
Halimeter® measurements is consistent with
previous findings that VST are the principal
malodorants in bad breath.’*

ndividuals with low concentrations of methyl
mercaptan relative to hydrogen sulfide may

have elevated Halimeter® measurements and no
organoleptically discernible breath malodor.

A potential limitation of this study is chat
the subjects’ malador was assessed sequentially,
rather than simulcanecusly, by che members of
the organoleptic panel at any given time poine
postrinse. This limitation is shared by inost
studies that use both organoleptic and instru-
mental assessments of oral malodor, and that
recuire organaoleptic assessment by more than
one judge. It has heen pointed our char once
the oral head space is sampled for measurcmend
by one judge, it is unlikely thar the concencra-
tion and compasition of the various gases are
reproduced in subsequent samples.” Moreover,
sensory comparisons should be made ar approx-
imately equivalent concentrations of the
chemical entity or enrities under the studv.'’
The first observation, however, relates to
organolepric assessments of expelled mouth air.
In the present study, every effort was made to
minimize sources of odor variability by havine
the subjects expel no air during either dhe
organolepric assessments or the VSC evalua-
tions and keep their mouths closed berween
organoleptic assessments and VSC evaluations.

An additional limitation of che study is
that both the objective and subjective meth-
ods used to characterize oral malodar showed a
slight downward drift over time in bath the
active- and placebo-treated subjects. A slighe
downward drifc in Halimeter® measurements
over time has been reported by other
researchers and mav reflect a possible loss of
machine sensitivity as a result of contamina-
tion of the hydragen sulfide sensor with sul-
fide-cantaining components.’- For this reason,
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the urility of the Halimerer® would be

improved if accurate laborarory standards were |

readily wvailable for daily calibration of the

muchin&.” TI."I.E [."HI'HHE] {ll}‘\."ﬁ!'l‘.-'\-'l-lr'..l 1§ril-1 E"lli‘.-!l..",d

in the organoleptic assessments may indicare
affective habituation of che organolepric
judees to the unpleasant substances contribue-
ing to the subjects’ oral malodor'* Despite
the ohserved downward drifr, both  the
Halimeter® and the organoleptic panel were

ahle ro differentiate the effects of the active |

mouthrinse from those of the water control
through 8 hours postrinse.

-r]'lL“ |l:'r'v".-"-'|:l'l-'|T'|L'|i.'iC'|":-||l_-' Ct‘)t'r&l;tlit}n UEHL‘T\.'EI,_'I
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|1]Fl[{IL‘|{]T 'rI:['I'i.|. '[]'lL‘ |_['r![:i]]]|_'|.|_‘|'j MAsLTeImeEnTs l.'lr.
Yol concentration in the subjecrts’ mouch air
may have resulted from a combinacion af twu
important faciors, Firse, the ennv criteria stip-
ulaced thar che subjeces demonstrace good gen-
eral health, and it has been shown thar the
principal malodorant in che mauth air of nor-
mal individuals is hydrogen sulfide, " Second,
alchough the Halimerer® quantifies concentra-
tions of V5C ar the ppb level, it s approxi-
mately twice as sensicive o hvdrogen sulfide as
it is to methyl mercapran.™ Thus, individuals
with low concentrations of methyl mercaptan
relacive o hvdeogen sulfide mav have elevated
Halimeter? measurements and no organolepei-
cally discernible breath malodoe’ The signifi-
Cenl 'L'I:IFF'.."."-I‘IiI.}!'I |"'["f'\".'[:"{fr:| I'_'II_'EE]'LO[EFI[I.C d558255-
el éllhl H;i]inwrurf‘ measurements 1n '-_']"I.r'_'
prosent studv sugeests thar hydrogen sulfide
was the principal component of the subjecrs’
malodor. However, a Jefinitive statement con-
cerning the correlation between the concen-
trations of hvdrogen sulfide in the subjects’
mouth air and the organolepric panel’s assess-
ments is bevond the scope of the present study.

In conclusion, this study successfully used
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serial oreanolepric and Halimerter
mienc: o characrerize the Juration of acown of
a chlorine dioxide—containing mouthrinse on
oral malodor during the pericd beginning at
baseline and continuing through 96 hours
rostrinse. The organolepric panel’s subjective
assessments were validated by concurrent use
of an objective measure of volatile substances,
which conrributed 1o the subjects’ oral mal-
odor. The data show that a single 13:mL appli-
cation of a chlorne Jivxide—containing
]ﬂl‘:l'l.l[':‘l]'i]"..‘u';_\ i.l'l'li"l".]'q.'l.':.‘: E'|r¢.'-|l]1 .]l.:ll_'lr PlEHEHl‘l[’-’
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