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Low salivary flow and volatile sulfur compounds in mouth air
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Objective. The purpose of this study was to delermine whether a reduction of salivary flow would inflluence the
production of methylmercaptan (CH,5H] and hydrogen suliide (H,5), which are volatile suliur compounds (V5Cs)

known 10 cause oral malodor.

Study design. The V5Cs in mouth air were measured by means of gas chromatography. Spitting and masticatory
tstimulated) methods were used 10 determine the salivary flow rates of 174 patients

Results. There was no significant correlation between the level of VSCs and salivary flow rate. However, subjects with
exiremely low resting salivary flow rates had signilicantly higher CH,5H and H.5 concenlrations and tongue-coaling
scores than those with higher resting salivary flow rates. Moreover, logistic analyses revealed that extremely low
resting salivary flow, the increase in tongue coating, and a probing pocket depth greater than 4 mm were strong
explanatory 1actors for the generation of W5Cs, which could have caused oral malodor,

Conclusions, These findings suggested that an extreme reduction in resting saliva inflluenced the generation of CH,SH

and H.5 in mouth air,

{Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2003;96:38-41)

Volatile sulfur compounds {VS5Cs) such as hydrogen
sulfide (H.S) and methylmercapian {CH,S5H) are the
main causes of oral malodor.'” which is a common
complaint in differem populations. VSCs onginale
from the bacterial metabolism of amine acids in mate-
rials such as food debris, desquamated cells from oral
mucosy, and leukocytes that accumulate in the orul
cavity,™ The intensity of clinical bad breath is signif-
icantly comelated with the level of the intraoral
VSCs."" The generation of oral VSCs is influenced by
various factors in the oral cavity. The tongee coating
and the periodontal pocket are the main sources of VSC
production with respect 1o the bacterial profile. It is
evident thai an increase in the amount of tongue coating
and the number of periodontal pockets significantly
correlates with an increase in the concentration of
VSCs in mouth air.*"*

Dry mouth is generally regarded as another of the
major contributory factors in the production of oral
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malodor becanse decreased salivary flow weakens the
normal cleansing mechanism of the mouth and predis-
poses the oral flora toward the gram-negative organ-
isms responsible for the malodor.'*'* The oral malodor
called morning breath is one of the phenomena caused
by reduced salivary flow during sleep.™'' However,
previous studies have shown no evidence that 3 reduc-
ton in the salivary fow rate significuntly correlates
with increases in oral mulodor or concentration of
VSCs in mouth air.*'? Thus, the general view that a
reduction of salivary flow is linked 10 the production of
oral malodor is merely a hypothesis.

The purpose of this study was to determine whether
a reduction in salivary flow would influence the pro-
duction of oral maledor, so we evaluaied the relation-
ship between the salivary flow rate and the level of
V5Cs in mouth air and between salivary flow rate and
other parameters that are related to oral malodor, such
as tongue coating and periodontal health,

SUBJECTS AND METHODS

The subjects were adult individuals who were se-
lected at random from patients visiting for care at the
Preventive Dentistry and Breath Odor Clinic of Kyushu
Dental College (Kitakyushu, Japan). The procedures
were explained to the subjects, and their informed
consent was obtained before the investigation. Because
sysiemic diseases and a decrease in the number of
remaining teeth might influence the correlation be-

tween the generation of VSCs and the salivary flow 4

rate, the subjects who were undergoing treatment for
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Table 1. Profiles of the subjects in this study (means = SDs)
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Parameiers Towdd (N = 174} Men (n = 52 Wesen (0 = [22)
“Age (V) AB.6 % 157 a0 =133 480 = 1349
Mo, of teeth 26.5+29 6.7 = 4] M4 =24
Resting salivary flow rate (mLfmin) 03 =02 4 =03 03+02
Crimuolated salivary flow rate (mLSmin) 14 =03 16*+08% 14 =08
Concentration of CH,5H ing/10 mL) 56 = I5.1 90 =267 42+ 127
Concentration of H,S (ng/10 mL) 94313 IS8 = 53 552132
N of PD4 isites) 102 * 169 163 = 2257 T7r=111
No. of BOP (siics) 155=17.7 171 =193 148 = 169
Tongue-cOaling score 12 =406 I4%07 11 =046
462 = )5 497 = 192 4.7 = My

PCR (%)

l.

H S Methylmercapean; FGY hydrogen sullide; PO probing kel depah =48 anons BV bleeding an probing: POR. plague conral pegond,

ey fani-Whitmey L test, P < 05,

systemic diseases or who had fewer than 20 ieeth™
were excluded from this study.

All subjects underwent a general dental examination.
Probing pocket depth (PD) and bleeding on probing
(BOP) were evaluated by using a Williams probe. Proh-
ing was performed at 3 points on the buccal and lingual
sides of each tooth. Sites with probing pockel depths
greater than 4 mm (PD4) and sites with BOP were
counted. The ongue coating was raled in terms of the
cxtent of the distribution (by using a previously de-
scribed method'”) as follows: 0, none (or invisible); 1,
light (ie, less than one third of the tongue dorsum
surface covered); 2, medium (ie, less than two thirds of
the dorsum covered): 3, reavy (ie, imore than two thirds
covered). The amount of dental plague was estimuted
by using the plaque control record (PCR: in percent)
developed by O’ Leary et al.'®

Gas chromatography was used in the oral malodor
cvaluation. In this study. H.5 and CH,SH concentra-
vons in mouth air were determined by applving a
previously described method® to the use of a gas chro-
matograph (G2BO0 gas chromatograph; Yanaco, Kyolo,
Japan) equipped with a flame photometric detector and
a 34-mm X 3-m glass column packed with 1,.2.3-Tris
propanc 25% (2-cyanoethoxy) in chromosorb W AW-
DMCS 60VB0 mesh (GL Sciences, Tokyo, Japan). The
column conditions were as follows: column tempera-
ture, 60°C; injection pont temperature, 120°C; flame
photometric detector temperature, 120°C; nitrogen gas
flow pressure, 1.2 kg/em®; hydrogen gas flow pressure,
1.0 kg/em®; and air flow pressure, 1.0 kglem®. Each
CH.5H and H,5 result was dichotomized into a high-
voncentration group and a low-concentration group in
terms of each standard level (ie, CH,S5H > 0.5 ng/10
mL and H.S of 1.5 ng/10 ml.) that was found objec-
nonable; the standard level was demonstrated in a pre-
vious study.'”

The flow rate of whole saliva was determined by

Table Il. Spearman comelation coefficients between
VSC levels and salivary flow rates and between VSC
and parameiers of considerable oral malodor
CH 51 TS
ORI
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using the draining (resting} and the paraffin-chewing
{stimulmed) methods as described elsewhere.™

The subjects were classified inte 2 groups in termis of
their resting and sumulated salivaey How rates. The
following classifications were based on the methods of
Fricsson and Hardwick'": resting saliva (RS) flow rate
< (.1 mLimin. or group RS1: RS = ().] mL/min. or
group RS2, stimulated saliva (S55) How mie < 0.7
mL/min. or group $5/: 88 = 0.7 mL/min. or group
552. The Mann-Whitney {/ test was used 1o evaluute
the differences between men and women and the dif-
ferences between groups classified in lerms of the sal-
ivary Aow rute. Spearman runk corelation analyses
were used to evaluate the relationship among the con-
centration of the VSCs (CH,SH and H,S). the salivary
flow rate, and the parameters related 1o oral malodor.
Stepwise logistic regression analyses were performed
to isolate the strongest explanatory factor among the
extremely low resting salivary flow rates and the stim-
ulated salivary flow rates and the increase in the tongue
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Table IV. Odds ratios of parameters for producing high The mean values of parameters among groups clas- subperes.

concentrations of CH,SH and H-S
Ocdds ratoee £95% CY

Patriniater

CHSH = 05 ng/T0 ml. H.5 = 1.5 ng/f0 mL

sified in terms of the difference in the resting salivary
flow rate or the sumulated salivary flow rate are sum-
manzed in Table I, The VSC concentrations and
tongue-coaling scores were significantly higher in the

rate of |e
frorm tha
teon im the

Ri_l‘ﬂ“ﬂﬁ‘;‘;m” sk 200N RS1 group than in the RS2 group. and the PCR score t:;:' :T;“':
lierewie ol idore:. 2801 4=5.8)" 20 (1.0-425° was significantly higher in the S81 group than in the i

i M gEue conting . 582 group. There was no significant difference between that o red
Increase of | site L1OL-LTY LECRD-12Y the groups with respect 1o the other parameters. On the

risk facio

in no. of PDS other hand. the 7 subjects with RS| also had SS1. s
o< i Table TV shows the odds ratios calculated for step- l-mgmd:r:
P2 0l wise logistic regression analyses to evaluate the asso- : tioa™ "2 o

ciations between the high concentrations of CH.SH and 1 individa
HyS (CH,SH= 05 ng/l0 mL: HS = 15 ag/l0ml) | (oo o
: : and the resting salivary flow rale, the tongue coating, | :
coating score. PD4, BOP, and PCR for the high con- : a : : reduction
centration of CH.SH and H.S in mouth air. Statistical ?Hd 1!1th1c:zrtn.belr_ ]D fl P ?¢ e Ud:.j"' ml!;rsCl{_:IaI;;Lftej E amount of
analyses were performed with SPSS software (SPSS éu;n e ;’ _v.'“ ll R S m'?ﬁ_ s p 4 one of the
Ine, Chicago, IiL). 25 in mouth air were s:gmhcantl?' gludli:ﬂ', by 4.EI-I51] _ generation
and 4.2-fold (P < .05), respectively, if the resting [ the pibier |
RESULTS S:llii\':lr‘_-' flow rate was extremely low (ie, T:'ﬂ.l mIU rate had ;

The profiles of the subjects in this study are shown in !T:I%].cumn;tli‘:;‘.&l:“; E:;_[k;ﬂ!":";"}:n 55::_.:!; wil:: ) than the o
Table . The study population consisted of 52 men and . e AR, R periodonta
122 women with a mean age and SD of 486 = 13.7 ald .gn;mcr.' i -::'1:1 e <t (= D% " owas sug
years, There was no significant difference between men tﬂ: ucvl::a:ri‘n m“:mmﬂ;“n ad:l::x:‘:: c:d P mw"h: influence
and women in terms of the parameters, except for the g : € ; - TR "_m. m Periodonta
number of PD4 and the tongue-coating score. That is, ! h? L-1hoa ”., *=.0n, “Tm ok biepo ihe the interac:
men had significantly greater numbers of PD4 and b o Saninl su.r:. Ohee pardmesors. (the Sm]“:r In concl
lighat tongina-couting suares tik the Woren lated salivary flow rate and the number of BOP siles odontal he:

Table 1T shows the correlations between the VSC o PCR'?} e ERLEA B strong fncinies. mmldeg enced the 4
levels and the salivary flow rate. in addition 10 the s Thus, an e
correlations between VSC levels and the parameters of associated

considerable oral malodor. Significant comelations
were found between the VSC (CH,SH and H,S) con-
centrations and the numbers of PD4 and BOP and
between VSC concentrations and the tongue-coating
score. The resting and stimulated salivary flow rates

DISCUSSION
Saliva plays an important role in the maintenance of
oral health. Thus, reduced salivary flow predisposes

individuals 1o oral disease and discomfort. Our results

reveal that the proportions of subjects with a resting -
salivary flow rate of less than 0.1 mL/min and a stim-

had no significant correlation with the VSCs.
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Vilume 96, Number

- ylated salivary flow rate of less than 0,7 mL/min each
(otaled approximately 145 of all subjects. These resulis

were mostly in agreement with those of previous stud-
jes. 'S

CH,SH and H,5 are the main substances that cause
oral malodor.' This study has shown no signiticant
comzlation between the CH,SH and H.5 levels in
mouth air and the resting and stimulated salivary Aow
rate; however, the results did reveal thar subjects with a
resting salivary Aow rate of less than 0.1 mL/min had
higher CH 5H and HL5 Tevels in mouth air than those
with a flow rate greater than 0.1 mL/min. Therefore. it
was suggested that an extreme reduction in the RS flow
rafe might be one of the Hsk factors for the generalion
af oral malodor but that RS flow may not significantly
influence the intensity of the oral malodor if the rate is
within normal limits. In contrast, the VSC levels of
suhjects with an extremely low stimulated salivary flow
rate of less than 0.7 mL/min did not significantly differ
from those of the other subjects; therefore, the reduc-
ton in the 55 was not believed to be associated with the
generation of V8Os, This result is similar w0 the find-
iflli‘ of Miyazaki et al,* who showed no comelation
hetween the YSC level and the §5. Thus, we sugees
that o redoction in the stimuolated saliva mighl not be o
nsk factor for oral malodar,

[t was evident from a review of previous studies that
longue coating was strongly related 1o VSC produc-
tion™ '* and that the VSC concentration was higher in
mdividuals with periodontitis than in those without
periodontitis.* " This study showed that the extreme
reduction in RS Aow, in addition to the increase in the
amount of tongue coating and periodontal pockets, was
wne ol the main explanatory Tuctors for the high-level
teneration of VSCs (CH,SH and H.5) in mouth air, On
the other hund, subjects with an cxtremely low RS flow
rte had a significantly higher tongue-coating score
than the ather subjects, and they tended 1o have paor
periodomtal health compared with the others. Therefore,
owis suggested that a reduction of RS flow mighi
mfluence the production of tongue coating and the
periadontal health and that oral malodor was caused by
the mteraction of multiple risk Faciors.

In conclusion, addition 10 tongue coaling and peri-
adontal health, a reduction in the RS fllow rate influ-
enced the generation of the VSCs (CH;5H and H,5).
Mhus, an extreme reduction in the RS flow rate is
dsociited with the generation of oral malodor.,
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