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Background: Review of the Literature 

Halitosis is a widely experienced problem.  It affects individuals of all age, ethnic, and 

socioeconomic backgrounds.  Despite this prevalence, halitosis diagnosis and treatments 

are rarely incorporated into formal dental school curriculums, and very few dental 

professionals in the US offer diagnosis or treatment.  (Messadi 1997)  It is essential that 

oral health care providers be well versed in the various etiologies and associated 

treatments of this universal, yet taboo issue (Nadanovsky 2000). 

 

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

unpleasant oral odors or oral malodor.  The root of the term “halitosis” comes from the 

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

and it was first coined by Lambert to market Listerine mouth wash (Hine 1957).  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, Fair and Wells developed the osmoscope, a device that helped investigators to 

measure the strength of an odor.  The osmoscope was developed originally to assess the 

odor of drinking water.  Brening had two hundred subjects exhale for fifteen minutes into 

a tube with liquid nitrogen which froze the breath sample and then he used the 

osmoscope to assess the odor (Brening 1939).  This aided in the assessment of oral 
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malodor but the decision of unpleasantness was still a subjective evaluation of an 

individual judge. 

 

The detection of halitosis and prevalence of halitosis has been difficult to accurately 

assess.  One such reason is halitophobia.  Halitophobia is the fear that one has halitosis.  

This fear is a result of people’s need to be socially accepted and not to offend anyone.  In 

some it may become a neurosis and lead to avoidance of social interaction (Blom 1988).  

In the U.S. half a billion dollars a year is spent on mouth washes, breath mints, and other 

treatments for bad breath.  Ben-Aryeh, in a halitosis clinic, evaluated thirty nine patients 

with self diagnosed halitosis.  Using organoleptic assessment only fifty seven percent of 

the patients had halitosis, and using the halimeter only sixty one percent had volatile 

sulfide levels that indicated presence of halitosis (Ben-Aryeh 1998). 

 

Organoleptic Measurement 

The two primary methods used for the clinical assessment of malodor are the 

organoleptic assessment using the sense of smell, and measurements made with 

instruments.  Organoleptic (OLT) evaluation is made by one or more human judges who 

values to the level of halitosis found for each sample, or subject, and is ultimately a 

subjective assessment.  Measurements made with an instrument are quantitative 

determination carried out by a device such as a gas chromatograph, or sulfide monitor.   

 

The Rosenberg scale of 0-5 is often used for the organoleptic measurements.  To 

minimize inter and intra-examiner variability calibration is required.  In contrast, the use 
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of a gas chromatograph unit is highly specific for a few volatile sulfur compounds.  

However, since gas chromatography units are currently not designed to detect cadaverine 

and other non-volatile compounds, there remains no ideal method for detection of oral 

malodor. (Rosenberg 1990, 1992, 1996) 

 

The organoleptic assessment still remains the gold standard when it comes to the 

evaluation of halitosis.  The organoleptic assessment has been used in numerous studies 

effectively to detect and assess the malodor (Awano et al 2004, Ben-Aryeh et al 1998, 

Greenman et al 2004).  To date there is no device on the market that is able to do what a 

human judge is able to do, essentially to determine when a breath is offensive.  

Measurements of volatile compounds concentrations with a device are only an indirect 

assessment of halitosis (Miyazaki 1995, Yaepaki 1992). 

 

Rosenberg found that the organoleptic scale was exponential in practice. These findings 

imply that when inhibitory agents are tested against odor-generating bacteria, a given 

percentage inhibition of the volatile compound production rate by a treatment (such as an 

antimicrobial mouthwash) will result in an equal incremental reduction on the scale, 

regardless of the starting position on the scale. (Greenman 2005). 

 

Calibration of judges can be complicated and the effectiveness is debatable.  Since what 

is offensive to one judge may not be offensive to another judge the calibration or 

guidelines set for breath assessment will always have a subjective component that can not 

be totally eliminated.  Greenman reviewed studies with seven judges and eight odor 
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compounds and found that there were no absolute agreements among the judges which 

may be due to the difficulty in calibrating the judges (Greeman 2005).  Having trained 

professional organoleptic judges for most studies is logistically and financially difficult.  

When human judges were used it was usually the primary investigators of the research 

and not professional judges.(Majerus 2001) 

 

The dependability of human judges showed mixed findings in the literature.  Majerus in 

2001 found that inter-judge correlation was high, as well as intra-judge correlation.  

When these findings were compared to the Halimeter and a Gas Chromgraph there was a 

positive correlation (P<0.001) between all methods with r=0.59 to 0.79.  The r value is 

not over whelming.  Only an r value over 0.75 might be considered a high correlation. 

 

Hydrogen sulfide and methyl mercaptan measurements in duplicated oral samplings often 

show poor reproducibility.  Springfield investigated this phenomenon to see if such poor 

reproducibility is due to an artifact of collection/analytical procedure or of a true 

biological phenomenon.  In this study twenty to thirty oral breath samples were collected 

in two minute intervals from eleven healthy subjects.  The samples were analyzed for 

sulfur gases and carbon dioxide.  Sizable variations in hydrogen sulfide and methyl 

mercaptan were not associated with alterations in carbon dioxide which lead the 

investigators to conclude there was no contamination.  In the study the fluctuations in 

hydrogen sulfide and methylmercaptan were not identical and often were not random.  

The investigators concluded that the minute to minute variations in oral sulfur gas 

concentrations are a true biological phenomenon (Springfield 2001, Yaegaki 1992).   
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The bubbling up of volatile sulfur compounds creates different readings at specific times 

leading to a “snapshot” of the compounds found at one time point that may have little in 

common to the overall state or to another “snapshot” taken at another time interval.  So if 

you happen to measure a sample when more of the gases have just bubbled up from the 

surface the reading would be greater than if the sample was taken during a period when 

fewer gas bubbles have been released from the surface. 

 

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. 

 

Osmoscope 

In 1934 the osmoscope was developed by Wells and Fair for industrial use, and was later 

used for breath analysis.  The data from such a device is expressed as the minus log of the 
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dilution, or pO (Brening 1939).  The design of the osmoscope is a long tube with sixty 

three holes in the tube along its length.  This tube is open at both ends with a nose piece 

at the top.  The holes are uncovered with a sliding sleeve that uncover, the hole, along the 

tube-one-by one to dilute the source.  Depending on how many holes are uncovered to 

lose the scent a quantitative value of the strength of the scent can be assessed (Fair 1934).  

In the 1930’s and 1940 several studies on halitosis were conducted with the use of the 

osmoscope, since no other devices were available at the time for quantitative analysis of 

halitosis (Law 1943, Morris 1949, Sulser 1939). 

 

Halimeter 

The Halimeter is an electrochemical sensor based device which was initially developed 

for industrial use.  Another example of a sensor based oral malodor device is the 

Diamond Probe.  Both of these units are based on electrochemical measurements from 

sensors, such as the zinc oxide semiconductor sensor and tin oxide semiconductor gas 

sensors, which cannot distinguish between different volatile sulfur compound species.  

Several chemical reactions occur at the sensors of these units and a total volatile sulfur 

compound value is given (Rodriguez-Fernandez 2001) 
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Fig 2. two models of the Halimeter 

 

The Halimeter uses a chemical sensor that allows for fast and relatively simple malodor 

analysis.  Two out of the six sensors in the Halimeter are sensitive to volatile sulfur 

compounds, and the device presents a total value of volatile sulfur compounds.  The 

Halimeter utilizes 6 metal oxide semiconductor sensors selected for their different 

sensitivity and selectivity to fragrant substances.  Sensors 1 and 2 have the highest 

sensitivity to volatile sulfur compound.  (Tanaka 2003, 2004) The Halimeter is most 

sensitive to hydrogen sulfide, and not very sensitive to other volatile sulfur compounds.  

This is a limitation of the device due to the fact that other volatile sulfur compounds such 

as methyl mercaptan and dimethyl sulfide contribute significantly to oral malodor. 
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Tanaka et al (2004) showed that the Halimeter could be useful in the detection of oral 

malodor and could aid the treatment of periodontal disease, because of the association 

between periodontal disease and oral malodor.  In this study a comparison was made 

between the Halimeter and organoleptic scores.  Twenty nine healthy adults and forty 

nine patients were assessed by both the Halimeter and organoleptic scores.  Among the 

three modes available on the Halimeter (all note, deep note, and top note) the top note 

gave the best correlation between the organoleptic scores.  Some of the problems with 

this study are that the patient population was not random.  The patients in this study were 

walk-in patients to a malodor clinic, thus may have much higher production of volatile 

sulfur compounds than what you might find in the general public.  The healthy subjects 

were students at the dental school that may have lower than normal levels of volatile 

sulfur compound production, thus making the distinction between subjects with and 

without halitosis much easier to determine (Tanaka 2004). 

 

There are several problems reported by Tanaka.  One problem was the influence of water 

vapors and a water vapor trap was needed.  With the use of the trap these investigators 

obtained consistent results that were nearly the same as from gas chromatography. 

(Tanaka 2004).  Another troubling finding of the Halimeter is that the reported means are 

very different in different studies which may be a result of the Halimeter sensor 

degradation over time, and the different calibration intervals utilized by different 

researchers and clinicians (Furne 2002, Iwanicka-Grzegorek 2005, Majerus 2001).  The 

manufacturer suggests the need to have the Halimeter calibrated often, about every six 

months, to ensure proper sensor function and to maintain the sensitivity of the units.  If 
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frequent calibrations were not carried out subjects tested before and after the calibration 

were not measured equally. 

 

Breathtron and other novel devices 

The Breathtron is a portable device by the Yoshida Company of Japan, that is based on a 

semiconductor sensor.  The Breathtron was meant to mimic the olfactory system of 

humans. This artificial nose is made up of three major parts, a delivery system, a 

detection system, and a computing system.  The sensor found on this device can not 

detect volatile sulfur compounds correctly without a filter.  In order to get accurate 

readings this group fabricated a disposable filter to remove contaminants (Choi et al 

2003). 

 

Several investigators liked the portability of the unit and found it to be very useful in field 

research and in promoting oral health in the community and in a large clinic setting.  

Mass examinations were possible with this unit due to its size, power source, reset time, 

and short measurement time around two minutes (Iwankura 2009, Sopapornamorn 2006, 

Tanda 2007).   

 

Mixed results are seen by different investigators when the Breathtron was compared to 

other halitosis detection methods.  Ueno et al (2008) showed that the Breathtron values 

were positively correlated with predicted organoleptic scores (R=0.322, p<0.001) and 

with gas chromatography values (R=0.476, p<0.001).  Choi et al (2003) found better 

correlation vaules in his study.  The measurments from the Breathtron were positively 
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correlated to the gas chromatography measurments (R=0.67, p<0.001).  Not only are the 

correlation values not overwhelming, the authors reported that the incidence of 

misdiagnosis with the Breathtron was higher than with the Halimeter. 

 

Other novel devices have been introduced in recent years with little research to evaluate 

their effectiveness.  One such device is the “electronic nose or e-nose” which utilizes six 

metal oxide sensor array.  Initial investigation showed possible potential for halitosis 

monitoring (Hayashida 2004).  Another recent device introduced is constructed by 

immobilizing monoamine oxide type A onto a tip of a fiber optic oxygen sensor with an 

oxygen sensitive ruthenium organic complex.  While this device showed potential it can 

only detect methyl mercaptan so it has limited use (Mitsubayashi 2006). 

 

Full scale gas chromatograph 

Gas chromatograph (GC) detects volatile sulfur compounds by chromatographic 

separation of the compounds, then by flame photometric (GC-FPD) or sulfur 

chemiluminescent detectors (Rodriguez-Fernandez 2001).  The term chromatography is 

the collective term for a family of laboratory techniques for the separation of mixtures.  It 

involves passing a mixture dissolved in a “mobile phase” through a “stationary phase”, 

which separates the analyte (the substance that is to be separated during chromatography) 

to be measured from other molecules in the mixture and allows it to be isolated.  Gas 

chromatography is a common type of chromatography used in organic chemistry for 

separating and analyzing compounds that can be vaporized without decomposition.  

Typical uses of gas chromatography include testing the purity of a particular substance or 
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in our case separation to make quantitative assessments of volatile sulfur compounds.  

(See Fig 3).  There is a tank with a carrier gas that contains the mobile phase.  A flow 

controller will determine the rate at which the mobile phase is released to send the sample 

through the unit.  A sample injector is the site at which the sample is delivered for 

separation.  After the sample is loaded it travels through the column and as it leaves the 

column a detector is present that will send the data to a monitor.  Because different 

compounds move through the column at different rates they are separated and measured. 

 

Fig 3. Diagram of a Gas Chromatograph 

 

The detection of volatile sulfur compound with a full scale gas chromatograph is 

considered the gold standard due to the accuracy of the detection method.  However there 

are limitations to gas chromatography assessments.  The gas chromatograph can only 

measure what it is set up to measure.  This limits the number to a few compounds, and 

the investigator must already know what they are trying to find.  So only the well known 

compounds are measured with gas chromatography.  While these compounds have shown 
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to be major contributors to halitosis they certainly they are not the only ones.  Because of 

this fact the organoleptic assessments are still the most utilized for breath assessments.  

The human nose can detect many different compounds and can distinguish between 

objectionable odors from sweet odors. 

 

The investigators and American Dental Association consider the full scale gas 

chromatography as a valuable adjunct to organoleptic assessments.  For clinical trials the 

American Dental Association recommends the use of full scale gas chromatograph 

assessments, along with organoleptic assessments due to non-subjective quantitative data 

the gas chromatography provides.  The use of the gas chromatography in clinical research 

provides some continuity among the different studies.  While it would be impossible for 

organoleptic judges from different studies to be calibrated to each other, the use of gas 

chromatography as a standard could compare different clinical studies to each other, even 

if carried out in different parts of the country or beyond (Hunter et al 2005). 

 

Many studies have used full scale gas chromatographs effectively and have obtained 

positive correlations with organoleptic evaluations.  Hunter et al (2005) conducted a 

study comparing organoleptic assessments and a full scale gas chromatograph machine 

equiped with an automated breath sampling assembly and computerized data acquisition 

and analysis methods.  The design of the study was a randomized, two-cell, double-blind, 

parallel, clinical trial.  Twenty five subjects started the trial, thirteen used a breath 

freshening rinse and twelve used a placebo.  The organoleptic assessments were 

compared to the gas chromatography data.  A positive correlation was seen between the 
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organoleptic assessments and gas chromatography measurements at r=0.6481 p≤0.001 for 

total volatile sulfur compounds.  The correlation between the two judge’s organoleptic 

assessments had a greater correlation with r=0.823 p≤0.001.   

 

Rodriquez-Fernandez et al (2001) utilized the high resolving power of gas 

chromatography and the sensitivity and specificity of inductively coupled plasma mass 

spectrometry (ICP-MS).  Inductively coupled plasma mass spectrometry is a type of mass 

spectrometry that is highly sensitive and capable of the determination of a range of metals 

and several non-metals at concentrations below one part in 1012. It is based on coupling 

together an inductively coupled plasma, as a method of producing ions (ionization) with a 

mass spectrometer as a method of separating and detecting the ions (See Fig 4). ICP-MS 

is also capable of monitoring isotopic speciation for the ions of choice.   
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Fig 4 An ICP-MS 

This team built their own interface between the two machines in order to utilize the same 

samples for both machines.  This eliminated the variability seen from sample to sample 

seen in subjects, from one time to another.  Their study was more of a proof of principal 

study to show that the ICP-MS added a new level of detection and can identify increased 

number of compounds.  This technique was far from being implemented for clinical use 

or even for fresh patient sample analysis.  While the full scale gas chromatograph is too 

large and costly for clinical use the addition of the mass spectrometry unit makes it 

almost impossible for such use (Rodriquez-Fernandez 2001). 

 

While these studies showed the effectiveness of the unit in assessing halitosis it did not 

evaluate the feasibility of the gas chromatography unit in a private practice or small clinic 

setting.  The cost and the cumbersome nature of such a unit would prohibit its use outside 

of a research setting in a major institution.  The maintenance on such an expensive device 

can be difficult and costly.  Additionally, gas chromatography usually requires a 

technician to operate the machine, which adds additional costs.  Depending on the model, 

and when they were manufactured, these units can be as large as a small car to the size of 

a laboratory freezer, and once they are set up and calibrated they can not be moved.  The 

space limitations in most dental offices are an issue with such a unit.  The cost of a full 

scale gas chromatograph can be several hundred thousand dollars.  Some less expensive 

units developed more recently are smaller and less expensive, but their reliability and 

effectiveness has not been proven.  Some of these units are small enough to sit on a large 

lab bench and are priced as low as ten thousand dollars. 
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Portable chromatograph (OralChroma) 

A portable chromatograph machine, specifically the OralChroma, has been developed 

recently for use in detection of halitosis.  The OralChroma unit by Abilit has been 

developed to overcome the limitations of full size gas chromatography machines as well 

as sensor based units.  The OralChroma is much smaller and more affordable than a full 

scale gas chromatograph.  Additionally, the manufacturer claims that the OralChroma is 

more consistent and accurate than sensor-based halitosis monitors.  The OralChroma is 

relatively small, the dimensions are two hundred eighty centimeters wide by one hundred 

and thirty centimeters high by four hundred centimeters deep.  The OralChroma is also 

relatively light, its weight is five and a half kilograms.  The cost of the OralChroma runs 

five to six thousand.  This does not include the computer that will be needed to manage 

the OralChroma.  The OralChroma has a LCD screen that gives a readout as well as 

sending the data to the computer for backing up of the information and comparisons.  The 

OralChroma uses room air as the carrier gas, so a large external tank of nitrogen is not 

needed like a full scale gas chromatograph. 

 

The OralChroma was developed in Japan and has been used world wide for several years.  

The unit became available for the US and the Canada in 2003.  The unit utilizes a highly 

sensitive indium oxide semiconductor gas sensor that requires minimal maintenance.  

While a full scale gas chromatograph can measure all of the compounds found in a 

sample the OralChroma measures three volatile compounds (hydrogen sulfide, methyl 

mercaptan, and dimethyl sulfide).  These three compounds are attributed for 90% of the 
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cases of halitosis.  The OralChroma was not developed to detect uncommon causes of 

halitosis but rather the major source of oral malodor such as oral hygiene issues and 

periodontal disease.  This obviously is a limitation of the unit since you are missing 10% 

of the compounds that can cause halitosis.  These less common compounds such as 

simple thiols, organic sulfides, and polysulfides can be important players in halitosis 

(Rodriquez-Fernandez 2001). 

 

Certain anaerobic bacteria produce hydrogen sulfide and high levels are predominantly 

associated with poor oral hygiene.  The source of hydrogen sulfide is mainly from the 

bacteria on the dorsum of the tongue.  High levels of methyl mercaptan are primarily 

restricted to periodontal pathogens and we also see a high methyl mercaptan to hydrogen 

sulfide ratio, greater than 3 to 1.  Dimethyl sulfide originates mainly in the digestive and 

respiratory systems.  High levels of dimethyl sulfide can be associated with systemic 

diseases, metabolic disorders, and medications. 

 

Some of the features of the OralChroma device make it well suited for use in many 

clinical settings.  The unit measures volatile sulfur compounds from 0-1000 ppb so it has 

a very wide range of detection and is very sensitive, well beyond the abilities of human 

judges.  The data is available fairly quickly, in eight minutes, making it possible to run 

more than one subject through our study at one time.  Since we measured the subject’s 

breaths in intervals of one or two hours we were able to run several subject in one clinic 

session.  The system has a digital readout and computer data management software for 

comparison and verification of data.  The OralChroma unit has a LCD panel in front of 
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the machine that gives a read-out of the sample that has been separated and measured.  

This read out can be compared with the information on the computer to verify that what 

the OralChroma has measured coincides with what is stored in the computer’s memory.   

 

The computer program also provided several graphical ways to display and read the data.  

On the “Records” page a list of all the samples measured for the particular subject is 

listed at the bottom, which gave values of the three volatile sulfur compounds.  Above the 

measurement values a line graph showed the data graphically.  On the “Judgment” page 

each sample reading was expressed as a bar graph with the cognitive threshold indicated 

on the bar graph, making it easy to see relatively how close the concentrations for the 

volatile sulfur compounds were to the threshold.  Right of the bar graph was an 

explanation of the category the breath samples fall under depending on the volatile sulfur 

compound concentrations.  On the “View Details” page the chromatograph of the sample 

was stored.  The chromatograph showed the peaks that corresponded to the three volatile 

sulfur compounds the OralChroma measures.   

 

The computer interface also makes it possible to back up our data on the computer as 

well as within the unit’s internal memory.  The OralChroma can store up to ninety nine 

samples in its internal memory.  When a issue with the software was found in another 

study with the OralChroma we were able to compare the data in the internal memory to 

the data in the computer to see if there was an issue with our computer software.  We 

found that the data between the internal memory and the computer matched, indicating 

that the software in the computer was working properly. 



 18

 

As mentioned the OralChroma is more sensitive to the volatile sulfur compounds than 

human judges.  The cognitive threshold, or the level at which the human nose can detect 

an odor, is different for each of the three compounds we measured in out study.  The 

OralChroma was pre-set with a cognitive threshold for hydrogen sulfide at 112 ppb, for 

methyl mercaptan it was 26 ppb, and for dimethyl sulfide it was 8 ppb.  In addition to the 

increased sensitivity of the OralChroma the unit provides a more consistent measurement 

than human judges. 

 

Several studies have shown that the OralChroma gives similar results compared to a full 

scale gas chromatograph.  Murata et al (2006) and his group developed a portable gas 

chromatograph equipped with an indium oxide semiconductor gas sensor which would 

later be marketed as the OralChroma and compared it to a standard gas chromatograph.  

Oral air samples from seventy seven randomly selected volunteers were analyzed.  When 

the data was compared between the OralChroma and the standard gas chromatograph unit 

there was a positive correlation for all three volatile sulfur compounds measured.  For 

hydrogen sulfide, R=0.821 p<0.0001; for methyl mercaptan, R=0.870 p<0.0001; and for 

dimethyl sulfide, R=0.770 p<0.0001.  It is easy to see the similarities with the diagram of 

the standard full scale gas chromatograph. 
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Fig 5 A schematic diagram of Oral Chroma (Takatoshi 2006) 

 

Van Den Velde et al (2007)found less convincing results with the OralChroma.  In this 

study forty healthy volunteer’s breath samples as well as environmental air were analyzed 

by full scale gas chromatography-mass spectrometry and with the OralChroma.  Only the 

dimethyl sulfide showed a weak positive correlation, R=0.32 p=0.20.  Hydrogen sulfide 

and methyl mercaptan did not show a positive correlation between the two devices.  It 

was suggested by this study the low correlation was due to the fact that the OralChroma 

was not sensitive enough to detect low levels of the volatile sulfur compounds.  It was 

suggested that the OralChroma was most effective over a range from fifty ppb to one 
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thousand ppb.  This is contrary to what was reported by the company, which states that 

the range is one ppb to one thousand ppb.  

 

Tangerman and Winkel (2007, 2008) found some very useful characteristics of the 

OralChroma, but this investigator also found some major issues with the device.  

Evaluation was conducted on patients in a clinic who reported halitosis.  The OralChroma 

was very effective in determining intra-oral and extra-oral blood-borne halitosis.  Six out 

of the fifty eight subjects who entered the clinic were correctly diagnosed as having 

blood-borne extra-oral halitosis.  This diagnosis can be very important in determining 

serious disorders that can cause extra-oral halitosis.  The most significant issue 

Tangerman found with the OralChroma was the need for software updating.  This will be 

explained further in the discussion section. 
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Hypothesis/ Aim 

The Objective was to valuate the OralChroma device in a clinical trial. 

 

Significance 

There is little clinical data on the OralChroma, portable gas chromatograph device. 

 

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.  

 

Objectives 

In this current study we  evaluated the OralChroma for its effectiveness in assessing  

volatile sulfur compound measures in subjects, in assessing changes in malodor after 

treatment for halitosis  has been administered, and reliability and consistency of the 

measurements. 
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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 Oralfacial 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 adults working, or enrolled at the UCSF Parnassus campus were eligible for inclusion 

on the study.  All of the exclusion criteria are listed below: (1) inability to return for all 

measurements, (2) inability to follow all of the directions for the study due to medical, 

financial, or social reasons, (3) afflicted with a systemic disease involving volatile sulfur 

compounds, (4) currently taking antibiotics, (5) using a medicine in syrup or elixir form, 

(6) affected by advanced periodontal disease, or severe dental caries, or by erosive oral 

lesions, (8) smokers. 

 

The subjects were recruited from the UCSF Parnassus campus by several methods.  Each 

week one to two students from the third year of dental school rotate through the Post 
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Graduate Periodontal Clinic to observe and assist the post-graduate periodontology 

residents.  These students were 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, and a chance to learn more about halitosis.  Notices were placed throughout 

the UCSF Parnassus campus requesting volunteer participation in our study.  An 

advertisement was 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 may be seen in Appendix A. Subjects with an 

organoleptic score of 2 or more, or a H2S measure of 75 ppb, were invited to participate 

in the clinical trial. 

 

Organoleptic Assessments 

Organoleptic assessments were determined via a sniff test of the subject’s normal exhaled 

breath by both investigators.  This observation was made approximately six inches from 

the subject’s mouth.  The organoleptic measurements were conducted at the screening, 

initial evaluation date, 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 
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Rosenberg Scale are seen in Appendix B.  When judges disagreed, an average score was 

taken and used for data analysis. 

 

This data from the screening was used to assess consistency between the OralChroma 

measures and the organoleptic assessments.  This score was also used along with the 

results from the portable gas chromatograph to assess if the patient qualified for the trial.  

In addition, organoleptic assessments provided a subjective judgment for offensive odor 

(relative judgment of true halitosis)    

 

The calibration of the two judges was completed using a vial containing a substance that 

is overtly offensive and had a Rosenberg Scale value of 5.  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.  Each of the investigators sniffed the substance and 

decided that the level of the malodor was a 5.  The lower values of the Rosenberg scale 

were extrapolated from this calibration and from the description provided by the scale 

itself. 

 

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 sample of each subject’s oral air was 

collected with an air tight syringe and the sample was reduced down to 0.5 cc by 
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expelling the sample out of the tip and injected into the OralChroma.  After 8 minutes, 

the volatile sulfur compound 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.  See appendix J. 

 

Oral assessment 

The second part of the study started with a short questionnaire.  The questionnaire 

detailed non-oral bacterial causes of halitosis; including extra oral infections, systemic 

diseases, smoking, and medication use. 

 

Clinical Examination 

A brief dental and oral exam was completed to assess the oral health and periodontal 

condition for each subject.  Plaque Index (PlI) scores, Gingivitis Index (GI) scores, 

Probing Depth, and recessions were recorded for the six Ramfjord teeth (#3, 9, 12, 19, 

25, and 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 D, the 

Gingivitis Index criteria are in Appendix E, the probing techniques are in Appendix F.   



 26

 

An instruction sheet was provided to the patient prior to the date of the screening visit.  If 

the patient were not able to pick up the instructions prior to the screening, the instructions 

were read to them over the phone.  The instruction sheet presents the best time to do the 

study, the diet restrictions, hygiene instructions, grooming instructions, test procedures, 

and contact information for the two investigators.  The instructions stated that the best 

time to conduct the breath test was in the morning.  Diet restrictions included avoiding 

eating foods that linger, such as garlic, onions, fermented fish sauces, and spices.  These 

foods may contain allyl sulfides that get in the bloodstream after digestion and the odor 

escapes upon exhalation for several hours to a day.  Subjects were instructed to avoid 

smoking, alcohol, sweet snacks, and chewing gum before the test.  A light breakfast of 

dry toast and tea or coffee without anything added was permitted two hours prior to the 

test.  After the light breakfast the subjects were instructed to brush their teeth with only 

water, and to floss or trace the gum line with a toothpick.  Grooming instructions 

included avoiding scented soap, after-shave, cosmetics, creams, and perfumes.   

 

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 is in Appendix G.  

 

A swab sample was collected for culture to determine the percent of volatile sulfur 

compounds producing bacterial colonies present on the dorsum of the tongue.  These 
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swab samples was taken before the treatment phase and at the one week follow up.  A 

sterile Microbrush (Microbrush Corp), with a paper template (1cm by 1cm) opening 

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. 

 

Treatment intervention 

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, the subjects used one of the two 

rinses: 0.12% chlorhexidine gluconate (Peridex) or 0.1% chlorine dioxide (CLoSYS) 

which were distributed by a third party utilizing a table of random numbers.  Subjects 

with an odd number assigned to them received Chlorhexidine Gluconate and subjects 

who were assigned even numbers received Chlorine Dioxide.  Subjects were instructed to 

rinse for 30 seconds with 20 ml two times a day with the assigned mouth rinse.  For the 

next week, seven days total, subjects were instructed to use the rinse and the tongue 

scraper twice a day.   

 

At the one week follow up adverse events reported by the subjects were recorded. Soft 

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



 28

sample, organoleptic assessment, and 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 

were spread-plated on Brucella Lead Acetate Agar.  Then the plates were incubated 

anerobically for three to five days.  Total viable counts of colonies and the number of 

volatile sulfur compounds producing bacterial colonies were counted at the end of 

incubation at 12X magnification. The black colonies were determined to be the volatile 

sulfur compounds producing bacterial colonies.  The present was calculated from the 

counts taken from the plates. 

 

Outcomes 

To assess the performance of the OralChroma, portable gas chromatograph device in a 

randomized clinical trial by comparing the measurements from the device with 

organoleptic scores at baseline, 1 hour, 2 hours, 4 hours and one week 

 

Sample size 

Analysis of the literature indicated that the incidence of halitosis is about one in four 

(25%) in the general public.   We reasoned that the incidence in our population would 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 
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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. 

 

Randomization: generation 

For the screening 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 

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

assigned a new number obtained from a different 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 
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in the study.  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.  The odd/even distribution was determined by a third party.  This 

created a chlorine dioxide (CD) group and a chlorhexidine (CHX) group. 

 

Blinding of masking 

All study personnel and participants were blinded to treatment assignment for each one 

week trial. 

 

Statistical methods 

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

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

compound 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.   
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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 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 volatile sulfur compound levels exceeding pre-set OralChroma thresholds (H2S 

>75ppb).  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 

bad breath.  They were, therefore, a self-selected population.  There were some potential 

subjects who 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.   
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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.  A new number was assigned and used 

for different mouth rinse allocation. 
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Table 1. 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 Two judges_________________________________________________________ 

0 or 0.5  10 7.2±9.8      0   0.4±1.3 

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.  This was much higher than what we 

expected from review of the literature.  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 

reason for declining entry.  This included inability to get time off of work and time off 

from clinical training for the students. 

 

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

third party (clinical assistant) to be odd random numbers for the tongue scraping and 
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chlorhexidine group (CHX), and even random numbers for the tongue scraper and 

chlorine dioxide 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.   

 

All data obtained from the three drop-outs was included in the primary analyses for so-

called "intention to treat."   The remaining nineteen qualified subjects completed the 

entire trial.  This group consisted of seven males and twelve females.  Thirteen of these 

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

of seven Caucasians, seven Asians, one African American, three Middle Easterners, and 

one Hispanic.  Eight of these individuals were dispensed chlorhexidine and eleven of 

them received chlorine dioxide.   

 

Among the three drop outs one subject completed all of the analysis except for the one 

week follow up.  The other two subjects did not return after the initial exam and 

treatment phase, so only the baseline data are available on these two subjects.  None of 

the subjects indicated any objections to returning for the rest of the exam.  We suspect 

difficulty in returning several times in the first day and on the one week follow up on 
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busy schedules and inability to leave work for the analysis.  Similar reasons were cited by 

people who qualified for the study but did not enroll in the treatment phase of the study.   

 

Upon qualification, each subject completed a questionnaire about systemic and oral 

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. (See appendix J) 

 

Baseline clinical characteristics of groups 

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

(GI) and Plaque Index (PI) measures for the six Ramfjord teeth.  In addition, any soft 

tissue lesions and open dental caries were noted.  A tongue coating score (TCI) was 

assessed for each participant.  This score comprised both the topographic area and 

thickness of the tongue coating (see materials and methods for details). Within a 1cm2 

area in the coating a small brush scrubbed a sample for culture and determination of the 

percentage of total viable colonies that were volatile sulfur compounds producing 

bacteria, growing anaerobically on a lead acetate agar.  Please see table 2 
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Table 2: 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) 

0.19 

% VSCs producing 

Bacterial colonies 

55.8% 22.9 46.6% 20.4 

TCI 2.31 1.25 2.78 1.30 

Open Dental 

Caries 

0 0 0 0 

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

 

Both groups had a good level of oral health. Dental plaque was mild to moderate. Their 

teeth were all restored. An overall periodontal diagnosis would be generalized chronic 

mild gingivitis, with localized recession. There were no subjects who would rate a 

diagnosis of "oral pathological halitosis." 

 

To assess the effectiveness of the OralChroma device organoleptic assessments and 

the measurements from the OralChroma were analyzed and compared. 

 

Organoleptic Assessments outcomes: 
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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% +/- on 

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±0.04, 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%.   

 

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=0.01):  4hr. (P= .01);  and 1 week (P= .05).  

The 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%. 

 

At the baseline there were no differences between CD and CHX groups' OLT scores.  At 

each time point there were also no differences in scores between the groups.  
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Please see Table 3.  

 

Volatile sulfur compound measures outcomes:   

CD Group 

The volatile sulfur compound (H2S, MM, DMS) measures are parametric data and were 

analyzed by Students t test. Measures after treatment were reduced below the cognitive 

threshold (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.  The dimethyl sulfide levels were higher than 

expected. 

 

CHX Group 

The volatile sulfur compound (H2S, MM, DMS) measures after treatment were generally 

reduced below the cognitive threshold 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 

cognitive threshold (34.3); but was significantly less than baseline vs. 4 hr. MM 

(P=0.024 ppb, P=0.011 ng) and baseline vs. 1 week MM (P=0.009 ppb, P=0.004 ng). 
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Table 3. 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)** 

.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/10/ml) 

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=0.024 

**significant relative to baseline p=0.009 
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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 was decreased 

to 1.6x107 ±2.5x107 CFU. The variance was large and the difference was not statistically 

significant.  In the CHX Group the baseline TVC was 2.6x108 ±5.3x108 CFU and the 1 

week TVC was 2.8x107 ±6.5x107 CFU, a non-significant decrease. 

The growth on agar containing lead acetate demonstrated those bacteria in the flora 

which were producing volatile sulfur compounds by precipitating lead sulfides.  The 

results are seen in Table 4; both intervention groups had decreases in percent black, but 

they were not significantly less than baseline; and the groups did not differ in percent 

volatile sulfur compounds producing bacterial colonies at either time points.  Black 

pigmented colonies were determined to be the primary bacteria producing volatile sulfur 

compounds. 

 

Table 4: Tongue flora Percent volatile sulfur compounds producing bacteria. 

  CD CHX 

Baseline (% VSC 

producing) 

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

1 week (% VSC 

producing) 

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

 

 

 



 41

Adverse effects: 

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.  There were no 

reported ill effects from the CD group.  
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DISCUSSION 

It was thought that the OralChroma could be a great tool in evaluating halitosis.  It adds a 

objective quantitative analysis to the detection and treatment of halitosis.   

 

Some of the findings of the study include. 

• There were no significant differences in oral and dental characteristics between 

the two treatment groups. 

• At the baseline there were no significant differences in organoleptic scores 

between CD and CHX groups 

• At each time point there were also no significant differences in organoleptic 

scores between the groups.   

• The effect of the tongue scraper and either of the rinses were statistically 

significant improvements in organoleptic scores for all time points relative to 

baseline.  

• In the OralChroma measurements the standard deviation was as large, or larger 

than the mean value, however a trend was seen in reduction of volatile sulfur 

compounds following treatment with both rinses. 

• The dimethyl sulfide levels were higher than expected from the existing literature.  

• The volatile sulfur compounds (H2S, MM, DMS) measures were generally 

reduced below the cognitive threshold after treatment compared to baseline 

values, but the reductions were not significant for all time points. The exception 

was mercaptan data which at 1hr was not below cognitive threshold (34.3); but 
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was significantly less than baseline vs. 4 hr. MM (P=0.024 ppb, P=0.011 ng) and 

baseline vs. 1 week MM for the CHX group (P=0.009 ppb, P=0.004 ng).  

• Both intervention groups had decreases in percent volatile sulfur compounds 

producing bacterial colonies, but they were not significantly less than baseline; 

and the groups did not differ in % black. 

 

Some of the variables that could not be controlled included subject compliance.  First of 

all it was a challenge to recruit subjects for the study.  While the dental school has over 

four hundred dental students at any given time only a fraction of them came in for the 

screening.  Most of the dental students who got screened were third year dental students 

because every week one or two third year dental students were in rotation at the Post 

Graduate Periodontal Clinic.  Once the subjects qualified we still had problems enrolling 

the subjects into the treatment phase of the study due to time constraints of the subjects.  

We also had three subjects not return to finish the clinical trial due to unknown reasons.  

The demographic representation could have been affected by the issues mentioned, 

however the effect on our analysis of the OralChroma and the two different mouthrinses 

should not have been affected to a great extent. 

 

Subjects were given specific instructions prior to the day of the screenings.  There was no 

way for us to verify that the subject followed our pre-measurement instructions.  If the 

subjects did not follow the pre-measurement protocol measurements of the OralChroma 

and the organoleptic evaluation could have been affected. 
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Other variables that were encountered included several issues with the OralChroma unit 

itself.  Some leakage may have been encountered through the needle that delivered the 

breath sample, and the inner controls for the unit needs updating to correctly measure the 

volatile sulfur compounds on the chromatograph. 

 

This study was unique in that it has a side by side comparison of CHX versus CD.  As of 

this date no clinical trial has been published that had this study design.  The population 

we looked at was also unique. 

 

For the initial few recordings with the OralChroma the needle that was used to inject the 

breath sample was left in the unit during the measurement time of eight minutes.  This 

was stopped after review of the manual.  In subsequent measurements the needle was 

removed after delivery of the 0.5cc breath sample which took on average 2 seconds.  This 

may have presented a problem due to leakage of air through the needle, however review 

of the recordings showed no clear differences between the samples run with the needle in 

the OralChroma and the samples run with the needle properly removed. 

 

Tangerman and Winkel (2008) reported issues with the OralChroma.  First, there was a 

“software issue” that leads to inaccurate readings at times.  Their paper was not clear 

whether it was the data management software in the computer that saves data and prints 

charts, or the controls in the machine itself.  The data in the computer were compared to 

the data presented on the LCD display of the OralChroma device to see if there were any 

discrepancies.  There was no difference in any of the one hundred stored measurements 
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in the OralChroma with the data stored in the computer.  There were more than one 

hundred data points stored in the computer but only one hundred data points can be 

stored in the OralChroma unit.  This lead us to conclude that if there does exist a problem 

with the software, it is the device’s internal controls, not the software on the computer.   

 

Tangerman analyzed the chromatograms and reported that the placement of the volatile 

sulfur compounds is incorrect thus affecting the concentration measured by the 

OralChroma.  They suggested that a revision of the “software” is needed to correctly 

assign the volatile sulfur compounds.  We analyzed the baseline chromatograph of twenty 

two subjects enrolled in the second part of our study.  An electronic gauge sensitive to a 

fraction of a millimeter was used to determine at what time period along the 

chromatograph the peaks for the VSC should have been measured.  We found that ninety 

five percent of the time the peaks were measured at the wrong time period. 
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Figure 6: Retention time assignment for OralChroma chromatograph 

The vertical dotted line represent the assignment by OralChroma of hydrogen sulfide, 

methyl mercaptan, and dimethyl sulfide.  Left panel: correct assignment.  Right panel: 

incorrect assignment. 

 

We often found large, unexpected peaks in our DMS data.  This was reported by 

Tangerman and Winkel (2008) as related to the “rubber barrel seal of the 1ml plastic 

syringe used.”  The syringes we used were 1ml, latex-free slip tip tuberculin issued by 

Becton Dickinson (#309602).  Becton Dickinson responded to our inquiry that the black 

plunger tip was an elastomer of synthetic polyisoprene.  An elastomer is a mixture of 

long polymer chains which can reconfigure themselves to distribute an applied stress, like 

natural rubber.  Natural rubber actually has many forms of polymers of isoprene, or 

isoterpene, as high molecular weight chains.  Natural rubber also has many proteins, fatty 

acids, resins and inorganic molecules.  Synthetic polyisoprene would not have those other 

proteins, etc., and should not cause the same allergies like latex. 

 

Figure 7 Schematic figure of isoprene 
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Figure 8 Isoprene subunit of the isoprene polymer 

 

Synthetic polyisoprene is a long chain molecule manufactured from isoprene monomers.  

Isoprene is a volatile organic compound that was first isolated by thermal decomposition 

of natural rubber.  It is available industrially as a byproduct of “cracking” oil, or as a side 

product in the production of ethylene.  Isoprene is formed naturally in many plants as an 

isopentyl pyrophosphate (IPP), and is made through the dimethy allyl pyrophosphate 

(DMAPP) pathway. 

 

Figure 9 Schematic figure of Dimethylallylpyrophosphate 

 

We have found peaks in the chromatographs of the OralChroma data at the 104 second 

retention time point which could be attributable to isoprene.  We suspect that isosprene 

and dimethylallyl-type molecules are released from the syringe plungers because of 

incomplete polymerization during the manufacturing, and these are detected and released 
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by the OralChroma sensor materials at a retention time that is near the 241 second point 

for DMS.   

 

Figure 10 Chromatograph from the OralChroma showing the peak expected for DMS 

(on left) and the exaggerated peak (on right) for the syringe barrel seal material. 

 

This interference should be controlled in future studies by using syringes without 

synthetic polyisoprene; perhaps polypropylene and polyethylene.  While polypropylene 

would have a retention time of 36 seconds, hopefully its peak would not interfere with 

that of H2S at 56 seconds. 
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Figure 11: Chromatograph with corrected peak assignment 

 

Due to length of the study and inability to compensate the subjects monetarily we did not 

obtain the sample size (N) we had hoped to get.  Our N value was about half what we had 

set out to get.  This lead to many trends, but non-significant reduced values, for many of 

the volatile sulfur compounds that were investigated.   

 

Further work is needed in this field.  A continuation of the study would be beneficial to 

see if the trends observed in this study would result in significant findings in the future.   
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A critical evaluation of the OralChroma is needed in order to justify the wide spread use 

of the device for detection and treatment of halitosis.  This study has pointed out some of 

the issues to watch out for when investigating with this device, and the unit is in need of 

some technological updating. 
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SUMMARY AND CONCLUSIONS 

The OralChroma is a convenient and affordable system that has many advantages over 

previously available breath analysis systems, however, the OralChroma needs some 

technological updating to fix some of the problems with the volatile sulfur compound 

detection and quantification.  The major issue with the OralChroma is the need to update 

the controls of the unit. 

 

The comparison of the mouth rinses, CHX and CD, showed improvements in both VSC 

scores from the OralChroma and organoleptic values over all points compared to the 

baseline.  Although trends of VSC improvements were observed after the treatment 

phase, we did not see significant values.  We suspect that this was due to our small 

sample size and some very large outlier values. 

 

The organoleptic scores were significantly reduced in both groups and the groups seemed 

to be equivalent. 
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Attachment 1: Demographic characteristics of screened subjects 

 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 

 Student Staff Faculty Total 

Male  17 6 2 25 

Female 12 10 0 22 

Total 29 16 2 47 
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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 

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 
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069 1 0 14 0 0 No 

130 1 1 52 7 0 No 

137 3 3 16 98 4 Yes 

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 

 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 

 Student Staff Faculty Total 

Male  4 1 2 7 

Female 9 6 0 15 

Total 13 7 2 22 
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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,  
 
•  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. 
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 •  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 
    •  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. 
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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   

 
   
 
  
 
 
 
 
 
 
 
 
 
 
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.  

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 



 65

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 
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 
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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. 
 
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 
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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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   ........................................................................ 
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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.  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 E. 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 F. 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 G.  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 bio film 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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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 

The preparation steps for the Brucella Lead Acetate Agar (BLA) are listed below. 

1. 500 ml of distilled water in 1 liter Ehrlynmeyer flask 

2. Add 21.5 g of Brucella agar base with stirring and heat 

3. Add 0.1 g of lead acetate 

4. Add 0.04 g of sodium thiosulfate 

5. Heat to boil and then autoclave 

6. Cool to 55 degrees Celcius  in water bath with stirring 

7. Add 2.5 ml of 50mg/% hemin 

8. Add 0.5 ml of 500 mg/% menadione 

9. Pour out on to plates and let cool overnight 

10. Refrigerate for storage 
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Appendix J 
 
Sample of Patient Questionnaire 
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