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Bad Breath Response to Tongue Scraper and Rinses 
 

Ryan Ellis 
 
 
Abstract: 
 
 

Halitosis (or bad breath) is a widely experienced problem plaguing many patients.  

It affects individuals of all ages, ethnicities, and socioeconomic backgrounds.  Despite 

this, the prevalence and management of halitosis isn’t well defined.  The purpose of the 

trial was to compare the effectiveness of two oral rinses (0.12% chlorhexidine gluconate 

and 0.1% chlorine dioxide) in conjunction with a tongue scraper for the treatment of 

halitosis in a randomized double-blind study.  Twenty two subjects were randomized into 

one of the two rinse groups (nineteen subjects competed the entire trial).  The 

effectiveness of each rinse was evaluated for the reduction in organoleptic scores via 

calibrated judges and for the decrease in volatile sulfur compounds (hydrogen sulfide, 

methyl mercaptan, and dimethyl sulfide) measured by the OralChroma portable gas 

chromatography device.  Both rinses demonstrated statistically significant reductions in 

organoleptic measures relative to baseline at all time points.  VSC (H2S, MM, DMS) 

measures were generally reduced below baseline, but were not significant for all time 

points (1 hr, 2 hr, 4 hr, 1 week). The exception was methyl mercaptan (chlorhexidine 

gluconate rinse group), which was significantly less than baseline vs. 4 hr. MM (p=.024 

ppb, p=.011 ng) and baseline vs. 1 week MM (p=.009 ppb, p=.004 ng).  Both the 

chlorine dioxide and chlorhexidine groups demonstrated a decrease in malodor 

production following treatment.   
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Review of the Literature 

What is Halitosis 

 

 Bad breath is a widely experienced problem plaguing many patients.  It affects 

individuals of all ages, ethnicities, and socioeconomic backgrounds.  Despite this, 

halitosis diagnosis and treatments are rarely incorporated into formal dental school 

curriculums (29).  It is essential that oral health care providers be well versed in the 

various etiologies and associated treatments of this universal, yet taboo, issue.    

 Fetor ex ore, fetor oris, bad breath, foul breath, and halitosis are all terms used to 

describe unpleasant oral odors or oral malodor.  The origin of the term “halitosis” comes 

from the Latin word “halitus” (breathed air) and the Greek word “osis” (abnormal or 

diseased) (22). Even though concerns of oral malodor date beyond writings of the 

Egyptian civilization, it was not until the 20th century that a method for measuring oral 

malodor was developed.  In 1934, Wells developed the osmoscope, a device that helped 

investigators to measure the strength of an odor (7). With measurements, the problem of 

bad breath could now be studied scientifically. 

   

Epidemiology 

 

In order to facilitate progress in treatment of oral malodor, the epidemiology of the 

disease must be defined. Unfortunately, the prevalence of halitosis is not well established.  

Prevalence data that is available is generally based on “breath clinic” reports, whose 

questionnaires provide incomplete information.  It has been estimated that 25-85 million 

of the adult population in the United States suffers from halitosis (28).  In a survey of 
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11,625 people in the Netherlands reported by de Wit in 1966, it was concluded that 25% 

of individuals over 60 years of age and less than 10% of individuals under the age of 20 

claimed to have halitosis.  However, not all persons who claim to have halitosis actually 

do have it. A few persons have halitophobia, an unsubstantiated fear of offending.  

Persons rarely are able to judge their own malodor.  In China, 2000 individual’s ages 15 

to 64 were screened by organoleptic score and Halimeter, 27% had VSC levels that were 

deemed offensive (26).  Students in a scientific random sample of 200 out of 22,000 

surveyed by telephone claimed that about 1 in 6 of their relatives suffered from halitosis. 

However, of the 200 contacted, only 118 responded (32). Thus, this data is weak. To 

date, only a small number of dental students have been volunteer subjects in malodor 

experiments.  Despite this, no data is available indicating the prevalence of halitosis for a 

dental student population, or in any healthcare population. 

 

ETIOLOGY: Extraoral Pathology 

 

It is estimated that approximately 10% of halitosis is due to extraoral pathology 

(47).  It order to appropriately diagnose and treat oral malodor, the complex etiologies 

must be understood.  Halitosis can manifest from extraoral and intraoral pathologies.  It 

can result from particular dietary habits and psychological conditions.  

Extraoral malodor may result from local infections in the airway, or from systemic 

conditions, such as diabetes and other metabolic diseases.  Several extraoral malodor 

etiologies stem from local infections and ear, nose and throat (ENT) origins (see Table I) 
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Table I Ear, Nose, and Throat Origins of Oral Malodor   
 Hypertrophied adenoids 
 Deviated nasal septum 
 Allergic rhinitis  

 Sinusitis   

 Nasal foreign body  

 Atrophic Rhinitis (ozena) due to ciliary destruction.    

 Wegener’s granulomatosis with necrosis 
 Tuberculosis ulcer of nasal septum 
 Syphilitic gumma of nasal septum   
 Rhinoscleroma 
 Laryngoscleroma  
 Nasopharyngeal abscess  

 Laryngeal Cancer 
 Pulmonary abscess 
 Bronchiectasis 
 Peritonsillar abscess 
 Cryptic tonsillopathy  

 Retropharyngeal abscess  

 Vincent’s angina  
 Zenker’s diverticulum  

 Congenital bronchoesophageal fistula  
*(Attia, et al. 1982) 

 

Extraoral halitosis may also stem from various metabolic conditions.  These 

conditions distribute metabolites into the blood stream that are exhaled by the lungs 

resulting in malodor (46).  Metabolic disease can result in the release of high levels of 

dimethyl sulfide (47).  Liver conditions and diabetes can also lead to malodor production.   

Specifically, a diabetic state will stimulate gluconeogenesis.  During this process, 

fats and proteins are degraded to make sugars for cell energy.   Gluconeogenesis 

metabolites, including volatile sulfur compounds, enter the blood stream and are 

eliminated via the lungs.  Advanced diabetics may have ketosis, and a sweetish acetone 

quality to their breath. 
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Liver conditions that lead to hepatic necrosis can produce methanethiol (mercaptan) 

that is also exhaled by the lungs. Liver diseases may be marked by a mousy or foul 

cabbage-like smell.  Methanethiol is produced via the transamination of methionine (3). 

Chen and co-workers used gas chromatography to measure volatile fatty acid production 

in patients with liver cirrhosis.  It was concluded that cirrhotic patients produced 

approximately double that amount of acetic and proprionic acids and that patients with 

liver cirrhosis produced increased levels of methanethiol, ethanethiol, and dimethyl 

sulfide (9). 

Stomach conditions rarely contribute to halitosis, for the esophagus is normally a 

collapsed tube (40).    Despite this, particular diets may contribute to malodor production.  

As with metabolic disease, ingestion and digestion of certain foods can lead to adsorbed 

blood levels and the release of malodor from the lungs.  Foods like garlic and onions can 

increase mercaptans and may linger for several hours (46).  Trimethylaminuria or “fish 

odor syndrome” results from the ingestions of choline-rich foods that cause an increased 

level of trimethylamine in the blood, urine, and other body secretions.  This causes an 

odor of rotten fish (30). 

Certain psychological conditions regarding perceived halitosis can lead to social 

fears and depression.  Halitophobia is the fear that one has halitosis.  Rarely is the 

condition associated with true oral malodor.  For some, this condition may become a 

neurosis and lead to social isolation.  
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ETIOLOGY: Oral Pathology 

 

The majority of oral malodor is derived from an oral source.  These odors result 

from the metabolic byproducts produced by several microorganisms residing in certain 

oral niches.  The periodontal pocket and dorsum of the tongue harbor most of the 

anaerobic microorganisms responsible for odor production.  These environments foster 

the development of elaborate communities, known as biofilms, to persist and thrive.  In 

order to effectively manage these microorganisms and their associated odor producing 

products, it is essential to understand the basic structure of these biofilms.  

Biofilms occur when microorganisms stick to and multiply on surfaces.  These 

attached bacteria enjoy a variety of advantages relative to planktonic (free-swimming) 

organisms.  Biofilms offer stability, protection, and enable efficient utilization of scarce 

resources.  Biofilms are observed on several surfaces; pond algae, boat hull surfaces, the 

lumen of pipes, dental water lines, catheters, on artificial joint prostheses, and various 

surfaces in the oral cavity.  Biofilms consist of multiple layers of micro-colonies.  The 

deep regions of the biofilm contain a dense population of microbes bound together in an 

exo- polysaccharide matrix with other organic and inorganic materials.  The more 

superficial biofilm layer is often highly irregular in appearance, more loosely attached, 

and may extend into the surrounding medium.  Nutrient components may penetrate this 

biofilm matrix by molecular diffusion.  Specific diffusion gradients, especially for 

oxygen, exist in the more compact lower regions and the biofilm may have inadequate 

distribution of resources. Those at the bottom may be quite dormant, though cultivable in 

the right conditions.  
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Within this biofilm, the bacteria metabolize various amino acids for energy.  Some 

of these amino acids produce volatile by-products that cause malodor production.  

Specifically, the degradation of methionine, cystine, and cysteine to volatile sulfur 

compounds (VSCs) results in much of the malodor; but there are more than 400 different 

volatile compounds which have been linked to malodor production.  The VSCs hydrogen 

sulfide (H2S), methyl mercaptan (MM), and dimethyl sulfide (DMS) appear to be the 

most significant components of intraoral halitosis (46).  Cadaverine, indole, skatole, 

butyric acid, and volatile fatty acids may play a role in malodor production (39).  

Ultimately, oral malodor is a bouquet of several agents, yet the VSCs appear to be the 

most significant.  Several, but not all microorganisms that comprise various oral biofilms 

produce VSCs.     

. 
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Table II. VSC producing oral microorganisms. 

Hydrogen sulfide producers   Methyl mercaptan producers 

Bacteroides forsythus     Bacteroides  spp 

Bacteroides gracilis                                        Eubacterium spp. 

Capnocytophaga ochracea   Fusobacterium periodontium 

Eikenalla corrodens     Fusobacterium nucleatum  

Eubacterium spp.    Porphyromonas gingivalis,  

Fusobacterium nucleatum   Porphyromonas endodontalis 

Peptostreptococcus magnus                            Prevotella intermedium 

Peptostreptococcus micros   Treponema denticola 

Porphyromonas gingivalis                             Tannerella  forsythensus   

Porphyromonas endodontalis 

Prevotella intermdium  

Prevotella nigrescens 

Proprionibacterium propionis 

Treponema denticola 

Veillonella alcalescens  

Veillonella parvula 

 

ETIOLOGY: Periodontitis 

 

Biofilms, as outlined above, are the basis of periodontal diseases.  Specifically, 

these biofilms form on a pellicle of serum glycolproteins precipitated on the tooth in the 
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gingival crevice, and are bathed in inflammatory infiltrates. As these biofilms mature, the 

associated microbiota becomes an increasingly gram-negative, anaerobic complex.  P. 

gingivalis, T. denticola, Tannerella  forsythensus  are only a few of the well established 

periodontal  pathogens.  These microorganisms and their byproducts stimulate various 

cytokines and other inflammatory mediators that result in connective tissue attachment 

and alveolar bone destruction.  These same microorganisms also produce the VSCs of 

oral malodor.  It has been demonstrated that both acute (necrotizing periodontal 

conditions, periodontal abscesses) and chronic periodontal diseases may lead to malodor 

production.   

It has been demonstrated that increased probing depths are associated with 

increased VSC production.  Yaegaki and co-workers (54) evaluated the periodontal 

condition and tongue coating in 31 subjects.  VSC levels were determined via gas 

chromatography.  Subjects with probing depths < 4mm had mean VSC level of 2.6 

ng/10ml at baseline but subjects with probing depths > 4mm had a mean VSC level of 

44.0 ng/ml (p=.01) at baseline.  The methyl mercaptan to H2S ratio was approximately 

nine times higher for subjects with probing depth > 4mm.  After a tongue cleaning, the 

total VSC levels decreased 39-52% for both groups.   

Figueiredo and co-workers (14) studied the relationship between oral malodor and 

periodontal disease in patients with and without periodontal disease.  Periodontal 

parameters, including plaque samples and BANA analysis were assessed for each subject. 

The BANA Test is a simple and quick test for three bacteria (Treponema denticola, 

Porphyromonas gingivalis, and Bacteroides forsythus) associated with periodontal 

disease and bad breath.  Malodor was assessed organoleptically and by a Halimeter.  It 
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was determined that the periodontal-diseased group had more plaque (Plaque Index(PlI) 

of 1.92 vs. 1.52, (p=.006), higher Gingivitis Index(GI) 1.76 vs. 1.17, (p=.005), deeper 

probing depth (PD) 3.84 vs. 2.22mm, (p=.001), more BANA+ sites (1.33 vs. 0.09, 

p=.004), higher organoleptic scores (2.81 vs. 1.25, p=.001), and higher VSC measures 

(208.57 vs. 123.55ppb, p=.02).  The correlation coefficient between BANA+ bacteria and 

elevated VSC measures was r=0.55 (p=.01).  Although statistical trends were evident, the 

strength of the correlations is questionable.  

Persson (34) sampled the bacteria from bleeding 7-12 mm periodontal pockets in 

nine subjects.  These samples were incubated for 1, 3, and 7 days.  Gas chromatography 

was used to determine VSC levels.   H2S ranged from 10 to 980 nmol and methyl 

mercaptan ranged from 5 to 66 nmol.  The samples had a total sulfide count of 29 

nmol/L.    

Sato and co-workers (41) found that levels of methyl mercaptan in saliva were 

significantly related to the periodontal condition.  They demonstrated correlation 

coefficients of r= 0.6 for the presence of  salivary mercaptans and bleeding upon probing 

(BOP), 0.59 for probing depth, and 0.51 for increased gingival index scores.  The 

evidence would be more convincing if the correlations had exceeded 0.75.   

This evidence suggests oral malodor is increased in patients that have periodontal 

disease.  Despite this, several studies have suggested that the biofilm associated with the 

dorsum of the tongue may be even more significant in the production of odor causing 

products.   
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ETIOLOGY: Biofilm on the dorsum of the tongue 

 

As with the periodontal pocket, the dorsum of the tongue provides an ideal 

environment for bacterial attachment and biofilm formation (6).  Among the many 

filiform papillae on the dorsum of the tongue there are bacteria attached to the stratified 

squamous epithelium and to each other in a biofilm, along with bacterial 

exopolysaccharides, salivary mucins, sloughed epithelial cells, decaying blood cells or 

gingival crevicular fluid from inflamed gingivae, and some debris from meals.  These 

together comprise the tongue coating. Gram-negative bacteria in the biofilm degrade 

peptides, and release VSCs from the sulfur-containing amino acids cystine, cysteine, and 

methionine (54).  It has been estimated that periodontal patients have six times the tongue 

coating relative to healthy controls (53).  The tongue biofilm provides an area of 

decreased O2 tension promoting the growth of gram-negative anaerobes.  The microbiota 

of this biofilm is very similar to the pathogenic biofilm observed in periodontal disease.   

P gingivalis, P intermedia, A actinomycetemcomitans, E corrodens, and T denticola are 

frequently isolated in high concentrations from tongue coatings of patients with halitosis. 
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Fig. 1. The biofilm on the dorsum of the tongue can be imagined to be like a 

volcanic pool; with the sulfurous gases bubbling up through the mud in a chaotic pattern: 

H2S, MM, DMS, cadaverine, VFA released through the exopolysaccharides, mucins and 

other elements of the tongue coating. 

 

The anatomy of the dorsum of the tongue provides a very unique environment for 

biofilm formation leading to the tongue coating.  Allaker and co-workers (1) examined 

the topographical distribution of bacterial loads on the tongue surface.  Samples were 

obtained and cultured from dorsal anterior, dorsal middle, dorsal posterior to the 

circumvallate papillae, and lateral posterior and ventral posterior regions of the tongue.  It 

was concluded that the dorsal area posterior to the circumvallate papillae region of the 

tongue exhibited the greatest microbial density and highest percentage of VSC-producing 

organisms.  In addition to location, the surface area of the tongue coating is greatly 

dependent of the amount and depth of tongue fissures.  It has been observed that 

individuals with greater fissuring exhibit greater malodor production (54).   
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In addition to surface anatomy, bacteria have been shown to penetrate and attach to 

the dorsal epithelial layers.  Gibbons (18) demonstrated that bacteria formed adhesions 

with oral surfaces (including the tongue epithelium).  These adhesions increase the 

difficulty in bacterial cleansing and removal.  Kulaa-Mikkonen and co-workers (24) used 

SEM techniques to study the microscopic anatomy of the tongue dorsum and the 

associated bacteria.  They observed 5-12 hair-like projections which protruded from each 

filiform papillae.  They found that these projections were heavily coated with 

microorganisms.  In addition, they observed that various microorganisms were spaced 

between individual epithelial cells.  Boshell and co-workers (4) also observed the 

microscopic anatomy via the SEM and noted the depth of the bacterial penetration into 

the various epithelial layers.  This deep bacterial penetration and adherence may help 

explain the difficulty associated with the removal of the tongue coating.  In addition, 

bacterial penetration into the deeper layers of the papillae epithelium may lead to a more 

anaerobic environment.  This could result in increased VSC production and associated 

oral malodor resistant to remedial procedures. 
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Fig. 2.  A SEM cross-section of a human filiform papilla showing the hair-like 

filaments on the surface (top arrow), and the deep infiltration of bacteria through the 

epithelial cell layers (bottom arrow) (24). 

 

As discussed previously, the tongue biofilm consists of a highly diverse microbiota. 

A normal, healthy tongue is associated with many bacteria, mostly Streptococcus 

salivarius. It has been demonstrated that VSC producing bacteria, including several 

periodontal pathogenic microorganisms are key components of the tongue coating with 

halitosis.  Hartley and co-workers (21) examined the tongue microbiota from 50 dentate 
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adults who had refrained from mouthwash use for one month.  Malodor level was 

assessed via a panel of judges and scored 0-5.  The total bacterial load 

(aerobic/anaerobic) was significantly related to an increased organoleptic score (p=.001).  

In addition, BANA scores were only 35% positive for subjects with organoleptic scores 

<2.5 and were 78% positive for organoleptic scores >3 (p=.05).    

Washio and Sato (50) evaluated the relationship between hydrogen sulfide 

producing bacteria in the tongue coating and the amount of H2S in mouth air.  Ten 

subjects were evaluated using the Breathtron and given an organoleptic score.  The 

subjects were then divided into high and low odor groups.  Tongue samples were 

collected and cultured.  The number of VSC producing colonies (grey/black) were 

counted.  Several of these colonies were tested using 16S rRNA gene sequencing to 

confirm the presence of H2S producing bacteria.  The total numbers of grey/black 

colonies were significantly greater (P.05) for the high odor group.  Specifically, 

Veillonella and Prevotella were the predominant genera found in these colonies. Despite 

this, the overall microbial diversity between the low and high odor groups was similar.   

Donaldson and co-workers (12) also evaluated the microbiota on the posterior 

dorsum of the tongue of subjects with and without oral malodor.  Samples were collected 

from 21 halitosis and 20 non-halitosis subjects.  Anaerobes were identified via colony 

morphology, staining, biochemical tests, and metronidazole sensitivity.  Veillonella and 

Prevotella were the most common genera identified for both groups.  Greater total 

microbial counts and diversity were associated with the halitosis group.  Despite this, no 

specific correlation between bacterial genus and halitosis could be determined.  Faveri 

and co-workers (13) evaluated how the absence of tongue hygiene influenced the 
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microbiota on the dorsum of the tongue.  Ten volunteers refrained from tongue cleaning 

for seven days and total oral hygiene for more three days.  Tongue samples were obtained 

at baseline and after ten days.  The samples were analyzed via checkerboard DNA-DNA 

hybridization.  The total bacterial counts increased significantly between baseline and ten 

days.  In addition, increases in several periodontal pathogens were observed (Prevotella 

intermedia, Prevotella nigrescens, Streptococcus constellatus, Tannerella forsythensis, 

Porphyromonas gingivalis, Treponema denticola, and P. melaninogenica).  

It has been demonstrated that the dorsum of the tongue harbors a diverse array of 

microorganisms in both the presence and absence of halitosis.  Anatomical 

characteristics, as well microbial quality and quantity significantly influence the 

formation of the tongue coating.  In order for practitioners to facilitate diagnosis and 

treatment of the tongue biofilm, it is essential to quantify this microbial mass with a 

reliable and reproducible index. 

Several indices have been proposed to describe the tongue coating on the tongue 

dorsum.  A good index would be reproducible, allow for good intra-examiner agreement, 

and be clinically relevant for diagnosis and treatment.  Few authors have proposed 

indices that satisfy all these criteria.  Quirynen (37) recorded the tongue coating as 

present or absent.  Bosy (6) and Miyazaki (31) divided the dorsum of the tongue into 

thirds and indicated the presence or absence of the coating.  Wet samples from the tongue 

have also been used to define the coating (53).   

Winkel and co-workers (52) proposed a Winkel Tongue Coating Index (WTCI) that 

quantifies both the topography of the tongue and the thickness of coating.  The tongue 

was first divided into nine sections (3 anterior/posterior, 2 lateral, and 1 medial).  Then 
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the presence or absence of coating was determined for each section.  Each section that 

had a positive tongue coat was scored a one.  Next, the thickness of the tongue coating 

was scored for each section.  A thin coating was given a score of one and a thick coat is 

given a score of 2.  The marks for area and thickness numbers were then added up for the 

total index score.  This index was later modified to include only six regions of the tongue 

rather than nine.    

Lundgren and co-workers (27) evaluated the inter-examiner reproducibility of two 

modified Winkel tongue indices (mWTCI 1 + 2 and mWTCI 2).  The mWTCI 1 + 2 

provided two potential scores depending on whether a thin coating was visible [1] or a 

thick coating was visible [2].  The mWTCI 2 scored the thickness with a value of 2 only 

when a thick coating visible (no underlying pink color noted).  No scores of 1 were 

provided for this index.  Twenty five dental students were divided into two groups are 

scored by two examiners.  Wet weight tongue scrapings were taken to correlate the 

accuracy of each index.  It was concluded that the mWTCI 2 demonstrated better 

correlations with the wet weight samples and was highly reproducible.    

Shimizu and co-workers (44) tested a new tongue coating index to determine 

reproducibility and its correlation to microbial load.  The index split the tongue into nine 

sections.  Each section was scored either 0, (no coating), 1 (thin coating and papillae 

visible), 2 (thick tongue coating and papillae not visible).  Inter-observer and intra-

observer agreement was 0.66 and 0.80 respectively (Cohen’s kappa statistic).  Increased 

microbial load was observed for high index scores.   

It would seem that assessing 9- or 6-sections would be cumbersome, time-

consuming, and create more inter- and intra-examiner variability.  
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THERAPY:  Mechanical 

 

As outlined previously, the tongue coating presents a complex environment of oral 

debris and bacteria in a biofilm capable of producing significant malodor (10).  

Historical, as well as contemporary evidence exists that the mechanical disruption of this 

coating can lead to the reduction of halitosis.  Evidence exists that tongue scraping dates 

back to “antiquity” in India, Africa, and South America.  Buddhist and Hindu cultures 

used twigs bent into a “V” shape to clean their tongues on a daily basis.  Tongue cleaning 

is referenced in the Koran; instructing Mohammedans to use a siwak.  The Jewish 

Talmud contains instructions and laws that refer to oral malodor.  English silversmiths 

developed bristle-brushes in the mid-17th century.  Currently, there are multiple U.S. 

patents on tongue scraping devices.  

Historical evidence exists that developing civilization recognized and valued tongue 

cleaning practices.  As the association between the tongue coating and malodor 

development became further defined, questions regarding specific devices and protocols 

were examined.  Several studies explored the relationships between the quality and 

quantity of plaque development and tongue scraping.  In addition, questions regarding the 

relationship between volatile sulfur levels, organoleptic measures and tongue cleaning 

have been explored. 

Most studies demonstrate a reduction in the tongue coating following the manual 

scraping of the tongue.  Gross and coworkers (20) observed a reduction of dental plaque 

scores following the addition of tongue brushing in a population of young soldiers.  All 

soldiers received a routine dental prophylaxis and where encouraged to practice daily oral 
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hygiene.  Half of the participants were instructed to brush their tongue (5 strokes) per 

day.  Overall, reductions in both tongue coating and plaque index were observed for the 

group that added tongue scraping to their daily practices.  Despite this, the reductions 

failed to reach statistical significance.   

Similar results were observed for the reduction of plaque scores and tongue coating 

when tongue brushing was added to the oral hygiene practices of a young population in a 

crossover design (23).  Plaque scores and tongue coats were reduced over the 38 day trial 

but failed to reach statistical significance.   

The quality and quantity of bacteria on the dorsum the tongue has been associated 

with the presence of halitosis.  It has also been demonstrated that tongue cleaning can 

lead to the reduction of bacteria in other oral niches.  Gilmore (19) demonstrated that 

total counts of facultative streptococci on the teeth reduced significantly following two 

weeks of tongue brushing.   

Both culture and molecular analysis methods have been used to characterize the 

tongue microbiology in healthy subjects and those with diagnosed halitosis (25).  DNA 

was amplified from dorsum tongue samples by PCR (16S rRNA). The presence of 

halitosis was assessed via organoleptic (>3) and Halimeter (>150ppb) scores.  Eighty-

nine previously uncultured bacterial species were discovered.  It was concluded that the 

dorsum harbors a diverse, yet characteristic spectrum of bacteria.  Specifically, it was 

observed that S. salivarius was absent in individuals with halitosis.  It should be noted 

that the study only sampled from a total for five subjects.  

Volatile sulphur compounds are produced by putrefaction of oral bacteria on the 

dorsum of the tongue.  The mechanical disruption of these oral bacteria can result in a 
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decrease of VSCs.  Studies have attempted to determine whether certain mechanical 

devices are more effective than others at reducing detectable VSC compounds.  In a 3-

way crossover study of 30 volunteers, VSC levels were assessed using a portable sulfide 

monitor (Halimeter) (42).  Each group used a toothbrush, tongue scraper, or a tongue 

brush.  Hailmeter VSC assessments were taken prior to tongue cleaning and every 5 

minutes thereafter for 35 minutes.  All three groups demonstrated significant reduction in 

VSC levels after tongue cleaning.  Despite this, all subjects returned to baseline measures 

within 30 minutes.    

Another study (51) evaluated the efficacy of four different toothbrushes (Colgate 

360, Oral-B Indicator, Crest Spin-Brush, Oral-B Cross Action). Thirty-one subjects 

participated in the crossover study with a 7 day washout.  Tongue swabs were obtained 

from each subject prior and two hours after brushing. The samples were plated and 

cultured anaerobically.   Gross colonies were counted and compared.  The same 

toothpaste was used for all groups.  All toothbrushes demonstrated a significant reduction 

in anaerobic CFUs at 2 hours, but the authors claimed the Colgate 360 was best; and that 

the effect was due to removal of desquamated epithelial cells.  Many investigators believe 

that desquamated epithelial cells are the primary source of sulfur-containing amino acids 

which are converted to VSCs, and have not recognized the deep infiltration of bacteria 

into the epithelial layers of the filiform papillae.  
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THERAPY: Chemical 

 

The chemical management of halitosis has been heavily marketed due to 

accessibility and profitability.  Despite this, few comprehensive clinical trials have 

demonstrated the long-term efficacy of these products for the control of halitosis.   

In general, the chemical management of halitosis aims at either masking existing 

odors (e.g. mints) or terminating various bacteria responsible for the development of 

malodor  (e.g. chlorhexidine gluconate, chlorine dioxide, essential oils, and triclosan).  In 

addition, some metal ions (tin, zinc, and copper) reduce halitosis by retarding bacterial 

growth and by precipitating the sulfur from volatile sulfur compounds (e.g. as ZnS). 

 

Chlorhexidine Gluconate  

 

Chlorhexidine gluconate (CHX) has long been used as an antimicrobial wash.  It 

was first developed in England by Imperial Chemical Industries in the 1940’s and marked 

as an antiseptic for skin wounds.  In the 1950’s, Chlorhexidine was widely used in 

hospital operating rooms as a topical disinfectant to prepare patients prior to surgery.  

Other uses consist of floor disinfectants and washes.  It was not until about 1990 that 

Rosenberg studied chlorhexidine for the treatment of halitosis (38). 

Chlorhexidine is a cationic bisbiguanide that disrupts the integrity of cell 

membranes.  At lower concentrations, chlorhexidine increases the permeability of cell 

membranes resulting in the leakage of potassium and other cellular components.  At 

higher concentrations, exposure results in precipitation of cellular cytoplasm resulting in 
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cell death.  A distinguishing property of chlorhexidine is its ability for substantivity.  It 

has been demonstrated that following a 60 second rinse of 0.2%, chlorhexidine is able to 

attach oral hard and soft tissues sustaining an antimicrobial effect for 6-12 hours. 

Chlorhexidine gluconate is marketed as an anti-plaque and anti-gingivitis in both 

Europe (0.2%) and the United States (0.12%).  With both concentrations side effects are 

evident.  Chlorhexidine gluconate has been shown to stain teeth, alter taste sensations, 

and increase calculus formation (17).  Chlorhexidine is not marketed in Japan due to a 

high number of anaphylactic responses. (personal communication, Dr. G.C. Armitage) 

These effects have provoked questions regarding the long-term use of the product.   

Chlorhexidine gluconate has been shown to reduce VSC levels associated with 

halitosis.  De Bovever (11) evaluated the efficacy of chlorhexidine (0.12%) rinse and 

tongue brushing in 16 non-smoking subjects.  A baseline organoleptic score (0-5) and 

VSC (model RH 17-B Halimeter, Interscan) measurement were taken two hours or more 

after a meal on a day were no oral hygiene was performed.  Periodontal parameters, 

BANA score, and tongue cultures were also performed at baseline and one week.  It was 

demonstrated that organoleptic scores greater than 2 were associated with deep tongue 

fissures and BANA positive baseline scores.  Following one week of treatment, VSC 

scores decreased 73%, organoleptic scores decreased from a mean 2.9 to a mean 0.9, and 

the ratio of anaerobes to aerobes decreased 36%.  The actual floral changes were variable.  

It should be noted that this investigation lacked a control. (11)  

Another case report presented by Bosy and co-workers (6) demonstrated the ability 

for chlorhexidine to reduce volatile sulphur compounds.  They studied 127 patients that 

presented to the Toronto Halitosis Assessment Clinic for the treatment of oral malodor.  
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Each subject was instructed to brush their tongue and rinse two times per day with 

chlorhexidine (0.2%) for seven days.  After one week, VSCs were reduced 36-41% and 

organoleptic scores decreased 65%.   

In addition to case studies, several clinical trials have demonstrated the superiority 

of chlorhexidine over other chemical mouthwash treatments.  Carvalho and co-workers 

(8) tested four different mouthrinses (Periogard (CHX 0.12%), Cepacol (cetylpyidinium 

chloride), Plax (0.03% triclosan + 0.2% copolymer), Listerine (thymol, eucalyptol, 

menthol) along with two control groups (0.2% CHX without alcohol, and a hydro-

alcoholic rinse) in a population of 12 dental students.  The subjects were divided into six 

cross-over groups and used each product (blinded) for four days followed by a 15 day 

washout period.  No specific oral hygiene instructions were provided.  VSC 

measurements and periodontal parameters were assessed at baseline and five days after 

each rinse.  VSC levels decreased significantly (p=.001) for Periogard and the 

chlorhexidine controls. VSC reductions were not significant for Cepacol, Listerine, Plax, 

and the hydro-alcohol control.  The students in this trial were not shown to have bad 

breath or to receive a benefit. 

Van Steenberghe and co-workers (48) evaluated three commercial mouthwashes in 

a double-blind 12 day cross-over trial in a population of 12 medical students complaining 

of morning breath.  Periodontal parameters, VSC levels (Halimeter), organoleptic scores, 

and tongue cultures were recorded.  Each subject was instructed to rinse twice per day 

with either 2% CHX, 0.12% CHX + 0.05% NaF, or 0.05% CHX + 0.14% zinc lactate 

with no additional oral hygiene.  Organoleptic scores decreased from the baseline level 

for all groups.  VSC levels slightly improved for two of rinses, but failed to reach 
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significance. The CHX 0.2% rinse demonstrated a slight, yet significant (p=.05) increase 

in VSC level. Both aerobic and anaerobic total viable bacteria counts decreased 

significantly for the 2% CHX and the 0.05% CHX + 0.14% zinc lactate rinses, but 

remained unchanged for the 0.12% CHX + 0.05% NaF rinse.  

Chlorhexidine gluconate has also been investigated as a disinfectant used in a 24 

hour total treatment of periodontitis and halitosis patients.  Quirynen and co-workers (37) 

proposed that periodontal and VSC producing pathogens occupied multiple niches in the 

oral cavity.  He theorized that if ignored, these microorganisms may translocate to other 

sites during disinfection if certain niches were ignored.  In a pilot study, twenty four 

volunteers were split into two groups.  One group received conventional scaling and root 

planning per quadrant in sittings 14 days apart.  The other group received full-mouth 

scaling and root planning and CHX application within a 24 hour period.  This group 

continued to rinse twice per day with 0.2% CHX for two months.  In addition, both 

groups were instructed to brush their tongue.  Organoleptic scores improved for both 

groups at both one and two months.  Despite this, no significant changes in VSC levels 

were observed for either group at any time point.   

  

Chlorine dioxide 

  

Chlorine dioxide (ClO2) has been used in the USA since 1944 as a drinking water 

disinfectant.  More recently, chlorine dioxide has been evaluated as an agent to combat 

oral malodor.  Chlorine dioxide acts primarily as oxidizing agent, but it is also 

bactericidal to many microorganisms. 
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VSCs are the principal odor causing molecules.  These molecules are produced 

from the putrefaction of sulfur-containing amino acids (cysteine, cystine, and methionine) 

forming hydrogen sulfide, methyl mercaptan, and dimethyl sulfide.  Chlorine dioxide and 

chlorite anion act to oxidize and neutralize these VSC compounds.   

Several studies support the idea that chlorine dioxide is an effective agent against 

oral malodor.  Despite this, the majority of these studies tested the agent in a small 

sample size for a relatively short duration.  Fransella and co-workers (15) published two 

studies evaluating the efficacy of buffer-stabilized chlorine dioxide (Retardex, now called 

CloSYS) as a treatment for halitosis.  Their first study evaluated the organoleptic changes 

following rinsing with either 0.1% chlorine dioxide or a placebo rinse.  The trial was 

double blinded, but consisted of only 12 subjects.  The subjects were divided into two 

groups and given one of the two rinses.  Three calibrated breath judges scored each 

subjects breath for pleasantness at baseline, 0.5, 1, 2, and 4 hours.  After 96-hour 

washout, a crossover test was performed.  Significant reductions in organoleptic 

measures were observed at 0.5, 1, 2, and 4 hours for the chlorine dioxide group.  It was 

concluded that chlorine dioxide has a rapid onset and effect lasting up to four hours.   In 

another study, Frascella and co-workers (16) tested the effects of chlorine dioxide on 

VSC levels (Halimeter).  Thirty one subjects were divided into two groups.  One group 

rinsed with 0.1% chlorine dioxide (Retardex) and the other with water.  Measurements 

were taken at baseline, 2, 4, 8, 24, 48, and 72 hours after a single rinse.  VSC reductions 

for the chlorine dioxide group were significantly better at 2, 4, 8, and 24 hours post-rinse.  

Shinada and co-workers (43) evaluated the effects of an experimental chlorine 

dioxide mouthwash (Fresh) on organoleptic scores and VSC levels in a randomized, 
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double-blind, crossover study.  VSC levels were measured via gas chromatography.  

Fifteen subjects were divided into two groups.  One group rinsed with chlorine dioxide 

and the other with placebo rinse.  Gas chromatography measures and organoleptic score 

were recorded at baseline and every 30 minutes for four hours.  Both the VSC measures 

and the organoleptic scores were significantly lower for the chlorine dioxide group at 

most time intervals.   

Ono and co-workers (33) evaluated the effectiveness of a stabilized chlorine dioxide 

mouthwash (Xinix) in a 14 day randomized trial.  Nineteen subjects were dispensed 

either ClO2, 0.02% zinc chloride, or distilled water and instructed to rinse four times per 

day for 14 days.  VSC measurements were taken with a Halimeter at baseline, 7 days, and 

14 days.  The chlorine dioxide group demonstrated the highest and longest lasting 

reduction in VSC measures in all subjects.  

Peruzzo and co-workers (36) evaluated the efficacy of a chlorine dioxide 

mouthwash on VSC level in a double blind, randomized, crossover study.  Fourteen 

dental students were instructed to refrain from plaque and tongue coating control 

practices.  Each participant was issued either a chlorine dioxide rinse or a placebo and 

asked to rinse 3 times per day.  Each experimental period lasted 4 days and was followed 

by a seven day washout.  VSCs were measured prior to and after the experimental period 

via a sulfide monitor. VSC levels remained unchanged from baseline for the chlorine 

dioxide rinse, but increased nearly two-fold for the placebo rinse.  These subjects were 

not shown to have halitosis or to receive a benefit.  

Silwood and co-workers (45) evaluated six different oral healthcare products to 

determine their effectiveness in reducing VSC measured by a sulfide monitor. They used 



 26

6 volunteers in a multiple cross-over design. It was concluded that chlorite anion and 

chlorine dioxide (Retardex) had the most profound (16.4%) and longest lasting effect on 

VSC reduction.  Again, the subjects were not shown to have bad breath or receive a 

benefit. 

  

Precipitate S in VSCs with Zn 

 

Metal ions (zinc, copper, stannous) have also proven effective in the management 

of halitosis.  These ions act to retard bacterial growth by reducing their glycolytic 

activity.  Metal ions demonstrate a high affinity for sulfur and act to oxidize the sulfur 

containing VSC precursors into non-volatile and non-odorous substances.  Despite this, 

most studies only evaluate the efficacy of these products for a short duration with a 

relatively small sample size.   

Waler (49) investigated the effect of metal ions on VSC levels in the oral cavity.  

Ten subjects rinsed with zinc chloride, zinc citrate, stannous fluoride, cuprous gluconate, 

ferrous gluconate, silver acetate, or a water control.  VSC levels were assessed via a 

Halimeter at baseline and after rinsing for one minute.  Mean baseline VSC levels were 

230ppb.  After rinsing, VSC percent reductions were greatest for ZnCl2 (35%), followed 

by Zn acetate (31%), cuprous gluconate (26%), silver acetate (18%), stannous fluoride 

(15%), and ferrous gluconate (5%).  The ferrous gluconate reduction did not differ from 

the water control.  There was no statistical analysis.  Waler (49) also investigated the 

effect of zinc-containing gum on VSC production.  Eleven volunteers refrained from 

hygiene practices the night before and morning of the experiment. The subjects were 
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given zinc acetate gum (0 mg, 0.5 mg, or 2.0 mg) or one of three test rinses (0.02% zinc 

chloride, 0.2% CHX, or water).  VSC levels were assessed with the Halimeter at baseline 

and five minutes after chewing or one minute after rinsing.  They determined the zinc 

acetate gum to be more effective than the non-zinc controls (p=.003).  The 2 mg zinc 

acetate gum and the 0.02% zinc chloride rinse demonstrated similar VSC reductions.  

Young and co-workers (55) also evaluated the effects of metal salts on the oral 

production of VSCs.  Twelve subjects that refrained from oral hygiene were given a 

cysteine challenge and then rinsed for one minute with either zinc chloride (0.1%), cupric 

chloride (0.1%), or stannous fluoride (0.1%).  VSC levels were recorded via gas 

chromatography.  The cysteine challenge was repeated at 1, 2, and 3 hours.  They 

observed that cupric chloride and stannous fluoride were the most effective after all 

cysteine challenges (100% H2S reduction).  Zinc chloride resulted in a more variable 

response.  Zinc chloride reduced VSC production 100% only after the first cysteine 

challenge.  Young and co-workers (56) also evaluated salivary samples from 30 subjects.  

The samples were mixed with 10 µL solutions of metal salts (Hg2+, Cd2+, and Cu2+) and 

incubated 24+ hours.  The saliva headspace was then evaluated for VSC levels via gas 

chromatography.  The addition of the metal salts resulted in near elimination of all VSC 

production.   
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Hypothesis 

 

In a randomized, double-blind, controlled  equivalence human clinical trial of 

subjects using 0.12% chlorhexidine or 0.1% stabilized chlorine dioxide rinses as adjuncts 

to tongue scraping there will be no difference in length or strength of action between the 

two mouthrinses. 

 

Significance 

 

There have been no clinical trials that directly compared the effectiveness of CHX 

and chlorine dioxide.  If our results demonstrate an effective measure to control halitosis, 

then the proposed treatment should be of benefit to the population at large, and help allay 

fears of being socially offensive. 

There is little known about the prevalence of bad breath.  A limited number of 

reports have been established, yet these focus on narrow geographic segments of the 

population.  To date, there has been little data outlining the scope of malodor in the U.S., 

or in any professional group.   

In the majority of dental school curriculums, halitosis is not covered.  It is 

paramount that the pathogenesis, diagnosis, and associated treatments become an integral 

component of contemporary dental education.  
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MATERIALS AND METHODS  

 

The overall method of this investigation was that recommended in the Acceptance 

Program Guidelines, for Products Used In the Management of Oral Malodor (American 

Dental Association Council on Scientific Affairs, 2003). 

The study was approved by the UCSF Department of Oral and Craniofacial 

Sciences as an appropriate clinical trial.  The study was cleared by the UCSF Committee 

on Human Research (H5634-31589-01). The study was registered with Federal 

Government for clinical trials (NCT00867035).  This was a randomized, double-blind 

bioequivalence human clinical trial including volunteers made up of students, faculty, 

and staff at the UCSF Parnassus campus. 

 

Participants 

 

All men and women ages 20-65, working or enrolled at the UCSF Parnassus 

campus were candidates for inclusion in the study.  They were not admitted to the study 

if any of the following criteria were present:  

(1) Inability to return for all measurements 

(2) Inability to follow all of the directions for the study due to medical, financial 

(3) Afflicted with a systemic disease involving VSCs 

(4) Currently taking antibiotics 

(5) Using a medicine in syrup or elixir form 
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(6) Affected by advanced periodontal disease, or severe dental caries, or by 

erosive oral lesions 

(7) Smokers 

 

Volunteers were recruited at the UCSF Parnassus campus by several methods.  

Each week one to two students from the third year of dental school rotate through the 

Post Graduate Periodontal Clinic to observe and assist the post-graduate periodontology 

residents.  These students are asked if they would participate in the halitosis study.  In 

addition, a 20-minute lecture was presented to first, third, and fourth year dental students 

informing them of the etiology and treatment of halitosis, and requesting their volunteer 

participation.  Notices were placed throughout the UCSF Parnassus campus requesting 

volunteer participation in our study.  An ad was also run in the “Synapse“(UCSF campus 

newspaper).  Persons presenting for the screening were given a copy of the approved 

consent form and the Patient's Bill of Rights. Those who accepted the terms signed the 

consent form and were rated for oral malodor and provided a sample of mouth air for 

analysis by the portable gas chromatograph. The consent form, patient’s bill of rights, and 

study recruitment notice may be seen in Appendix A. Subjects with an organoleptic score 

of 2 or more, or a H2S measure of 75ppb, were invited to participate in the clinical trial. 
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Intervention  

Organoleptic Assessments  

 

Organoleptic assessments were determined via a sniff test.  This observation of the 

subject’s normal exhaled breath was recorded approximately six inches from the nose and 

mouth.  The organoleptic measurements were conducted by both investigators, at the 

screening, initial evaluation and at the 1 week follow up.  The Rosenberg Scale, which 

consists of a 0 to 5 scale, was utilized for the organoleptic evaluation.  In the Rosenberg 

Scale, a 0 equals absence of odor, a 1 equals questionable malodor (barely detectable), a 

2 equals slight malodor and exceeds the threshold of malodor recognition, a 3 equals 

moderate malodor, a 4 equals strong malodor, and 5 equals severe malodor. Criteria for 

the Rosenberg Scale are seen in Appendix B. 

This data from the screening was used along with the results from the portable gas 

chromatograph to assess if the patient qualified for the trial.  This score was also to be 

used to see if there is consistency between the Oral Chroma measures and the 

organoleptic assessments.  In addition, organoleptic assessments provided a subjective 

judgment for offensive odor (relative judgment of true halitosis)    

The two judges were calibrated using a vial containing a substance that is overtly 

offensive and had a Rosenberg Scale value of 5.  In addition, both judges assessed the 

oral odor of volunteers of varying age until they achieved identical scores 80% and scores 

plus/minus one unit 100% of the time.  When the judges disagreed, an average score was 

used for data analysis.  As mentioned before, a value of 2 on the Rosenberg Scale was the 

threshold for malodor recognition and qualification for the treatment phase of our study.    
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Gas Chromatography Measures 

 

Three volatile compounds (hydrogen sulfide or H2S, methyl mercaptan or CH3SH, 

and dimethyl sulfide or ((CH3)2S) were measured via the portable gas chromatograph 

device (OralChroma, Abilit, Japan).  These three compounds have been shown to be the 

major compounds associated with intraoral halitosis.  A 0.5 cc sample of each subject’s 

oral air was collected with an air tight syringe and injected into the OralChroma.  After 8 

minutes, the VSC results were obtained.  If the subjects had a Rosenberg score of 2 or 

greater, or had a threshold of 75 ppb of H2S, or greater, the subjects were invited to enroll 

into the second part of the study, where we provided the treatment for the halitosis. 

Procedures for the operation of the OralChroma and samples of the data print-outs 

are shown in Appendix C. The organoleptic score and the gas chromatography measures 

were collected before treatment, then at 1, 2, 4 hours after treatment, and at the one week 

follow up. 

 

Oral assessment 

 

The second part of the study started with a short questionnaire (Appendix D).  The 

questionnaire detailed non-oral bacterial causes of halitosis; including extraoral 

infections, systemic diseases, smoking, and medication use. 
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Clinical Examination 

 

A brief oral exam was completed to assess the periodontal condition for each 

subject.  Plaque Index (PlI) scores, Gingivitis Index (GI) scores, Probing Depth, and 

recession were recorded for the six Ramfjord teeth (#3, 9, 12, 19, 25, 28).  Subjects were 

also screened for overt signs of infection, significant caries, or any other unspecified 

lesions. The Plaque Index criteria are shown in Appendix E, the Gingivitis Index criteria 

are in Appendix F, the probing techniques are in Appendix G. 

The coating on the dorsum of the tongue was scored for both the area of coverage 

(one point for each third covered with coating) and the thickness of the coating (0 for 

none, 1 if the papillae could still be seen, 2 if the coating covered the papilla). Criteria for 

the tongue coating index that we used are found in Appendix H.  

Samples were collected for culture to determine the % of VSC-producing bacteria 

that were present on the dorsum of the tongue.  These swab samples was taken before the 

treatment phase and at the one week follow up.  A sterile Microbrush (Microbrush Corp) 

was used with a paper template (1cm by 1cm opening), which served as a guide for 

sample collection. The brush was used with intent to scrub to the base of the filiform 

papillae. Then the brush head was cut off into a tube of anaerobe transfer media. 

 

 

 

 

 



 34

Randomization: generation 

 

Each subject was assigned in sequence a number derived from a computer 

generated table of random numbers to mask the name of the subjects and to safely store 

the data from disclosure of any one individual. 

 

Allocation concealment 

 

In order to conceal the subjects and the investigators knowledge regarding the 

assigned rinse, each bottle was covered with thick white paper that concealed the product 

label.   Patients were instructed not to show the rinse to the examiners or to remove the 

cover. 

 

Randomization: implementation and blinding 

 

If the patients qualified for the treatment phase of the study they were sequentially 

assigned a new number obtained from a table of computer generated random numbers.  

This new number assignment and subsequent distribution of the rinses was carried out by 

a third party (clinical assistant).  This assistant was not otherwise involved in the study.  

All study personnel (except clinical assistant) and participants were blinded to treatment 

assignment for each one week trial.  If the subjects received an even number the subjects 

received the chlorine dioxide rinse, if the subjects received an odd number they were 

distributed the clorhexidine gluconate.   
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Treatment  

 

The treatment consisted of instructions in oral hygiene and the use of the tongue 

scraper, and rinsing with one of two mouth rinses that the subjects were randomly 

selected for. Appendix H presents the hygiene instructions given participants.  The 

subjects were instructed to place the tongue scraper as far back on the dorsum of the 

tongue as possible and scrape with light pressure (3 to 4 strokes).  Next each subject 

received one of two rinses; 0.12% chlorhexidine gluconate (Peridex) or 0.1% chlorine 

dioxide (CLoSYS) which were distributed utilizing a table of random numbers.  Subjects 

were instructed to rinse for 30 seconds with 20ml two times a day (seven total days) with 

the assigned mouth rinse.  For the next week subjects were instructed to use the rinse and 

the tongue scraper twice a day.   

At the one week follow up examination any adverse events were recorded. Soft 

tissues, teeth and restorations were examined to look for any adverse effects.  A tongue 

sample, organoleptic assessment, and portable gas chromatography measurements were 

also collected at this one week follow up visit.   

Bacterial samples of the tongue dorsum from the subjects were taken to a lab within 

four hours for culturing and analysis.  The samples had ten-fold serial dilutions 

completed and spread-plated on Brucella Lead Acetate Agar and incubated anerobically 

for three to five days.  The total number of bacteria (TVC) and the number of VSC-

producing bacteria were counted at the end of incubation at 12X magnification. The 

percentage of VSC-producing bacteria was calculated from the TVC. 
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Outcomes 

 

Two outcome variables were used to evaluate to effectiveness of chlorhexidine 

gluconate and chlorine dioxide for the management of halitosis. 

(1) Organoleptic scores at baseline, 1 hour, 2 hours, 4 hours and one week 

(primary outcome variable) 

(2) VSC measures obtained with the portable gas chromatograph device at 

baseline, 1 hour, 2 hours, 4 hours, and one week (secondary outcome variable) 

 

Sample size 

 

We believe that the incidence of halitosis is about one in four (25%) in the general 

public.   However, the incidence in our population may be lower, approximately one in 

six (15%) due to the increased health awareness of our population.  The goal was to 

obtain fifty or more subjects that exceed the established threshold and qualify for the 

treatment phase of our trial.  This would require the screening of more than three hundred 

subjects.   

The number of 50 subjects was determined by the ADA Guidelines, that "80% of 

the subjects shall demonstrate a reduction to a 0 or 1 rating based on a 0-5 organoleptic 

intensity rating," and that "appropriate statistical tests can be performed to demonstrate 

efficacy." We aimed for 25 in each rinse treatment group. 
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Statistical methods 

 

Data were organized into groups after breaking the code, and descriptive statistics 

prepared. Parametric measures such as Pocket Depth (in millimeters), VSC measures (in 

parts per billion, or ng/10ml), were compared to baseline with a paired Students t test, 

and between groups by unpaired t test. Ordinal number ratings (PlI, GI, organoleptic 

scores) were compared to baseline and between groups by the Mann-Whitney U test. 

Significance was set with α=.05.   

 

RESULTS 

Demographics of study population 

 

All study subjects were recruited from the UCSF Medical Center.  Subjects were 

categorized as either students (dental, medical, pharmacy, nursing, graduate division), 

faculty (professors, post-doctorates, lecturers), and staff (other medical center 

employees).  All willing volunteers reviewed and signed a consent form detailing both 

parts of the study.  The initial part of the study consisted of a screening that determined 

the volunteer’s eligibility for the clinical trial.  Qualifying subjects had organoleptic 

scores >2 or VSC levels exceeding pre-set Oral Chroma thresholds (H2S >75ppb).  It 

should be noted that enrollment into the study was strictly voluntary.    

Those subjects who presented themselves for screening were responding to posted 

announcements of a free, professional and confidential exam for persons concerned about 
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bad breath.  They were, therefore, a self-selected population.   However, some potential 

subjects declined participation since we were unable to provide reimbursement 

A total of 47 volunteers participated in the initial part of the study (screening).  This 

population consisted of 25 males and 22 females.  Of the 47 participants, 19 were 

Caucasian, 15 Asian, 2 African American, 8 Middle Eastern and 3 Hispanic.  Twenty 

nine volunteers were students, 16 were staff, and 2 were faculty.  The approximate age 

for all participants ranged from 25 to 65 years of age.   

As the subjects presented for the breath screening they were assigned a number in 

sequence from a computer-generated table of random numbers.  Their number became 

their "I.D." to mask the data for privacy concerns.  It was later used for intervention 

allocation. 
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Table 3. Association of organoleptic scores (OLT) with mean hydrogen sulfide (H2S), 

methyl mercaptan (CH3SH), and dimethyl sulfide ((CH3)2S) levels (parts per billion) in  

screening subjects.  The OLT score of 2 is the cognitive threshold of oral malodor. 

 

Average OLT  n H2S±S.D. CH3SH±S.D.  (CH3)2S±S.D. 

 

score Twojudges_________________________________________________________ 

0 or 0.5  10 7.2±9.85      0   0.4±1.26 

1 or 1.5   5 16.0±21.7 10.6±9.5  29.8±57.9 

2 or 2.5  16 48.1±50.1 34.3±39.2  58.6±66.6 

3 or 3.5  10 188±220 106±132  102±88.7 

_______________________________________________________________________ 

 

Selection of clinical trial subjects  

 

Of the 47 volunteers screened, 31, or about 2 out of 3, met the qualifying criteria 

and were eligible to enroll in the second part of the trial.  Twenty two of the 31 qualified 

subjects enrolled in the second part of the study.  Nineteen of these subjects completed 

the entire trial.  The 9 subjects that did not enter the second part of the study cited time 

constraints as their principle reason for declining entry. 

Allocation  to one of the two clinical trial intervention study groups was determined 

by a third party to be odd random numbers for the tongue scraping and chlorhexidine 

group (CHX), and even random numbers for the tongue scraper and chlorine dioxide 
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group (CD). Details were unknown to investigators or subjects, or to the dental assistant 

passing out the rinse bottles. The rinse bottles were covered in opaque white paper to 

prevent reading anything on the labels.   

Nineteen subjects completed both parts of the study.  The three subjects that failed 

to complete the trial were all staff females.  Two were Caucasian and the other was 

African American.  One subject was dispensed chlorhexidine and the other two were 

dispensed chlorine dioxide.  

The initial data obtained from the three drop-outs was included in the primary 

analyses for so-called "intention to treat."   The remaining 19 qualified subjects 

completed the entire trial.  This group consisted of seven males and 12 females.  Thirteen 

of these subjects were students, four were staff, and two were faculty.  The study group 

consisted of eight Caucasians, six Asians, one African American, three Middle 

Easterners, and one Hispanic.  Eight of these individuals were dispensed chlorhexidine 

and 11 of them received chlorine dioxide. 

Upon qualification, each subject completed a questionnaire about systemic health 

problems.  Two subjects allocated to CHX group admitted to nose, sinus, or throat 

problems, and one also to stomach troubles. Two subjects allocated to CD group claimed 

to have stomach troubles and one also to nose, sinus throat problems.  However, after the 

oral and dental exam and baseline assessments, all subjects were considered to be typical 

of an "oral physiologic halitosis" diagnosis.  

The baseline clinical examination consisted of periodontal probing depth (PD), 

Gingival Index (GI), Plaque Index (PI), TCI score, and total viable colonies that produced 

VSC (% Black). The baseline results for the study participants are summarized in table 4. 
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Table 4: Baseline clinical characteristics of each group 

 CD n=13  CHX n=9  

 Mean Std D Mean Std D 

PD 2.6 0.3 2.5 0.2 

GI 1.1 

(100% 0s and 1s) 

0.1 1.0 

(99% 0s and 1s) 

0.1 

PI 1.2 

(100% 0s and 1s) 

0.2 1.2 

(99% 0s and 1s) 

0.2 

%  VSC-producing 

bacteria 

55.8% 22.9 46.6% 20.4 

TCI 2.3 1.3 2.8 1.3 

*There were no significant differences in oral and dental characteristics between groups. 

 

All subjects were in good overall health.  No caries, soft tissue lesions, or hard 

tissue lesions were detected. In addition, no subjects were diagnosed with “oral 

pathological halitosis.” 

 

Outcomes: 

 

 Two outcome variables were used to assess the effectiveness of each rinse for the 

management of oral malodor.  Organoleptic scores (primary outcome) and VSC measures 

(secondary outcome) recorded for each rinse.  Details of the primary and secondary 

outcomes for both the chlorhexidine gluconate and chlorine dioxide groups are presented 

in table 5. 
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Primary outcome: Organoleptic Assessments 

 

In the initial screenings, OLT scores of the two judges had 53% complete 

agreement, and 100% agreement for +/- one score.  The judges scores had a correlation of 

r=+0.8075.  During the clinical trial, judges' scores had 67% complete agreement, and 

100% +/- one score. The correlation coefficient was calculated to be r=+0.811.  The 

overall observed kappa measure of association for all 137 scorings in this study was an 

observed kappa of 0.488 and a linear weighted kappa of 0.66±0.039, a "moderate" 

agreement.  

 

CD Group 

The OLT scores are ordinal numbers and were analyzed by the Mann-Whitney U test. 

The effect of the tongue scraper and chlorine dioxide rinse intervention was a statistically 

significant improvement in OLT scores for all time points relative to baseline (1 hr. (p= 

.001), 2 hr. (p=.001) , 4hr (p=.001), and 1 week (p=.001).  The percentage of the judges 

averaged OLT 0s and 1s at the time points was: 1 hr 91.6%; 2 hr 91.6%; 4 hr 66.6%, and 

1 week 72.7%.  At the baseline there were no differences between CD and CHX groups' 

OLT scores.   

 

CHX Group 

There was a statistically significant improvement in OLT scores for all time points 

relative to baseline (1 hr. (p=.001); 2 hr. (p=.01):  4hr. (p=.01); and 1 week (p=.05). The 
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percentage of averaged 0s and 1s at the time points was: 1 hr 100%; 2 hr 100%; 4 hr 

87.5%; and 1 week 87.5%. 

 

Between Groups 

At each time point there were also no differences in scores between the groups.  

 

Secondary outcome: VSC measures:   

 

CD Group 

The VSC (H2S, MM, DMS) measures are parametric data and were analyzed by Students 

t test. Measures were reduced below the baseline (see Table 3) but were not statistically 

significant lower than baseline for all time points (1 hr, 2 hr, 4 hr, and 1 week). In many 

cases the standard deviation was as large, or larger than the mean value.  . 

 

CHX Group 

The VSC (H2S, MM, DMS) measures were generally reduced below baseline, but were 

not significant for all time points (1 hr, 2 hr, 4 hr, 1 week). The exception was mercaptan 

data which at 1hr was not below baseline; but was significantly less than baseline vs. 4 

hr. MM (p=.024 ppb, p=.011 ng) and baseline vs. 1 week MM (p=.009 ppb, p=.004 ng). 
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Table 5: Compilation of Clinical Trial OLT scores, H2S, CH3SH, and ((CH3)2S) 

Measures 

   Baseline 1 hour 2 hours 4 hours 1 week 

OLT scorea CD 0 (%)  0 37.5 20.8 12.5 4.5 

  1 (%) 3.8 41.7 58.3 41.7 59.1 

  2 (%) 57.7 20.8 20.8 45.8 31.8 

  3 (%) 38.5 0 0 0 4.5 

  4 (%) 0 0 0 0 0 

 CHX 0 (%) 0 62.5 37.5 37.5 12.5 

  1 (%) 22.2 37.5 56.3 43.8 11.9 

  2 (%) 50 0 6.3 18.8 18.8 

  3 (%) 22.2 0 0 0 0 

  4 (%) 5.6 0 0 0 0 

H2S (ppb) 

(ng/10ml) 

CD Mean (SD) 64.9 (141) 

0.938(1.95) 

10.1 (18.6) 

0.143(.225) 

12.7 (12.9) 

0.165(.17) 

12.7 (16.1) 

0.159(.218) 

9.17 (13.1) 

0.12(.174) 

H2S (ppb) 

(ng/10ml) 

CHX Mean (SD) 23.1 (31.3) 

0.307(.417) 

9.12 (13.9) 

0.119(.185) 

3.88  (7.57) 

0.05(.09) 

7.0 (9.99) 

0.058(.115) 

 

20.2 (29.6) 

0.269(.394) 

CH3SH 

(ppb) 

(ng/10ml) 

CD Mean (SD) 57.8 (86.2) 

1.09(1.63) 

17.5 (27) 

0.328(.509) 

14.5 (27.4) 

0.273(.519) 

14.4 (21.2) 

0.269(.4) 

9.75 (16.6) 

0.19(.326) 

CH3SH 

(ppb) 

(ng/10ml) 

CHX Mean (SD) 36.2 (31.7) 

0.68(.599) 

36.0 (51.0) 

0.676(.965) 

23.9 (33.5) 

0.448(.634) 

6.88 (9.42)* 

0.129(.177) 

2.12.(364)** 

0.037(.065) 

 

((CH3)2S) 

(ppb) 

(ng/10/ml) 

CD Mean (SD) 74.5 (77.3) 

1.82(1.89) 

35.2 (61.5) 

0.858(1.5) 

46.6 (70.5) 

1.14(1.72) 

49.8 (59.3) 

1.21(1.45) 

69.8 (70.7) 

1.7(1.73) 

((CH3)2S) 

(ppb) 

(ng/10ml) 

CHX Mean (SD) 78.2 (48.2) 

1.91(1.18) 

60.2 (60.3) 

1.47(1.47) 

33.5 (49.6) 

0.815(1.21) 

55.8 (57.8) 

1.36(1.41) 

47 (62.3) 

1.14(1.53) 

a= Individual judges scores, not averages. 

*significant relative to baseline p=.024 

**significant relative to baseline p=.009 



 45

Tongue flora effects of interventions 

 

The total viable count (TVC) of the cultures of tongue coating in the CD Group at 

baseline was 2.2x108 ±5.2x108 colony forming units (CFU), and at 1 week decreased to 

1.6x107 ±2.6x107 CFU. The variance was large and the difference was not statistically 

significant.  In the CHX Group the baseline TVC was 2.6x108 ±5.7x108 CFU and the 1 

week TVC was 2.9x107 ±6.6x107 CFU, a non-significant decrease. 

The growth on agar containing lead acetate demonstrated by formation of black PbS 

those bacteria in the flora which were producing VSCs.  The results are seen in Table 6; 

both intervention groups had decreases in % VSC-producing bacteria, but they were not 

significantly less than baseline; and the groups did not differ. 

 

Table 6: % Tongue flora producing VSCs 

  CD CHX 

Baseline (% VSC 

producing bacteria) 

Mean (SD) 55.9 (22.9) 46.6 (20.4) 

1 week (% VSC 

producing bacteria) 

Mean (SD) 32 (31.2) 27.8 (15.6) 

 

 

We calculated correlations between tongue coating iindex and OLT in the 22 

subjects at baseline to be r=+0.373.  It was noted that one trial subject had a TCI of zero, 

yet had an OLT of 3.  A correlation between the TCI and the % VSC-producing bacteria 

was an even less meaningful, r=-0.244.  Both correlation measures were deemed weak 

and not significant. 
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Adverse effects 

 

No adverse effects were reported for the CD rinse group. One CHX group subject 

complained of an altered taste sensation after rinsing with CHX for one week.  Upon 

discontinuation of the CHX her symptoms resolved.  .  

 

DISCUSSION 

 

This was the first study to directly compare chlorine dioxide and chlorhexidine 

gluconate in the treatment of oral malodor.  Despite weak overall power, the study also 

enhanced the epidemiologic data on halitosis in a student population. 

 Both the chlorine dioxide and the chlorhexidine gluconate subject groups 

demonstrated statistically significant improvement in OLT scores at all time points 

relative to baseline.  VSC measures for the chlorine dioxide group failed to reach 

significance for all time points relative to baseline.  Despite this, measures were 

consistently reduced below the cognitive threshold after treatment.  All but two VSC 

measures for the chlorhexidine gluconate group failed to reach significance relative to 

baseline.  Methyl mercaptan proved significant at both four hours and at one week 

relative to baseline measures.  No significant difference was observed between the two 

subject groups at any time point for both OLT scores and VSC levels.  It should be noted 

that the extreme range of standard deviations observed for both treatment groups likely 

prevented most VSC measures from achieving significance.  This was likely due to a 

small sample population and possible technical issues with the OralChroma device. 
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Total viable counts of VSC producing bacteria failed to reach significance 

following treatment for both groups.  Despite this, a general decrease in VSC-producing 

bacteria was observed following both treatment interventions.  Again, large standard 

deviations from the mean likely prevented true statistical significance following 

treatment.  It is well established that the tongue coating harbors significant amounts of 

VSC producing microorganisms.   

A common method for assessing the quantity of the tongue coating is via the use of 

a tongue coating index (TCI).  The purpose of a TCI is to provide a quick and reliable 

clinical assessment of the patient’s relative bacterial load and general overall level of oral 

malodor.  A TCI was recorded for each qualified subject at baseline.  We found that the 

TCI weakly correlated to both the total viable counts of VSC producing bacteria and the 

patient’s OLT score (study primary outcome measure).  The correlation coefficients were 

r= -0.244 and r= +0.373 respectfully.  It should be noted that one subject presented with a 

baseline TCI of zero, yet had a profound OLT score of three.  Thus, our results indicate 

that the TCI diagnostic value is questionable.  Several studies have also found mixed 

results regarding the correlation of the TCI and oral malodor.  Bornstein and co-workers 

(4) found the correlation to relatively weak between TCI scores and halitosis (r= 0.48).  

Other studies found more significant correlation between the index and oral malodor.  

Lundgren and co-workers (27) evaluated the TCI relative to wet weight tongue samples.  

They determined the correlation coefficients between TCI scores and wet weight samples 

to range from r= 0.69 to r= 0.75.  

As previously described, the dorsum of the tongue provides an ideal environment 

for bacterial attachment and biofilm formation.  Further, it has been demonstrated that   
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bacteria can penetrate deeply into the epithelial layers of the filiform papillae.  Kullaa and 

Mikkonen (24) used SEM techniques to observe the deep penetration of VSC producing 

microorganisms into the filiform papillae.  In addition, Gibbons (18) and Boshell and co-

workers (5) described bacterial adhesions formed with filiform papillae epithelium that 

were resistant to mechanical debridement.  This penetration coupled with the bacterial 

“mud pot” mechanism of VSC production and release may have contributed to higher 

than expected DMS levels and the overall variance in VSC measures following treatment. 

As mentioned above, the overall power of our study was weak.  Difficulties in 

subject recruitment and compliance were significant.  Several potential subjects declined 

to participate because we were not able to compensate them for their time.  Other 

subjects, particularly the student population, indicated that the required “time 

commitment” was a problem.  Specifically, nine of the 31 subjects that qualified for the 

second part of the trial declined participation citing “time constraints” as their primary 

concern.  Due to these variables, we had less than half the number of subjects that we 

initially intended to enroll.  In addition, three of the 22 subjects that entered part two of 

the study failed to complete the entire trial. 

Despite these constraints, our trial demonstrated statistical and clinical significance 

with respect to our primary outcome variable (OLT score improvement after treatment).  

Further, these OLT score improvements were largely consistent over the entire trial.  The 

judges agreed within +/- one OLT level 100% of the time.  The overall correlation and 

kappa for judge agreement were r= +0.811 and 0.488 respectively.  The considerable 

OLT score improvement and overall consistency between judgments provides further 

evidence that clinical halitosis can be managed with chemical and mechanical therapy.   
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The strength of evidence provided by our study would likely be enhanced with an 

increased sample size (N).  In addition, further evaluation of the Oral Chroma unit for 

VSC detection may be warranted.  Although DMS, MM, H2S have been adequately 

linked to oral malodor production, over 400 malodor agents exist.  It is unknown the 

significance that these additional compounds, either individually or in combination, 

contribute to the malodor “bouquet.”  

 

CONCLUSION  

 
 Both the chlorine dioxide and chlorhexidine groups demonstrated a decrease in 

malodor production following treatment.  Both groups demonstrated statistically and 

clinically significant improvement in OLT scores (primary outcome variable).  Despite 

not reaching statistical significance, most subjects also demonstrated trends of 

improvement in VSC levels following treatment (secondary outcome variable). 

 The study provided further evidence that the treatment of oral malodor can be 

managed with chlorine dioxide (CLoSYS) and a tongue scraper.  A study with a larger 

sample size (N) would be necessary to demonstrate the potential superiority of chlorine 

dioxide over chlorhexidine for the treatment of oral malodor.     

 The pilot study re-enforced the reality that many patients suffer from oral 

malodor.  In addition, the study provided further evidence that the clinical signs of 

halitosis can be easily detected and managed.  It is recommended that every dentist 

develop a protocol for the management of oral malodor.  
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ATTACHMENTS 

 
 
 
Attachment 1: Demographic characteristics of screened subjects (1) 

 Caucasian  Asian African 

American 

Middle 

Eastern 

Hispanic Total 

Male 10 6 1 6 2 25 

Female 9 9 1 2 1 22 

Total 19 15 2 8 3 47 

 
 
 

Attachment 2: Demographic characteristics of screened subjects (2) 

 Student Staff Faculty Total 

Male  17 6 2 25 

Female 12 10 0 22 

Total 29 16 2 47 

 

Attachment 3: OLT scores and initial VSC measures for screened subjects* 

 OLT (A, B) H2S (ppb) CH3SH 

(ppb) 

(CH3)2S 

(ppb) 

Qualify 

(Yes/no) 

053 3 3 27 70 32 Yes 

270 1 1 4 5 0 No 

013 3 2 31 5 0 Yes 

174 0 1 2 5 0 No 
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295 0 1 0 0 0 No 

274 1 0 24 0 4 No 

092 0 0 8 0 0 No 

111 2 3 43 56 20 Yes 

186 2 2 89 13 2 Yes 

155 3 3 499 146 29 Yes* 

070 1 1 21 13 4 No 

235 2 2 36 7 9 Yes 

181 3 2 61 101 56 Yes 

271 2 2 180 120 26 Yes 

073 1 0 6 0 0 No 

164 0 0 14 0 0 No 

114 3 2 0 2 9 Yes* 

206 0 1 0 0 0 No 

037 3 3 409 59 12 Yes* 

220 0 0 0 0 0 No 

294 2 2 2 2 9 Yes 

021 1 0 0 0 0 No 

049 2 3 66 48 7 Yes 

178 1 0 0 0 0 No 

069 1 0 14 0 0 No 

130 1 1 52 7 0 No 

137 3 3 16 98 4 Yes 
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019 2 2 32 42 189 Yes 

298 3 3 93 118 97 Yes* 

134 3 3 73 56 173 Yes* 

159 3 3 9 2 227 Yes 

150 3 2 57 76 126 Yes 

006 2 2 0 62 166 Yes 

236 1 2 0 2 12 Yes* 

212 1 1 0 0 9 Yes* 

041 1 1 0 0 110 Yes 

120 2 3 16 0 159 Yes 

260 3 4 16 31 56 Yes 

257 2 2 0 0 41 Yes 

062 1 2 3 26 133 Yes 

003 0 1 0 0 0 No 

121 1 0 30 0 4 No 

161 2 2 29 0 12 Yes* 

163 3 2 130 15 12 Yes* 

182 3 3 165 18 0 Yes* 

187 2 2 0 2 103 Yes* 

211 4 3 574 458 210 Yes* 

*Subjects that qualified but failed to complete part 2  
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Attachment 4: Demographic characteristics of qualified subjects that enrolled in part 2 

(1) 

 Caucasian  Asian African 

American 

Middle 

Eastern 

Hispanic Total 

Male 3 1 1 1 1 7 

Female 7 5 1 2 0 15 

Total 10 6 2 3 1 22 

 

Attachment 5: Demographic characteristics of qualified subjects that enrolled in part 2 

(2) 

 Student Staff Faculty Total 

Male  4 1 2 7 

Female 9 6 0 15 

Total 13 7 2 22 
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APPENDICES 
 

Appendix A:  
 
 
UNIVERSITY OF CALIFORNIA, SAN FRANCISCO 
       CONSENT TO BE A RESEARCH  SUBJECT 
 
Study Title : BAD BREATH RESPONSE TO TONGUE SCRAPER AND RINSES. 
 
This is a medical research study. Your study doctors, M. Robert Wirthlin DSDS, Terry Im 

DDS, and Ryan Ellis DDS, from the UCSF Department of OroFacial Sciences will explain this 
study to you. 

 
Medical research studies include only people who choose to take part. Take your time to 

make your decision about participating. You may discuss your decision with your family and 
friends and with your health care team. If you have any questions, you may ask your study 
doctors.  

 
You are being asked to take part in this study because you are a healthcare worker at 

UCSF who possibly may have a bad breath problem that would affect your patients' acceptance 
of care. 

 
Why is this study being done? 
  
The purpose of this study is to 
 • determine the prevalence of bad breath in healthcare personnel in Part  1.  
 • In Part  2 the study will compare the effects, good and/or bad, of a chlorine dioxide rinse 

with a chlorhexidine rinse on you and your bad breath, to find out which is better.  
In this study you will get either the chlorine dioxide or the chlorhexidine rinse. You will not 

get both.  
 
This study is not being funded by an external agency but by Department of OroFacial 

Sciences funds. The investigators have no financial or proprietary interests in any manufacturer 
of materials being used. 

 
The drugs chlorine dioxide (CloSYS, Rowpar Pharmaceuticals, Inc) and chlorhexidine 

(Peridex, Zila Pharmaceuticals) are approved for this purpose and currently on the market. No 
investigational drug will be used.  

 
How many people will take part in this study? 
 
About 300 people will take part in Part  1 of this study for screening of their breath. 50 

people of those with a Rosenberg organoleptic score of 2 (out of 5) or a hydrogen sulfide 
concentration of 75ppb or more will be asked to complete Part  2, with treatment for 1 week using 
a tongue scraper and one or the other rinse.  

 
What will happen if I take part in this research st udy?  
 
In Part 1 of this study , two examiners will sniff your mouth air and assess it by the 

Rosenberg scale, from 0-5. A 1ml sterile, disposable plastic syringe without a needle will be used 
to sample your mouth air, and it will be analyzed in a portable gas chromatograph to determine 
the concentrations of hydrogen sulfide, methyl mercaptan, and dimethyl sulfide.   

 
During the main part of the study, Part 2,  
 



 59

•  You will be seen in the morning for 
    •  dental exams to assess the oral mucosa, gingivae, and teeth.  
 •  a sniff of mouth air and a syringe sample of mouth air are taken for breath assessment. 
 •  a tongue coating index is assessed. 
 •  a swab sample of the dorsum of the tongue is taken for culture.  
 
• You will be "randomized" into one of the study groups described below.  Randomization 

means that you are put into a group by chance. A computer program will place you in one of the 
groups. Neither you nor your doctor can choose the group you will be in. You will have an equal 
chance of being placed in any group.  

 
 • If you are in group A you will use 0.1% chlorine dioxide rinse, 15ml rinsed vigorously 

between the teeth for 30 sec, gargled 10 sec and spit out.  Follow-up breath assessments will be 
done after 1, 2, and 4 hours. 

 
• If you are in group B you will use 0.12% chlorhexidine rinse, 15ml swished vigorously 

between the teeth, gargled 10 sec, and spit out. Follow-up breath assessments are done after 1, 
2, and 4 hours.  

 
• When you are finished with the breath assessments, you will be given a bottle of your 

assigned rinse to use after tongue scraping 2xday, morning and night, for one week.  
 
•  At one week you will return in the morning for 
 •  dental exams to assess the effect on the oral mucosa, gingivae, and teeth.  
 •  a sniff of mouth air and a syringe sample of mouth air are taken for breath assessment. 
 •  a tongue coating index is assessed. 
 •  a swab sample of the dorsum of the tongue is taken for culture.  
 
Study location: All study procedures will be done at the periodontal clinic, UCSF. 
 
    Study Chart 
 
Day    What you do 
 
One day before screening • Avoid consumption of garlic, onions, spicy foods, 

oriental fish sauces. 
 
Day 1 Screening •  Report to periodontal clinic before eating or brushing, 

or two hours after only a piece of toast and brushing with 
water only.  
•  Breath assessment by sniffing, and a 1ml syringe air 
sample is drawn. 

 
Day 1 of study If your mouth air samples are at threshold level or more 

of malodor you: 
•  receive periodontal exam for plaque, gingival 
inflammation, and probing depth on 6 teeth. 

     •  oral mucosa exam to look for lesions 
     •  a tongue coating index is assessed 

•  1 square centimeter of dorsum of tongue is swabbed 
for culture 
•  you are given a plastic tongue scraper and instructions 
in its use 
•  15ml of assigned rinse is swished between the teeth 
30 sec, gargled 10 sec and spit out. 

     •  after 1 hour a repeat breath assessment is done 
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     •  after 2 hours a repeat breath assessment is done 
     •  after 4 hours a repeat breath assessment is done. 

•  you are given a bottle of the assigned rinse to use 
after tongue scraping 2xday for one week. 

 
Day 7 of study •  You report to periodontal clinic in morning before 

eating or brushing 
•  Breath assessment by sniffing, and a 1ml syringe air 
sample is drawn 

     •  oral mucosa examined to look for lesions 
     •  receive periodontal exam on 6 teeth. 
     •  a tongue coating index is assessed 
                                                     •  1 sq.cm. of dorsum of tongue is swabbed for culture. 
 
 
      
 

Study Plan  Another way to find out what will happen to you during the study is to read the chart 
below. Start reading at the top and read down the list, following the lines and arrows   

 
   
 
  
 
 
 
 
 
 
 
 
 
 

Start here 

Breath Assessment 
Organoleptic and 
Chromatograph 

              Randomize 
(You will be in Group A or Group B) 

Group A 
Chlorine dioxide rinse 
After tongue scraper 
2xDay for 1 week 

Group B 
Chlorhexidine rinse 
After tongue scraper 
2xDay for 1 week 

Breath assessment 
Organoleptic and 
Chromatograph 
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How long will I be in the study? 
 
One week. The initial screening breath assessment takes under 10 minutes.  The oral 

mucosa and periodontal exams, instructions for tongue scraper and rinses will take about 30 
minutes.  Each air sample at 1, 2, and 4 hours takes 10 min each.  The one week assessments 
take about 30 min.  

Total time in dental chair is 1.5 hrs. 
 
Can I stop being in study? 
 
Yes. You can decide to stop at any time. Tell the study doctors if you are thinking about 

stopping or decide to stop. 
 
The study doctors may stop you from taking part in this study at any time if they believe it is 

in your best interest, if you do not follow study rules, or if the study is stopped. 
 
What side effects or risks can I expect from being in the study?  
 
You may have side effects while on the study. Everyone taking part in the study will be 

watched carefully for any side effects. However, doctors don't know all the side effects that may 
happen. Side effects may be mild or very serious. Many side effects go away soon after you stop 
using the rinse.  

 
You should talk to your study doctors about any side effects you experience while taking 

part in the study. 
 
•  Risks and side effects related to the rinses include those which are: 
  Chlorine dioxide    Chlorhexidine 

Likely  
None Brownish stain where plaque is left after  

brushing  
 

Less likely  
Slight taste of chlorine Burning taste from alcohol, altered taste 

sensation  
 

Rare but serious  
   None   None 
 
•  Randomization risks: You will be assigned to a treatment by chance, and the treatment 

you receive may prove to be less effective or to have more side effects than the other study 
treatment or other available treatments. 

 
Are there benefits to taking part in the study?  
 
Taking part in this study may or may not make your health better. While doctors hope that 

tongue scraping and rinses will be more effective than ordinary oral hygiene, there is no certain 
outcome.  

 
If you are in the group that receives chlorine dioxide rinse and it proves to treat your bad 

breath more effectively, you may benefit from participating, but this cannot be guaranteed. 
 
This study will help doctors learn more about procedures and rinses for bad breath, and it is 
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hoped that this information will help in the treatment of future patients with bad breath.  
 
 
 
What other choices do I have if I do not take part in this study?  
 
Your other choices may include: 
•  getting no professional assessment of oral malodor 
•  ask your best friend about your breath 
•  treating bad breath without being in a study 
 
Will my medical information be kept private?  
 
We will do our best to make sure that the personal information in our records is kept 

private. However we cannot guarantee total privacy. Your personal information may be given out 
if required by law. If information from this study is published or presented at scientific meetings, 
your name and other personal information will not be used.  

 
Organizations that may look at and/or copy your records for research, quality assessment, 

and data analysis include 
•  UCSF Committee on Human Research 
•  The American Dental Association 
 
What are the costs of tasking part in this study?  
 
You will not be charged for any of the study activities. 
 
Will I be paid for taking part in this study?  
 
You will not be paid for taking part in this study. 
 
What happens if I am injured because I took part in  this study?  
 
It is important that you tell your study doctors, Wirthlin, Im, or Ellis, if you feel that you have 

been injured because of taking part in this study. You can tell the doctor in person or call him at 
415-476-1731. 

 
Treatment and compensation for injury: If you are injured as a result of being in this 

study, treatment will be available. The costs of the treatment may be covered by the University of 
California, depending on a number of factors. The University does not normally provide any other 
form of compensation for injury. For further information about this, you may call the office of the 
Committee on Human Research at 415-476-1814. 

 
What are my rights if I take part in this study?  
 
Taking part in this study is your choice. You may choose either to take part or not to take 

part in the study. If you decide to take part in this study, you may leave the study at any time. No 
matter what decision you make, there will be no penalty to you and no effect on your student 
status or grades, evaluation of performance, or continued employment at UCSF. 

  
In the case of injury resulting from this study, you do not lose any of your legal rights to 

seek payment by signing this form. 
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Who can answer my questions about the study? 
 
You can talk to your study doctors about any questions or concerns you have about this study.  
Contact your study doctors Wirthlin, Im, or Ellis at 415-476-1731. 

 
 
 For questions about your rights while taking part i n this study,  call the office of the 

Committee on Human Research, UCSF's Institutional Review Board (a group of people who 
review the research to protect your rights) at 415-476-1814. 

 
CONSENT 
 
You have been given copies of this consent form and the Experimental Subject's Bill of 

Rights to keep. 
 
PARTICIPATION IN RESEARCH IS VOLUNTARY. You have the right to decline to 

participate or to withdraw at any point in this study without penalty or loss of benefits to which you 
are otherwise entitled.  

 
If you wish to participate in this study, you should sign below. 
 
____________       ________________________________________ 
Date                        Participant's signature for consent 
 
____________        ________________________________________ 
Date                        Person obtaining consent 
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Announcement of Invitation for Breath 
Screening 
 
A research project underway at the School of 
Dentistry is seeking healthcare personnel who are 
concerned about BAD BREATH  (oral 
malodor, halitosis) as subjects.  
 
You are invited to contact us at the telephone numb ers below for a free, 
professional and confidential assessment of your br eath odor. 

 
The breath assessment consists of sniffing and taki ng a 0.5ml sample of 
oral air for analysis in a chromatograph.  This tak es 10 minutes or less. 

 
 

If your breath is over the threshold of oral malodo r, you are offered a free 
treatment. The treatment consists of examination of  teeth and gums, 
sampling of tongue coating for bacterial culture, i nstruction in oral hygiene 
and use of a plastic tongue scraper, use of a mouth rinse, and follow-up 
breath evaluations.  Follow-up evaluations are done  at 1, 2, and 4 hours 
after the initial treatment, and after one week's u se of the scraper and 
mouthrinse.  The tongue scraper and mouthrinses are  free.  All evaluations 
are confidential and free. 
 
This is offered to all students, faculty, and staff  (auxiliary healthcare 
persons, clerical and administrative persons) at UC SF Medical Center. 
For a breath assessment, please call:     

Dr. Terry Im, DDS 415-734-7766 
Or 

Dr. Ryan Ellis, DDS 415-420-2824 
 

BREATH BREAT H BREATH BREATH BREATH BREATH 
TEST   TEST   TEST   TEST   TEST   TEST 
734-7766 734-7766 734-7766 734-7766 734-7766 734-7766 
420-2824 420-2824 420-2824 420-2824 420-2824 420-2824 
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Appendix B: Organoleptic assessment of oral malodor. 
The Rosenberg (J Dent Res 1991;70:1436) criteria for oral air sampling are: 

 
 

   Organoleptic Scale 
 
 Rating  Odor Intensity 
 
 0   Absence of odor 
 
 1   Questionable malodor, barely detectable 
 
 2   Slight malodor, exceeds the threshold of  
    malodor recognition 
 
 3   Moderate malodor 
 
 4   Strong malodor 
 
 5   Severe malodor 
 
 
 
 

Training and calibration: Judges shall assess oral odor of at least five persons of varying 
age until they can achieve identical scores 80% of the time on repeat assessments, and 
scores plus/minus one unit 100% of the time. 
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Appendix C: Portable gas chromatograph assessment of oral malodor 
 

For best results, subjects should avoid garlic, onions, heavily spiced foods, and oriental 
fermented fish sauces the night before. 
Instruct the subject prior to the assessment to have a light breakfast and brush with just 
water, two hours before the visit; and thereafter refrain from eating, drinking or oral 
hygiene that morning.  
Advise to not use after-shave, perfume, or scented hair dressing. 
The OralChroma device is a portable gas chromatograph that uses natural air for 
transport, a filter, column heater, Indium Oxide semiconductor gas sensor doped with 
gold, and circuits interfaced with a computer.  It is calibrated with H2S, CH3SH, and 
(CH3)2S, the VSCs most related to oral malodor.  It is sensitive over a wide range (0-
1000ppb). The OralChroma was developed by Hanada et al, Analytic Chim Acta 
2003;475:27-35; and evaluated by Murata et al, J Periodontol 2006;77:1142-1147. 
The OralChroma should be plugged in at least 30 min before use. 
Residues of alcoholic or chlorinated mouthwashes may cause erroneous readings and 
limit sensor life. 
The subject will sit quietly with mouth closed and not talking for 30 seconds or more 
before test. 
A sterile, disposable 1ml, gas-tight plastic syringe is held in the mouth, using care not to 
touch the tip with the tongue, and plunger withdrawn to 1ml mark, returned, then 
withdrawn again. An injection needle is attached and 0.5ml of mouth air sample injected 
through the rubber port of the device. The sample is processed in 8 minutes. 
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Attached are samples of the report printed from the  computer interface.  
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Appendix D: 
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Appendix E:  Plaque Index assessment. 
 

The Silness and Loe Plaque Index criteria (Acta Odont Scand 1964;22:121) are: 
Disclosing solution is not used in the scoring of this Index. 

 
 
  0 =  No plaque 
 
 
  1 =  A film of plaque adhering to the free margin and  

     adjacent areas of the tooth. The plaque may be seen  
     in situ by using a probe on the tooth surface. 

   
  2 =  Moderate accumulation of soft deposits within the  

     gingival pocket or on the tooth and gingival margin 
     which can be seen with the naked eye. 
 
  3 =  Abundance of soft matter within the gingival pocket 

     and/or on the tooth and gingival margin. 
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Appendix F: Gingival Index assessment 
The Loe and Silness Gingival Index criteria (J Periodontol 1967;38:610) are: 

 
 
 
  0 =  Normal gingival 
 
  1 =  Mild inflammation—slight change in color, slight   
     oedema. No bleeding on probing.* 
 
  2 =  Moderate inflammation—redness, oedema and  

     glazing . Bleeding on probing.  
 
  3 =  Severe inflammation—marked redness and oedema. 
     Ulceration. Tendency to spontaneous bleeding. 
 
 
 
 
 
 

Probing is described as passing a blunt instrument (probe) on the gingivae at the entrance 

to the gingival sulcus. 
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Appendix G: Measuring periodontal pockets and attachment levels 
 

The gingival probing is the distance from the gingival margin to the bottom of the 
gingival pocket, and is measured in millimeters. The clinical attachment level is the 
distance from the cemento-enamel junction (CEJ) to the bottom of the gingival pocket 
and is expressed in millimeters.  

 
To estimate the depth of the gingival pocket, the probe is inserted into the pocket with the 
long axis of the probe aligned parallel to the long axis of the tooth.  Insertion is continued 
to the base of the pocket where a distinct resistance is felt, or resistance is indicated using 
a pressure-sensitive probe. If the gingival margin crosses anywhere between probe 
graduations, always round to the nearest whole number. If the gingival margin crosses the 
probe at an angle, record or round from the highest level.  

 
Pocket measurements are recorded at six locations around the circumference of each 
tooth. The six sites are: 

  
Mesio-buccal adjacent to the contact point 

 Mid-buccal 
 Disto-buccal adjacent to the contact point. 
 
 Mesio-lingual adjacent to the contact point 
 Mid-lingual 
 Disto-lingual adjacent to the contact point 
 

To measure clinical attachment level, the CEJ is used as a landmark. The end of a manual 
periodontal probe is placed against the enamel surface coronal to the margin of the 
gingival on a 45-degree angle to the long axis of the tooth. Using minimum force, the 
probe is passed in an apical direction into the sulcus maintaining contact with the tooth 
surface. The location of the probe should be the same as that for measurement of the 
gingival pocket.  The CEJ is detected by using a tactile sense of by a change in direction 
of the movement of the probe when it moves from the enamel to the cementum. 

 
Record the gingival margin-CEJ measurement, and gingival margin-base of the pocket 
measurement. 

 
If the CEJ cannot be detected then the attachment level is measured from some other 
landmark above (crown margin, incisal edge) and the alternative landmark noted on case 
form. 
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Appendix H:  The Tongue Coating Index 
 
The Winkel Tongue Coating Index (WTCI), (0=none, 1=light, 2=heavy) was published in 
J Clin Periodontol 2003;30(4):300, and assessed by Shimizu, J Oral Rehabil 
2007;34(6):442. and by Lundgren, Oral Dis 2007;13(2): 177. 
 
Zhu (2002) assessed the thickness and area of tongue coating. One of the first assessment 
indices (1=slight, 2=moderate, 3=heavy)  was published by Gross, J Dent Res 
1975;54(6):1236. Yaegaki assessed wet weight, Amado the dry weight of scraped-off 
biofilm coating. The Miyazaki Index (0=none, 1=<1/3, 2=<2/3, 3=>2/3) was published in 
J Periodontol 1995;66(8):679. 

 

 
Area      Thickness 
Score 1 point for each third  Score 0=none 
covered by coating   1=light, papillae can still be seen 
      2=heavy, papillae are covered  
 
The sum of all scores is the Tongue Coating Index 
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Appendix I:  Oral Hygiene Instructions  
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CLEAN YOUR TONGUE 
 

Scraping your tongue removes bacteria and helps bad  breath.  It has been 
estimated that nearly 90% of bad breath cases are d ue to the biofilm of 
bacteria on the top of the tongue. 

 
1. Open wide, and place the tongue scraper at the f ar back 
2. Pull the tongue scraper forward slowly to the fr ont 
3. Use gentle pressure so the edge scrapes the biof ilm from the small 
papillae 
4. Repeat until you feel you have covered your whol e tongue. 

 
 
   
 
 
 

Now Rinse with Mouthwash 
 

Tongue scraping alone does not get        
rid of bad breath. 
1.  Use two capfuls, (15ml or ½ ounce), 
and swish it vigorously between your 
teeth for 30 seconds. 
2. Now gargle for 10 seconds so the 
rinse gets to the very back of your 
tongue. 
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