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Introduction

Breath odor is a common condition affecting 
those who have it, and those in their proximity. 
Until the 1980s, most research was carried out at 
private companies (mainly those producing 
mouthwash and those testing it) who tended to 
publish little and protect as much of their “know-
how” as possible. There were only a few scien-
tists working on this subject in isolated university 
laboratories, often separated by thousands of 
kilometers.

However, the past three decades have seen 
this subject spawn a scientific community, with 
a society (ISBOR, the International Society for 
Breath Odor Research), international confer-
ences and a successful international journal 
(The Journal of Breath Research, IOP 
Publishing). The growing body of research in 
the field of bad breath has managed to shed light 
on some of the main questions while others still 
remain open.

It is clear that in the vast majority (some 
85–90%) of the cases breath odors derives from 
the oral cavity itself. Other sources may include 
nasopharyngeal or upper respiratory conditions, 
metabolic disorders, systemic diseases, and other 
external sources. In the oral cavity, most of the 
odor is due to putrefactive microbial activity. It is 
not yet clear, however, whether the bacteria 
responsible for the odor are a specific group of 
only a few species or rather hundreds of types, 
and to what extent they vary from individual to 
individual. In vitro, odor is not elaborated except 
under anaerobic conditions, yet it is not clear 

whether the bacteria involved are obligate anaer-
obes. It is not known whether the odor is pro-
duced independently by individual species or due 
to cooperation (e.g., between Gram-positive spe-
cies producing glycosidases and Gram-negative 
anaerobes). Finally, is Solobacterium moorei a 
causative bacterium in the odor process, or rather 
merely present in the mouths of those with 
malodor?

There is a wide consensus that the posterior 
area of the tongue dorsum is the major site of 
malodor production. Other sites in the oral cavity 
may be involved as well (e.g., interdental plaque 
and inflamed pockets). However, the typical odor 
from the back of the tongue is quite different in 
quality as compared with interdental or subgingi-
val odor, as well as denture odor. This difference 
in odor character between the various sites is not 
yet understood. Whether these dissimilarities are 
a function of different bacterial types involved at 
the various sites, or rather the different substrate 
available for degradation? Further, although 
many (but not all) studies link tongue coating 
with malodor, it is not clear to what extent differ-
ences in tongue morphologies (e.g., fissured 
tongue) contribute to observed differences in 
odor.

It is commonly held that during the day, odor 
is worst when our mouth dries out (especially 
upon awakening). Is this because the odors evap-
orate more readily from the drying mucosal sur-
faces or because of microbial accumulation in the 
absence of the cleansing and/or antibacterial 

1
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effects of saliva? To what extent is drying saliva a 
substrate for malodor production in the mouth? 
Some studies suggest that clinical xerostomia 
does not predispose to oral malodor. Is this 
because of the acidic pH, different microbiota, or 
other reasons?

It is evident that volatile sulfides, in particular, 
hydrogen sulfide and methyl mercaptan can be 
readily detected in breath, and their levels corre-
late with breath odor. Does this mean that they 
are the only gases responsible for the breath odor 
bouquet? Some researchers are of the opinion 
that this is the case, while others do not. Both sul-
fide gases are significantly correlated with odor 
judge scores in many studies, regardless of the 
measuring techniques (e.g., GC, halimeter, 
OralChroma). It should be kept in mind, how-
ever, that hydrogen sulfide and methyl mercaptan 
are associated with many other types of microbial 
odors (e.g., feces, sewage, animal waste, putrefy-
ing foods) that are dissimilar to breath odors. 
Furthermore, one would still have to account for 
the variation in odor types for various kinds of 
oral malodor.

As stated above, breath odor is often worst 
upon awakening. In the absence of poor oral 
hygiene or other pathological factors, morning 
breath might thus be considered a normal human 
characteristic, and is often termed physiological 
halitosis. However, there are no studies available 
to determine whether people with healthy denti-
tion and gums, with little or non-tongue coating, 
who practice excellent daily oral hygiene, should 
have any breath odor at all upon awakening? So 
is morning breath in the absence of periodontal 
inflammation or disease “physiological bad 
breath,” as some researchers have described it or 
not?

People with bad breath who are completely 
unaware that they suffer from the problem are 
commonly encountered by us all. However, the 
reason for this is not yet clear. Is it because of 
psychological habituation, physiological adapta-
tion, our physical inability to breathe in through 
our nose what we breathe out through our mouth? 
There are thus millions of people with bad breath 
who do not know, and millions of others without 
bad breath who are sure they do. This is com-

pounded by the reticence of others (even family 
members) to alert someone that they suffer from 
breath odor.

Most of the population tend to worry to vary-
ing degrees about whether their breath is fine or 
not. However, a portion of the population (some 
1–2% of the adult population) worries a lot. For 
them it is a continuous preoccupation. There are 
some potential factors that lead people to be 
overly concerned: aggressive advertising, foul 
smelling tonsillar stones (i.e., tonsilloliths), hav-
ing been told once in the past, having parents 
with bad breath, bad taste, etc. Why do these 
exaggerated worries persist and ruin people’s 
quality of life? Should an exaggerated concern of 
bad breath be considered a continuous spectrum 
(according to the original definition of halitopho-
bia), or be separated into two dichotomous 
groups, the first of which is amenable to treat-
ment (i.e., “pseudo-halitosis”)? How close is the 
unnecessary worry of having body odor to other 
concerns of abnormal body parts and functions? 
Should the psychiatric definition of “body dys-
morphic disorder” be extended to include worries 
about smells, for example? To what extent can 
excessive worries of having bad breath be dealt 
with by psychological counseling and medica-
tion? These are all questions under current 
discussion.

Further, we are often asked about the possibil-
ity of “inheriting” bad breath. This could take 
two forms, the first inheriting genes which pre-
dispose to bad breath (e.g., related perhaps to the 
immune system, tooth, tongue, and nose anat-
omy), the second “inheriting” odor-producing 
bacterial species from our parents (the same way 
that caries-producing strains are inherited). Little 
research has been done in this area.

There is also a controversy surrounding the 
role of the tonsils in breath odor. Most research-
ers think they play only a minor role, while there 
are others who think that they are important. 
However, there are few studies to support the lat-
ter contention. Further, subjects with tonsilloliths 
often worry about bad breath because of the odor 
of the tonsil stones, but there is little information 
on their contribution to the overall halitosis whilst 
in the crypts.

1  Introduction
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Finally, we know little about the potentially 
causal relationship between malodorous gases in 
the mouth and periodontal disease. It appears that 
bad breath is more directly related to current 
signs of gingival bleeding and inflammation indi-
ces than pocket status or plaque index. Given the 
ample data showing that malodorous gases, such 
as hydrogen sulfide, are highly toxic to soft tis-
sue, might one assume that these microbial gases 
help promote cell death and the advance of the 
disease. It is also unclear to what extent the putre-
faction on the tongue impacts the health of the 
periodontium.

Odor judge scoring is another issue that 
requires future scrutiny. With all the limitations 
of using human judges, they are still considered 
the gold standard of breath testing. Yet, few stud-
ies are available comparing the scoring of multi-
ple judges. Training sessions conducted at Prof. 

John Greenman’s laboratory in Bristol teach us 
that judges differ in their abilities to discriminate 
various odor molecules, as well as the concentra-
tions of a given stimulant. Will training sessions 
(or kits) help calibrate researchers worldwide? 
Hopefully reliable instruments able to detect low 
concentrations of non-sulfide gases (e.g. indole, 
skatole, cadaverine, and putrescine), will become 
available, allowing researchers to better ascertain 
their role in oral malodor, and to come up with 
instrumental assessments that more closely 
resemble odor judge scores.

The main goal of the present textbook is to 
describe, summarize, and elaborate on the grow-
ing body of knowledge accumulated over the 
years in both research and clinical aspects of the 
field of breath odors. What we have learned, and 
what still remains to be learnt.

1  Introduction
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Breath Odors of Oral Origin (Oral 
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Breath odors or halitosis denotes any type of dis-
agreeable scent felt on a person’s breath during 
exhalation and speech. These odors have many 
different causes and may originate from various 
locations such as the oral cavity, tonsils, nasal 
cavity, upper respiratory tract, and the lungs.

According to research performed in several 
multidisciplinary breath clinics (involving pro-
fessionals from various fields: dentistry, 
E.N.T., internal medicine, and psychology) in 
various centers, some 85–90% of breath odors 
originate from within the oral cavity itself 
(Table  2.1). This condition in which the mal-
odor originates from the mouth is commonly 
known as oral malodor (also termed: Fetor oris 
or Feotor ex ora) and will be discussed in the 
present chapter (for extraoral sources see 
Chaps. 5–7).

The potential loci for malodor production 
within the oral cavity include the posterior por-
tion of tongue’s dorsum, subgingival areas (e.g., 
periodontal pockets and interdental spaces), 

faulty restorations (e.g., leaking crowns and 
bridges), dental implants, dentures, and appli-
ances. Furthermore, transient oral dryness 
brought about by a temporary reduction in saliva 
flow plays an important part in promoting this 
condition.

Oral malodor is measured directly by human 
odor judges, or by adjunct measurements, such as 
the levels of volatile sulfide compounds (VSC) 
within the oral cavity (for further details, see 
Chap. 8).

2.1	 �Oral Malodor and the Tongue

The data presented in Table 2.1 clearly demon-
strate that the tongue is by far the most common 
source for malodor production within the oral 
cavity. This was first suggested by Grapp in 
1933. The posterior portion of the tongue’s dor-
sum, where most malodor originates, is often 
covered by a layer of debris comprising of 
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Table 2.1  Distribution of breath odor origins in subjects attending multidisciplinary clinics

References Patients population Confirmed breath odor problem
Quirynen et al. (2009) N = 2000

(1078 F)
Age 2–90 years
(39.2 ± 14.2)

N = 1687 (84.3%)
Oral causes
N = 1515 (89.8%)

Non-oral causes
N = 97 (5.7%)

Tongue coating (TC)
N = 868 (51.4%)
Gingivitis (G)
N = 75 (4.4%)
Periodontitis (P)
N = 148 (8.7%)
Combination (TC/G/P)
N = 363 (21.5%)
Xerostomia
N = 50 (2.9%)
Dental
N = 7 (0.4%)
Candida
N = 4 (0.2%)

ENT
Tonsillitis
N = 14 (0.8%)
Rhinitis
N = 11 (0.6%)
Sinusitis
N = 4 (0.2%)
Nose obstruction
N = 8 (0.4%)
Extra oral:
GI tract
N = 26 (1.5%)
TMAU
N = 1 (0.05%)
Systemic
N = 5 (0.2%)
Medication
N = 2 (0.1%)
Hormonal
N = 2 (0.1%)
Diet
N = 9 (0.5%)
Unknown
N = 15 (0.8%)

Oral–non-oral combination
N = 75 (4.3%)
ENT + Oral:
N = 42 (2.4%)
GI + Oral:
N = 33 (1.9%)

Delanghe et al. (1996) N = 260
(135 F)
Age 2–77 years
(36 ± 13.5)

N = 246 (94.6%)
Oral causes
N = 225 (91.4%)

Non-oral causes
N = 21 (8.5%)

Tongue coating
N = 92 (37.3%)
Gingivitis
N = 70 (28.4%)
Periodontitis
N = 63 (25.6%)

ENT:
Chr. Tonsillitis
N = 15 (6%)
Chr. Sinusitis
N = 4 (1.6%)
Foreign bodies
N = 1 (0.4%)
Rhinitis
N = 1 (0.4%)

cellular (bacteria, desquamated epithelial cell, 
white blood cells), and noncellular components 
(especially proteins from saliva, postnasal and 
gingival secretions). This layer termed “tongue 
coating” (Fig. 2.1) may vary in size, thickness, 
and color among and within different individuals 

depending on oral activity (e.g., eating, drinking, 
smoking), oral hygiene, and oral health-related 
parameters (e.g., presence of periodontal dis-
ease; Yaegaki and Sanada 1992a, b).

Over the last four decades, various measur-
ing techniques have been suggested for tongue 

2  Breath Odors of Oral Origin (Oral Malodor)
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coating evaluation and quantification taking 
into account various parameters such as coating 
thickness, coating area, and discoloration. 
Some of these methods are summarized in 
Table 2.2.

Table 2.1  (continued)

References Patients population Confirmed breath odor problem
Seemann et al. (2006) N = 407

(204 F)
Age 6–76 years
(41.5 ± 13.8)

N = 293 (72%)
Oral causes
N = 272 (92.7%)

Non-oral causes
N = 22 (7.3%)

Tongue coating
(“physiologic”)
N = 175 (59.7%)
“Pathologic”
N = 97 (33%):
Periodontitis
n = 80 (27.3%)
Gingival hyperplasia
n = 10 (3.4%)
Faulty restorations
n = 6 (2%)

ENT:
Chr. Tonsillitis
N = 15 (5.1%)
Chr. Sinusitis
N = 2 (0.6%)
Foreign bodies
N = 2 (0.6%)
Systemic:
Diabetes
N = 2 (0.6%)
Smokers breath
N = 3 (1%)

Zürcher and Filippi 
(2012)

N = 451
(218 F)
Age 6–83 years
(mean age 43.7)

N = 373 (82.7%)
Oral causes
N = 359 (96.2%)

Non-oral causes
N = 14 (3.8%)

Tongue coating
N = 382 (84.7%)
Periodontitis
N = 87 (19.3%)
Gingivitis
N = 69 (15.3%)

ENT
N = 11 (2.9%)
GI
N = 3 (0.8%)

Fig. 2.1  Typical photo of a mild tongue coating covering 
the posterior third of the tongue dorsum

Table 2.2  Tongue coating measurements

References Score Description
Gross et al. 
(1975)

0 No coating
1 Slight coating
2 Moderate coating
3 Heavy coating

Yaegaki and 
Sanada 
(1992a)

Wet weight 
(mg)

Scraping off and 
weighing the tongue 
coating.

Miyazaki 
et al. (1995)

0 None visible
1 <1/3 tongue dorsum 

surface covered
2 <2/3 tongue dorsum 

surface covered
3 >2/3 tongue dorsum 

surface covered
Mantilla 
Gomez et al. 
(2001)

Discoloration
0 Pink
1 White
2 Yellow/light brown
3 Brown
4 Black
Thickness
0 No coating
1 Light-thin coating
2 Heavy-thick coating

(continued)
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Large epidemiological studies on the preva-
lence of oral malodor and its related parameters 
in the general population have been conducted in 
Japan (Miyazaki et  al. 1995), China (Liu et  al. 
2006), and Switzerland (Bornstein et  al. 2009). 
Significant associations have been reported com-
paring oral malodor with the level of tongue coat-
ing (Table  2.3). Furthermore, the level of 

Table 2.2  (continued)

References Score Description

Oho et al. 
(2001)

Area Area score × thickness 
score = tongue coating 
(range 0–6)

0 No tongue coating
1 <1/3 tongue dorsum 

surface covered
2 1/3–2/3 tongue dorsum 

surface covered
3 >2/3 tongue dorsum 

surface covered
Thickness

0 No tongue coating
1 Thin tongue coating 

(papillae visible)
2 Thick tongue coating 

(papillae invisible)
Winkel et al. 
(2003)

(Six areas grid) Tongue dorsum is 
divided into six areas 
(i.e., three posterior and 
three anterior)

Coating

0 No coating
1 Light coating
2 Severe coating
Discoloration

0 No discoloration
1 Light discoloration
2 Severe discoloration

Score is calculated by 
adding all six scores 
(range 0–12)

Kim et al. 
(2009)

Tongue coating 
area

Calculated from digital 
images obtained by the 
digital tongue imaging 
system (DTIS)

Amou et al. 
(2014)

0 Not visible
1 <1/3 covered with thin 

coating
2 <2/3 thin coating or 

<1/3 thick coating
3 >2/3 thin coating or 

>1/3 thick coating
4 >2/3 covered with thick 

coating
Lee et al. 
(2016)

Integrated 
fluorescence 
(IF) score

Calculated by 
multiplying tongue 
coating red 
fluorescence (RF) 
intensity and area.
(IF = RF intensity × RF 
area)

Table 2.3  Correlations among malodor-related 
parameters

References
Malodor-related 
parameters Correlations

Miyazaki 
et al. (1995)
(n = 2672)

Spearman 
correlation

Tongue coatinga vs. 
sulfide monitor

r = 0.44∗–0.57∗

Periodontal 
conditionb vs. 
sulfide monitor

r = 0.34∗–0.58∗

Plaque indexc vs. 
sulfide monitor

r = 0.13∗–0.31∗

(∗p < 0.001)
Liu et al. 
(2006)
(n = 2000)

Pearson 
correlation

Tongue coatinga vs. 
sulfide monitor

r = 0.15∗–0.24∗

Periodontal 
conditiond vs. 
sulfide monitor:
Calculus r = 0.04NS–0.21∗

Pocket depth r = 0.02NS–0.25∗

Bleeding index r = 0.02NS–0.30∗

Plaque indexc vs. 
sulfide monitor

r = 0.08NS–0.21∗

Tongue coating1 
vs. odor judge

r = 0.20∗–0.31∗

Periodontal 
conditiond vs. odor 
judge
Calculus r = 0.20∗–0.29∗

Pocket depth r = 0.17∗–0.31∗

Bleeding index r = 0.12∗–0.22∗

Plaque indexc vs. 
odor judge

r = 0.15∗–0.26∗

(NS–nonsignificant, 
∗p < 0.01)

Bornstein 
et al. (2009)
(n = 419)

Linear regression
Tongue coatinge vs. 
sulfide monitor

4.29

Tongue coatinge vs. 
odor judge

2.35

Periodontal 
conditiond vs. odor 
judge

2.45

2  Breath Odors of Oral Origin (Oral Malodor)
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malodor-related compounds (e.g., sulfide-
containing compounds) produced on the poste-
rior portion of the tongue dorsum was highly 
correlated with the overall mouth odor as 
measured by a human odor judge (r  =  0.77, 
p  <  0.01), as well as volatile sulfide levels 
(r = 0.63, p < 0.01) (Morita et al. 2001).

Various studies comparing the tongue param-
eters of subjects with and without oral malodor 
showed that subjects with oral malodor had sig-
nificantly greater tongue coating as compared 
with the no malodor controls (Haraszthy et  al. 
2007; Oho et  al. 2001; Washio et  al. 2005). 
Furthermore, mechanical removal of tongue 
coating results in a substantial decrease in oral 
malodor and its components (Yaegaki and Sanada 
1992a). Research done by Tonzetich and Ng 
(1976) showed that tongue brushing was very 
effective in reducing over 70% of the volatile sul-
fides as compared with about 30% reduction that 
resulted from tooth brushing.

Some researchers suggested that postnasal 
drip may contribute to oral malodor formation by 
supplying additional mucinous substrate to the 
back of the tongue. In fact, one study showed 

increased levels of the volatile sulfide compound 
methyl mercaptan in subjects with allergic rhini-
tis that is the main cause of postnasal drip 
(Avincsal et al. 2016).

Although the etiology for tongue coating for-
mation is not entirely understood, some evidence 
have suggested the possible influence of genetic 
factors. For example, in a study conducted on 51 
pairs of twins, the concordance rates for the pres-
ence of tongue coating among identical twins 
were 67% as compared with only 11% among 
fraternal twins (Bretz et al. 2011).

Tongue coating samples can be obtained by 
scraping the posterior portion of the tongue’s 
dorsum using wooden spatula, plastic spoons, 
tooth brushes, swabs, or a gauze pads (Grapp 
1933). These samples very often release a putrid 
malodor very similar in character to oral mal-
odor. Sampling the tongue coating using a plastic 
spoon (i.e., “spoon test”; (Rosenberg 1996) and 
scoring the malodor emanating from the spoon 
yielded highly significant associations with the 
oral malodor scores (i.e., odor judge) as well as 
other oral malodor-related parameters (Table 2.4).

2.2	 �Oral Malodor, Gingival 
Health, and Periodontal 
Disease

The relationships between oral malodor and gin-
gival or periodontal health are not as straightfor-
ward as in the case of the tongue. Conflicting data 
from various studies best demonstrate the com-
plexity of this issue (Table 2.5).

Many earlier studies addressing this topic sug-
gested a relationship between oral malodor and 
periodontal disease. Sulser and coworkers (Sulser 
et al. 1939) claimed that gingivitis and pyorrhea 
(i.e., periodontitis) are among the main conditions 
affecting breath odor concentration. Other 
researchers (Kostelc et al. 1984) found a signifi-
cant increase in malodor-related compounds in 
experimental gingivitis.

Studies that compared malodor-related 
parameters in subjects with or without peri-
odontal disease showed that oral sulfide levels 
were significantly higher in subjects with 

Table 2.3  (continued)

References
Malodor-related 
parameters Correlations

Amou et al. 
(2014)
(n = 94)

Spearman 
correlation

Tongue coatingf vs. 
sulfide levels

r = 0.27; p < 0.01

Tongue coatingf vs. 
odor judge

r = 0.33; p < 0.01

Lee et al. 
(2016)
(n = 103)

Spearman 
correlation

Tongue coatingg vs. 
sulfide levels

r = 0.49; p < 0.01

Tongue coatingg vs. 
odor judge

r = 0.54; p < 0.01

aTongue coating area: 0 = none, 1 = less than 1/3, 2 = less 
than 2/3, 3 = more than 2/3
bAccording to WHO guidelines (CPITN)
cSilness and Löe 1964
dPeriodontal screening index (PSI)
e0 = no coating, 1 =  light coating (10%), 2 = moderate 
(10–50%), 3 = severe (>50%)
fTongue coating area and thickness: 0  =  not visible, 
1 = <1/3 thin, 2 = <2/3 thin or <1/3 thick, 3 = >2/3 thin or 
>1/3 thick, 4 = >2/3 thick
gTongue coating integrated fluorescence (IF) score

2.2 � Oral Malodor, Gingival Health, and Periodontal Disease
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Table 2.4  Correlations between tongue malodor scores 
and malodor-related parameters

References
Malodor-related 
parameters Correlations

Kozlovsky 
et al. (1994)
(n = 52)

Pearson 
correlation

Tongue malodora vs. 
oral malodorb

r = 0.73, 
p < 0.001

Tongue malodor vs. 
sulfide monitorc

r = 0.38, 
p = 0.003

Tongue malodor vs. 
pocket depthd

r = 0.47, 
p = 0.005

Tongue malodor vs. 
GIe

r = 0.47, 
p < 0.001

Tongue malodor vs. 
PIf

r = 0.38, 
p = 0.003

Bosy et al. 
(1994)
(n = 127)

Pearson 
correlation

Tongue malodora vs. 
oral malodorb

r = 0.55, 
p < 0.01

Tongue malodor vs. 
sulfide monitorc

r = 0.40, 
p < 0.01

Tongue malodor vs. 
GIe

r = 0.23, 
p < 0.01

Greenstein 
et al. (1997)
(n = 123)

Pearson 
correlation

Tongue malodora vs. 
oral malodorb

r = 0.40, 
p < 0.001

Sterer et al. 
(2002)
(n = 64)

Spearman 
correlation

Tongue malodora vs. 
oral malodorb

Odor judge 1 r = 0.63, 
p < 0.001

Odor judge 2 r = 0.69, 
p < 0.001

Tongue malodor vs. 
sulfide monitorc

Odor judge 1 r = 0.26, 
p = 0.036

Odor judge 2 r = 0.38, 
p = 0.002

Apatzidou et al. 
(2013)
(n = 78)

Spearman 
correlation

Tongue malodora vs. 
oral malodorb

r = 0.48, 
p < 0.001

Tongue malodor vs. 
sulfide monitorc

r = 0.50, 
p < 0.001

aTongue coating malodor scored by an odor judge (0–5)
bWhole mouth malodor scored by an odor judge (0–5)
cWhole mouth ppb sulfide equivalents, Halimeter™

dMean probing depth
eGingival index (Löe and Silness 1963)
fPlaque index (Silness and Löe 1964)

Table 2.5  Oral malodor parameters and periodontal 
disease

References Parameters/criteria Findings
Kostelc 
et al. 
(1984)
(n = 10)

Measurement of 
malodor-related 
compounds by gas 
chromatography in 
experimental gingivitis 
(n = 5) and controls 
(n = 5).

Significant 
increase in 
malodor related 
compounds in 
experimental 
gingivitis.

Rosenberg 
et al. 
(1991)
(n = 41)

Pearson 
correlation

Odor judgea 1 vs. pocket 
depth (no. >5 mm)

r = 0.184, 
p = 0.047

Odor judgea 2 vs. pocket 
depth (no. >5 mm)

r = 0.107, NSb

VSCc vs. pocket depth 
(no. >5 mm)

r = 0.280, 
p = 0.002

Odor judgea 1 vs. 
gingival indexd

r = 0.099, NS

Odor judgea 2 vs. 
gingival indexd

r = 0.081, NS

VSCc vs. gingival indexd r = 0.087, 
p = 0.053

Odor judgea 1 vs. plaque 
indexe

r = 0.353, 
p = 0.0001

Odor judgea 2 vs. plaque 
indexe

r = 0.359, 
p = 0.0001

VSCc vs. plaque indexe r = 0.373, 
p = 0.0001

Odor judgea 1 vs. floss 
odor

r = 0.381, 
p = 0.0001

Odor judgea 2 vs. floss 
odor

r = 0.422, 
p = 0.0001

VSCc vs. floss odor r = 0.208, 
p = 0.026

Yaegaki 
and Sanada 
(1992a)
(n = 31)

Probing depth ≥ 4 mm 
is considered 
periodontal disease.
Bleeding on probing (% 
BOP).
VSCf

VSC is 
significantly 
higher in 
periodontal 
subjects.
VSC is 
associated with 
bleeding on 
probing.

Bosy et al. 
(1994)
(n = 127)

Pearson 
correlation

Odor judgea vs. pocket 
depth (no. >5 mm)

r = 0.11, NS

Odor judgea vs. gingival 
indexd

r = 0.15, NS

Odor judgea vs. plaque 
indexe

r = 0.12, NS

Odor judgea vs. floss 
odor

r = 0.23, 
p < 0.01

2  Breath Odors of Oral Origin (Oral Malodor)



11

periodontal pocket depths of 4  mm or more 
(Yaegaki and Sanada 1992a, b), and that sub-
jects with periodontal disease (pocket 
depth > 3 mm) had significantly higher malodor 
ratings as scored by an odor judge (Figueiredo 
et al. 2002). In another study (Soder et al. 2000), 
subjects with severe oral malodor (Foetor ex 
ore) had a significantly higher percentage of 
teeth with periodontal pocket depths of at least 
5  mm as well as higher gingival index scores 
(redness, swelling, and bleeding). Furthermore, 
large studies done in Japan (Miyazaki et  al. 
1995), China (Liu et al. 2006), and Switzerland 
(Bornstein et  al. 2009) also found significant 
correlations comparing oral malodor and peri-
odontal status (Table 2.2).

Table 2.5  (continued)

References Parameters/criteria Findings
De Boever 
et al. 
(1994)
(n = 55)

Malodor 
complaint

No 
complaint

Differences 
between groups 
(ANOVA)

Odor judgeg P < 0.005
VSCh P < 0.05
Bleeding on probing (% 
BOP)

P < 0.005

Kozlovsky 
et al. 
(1994)
(n = 52)

Pearson 
correlation

Odor judgea vs. mean 
pocket depth

r = 0.581, 
p < 0.001

VSCc vs. mean pocket 
depth

r = 0.305, 
p = 0.050

Odor judgea vs. gingival 
indexd

r = 0.536, 
p < 0.001

VSCc vs. gingival indexd r = 0.298, 
p = 0.017

Odor judgea vs. plaque 
indexe

r = 0.383, 
p = 0.003

VSCc vs. plaque indexe r = 0.188, 
p = 0.093

Soder et al. 
(2000)
(n = 1681)

Foetor ex ore (severe 
malodor)
Probing depth scores (% 
of teeth with probing 
depth >5 mm).
Gingival index scores 
(redness swelling and 
bleeding)

Subject with 
severe malodor 
(n = 41) had 
significantly 
higher probing 
depth and 
gingival index 
scores 
(p < 0.001)

Morita and 
Wang 
(2001)
(n = 81)

Pearson 
correlation

Odor judgea vs. pocket 
depth (%≥6 mm)

r = 0.371, 
p = 0.001

VSCh vs. pocket depth 
(% ≥ 6 mm)

r = 0.411, 
p < 0.001

Odor judgea vs. bleeding 
on probing (%)

r = 0.489, 
p < 0.001

VSCh vs. bleeding on 
probing (%)

r = 0.472, 
p < 0.001

Figueiredo 
et al. 
(2002)

Probing 
>3 mm
(n = 21)

Probing 
≤3 mm
(n = 20)

Differences 
between groups 
(ANOVA)

Odor judgeg p = 0.001
VSCh p = 0.02
Gingival indexc p = 0.005
Plaque indexe p = 0.006

Stamou 
et al. 
(2005)
(n = 71)

Pearson 
correlation

Odor judgea vs. probing 
depth

r = −0.054, NS

Odor judgea vs. gingival 
indexd

r = 0.185, NS

Odor judgea vs. plaque 
indexe

r = 0.111, NS

Table 2.5  (continued)

References Parameters/criteria Findings
Tsai et al. 
(2008)
(n = 72)

Pearson 
correlation

Odor judgea vs. pocket 
depth (%>5 mm)

r = 0.22, NS

Odor judgea vs. bleeding 
on probing (%)

r = 0.54, 
p < 0.001

Bolepalli 
et al. 
(2015)
(n = 240)

Pearson 
correlation

Odor judgea vs. mean 
pocket depth

r = 0.726, 
p < 0.001

VSCh vs. mean pocket 
depth

r = 0.662, 
p < 0.001

Odor judgea vs. bleeding 
on probing (%)

r = 0.908, 
p < 0.001

VSCh vs. bleeding on 
probing (%)

r = 0.816, 
p < 0.001

Odor judgea vs. gingival 
indexd

r = 0.844, 
p < 0.001

VSCh vs. gingival indexd r = 0.747, 
p < 0.001

Odor judgea vs. plaque 
indexe

r = 0.836, 
p < 0.001

VSCh vs. plaque indexe r = 0.722, 
p < 0.001

aOdor judge scores on a scale of 0–5
bNS—nonsignificant
cVolatile sulfide compounds measured by sulfide monitor 
(1170)
dGingival index (GI; Löe and Silness 1963)
ePlaque index (PI; Silness and Löe 1964)
fVolatile sulfide compounds (VSC) measured by gas 
chromatography
gOdor judge scores on a scale of 0–4
hVolatile sulfide compounds measured by Halimeter
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In contrast, a study by Bosy and coworkers 
(Bosy et al. 1994) found no association between 
oral malodor and periodontal disease (pocket 
depth ≥ 5 mm), suggesting that these may be two 
independent conditions. Another more recent 
study by Tsai and coworkers (2008) also failed to 
show an association between malodor levels and 
the percentage of teeth with periodontal involve-
ment (pocket depth ≥ 5 mm). However, the latter 
did find an association between malodor levels 
and the percentage of teeth with bleeding on 
probing.

To further complicate matters, some studies 
(Yaegaki and Sanada 1992a, b) reported that sub-
jects with periodontal disease (probing 
depth  ≥  4  mm) had significantly more tongue 
coating (four times more wet weight) than the 
control non-periodontal subjects. These studies 
further showed that the tongue coating was 
responsible for production of 60% of the malodor-
related volatile sulfide compounds and that these 
compounds were associated with the percentage 
of sites exhibiting bleeding on probing.

These data, taken together, suggest that 
regarding malodor production, periodontal dis-
ease is less dominant than tongue coating. It is 
also apparent that the active inflammation pro-
cess is the main link between gingival and peri-
odontal disease and malodor production, rather 
than past evidence of periodontal disease. Active 
gingivitis (Fig. 2.2) or periodontitis, represented 

by one of its chief signs (i.e., bleeding on probing 
or papillary bleeding), accompanied by bacterial 
activity, increased flow of crevicular fluid, and 
presence of blood cells seems more relevant to 
the malodor production process than the presence 
or depth of periodontal pockets. The inflamma-
tory process may be further exacerbated by the 
malodorous compounds, which are for the most 
part toxic and increase tissue permeability and 
damage (Ng and Tonzetich 1984).

2.3	 �Oral Malodor and Dental 
Restorations

As a rule, any appliance, fixed or removable, 
within the oral cavity which hinders the common 
practice of oral hygiene and facilitates plaque 
accumulation, has the potential to increase oral 
malodor production.

Dental crowns and bridges are the most com-
mon examples of this principle. Dental bridges in 
particular form an obstacle to maintaining good 
interdental hygiene by preventing regular floss-
ing. This is also true for orthodontic appliances 
and splints. Studies conducted on oral malodor in 
patients with fixed orthodontic appliances 
showed significant increase in malodor levels as 
early as 1  week following bonding (Babacan 
et  al. 2011; Nalçacı et  al. 2014) concomitantly 
with rises in plaque scores and gingival 
inflammation.

In addition, faulty restorations, particularly if 
ill fitted or decemented, may even intensify the 
problem by allowing bacterial proliferation and 
accumulation in the inner gaps between the pre-
pared tooth and the restoration, thus forming a 
reservoir of anaerobic bacteria.

Another such reservoir has been demon-
strated in the inner space of the implant–abut-
ment interface (IAI) of osseointegrated dental 
implants. Research showed that when this inter-
face is situated over 2 mm in depth with respect 
to the surrounding soft tissue, the inner compart-
ment of the implant harbors significantly more 
malodor-producing bacteria as compared to 
implants with shallower transmucosal depth 
(Sterer et al. 2008).

Fig. 2.2  Gingivitis; swollen bleading gums showing 
signs of inflammation (kindly provided by Dr. 
M. Perez-Davidi)
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Acrylic appliances such as dentures and obtu-
rators are known for their plaque-accumulating 
properties. Their porotic nature and increased 
tendency to adsorb salivary proteins, resulting in 
bacterial adhesion, turn the acrylic appliance into 
a bacterial reservoir. Although little research has 
been carried out on the composition of denture 
biofilm, in a study performed by Goldberg and 
coworkers (Goldberg et al. 1997), certain types of 
malodor-producing bacteria, not normally con-
sidered important members of the oral microbi-
ota (i.e., Enterobacteriaceae), were shown to be 
dramatically increased in the case of dentures 
wearers. Furthermore, when cultivated in the lab, 
these bacteria produce malodor similar to denture 
malodor.

Apart from bacterial accumulation and den-
ture contamination, it seems that behavioral 
aspects also play a part in denture-related mal-
odor. Research done on denture wearing habits 
and malodor showed that malodor-related com-
pounds were significantly increased in subjects 
who did not remove their dentures during the 
night (Nalcaci and Baran 2008).

2.4	 �Oral Malodor and Oral 
Dryness

Saliva has an important role in maintaining oral 
health and many oral functions (e.g., eating, talk-
ing). However, being comprised of 98% water, it 
also provides suitable moist environment leading 
to an abundance of microorganisms within the 
oral cavity.

These bacteria produce many metabolic 
byproducts and waste materials as a result of 
their activity, many of which (described further in 
Chap. 3) are foul smelling. Some of these bacte-
rial byproducts are more volatile than others. 
However, when there is a decrease in saliva flow 
and the oral mucosa becomes dry some of the 
less volatile compounds may escape the oral sur-
faces, and become detected on the breath. These 
and other possible mechanisms (e.g., lack of sali-
vary antibacterial and washing effect, as well as 
salivary stagnation and degradation of salivary 
glycoproteins) may explain why decreasing 

saliva flow increases the severity of malodor in 
individual subjects. In studies comparing saliva 
flow and malodor-related compounds (Koshimune 
et al. 2003; Suzuki et al. 2016), lower levels of 
resting saliva flow (e.g., without stimulating 
saliva flow by chewing) were associated with 
higher levels of malodor-related compounds and 
high malodor ratings (odor judge scores ≥3).

There are several physiological conditions 
that affect saliva flow. For example, during sleep 
saliva flow is brought to a halt (Dawes 1972). 
That is one of the reasons that sleep, especially 
when accompanied by mouth breathing, may 
promote oral malodor production. In addition, 
mouth breathing on its own has been shown to be 
associated with increased levels of oral malodor 
(Motta et  al. 2011). Normally, saliva flow 
decreases between meals. Dehydration due to 
insufficient fluid intake and prolonged fasting 
may also result in reduced saliva flow.

Another condition that might affect saliva 
flow is stress. Research by Queiroz and cowork-
ers (Queiroz et al. 2002) showed that stress can 
cause salivary flow reduction and concomitant 
increase in malodor-related compounds. Anxiety 
was also shown to elevate these compounds 
(Calil and Marcondes 2006). However, other 
researchers showed that stress-induced elevation 
in VSC production was not associated with saliva 
flow, but was affected by gender (Lima et  al. 
2013).

Many widely used medications such as anti-
hypertensive and antidepressants drugs are 
known to have reducing effect on saliva flow as 
an undesirable side effect. The use of such drugs, 
as well as increased consumption of coffee and 
alcohol, may cause an increase in malodor pro-
duction as a result of salivary flow decrease 
(Tschoppe et al. 2010).

Unlike conditions that cause a temporary 
reduction in resting saliva flow, chronic dry 
mouth conditions (i.e., xerostomia) which are 
often accompanied by a subjective complaint of 
halitosis do not seem to increase malodor levels. 
In a recent study conducted on 58 primary 
Sjögren’s syndrome patients, 22 non-Sjögren’s 
syndrome sicca patients and 57 age matching 
healthy control subjects, no difference was 

2.4 � Oral Malodor and Oral Dryness
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observed between the groups in malodor and 
VSC levels (Singh et  al. 2019). One possible 
explanation for this might be the low pH condi-
tions usually associated with xerostomia that 
may hinder malodor production (for more details, 
see Chap. 2).
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3.1	 �The General Role of Bacteria 
in Breath Odors

There is ample evidence that in the large majority 
of cases, oral malodor derives from bacterial 
activity within the oral cavity. It is also likely that 
most cases of odor deriving from the nasal pas-
sages and tonsils are also bacterial in origin. One 
indication for this is the transient reduction of 
oral malodor observed following local antiseptic 
treatment (e.g., mouthwash), and the elimination 
of almost all cases of halitosis following systemic 
antibiotic treatment.

In a larger context, bacteria are responsible for 
many of the foul odors that we encounter in 
everyday lives (e.g., sewage, animal waste, gar-
bage and spoiled food, contaminated water, body 
odor, etc.)

Bacteria produce a wide variety of foul odors 
depending on the substrates being degraded, and 

the metabolic pathways involved. It is possible 
that through our evolution we have learned to 
detest these types of odor components as a health 
hazard warning.

In the oral cavity itself hundreds of species 
cohabit the many available niches, living in dif-
ferent microenvironments and feeding on a vari-
ety of organic substrates. It is here that most cases 
of bad breath begin.

3.2	 �The Bacterial Origin of Oral 
Odors

The diverse microbial population of the oral cav-
ity can be divided according to various metabolic 
characteristics such as nutritional requirements 
and oxygen tolerance. The Gram-positive oral 
bacteria are generally saccharolytic and faculta-
tive in nature, i.e., that they degrade and utilize 

3
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monosaccharides, disaccharides, and carbohy-
drates as their main energy source (e.g., fermen-
tation) and can consume oxygen in the process. 
Members of this group such as Streptococci and 
Actinomyces spp. are often considered to be 
early colonizers of the oral biofilm, and some 
Gram-positive (e.g. mutans streptococci) are 
blamed for fermenting sugars into acids and 
causing dental caries.

The Gram-negative oral bacteria on the other 
hand are generally considered to be proteolytic 
and anaerobic. These types of bacteria often pre-
fer anaerobic conditions (i.e., lack of oxygen) for 
growth and utilize proteins, peptides, and amino 
acids as a major source of carbon, nitrogen, and 
energy (i.e., putrefaction). Some members of the 
Gram-negative community (e.g., Fusobacterium, 
Treponema, Porphyromonas, and Prevotella) are 
considered to be particularly implicated in peri-
odontal diseases and malodor production.

To avoid being swallowed or washed away, 
oral bacteria adhere to surfaces as well as to each 
other, forming multilayer microscopic structures 
known as oral biofilms. The bacteria dominating 
the outer exposed layers of the oral biofilms 
throughout the mouth are either aerobic or aero-
tolerant, surviving under relatively high oxida-
tion (Eh) levels. Following maturation and 
succession of these microniches, oxygen deple-
tion by microbes in the outer levels allows for the 
proliferation of increasingly anaerobic species. 
In the laboratory, Gram-positive microorganisms 
are generally found to inhabit the outer layers of 
oral biofilms, and Gram-negative anaerobes 
thrive in the reduced inner layers.

3.3	 �Metabolic Factors Affecting 
Malodor Production

pH and Glucose  Fosdick and colleagues (Berg 
et al. 1946) reported that the putrefaction rate of 
incubated saliva samples is strongly inhibited in 
the presence of even a small amount of sugar, but 
gave no possible explanation for this observation.

In 1972, McNamara and coworkers (1972) 
reported that whole saliva, adjusted to slightly 

acidic conditions (pH 6.5) did not produce mal-
odor following incubation, whereas at pH  7.5 
malodor was produced. This study also showed 
that the addition of glucose to incubated saliva 
prevents malodor production and causes an 
increase in the proportion of Gram-positive bac-
teria. McNamara concluded that glucose fermen-
tation and resulting acidity inactivated amino 
acid metabolism and favored the growth of sac-
charolytic Gram-positive bacteria.

Kleinberg and Codipilly (1997) also demon-
strated, using a salivary incubation assay, that the 
addition of glucose results in pH reduction and 
concomitant inhibition of malodor production. 
They concluded that acidic pH is inhibitory to 
bacterial metabolism leading to malodor forma-
tion. Whereas, the saccharolytic Gram-positive 
oral bacteria reduce the pH by fermentation and 
acid production (e.g., lactic acid), the proteolytic 
Gram-negative oral bacteria tend to increase the 
pH by putrefaction (e.g., urea production). 
Furthermore, the activity of the various enzymes 
involved (e.g., saccharolytic, proteolytic) is opti-
mal in different pH ranges.

Another possible explanation for the effect of 
acidity on malodor inhibition was proposed by 
Tonzetich and coworkers (1967). They suggested 
that various pH conditions may affect the volatil-
ity traits of the malodor components.

Oxygen Depletion and Redox Potential  Oxygen 
depletion and reduced Eh are imperative for the 
development of malodor-producing anaerobic 
Gram-negative oral bacteria.

Berg and Fosdick (1946) showed that anaero-
bic conditions increased salivary putrefaction and 
malodor production. Kleinberg (Codipilly et  al. 
2004) showed that low Eh readings highly corre-
lated with oral malodor ratings. Greenstein and 
colleagues (1997) demonstrated that the rate of 
oxygen depletion by saliva samples from human 
subjects correlated with oral malodor-related 
parameters. Furthermore, we have recently 
shown that volatile sulfide compounds are pro-
duced in the deep layers of mature oral biofilm 
where anaerobic conditions predominate (Sterer 
et al. 2009; Fig. 3.1).

3  Biochemical and Microbial Aspects of Oral Malodor Production
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3.4	 �Biochemical Aspects

3.4.1	 �Metabolism

Oral malodor is considered to derive primarily 
from the anaerobic degradation of protein-
aceous materials by oral microorganisms. 
Proteins are readily available from saliva, 

exfoliated epithelial cells, food debris, blood, 
and crevicular fluids and possibly postnasal 
drip. The constituent proteins are hydrolyzed 
by proteolytic enzymes of bacterial origin, 
yielding free amino acids which can then be 
further broken down. Some of the molecular 
by-products of this process are particularly 
foul-smelling.

Protein Amino acids Putrefactiveend products® ® 	

(source: Fosdick and Piez 1953)

Fig. 3.1  VSC production in biofilm

3.4 � Biochemical Aspects
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Deglycosylation  Salivary mucins are large glyco-
proteins comprised of a long protein core surrounded 
by carbohydrate side chains in a bottle brush-like 

structure. Unlike ordinary polypeptides, their pro-
teolytic degradation requires the prior removal of 
their carbohydrate side chains, or deglycosylation.

	Mucin Protein Amino acids Putrefactiveend products® ® ® 	

One of the key enzymes in salivary mucin 
deglycosylation is β-galactosidase. Our research 
has shown that β-galactosidase activity in saliva 
significantly correlated with malodor ratings of 
64 subjects (Sterer et  al. 2002). Furthermore, 
addition of β-galactosidase or β-galactosidase-
producing bacteria (i.e., Streptococcus salivar-
ius) to a mucin incubation mixture promoted 
mucin putrefaction by Porphyromonas gingivalis 
(Sterer and Rosenberg 2006).

The proteolytic process described above 
results in the breakdown of available oral pro-
teins (or glycoproteins) into free amino acids. 
These free amino acids serve as nutrients for oral 
microorganisms that do not grow on carbohy-
drates (asacharolytic), and their metabolites are 
important pH modulators and precursors for vari-
ous molecules such as iron-scavenging sidero-
phores. Amino acids are degraded via different 
metabolic pathways such as deamination 
(Table 3.1), decarboxylation (Table 3.2), and var-
ious oxidation–reduction processes, yielding dif-
ferent by-products, as described below.

Volatile Fatty Acids  The enzymatic cleavage of 
the amino group from various amino acids 

occurs at a pH range of 6–7 and results in the 
production of volatile fatty acids and ammonia 
(NH3).

NH2

P–XH – XOOH + H2O → R - COOH + NH3 + 4H + CO2 

Amines  Decarboxylation of nitrogen contain-
ing amino acids occurs in the mouth mainly at 
pH 6.5 (Gochman et al. 1959) and serves also as 
a means for the microorganisms to regulate pH 
conditions. The decarboxylation of these amino 
acids results in the production of various amine 
compounds.

NH2

R-CH - COOH → R - CH2 - NH2 + CO2 + H 

Table 3.1  Deamination products of anaerobic bacteria

Amino acid VFA produced
Alanine, glycine, 
serine

Acetate

Threonine Propionate
Glutamate, aspartate Acetate, propionate, butyrate
Valine Isobutyrate
Leucine Isovalerate
Isoleucine 2-methylbutyrate
Phenylalanine Phenylacetate
Tyrosine p-Hydroxyphenylacetate
Tryptophan Indoleacetate → 

3-methylindole
Tyrosine Phenylacetate, 

phenylpropionate

Source: Mackie et al. (1998)

Table 3.2  Decarboxylation reactions by anaerobic 
bacteria

Amino acid Amine produced
Glycine Methylamine
Alanine Ethylamine
α-Aminobutyrate Propylamine
Ornithine Putrescine → pyrrolidinea

Arginineb Putrescine → pyrrolidinea

Norvaline Butylamine
Lysine Cadaverine → piperidinea

Arginine Agmatine
Histidine Histamine
Cysteic acid Taurine
Tyrosine Tyramine
Tryptophan Tryptamine
Phenylalanine Phenylethylamine

Source: Mackie et al. (1998)
aRing closure reaction
bDecarboxylation and hydrolysis

3  Biochemical and Microbial Aspects of Oral Malodor Production
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Indoles and Phenols  Production of indoles and 
phenols occurs as a result of the metabolism of 
various aromatic amino acids (Table 3.3).

Volatile Sulfide Compounds  Production of 
sulfur-containing compounds results from sulfate 
reduction or the metabolism of sulfur-containing 
amino acids

	

Cysteine Hydrogen sulfide

Methionine Methyl mercaptan

®
® 	

3.4.2	 �Malodorous Volatile Organic 
Compounds (VOCs) in the Oral 
Cavity

Many of the above compounds, as well as various 
other volatile organic compounds (VOCs), have 
been detected in saliva samples, saliva headspace, 
tongue coating samples, and breath samples 
(Table 3.4). These samples were analyzed using 
different techniques varying from classic colori-
metric techniques to modern liquid and gas chro-
matography. These reported compounds are 
listed below, highlighting those that have been 
implicated in oral malodor production and stating 
their odor characteristics and thresholds:

Research on malodorous volatile organic 
compounds (VOCs) from the oral cavity was ini-
tially carried out using salivary putrefaction 
assays. Whole saliva was stimulated by chewing 
on paraffin wax and incubated under various con-
ditions (e.g., aerobic, anaerobic) with or without 
adding additional nutrients or inhibitors (e.g., 
amino acids, glucose). Early work done by 
Fosdick and colleagues in the 1940s and 1950s 
on salivary putrefaction and periodontal disease 
showed that amines, indoles, and sulfides are pro-
duced in putrefied saliva concomitant with mal-

odor production especially if the saliva is 
incubated anaerobically in the presence of addi-
tional protein (Berg et al. 1946; Fosdick and Piez 
1953).

Studies done by Tonzetich and Richter (1964) 
during the 1960s using saliva from healthy sub-
jects, demonstrated the importance of volatile 
sulfide compounds (VSCs, especially hydrogen 
sulfide and methyl mercaptan) as major detect-
able components of oral malodor. According to 
Tonzetich, volatile sulfides are the only com-
pounds that play a meaningful part in odor pro-
duction. He showed that adding sulfur-containing 
amino acid such as cysteine to the incubation 
mixture (precursor of hydrogen sulfide) caused 
increased malodor production, whereas the addi-
tion of nitrogen-containing amino acid such as 
arginine (precursor of putrescine) or aromatic 
amino acid such as tryptophan (precursor of 
indole) did not. Tonzetich claimed that the reason 
for the inability of amines and indoles, despite 
their foul smell and low odor threshold, to 
increase salivary malodor, was their low volatil-
ity (Tonzetich et al. 1967).

During the early 1970s, Tonzetich and col-
leagues reported the use of gas chromatography 
coupled to a flame-photometric detector for the 
chemical analysis of breath malodor (Tonzetich 
1971). Their findings linking volatile sulfides and 
malodor seemed to confirm the hegemony of vol-
atile sulfide compounds as the major malodorous 
components of breath malodor.

This viewpoint, however, has been challenged 
by other researchers, especially Kleinberg and 
colleagues. They demonstrated that oral dryness 
can increase the concentration of volatiles 
(Kleinberg et  al. 2002). Furthermore, they 
showed that when the aqueous solutions of odor-
iferous volatiles are allowed to dry on the skin, 
the smells of some amines, indoles, and volatile 
fatty acids (VFA) are more pronounced and lin-
ger much longer then the smell of the volatile sul-
fides (Kleinberg and Codipilly 1997). Kleinberg 
also showed that incubating pure cultures of 
Gram-negative oral bacteria in the presence of 
various amino acids, including nitrogen contain-
ing and aromatic, did result in malodor produc-
tion. Other researchers have also demonstrated 

Table 3.3  Indoles and phenols

Amino acid Products
Tyrosine Phenol, p-Cresol
Tryptophan Indole, 3-methylindole (Skatole)
Phenylalanine Phenyl acetate, phenylpropionate

Source: Mackie et al. (1998)
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Table 3.4  Oral VOCs detected in saliva, tongue coating samples, saliva headspace, and mouth air

Compound Odor description Odor threshold (ppm v/v) Refs
Acids
Acetic acid (2, 6)
Butyric acid (2, 6)
Methylpropionic acid (2)
Methylpropanoic acid (10)
Alcohols
Ethanol (1)
Propanol (1, 4, 5, 6, 10)
Hexanol (10)
Decanol (1)
Butanol (10)
Dodecanol (1)
Tetradecanol (1)
Hexadecanol (1)
Phenylethanol (1)
2-ethylhexanol (1)
Benzylalcohol (1)
Aldehydes
2-heptanal (2)
2-octanal (2)
Nonanal (5, 10)
Decanal (10)
Propanal (10)
Acetaldehyde (6)
Benzaldehyde (1, 5)
Aromatics
C2–C4 alkyl benzenes (1, 10)
Ethylbenzene (2)
Styrene (1, 5)
Dimethylbenzene (2)
Benzene (1, 10)
Cadalene (10)
Naphtalene (2)
Toluene (1, 10)
Ethers
Dimethylfuran (1, 10)
Butylfuran (10)
Anethole (10)
Estragole (10)
Fixed gases
Carbon disulfide (4)
Dimethyl selenide (4)
Thiopropanal-S-oxide (6)
Hydrocarbons
2-Methyl-propane (2)
Dimethoxy-methane (2)
Trichloro-ethane (2)
1(1 ethoxyethoxy)-propane (2)
2-methyl 1-nitropropane (2)
2,4-pentadienenitryl (2)
Isoprene (5)
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Table 3.4  (continued)

Compound Odor description Odor threshold (ppm v/v) Refs
Caryophyllene (5)
β-Pinene (5)
Isobutene (5)
Tridecane (5)
Dodecane (5, 10)
Heptane (10)
Hexane (10)
Nonane (10)
Undecane (5, 10)
Pentadecane (5)
Decane (5)
Limonene (2, 5, 10)
C8–C12 alkanes (1)
C17 alkane (1)
Ketones
2-butanone (4, 5, 10)
2-decanone (10)
2-nonanone (10)
2-octanone (10)
2-heptanone (2)
2-hexanone (2)
2-pentanone (4)
6-methyl-2-heptanone (2)
Acetone (1, 4, 5, 6, 10)
Nitrogen-containing compounds
Diphenylamine (1)
Pyrrolidine (2, 10)
Putrescine (3, 7)
Cadaverine Putrid – (3, 7)
Methenamine – – (5)
Ammonia Pungent 1.5 (6, 8)
Indole Fecal 0.00030 (1, 2, 3, 4, 9, 10)
2-methyl pyridine (Picoline) Sweat 0.031 (1, 2)
3-methyl pyridine (1)
4-methyl pyridine (1)
Ethyl-pyridine (2)
3-methyl-indole (Skatole) Fecal 0.0000056 (1, 2, 3, 4, 10)
Pyridine Rancid 0.063 (1)
Acetonitrile (10)
Thiazole (10)
Phenols
p-Cresol (1, 2)
Dimethylphenol (2)
Phenol (1, 2, 5)
Sulfur-containing compounds
2-methyl-thio-propane (2)
Mercaptoacetic acid (2) (2)
Methylsufhide (2) (2)
Propane–thiol (2) (2)
Methylthiopropane (2) (2, 10)

(continued)
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significant correlations comparing odor levels 
with cadaverine (Goldberg et  al. 1994) and 
ammonia (Amano et al. 2002).

These results, taken together with clinical 
experience, may suggest that breath odors are 
more complex, and in fact are composed a “bou-
quet” of many different volatiles. This may 
explain the different types and characteristics of 
breath odors, and the observation that in certain 
individual’s odor does not correlate with one or 
more measured component. The technical diffi-
culties in measuring some of the malodor compo-
nents such as low instrumental sensitivity or the 
inability of a method to detect certain compounds 
may also play a part in underestimating the role 
of various breath malodor components.

3.5	 �Microbial Aspects

3.5.1	 �Malodor-Producing 
Microorganisms

Much like other bacterial associated ailments in 
the oral cavity (e.g., caries and periodontal dis-
ease), there is an ongoing dispute among 
researchers as to whether oral malodor is caused 
by specific bacteria (specific theory), various 
types of bacteria sharing the same metabolic pro-
cesses (nonspecific theory), or simply an over-

growth of the entire bacterial population (bacterial 
load).

Early observations suggested that malodor 
production is a complex process. In 1946, Berg 
and Fosdick (1946) tested the ability of 17 oral 
microorganisms to putrefy saliva and increase 
malodor production following aerobic and anaer-
obic incubation. They found that although all of 
the microorganisms caused some increase in sali-
vary putrefaction, it was evident that no single 
type of organism was capable of putrefying saliva 
as rapidly as the mixtures normally present in the 
mouth.

Research also demonstrated that the putrefac-
tion process was accompanied by a shift in the 
bacterial composition of the incubation mixture. 
Shiota and Kunkel (1958) showed that in incu-
bated whole saliva there was a decrease over time 
in the streptococci and lactobacilli populations, 
whereas fusiforms, pH, indole, and ammonia lev-
els increased. These processes were inhibited 
when the saliva was incubated in the presence of 
glucose. In this instance, streptococci and lacto-
bacilli populations increased concomitant with a 
decrease in pH.

Subsequent research provided further evi-
dence that the Gram-negative bacterial popula-
tion was directly responsible for malodor 
production in  vitro. McNamara and colleagues 
(1972) showed that inoculation of liquid incuba-

Table 3.4  (continued)

Compound Odor description Odor threshold (ppm v/v) Refs
Thiocyanic acid (2) (2)
Ethanethioic acid-S-ME (2) (2)
Methylbenzotiophene (2) (2)
Benzenecarbothiotic acid (2) (2)
Methanesulfonylazide (2) (2)
Dimethyl sulfide Cabbage 0.0030 (4, 5)
Allyl methyl sulfide (4, 10)
Allyl isothiocyanate (10)
Diallyl disulfide (6)
Hydrogen sulfide Rotten egg 0.00041 (4)
Methyl mercaptan Sewer 0.000070 (2, 4)
Dimethyldisulfide Sulfur 0.0022 (1, 2, 4, 5)
Dimethyltrisulfide – – (1, 2, 4, 5)

(1) Kostelc et al. (1980); (2) Claus et al. (1996); (3) Cooke et al. (2003); (4) van den Velde et al. (2007); (5) Van den 
Velde et al. (2009); (6) Ross et al. (2009); (7) Goldberg et al. (1994); (8) Amano et al. (2002); (9) Berg et al. (1946); 
(10) Al-Kateb et al. (2013). (N = 83 compounds). Compounds that have been associated with breath odors are written 
in boldface. Methenamine is produced by the reaction of formaldehyde and ammonia (Van den Velde et al. 2009)
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tion medium with Gram-negative oral bacteria, 
but not Gram-positive resulted in malodor pro-
duction. Furthermore, they showed that incubat-
ing whole saliva resulted in a bacterial shift from 
a predominantly Gram-positive population to a 
predominantly Gram-negative one. This shift was 
accompanied with malodor production and rise 
in pH.  They also showed that the addition of 
glucose-inhibited malodor production while 
maintaining Gram-positive predominance. 
Kleinberg and Codipilly (1997) also showed that 
incubating pure bacterial cultures of Gram-
negative oral bacteria species such as 
Fusobacterium, Porphyromonas, and Prevotella 
in the presence of various free amino acids 
resulted in malodor production whereas Gram-
positive (Streptococci, Actinomyces, and lactoba-
cilli) did not.

In order to evaluate whether specific types of 
bacteria are involve in oral malodor production, 
bacterial samples were taken from the tongue 
dorsum of individuals with and without oral mal-
odor and identified using molecular techniques 
(e.g., PCR; polymerized chain reaction), thus 
allowing the identification of both cultivable and 
non-cultivable bacteria (Haraszthy et  al. 2007; 
Kazor et al. 2003; Riggio et al. 2008). Despite the 
great variation between subjects reported by all 
the researchers, few bacteria seemed to be unique 
to the oral malodor positive patients. These are 
specified in Table 3.5.

All three studies reported greater bacterial 
diversity in oral malodor-positive subjects, and a 
difference in the proportions of bacterial popula-
tion in each group was also noted. Interestingly, 
all these studies reported Solobacterium moorei, 
a Gram-positive bacterium, to be prevalent on the 
tongue dorsum of malodor-positive subjects.

Despite the fact that two of these studies found 
S. salivarius prevalent in all the subjects 
(Haraszthy et al. 2007; Riggio et al. 2008), one 
study reported it to be found mostly in oral mal-
odor negative subjects (Kazor et  al. 2003). 
However, careful examination of the data reveals 
that the subjects from the malodor-positive group 
who did habor this bacterium showed distinc-
tively higher levels of volatile sulfides and mal-
odor. Interestingly, in one of the studies 

(Haraszthy et  al. 2007), Fusobacterium 
nucleatum, a putative malodor-producing Gram-
negative oral bacterium, was also present in all 
the malodor-negative subjects.

Studies conducted on the bacteria of peri-
odontal pockets aimed to identify the malodor 
associated bacteria are summarized in Table 3.6.

Although some overlapping between malodor-
producing bacteria from periodontal pockets and 
tongue dorsum can be seen (e.g., Eubacterium, 
Fusobacterium, and Prevotella species), some 
species (e.g., Treponema, Bacteroides, and 
Porphyromonas) appear to be more highly asso-

Table 3.5  Bacteria associated with malodor from tongue 
dorsum

Solobacterium (Bulleidia) moorei 1, 2, 3
Granulicatella elegans 2, 3
Granulicatella adiacens 3
Eubacterium species 1, 2, 3
Firmicutes species 2
Porphyromonas species 2
Staphylococcus warneri 2
Dialister species 1, 2
Prevotella intermedia 2
Prevotella pallens 3
Prevotella shahii 3
Prevotella tannerae 3
Uncultured Prevotella sp. 3
Atopobium parvulum 1
Fusobacterium periodonticum 1
Fusobacterium sulci 3
Streptococcus phylotype (clone BW009) 1
Phylum TM7 phylotype (clone DR034) 1
Cryptobacterium curtum 1
Bacteroides forsythus (Tannerella forsythensis) 3
Capnocytophaga gingivalis 3
Capnocytophaga sputigena 3
Escherichia coli 3
Gemella haemolysans 3
Gemella sanguinis 3
Lachnospiraceae bacterium 3
Megasphaera sp. oral clone 3
Mogibacterium neglectum 3
Neisseria perflava 3
Neisseria subflava 3
Rothia dentocariosa 3
Streptococcus australis 3
Streptococcus cristatus 3
Uncultured Streptococcus sp. 3

(1) Kazor et  al. (2003); (2) Haraszthy et  al. (2007); (3) 
Riggio et al. (2008)
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ciated with malodor exuding from periodontal 
pockets.

Persson and coworkers (1990) demonstrated 
the ability of certain periopathogenic bacteria 
(e.g., Fusobacterium, Bacteroides, and 
Porphyromonas) sampled from deep periodontal 
pockets to produce volatile sulfide compounds.

Some studies detected periopathogenic bacte-
ria (P. gingivalis, Tannerella forsythia, Prevotella 
intermedia, Prevotella nigrescens, and 
Treponema denticola) in tongue-coating samples 
of subjects with oral malodor (Kato et al. 2005; 
Kurata et al. 2008; Tanaka et al. 2004). However, 
the prevalence of these bacteria was significantly 
higher in subjects who showed signs of periodon-
tal disease (i.e., pocket depth of 4 mm and above) 
and higher in subgingival plaque as compared to 
tongue coating and saliva (Kato et  al. 2005). 
Furthermore, the prevalence of these periopatho-
genic species in tongue-coating samples corre-
lated with the tongue coating thickness (rather 
than area) and volatile sulfide levels, but showed 
only poor correlations with malodor scores 
(Tanaka et al. 2004). Interestingly, the improve-
ment in periodontal health and oral VSC result-
ing from periodontal therapy did not seemed to 
affect the prevalence of periodontal pathogens in 
the tongue coating (Kurata et  al. 2008). This 

raised the possibility that periodontal pathogens 
residing on the tongue may serve as a reservoir 
for infection and reinfection of the 
periodontium.

Other studies have taken a different approach 
to studying the tongue dorsum microbial differ-
ences between subjects with or without oral mal-
odor. Rather than identifying specific bacteria, 
they relied on their biochemical properties, by 
quantifying the levels of bacteria that are able to 
produce hydrogen sulfide (Hartley et  al. 1996; 
Washio et al. 2005) as well as evaluating the total 
bacterial load. Both studies reported an increase 
in bacterial load associated with oral malodor as 
well as an increase in the amount of hydrogen 
sulfide-producing bacteria. However, whereas 
one study reported that the proportions of hydro-
gen sulfide producing bacteria were higher in the 
oral malodor positive group (Hartley et al. 1996), 
the other found no difference in their proportion 
between groups (Washio et al. 2005).

Recent developments in the field of molecular 
microbiology such as the Human Oral 
Microbiome Database (Dewhirst et al. 2010) and 
the use of deep sequencing techniques have 
opened up new pathways for understanding the 
complex microbial population (i.e., oral microbi-
ome) of the oral cavity in health and disease. The 
observation that different niches in the oral cavity 
are populated by different bacterial species sug-
gests that the oral microbiome is not a single 
entity but comprises different subpopulations. 
This in turn underlies the importance of site-
specific intraoral sampling with regard to certain 
conditions. For example, whereas a study con-
ducted on children with or without oral malodor 
using deep sequencing of supragingival samples 
did not find significant differences between 
groups (Ren et al. 2016a), another study done by 
the same research group using samples taken 
from tongue and saliva did (Ren et  al. 2016b). 
Although, some differences in the abundance of 
certain bacterial genus and species were noted 
between malodorous and non-malodorous sam-
ples using this new methodology its main contri-
bution, however, is to provide a broader view of 
the microbial ecosystem. To this effect, recent 
results have shown a higher microbial diversity 

Table 3.6  Bacteria associated with malodor from peri-
odontal pockets

Prevotella intermedia 1, 2
Prevotella nigrescens 2
Bacteroides forsythus 1, 2
Fusobacterium periodonticum 2
Fusobacterium nucleatum ss nucleatum 1, 2
Fusobacterium nucleatum ss vincentii 2
Fusobacterium nucleatum ss polymorphum 2
Treponema denticola 1, 2
Treponema socranskii 2
Porphyromonas gingivalis 1, 2
Campylobacter rectus 2
Campylobacter gracilis 2
Capnocytophaga ochracea 2
Capnocytophaga gingivalis 2
Eubacterium nodatum 1, 2
Selenomonas noxia 2
Propionibacterium acnes 2
Leptotrichia buccalis 2

(1) Persson et al. (1990); (2) Torresyap et al. (2003)
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as well as clustering of microbial profiles in mal-
odorous samples as compared with non-
malodorous ones (Yitzhaki et al. 2018).

Most studies carried out on the microbial 
aspect of oral malodor report great variation in 
bacterial populations among individual subjects. 
Given the large prevalence of this condition, it is 
thus unlikely that only a few types of bacteria are 
involved. Nevertheless, specific microbial factors 
appear to contribute strongly to malodor produc-
tion. It seems that microbial overgrowth (e.g., 
microbial load) as reflected mainly by tongue 
biofilm thickness and subgingival plaque accu-
mulation is a key factor in oral malodor. The 
accumulation and thickening of the oral biofilms 
allow for the depletion of oxygen in the deep lay-
ers of the biofilm and the creation of anaerobic 
niches. Whether or not this process is accompa-
nied by a change in the proportion of the various 
types of bacteria (floral shift), or an increase in 
bacterial diversity, the overall bacterial activity 
leads to putrefactive action in the oral cavity 
which is the underlying cause of malodor 
production.
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4.1	 �Olfactory Psychophysics

The sense of smell is the least understood of all 
human senses. The olfaction process is a com-
plex one involving both physiological periph-
eral sensing and cognitive and emotional central 
processing. The olfactory receptor neurons are 
situated in the olfactory epithelium located in 
the upper portion of the nasal cavity. These cells 
project cilia into the mucus lining of the nasal 
cavity, and those are responsible for the first 
stages of the olfaction process. The binding of 
an odor molecule to the receptor results in an 
electrical signal that is transducted through the 
neuron’s axon to the olfactory bulb, and causes 
the release of a neurotransmitter (Berkowicz 
et  al. 1994) which activates mitral and tufted 
cells within the olfactory bulb to carry the infor-
mation further into the brain. Within the brain, 
the olfactory system is closely linked to areas of 
the brain that are involved with emotion (i.e., 
Amygdala; Cain and Bindra 1972; Zald and 
Pardo 1997), memory, and learning (i.e., the 
hippocampus).

We do not yet completely understand which 
odorants activates a certain receptor. However, it 
seems that different combinations of olfactory 
neuron activation may have the potential to 
explain the large variety of detectible odors. 
Research has shown that different receptors fami-
lies are expressed zonally across the olfactory 
epithelium (Strotmann et al. 1994), which coin-
cides with zones of odorant sensitivity. This may 
suggest that odor qualities are coded at the level 
of the olfactory bulb on the basis of distributed 
patterns of activity (Shepherd 1994).

Genetic variations in human odorant receptors 
may account for the vast differences in odor per-
ception between different individuals (Keller 
et al. 2007). Furthermore, genetic differences in 
receptor expression may help to explain why 
some individuals with a normal sense of smell 
may be “blinded” to a single odorant or a small 
group of closely related odorant (i.e., specific 
anosmia; Amoore 1977). However, repeated 
exposure to an odorant did seem to induce the 
ability to detect it by subject who were initially 
anosmic to it (Dorries et al. 1989).

4
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Research has shown that a certain amount of 
electrical activity is always present in the olfac-
tory neurons. This activity is referred to as base-
line “noise” (Cain 1977), and is considered to 
increase olfaction sensitivity on the expense of 
specificity. This implies that the receptors are 
easily activated by minute concentration of odor-
ants even with marginal odorant–receptor fit.

The response to a certain odorant is termi-
nated, presumably to allow the system to be ready 
for the next stimulus. This process (i.e., adapta-
tion) occurs both peripherally at the receptor cell 
and centrally in the brain. At the receptor cell 
level, olfactory adaptation is calcium-dependent 
(Kurahashi and Menini 1997); therefore, this pro-
cess may be affected by medications or condi-
tions that affect cellular calcium homeostasis. 
Central adaptation mechanism is not yet under-
stood. However, unlike receptor cell adaptation 
that is considered short-term (minutes), central 
adaptation may last for as long as 4 weeks (Dalton 
and Wysocki 1996).

Various diseases and conditions may affect 
olfactory function. For example, research has 
shown that the neurotransmitter dopamine 
decreases the baseline activity (i.e., “noise”) of 
mitral cells in the olfactory bulb (Duchamp-Viret 
et  al. 1997). Therefore, in patients with 
Parkinson’s disease in which dopamine synthesis 
is impaired, the ability to identify odors may be 
reduced (Doty et al. 1991). These patients’ olfac-
tory disorder was shown to be independent of the 
cognitive, perceptual–motor, and memory mani-
festations of the disease (Doty et al. 1989). The 
rich cortical representation of the olfactory sys-
tem on all its various components contributes to 
the normal function of odor perception and mem-
ory. This complexity, however, makes it sensitive 
to pathology and disease. Odor perception may 
be impaired by various disorders such as 
Alzheimer’s disease, schizophrenia, depression, 
autism, and early life exposure to toxins, while 
other sensory systems remain for the most part 
unaffected (Wilson et al. 2014).

Most studies conducted on the relationship 
between gender and olfaction have concluded 
that at least for some odorants, females perform 
better than males in odor detection, identifica-

tion, and discrimination (Doty and Cameron 
2009). Estrogen modulates the activity of retinoic 
acid, an important factor in olfactory cells differ-
entiation (Balboni et al. 1991). This might explain 
the observation that premenopause females tend 
to perform better than males in olfactory function 
tests (Wysocki and Gilbert 1989). However, a 
recent systematic review that examined the data 
about sex hormone alterations (e.g., menstrual 
cycle, pregnancy, gonadectomy, and hormone 
replacement therapy) and human olfactory func-
tion concluded that the relationship between the 
two is complex and any simple explanation for 
any association between them is tenuous (Doty 
and Cameron 2009). One recent study showed 
that females of three different age groups (19–39, 
40–59, >60) performed significantly better than 
males for both odor threshold and odor discrimi-
nation, thus demonstrating higher olfactory sen-
sitivity (Thuerauf et  al. 2009). The researchers 
attributed this to the link between odors and emo-
tional reactivity, since females demonstrated bet-
ter emotion-linked memory (Canli et al. 2002).

Cognitive factors have been shown to impact 
human odor perception. Research showed that 
subjects who were given a negative description of 
an odor gave higher intensity scores, perceived it 
as irritating, and were less adaptive to it than 
those who were given a neutral or positive 
description (Dalton et  al. 1997). Learning and 
memory also play a strong part in odor percep-
tion. Our familiarity and associated experience 
with a certain odorant will affect the way that we 
classify its pleasantness. Furthermore, it seems 
that odor perception is highly linked to emotional 
state, which effects both odor identification and 
intensity ratings (Hoenen et al. 2017).

Taken together these physiological and envi-
ronmental factors may help to explain the high 
intra and interindividual variability seen in psy-
chophysical research on olfactory threshold 
(Stevens et al. 1988).

Nevertheless, it seems that some level of con-
sensus may be associated to various chemical 
traits of certain odorants. In a study conducted on 
the verbal description of 480 different molecules 
by 55 subjects (Keller and Vosshall 2016), one of 
the findings most relevant to the topic of breath 
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odors suggested that the number of sulfur atoms 
in a molecule was in correlation with odor 
descriptors such as “garlic,” “fish,” and “decayed.” 
It is possible that through our evolution we have 
come to recognize some chemicals as a warning 
sign in order to avoid the ingestion of spoiled 
foods and polluted water sources.

4.2	 �Odor Mixtures

Naturally occurring smells such as breath odors 
are usually a complex mixture of various odor-
ants. Unlike some other sensory systems in which 
the intensity of a complex signal is the sum of its 
components (i.e., additivity), in olfaction this rule 
does not seem to apply. Studies done on two 
component mixtures show that in most cases, 
mixing the odorants results in the suppression of 
the perceived intensity of one or both odors 
(Laing et al. 1984). Although the strength of an 
odor may be increased by the presence of another 
(i.e., synergism), this is rarely seen in two com-
ponent mixtures. However, some researchers 
have reported a substantial synergistic effect in a 
complex mixture of many odorants (Laska and 
Hudson 1991) at concentration too low to be 
sensed individually (i.e., subthreshold).

Some studies have been conducted on the 
interactions of unpleasant odor components 
(Berglund 1974). These studies showed that the 
odor intensity of two, three, and four component 
mixtures of volatile sulfides (hydrogen sulfide, 
dimethylsulfide, dimethyldisulfide, and methyl-
mercaptan) slightly exceeded the intensity of the 
single odorants. Another more recent study 
(Laing et  al. 1994) conducted on odor interac-
tions of malodorous components (hydrogen sul-
fide, butanethiol, skatol, and isovaleric acid) 
concluded that suppression was the dominant 
perceptual effect. It also concluded that there was 
a substantial loss of identity of the individual 
odorants in the mixture, a finding that is in agree-
ment with other studies which demonstrated that 
humans have considerable difficulty in identify-
ing three or four odorants in a given mixture 
(Laing and Francis 1989). Interestingly, it seems 
that the malodor of the mixture was usually per-

ceived as more unpleasant than any of the indi-
vidual components (Laing et  al. 1994). This 
suggested that the loss of odorant identity was 
not mostly due to the reduced odor intensity of 
the component but rather due to the blending of 
one or more of the components to produce an 
even fouler smell (Laing et al. 1994).

4.3	 �Odor Perception and Odor 
Evaluation Panels

Organoleptic scores given by odor judges are the 
most common means of evaluating a malodor 
nuisance and are considered as the golden stan-
dard in breath odor investigations. However, 
given the large interpersonal variation in odor 
perception, using a panel of several evaluators is 
recommended.

Studies conducted on the implementation of 
odor perception principals on the accuracy and 
repeatability of organoleptic (odor judge) mea-
surements stress the importance of proper panel 
selection and training techniques. For example, it 
was suggested that using varying concentration 
of odorant samples (i.e., n-butanol) in a double 
blind manner was less repetitive and more effec-
tive than the standard one concentration method 
(Capelli et al. 2010). Although olfactory memory 
seems to be linked to the experience of the panel-
ists in recognizing the measured malodor (i.e., 
stimulus familiarity), trained panelists were 
shown to be more accurate than nontrained 
(naive) ones regardless of their level of familiar-
ity. However, panel experience did allow the 
trained panelists to verbalize their perception 
more accurately when the stimuli were familiar 
(Lesschaeve and Issanchou 1996).

Rosenberg and coworkers (1991) found that 
inter-examiner correlations among judges with 
no prior experience in scoring breath odors were 
mostly significant with r values ranging from 
0.14 to 0.49.

Other researchers have also reported that 
training improves the accuracy of odor intensity 
scoring by both experienced and inexperienced 
panelists (Nachnani et  al. 2005). Interestingly, 
training did not seem to improve the ability to 
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discriminate and identify different odorants in a 
mixture (Livermore and Laing 1996).

Researchers who studied the relationship 
between oral malodor intensity scale and the con-
centration of some of its components (e.g., 
hydrogen sulfide, skatole, cadaverine) suggested 
that the intensity score reflects the odorant–
receptor binding ratio (e.g., increasing satura-
tion), which is logarithmic in nature and depends 
on the odor threshold and odor power (i.e., the 
ratio between odor score and concentration) of 
each odorant (Greenman et  al. 2005). 
Understanding that the organoleptic oral malodor 
intensity scale is indeed an exponential scale may 
enable the design of better ways to train and cali-
brate the odor judge panel.
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According to reports from various multidisci-
plinary breath odor clinics around the world, 
some 4–8% of breath odor cases are ear–nose–
throat (ENT)-related conditions (Quirynen et al. 
2009; Seemann et al. 2006). These include nasal 
and pharyngeal infections and conditions such as 
chronic sinusitis, chronic (caseous) tonsillitis, 
foreign bodies, and craniofacial anomalies (e.g., 
cleft palate). These are specified in Table 5.1.

5.1	 �Chronic Sinusitis

The sinuses are drained and ventilated into the 
nasal cavity through small orifices (i.e., ostium). 
Any obstruction in the sinuses’ drainage result-
ing from malformation or disease may cause 
sinus secretion stagnation and bacterial infection 
(Stammberger 1986). This condition differs from 
acute sinusitis in its symptoms, which are mostly 
related to an increase in nasal secretions (i.e., 
postnasal drip). These include chronic cough, 

productive throat cleaning, sniffling, and halito-
sis (Bunzen et  al. 2006; Tatli et  al. 2001). 
Furthermore, Gram-negative anaerobic bacteria 
(e.g., Bacteroides sp. and Fusobacteria sp.) that 
are known producers of VSC have been shown to 
inhabit the maxillary sinuses (Brook 1981).

In those cases in which the breath odor results 
from a nasal infection the malodor is typically 
felt much stronger from the air exhaled through 
the nose (Rosenberg 1996). However, it is impor-
tant to stress that postnasal drip may be an impor-
tant factor in tongue malodor (Rosenberg and 
Leib 1997); therefore, an additional oral malodor 
component is expected to be present in cases of 
chronic sinusitis.

The diagnosis of chronic sinusitis is best con-
firmed by an otolaryngologic examination using 
a flexible endoscope (Finkelstein 1997a). The 
flexible endoscope allows the clinician to exam-
ine the areas of inflammation or pathologic drain-
age in the intranasal structures, which cannot 
otherwise be detected using anterior rhinoscopy 
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or plain sinus radiographs. In a study conducted 
on 275 children between the ages of 2 and 
14 years (58% males), 67% of the children with a 
confirmed diagnosis of chronic rhinosinusitis 
showed signs of halitosis as compared with only 
28% in the control (Leo et al. 2015).

Functional endoscopic sinus surgery (FESS) 
is currently a preferred treatment for chronic rhi-
nosinusitis. In a retrospective clinical study car-
ried out in Brazil on patients suffering from 
chronic rhinosinusitis (Bunzen et al. 2006), it was 
shown that in 10 out of 24 patients (41.6%) who 
initially complained of halitosis 8 reported 
improvement following this procedure.

5.2	 �Chronic Caseous Tonsillitis

The tonsils contain tubular invaginations known 
as crypts which extend from the tonsils’ surface 
to deep within its parenchyma (Finkelstein 
et al. 2004). In some cases, caseous secretions 
may be retained within these crypts resulting in 
caseous tonsillitis that is considered a variant of 
chronic tonsillitis. This condition is character-
ized by the formation of calcareous concretions 
known as tonsilloliths or tonsillar calculi 
(Finkelstein et al. 2004).

Early clinical observations (Castellani 1930) 
suggested that this type of chronic tonsillitis 
(which they termed granulomycosis of the crypts) 
may be a cause for halitosis (i.e., fetor oris). 
These researchers noticed that “in certain cases 
of granulomycosis a most offensive odour is emit-
ted when the granules are extracted and 
squashed.” They further noticed that these gran-
ules contained a large variety of bacteria, and 

were even able to isolate and grow certain Gram-
negative bacilli “which produce in agar culture 
exactly the same offensive odour as was notice-
able in the patient’s breath, and on squashing the 
white granules.”

A more recent study on the microbial compo-
sition of tonsilloliths from six individuals con-
ducted using culture-independent molecular 
methods (i.e., PCR), demonstrated the presence 
of many anaerobic bacterial species (Tsuneishi 
et  al. 2006). These included Eubacterium, 
Fusobacterium, Megasphaera, Porphyromonas, 
Prevotella, Selenomonas, and Tannerella, all of 
which are associated with VSC production.

Chronic tonsillitis-associated malodor seems 
to occur intermittently (Fletcher and Blair 1988) 
and may be concomitant with the appearance and 
exfoliation of the tonsilloliths. Research showed 
that patients suffering from chronic caseous ton-
sillitis had a significantly higher VSC levels when 
tonsilloliths were present (Rio et  al. 2008). 
Furthermore, one case reported in Japan showed 
that VSC readings sharply decreased following 
tonsilloliths removal (Kato et al. 2005).

Tonsil-associated malodor does not respond to 
standard oral care treatments (Talebian et  al. 
2008). Therefore, once intraoral origins have 
been ruled out and the malodor persists, espe-
cially if the malodor coincides with the appear-
ance of tonsilloliths, then the tonsils are a likely 
source of the malodor.

In the past, halitosis of tonsillar origin was con-
sidered a valid indication for adenotonsillectomy 
(Arnold 1953). However, since then a more con-
servative method of treatment has been applied. 
This method, termed laser cryptolysis (Finkelstein 
et  al. 2004) or laser cryptolysis by coagulation 

Table 5.1  ENT-related breath odor-inducing conditions

Pathology Signs and symptoms Diagnosis Recommended treatment
Chronic 
rhinosinusitis

Nasal malodor
Post nasal drip (PND)

Flexible endoscopy of the nasal 
cavity

Functional endoscopic sinus 
surgery (FESS)

Chronic caseous 
tonsillitis

Occasional oral 
malodor
Tonsilloliths

Tonsils smelling test CO2 laser cryptolysis

Foreign bodies Nasal malodor 
(unilateral)
Purulent unilateral 
nasal discharge

Anterior rhinoscopy and flexible 
endoscopy of the nasal cavity

Foreign body extraction

Craniofacial 
anomalies

Nasal and oral malodor
Cleft palate

Clinical examination Corrective surgery
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(Rio et al. 2008), is aimed at opening the crypts 
ostium, thus preventing caseum retention. This 
procedure is carried out using CO2 laser under 
local anesthesia. Research demonstrated that 
patients suffering from chronic caseous tonsillitis 
showed significant reduction in VSC levels fol-
lowing this treatment (Rio et al. 2008). Another 
study conducted on 34 patients suffering from 
caseous-related halitosis were treated using 
radiofrequency cryptolysis reported a 76% suc-
cess rate in eliminating the problem in a 
12 months follow-up as determined organolepti-
cally (Ata et al. 2014).

5.3	 �Foreign Bodies

Young children typically 2–4 years of age tend to 
insert small objects such as plastic beads, but-
tons, and small toy parts into their nostrils (Kiger 

et al. 2008). This type of behavior usually ceases 
after the age of 5, although it may continue in 
older children (e.g. 10 or 11 years of age) in cases 
of attention-deficit hyperactivity disorder 
(ADHD; Perera et  al. 2009), or at any age in 
cases of severe mental retardation (Rosenberg 
and Leib 1997).

In many cases, these foreign objects consist of 
plastic, cotton, organic matter, or paper, materials 
that would not normally appear in X-rays, and 
can only be detected using endoscopy (Fig. 5.1).

Typically, the chief complaint made by the 
child’s parents at the doctor’s office would refer 
to the child’s severe body odor (Katz et al. 1979; 
Rosenberg and Leib 1997). However, a thorough 
clinical examination will usually reveal that the 
malodor is emanating from the nasal cavity 
(Rosenberg and Leib 1997) or the mouth (Syfert 
1979). Upon examination a purulent inflamma-
tion of one nostril is noted accompanied by a 

Fig. 5.1  Variety of foreign objects extracted from the nose of children (kindly provided by Dr. M. Marcus)
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unilateral malodorous discharged from the same 
nostril. This smelly discharge is smeared by the 
child on his clothes and hair, therefore creating a 
mistaken impression of body odor (Syfert 1979). 
This can be verified by smelling areas on the 
child’s body that are normally out of reach (e.g., 
back and ankles) that would not present the same 
malodor (Rosenberg and Leib 1997).

Nasal foreign bodies in children can usually 
be removed using simple techniques (Kiger et al. 
2008). However, when left in place for years 
these objects may calcify over time creating a 
growing rhinolith (i.e., nasal stone) which may 
result in a unilateral nasal obstruction (Brehmer 
and Riemann 2010) in addition to the associated 
malodor. A case series study (Karli et al. 2012) 
conducted on eight female patients (age 
14–45  years) showed that these rhinoliths were 
most commonly lodged between the middle and 
inferior concha and were associated with nasal 
obstraction (87%), purulent nasal discharge 
(75%), and malodor (37%).

Furthermore, although the nasal cavity is the 
most common site of breath odor causing foreign 
bodies, one case of a malodor causing pharyngeal 
foreign body was reported in the literature (Kurul 
and Kandogan 2002), suggesting that putrefying 
foreign objects may also be lodged in the 
pharynx.

In most cases of foreign bodies’ related breath 
odor the malodor did not respond to antibiotic 
treatment. However, foreign body extraction 
results in immediate resolution of the foul odor.

5.4	 �Craniofacial Anomalies

Because of the various malformations in nasal 
structures observed in patients with craniofacial 
anomalies such as deviated nasal septum, 
deformed medial turbinate, underdeveloped 
maxillary sinuses, maxillary growth deficits, 
choanal stenosis or atresia, atresia of the nos-
trils, malformed external nasal valve, incompe-
tent velopharyngeal valve, presence of 
pharyngeal flap and impairment of mucociliary 
transport, chronic paranasal sinusitis with 
accompanying breath odor formation is more 

frequently seen in patients with cleft palate 
(Finkelstein et al. 1990).

These structural malformations in the external 
and internal nasal passages may also cause nasal 
obstructions or high nasal airway resistance that 
may result in mouth breathing (Finkelstein 
1997b), in itself a risk factor for oral malodor. 
Furthermore, poorer oral hygiene and dental con-
dition have been observed in cases of cleft palate 
(Wong and King 1998). Both of these are also 
contributing factors to oral malodor formation. 
Finally, oronasal fistulas are often present in 
these patients and can serve as a continuous 
source of nasal contamination by oral bacteria. 
These fistulas may also facilitate the insertions of 
foreign bodies into the nasal cavity such as food 
or dental impression materials (Finkelstein 
1997b).

Reports on breath odors in patients with cra-
niofacial anomalies are mostly anecdotal case 
reports. However, a few clinical studies were 
published. One of these studies demonstrated no 
difference between the oral VSC levels of patients 
with repaired clefts and the control group 
(Monteiro-Amado et al. 2005), whereas a second 
study showed that both oral and nasal VSC levels 
were elevated in cleft patients especially in the 
affected nostril (Doruk et al. 2008). These results 
suggest that if malodor still persists following 
cleft repair then nasal malformations or infection 
should be examined next.

The above notwithstanding, much remains to 
be learnt about nasal malodor. Its characteristic 
odor is very different than that of oral malodor 
although both are attributed to anaerobic degra-
dation of protein and amino acids. Furthermore, 
many cases of odor emanating from the nose 
appear to be unrelated to any frank medical 
condition.
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In the absence of well-informed science, people 
intuitively associate breath odors with the diges-
tive system. Perhaps, the stomach odors that arise 
transiently during eructation (burping) lead many 
to assume that breath odor may originate in the 
stomach. Old medical texts on this topic (Howe 
1898; Shifman et al. 2002) cite indigestion, consti-
pation, and dyspepsia as potential causes of breath 
odors further illustrates this point. Even nowadays, 
patients complaining of breath odors to their phy-
sicians or dentists are sometimes referred to the 
gastroenterologist (Delanghe et al. 1996).

Most researchers agree that the gastrointesti-
nal tract is rarely involved in breath odor produc-
tion. The esophagus is a closed flat tube, and 
odors are unlikely to be steadily released into the 
oral cavity. Yet, some other investigators have 
provided evidence support a possible link 
between breath odor and various gastrointestinal 
diseases and symptoms. At first these were 
mostly anecdotal observations such as case 
reports linking between pyloric stenosis and hali-
tosis (Tydd and Dyer 1974). However, large con-
trolled studies also showed higher prevalence of 
halitosis in patients suffering from inflammatory 

bowel diseases (Katz et al. 2003). Most of these 
studies focused on two gastrointestinal condi-
tions; reflux and Helicobacter pylori infection.

6.1	 �Gastroesophageal Reflux 
Disease (GERD)

Reflux (regurgitation) commonly referred to as 
heartburn is the emersion of the acidic content of 
the stomach back up into the esophagus. Although 
no rationale has been offered as to why this spe-
cific condition was considered as a cause for 
breath odors, several studies (Di Fede et al. 2008; 
Moshkowitz et  al. 2007; Struch et  al. 2008) 
reported a possible association between GERD 
and halitosis (Table  6.1). However, rather than 
relying on objective parameters (e.g., odor judge, 
sulfide levels), these studies based their diagnosis 
on self-reported breath odor questionnaires. 
Unfortunately, when it comes to halitosis, self-
perception is notably unreliable (for further 
details, see Chap. 10). Furthermore, the largest of 
these studies (Struch et al. 2008) conducted in a 
general population (over 3000 participants) 
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considered both “bad breath” and “bad taste in 
your mouth” as positive for halitosis. Another 
criticism is that oral conditions, more commonly 
associated with breath odors, were not taken into 
account. For example, in the same study men-
tioned above, subjects self-reporting of halitosis 
had higher prevalence of gingival bleeding which 
is directly related to oral malodor.

Another study (Carr et al. 2000) conducted in 
small children with or without GERD by review-
ing their medical charts did not show any differ-
ence between the prevalence of halitosis in 
GERD positive and controls. Two additional 
studies (Kislig et  al. 2013; Lee et  al. 2014) 
employing objective measurements of malodor 
(odor judge) and malodor-related parameters 
(sulfide monitor) have reported no association 
between reflux disease and breath odors.

6.2	 �Helicobacter pylori (Hp) 
Infection

H. pylori (Hp) is a spiral Gram-negative bacte-
rium that has been associated with gastritis, gas-
tric ulcer, and cancer. Associating Hp with breath 

malodor started with an anecdotal observation. In 
the mid-1980s, Marshall ingested laboratory 
grown Hp in purpose of developing gastritis and 
fulfilling Koch’s postulate (Marshall et al. 1985). 
While being infected, his colleagues noticed a 
“putrid” odor on his breath.

Several studies were conducted in order to test 
the possible association between Hp infection 
and breath odors (Table 6.2). Some of these stud-
ies (Gasbarrini et  al. 1998; Moshkowitz et  al. 
2007; Schubert et  al. 1992; Werdmuller et  al. 
2000) failed to find a link between the two. Again, 
these studies relied on self-reported halitosis 
rather than an objective means as the criterion 
for determining the presence of breath odors. 
Furthermore, few if any attempts were made to 
examine possible oral causes for the presence of 
malodor. Conversely, other studies (Candelli 
et al. 2003; Claus et al. 1996; Li et al. 2005) did 
show an association between Hp infection and 
halitosis. One of these (Claus et al. 1996) relied 
on objective parameters (i.e., odor judge scores 
and GC measurements) in order to establish the 
presence of halitosis. Moreover, oral malodor-
related parameters (PI–plaque index, GI–gingi-
val index, PPD–periodontal pockets depth,  

Table 6.1  Reflux and halitosis

References Aims Malodor criteria Findings
Criticism and 
comments

Carr et al. 
(2000)

ENT symptoms and 
gastroesophageal reflux 
disease (GERD) in 
small children
(n = 295)

Charts review 15% halitosis in GERD+
24% halitosis in GERD−

Moshkowitz 
et al. (2007)

Possible association bet 
GERD and halitosis
(n = 132)

Questionnaire Halitosis was associated with 
GERD, heartburn, belching, 
and sour taste

Self-reported

Struch et al. 
(2008)

Self-reported halitosis 
and GERD in general 
population
(n = 3005)

Interview: “do you 
often suffer from bad 
taste in your mouth 
or from bad breath?”

GERD-related symptoms 
(heartburn, acid regurgitation) 
were associated with halitosis 
subjects complaining of 
halitosis had more gingival 
bleeding and PPD > 4 mm

Self-reported 
(+associating bad 
taste with bad 
breath)

Di Fede et al. 
(2008)

Oral manifestations in 
GERD
(n = 400)

“Subjective halitosis” 49% halitosis in GERD+
31% halitosis in GERD−
(p = 0.0004)

Self-reported

Kislig et al. 
(2013)

Halitosis in erosive and 
no-erosive GERD
(n = 66)

Odor judge
Halimeter
Questionnaire

No association between 
halitosis and GERD-related 
erosions

Lee et al. 
(2014)

Association between 
halitosis and GERD
(n = 54)

Halimeter
Questionnaire

No association between 
halitosis and GERD
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TC–tongue coating) were also determined. 
Results of this study showed significantly higher 
mouth air malodor and H2S levels in Hp-positive 
subjects, whereas no difference was seen in oral 
health parameters (however, they did differ in age 
groups). Interestingly, this study links between 
the presence of an Hp infection and breath odors 
of oral origin (mouth air) rather than extra oral 
origin (lung air). However, a further study 
employing objective malodor measurements 
(odor judge and gas chromatography) found no 
association between breath odors and Hp infec-
tion (Tangerman et al. 2012).

Another factor that may cause physicians to 
link Hp infection and breath odors is the clinical 
observation that the malodor tends to disappear 
following Hp eradication treatment (Table 6.3). 
The first report to this effect was published in 
the early 1990s (Tiomny et  al. 1992) showing 

the disappearance of breath malodor (as reported 
by respective family members) in four out of 
five patients following Hp eradication treatment 
(4 weeks) with metronidazole (although an ear-
lier case report by Tydd in 1974 showed the 
same effect with tetracycline in pyloric stenosis 
patients). Several other larger studies (Ierardi 
et al. 1998; Katsinelos et al. 2007; Serin et al. 
2003; Shashidhar et  al. 2000) have reported 
similar results. However, malodor production is 
for the most part bacterial in origin and any use 
of antibiotics, especially those targeted against 
Gram-negatives and anaerobes such as metroni-
dazole would be expected to affect the oral pop-
ulation of malodor-producing bacteria and 
decrease or eliminate the malodor for a certain 
period of time.

To shed more light on this problem, one study 
(Ierardi et  al. 1998) employed an antiseptic 

Table 6.2  Hp and halitosis

References Aims
Malodor/oral 
parameters Findings and conclusions

Criticism and 
comments

Schubert et al. 
(1992)

Symptoms, gastritis and 
Hp

Interview
Hp: biopsy

No correlation between Hp and 
halitosis

Self-reported

Gasbarrini 
et al. (1998)

Hp infection and GI 
symptoms in IDDM

Hp: [13C] urea 
breath test

Prevalence of halitosis did not 
differ between Hp+ and Hp−  
groups

Self-reported

Werdmuller 
et al. (2000)

Clinical presentation of 
functional dyspepsia in 
Hp+ (n = 222) and Hp−  
(n = 182) pat.

Halitosis by 
questionnaire
Hp: biopsy

Hp+ 29% halitosis
Hp− 34% halitosis
Conc: combination of 
retrosternal pain, weight loss, 
food intolerance and absence of 
halitosis were predictive for Hp 
infection

Self-reported

Moshkowitz 
et al. (2007)

GERD and halitosis Questionnaire
Hp: rapid urease 
test (CLO test)

No correlation was found 
between Hp infection status and 
halitosis occurrence and 
severity

Self-reported

Claus et al. 
(1996)

Halitosis and Hp
(n = 80; 31Hp+, 49Hp−)

OJ
GC
Hp: [13C] urea 
breath test

Significantly higher mouth air 
malodor and H2S levels in Hp+
No difference in oral health 
parameters (PI, GI, PPD, TC)

44.7 mean age for 
Hp+
33.8 mean age for  
Hp−

Candelli et al. 
(2003)

Hp and GI symptoms in 
IDDM

Questionnaire
Hp: [13C] urea 
breath test

Higher prevalence of halitosis 
in Hp+ then Hp− and in 
diabetics then controls

However, after 
correction for age, 
the difference was 
not significant.
Self-reported

Li et al. 
(2005)

Dyspeptic symptoms
(n = 782)

Questionnaire Halitosis was more often found 
in dyspeptic patients with Hp 
infection (p < 0.01)

Self-reported

Tangerman 
et al. (2012)

Halitosis and Hp
(n = 49; 11Hp+, 38Hp−)

OJ
GC
Hp: biopsy

No association between 
halitosis and Hp infection

6.2  Helicobacter pylori (Hp) Infection



44

mouthwash-containing chlorhexidine as a control 
showing no effect on oral volatile sulfide com-
pounds levels in Hp+ subjects, whereas eradica-
tion therapy did reduce them. Another study 
(Katsinelos et al. 2007) offered long-term follow-
up that showed the resolving of the malodor over 
a period of more than 6 months.

Nevertheless, other reports (Delanghe et  al. 
1996) and clinical experience shows that 
3–6  weeks following the end of the antibiotic 
course, the malodor gradually returns even 
though Hp was completely eradicated from the 
stomach.

Although some studies imply an association 
between Hp infection and halitosis (Table  6.4), 
no satisfactory explanation has been offered as to 
how the two might be linked together. Several 
studies were carried out to investigate the pres-

ence of Hp in the oral cavity and its relation to 
oral malodor (Adler et  al. 2005; Suzuki et  al. 
2008). One of these studies (Suzuki et al. 2008) 
found that subjects who were positive for Hp in 
their saliva had significantly more periodontal 
pockets and were also positive to periopathogenic 
bacteria (Porphyromonas gingivalis, Treponema 
denticola, Prevotella intermedia) all of which are 
known malodor producers. Although Hp has 
been shown to be able to produce volatile sulfide 
compounds on its own (Lee et al. 2006), a possi-
ble association with other VSC-producing bacte-
ria which are much more abundant in the oral 
cavity might seem more reasonable.

In summary, most researchers agree that 
breath odor from the stomach is rare. Systemic 
antibiotics used to treat stomach ailments also 
suppress the oral microbiota, resulting in a tran-

Table 6.3  Hp eradication therapy and halitosis

References Aims
Malodor/Hp criteria 
(intervention) Findings and conclusions Criticism and comments

Tiomny 
et al. (1992)

Halitosis and Hp
In three couples 
in which one or 
both had 
halitosis

Halitosis: Reported by a 
family member
Hp: Biopsy [14C] urea 
breath test
(metronidazole)

Halitosis disappeared 
following treatment 
(4 weeks)

Ierardi et al. 
(1998)

Halitosis and Hp 
in dyspeptic pat. 
complaining of 
halitosis
52/58(90%) had 
objective 
halitosis: 30(57%) 
Hp+ 22(43%) Hp−

Halitosis: Halimeter 
>190 ppb
Hp: [13C] urea breath 
test (amoxicillin/CHX 
mw/metronidazole)

In Hp persistent (11/30) 
CHX mw showed no effect 
on VSC but following 
metronidazole use in 9/11 
Hp and halitosis 
disappeared

“Sulfide levels decreased 
without declining to below 
the cut off value even in the 
patients whose eradication 
treatment was 
unsuccessful”

Shashidhar 
et al. (2000)

Hp eradication in 
children
(n = 28; 
11 years)

Halitosis: questionnaire 
(patient + parent)
Hp: biopsy
(clarithromycin, 
amoxicillin)

Eradication achieved in 
56%
Halitosis before reported in 
45% after in 22%

No significant correlation 
was observed between level 
of infection and 
pretreatment symptoms

Serin et al. 
(2003)

Halitosis as an 
indication for Hp 
eradication 
therapy
(n = 148)

Halitosis: questionnaire 
(patient + relatives)
Hp: biopsy
(clarithromycin, 
amoxicillin)
4–6 weeks follow-up

Halitosis was resolved 
regardless of eradication 
status, but more 
significantly in the 
eradicated group

After the follow-up period 
halitosis was not 
reevaluated

Katsinelos 
et al. (2007)

Eradication 
therapy Hp 
halitosis: 
long-term 
outcome
(n = 18)

Halitosis: questionnaire
(patient + relatives)
Hp: [13C] urea breath 
test
(clarithromycin, 
amoxicillin/
metronidazole, 
tetracycline)

Halitosis was resolved in 
16/18 (over 6–108 months 
follow-up)
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sient reduction in malodor that is sometimes 
erroneously interpreted as odor from the stom-
ach. Several isolated studies show positive cor-
relations comparing Hp and breath odor; these 
warrant further study.
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Although relatively rare, especially among the 
ambulatory population, breath odors may be a 
sign of a systemic condition or a metabolic disor-
der (Table  7.1). Usually, this symptom will 
appear in a later stage of the disease when the 
patient is already diagnosed. However, some-
times the breath odor may be an early sign or 
even the only sign for the underlying disorder or 
disease.

More commonly, exogenous sources such as 
food substances, smoking, or medications may 
also play a part in breath odor formation 
(Table 7.1). These various sources may contrib-
ute odor components either directly from the 
upper respiratory tract or indirectly through the 
blood via alveolar air. The latter is also referred 
to as “blood borne halitosis” (Tangerman and 
Winkel 2010). In this case, the odor component is 
absorbed through the blood stream and released 
through the alveoli into the lung air. As such 
these breath odors would be expected to be pres-
ent in both oral and nasal exhalations.

Breath odors may originate from neoplasm 
and infections of the lower respiratory tract such 
as bronchogenic carcinoma, bronchiectasis, and 
anaerobic pulmonary infection (Gordon et  al. 
1985; Lorber 1975; Preti et al. 1988). The chemi-
cal analysis of breath samples from patients with 

lung cancer has shown elevated levels of acetone, 
methylethylketone, and n-propanol (Gordon 
et  al. 1985). Alternatively, putrid smell might 
appear following a secondary bacterial infection 
of the tumor. Although putrid breath odor typi-
cally appears relatively late in the course of an 
anaerobic lung infection, following other symp-
toms such as fever, cough, and chest pains, it has 
been reported that in some cases it can serve as an 
early sign of the disease (Lorber 1975).

The “odor of decaying apples” on the breath 
of patients with uncontrolled diabetes mellitus 
was first recorded in the late eighteenth century 
(Crofford et  al. 1977). In uncontrolled patients 
this disease, which is termed “hunger in the midst 
of plenty,” causes an increase in lipid metabolism 
that results in the ketonic breath. This results 
from the formation of acetone, acetoacetate, and 
β-hydroxybutyrate that are transferred from the 
blood to the alveolar air and exhaled through the 
breath (Rooth and Ostenson 1966). Furthermore, 
diabetes also affects oral health and may aggra-
vate oral diseases and conditions (e.g., gingivitis, 
periodontitis, and decrease in saliva flow) that 
contribute to oral malodor production (Ship 
2003).

Liver cirrhosis may give rise to a characteris-
tic breath odor known as Fetor hepaticus. This is 
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a sweet, musty, or slightly fecal smell on the 
breath which sometimes resembles the smell of a 
fresh cadaver. The impaired liver function 
decreases the metabolism of various malodorous 
compounds such as dimethyl sulfide and other 
ketones causing their increased blood levels and 
appearance on the breath (Van den Velde et  al. 
2008).

“Uremic breath” is a typical breath odor of 
patients with end-stage chronic renal failure 
(CRF). This type of breath odor has been 
described as “ammoniacal,” “urine-like,” and 
“fetid” odor and was attributed mainly to amine 
compounds such as dimethylamine and trimeth-
ylamine (Simenhoff et  al. 1977). As with liver 
cirrhosis and diabetes, this is also a blood-borne 
breath odor resulting from an organ failure and 
consequent elevated blood levels of the odorous 
compounds. However, in a study conducted on 
50 CRF patients undergoing hemodialysis a sig-
nificant reduction in VSCs levels was also 
reported following the procedure (Gulsahi et al. 
2014).

Apart from organ failure (e.g., liver, kidneys, 
pancreas), an impaired metabolic pathway, typi-
cally resulting from inherited mutations of an 
enzyme coding gene, may also result in the accu-

mulation of an odorous metabolite in the blood. 
An example of such a metabolic disorder that 
forms another type of blood-borne breath odor is 
known as “fish odor syndrome” or TMAU (i.e., 
trimethylamineuria) (Leopold et  al. 1990). This 
condition results from the impaired N-oxidation 
and secretion of trimethylamine, a choline metab-
olite, and is estimated to be present in various 
degrees in as high as 1% of the population (Ayesh 
et al. 1993). Another metabolic disorder recently 
reported to induce a cabbage-like breath odor is a 
mutation in the Selenium-binding protein 1 
(SELENBP1) that was suggested by Pol and 
coworkers to function as a methanethiol oxidase 
(MTO). It was suggested that a deficiency in this 
enzyme’s activity may result in extraoral halitosis 
induced by high levels of methanethiol and 
dimethylsulfide (Pol et al. 2018).

Various medications may also cause a type of 
blood-borne breath odors. For example, medica-
tions such as disulfiram and cysteamine have been 
previously shown to cause breath odors possibly 
through the formation of sulfurous compounds, 
mainly dimethyl sulfide (Besouw et  al. 2007; 
Murata et al. 2003). Some researchers suggested 
that dimethyl sulfide is the only VSC molecule 
that is transportable by blood since –SH-containing 

Table 7.1  Some of the systemic and external sources of breath odors

Source Odor characteristics Odor components References
Lung disease;
Pulmonary infection,
Lung cancer

Putrid Acetone, methylethylketone, 
n-propanol

Lorber (1975)
Gordon et al. 
(1985)

Diabetes mellitus 
(uncontrolled)

Fruity Acetone, ketones Rooth and 
Ostenson (1966)

Liver (hepatic) cirrhosis Musty, fresh cadaver (“fetor 
hepaticus”)

Dimethyl sulfide, ketones Van den Velde 
et al. (2008)

Kidney (renal) failure, 
uremia

Ammoniac, urine like Ammonia, dimethylamine, 
trimethylamine

Simenhoff et al. 
(1977)

Metabolic disorders;
Trimethylaminuria (TMAU)
Methanethiol oxidase 
(MTO) deficiency

Fish like (“fish odor syndrome”) 
cabbage-like breath odor

Trimethylamine
Methanethiol and 
dimethylsulfide

Preti et al. (1992)
Pol et al. (2018)

Medication;
Disulfiram
Cysteamine

Sulfurous Carbon disulfide
Dimethyl sulfide

O’Reilly and 
Motley (1977)
Besouw et al. 
(2007)

Food;
Garlic
Onion

Garlic
Onion

Allyl methyl sulfide
Methyl propyl—sulfide

Suarez et al. 
(1999)

Tobacco smoking;
Cigars
Cigarettes

“Smoker’s breath” Trimethyl pyridine dimethyl 
pyrazine

Bazemore et al. 
(2006)
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VSCs like hydrogen sulfide and methyl mercap-
tan quickly reacts with the blood by binding or 
oxidation (Tangerman and Winkel 2010). Since 
cysteamine shows better absorption through the 
small intestines an enteric-coated formulation 
was developed that showed a 50% reduction in 
the side effect of dimethyl sulfide production 
(Besouw et al. 2012).

Some food substances such as onion and gar-
lic contains sulfurous compounds such as allyl 
methyl sulfide and methyl propyl sulfide that can 
cause distinctive breath odors lasting up to 72 h 
following ingestion (Suarez et al. 1999). Although 
most of the malodor emanates directly from rem-
nants in the oral cavity, mid 1930s research 
showed a distinct blood-borne element to garlic 
breath by feeding the garlic straight into the 
stomach and detecting it on the breath after sev-
eral hours (Blankenhorn and Richards 1936).

Another common external source for breath 
odor is tobacco smoke. Smoking habits often 
cause a characteristic “ashtray like smell” known 
as “smoker’s breath.” The chemical analysis of 
tobacco and tobacco smoke shows many volatile 
sulfide compounds (Stedman 1968). However, in 
a study conducted in the general population in 
Japan, no association was found between smok-
ing habits and the oral levels of volatile sulfide 
compounds (Miyazaki et al. 1995). Another study 
on the chemical composition of cigars smoker’s 
breath detected other odor components such as 
trimethyl pyridine and dimethyl pyrazine from 
various samples including tongue samples 
(Bazemore et al. 2006).

In summary, bad breath from systemic condi-
tions is rare among the ambulatory population. 
When odors emanate from the lungs or bronchi, 
both oral and nasal exhalations should express 
them, both in terms of characteristic smell and 
intensity.
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Breath odors, much like other odor nuisances 
(e.g., sewage, garbage, livestock waste), are per-
ceived in everyday life by our sense of smell. 
The human nose can pick up the scent of a large 
variety of different odorants at very low concen-
trations that are sometimes below instrumental 
detection thresholds. That is why organoleptic 
measurements employing human odor judges 
are still considered the “golden standard” in var-
ious odor-testing scenarios, including breath 
odors evaluation both for research and the clini-
cal setting.

However, organoleptic measurement by a 
human odor judge has a few drawbacks, includ-
ing potential lack of objectivity and interpersonal 

variation. To overcome this, a panel of judges is 
often employed and training methods are carried 
out. Adjunct instrumental methods for measuring 
malodor-related parameters have been devised, 
including the instrumental measurement of vola-
tile sulfides and other malodor-associated com-
ponents, as well as microbial and biochemical 
assays.

8.1	 �Odor Judge Scoring

Environmental odor nuisances are generally 
judged by various criteria collectively known as 
the FIDO factors (Mackie et  al. 1998). These 
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include frequency (number of odor occurrences 
in a given time), intensity (strength of odor), 
duration (period of time for odor occurrence), 
and offensiveness (unpleasantness or character of 
odor). However, in the case of breath odors, odor 
intensity scales are considered the main tool for 
odor quantification both for research and clinical 
proposes. On some occasions (e.g., breath fresh-
eners testing) hedonic scales measuring offen-
siveness/pleasantness characteristics may also be 
employed.

Due to the importance attributed to odor inten-
sity in the determination of an odor problem, 
various odor intensity rating methods have been 
developed. These can be divided into two catego-
ries: scaling and dilution. Scaling involves grad-
ing the intensity of the malodor using a scale 
ranging from “no odor” to “extremely strong 
odor” either dichotomously (present or absent) or 
with intermittent-level criteria (e.g., “faint,” 
“moderate” ext.) on a typical 4-, 5-, or 6-point 
scale. Dilution methods are based on mixing the 
sample with odor free air in various concentra-
tions in order to determine detectability or odor 
threshold concentration.

The most widely used odor intensity organo-
leptic scale in breath odor research is a 6-point 
scale (Table 8.1) also known as the “0–5 scale,” 
and sometimes erroneously referred to as the 
“Rosenberg scale” (Rosenberg and McCulloch 
1992), since it was first introduced by Allison and 
Katz (1919).

Generally, the odor judge or panelist evaluates 
the odor by directly or indirectly sniffing the 
exhaled mouth air at a fixed distance (e.g., 10 cm) 
from the subject’s mouth, and scoring the odor 
according to the scale (Fig. 8.1). This can be done 
directly from the subject’s mouth, or indirectly 

using a sampling bag. A partition screen has 
sometimes been applied to blind the odor judge 
to the subject’s appearance (Murata et al. 2002). 
In some instances, the subject is asked to speak 
(“count to 20 test”) thus allowing the odor judge 
to ascertain the odor level in a more natural 
manner.

In our initial studies, we adopted the “forced 
choice” approach, i.e., the judge was forced to 
choose one of the individual six categories 
(Rosenberg et al. 1991a). We continually faced 
the following dilemma. How does one score the 
level of an odor that is somewhere between 
slight and moderate? One possibility was to use 
a visual analogue continuous scale that is often 
used in other perception studies, e.g., to register 
the level of pain. Another approach is to allow 
judges to score in between the fixed points (e.g., 
give a score of 2.5, between slight and moder-
ate) (Greenstein et al. 1997). When the sample 
size is large (e.g. n = 100), the results approxi-
mate data obtained using a continuous scale 
(Goldberg et  al. 1994). Statistical tools devel-
oped for analyzing continuous data (e.g., linear 
regression analysis, Pearson correlation coeffi-
cients) can then be employed with greater 
confidence.

Interpersonal variation in odor perception 
between judges remains a major problem 
(Rosenberg et al. 1991b). In order to try and stan-
dardize odor judge scoring, calibration and train-
ing methods have been proposed. Odor judge 

Table 8.1  Breath odor intensity scale (organoleptic 
scale)

Odor intensity level Level description
0 No odor
1 Barley noticeable odor
2 Slight but clearly noticeable odor
3 Moderate odor
4 Strong odor
5 Extremely strong odor

Fig. 8.1  Organoleptic (odor judge) assessment of breath 
odor

8  Measurements of Breath Odors and Related Parameters
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training protocol based on the American Society 
of Testing and Materials Standards (introduction 
to sensory scales, use of n-butanol reference and 
sniffing techniques) was shown to reduce odor 
judge errors (Nachnani et al. 2005).

Dilution methods are usually device depen-
dent. They are based on an apparatus or instru-
ment designed to mix and dilute the odor sample 
to a set of concentrations enabling the judge to 
determine the minimal odor detectability or odor 
threshold. Some of these devices are handheld 
and used in field studies (e.g., olfactometer). In 
early studies on oral malodor done by Fosdick 
and colleagues they reported the use of a device 
called the osmoscope as a sample dilution method 
designed to determine odor intensity (Brening 
et al. 1939).

Recently, a non-apparatus-dependent dilution 
method was reported (Bornstein et al. 2009). This 
method relies on the distance between the odor 
judge’s nose and the patient’s mouth as the dilut-
ing factor (i.e., 1 m, 30 and 10 cm) assuming that 
a higher intensity malodor would be sensed from 
a greater distance. Whereas, organoleptic scales 
(continuous as possible) are more robust for 
research this simple method was deemed suitable 
for a clinical setting.

8.2	 �Instrumental Measuring 
of Malodor-Related 
Compounds

8.2.1	 �Gas Chromatography (GC)

The need for objective, quantitative techniques to 
serve as adjunct tests for the organoleptic mea-
surement for both research and the clinic led to 
the development of various instrumental measur-
ing techniques.

The use of gas chromatography for the quanti-
fication of volatile sulfide compounds (VSC) in 
mouth air was first reported by Tonzetich in the 
early 1970s (Tonzetich 1971). Since then many 
studies have employed this method and reported 
significant correlations between GC measure-
ments of VSC and malodor levels as evaluated 
organoleptically by odor judges (Table 8.2).

Traditional GC has a few distinctive disadvan-
tages such as being time-consuming, costly, and 
requiring a professional technician for operation; 
conversely, it allows for the detection and quanti-
tation of specific compounds. This feature has 
helped in the identification of various compounds 
present in mouth air and breath samples (see 
Chap. 3) and may help to identify the role of 

Table 8.2  Association between gas chromatography 
measurement of mouth air VSC levels and oral malodor 
scores

References Parameters correlations
Schmidt et al. 
(1978)
(n = 102)

Odor judge scores 
(0–3; 3 judges)

Kendall 
correlation

Study I (n = 36) r = 0.28, p < 0.05
Study II (n = 66) r = 0.35, 

p < 0.001
Shimura et al. 
(1996)
(n = 21)

Pearson 
correlation

Odor judge scores 
(0–4; 3 judges)

r = 0.71, p < 0.01

Oho et al. 
(2001)
(n = 155)

Spearman 
correlation

Odor judge scores 
(0–3; 3 judges)

r = 0.69, 
p < 0.0001

Amano et al. 
(2002)
(n = 61)

Spearman 
correlation

Odor judge scores 
(0–3; 3 judges)

r = 0.47, p < 0.01

Tanaka et al. 
(2004b)
(n = 78)

Spearman 
correlation

Odor judge scores 
(0–5; 1 judge)

r = 0.63, p < 0.05

Awano et al. 
(2004)
(n = 127)

Odor judge scores 
(0–5; 3 judges)

Spearman 
correlation

CH3SH r = 0.75, 
p < 0.001

H2S r = 0.59, 
p < 0.001

Total VSC r = 0.74, 
p < 0.001

Nonaka et al. 
(2005)
(n = 66)

Correlation (not 
specified)

Odor judge scores 
(not specified)

r = 0.73, p- not 
specified

Hunter et al. 
(2005)
(n = 25)

Odor judge scores 
(0–5; 2 judges)

Pearson 
correlation

CH3SH r = 0.61, 
p < 0.001

H2S r = 0.63, 
p < 0.001

Total VSC r = 0.65, 
p < 0.001
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specific volatiles in malodor of various origins. 
For example, whereas hydrogen sulfide is pro-
duced largely from the tongue dorsum, methyl 
mercaptan is elevated in cases with periodontitis 
(Yaegaki and Sanada 1992). Furthermore, other 
non-sulfide compounds detected by GC (e.g., 
pyridine, picoline) were also associated with the 
presence of periodontal disease (Kostelc et  al. 
1981).

The technical complexity of GC along with 
the other drawbacks had limited its application 
mainly to research and rendered it unsuitable for 
the clinic. However, a simpler GC instrument 
suitable for clinical measurement has been 
recently introduced (Oralchroma®; Murata et al. 
2006).

8.2.2	 �Sulfide Monitor

In the early 1990s, Rosenberg and coworkers 
suggested the use of a portable sulfide monitor, 
originally designed for ambient air quality mea-
surement in working and living environments 
(Fig. 8.2) for the measurement of sulfide levels in 
mouth air (Rosenberg et al. 1991a, b). Although 
this device measures the total concentration of 
volatile sulfide compounds and does not distin-
guish between the individual sulfide compounds, 
its readings correlated significantly with odor 
judge scores in numerous studies (Table 8.3).

Fig. 8.2  Sulfide monitor (Interscan corp. CA) 1170 
series

Table 8.3  Association between sulfide monitor 
(Halimeter®) measurement of mouth air VSC levels and 
oral malodor scores

References Parameters Correlations
Rosenberg et al. 
(1991b)
(n = 75)

Spearman 
correlation

Odor judge scores 
(0–5; 7 judges)

r = 0.60, 
p < 0.001

Rosenberg et al. 
(1991a)
(n = 41)

Odor judge scores 
(0–5; 2 judges)

Pearson 
correlation

Odor judge 1 r = 0.55, 
p < 0.0001

Odor judge 2 r = 0.43, 
p < 0.0001

De Boever et al. 
(1994)
(n = 55)

Pearson 
correlation

Odor judge scores 
(0–4; 1 judge)

r = 0.63, 
p < 0.001

Kozlovsky et al. 
(1994)
(n = 52)

Pearson 
correlation

Odor judge scores 
(10 cm continuous 
scale; 1 judge)

r = 0.47, 
p < 0.001

Greenstein et al. 
(1997)
(n = 123)

Odor judge scores 
(0–5; 2 judges)

Pearson 
correlation

Odor judge 1 r = 0.27, 
p = 0.003

Odor judge 2 r = 0.39, 
p < 0.001

Willis et al. (1999)
(n = 30)

Pearson 
correlation

Odor judge scores 
(0–10; 3 judges)

r = 0.41, 
p = 0.027

Oho et al. (2001)
(n = 155)

Spearman 
correlation

Odor judge scores 
(0–3; 3 judges)

r = 0.66, 
p < 0.0001

Sterer et al. (2002)
(n = 64)

Odor judge scores 
(0–5; 2 judges)

Spearman 
correlation

Odor judge 1 r = 0.37, 
p = 0.002

Odor judge 2 r = 0.46, 
p < 0.001

Iwanicka-
Grzegorek et al. 
(2005)
(n = 124)

Spearman 
correlation

Odor judge scores 
(0–5; 3 judges)

r = 0.78, 
p < 0.001

Stamou et al. 
(2005)
(n = 71)

Pearson 
correlation

Odor judge scores 
(0–5; 1 judge)

r = 0.59, 
p < 0.001

Sterer et al. (2008)
(n = 42)

Spearman 
correlation

Odor judge scores 
(0–5; 2 judges)

r = 0.66, 
p < 0.001
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Its simple operation, small size, rapid sample 
analysis, and relatively low cost made the sulfide 
monitor the most popular means for VSC mea-
surements in both research and clinical settings. 
Furthermore, in studies carried out using both 
GC and sulfide monitor for measuring oral VSCs 
levels (Furne et al. 2002; Oho et al. 2001) the two 
correlated significantly with one another yielding 
correlation coefficients of 0.73 (p  <  0.01) and 
0.84 (p < 0.0001).

8.3	 �Measuring Techniques 
of Malodor-Related 
Compounds

Other measuring techniques for the detection of 
VSC as well as other malodor-related compounds 
(e.g., ammonia, amines) have been reported in 
the literature (Table 8.4). These include various 
methods ranging from simple colorimetric assays 
and small portable semiconductor based sulfide 
monitors to more complex approaches involving 
elaborate laboratory equipment such as chemical 
sensors array and high-performance liquid 
chromatography.

8.4	 �Biochemical Assays

8.4.1	 �BANA Test

In 1990, Loesche and coworkers (1990) sug-
gested the use of the synthetic peptide benzoyl-

dl-arginine-naphthylamide (BANA) as a 
diagnostic test for the presence of several anaero-
bic periopathogenic bacteria (i.e., Treponema 
denticola, Porphyromonas gingivalis, and 
Bacteroides forsythus). These bacteria possess a 
trypsin-like activity that enables them to break 
down a synthetic peptide attached to a color-
producing indicator, yielding a color reaction 
indicative of their presence.

Since these bacteria are Gram-negative anaer-
obic bacteria that can produce malodorous com-
pounds as a by-product of their proteolytic 
activity, it was suggested that the BANA test may 
serve as a diagnostic test for oral malodor and 
malodor-related microorganisms. Several studies 
have compared BANA test results from various 
oral samples (e.g., plaque, tongue coating, saliva) 
with odor judge scores and VSC levels (Table 8.5).

The data from these and other studies show 
that BANA testing of subgingival plaque samples 
especially from periodontal patients is more often 
associated with oral malodor as compared to 
saliva or tongue samples. However, the correla-
tions, while significant, are lower than those 
obtained comparing odor judge scores and VSC 
levels.

8.4.2	 �β-Galactosidase Activity 
Assay

Some of the salivary proteins available for bacte-
rial degradation are glycoproteins (e.g., salivary 
mucins) that are comprised of carbohydrate side 
chains surrounding a protein core. In order to 
expose the protein core and make it available for 
proteolytic degradation these side chains must 
first be removed. β-Galactosidase is a key enzyme 
in this deglycosylation process which is usually 
carried out by Gram-positive oral bacteria, 
mainly streptococci (Sterer and Rosenberg 2006).

In 2002, we reported that the activity of 
β-Galactosidase in saliva is associated with oral 
malodor scores (Sterer et  al. 2002) suggesting 
that the quantification of the enzyme’s activity in 
saliva may serve as a diagnostic tool for oral mal-
odor (Fig. 8.3). Since then, further studies have 
been conducted to test this premise (Table 8.6).

Table 8.3  (continued)

References Parameters Correlations
Vandekerckhove 
et al. (2009)
(n = 280)

Spearman 
correlation
r = 0.74, 
p < 0.01

Odor judge scores 
(0–5; 1 judge)

Dadamio et al. 
(2013)
(n = 100)

Spearman 
correlation

Odor judge scores 
(0–5; 1 judge)

r = 0.63, 
p < 0.001

Laleman et al. 
(2018)
(n = 476)

Spearman 
correlation

Odor judge scores 
(0–5; 1 judge)

r = 0.48, 
p < 0.001
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8.5	 �Cysteine Challenge

The addition of cysteine, a sulfur-containing 
amino acid, to incubated dental plaque (Tonzetich 
and Carpenter 1971), or a suspension of Gram-
negative oral bacteria (Solis Gaffar et al. 1979), 
resulted in increased production of VSCs and 
malodor. Furthermore, when healthy subjects 
rinsed their mouths with a cysteine solution 

(Wåler 1997) VSC production rose sharply espe-
cially from the tongue dorsum.

In 2002, Kleinberg (Kleinberg and Codipilly 
2002) reported the use of a cysteine challenge test-
ing based on successive rinsing with 5 mL of 6 mM 
cysteine solution for 30 s in 20 min intervals for a 
period of 7 h. Using these tests they demonstrated 
the effect of various oral cleansing procedures and 
products on VSC production in the mouth.

Table 8.4  Association between malodor-related compounds measurement (chemical sensors, gas detectors, colorimet-
ric assays, and chromatogray) and oral malodor scores

References Compounds Method
Correlations with 
malodor

Goldberg et al. (1994)
(n = 52)

Cadaverine High-performance liquid chromatography 
(HPLC)

Pearson 
correlation
r = 0.37, p = 0.027

Shimura et al. (1997)
(n = 94)

VSC Portable monitor with a zinc-oxide 
thin-film semiconductor sensor

Pearson 
correlation
r = 0.82, p < 0.01

Morita et al. (2001)
(n = 20)

Sulfide ions Sulfide electrode tongue probe Spearman 
correlation
r = 0.77, p < 0.01

Amano et al. (2002)
(n = 61)

Ammonia Portable ammonia-monitoring device Pearson 
correlation
r = 0.16, NS

Tanaka et al. (2004a)
(n = 78)

Volatiles (low boiling 
point)

Chemical sensor array (“electronic nose”) Spearman 
correlation
r = 0.71, p < 0.05

Iwanicka-Grzegorek 
et al. (2005)
(n = 124)

Salivary amines (low 
molecular weight)

Ninhydrin method Spearman 
correlation
r = 0.60, p < 0.001

Sopapornamorn et al. 
(2006)
(n = 260)

VSC Portable monitor with a zinc-oxide 
thick-film semiconductor sensor

Pearson 
correlation
r = 0.64, p < 0.01

Dadamio et al. (2011)
(n = 50)

Salivary amines Colorimetric assay Spearman 
correlation
r = 0.49, p < 0.05

Tamaki et al. (2011)
(n = 30)

Reductive gases (e.g., 
VSC, ammonia)

Thin coat tin dioxide semiconductor gas 
sensor (BB checker)

Spearman 
correlation
r = 0.89, p < 0.001

Dadamio et al. (2012)
(n = 100)

Salivary amines Colorimetric assay Spearman 
correlation
r = 0.58, p < 0.01

Dadamio et al. (2013)
(n = 100)

VSC
Reductive gases

GC (Oralchroma)
GS (BB checker)

Spearman 
correlation
r = 0.68, p < 0.001
r = 0.13, N.S.

Laleman et al. (2018)
(n = 476)

VSC GC (Oralchroma):
H2S
CH3SH
(CH3)2S

Spearman 
correlation
r = 0.63, p < 0.001
r = 0.60, p < 0.001
r = 0.32, p < 0.001
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8.6	 �Salivary Incubation Assays

Salivary incubation assays have been used over 
the past 60 years in oral malodor research. This 
system represents the complexity of the oral envi-
ronment both in terms of bacterial diversity and 
substrate availability. Furthermore, this system 
tends to produce malodor components following 
brief anaerobic incubation of only a few hours.

Quirynen and coworkers (2003) reported the 
use of a salivary incubation assay in a pilot study 
of eight healthy subjects. Their results showed 
strong correlations between VSC measured from 
the saliva samples following 3 h anaerobic incu-
bation and oral malodor scores as rated by an 
odor judge (Table 8.7). They concluded that sali-
vary incubation assay may serve as an indirect 
method for oral malodor measurements.

Table 8.5  Oral malodor parameters and the BANA test

References Parameters/criteria Findings
De Boever et al. (1994)
(n = 55)

Malodor complaint No complaint Differences between groups 
(ANOVA)

BANA tongue NSa

BANA plaque P < 0.05
Kozlovsky et al. (1994)
(n = 52)

Spearman correlation
Odor judgeb and BANA shallow pockets (<4 mm) r = 0.33, p = 0.016
Odor judgeb and BANA deep pockets (≥4 mm) r = 0.26, p = 0.034
Odor judgeb and BANA tongue r = 0.36, p = 0.008
Odor judgeb and BANA saliva r = 0.36, p = 0.009

Morita and Wang (2001)
(n = 81)

Pearson correlation
Odor judgeb and BANA healthy sites(<4 mm) r = 0.02, NSa

Odor judgeb and BANA low–moderate (4–6 mm) r = 0.27, p = 0.015
Odor judgeb and BANA severe sites (>6 mm) r = 0.23, p = 0.042
Odor judgeb and BANA tongue r = 0.27, p = 0.014

Figueiredo et al. (2002)
(n = 41)

Pearson correlation
VSCc and BANA subgingival plaque (≤3 mm) r = 0.4, NSa

VSCc and BANA subgingival plaque (>3 mm) r = 0.55, p = 0.01
VSCc and BANA tongue r = 0.07–0.14, NSa

VSCc and BANA saliva r = 0.06–0.10, NSa

Pham et al. (2012)
(n = 217)

Periodontitis group: Pearson correlation
Odor judgeb and BANA subgingival r = 0.74, p < 0.001
Odor judgeb and BANA tongue r = 0.64, p < 0.001
Odor judgeb and BANA saliva r = 0.35, p < 0.001
Gingivitis group:
Odor judgeb and BANA subgingival r = 0.26, p = 0.018
Odor judgeb and BANA tongue r = 0.62, p < 0.001
Odor judgeb and BANA saliva r = 0.56, p < 0.001

aNS nonsignificant
bOdor judge scores on a scale of 0–5
cSulfide monitor (Halimeter) readings

Fig. 8.3  β-galactosidase assay; color indicator (blue) 
correlates with malodor levels
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Table 8.6  Oral malodor parameters and β-Galactosidase activity

Reference Parameters Findings
Sterer et al. (2002)
(n = 64)

Spearman correlation
Odor judge1a and β-Galactosidase assay r = 0.38, p = 0.002
Odor judge2a and β-Galactosidase assay r = 0.47, p < 0.001
VSCb and β-Galactosidase assay r = 0.18, NSc

Stamou et al. (2005)
(n = 71)

Pearson correlation
Odor judgea and β-Galactosidase assay r = 0.52, p = 0.001
VSCb and β-Galactosidase assay r = 0.38, p = 0.001

Rosenberg et al. 
(2007)
(n = 88)

Spearman correlation
Odor judgea and β-Galactosidase assay r = 0.59, p < 0.001
VSCb and β-Galactosidase assay r = 0.31, p < 0.001

Yoneda et al. (2010)
(n = 49)

β-Galactosidase positive 
(n = 10)

β-Galactosidase negative 
(n = 39)

Differences between groups 
(t-test)

Odor judgea p = 0.012
VSCb p < 0.001

Masuo et al. (2012)
(n = 56)

Periodontaly healthy group: Pearson correlation
Odor judgea r = 0.4–0.7, p = 0.03
VSCd r = 0.66, p < 0.001

Petrini et al. (2012)
(n = 94)

Spearman correlation
Odor judgea and β-Galactosidase assay r = 0.78, p < 0.001

Petrini et al. (2014)
(n = 50)

Spearman correlation
Odor judgea and β-Galactosidase assay r = 0.64, p < 0.001

aOdor judge scores on a scale of 0–5
bSulfide monitor (Halimeter) readings
cNS nonsignificant
dGas chromatography (GC)

Table 8.7  Association between microbial assays and oral malodor parameters

References Assay Parameters Association
Hartley et al. 
(1996)
(n = 50)

Differential agar for H2S-producing 
bacteria

Regression analysis
Odor judgea and % 
black CFUb

r = 0.37, p < 0.001

Quirynen et al. 
(2003)
(n = 8)

Salivary incubation assay Pearson correlation
Odor judgec and VSCd 
salivae

r = 0.54, p < 0.001

Haraszthy et al. 
(2007)
(n = 13)

Polymerase chain reaction (PCR) χ2 analysis
Halitosisa,d and % S. 
mooreif

χ2 = 0.22, p < 0.05

Sterer et al. (2008)
(n = 42)

Microscopic sulfide assay (MSA) Spearman correlation
Odor judgea and MSA 
scoresg

r = 0.48, p = 0.001

Ueno et al. (2013)
(n = 165)

Quantitative polymerase chain 
reaction (qPCR)

Mann-Whitney (malodor vs 
non-malodor)

Odor judgea and total 
countsh

p = 0.02

aOdor judge scores (mouth air) on a scale of 0–5
bBlack colonies on growth agar supplemented with ferrous sulfate
cOdor judge scores (mouth air) on a scale of 0–4
dSulfide monitor (Halimeter) readings
eFollowing 3 h anaerobic incubation
fIdentified by direct amplification of 16S ribosomal DNA
gDigital images analysis for black pixels (Image Pro Plus)
hFrom mouthrinse water
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An attempt was made to find a salivary incu-
bation assay that yields odor that more closely 
resembles breath odor (Goldberg et  al. 1997). 
Among various additions, it was found that 
decarboxylase medium, when inoculated with 
saliva, produces an odor closely resembling the 
character of breath odor.

8.7	 �Microbial Assays

The identification of oral malodor-producing 
bacteria is based mainly on their ability to pro-
duce hydrogen sulfide. This is commonly done 
using a differential agar-containing lead or iron. 
These metal ions precipitate with the sulfide ions 
creating a black salt that stains the bacterial col-
ony formed on the differential agar and allows for 
the enumeration of the putative malodor-
producing bacteria in a given sample (Fig. 8.4). 
This method was used in order to show an asso-
ciation between oral malodor ratings and 
malodor-producing bacteria from tongue coating 
samples (Hartley et al. 1996); (Table 8.7).

However, this technique requires prolonged 
anaerobic incubation of up to 7 days. Further, it is 
limited to the detection of cultivable bacteria 
which comprise about 30% of the total bacterial 
population in the oral cavity. In 2008, we sug-
gested a new technique based on the same prin-
ciple but one that does not require bacterial 

cultivation (Sterer et al. 2008). We added the iron 
salt to samples of whole saliva that were kept 
overnight in 37 °C and the cell associated black 
precipitate was observed microscopically 
(Fig. 8.5). The black precipitate that was quanti-
fied by computerized analysis of the digital 
images captured from the microscopic slides was 
significantly associated with oral malodor levels 
in 42 subjects. ROC curve analysis showed the 
technique to have a diagnostic accuracy of 0.70 
as compared to 0.78 for the Halimeter.

The study of cultivable and noncultivable bac-
teria using molecular techniques such as DNA 
hybridization and PCR have been used primarily 
for dichotomous comparisons of oral bacterial 
populations of halitosis-positive and negative 
patients (see Chap. 3). In some cases, associa-
tions between the PCR quantification of malodor 
associated bacteria and halitosis have also been 
demonstrated (Haraszthy et al. 2007).
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Unlike other complaints such as pain, discom-
fort, or impaired esthetics, breath odors are not 
sensed by the patients themselves but rather by 
their close environment (e.g., friends, family 
members, coworkers). As a result, patients are 
unable to give a reliable report on their condi-
tion (e.g., onset, frequency, duration, inten-
sity). Therefore, it is important to make sure 
that the patient brings a family member or a 
close friend (“confidant”) to the appointment 
(Rosenberg 1996).

Additionally, modern society is constantly 
exposed to commercial advertisements stressing 
the importance of fresh breath, fueling excessive 
worry surrounding this issue, also known as hali-
tophobia (for more details, see Chap. 12). One 
result of this phenomenon is that about 20% of 
the patients complaining of breath odors present 
in the clinic without any appreciable odor that 
can be objectively detected (Quirynen et al. 2009; 
Seemann et al. 2006).

The first diagnostic challenge in the clinic is to 
confirm whether or not the patient is suffering 
from an objective malodor problem, referred to 
by some researchers as genuine halitosis (Yaegaki 
and Coil 2000).

9.1	 �Pre-appointment 
Instructions

In order to enable the clinician to properly 
diagnose breath odor problems patients should 
avoid any malodor-mitigating activities such 
as eating, drinking, or gum chewing for 2–3 h 
prior to their appointment (Rosenberg 1996). 
Avoiding eating or drinking for longer periods 
of time (e.g., 6–12  h) has been suggested in 
the literature (Murata et  al. 2002; Richter 
1996). However, such a restriction may be 
problematic in the case of small children or 
diabetic patients, does not imitate normal 
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everyday life and may lead to overdiagnosis 
and overtreatment.

Since malodor production is due to bacterial 
activity, malodor diagnosis should not be per-
formed during or immediately following antibi-
otic treatment. If the patient is receiving 
antibiotics, diagnosis should be postponed till 
3–4  weeks posttreatment. Performing malodor 
diagnosis during or immediately following anti-
biotic treatment may result in misdiagnosing a 
patient actually suffering from the problem.

On the day of examination patients should 
maintain their regular everyday oral hygiene 
activity. However, these activities should not 
include mouthrinse use and should not be per-
formed within 2–3 h prior to the appointment to 
avoid malodor reduction.

To minimize contribution of extraneous odor 
sources, the consumption of onion, garlic, alco-
holic beverages, coffee as well as smoking should 
be avoided for 12  h prior to the appointment. 
Scented lipstick, cologne, or perfumes should not 
be worn on the day of examination, as they might 
affect odor judge assessment.

9.2	 �Patient Interview

Due to the sensitive nature of the subject patient 
interviewing should be done discretely in a pri-
vate setting (Lenton et al. 2001). A fruitful dis-
cussion on the subject can only be carried out in 
a calm relaxed atmosphere where trust can be 
established.

In some cases, the patient’s chief complaint is 
self-perceived malodor, which often relies on 
either oral discomfort (e.g., bad taste, dryness) or 
the patient’s interpretation of others’ behavior 
(e.g., head averting, nose covering, and stepping 
back; see also Chaps. 10 and 12). It is important 
to stress that these sensations are often unassoci-
ated with malodor and that reliable information 
regarding breath odor problems (e.g., onset, fre-
quency, duration, intensity) is best provided by a 
“confidant,” i.e., family member or a close friend 
of the patient (Rosenberg 1996) who is aware of 
the actual problem.

A complete medical history should be taken to 
rule out any possible systemic or ENT conditions 
or medications that may contribute or cause mal-

odor. Dental history should also be taken with an 
emphasis on oral hygiene practice including fre-
quency of tooth brushing, flossing, tongue clean-
ing, and mouthrinsing. Special attention should 
be given to habits of smoking, alcohol, and coffee 
consumption and eating habits (e.g., avoiding 
breakfast). Factors such as mouth breathing (e.g., 
snoring) and insufficient fluid intake should also 
be addressed, as they can promote oral dryness. 
Allergic reactions, specifically in the form of 
allergic rhinitis (sneezing and “running nose”), 
may cause increased postnasal drip.

9.3	 �Examination

9.3.1	 �Organoleptic Measurements

In order to assess the severity of the problem, the 
clinician should instruct the patient to refrain from 
talking for 5  min. Then, the patient is asked to 
exhale through the mouth or talk (e.g., “count to 
20”) and the clinician rates the malodor intensity 
on his breath using a 0–5 grading scale (Rosenberg 
et al. 1991) from a set distance of 10 cm. It is very 
important that the clinician perform a repeated 
“sniffing” action to allow the chemical component 
of the malodor to be more easily detected 
(Greenman et  al. 2014). Next, the patient is 
instructed to exhale through the nose and malodor 
is again evaluated in the same manner.

If the malodor comes primarily from the 
mouth, an oral or pharyngeal etiology may be 
suspected and a thorough examination of the oral 
cavity is warranted. If however, the malodor 
comes primarily from the nose a nasal etiology is 
more likely and the patient should be referred to 
an ENT specialist. In rare cases in which the mal-
odor is similar in quality and intensity from both 
the mouth and the nose a systemic or external eti-
ology may be the main cause.

In some cases, no malodor is apparent and the 
problem cannot be confirmed. In these cases, 
when a close friend or family member maintains 
that there is an odor problem the examination 
should be repeated on a different occasion, pref-
erably in the late afternoon or late morning hours 
(Miyazaki et  al. 1995). Otherwise, if malodor 
cannot be detected then halitophobia may be the 
most likely cause for the patient’s complaint.
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9.3.2	 �Oral VSC Quantification

The instrumental quantification of volatile sulfide 
compounds within the oral cavity is an important 
adjunct tool in oral malodor research and diagno-
sis. It enables the clinician to record and present 
to the patient a measurable objective parameter 
associated with the malodor. This helps either to 
confirm or rule out the existence of a malodor 
problem as defined organoleptically by the odor 
judge, as well as following treatment outcome.

The most commonly used instrument for quan-
titative measurements has been the portable sul-
fide monitor (i.e., Halimeter™). Its simple use, 
low maintenance, quick response, and portability 
make it an applicable instrument for both research 
and the clinic. Its major disadvantages are its sen-
sitivity to high levels of other compounds (e.g., 
alcohol) and its inability to distinguish between 
various volatile sulfide compounds.

Gas chromatography (GC) has been used since 
the early 1970s as the method of choice for mea-
suring individual sulfide gases present in mouth 
air samples. However, this technique requires 
high technical skills and maintenance. Recently, a 
more simple to use instrument was devised based 
on GC technology (i.e., OralChroma™; Murata 
et  al. 2006). However, whereas some clinicians 
attribute diagnostic value to the differentiation 
between the various volatile sulfides, this claim 
remains under dispute. Therefore, most research-
ers and clinicians agree that although GC mea-
surements are more suitable to research, total 
VSC measurement using a simple sulfide monitor 
appears to be more appropriate for the clinical set-
ting (Laleman et al. 2014).

9.3.3	 �Examination of the Oral 
Cavity

In cases where an oral etiology is suspected a 
thorough examination of the oral cavity is war-
ranted. This should include the tongue, gingival, 
and periodontal tissues as well as clinical and 
radiographical examination of the teeth.

When examining the tongue, special attention 
should be given to the presence and extent of 
tongue coating. The extent of the tongue coating 
can be either scored and recorded using a simple 

tongue coating index based on coating area and/or 
thickness (for more details, see Chap. 2), or by 
digital images analysis (Kim et  al. 2009). 
Following scoring, tongue coating can be sampled 
using swab, gauze pad, brush, or plastic spoon 
sampling of the posterior dorsal tongue (“spoon 
test”; Rosenberg 1996). It is important to make 
sure that the sample is obtained from the very 
back of the tongue. This can be done by holding 
the tip of the extended tongue using a gauze pad 
with one hand and sampling with the other. Then 
the malodor emanating from this sample can be 
scored organoleptically (e.g., 0–5 scale) and com-
pared to the character of the overall odor (both by 
the clinician and the confidant).

Patients should be checked for the presence of 
periodontal pockets of 5 mm or more and gingi-
val index as well as plaque index should be 
recorded. Special attention should be given to 
sites with signs of active inflammation (i.e., 
bleeding on probing). An interdental plaque sam-
ple from these sites can be obtained using regular 
unscented dental floss, special floss (e.g., 
Superfloss™), or an interdental brush. These 
samples can also be scored organoleptically (e.g., 
0–5 scale) and compared to the overall quality of 
the oral odor.

Clinical and radiographical examination of the 
teeth should be conducted in order to identify any 
possible contributing factors including faulty den-
tal restorations (e.g., overhanging margins, food 
impaction sites, caries lesions), and leaky crowns 
(e.g., decemented crowns). Removable dentures 
should be evaluated separately outside of the oral 
cavity. This could be done by placing them for a 
few minutes in a closed plastic bag and evaluating 
the malodor produced (Rosenberg 1996).

9.3.4	 �Biochemical and Microbial 
Assays

The growing body of knowledge accumulated 
over the last decades regarding the microbial and 
biochemical processes involved in malodor pro-
duction has led to the development of several 
auxiliary diagnostic assays that can be imple-
mented in the clinic (i.e., “chair side”).

These assays play a role in providing addi-
tional quantitatively measurable malodor-related 
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parameters for the clinician as well as providing 
an important tool for patient education.

Biochemical assays (e.g., BANA test, 
β-galactosidase assay) are enzymatic-based 
assays typically producing a color response as a 
result of an enzymatic activity related to the 
malodor production process (e.g., proteolysis, 
deglycosylation). These color tests are rela-
tively rapid and enable the visualization and 
quantification of an otherwise abstract notion 
such as malodor production. Furthermore, these 
assays offer additional corroboration for the 
diagnosis of the suspected malodor origin and 
etiology.

Microbial assays are less commonly used 
because they usually require additional equip-
ment and prolonged incubation. However, some 
clinicians do utilize live microscopy (e.g., wet 
mount, phase microscopy) to demonstrate to the 
patient the bacterial nature and abundance of 
plaque samples taken from various locations in 
the mouth (e.g., teeth, tongue).
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The inability of a person to sense his own breath 
results in a situation called the “bad breath para-
dox” (Scott Harper, personal communication). 
According to this paradox many people suffering 
from breath odors are unaware of their condition, 
whereas many others that do not have any breath 
odor worry excessively that they do. For exam-
ple, in a study of 88 subjects attending a routine 
health checkup, 19 thought that they had bad 
breath, but this was not confirmed by the odor 
judge. Conversely, nine had confirmed breath 
odor but were not aware of it (Rosenberg et al. 
2007). In another study conducted in Japan 
(Iwakura et  al. 1994), 80% of the patients who 
visited the clinic claimed to be self-aware of their 
condition, while only 24% had actual malodor.

Some researchers attributed the inability to 
sense one’s own breath to olfactory accommoda-
tion or adaptation (Spouge 1964), i.e. continuous 
exposure to an odor stimuli resulting in specific 
desensitization of the olfactory system to that 
odorant. However, research indicates that this 
may not be the case, since subjects were able to 
sense the malodor of their saliva (Greenstein 
et al. 1997; Rosenberg et al. 1995) even though 
this malodor ostensibly comprises many of the 
same odorants. Therefore, it seems that the expla-

nation for this phenomenon is much simpler. 
Since bad breath usually emanates from the 
mouth during exhalation and speech, the malodor 
components are largely diluted into the air by the 
time the subjects re-inhales them the through the 
nose. This drop in concentration of volatiles may 
result in levels that are below detection. This may 
be why people cannot detect their own breath 
odors while the people facing them can.

Most researchers found no correlations 
between self-reported breath odor ratings and 
breath odor objective clinical measurements as 
carried out by the trained odor judge (Bornstein 
et al. 2009; Rosenberg et al. 1995) and therefore 
concluded that self-reported breath odor is an 
unreliable parameter. One study on the other 
hand did conclude that “self-estimation of bad 
breath correlated well with the presence of oral 
malodor” (Romano et  al. 2010). However, a 
critical review of the results of this study shows 
no correlation between the self-assessment and 
the odor judge ratings or other clinical parame-
ters. Despite these facts many studies still erro-
neously rely on self-reported breath odors, 
usually by means of a questionnaire as an objec-
tive parameter in breath odor investigations 
(e.g., see Chap. 6).
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It seems that the physical inability to detect 
one’s breath odor is not the only limitation in 
self-assessment of breath odors. Research 
showed that even when given a sample of their 
odor (e.g., tongue coating sample) subjects 
lacked the ability to objectively rate and score the 
odor. It seems that there are psychological factors 
that color our objectivity about our own body 
traits, including smells. For example, in 1995, a 
study was reported on self-assessment of bad 
breath involving 52 subjects, 43 of whom were 
concerned that they did have bad breath 
(Rosenberg et al. 1995). They were asked to fill 
out a questionnaire, asking them to score their 
own oral malodor as follows:

	(a)	 Preconception score—prior to measurement, 
subjects were asked to score the level of bad 
breath which they thought they had at that 
time;

	(b)	 Mouth odor—subjects were asked to cup 
their hands over their mouth and nose, exhale 
through the mouth and breath in through the 
nose, and subsequently score the odor.

	(c)	 Tongue odor—subjects were asked to lick 
their wrist and smell and score that odor.

	(d)	 Saliva odor—subjects were asked to smell 
and score their own saliva, placed in a plastic 
dish.

	(e)	 Post-measurement score—subjects were 
asked to again rate their own odor, following 
all three self-tests.

All these subjects and samples were also 
scored by an experienced odor judge.

The results of this study showed that with the 
exception of saliva, subjects’ self-assessments 
were completely unrelated to odor judge scores, 
volatile sulfides, cadaverine, or oral status. 
Instead, they remained closely associated with 
their preconception scores. Even after the three 
attempts at smelling their own malodor, the post-
measurement scores remained unassociated with 
any of the objective parameters, yet highly asso-
ciated with the subjective preconception score 
(R = 0.72, P < 0.001).

One year following the initial experiment, 32 
of the concerned subjects were invited back to the 
laboratory for a follow-up assessment (Rosenberg 

et al. 1999). Although the mouth odor and saliva 
odor of the subjects had significantly improved 
according to the odor judge, p  =  0.006 and 
p  =  0.009, respectively (they had been given 
instructions during the initial study 1 year prior 
and 85% had sought dental care), the subjects’ 
self-assessments of mouth odor and saliva odor 
showed no significant improvement (p = 0.22 and 
p  =  0.50, respectively). Instead, they seemed to 
sense a slight but significant improvement in 
tongue odor (p = 0.017), which was not supported 
by the objective odor judge (p = 0.98). Their self-
assessment of tongue odor was closely associated 
again with their preconception of how bad they 
thought the odor would be (r = 0.65, p < 0.001), 
and how they scored it at the initial consultation 
(r = 0.71, p < 0.001). None of the self-scores were 
significantly related to any of the odor judge 
scores. Another study conducted on 565 dental 
patients (Pham et  al. 2012) concluded that self-
perception was an invalid method for evaluating 
one’s breath yielding low sensitivity and specific-
ity (47 and 59%, respectively). Furthermore, self-
reported breath odors were associated with 
smoking and alcohol consumption but not with 
any of the objective clinical parameters such as 
odor judge scores, gingivitis, and tongue coating.

It appears that subjects who are concerned 
about having breath odors tend to give their 
breath samples higher scores as compared to the 
objective scores given the odor judge (Eli et al. 
2001). Subjects recruited for reasons other than 
breath concerns may exhibit higher levels of 
overall agreement with objective parameters. For 
example, among the 88 subjects attending a rou-
tine medical checkup, self-reporting of halitosis 
as compared with odor judge scoring (at a cutoff 
of greater than or equal to 2) yielded an accuracy 
of 67%. Other researchers also reported that in 
the majority of cases, the patient’s own assess-
ment was higher than the organoleptic assess-
ment and suggested a psychological basis for this 
phenomenon (Dudzik et al. 2015).

In another study (Nalcaci and Baran 2008), 
254 “healthy elderly” Turkish subjects (mean age 
62) were asked regarding their oral health status. 
Among them 28% reported that they suffered 
from bad breath. Most of these subjects also 
reported oral dryness (74%). Although each sub-
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ject underwent a comprehensive dental examina-
tion, including tongue coating level, the 
researchers did not actually smell the odor of the 
subjects, nor did they perform any adjunct testing 
for VSC levels. Nevertheless, a significant and 
relatively high correlation between self-reported 
bad breath and tongue coating levels (p = 0.59, 
p  =  0.0001) was recorded, followed by self-
reported oral dryness (p  =  0.41, p  =  0.0001). 
Other researchers also reported the association 
between the discomfort brought about by oral 
dryness and higher levels of self-reported halito-
sis in Parkinson’s patients, when in fact these 
xerostomic patients showed much lower levels of 
oral malodor as compared with the control group 
(Barbe et al. 2017).

Self-assessment of breath odors appears to be 
associated with various factors such as lack of 
good oral hygiene, smoking, presence of tongue 
coating, subjective and objective oral dryness, 
wearing dentures, gum disease, alcohol con-
sumption age (over 30), and gender (females) 
(Al-Ansari et al. 2006; Nalcaci and Baran 2008; 
Settineri et al. 2010). Females seem to give them-
selves higher malodor scores than men. For 
instance, one study reported that women scored 
significantly higher than men in rating their own 
malodor although men were assigned higher 
scores by the odor judge. In that study, 25 out of 
88 women gave themselves the highest score of 
“5” (on a 0–5 scale) as compared to “3.5” given 
by the odor judge. Nevertheless, self-estimates of 
both genders were still significantly higher than 
odor judge scores (Rosenberg and Leib 1997).
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11.1	 �Prevalence

Breath odors are a common condition. Various 
studies conducted around the world in different 
populations, using odor judge and instrumental 
measuring techniques and with varying threshold 
criteria have found prevalence of bad breath to 
range from as low as 2% of the population to over 
60% (Table 11.1). It is clear that the lack of stan-
dardization in threshold criteria and measuring 
techniques is a major cause for this large varia-
tion. One study conducted in Sweden (Soder 
et  al. 2000) used strong, noticeably unpleasant 
odor (i.e., “Foetor ex ore”) as the criterion for 
breath odors. In this study the researchers 
reported a prevalence of 2.4% in a population of 
1681 subjects. Using such a high threshold that is 
equivalent to an odor judge score of “4” (i.e. 
“strong malodor”) on a 0–5 scale yielded a simi-
larly low prevalence (2.14%) in a study done in 
Swaziland (Bornstein et  al. 2009). However, in 
the same study, when an odor judge score of “2” 
and above was considered the threshold for mal-
odor (i.e., “mild, clearly noticeable malodor”) 
prevalence reached 31.5%.

Indeed, most studies use “slight but notice-
able” (i.e., odor judge scores of “2” on a 0–5 
scale) as the threshold value for breath odors 
(Bornstein et al. 2009; Iwanicka-Grzegorek et al. 
2005; Liu et  al. 2006; Rosenberg et  al. 2007). 
When this criterion is applied, prevalence is con-
sistently found to be in the range 27.5–31.5%.

A few studies based their breath odor assess-
ment solely on oral VSC levels (Miyazaki et al. 
1995, 1997) as measured using a sulfide monitor 
(i.e., Halimeter), whereas others used VSC mea-
surements adjunct to organoleptic scorings 
(Bornstein et al. 2009; Iwanicka-Grzegorek et al. 
2005; Liu et  al. 2006). These studies regarded 
different VSC concentration values as cutoff 
points for breath odor conformation (e.g., 75, 
110, 125  ppb, respectively). It is important to 
stress that although VSC readings using Halimeter 
are in high correlation with organoleptic scores 
and their value is an important parameter for clin-
ical follow-up, the absolute value of a given read-
ing can vary between different instruments 
depending on the sensor’s sensitivity and calibra-
tion. Therefore, setting a universal cutoff value 
would be impractical.
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11.2	 �Gender

Gender is usually not taken into account in breath 
odor investigations since most studies report no 
difference between male and female subjects in 
the prevalence or levels of malodor (Miyazaki 
et  al. 1995; Sulser et  al. 1939). However, as 
shown in Table  11.2, some studies did report a 
variation between males and females. One study 
conducted in the general population of China 
(Liu et al. 2006) showed elevated VSC levels in 
females in the age group of 35–44 years as com-
pared to males. Although this study did not find 
similar results in the other age groups it has been 
reported in the literature that women showed a 
two- to fourfold increase in VSC levels in mouth 
air during and shortly prior to menstruation (Calil 
et  al. 2008; Tonzetich et al. 1978) especially in 

women with signs of periodontal disease 
(Kawamoto et  al. 2010). This increase in VSC 
levels coincided with hormonal levels and sali-
vary flow reduction.

On the other hand, studies conducted in Brazil 
and Italy reported higher prevalence of breath 
odors in males as compared to females 
(Nadanovsky et  al. 2007; Aimetti et  al. 2015), 
although one of these studies relied on question-
naire reports by a family member rather than 
actual measurements.

11.3	 �Age

Although some researchers reported an increase 
in breath odors with age (Sulser et  al. 1939; 
Aimetti et al. 2015), most studies conducted on 

Table 11.1  Prevalence of breath odors

References
Subjects 
population Malodor parameter Criteria/cutoff

Prevalence 
(%)

Sulser et al. (1939) n = 200
Age n.d.

Osmoscope (indirect 
method)

Malodor score of PO2 and above 
(“objectionable”)

56

Morris and Read 
(1949)

No. n.d.
Age 18–60 years

Osmoscope (direct 
method; 2 operators)

Malodor score of PO3 and above 
(1–6) (“halitosis”)

65

Miyazaki et al. 
(1995)

n = 2672
Age 18–64 years

VSC measured by 
Halimeter

VSC level ≥75 ppb
Less than 2 h following meals.
More than 2 h following meals

6–14
16–23

Miyazaki et al. 
(1997)

n = 2601
Age 18–64 years

VSC measured by 
Halimeter

VSC level ≥75 ppb
Less than 2.5 h following meals.
More than 2.5 h following meals

8–15
18–25

Loesche et al. (1996) n = 270
Age ≥ 60 years

Questionnaire “Been told you have”
“Think you have”

24
31

Soder et al. (2000) n = 1681
Mean age 
36 years

Organoleptic Strong, noticeably unpleasant 
odor (“Foetor ex ore”)

2.4

Iwanicka-Grzegorek 
et al. (2005)

n = 295
Age 18–74 years

Organoleptic
Halimeter

Malodor score ≥ 2 (0–5)
VSC levels ≥125 ppb

29.7
24.5

Liu et al. (2006) n = 2000
Age 15–64 years

Organoleptic
Halimeter

Malodor score ≥ 2 (0–5)
VSC levels ≥75 ppb
≥110 ppb

27.5
35.4
20.3

Nadanovsky et al. 
(2007)

n = 344
Age 1–87 years

Informants questionnaire “Yes” to: “Family member with 
bad breath?”

15

Rosenberg et al. 
(2007)

n = 88 (46 M)
Age 20–55 years

Organoleptic Malodor score ≥ 2 (0–5) 29.8

Bornstein et al. 
(2009)

n = 419
Age 18–94 years

Organoleptic
Halimeter

Malodor score ≥ 2 (0–5)
≥3 (0–5)
≥4 (0–5)
VSC levels ≥75 ppb
≥110 ppb

31.5
11.4
2.14
27.9

Chen et al. (2016) n = 720 (347 M)
Age 22–70 years

Halimeter VSC levels
≥110 ppb

33.2

11  Breath Odors, Prevalence, Gender, and Age
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adult populations did not find age to be a risk fac-
tor (Table  11.2). Nevertheless, several recent 
studies conducted in various places around the 
world on the prevalence of breath odors in school 

children, adolescents, and elderly population 
(Patil et al. 2014; Villa et al. 2014; Zellmer et al. 
2016; Ueno et al. 2018) reported relatively high 
prevalence rates (ranging between 41 and 68%) 

Table 11.2  Gender, age, and breath odors

References Subjects Gender Age
Sulser et al. 
(1939)

n = 200
(64% males)
Age groups:
≤20 (n = 20)
21–50 (n = 144)
≥51 (n = 36)

Equal prevalence in males and 
females (on average)

Malodor increased with age

Miyazaki et al. 
(1995)

n = 2672
(64% males)
Age groups:
15–24 (n = 317)
25–34 (n = 595)
35–44 (n = 916)
45–54 (n = 615)
55–64 (n = 229)

No difference in VSC levels 
between males and females

No difference in VSC levels 
between age groups

Liu et al. 
(2006)

n = 2000
(50% males)
Age groups:
15–24 (n = 400)
25–34 (n = 400)
35–44 (n = 400)
45–54 (n = 400)
55–64 (n = 400)

Significantly higher VSC level in 
females in age group 35–44 years 
correlations between gender and 
VSC levels (logistic regression 
analysis)

No difference in VSC levels 
between age groups

Nadanovsky 
et al. (2007)

n = 344
(49% males)
Age 1–87 years
(mean 39 ± 18)

Higher prevalence in males (21%) 
then females (9%)

Higher prevalence in people over 
20 years old (17%) then under 
20 years old (7%) for both sexes

Patil et al. 
(2014)

n = 900 school children 
(7–15 years)

No association between malodor 
and gender

Association between malodor 
levels and age.
Average malodor prevalence 41%

Villa et al. 
(2014)

n = 101 children and 
adolescents (6–16 years)
Age groups:
6–12 (n = 44)
13–16 (n = 57)

Higher prevalence in females 
(58%) than males (42%)

Higher prevalence in adolescents 
age group (VSC > 100 ppb):
32%
68%

Aimetti et al. 
(2015)

n = 744
(42% males)
Age groups:
20–29 (n = 80)
30–39 (n = 116)
40–49 (n = 159)
50–59 (n = 193)
60–75 (n = 196)

Higher prevalence in males (61%) 
then females (51%)

Higher prevalence (p < 0.001) with 
age: 32%
44%
49%
65%
65%

Zellmer et al. 
(2016)

n = 124 nursing home 
residents
(23% males)
Age 66–99 (mean age 
86.9)

No difference in malodor 
prevalence between genders

High prevalence of malodor in 
elderly living in nursing homes 
(54%)

Ueno et al. 
(2018)

n = 768 school children 
(6–15 years)
(54% males)

No difference in malodor 
prevalence between genders

Higher malodor prevalence in 
seventh to ninth grade (49%) than 
first to third grade (36%)

11.3  Age
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as compared with previous reports (Nadanovsky 
et al. 2007) and the general population.

Whether or not age plays a part in the preva-
lence and severity of this problem is yet to be 
determined. However, it is clear that the origins 
of oral malodor and its character may vary with 
age. In children and adolescents, oral malodor 
is mainly associated with tongue coating scores 
(Amir et  al. 1999; Nalcaci and Sonmez 2008; 
Ueno et  al. 2018). Nevertheless, studies have 
shown a significant increase in malodor-related 
parameters in adolescents as compared with 
younger children (Villa et al. 2014; Ueno et al. 
2018) a possible explanation for this observa-
tion is the frequent use of fixed orthodontic 
appliances in that age group and its association 
with malodor production (for more details, see 
Chap. 2). Whereas, the tongue seems to play a 
major role in oral malodor throughout life, 
other factors may add on and vary. For exam-
ple, after the age of 45 periodontal disease 
becomes associated with malodor production 
(Bosy et al. 1994). Taking various medications 
may affect saliva flow in subjects over the age 
of 50 (e.g., antihypertensive drugs), and in the 
elderly population denture-related problems 
may contribute to malodor production. In a 
recent study conducted on elderly population 
residing in nursing homes in Sweden a high 
prevalence of 54% of breath odors was reported 
as associated with hyposalivation and dementia 
(Zellmer et al. 2016).

In summary, future studies looking at different 
age groups should assess not only odor intensity, 
but the quality of the odor, as well as its source 
(e.g., mouth vs. nose, dentures vs. permanent 
dentition) especially when looking for correla-
tions between odor and age-specific parameters.
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12.1	 �Halitophobia

In some 15–30% of patients complaining of a 
serious breath odor problem, little or no malodor 
can be detected by the examiner either organolep-
ticaly by smelling the patient’s breath or using 
laboratory techniques (Quirynen et  al. 2009; 
Seemann et al. 2006). These patients vary in their 
level of conviction regarding their perceived odor 
problem. Some just wish to confirm or rule out a 
breath odor problem, whereas others firmly 
believe that the problem exists. In extreme cases 
patients may appear psychotic and/or contemplate 
suicide (Yaegaki and Coil 1999). In 1995, we 
coined the term “halitophobic” to describe 
patients with a complaint of halitosis that cannot 
be verified. Some researchers have dichotomously 
subclassified these patients into “Pseudo halito-
sis” and “Halitophobia” based on their treatment 
response and need of psychiatric consultation 
(Yaegaki and Coil 2000). Alternatively, other 
researchers regard “Halitophobia” as a “mild to 
severe” spectrum of conditions that include any 
level of exaggerated concern over having a breath 
odor problem (Rosenberg and Leib 1997).

Convinced of the somatic basis of their com-
plaint, many halitophobic patients visit various 
medical specialists (e.g., dentists, E.N.T, gastro-
enterologists, etc.) in the hope of finding a cure 
for their perceived ailment. For example, one 
study (Seemann et al. 2006) reported that 76% of 
the halitophobic patients visiting the clinic had 
received prior treatments for bad breath. Some 
(36%) had undergone gastroscopies and others 
(14%) underwent an ENT operation—all without 
having any detectable signs of bad breath. Only 
9% of those patients went through an actual 
organoleptic evaluation of their breath before 
they underwent these medical procedures.

12.2	 �Olfactory Reference 
Syndrome (ORS)

Halitophobia is considered one manifestation of 
Olfactory Reference Syndrome (Pryse-Phillips 
1971), described as “preoccupation about body 
odour accompanied by shame, embarrassment, 
significant distress, avoidance behaviour and 
social isolation” (Lochner and Stein 2003). 

12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-44731-1_12&domain=pdf


78

Halitophobia has also been considered as a type 
of monosymptomatic delusion (“delusional hali-
tosis”), alongside parasitosis.

Psychological disorders in which a person is 
convinced of giving of bodily odors perceived by 
others have been reported in the literature since 
the late 1800s. These disorders were termed 
“Bromidrosiphobia” (Sutton 1919), “Chronic 
olfactory paranoid syndrome” (Videbech 1966), 
and “Taijin-kyofusho” (Suzuki et al. 2004).

Pryse-Phillips (1971) noted that in patients 
suffering from ORS the belief of exuding bodily 
odors was accompanied by other behaviors such 
as excessive washing and use of deodorants and 
perfumes, social avoidance, and multiple medical 
consultations. Furthermore, ideas of reference 
were another common feature. Patients believed 
that people made comments or gestures regard-
ing their bodily odors especially in confined 
spaces (e.g., trains, buses).

A systematic review (Begum and McKenna 
2011) was conducted on ORS case reports based 
on the following diagnostic criteria:

	1.	 A persistent false belief that one emits a mal-
odorous smell; this belief may encompass a 
range of insights (i.e., does not have to be 
delusional).

	2.	 The belief causes clinically significant dis-
tress, is time-consuming (i.e., preoccupies the 
individual for at least 1  h/day) or results in 
significant impairment of function (whether 
social, occupational, or other).

	3.	 The belief is not better accounted for by 
another mental disorder or general medical 
condition.

This study reported that the mean age of onset 
for ORS was 21 with 58% of the cases affecting 
patients less than 20 years old. Low mood was 
present in 39% and anxiety in 42% of the cases. 
In 49% of the subjects precipitant events were 
present, and were mainly (85%) smell-related 
experiences (remarks or gestures from family 
members or classmates) accompanied by shame 
and embarrassment. The smells included feet, 
underarm, groin, sweat, urine, feces, bad breath, 
and sexual odors. In 59% of the cases, the patients 

could not smell the malodor themselves. In 57% 
the conviction of the perceived odor was fixed or 
firmly held, whereas in other cases that belief was 
held with less than full conviction (e.g., admitting 
that the preoccupation was excessive and unrea-
sonable). Referential ideas in the form of misin-
terpretations of comments and gestures were 
common (74%) and were all related to social ref-
erences. Furthermore, some of the precipitating 
events may not have been real but rather an early 
symptom of the disorder.

A study conducted among 421 university stu-
dents (age 18–24  years) in China reported that 
the prevalence of ORS was 2.4% and showed no 
association with gender (Zhou et  al. 2018). 
Interestingly, in that study ORS showed only a 
weak association with other comorbid disorder 
symptoms, suggesting that ORS may be consid-
ered as a distinct disorder when looking into non-
clinical populations.

ORS shows some common features with other 
psychiatric disorders (Table  12.1). As a result, 
there is an ongoing debate in the literature regard-
ing the classification of ORS either as a separate 
disorder or an expansion of another disorder (e.g., 
a malodor aspect of body dysmorphic disorder).

Unlike common views, which regard ORS as 
typically chronic, persistent, and tending to 
worsen over time, the current review (Begum and 
McKenna 2011) concluded that around two-
thirds of the treated cases show improvement or 
recovery. Of all forms of treatment, the best 
response was seen with psychotherapy (78%), 
especially behavioral therapy.

12.3	 �Back to Halitophobia

Despite the many resembling features stated 
above there is one key difference between body 
odors and breath odors. Unlike other bodily 
odors, a person cannot normally smell his own 
breath. This physiological fact on the one hand 
and the relatively large prevalence of breath 
odors might explain the high proportion of 
patients that express an exaggerated concern of 
having a breath odor problem (i.e., Halitophobia). 
In a study on social phobia conducted in 1997 in 
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Canada on a population of 1206 subjects (Stein 
M, unpublished data from a community survey 
(Stein et al. 2000)), 15.8% worried “a lot” about 
how their breath smelled, 2.8% had seen a pro-
fessional about their breath, and 2.7% claimed 
that their breath concern interfered with their 
lives (e.g., socially, professionally).

A questionnaire-based study conducted on 
4763 participants (Vali et al. 2015) showed that 
subjective halitosis (i.e., self-reported) was sig-
nificantly associated with stress, anxiety, and 
depression. In addition, subjects demonstrating 
neurotic personality traits were more inclined to 
this condition. Furthermore, another study con-
ducted on 262 patients treated for confirmed hali-
tosis showed that patients with high scores on the 
Liebowitz Social Anxiety Scale (LSAS) were 
still concerned about their oral malodor even fol-
lowing treatment (Zaitsu et al. 2011), suggesting 
that halitosis and halitophobia can be two sepa-
rate conditions.

Based on clinical experience and research, 
halitophobic patients often:

	1.	 Present with a high degree of certainty and 
conviction that they suffer from bad breath. 
The descriptions of which are often exagger-
ated (e.g., very foul smell that can be sensed 
across the room).

	2.	 Possess a lot of information on the subject of 
bad breath, often nonscientific in nature.

	3.	 Have had frequent consultations with various 
medical specialists (e.g., dentists, E.N.T, gas-
troenterologists, etc.).

	4.	 Practice a high degree of oral hygiene, often 
obsessively (although they often claim that it 
does not alleviate the odor).

	5.	 Exhibits a high level of grooming and atten-
tion to external appearance.

	6.	 Are sometimes secretive concerning their per-
ceived problem, often confiding in no one 
over the course of years of distress. They may 
encounter difficulty in discussing the situation 
with anyone, including the professional at the 
consultation. They sometimes break down in 
tears at the initial consultation. They often 
bridle and express anger, disbelief, and disap-
pointment when told that their complaint of 
bad breath has not been verified by the clinical 
examination.

	7.	 Are often able to somehow carry on with their 
lives, despite the self-perceived “predicament.”

	8.	 Tend to use various evasive methods and 
avoidance techniques to prevent others from 
smelling them (e.g., avoiding close encoun-
ters of professional or social origin, chewing 
gum incessantly, and standing downwind dur-
ing a conversation).

Table 12.1  Similar and dissimilar features of Organoleptic Reference Syndrome (ORS) as compared with other disor-
ders (Begum and McKenna 2011)

Disorder
Organoleptic reference syndrome (ORS)
Similar Dissimilar

Delusional disorder In most cases, ORS is a delusional belief 
(complete conviction of emitting malodor).

In some cases ORS has a non-delusional 
form (good insight, overvalued ideation).

Social phobia In most cases, ORS patients are concerned about 
the social implication of emitting malodor 
(experiencing shame, embarrassment, and anxiety 
or avoiding social situations).

Social phobia is typically associated with 
an act (speaking, eating, writing etc.) 
rather than body odors.

Obsessive 
compulsive disorder 
(OCD)

Most cases of ORS show excessive, repetitive 
compulsive behaviors that are aimed at checking 
or eliminating the perceived odor.

Only few cases of OCD are delusional, 
and ideas of reference (how the condition 
is perceived by others) are much less 
common.

Body dysmorphic 
disorder (BDD)

Core belief of a bodily defect that leads to social 
avoidance. Preoccupation and frequent seeking of 
medical (nonmental) treatment to alleviate the 
perceived problem.

The core beliefs, repetitive behaviors and 
treatment responses may differ.
Currently limited to physical defects.

Hypochondriasis Preoccupation with the body, obsessional 
thinking, and repetitive behavior (seeking medical 
diagnosis and treatments).

Hypochondriasis is characterized by a 
core fear of having a serious disease.

12.3  Back to Halitophobia
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	9.	 Appear to be more concerned by the social 
implications of their perceived affliction, 
rather than expressing anxiety that it is a life-
threatening medical condition.

Much like ORS patients complaining of other 
bodily odors, halitophobic patients often report 
on a precipitating event that is mostly odor 
related. These may include:

	1.	 Referral comments and remarks by family or 
friends (e.g., having been told once in the 
past) a sporadic event that made a lifelong 
impact (associated with shame and 
embarrassment).

	2.	 Presence of foul-smelling particles cough up 
and expelled from the throat (i.e., 
Tonsilloliths).

	3.	 Having a family member (parent or sibling) 
with bad breath.

Apart from referral comments and gestures 
(e.g., rubbing nose, stepping back) that are auto-
matically attributed to breath odors, halitophobic 
patients also often rely on self-perceived cues 
such as bad taste and oral dryness as signs for 
their perceived breath odor. These subjective 
signs are mostly psychosomatic and are the result 
of the exaggerated concerns and preoccupation 
regarding the perceived breath odor problem, 
rather than real conditions.

Some researchers dealing with the subject of 
the management of Halitophobic patients have 
noted that in most cases these patients refuse to 
accept the fact that their condition is psychologi-
cal (Yaegaki and Coil 1999). Furthermore, this 
lack of acceptance and total conviction often 
leads to confrontation between the doctor and the 
patient. To avoid these conflicts, it was proposed 
not to engage in an argument on the objectivity of 
the complaint, but rather put the emphasis on 
educating the patient (e.g., oral hygiene instruc-
tions). However, research has shown that this 
type of approach is not successful (Iwu and 
Akpata 1990), since most of these patients prac-
tice good oral hygiene and are looking for a new 
approach.

In patients who show less conviction in their 
belief a simple explanation or demonstration 
(e.g., using Halimeter) may be effective in per-
suading the patient in the absence of an objec-
tive malodor problem. In severe, more 
delusional cases the resistance would be much 
higher. Nevertheless, it is the clinician’s respon-
sibility not to “skirt the issue” and to inform the 
patient about his suspected condition. This 
should be done in an empathetic manner, giving 
the patient detailed explanation of his condition 
and recommending psychological consultation 
when warranted.
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The key to successful resolution of a breath odor 
complaint is its objective diagnosis (for more 
details, see Chap. 9). First, the physical nature of 
the complaint has to be verified. Subsequently, 
the source of the malodor should be determined. 
Based on these, an appropriate treatment may be 
suggested and implemented.

Breath odors may arise from a variety of dif-
ferent sources including various systemic and 
ENT-related conditions (described in Chaps. 5–
7). These warrant the referral of the patient to the 
appropriate physician/specialist. However, in 
most cases (perhaps 90%), the source of the prob-
lem is anaerobic bacterial activity within the oral 
cavity itself (e.g., tongue, gums, teeth, restora-
tions). Therefore, oral caregivers, i.e., dentists and 
hygienists should be knowledgeable in this field. 
They are generally responsible for its treatment.

Successful resolution of a bad breath complaint 
depends on patient cooperation on two levels: (1) 
Since self-assessment of oral malodor is mostly 
unreliable, the patient must enlist the assistance of 
a close friend or family member to monitor his/her 
condition. This objective evaluation is not only 

important for the clinician’s diagnosis and follow-
up but also imperative for the patient’s ability to 
regain his/her confidence in social situations. (2) 
Similar to other bacterial-related problems of the 
oral cavity such as caries and periodontal disease, 
the long-term successful outcome of oral malodor 
treatment relies mainly on the patient’s ability to 
maintain good oral hygiene with an emphasis on 
proper tongue and interdental cleaning.

13.1	 �Mechanical Therapy

Most of the many different species of bacteria 
residing in the oral cavity are unable to inhabit 
any other sites in the human body. Therefore, 
they are under constant threat of being washed 
out or swallowed, and their ability to adhere to 
oral surfaces and form biofilms is imperative to 
their survival. These oral biofilms are tissue-like 
structures consisting of cellular and extracellular 
matrix and are highly resistance to rinsing, wash-
ing, detergents, and even antibiotics. This is one 
reason why mechanical cleaning procedures, 
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such as brushing and cleaning of dental and oral 
surfaces, are the cornerstone of oral hygiene.

Since the malodor-producing bacteria reside 
mainly on the posterior area of the tongue dorsum 
and interdental spaces, areas which are normally 

inaccessible to regular cleaning, it is not surprising 
that tooth brushing alone has a very weak short-term 
effect on oral malodor reduction. The data presented 
in Table 13.1 show the effect of various oral hygiene 
procedures on malodor-related parameters.

Table 13.1  Effect of oral hygiene activities on oral malodor and related parameters

Reference (no. of 
subjects) Oral hygiene activities

Criteria and 
malodor parameters

Follow-up duration and 
outcome

Tonzetich and Ng (1976) Single activity VSC (H2S, GC) 1 h follow-up
(n = 8) Brushing:

Teeth 29% reduction
Tongue 74% reduction
Tongue and teeth 76% reduction
Eating 83% reduction

Suarez et al. (2000) Single activity VSC (H2S, GC) 8 h follow-up
(n = 8) Brushing:

Teeth 25% reduction
Tongue 65% reduction
Rinsing:
3% H2O2 90% reduction
Eating 40% reduction
No treatment 10% reduction

Seemann et al. (2001a) Single activity tongue cleaning using: VSC (Halimeter) Up to 30 min follow-up
(n = 28) Tongue cleaner >130 ppb included 42% reduction

Tongue scraper 40% reduction
Toothbrush 33% reduction

Pedrazzi et al. (2004) Tongue cleaning (3 times a day for 
1 week):

VSC (hand held 
sulfide monitor)

Follow-up time not stated

(n = 10) Tongue scraper 75% reduction
Toothbrush 40% reduction

Faveri et al. (2006) 3 times a day for 1 week (following 
professional cleaning):

Odor judge scores 
(single judge)

8 h follow-up

(n = 19) Tooth brushing (TB) 0–3 scale 90% increase (1.1–2.0)
TB + flossing (Fl) 85% increase (1.1–1.9)
TB + tongue scraping (TS) 20% increase (1.1–1.3)
TB + Fl + TS 24% increase (0.9–1.1)

Farrell et al. (2006) 4 times in 24 h VSC (Halimeter) 3 h follow-up
(n = 26) Tooth brushing (NaF) 159 ppb

Tooth brushing (triclosan) 143 ppb
Tooth + tongue brushing (triclosan) 126 ppb (significantly 

better the tooth brushing 
alone, p = 0.035)

Aung et al. (2015) Twice a day for 1 week: VSC (Breathtron) 6 h follow-up
(n = 30) Tooth brushing (TB) 30% reduction (N.S.)

Tooth + tongue brushing (TTB) 48% reduction (p < 0.05)
TB + mouthwash (ClO2) 51% reduction (p < 0.01)
TTB + mouthwash (ClO2) 72% reduction (p < 0.01)

Ileri Keceli et al. (2015) Twice a day for 2 weeks (following 
scaling + polishing):

VSC (Halimeter) 2 h follow-up

(n = 69) Tooth brushing (TB) 26% reduction (p < 0.05)
Tooth + tongue brushing (TTB) 37% reduction (p < 0.05)

Acar et al. (2019) 1 week (following scaling + polishing): Odor judge scores 
(single judge)

3 h follow-up

(n = 36) Oral hygiene (OH; not specified) 
without tongue scraping.

0–5 scale 17% increase (1.61–1.89)

OH + tongue scraping (once a day). 34% decrease (2.28–1.50)
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The data presented in this table suggest that 
tongue cleaning (Fig. 13.1) is the most effective 
oral hygiene activity in reducing oral malodor 
and related parameters. Furthermore, it is evident 
that not all tongue-cleaning methods are equally 
effective. For instance, cleaning the tongue using 
a tooth brush appeared to be less effective than 
using a tongue cleaner designed specifically for 
this purpose (Pedrazzi et al. 2004; Seemann et al. 
2001a). The effect of eating, especially abrasive 
foods, on malodor reduction was also attributed 
in part to its tongue-cleaning properties (Suarez 
et al. 2000). Furthermore, some researchers sug-
gested that in addition to the reduction of 
malodor-related parameters, the use of a tongue 
scraper may have a mitigating effect on gingival 
inflammation (Acar et al. 2019).

It is also important to note that tongue clean-
ing should be done delicately. The use of sharp or 
jagged scrapers is not recommended since 
repeated injuries to the tongue may be harmful.

13.2	 �Chemical Therapy

Although tongue cleaning seems to be very effec-
tive in reducing malodor and malodor-related 
parameters (e.g., VSC), its effectiveness is rela-
tively short term (less than 2 h). Research done 
by Quirynen et al. (2004) showed that, although 

tongue cleaning did reduce tongue coating, it did 
not reduce the bacterial load on the tongue. In 
other words, the mechanical cleaning of the 
tongue appears to affect their food supply (sub-
strate) rather than the bacteria themselves. This 
was further supported by other researchers who 
showed that tongue scraping did not have an 
effect on reducing levels of tongue bacteria 
(Ademovski et al. 2013). Therefore, in order to 
achieve long-term efficacy, the use of antimicro-
bial agents should be considered.

Various chemical agents such as chlorhexi-
dine, cetylpyridinium chloride, essential oils, tri-
closan, chlorine dioxide, hydrogen peroxide, and 
zinc have been shown, individually or combined, 
to be effective in reducing oral malodor (Tables 
13.2 and 13.3). The proposed mechanism of 
action for these agents is mostly antibacterial or 
antiseptic; however, some of them are able to 
chemically bind or alter malodor components 
(e.g., binding of sulfide ions by zinc), rendering 
them odorless. Therefore, combining different 
agents with different mechanisms of action (e.g., 
antibacterial and sulfide binding) may result in a 
superior outcome.

These antibacterial agents have been incorpo-
rated into various delivery systems (e.g., mouth-
rinses, dentifrices, lozenges) designed to treat 
oral malodor. However, since oral malodor is 
generally considered a cosmetic issue for regula-
tory purposes, many products on the market 
claim to alleviate oral malodor, yet have rela-
tively little supporting data. In 2003, the American 
Dental Association (ADA) Council on Scientific 
Affairs published guidelines for products used in 
the management of oral malodor regarding the 
safety and effectiveness of these products 
(Wozniak 2005). According to these guidelines, 
safety issues include long-term follow-up 
(6 months) for adverse effects on soft and hard 
oral tissues, allergic and toxic effects, and the 
development of opportunistic and pathogenic 
organisms. Effectiveness, on the other hand, 
should be established through well-designed 
blinded and controlled clinical studies on sub-
jects with oral malodor (odor judge score ≥2, on 
a 0–5 scale), and the outcome measured by 
trained and calibrated odor judges (at least two 
judges).

Fig. 13.1  Tongue cleaning using a plastic tongue cleaner
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Table 13.2  Effect of mouthrinses containing various active ingredients on oral malodor and related parameters

Reference (no. of 
subjects)

Delivery system, application, 
and active ingredients

Criteria and malodor 
parameters

Follow-up duration and 
outcome

Rosenberg et al. 
(1992)

Mouthrinse (twice for 1 day) Odor judge scores (single 
judge)

8–10 h follow-up

(n = 60) TPM/CPC 0–5 scale 33% reduction (1.5–1)
0.2% CHX 76% reduction (1.7–0.4)

Kozlovsky et al. 
(1996)

Mouthrinse (twice a day for 
6 weeks)

Odor judge scores (two judges) ≥8 h follow-up

(n = 50) TPM/CPC 0–5 scale 80% reduction (2.1–0.4)
EO 70% reduction (2.4–0.7)

Yaegaki and Sanada 
(1992)

Mouthrinse (single use) VSC (Halimeter) 3.5 h follow-up

(n = 9) TPM/CPC Subjects with ≥75 ppb included 80% reduction
Control mouthrinse 30% reduction

Bosy et al. (1994) Mouthrinse (twice a day for 
1 week)

Odor judge scores (two judges) Follow-up time not reported

(n = 101) 0.2% CHX 0–5 scale 64% reduction (2.8–1)
Subjects with ≥2 included

Frascella et al. 
(2000)

Mouthrinse (single use) Odor judge scores (three 
judges)

8 h follow-up

(n = 31) 0.1% CD 0–4 intensity scale (−3 to +3 
pleasantness scale)

50% reduction (1.2–0.6)

Control (water) Subjects with ≤−1 included 9% reduction (1.4–1.3)
Borden et al. (2002) Mouthrinse (twice a day for 

4 weeks)
Odor judge scores (two judges) 4 h follow-up

(n = 95) EO 0–5 scale 11% reduction (4.1–3.7)
CPC Subjects with >2 included 23% reduction (4.2–3.2)
Placebo No reduction (3.9–3.9)
CD/Zn 11% reduction (4–3.6)

Schmidt and Tarbet 
(1978)

Mouthrinse (single use) Odor judge scores (three 
judges)

3 h follow-up

(n = 62) ZnCl 0–3 scale 37% reduction (1.6–1)
Control (saline) Subjects with ≥1 included 14% increase (1.5–1.7)
No treatment 15% increase (1.6–1.9)

De Boever and 
Loesche (1995)

Mouthrinse (twice a day for 
1 week)

Odor judge scores (single 
judge)

Follow-up time not reported

(n = 16) 0.12% CHX 0–4 scale 69% reduction (2.9–0.9)
Winkel et al. (2003) Mouthrinse (twice a day for 

2 weeks)
Odor judge scores (single 
judge)

Follow-up time not reported 
(morning)

(n = 40) CHX/CPC/ZnLc 0–5 scale 46% reduction (2.8–1.5)
(0.05, 0.05, 0.14%) Subjects with >1 included
Placebo 7% reduction (2.7–2.5)

Wigger-Alberti et al. 
(2010)

Mouthrinse (twice a day for 
3 weeks)

Odor judge scores (seven 
judges)

Follow-up time not reported 
(morning)

(n = 174) AmF-SnF/ZnLc 0–5 scale 22% reduction (3.2–2.5)
(0.025, 0.2, 0.12%) Subjects with >2 included
CHX/CPC/ZnLc 26% reduction (3.1–2.3)
(0.05, 0.05, 0.14%)
0.12% CHX 27% reduction (3.3–2.4)
Control (water) 6% reduction (3.2–3)

van Steenberghe 
et al. (2001)

Mouthrinse (twice a day for 
12 days)

Odor judge scores (single 
judge)

20–30 min follow-up

(n = 12) 0.2% CHX 0–4 scale 78% reduction (1.8–0.4)
CHX/NaF 89% reduction (1.8–0.2)
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Table 13.2  (continued)

(continued)

Reference (no. of 
subjects)

Delivery system, application, 
and active ingredients

Criteria and malodor 
parameters

Follow-up duration and 
outcome

(0.12, 0.05%)
CHX/CPC/ZnLc 100% reduction (1.8–0)
(0.05, 0.05, 0.14%)

Shinada et al. (2010) Mouthrinse (twice a day for 
7 days)

Odor judge scores (two judges) Overnight (average 8 h) 
follow-up

(n = 15) 0.1% CD 0–5 scale 32% reduction (2.1–1.4)
Placebo 7% reduction (1.9–1.7)

Rassamee-
masmaung et al. 
(2007)

Mouthrinse (single use) VSC (Halimeter) 3 h follow-up

(n = 60) Herbal Subjects with ≥80 ppb included 38% reduction
Placebo 23% reduction
(twice a day for 2 weeks) Follow-up time not reported 

(morning)
Herbal 60% reduction
Placebo 26% reduction

Quirynen et al. 
(2002)

Mouthrinse (twice a day for 
7 days)

Odor judge scores (single 
judge)

20–30 min follow-up

(n = 16) 0.2% CHX 0–4 scale 88% reduction (1.6–0.2)
CHX/CPC/ZnLc 81% reduction (1.6–0.3)
(0.05, 0.05, 0.14%)
AmF-SnF 72% reduction (1.8–0.5)
Placebo 11% reduction (1.8–1.6)

Pitts et al. (1981) Mouthrinse (single use) Odor judge scores (five judges) 2 h follow-up
(n = 17) EO 1–9 pleasantness scale 9% reduction (6.7–6.1)

Control (water) 3% increase (6.1–6.3)
Pitts et al. (1983) Mouthrinse Odor judge scores (five judges) 3 h follow-up
(n = 30) (single use) 1–9 pleasantness scale

EO 6% reduction (6.7–6.3)
Placebo 2% increase (6.6–6.7)
Control (water) No reduction (6.7–6.7)

Peruzzo et al. (2007) Mouthrinse (3 times a day for 
4 days)

VSC (Halimeter) 12 h follow-up (morning 
breath)

(n = 14) 0.1% CD 12% reduction
Placebo 112% increase

Carvalho et al. 
(2004)

Mouthrinse (twice a day for 
4 days)

VSC (Halimeter) 12 h follow-up (morning 
breath)

(n = 12) 0.2% CHX 70% reduction
0.12% CHX 63% reduction
0.03% Triclosan 29% reduction
EO 24% reduction
0.05% CPC 14% reduction
Control (hydro-alc) 21% increase

Wilhelm et al. 
(2010)

Mouthrinse (single use) Odor judge scores (eight 
judges)

4 h follow-up

(n = 42) AmF-SnF/ ZnLc 0–5 scale 38% reduction (⁓2.9–1.8)
(0.025, 0.2%) Subjects with ≥2 included
CHX/CPC/ZnLc 27% reduction (⁓2.9–2.1)
(0.05, 0.05, 0.14%)
Control (water) 18% reduction (⁓3.2–2.6)
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The most common delivery system for active 
chemical agents in the treatment of oral malodor 
is mouthrinse. Table  13.2 shows the results of 
various clinical trials testing different active 
ingredients in a mouthrinse formulation on oral 
malodor and related parameters.

These results show the efficacy of the different 
active ingredients over varying periods of time 
ranging from few hours to daylong effects of 
10–12 h. It is clear that not all the active ingredi-
ents demonstrate the same efficacy in reducing 
malodor levels. Chlorhexidine (0.2%), which 

Reference (no. of 
subjects)

Delivery system, application, 
and active ingredients

Criteria and malodor 
parameters

Follow-up duration and 
outcome

Ademovski et al. 
(2013)

Mouthrinse (twice a day for 
2 weeks)

VSC (Halimeter) 8–12 h follow-up (morning)

(n = 21) Test MR:
ZnAc/CHX/NaF 53% reduction (p < 0.01)
(0.3, 0.025, 0.05%)
Test MR + TC 40% reduction (p < 0.01)
Placebo MR 8% reduction (NS)
Placebo MR + TC 21% reduction (NS)

Dadamio et al. 
(2013)

Mouthrinse (twice a day for 
1 week)

Odor judge scores (single 
judge)

12 h follow-up (morning)

(n = 90) NaF (0.05%) 0–5 scale 16% reduction (2.4–2.0)
CHX (0.12%) Subjects with ≥2 included 39% reduction (2.3–1.4)
CHX/CPC/ZnLc 53% reduction (2.6–1.2)
(0.05, 0.5, 0.14%)
AmF-SnF 48% reduction (2.7–1.4)
(0.025%)
AmF-SnF/ZnLc 45% reduction (2.4–1.3)
(0.025, 0.2%)

Feres et al. (2015) Mouthrinse (twice a day for 
3 weeks)

Odor judge scores (three 
judges)

12 h follow-up (morning)

(n = 70) Tooth brushing 0–5 scale 59% reduction (3.35–1.37)
(TB) Subjects with ≥3 included
TB + Mouthrinse 73% reduction (3.36–0.89)
(CPC 0.075%)

Ademovski et al. 
(2013)

Mouthrinse (single use) Odor judge scores (single 
judge)

12 h follow-up (morning)

(n = 24) Control (water) 0–5 scale Compared with control:
ZnAc/ CHX Subjects with ≥2 included B: 47% reduction (2.3–1.2)
(0.3, 0.025%) D: 34% reduction (2.3–1.5)
CHX/CPC/ZnLc 39% reduction (2.3–1.4)
(0.05, 0.5, 0.14%)
ZnCl (0.9%) 30% reduction (2.3–1.6)
CD (not specified) 43% reduction (2.3–1.3)

Seemann et al. 
(2016)

Mouthrinse (single use) Odor judge scores (single 
judge)

12 h follow-up

(n = 34) Control (water) 0–5 scale No reduction (2.8–2.8)
ZnAc/CHX Subjects with ≥2 included 16% reduction (3.0–2.5)
(0.3, 0.025%)

Ademovski et al. 
(2017)

Mouthrinse (twice a day for 
6 months)

Odor judge scores (single 
judge)

Follow-up not specified

(n = 46) ZnAc/ CHX 0–5 scale 28% reduction (2.8–2.0)
(0.3, 0.025%) Subjects with ≥2 included
Placebo 7% reduction (2.6–2.4)

TPM two-phase (oil:water) mouthrinse, CPC cetylpyridinum chloride, CHX chlorhexidine, EO essential oils, CD chlo-
rine dioxide, Zn zinc, ZnAc zinc acetate, ZnCl zinc chloride, ZnLc zinc lactate, NaF sodium fluoride, AmF amine fluo-
ride, SnF stannous fluoride

Table 13.2  (continued)
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(continued)

Table 13.3  Effect of dentifrices and other delivery systems containing various active ingredients on oral malodor and 
related parameters

Reference (no. of 
subjects)

Delivery system, application, 
and active ingredients

Criteria and malodor 
parameters

Follow-up duration and 
outcome

Newby et al. (2008) Dentifrice (single application) VSC (GC) 1 h follow-up
(n = 16) 0.3% ZnCl (A) H2S > 300 ppb included 44% reduction

0.3% ZnCl (B) 48% reduction
0.3% Triclosan 26% reduction
Placebo 24% reduction

Olshan et al. (2000) Dentifrice (single application) Odor judge scores (five judges) 1.2 h follow-up
Study 1 EO 1–9 pleasantness scale. 

Subjects with ≥6 included
23.5% red (7.3–5.6–7.0)

(n = 80) Control (NaFl) 7.1% red (7.3–6.8–7.2)
Study 2 EO/1% ZnCt 21.3% red (6.5–5.1–6.3)
(n = 90) Control (NaFl) 7.1% red (6.6–6.1–6.5)
Sharma et al. (1999) Dentifrice (single application) Odor judge scores (four 

judges)
12 h follow-up

(n = 63) 0.3% Triclosan 1–9 pleasantness scale. 
Subjects with unpleasant 
breath included

28% reduction (6.6–4.8)

Control (NaFl) 9% reduction (6.6–6.0)
Waler (1997) Chewing gum (single 

application)
VSC (Halimeter) Immediately following 

treatment
(n = 11) 2 mg ZnAc 45% reduction

0.5 mg ZnAc 16% reduction
Placebo 14% reduction
Aqueous solution
(single application)
0.02% ZnCl 45% reduction
0.2% CHX 7% reduction
Control (water) 7% reduction

Young et al. (2002) Lozenges (single application) VSC (GC) 3 h follow-up
(n = 10) ZnGl Cystein challenge 75% reduction

ZnAc 70% reduction
ZnCt No reduction
ZnAm 70% reduction

Greenstein et al. 
(1997)

Lozenges (three applications 
in 24 h)

Odor judge scores (two judges) 2–3 h follow-up

(n = 123) Oxidizing agent 0–5 scale 50% reduction (1.6–0.8)
Breath mint 20% reduction (1.6–1.3)
Chewing gum 17% reduction (1.6–1.3)
Control 35% reduction (1.6–1.0)

Sterer et al. (2008) MAT (single application) Odor judge scores (two judges) 2 h follow-up
(n = 26) Herbal 0–5 scale 57% reduction (3.4–1.5)

Placebo No reduction (3.1–3.4)
Hu et al. (2005) Dentifrice (twice a day for 

3 weeks)
Odor judge scores (four 
judges)

12 h follow-up (morning 
breath)

(n = 81) 0.3% Triclosan 1–9 pleasantness scale. 
Subjects with unpleasant 
breath included

56% reduction (7.8–3.4)

Control (NaFl) 9% reduction (7.8–7.1)
Niles et al. (2005) Dentifrice (twice a day for 

1 week)
VSC (GC) Overnight follow-up 

(morning breath)
(n = 17) 0.3% Triclosan >300 ppb included 57% reduction

Control (NaFl) 10% reduction
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appears to be highly effective, is reported to 
cause many unpleasant side effects (Bosy et al. 
1994). Following use of a 0.2% chlorhexidine 
mouthrinse twice a day for a week 90 out of 101 
subjects participating in the study reported some 
side effect, which included change in the taste of 
food (60%), burning sensation on the tip of the 
tongue (26%), staining of the tongue (17%) and 
teeth (12%), and pain or sloughing of gingival 
tissue (4%).

The use of an effective mouthrinse (i.e., gar-
gling) has an important part in oral malodor man-
agement. Gargling at least once a day should be 
done on a regular basis in order to control bacte-
rial growth on the tongue dorsum. However, 
whether regular use of an effective mouthrinse 
has a cumulative effect is an open question. 
Whereas, some studies show that repeated use 
yields better results than a single application 

(Kozlovsky et  al. 1996; Rassamee-masmaung 
et al. 2007), others indicate that the effectiveness 
of the mouthrinse does not improve with a pro-
longed use (Borden et al. 2002). In any case, this 
mode of treatment should be applied regularly 
and constantly.

Some evidence suggest that the regular use of 
an alcohol-containing mouthrinse might be 
related to the occurrence of oral and pharyngeal 
cancer (Winn et al. 1991), possibly attributed to 
the conversion of alcohol to acetaldehyde by 
some of the microorganisms in the oral cavity 
(Shuster et al. 2004). However, since alcohol is 
not considered an active ingredient and there are 
many effective mouthrinses available that do not 
contain alcohol, it might be safer to recommend 
the use of an alcohol-free mouthrinse.

Due to their relatively short exposure time (typi-
cally 1  min), liquid-phase delivery systems (i.e. 

Table 13.3  (continued)

Reference (no. of 
subjects)

Delivery system, application, 
and active ingredients

Criteria and malodor 
parameters

Follow-up duration and 
outcome

Nohno et al. (2012) Tablet (3 times a day for 
6 days)

VSC (OralChroma) 1 day follow-up

(n = 14) CP (3%) 49% reduction
Placebo 11% increase

Wilhelm et al. 
(2012)

Tongue gel (twice a day for 
1 week)

Odor judge scores (eight 
judges)

Overnight follow-up

(n = 54) Tooth brushing (TB) (NaF 
0.14%)

0–5 scale 5% reduction (⁓3.5–3.3)

TB + tongue cleaning (TC) Subjects with ≥2 included 3% reduction (⁓3.3–3.2)
TB + TC + tongue gel 
(AmF-SnF/ZnLc)

15% reduction (⁓3.3–2.8)

(0.14, 0.5%)
Sterer et al. (2013) MAT (twice in 24 h) Odor judge scores (two judges) Daylong follow-up (8–10 h)
(n = 40) Herbal 0–5 scale 32% reduction (2.5–1.7)

Placebo Subjects with ≥2 included 11% reduction (2.6–2.3)
Mouthrinse (EO) 12% reduction (2.4–2.1)

Saad et al. (2016) Tongue spray (single 
application)

Odor judge scores (single 
judge)

6 h follow-up

(n = 21) Tongue cleaning 
(TC) + tongue spray (TS; 
CPC/ZnGl)

0–5 scale 36% reduction (⁓3.6–2.3)

(0.09, 0.7%) Subjects with ≥2 included
TC + water 16% reduction (⁓3.6–3.0)
TS 5% reduction (⁓3.6–3.4)
Water 2% increase (⁓3.6–3.7)

CHX chlorhexidine, CP cysteine protease, EO essential oils, MAT mucoadhesive tablet, ZnAc zinc acetate, ZnGl zinc 
gluconate, ZnAm zinc amino chelated, ZnCl zinc chloride, ZnCT zinc citrate, ZnLc zinc lactate, NaF sodium fluoride, 
AmF amine fluoride, SnF stannous fluoride
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mouthrinse) might be limited in efficacy duration. 
However, some in vitro evidence suggest that for-
mulation modifications such as two-phase solution 
or the addition of an excipient mucoadhesive agent 
to the formulation (Jeffet and Sterer 2019) may pro-
long the bioavailability of its active ingredients.

Other delivery systems for antimicrobial 
agents, such as dentifrices (tooth paste), loz-
enges, chewing gums, and mucoadhesive tablets, 
have also been reported as an effective means to 
reduce oral malodor (Table 13.3).

Of course, most oral hygiene protocols include 
the use of toothpaste. At this point, it is important 
to stress that the detergent in most toothpaste for-
mulations, sodium lauryl sulfate, is anionic and 
may bind cationic chemical agents (e.g., 
chlorhexidine, cetylpyridinum chloride) and thus 
render them inactive. Therefore, it is advisable to 
keep tooth brushing with toothpaste and gargling 
with mouthrinse as separate activities.

13.3	 �Professional Treatment

Some attempts have been made to suggest a 
treatment need-based classification for oral mal-
odor (Yaegaki and Coil 2000). According to this 
classification, tongue-related malodor is consid-
ered as “physiologic halitosis,” thus requiring 

primarily home care treatments (e.g., improved 
oral hygiene including regular tongue cleaning 
combined with mouthrinsing). Conversely, other 
causes such as periodontal disease and faulty 
restorations, which require professional treat-
ment, are termed “pathologic halitosis.” 
However, other clinicians (Richter 1996) have 
suggested that tongue-related malodor is in itself 
a pathologic condition (i.e. anaerobic bacterial 
glossitis) that warrants in some cases profes-
sional tongue debridment.

The relationship between periodontal disease 
and oral malodor is not straightforward (Chap. 
2). It is likely that both are exacerbated by gingi-
val inflammation brought about by interdental 
plaque accumulation. Thus, it is not surprising 
that periodontal treatment, supragingival prophy-
laxis, and professional teeth cleaning can reduce 
malodor. Table 13.4 shows a number of studies 
that looked into the effect of these treatments on 
oral malodor.

The results of these studies clearly demon-
strate the importance of professional treatment 
in oral malodor management. This is especially 
true for patients that are unable to maintain 
good oral hygiene such as the handicapped, 
elderly, and small children (Adachi et al. 2002; 
Kara et al. 2006). Professional treatment seems 
to be particularly beneficial in periodontal 

(continued)

Table 13.4  Effect of professional oral care activities on oral malodor and related parameters

Reference (no. of 
subjects) Professional oral care activities

Criteria and malodor 
parameters

Follow-up duration and 
outcome

Adachi et al. 
(2002)

Weekly treatments (scaling and 
cleaning of teeth, interdental 
spaces, dentures, and tongue):

VSC (CH3SH, handheld 
sulfide monitor)

18 months follow-up

(n = 67) POHC Significant difference between 
groups (p < 0.05)

Control (regular OH) 20 ppb
55 ppb

Seemann et al. 
(2001b)

Scaling and polishing compared 
with tooth brushing and flossing 
(no tongue cleaning)

VSC (Halimeter) 1 week follow-up

(n = 65) PTC Significant difference between 
groups (p < 0.05)

TB + Fl 80 ppb
110 ppb

Seemann et al. 
(2004)

PTC (scaling and polishing), 
OH (TB and Fl only)

VSC (Halimeter) 1 month follow-up:

(n = 40) No treatment (control) 28% reduction
No reduction
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Table 13.4  (continued)

Reference (no. of 
subjects) Professional oral care activities

Criteria and malodor 
parameters

Follow-up duration and 
outcome

Quirynen et al. 
(1998)

Test group: Odor judge scores (single 
judge

2 months follow-up:

(n = 24) OSFMD (scaling—root planing, 
subgingival irrigation, and 
tongue brushing with 1% CHX 
gel).

0–3 scale 82% reduction (2.2–0.4)

Twice a day: Periodontal patients included 68% reduction (1.9–0.6)
OH (TB + IDB + TC)
Mouthrinse
(0.2% CHX)
Control:
SPT (scaling—root planing)
OH (TB + IDB + TC)

Quirynen et al. 
(2005)

Combined therapy: VSC (Halimeter) 6 months follow-up

(n = 45) OSFMD Periodontal patients included 65% reduction
Twice a day: 67% reduction
OH (TB + IDB + TC) 50% reduction
Mouthrinse:
0.2% CHX
0.05% CHX, CPC
Placebo

Tsai et al. (2008) Sequential treatments Odor judge scores (single 
judge, 0–5 scale)

Immediately following 
treatment:

(n = 25) Following baseline: Periodontal patients, malodor 
scores of ≥2 included

21% reduction (3.8–3.0)

Tongue scraping (TS) 1 month follow-up:
2 weeks after TS: 36% reduction (3.8–2.44)
NSPT (scaling—root planning, 
faulty restorations removal)

1 month follow-up:

OH (twice a day) 67% reduction (3.8–1.24)
1 month after NSPT
Twice a day:
OH (TB + IDB + TC)
Mouthrinse
(0.12% CHX, CPC)

Roldan et al. 
(2005)

Supragingival prophylaxis Odor judge scores (single 
judge, 0–5 scale), malodor 
scores of ≥1 included

3 months follow-up:

(n = 17) Twice a day: 50% reduction (2.7–1.4)
OH (TB + Fl + TC)
Mouthrinse
(0.05% CHX, CPC, ZnLc)

Kara et al. (2006) Scaling Odor judge scores (single 
judge, 0–5 scale)

≈3 weeks follow-up:

(n = 150) OH (tooth and tongue brushing 
twice a day)

Children (7–12 years old), 
malodor scores of ≥2 
included

85% reduction (3.7–0.5)

Pham et al. 
(2011)

Periodontitis group: Odor judge scores (single 
judge, 0–5 scale), malodor 
patients included

1 week follow-up:

(n = 218) NSPT 49% reduction (2.82–1.45)
TC (once a day) 7% reduction (2.82–2.61)
Gingivitis group: 12% reduction (2.26–1.98)
Scaling and polishing 48% reduction (2.33–1.21)
TC (once a day)
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patients (Quirynen et  al. 2005; Tsai et  al. 
2008). In fact, some researchers showed that 
oral hygiene alone (including tongue cleaning) 
did not eliminate the malodor in periodontal 
patients (pocket depth >5 mm) when compared 
with nonsurgical periodontal therapy (Pham 
et al. 2011).

Interestingly, one-stage full-mouth disinfec-
tion yields better results in reducing oral mal-
odor than the standard periodontal therapy 
(Quirynen et al. 1998). In addition to the stan-
dard scaling and root planing (within 24 h), this 
procedure also includes the use of a disinfect-
ing agent (1% CHX gel) for application within 
the periodontal pockets and for brushing the 
tongue. Although it is unclear which of these 
actions have the most effect on reducing mal-
odor, in periodontal patients and/or those with 
excessive tongue coating, tongue debridement 
should be included when performing profes-
sional treatment.
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14.1	 �Culture and Folklore

Breath odors are an age-old worldwide problem, 
and over the centuries different cultures have 
developed different folk remedies. In Thailand, 
sufferers chew the peels of oversize guavas. 
Iraqis keep cloves between their teeth. Italians 
chew parsley. Indians chew fennel seeds. 
Brazilians cite cinnamon as a folk remedy. 
Indeed, many plant extracts contain antibacterial 
molecules. These molecules are often oily and 
aromatic, and can be extracted as part of the 
“essential oil” fraction. Essential oils are used in 
mouthrinses, toothpastes, and chewing gums, 
sometimes for their antibacterial effect, and 
sometimes for their aroma. Essential oil com-
pounds that inhibit oral microorganisms include 
eugenol from clove, thymol from thyme, and 
eucalyptol from eucalyptus. Chinese imbibe 
crushed eggshells in rice wine, but will also eat a 
grapefruit for alcohol breath, and for garlic odor, 
persimmon, or red dates. Traditional Chinese 
pharmacies, offer a concoction of bark, leaves, 
and other dried items for relief of too much 
“heatiness” (yang) which they believe is a major 

cause of bad breath. Finally, almost all of us 
believe in the mouth-freshening potential of mint 
(although actually, most types of mint are not 
very effective).

Bad breath is discussed at length in the Jewish 
Talmud, as well as by Egyptian, Greek, and 
Roman writers. The most ancient recorded rem-
edy for bad breath may date back to Chap. 14, the 
book of Genesis. Joseph, having been thrown into 
a pit by his spiteful brothers, is taken to Egypt by 
a caravan of Ishmaelites. The Bible tells us that 
the camels bore spices, balm, and ladanum. 
Because of later writings in the Talmud, we can 
deduce that ladanum might refer to gum mastic, 
the resin of the Pistacia lentiscus, a small tree that 
flourishes in the Mediterranean basin (Fig. 14.1). 
It was produced since Biblical times by making 
incisions in the bark of the tree during summer 
months and collecting the resin drops. Gum mas-
tic has been chewed around the Mediterranean for 
thousands of years, and is still farmed on the 
Greek island of Chios, off the shore of Turkey. 
Quite remarkably, this gum has antibacterial 
properties, and has been used for various medici-
nal and dental purposes over the centuries.
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Bad breath remedies have been prevalent since 
the earliest recorded times. The Ebers papyrus, 
over 3500  years old (University of Leipzig 
library), describes aromatic concoctions pro-
posed to counter dental ailments, including swol-
len gums. Some 2000  years ago, the Roman 
perfume entrepreneur Cosmo supposedly sold 
breath freshening pastilles to his fellow friends 
and countrymen. His competitors questioned 
their efficacy.

Ancient Judaism regarded bad breath as a 
severe infliction, akin to having lost a limb, or 
suffering from leprosy. According to the Talmud 
(dating back over 1500 years), priests were not 
allowed to carry out holy duties in the Temple if 
they had bad breath (Shifman et  al. 2002). 
According to Jewish law, a man who marries a 
woman and subsequently discovers that she has 
bad breath, can summarily divorce her without 
even fulfilling the terms of the marriage contract 
(ketuba). This differs from medieval Welsh law, 
in which a wife was able to divorce her husband 
on the grounds of oral malodor (Paul Meara, 
University of Wales Swansea, personal 
communication).

According to the Jewish Talmud, working 
with flax predisposes to bad breath. In ancient 
times, flax fibers were wet by saliva in order to 
spin them into a finer yarn. According to the 
Talmud this activity damages the woman’s lips 
and causes bad breath, and therefore a husband 
may not compel his wife to spin flax (Nahum Ben 

Yehuda, Bar Ilan University, personal 
communication).

Specific vegetables are mentioned in the 
Talmud as bad breath risks, particularly raw peas 
and extensive consumption of lentils. The Talmud 
suggests a variety of remedies aromatic spices, 
including ginger and cinnamon, as oral freshen-
ers. Another recommended remedy is the mastic 
chewing gum described above. The Talmud states 
that while frivolous chewing of mastic is forbid-
den on the Sabbath, it is allowed as a cure for bad 
breath.

Islam also deals at length with bad breath and 
oral hygiene. There is the famous story that the 
prophet Muhammad once asked someone to 
leave the mosque because of his bad breath. Islam 
stresses the importance of hygiene and good 
smells. A case in point is the siwak (sometimes 
spelled sewak or miswak), a short stick which is 
regarded by Moslems as a holy instrument 
(Fig. 14.2). By wetting and chewing or pounding 
on one of the ends, a kind of toothbrush is formed 
which can be used to clean both teeth and soft 
tissue. Siwaks are made from the aerial roots of 
certain trees and may contain antibacterial agents. 
Modern mint-flavored siwaks are also available.

Bad breath is usually considered taboo in 
Islam, as it is in Judaism. One exception is bad 
breath due to fasting during the Ramadan, which 
according to Islamic teaching is considered by 
Allah to be more esteemed than the smell of 
roses.

Fig. 14.1  Mastic gum; resin pieces from the Pestacia 
lentiscus tree

Fig. 14.2  Siwak; a stick used by muslims to clean the 
mouth
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During medieval times in the ninth century, 
the first medical school was founded in Salerno, 
Italy. The Salerno Medical School translated and 
preserved the medical knowledge accumulated 
from the Greek–Latin, Jewish and Arabic cul-
tures. Its scholars have written many important 
manuscripts referring also to dental care and oral 
hygiene. Trotula De Ruggiero, considered the 
most famous female practitioner of the school 
suggested an oral hygiene regimen that included 
mechanical tooth cleaning and the use of various 
plants and minerals that are still considered ben-
eficial today such as date (Phoenix dactylifera), 
fennel (Foeniculum), marrow (Cucurbita), pep-
per (Piper nigrum L.), parsley (Petroselinum), 
Armenian bole (Bolus armenus), calcium car-
bonate, and sodium carbonate (Bifulco et  al. 
2016)

14.2	 �Early Scientific and Medical 
Literature

In the late eighteenth century, Dr. Joseph 
W.  Howe wrote a medical text on bad breath, 
which was published in four editions from 1874 
to 1898 (“The Breath and the Diseases which 
give it a fetid odor with directions for treatment”; 
D. Appleton and company, 1898). Dr. Howe was 
inter alia Professor of Clinical Surgery at 
Bellevue Hospital Medical College.

According to Dr. Howe, bad breath is liable to 
occur at all periods of life, and is more common 
among menfolk. “Yet how few of the afflicted per-
sons detect the cause of their isolation, or recog-
nize the barrier which effectually prevents the 
approach of those near and dear to them!” He 
wrote of the difficulty in telling someone that 
they suffer from bad breath. “With the best inten-
tions in the world, we rarely whisper a word of 
their disorder or suggest a source of relief. This 
false kindness—this demoralizing weakness—is 
universal.”

Dr. Howe clearly linked bad breath to the oral 
cavity. “When the teeth and mucous membrane of 
the mouth are kept clean…the offensive odor of 
the breath will disappear.”

He also alerted parents to malodor due to nasal 
foreign bodies in children. “Children of tender 
years frequently insert peas, beans, and foreign 
substances into the nasal cavities, which enlarge 
by the absorption of moisture, and, by and 
increase of pressure, cause great irritation. Peas 
and beans have been known to sprout in the nasal 
cavities after having remained there several days, 
giving rise to serious inflammation of the mucous 
membrane and spongy bones. The discharge 
takes place generally from the nostril in which 
the foreign body is located.”

Some of the oral remedies recommended by 
Dr. Howe, such as carbolic acid (phenol), are 
toxic and would likely not be condoned in this 
day and age. Other active ingredients which he 
recommended include powdered cinnamon, car-
damom, oil of nutmeg, rhubarb, myrrh and oil of 
peppermint, charcoal cake, powdered coriander, 
sweet-flag (hallucinogenic at high concentra-
tions), and leaves of partridge-berry (Gaultheria 
procumbens). For cigarette smokers, he recom-
mended small pieces of cascarilla or cinnamon 
bark. For tongue coating (which he considered 
related to digestive disorders), he recommended 
scraping the tongue, and washing the mouth with 
a solution of myrrh tincture and lavender water.

Another worthy reference from the nineteenth 
century is the review by D.C. Hawxhurst (1873). 
He was keenly aware of the importance of post-
nasal drip (“catarrh”) as a major cause of bad 
breath and wrote about the importance of 
tonsilloliths:

In the fauces there sometimes occur little nodular 
bodies, made up of cheese-like matter, which con-
stitutes the source of a peculiar fetor.

He also alerted his colleagues to odors result-
ing from diet:

The diet too should receive attention. …Known 
polluters of the breath, such as beer, wine, sour-
krout, and hard cider, may easily be entirely 
avoided.

Hawxhurst was keenly aware and also cau-
tioned his dentist colleagues to avail themselves 
of the kindly offices of “some trustworthy friend,” 
to let them know if they suffered from bad breath.

14.2  Early Scientific and Medical Literature
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14.3	 �Modern History

During the first half of the twentieth century, in 
the 1930s and 1940s dental researchers such as 
Glenn F. Sulser and Leonard S. Fosdick from the 
Northwestern University Dental School in 
Chicago, began studying the microbial and bio-
chemical aspects of oral malodor production 
using salivary incubation assays. They were the 
first researchers to demonstrate that oral malodor 
production comes from the anaerobic microbial 
degradation of proteins into foul smelling by-
products (Berg et  al. 1946; Fosdick and Piez 
1953). They discovered the relationship between 
salivary putrefaction and periodontal disease 
(Berg et al. 1947), and were the first to try and 
quantify oral malodor instrumentally using the 
Osmoscope (Brening et al. 1939; Fig. 14.3).

In 1933, an American dentist named 
G.L.  Grapp published a paper summarizing a 
study of 500 patients (Grapp 1933). He con-
cluded that most bad breath comes from the back 
of the tongue. He found that the tongues of 90% 
of those he checked had a visible coating. Grapp 
showed that the posterior (back) two-thirds of the 
tongue were responsible for the odor by wiping 
that area with gauze, and then smelling it. Grapp 
suggested that bad breath arose from insufficient 
chewing of foods by modern man. He also 
designed a tongue cleaner and showed that breath 
improves when the very back of the tongue is 
cleaned. Actually, tongue cleaning has been prac-
ticed in India for hundreds, if not thousands, of 
years (it is taught in their ancient Ayurveda medi-
cine). Furthermore, tongue cleaners were also 
used in Europe since the mid nineteenth century. 
A collection of these antique tongue cleaners is 
on display at the British Dental Association 
museum (64 WIMPOLE ST., LONDON).

In the 1960s, Joseph Tonzetich from the 
University of British Columbia in Canada dem-
onstrated the role of volatile sulfide compounds, 
especially hydrogen sulfide and methyl mercap-
tan as important components of oral malodor 
(Tonzetich et al. 1967). Dr. Tonzetich pioneered 
the use of gas chromatography combined with a 
flame photometric detector in breath analysis 
(Tonzetich 1971) and is widely considered the 
modern day pioneer of the entire field.

In the early 1970s, Thomas F McNamara 
showed the role of Gram-negative rather than 
Gram-positive oral bacteria in malodor produc-
tion (McNamara et  al. 1972). McNamara also 
demonstrated the inhibitory effect of glucose 
and acidic pH on the process of malodor 
production.
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A growing body of knowledge has accumulated 
over the last 60 years in the field of breath odor 
research. This has enabled researchers and clini-
cians to continually build on the scientific find-
ings, devising better means for understanding, 
diagnosing, and managing this common human 
condition. However, some important questions 
regarding this issue are still left open and require 
further investigation.

It is clear that breath odors are primarily the 
result of bacterial activity within the oral cavity. 
However, many of these bacteria are prevalent in 
the adult population and are not always linked to 
disease. Therefore, it is safe to assume that other 
factors (oral conditions, salivary composition, the 
immune system, etc.) play a role in promoting 
malodor production. Identifying these promoting 
factors (e.g., genetic and environmental factors), 
will give us a better understanding of this condi-
tion and will help us recognize possible risk 
factors.

To this day there is not one reliable instru-
mental method to measure breath odor. In fact, 
the gold standard in this field remains the 
human nose. Using odor judges to evaluate and 
rate the malodor presents many problems espe-
cially in clinical settings. The reason that most 
currently available instrumental methods show 

only a moderate concurrence with the human 
nose (i.e., Pearson r values of around 0.6) 
derives most probably from the fact that most 
of these instruments rely on the measurement 
of VSCs which may represent only some of the 
gases contributing to breath odors. There have 
been a few attempts to develop a sensor array 
(also known as “electronic nose”) capable of 
measuring several different chemical com-
pounds to measure breath, so far without 
success.

Our inability to sense our own breath odor 
presents major problems regarding self-diagnosis 
and post treatments satisfaction. This also pre-
vents people from seeking diagnosis and may 
create debilitating psychological issues. 
Therefore, devising a personalize breath analyzer 
is a matter of top priority in this field. We envi-
sion that in the future, highly sensitive odor chips 
will be available, that can be incorporated in 
mobile phones, enabling practically everyone to 
check their breath “on the go.”

Given the bacterial nature of this condition, it 
is not surprising that most treatment approaches 
rely on antiseptic compounds as an important 
tool. However, most of these antiseptics com-
monly found in oral rinses are nonspecific and 
kill all types of oral bacteria indiscriminately. 
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Some attempts have been made to utilize a more 
selective approach, e.g., the in vitro exposure of 
bacterial samples to various wavelengths of 
light, either with or without using photosensitiz-
ing agents (Soukos et  al. 2005) showed this 
technique to be potentially selective against 
anaerobic oral bacteria, most likely due to the 
phototoxic effect that is mediated by the forma-
tion of reactive oxygen species (ROS). 
Furthermore, exposure to blue light has dramat-
ically reduced malodor production by oral bac-
teria mixtures concomitant with reduction in the 
proportion of anaerobic Gram-negative bacteria 
(Sterer and Feuerstein 2005). The addition of a 
photosensitizing agent was shown to improve 
the antibacterial and antimalodor phototoxic 
effect both in  vitro (Jeffet et  al. 2016) and 
in vivo (Lopes et al. 2016). However, the effec-
tiveness of photodynamic therapy in breath 
odors is still an open question (Kellesarian et al. 
2017).

Other approaches using nonchemical selective 
active ingredients such as various herbal medici-
nals or probiotics were also reported to be effec-
tive against anaerobic oral bacteria (Burton et al. 
2006; Sterer and Rubinstein 2006). Furthermore, 
applying these active ingredients using a sus-
tained release delivery system showed them to be 
effective in reducing oral malodor in human sub-
jects (Sterer et al. 2008).

Major projects carried out over the last decade 
such as the genome mapping of oral bacteria (for 
more details, see Chap. 3) and deep sequencing 
of microbiome has opened the doors for a better 
understanding of the microbial ecology underly-
ing breath odors as well as supplying an opportu-
nity for personalizing treatments. Research has 
demonstrated that machine learning-based clas-
sification of breath odors that rely on the microbi-
ome of saliva samples is possible (Nakano et al. 
2014) and that specific enzymes involved in the 
malodor production process can be targeted 
(Kandalam et al. 2018).

These and other questions are under study by 
many researchers around the world currently 
involved in this ever-growing field of breath odor 
research.

References

Burton JP, Chilcott CN, Moore CJ, Speiser G, Tagg 
JR.  A preliminary study of the effect of probiotic 
Streptococcus salivarius K12 on oral malodour param-
eters. J Appl Microbiol. 2006;100(4):754–64.

Jeffet U, Nasrallah R, Sterer N.  Effect of red dyes on 
blue light phototoxicity against VSC producing bac-
teria in an experimental oral biofilm. J Breath Res. 
2016;10(4):046011.

Kandalam U, Ledra N, Laubach H, Venkatachalam 
KV.  Inhibition of methionine gamma lyase deami-
nase and the growth of Porphyromonas gingivalis: a 
therapeutic target for halitosis/periodontitis. Arch Oral 
Biol. 2018;90:27–32.

Kellesarian SV, Malignaggi VR, Al-Kheraif AA, 
Al-Askar M, Yunker M, Javed F. Effect of antimicro-
bial photodynamic therapy and laser alone as adjunct 
to mechanical debridement in the management of 
halitosis: a systematic review. Quintessence Int. 
2017;48(7):575–83.

Lopes RG, da Mota AC, Soares C, Tarzia O, Deana AM, 
Prates RA, França CM, Fernandes KP, Ferrari RA, 
Bussadori SK.  Immediate results of photodynamic 
therapy for the treatment of halitosis in adolescents: a 
randomized, controlled, clinical trial. Lasers Med Sci. 
2016;31(1):41–7.

Nakano Y, Takeshita T, Kamio N, Shiota S, Shibata 
Y, Suzuki N, Yoneda M, Hirofuji T, Yamashita 
Y.  Supervised machine learning-based classification 
of oral malodor based on the microbiota in saliva sam-
ples. Artif Intell Med. 2014;60(2):97–101.

Soukos NS, Som S, Abernethy AD, Ruggiero K, Dunham 
J, Lee C, Doukas AG, Goodson JM.  Phototargeting 
oral black-pigmented bacteria. Antimicrob Agents 
Chemother. 2005;49(4):1391–6.

Sterer N, Feuerstein O.  Effect of visible light on malo-
dour production by mixed oral microflora. J Med 
Microbiol. 2005;54(Pt 12):1225–9.

Sterer N, Rubinstein Y. Effect of various natural medici-
nals on salivary protein putrefaction and malodor pro-
duction. Quintessence Int. 2006;37(8):653–8.

Sterer N, Nuas S, Mizrahi B, Goldenberg C, Weiss EI, 
Domb A, Davidi MP.  Oral malodor reduction by a 
palatal mucoadhesive tablet containing herbal formu-
lation. J Dent. 2008;36(7):535–9.

15  Future Prospects


	Cover
	Half Title Page
	Title Page
	Copyright
	Contents
	1: Introduction
	2: Breath Odors of Oral Origin (Oral Malodor)
	2.1	 Oral Malodor and the Tongue
	2.2	 Oral Malodor, Gingival Health, and Periodontal Disease
	2.3	 Oral Malodor and Dental Restorations
	2.4	 Oral Malodor and Oral Dryness
	References

	3: Biochemical and Microbial Aspects of Oral Malodor Production
	3.1	 The General Role of Bacteria in Breath Odors
	3.2	 The Bacterial Origin of Oral Odors
	3.3	 Metabolic Factors Affecting Malodor Production
	3.4	 Biochemical Aspects
	3.4.1	 Metabolism
	3.4.2	 Malodorous Volatile Organic Compounds (VOCs) in the Oral Cavity

	3.5	 Microbial Aspects
	3.5.1	 Malodor-Producing Microorganisms

	References

	4: Odor Perception
	4.1	 Olfactory Psychophysics
	4.2	 Odor Mixtures
	4.3	 Odor Perception and Odor Evaluation Panels
	References

	5: Breath Odors of Nasal and Pharyngeal Origin
	5.1	 Chronic Sinusitis
	5.2	 Chronic Caseous Tonsillitis
	5.3	 Foreign Bodies
	5.4	 Craniofacial Anomalies
	References

	6: Breath Odors and the Gastrointestinal Tract
	6.1	 Gastroesophageal Reflux Disease (GERD)
	6.2	 Helicobacter pylori (Hp) Infection
	References

	7: Other Sources of Breath Odors
	References

	8: Measurements of Breath Odors and Related Parameters
	8.1	 Odor Judge Scoring
	8.2	 Instrumental Measuring of Malodor-Related Compounds
	8.2.1	 Gas Chromatography (GC)
	8.2.2	 Sulfide Monitor

	8.3	 Measuring Techniques of Malodor-Related Compounds
	8.4	 Biochemical Assays
	8.4.1	 BANA Test
	8.4.2	 β-Galactosidase Activity Assay

	8.5	 Cysteine Challenge
	8.6	 Salivary Incubation Assays
	8.7	 Microbial Assays
	References

	9: Breath Odor Diagnosis
	9.1	 Pre-appointment Instructions
	9.2	 Patient Interview
	9.3	 Examination
	9.3.1	 Organoleptic Measurements
	9.3.2	 Oral VSC Quantification
	9.3.3	 Examination of the Oral Cavity
	9.3.4	 Biochemical and Microbial Assays

	References

	10: Self-Assessment of Breath Odors
	References

	11: Breath Odors, Prevalence, Gender, and Age
	11.1	 Prevalence
	11.2	 Gender
	11.3	 Age
	References

	12: Psychological Aspects of Breath Odors
	12.1	 Halitophobia
	12.2	 Olfactory Reference Syndrome (ORS)
	12.3	 Back to Halitophobia
	References

	13: Oral Malodor Management
	13.1	 Mechanical Therapy
	13.2	 Chemical Therapy
	13.3	 Professional Treatment
	References

	14: History of Breath Odors
	14.1	 Culture and Folklore
	14.2	 Early Scientific and Medical Literature
	14.3	 Modern History
	References

	15: Future Prospects
	References


