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ABSTRACT 

 

Title of Thesis: Evaluation of Oral Malodor in Young Children 

Haifa AlAmro, BDS 

Thesis Directed by: Glenn Minah, D.D.S., MS, PhD 

 

There is an increased parental concern and awareness regarding complaints of oral 

malodor in young children. The aim of this investigation is to evaluate oral malodor in 

young children. The study included a questionnaire followed by clinical examination and 

laboratory tests. The objective tests included a breath checker, BANA test, organoleptic 

test and the lead acetate strip test. The perception of oral malodor by the caregivers was 

significantly associated with the lead acetate strip test. The amount of tongue coating 

showed significant correlation with the breath test and the BANA test. Among the tests, 

significant associations were found between the organoleptic test with the breath test and 

the BANA test. The breath test and the BANA test are easy chair-side tests that can aid in 

the diagnosis of oral malodor in young children.   
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INTRODUCTION 

Oral malodor, or halitosis, is considered one of the complaints of dental patients. 

Some are only subjective but others are very well supported by objective clinical methods. 

Since 90% of true halitosis causes originate in the mouth (van den Broek, Feenstra, & de 

Baat, 2008), the dental practitioner would be the first to be consulted about such 

conditions.  In the pediatric population, there is an increased parental concern and 

awareness regarding oral malodor. When it comes to very young children, limited 

cooperativity is expected and the pediatric dentist should bear in mind the limitation of 

some clinical tests, which are performed with adult patients.  

The aim of this investigation is to evaluate oral malodor in young children using a 

questionnaire, clinical examination and laboratory tests and provide diagnostic 

recommendations based on the validity of these tests.  
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LITERATURE REVIEW 

Search strategy was based on articles that were related to oral malodor in general 

and then focused on oral malodor in children. Pubmed was the main data base used and a 

few review papers were found on UpToDate. The search included the terms oral malodor, 

bad breath or halitosis and children/ young children. During the search, articles related to 

diagnosis of oral malodor were also reviewed, which included studies of children and 

adults.  

Halitosis, fetor oris, oral malodor, or bad breath are the general terms used to 

describe unpleasant breath emitted from a person’s mouth regardless of whether the 

odorous substances in the breath originate from oral or non-oral sources (Cortelli, 

Barbosa, & Westphal, 2008). 

It is an oral health condition characterized by consistently emanating odorous 

breath and may be caused by several agents including certain foods, poor oral health care, 

decreased salivary flow rate, or a medical condition. In 90% of cases, the causes of 

halitosis are located in the mouth and can be attributed to deep carious lesions, 

periodontal disease, oral infections, pericoronitis, mucosal ulcerations, impacted food or 

debris, factors causing decreased salivary flow rate and mainly tongue coating (van den 

Broek et al., 2008). 

There is a considerable research literature in the etiology of oral malodor, its 

causes and management. However, there is a relative paucity of definitive clinical data 

describing the epidemiology of the condition, its social consequences and lack of 

systematic guidelines for patient management. Studies in these areas are complicated by a 

number of factors, which may complicate study design and the collections of reliable 
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clinical data. First, clinically significant oral malodor is ultimately a subjective response 

to the presence of unpleasant or volatile substances in the breath. This may complicate 

diagnostic criteria and outcome measures in intervention studies. Secondly, oral malodor 

is difficult for an individual to assess themselves and indeed a significant number of cases 

of self-reported oral malodor cannot be verified by objective measures (Delanghe et al., 

1999). 

It is difficult to assess the prevalence of oral malodor because the studies that 

exist have used different methodologies and outcome measures such as self-reported oral 

malodor, or objective measurement using various techniques. In a Swedish study of 840 

men, oral malodor as assessed by clinical assessment was only present in around 2% of 

the population (Soder, Johansson, & Soder, 2000). In contrast, a large Japanese study of 

more than 2600 subjects assessed by volatile sulfur compounds (VSC) monitors found 

the prevalence of malodor to be above 20% (Miyazaki, Sakao, Katoh, & Takehara, 1995). 

Similarly, a study of 2500 subjects in China reported an overall prevalence of malodor of 

27.5%, which was particularly associated with the presence of tongue coating (Liu et al., 

2006). 

Causes of Oral Malodor 

A wide range of conditions have been reported for halitosis causes. Studies of 

affected subjects at dedicated malodor clinics have shown that nearly 90% of all cases of 

malodor are the result of oral, nose or throat causes (Delanghe, Ghyselen, Feenstra, & 

van Steenberghe, 1997; van den Broek, 2008). Extra-oral or systemic causes can often be 

suspected by the detection of odor in nasal air in addition to its detection from orally 

exhaled breath. These systemic causes can be associated with nose and throat conditions 
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including chronic sinusitis, postnasal drip and nasal foreign bodies, respiratory tract 

infections and bronchial carcinoma, gastrointestinal conditions including gastric reflux 

and pyloric stenosis. Diabetic ketoacidosis, renal failure and hepatic failure also produce 

characteristic malodors (Hughes & McNab, 2008). 

Halitosis is also common upon waking in many people, but it is usually short 

lived and typically resolves shortly after eating breakfast and performing morning oral 

hygiene procedures. In addition, approximately 5% of self-referred cases may consist of 

subjects who complain of persistent malodor but in whom no objective signs of malodor 

can be determined by examination and investigation. These subjects with so called 

“halitophobia” may require psychological or psychiatric support (Yaegaki & Coil, 2000). 

Intra-orally, a number of acute conditions can cause malodor including 

pericoronal infections, oral ulceration, acute herpetic gingivostomatitis and acute 

necrotizing ulcerative gingivitis. The presence of xerostomia may also contribute to, or 

cause, oral malodor (Koshimune et al., 2003). However, most cases of oral malodor are 

not associated with acute oral or systemic infections but may arise from bacterial 

putrefaction in tongue coating or associated with chronic periodontal disease (Needleman, 

McGrath, Floyd, & Biddle, 2004). 

Saliva plays a central role in the formation of oral malodor. Such formation has its 

basis bacterial putrefaction, the degradation of proteins and the resulting metabolic 

products by microorganisms. Saliva provides substrates that are readily oxidized and in 

the process facilitates oxygen depletion. This favors the reduced conditions conductive to 

production of odoriferous volatiles. At the same time, saliva is a major source of oxygen, 

which generally inhibits growth of many oral bacterial species. The pH is also critical to 
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malodor development; acidity inhibits, whereas neutrality and alkalinity favor malodor 

production (Kleinberg & Westbay, 1992). 

Individuals who go without eating for long periods of time usually experience 

foul odor caused by a hunger state. This is believed to arise from the pulmonary excretion 

of metabolic breakdown products of fats and proteins. The objectionable odor usually 

disappears after eating and cleaning the mouth since mastication will increase the salivary 

flow, which in turn is one of the self-cleansing mechanisms of the oral cavity. 

Dehydration also leads to a decrease in salivary flow, thus favoring the oral putrefaction 

of food or epithelial debris and producing oral malodor (Bogdasarian, 1986). 

Other local causes of halitosis include smokers’ breath, dental caries, ulcers and 

extraction wounds. Dental caries usually do not cause oral malodor unless there is a 

necrotic pulp present. Extraction wounds may encourage plaque collection and lead to 

malodor (Nally, 1990). Cryptic tonsillitis is a common problem causing recurrent 

infection, sore throat and halitosis (Krespi & Ling, 1994).  

Halitosis along with xerostomia and disturbances of sense and taste can be the 

harmful effects of some drugs or chemicals. Drug therapy may cause halitosis by being 

excreted in the lungs and altering the flora of the mouth. Drug specific halitosis is 

associated with amyl nitrate, chloral hydrate and iodine based medications. Anticancer 

drugs may cause mouth ulcers, candidiasis, periodontal breakdown and dry mouth 

leading to halitosis. Other drugs such as lithium salts, penicillamine, griseofulvin and 

thiocarbamide may alter the senses of taste and smell causing subjective halitosis (Sapone, 

Basaglia, & Biagi, 1992) . 
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Ineffective plaque control due to poor oral hygiene will also result in a more 

persistent and obvious halitosis. People who suffer from ANUG, acute necrotizing 

ulcerative gingivitis, have foul smelling mouths and poor oral hygiene, which in turn will 

worsen the condition (Kaimenyi, 1985).  

The role of periodontitis in the etiology of oral malodor is supported by a number 

of studies which have demonstrated that saliva from patients with periodontitis may 

produce increased amounts of volatile sulfur compounds (Awano, Gohara, Kurihara, 

Ansai, & Takehara, 2002); increased production of VSC has also been detected within 

periodontal pockets (Coli & Tonzetich, 1992). However, these observations are only 

indirect measures of the role of periodontitis in oral malodor. Studies also suggest that 

patients with periodontitis have markedly increased tongue coating. Thus it may be that 

the reported association between oral malodor and periodontitis is primarily due to the 

effects of periodontal disease on tongue coating (Yaegaki & Sanada, 1992). 

On the other hand, most investigators have supported the concept that many, if 

not all, parameters of oral malodor increase as periodontal destruction develops 

(Klokkevold, 1997; Yaegaki & Sanada, 1992). The nutrient environment of periodontal 

pockets is deficient in low molecular weight carbohydrates, but rich in proteins, peptides 

and amino acids from gingival crevice fluid, and contains disintegrated epithelial cells 

from crevicular tissue and leukocytes in inflammatory exudates (Cobb & Killoy, 1990). 

Within the periodontal pocket, the microbiota is predominately anaerobic, Gram negative 

and motile with high concentrations of the genera, Fusobacterium, Prevotella, 

Porphyromonas, Eubacterium, Treponema, Peptostreptococcus and Campylobacter 

(Dzink, Tanner, Haffajee, & Socransky, 1985; Slots, 1977). Most species of these genera 
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produced hydrogen sulfide (H2S) and methyl mercaptan (CH3SH) in vitro when exposed 

to appropriate substrates (Persson, Edlund, Claesson, & Carlsson, 1990).  

The role of tongue coating in the etiology of oral malodor has been extensively 

documented (Danser, Gomez, & Van der Weijden, 2003). The presence of certain 

microorganisms and suitable substrates on the dorsum of the tongue may explain the 

many cases of oral malodor not directly associated with severe periodontitis. In support 

of this, a number of reports emphasize the management of oral malodor through control 

of the tongue flora by tongue brushing or scraping (Quirynen, 2003; Yaegaki, Coil, 

Kamemizu, & Miyazaki, 2002). 

Volatile Sulfur Compounds and Oral Malodor 

Oral malodor arises from the production of volatile malodorous compounds by 

the action of bacteria in breaking down components of epithelial cells, salivary and serum 

proteins and food debris. A wide range of molecular species are able to contribute to the 

overall production of malodor. Notably much attention has been given to volatile sulfur 

compounds, including methyl mercaptan, hydrogen sulfide and dimethyl sulfide. 

However, a number of other compounds may also contribute to malodor (Greenman et al., 

2004) 

The production of these compounds is mediated by the putrefaction of debris and 

protein substrates by a wide range of oral anaerobic organisms, particularly those which 

exhibit proteolytic activity. These organisms include Porphyromonas gingivalis, 

Prevotella intermedia, Treponema denticola, Fusobacterium nucleatum, Tannerella 

forsythensis, Porphyromonas endodontalis and Eubacterium species (McNamara, 

Alexander, & Lee, 1972; Persson et al., 1990). In the case of VSC generation, bacteria act 
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on the sulfur-containing amino acids cysteine and methionine which are available 

following proteolysis. These organisms are typically strongly associated with sub- 

gingival plaque in chronic periodontitis, and indeed high concentrations of VSC are 

present in periodontal pockets and in gingival crevicular fluid of those with gingivitis or 

periodontitis. However, these organisms can also be recoverable in large numbers from 

the dorsum of the tongue, particularly where tongue coating is prominent (Hughes & 

McNab, 2008). The dorsum of the tongue provides a suitable environment for the growth 

of these anaerobic organisms, as favorable redox potentials are found in the deep crypts 

of the tongue associated with the structure of the tongue papillae. Tongue coatings 

include desquamated epithelial cells, food debris, bacteria and salivary proteins and 

provide an ideal environment for the generation of VSC and other compounds that 

contribute to malodor. Studies suggest that malodor may be associated with total bacterial 

load of Gram negative anaerobes both in saliva and in tongue coatings (De Boever & 

Loesche, 1995; Tonzetich, 1978). The extent of tongue coating can vary considerably 

between individuals, may be increased in patients with established periodontitis and in 

response to systemic upset. However, it is still not clear as to which factors may promote 

increased tongue coating resulting in oral malodor in subjects with good periodontal 

health.  

Diagnosis of Oral Malodor 

A clinical diagnosis of oral malodor ultimately is a subjective judgment, although 

there is good evidence that there is fairly widespread agreement as to what might 

constitute a minimum level of malodor. A number of different methods have described 

both for clinical assessment and for objective assessment of malodor for research 



 9

purposes. As noted earlier, self-assessment of oral malodor is very unreliable. In an 

epidemiological study of malodor in Brazil, the questioning of informants regarding the 

prevalence of malodor within their family households appeared to be a useful method for 

epidemiological surveys (Nadanovsky, Carvalho, & Ponce de Leon, 2007). Oral malodor 

is typically assessed by direct smelling of the exhaled air from a subject. At its simplest, 

clinicians may use their own judgment to decide on the presence or absence of malodor 

in a patient. In clinical investigations, the use of trained breath assessors (organoleptic 

assessment) has been widely used. Trained, calibrated breath assessors may assess 

exhaled air from subjects, scoring their assessments on a 6 point scale from 0 to 5 

according to the assessed severity of the condition (Rosenberg, Kulkarni, Bosy, & 

McCulloch, 1991). Although this method clearly has a degree of subjectivity, the 

necessary training aims to make the assessment as objective and reproducible as possible 

both within and between examiners, although the reliability and reproducibility of the 

method has been questioned.  

Another way of assessing oral malodor is through the use of a portable sulfide 

monitor, the Halimeter®, which has been widely used clinically and in research 

investigations. Levels of VSC are reported to correlate well with organoleptic 

assessments (Rosenberg et al., 1991), although it should be borne in mind that other 

compounds in addition to VSC may contribute to oral malodor and these compounds 

would not be detected with a VSC meter.  

More sophisticated analysis of exhaled breath can also be made using gas 

chromatography (Murata et al., 2006; van den Broek, Feenstra, & de Baat, 2007). This 

method has the potential to quantify a wider range of substances than a VSC meter, and 
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again is reported to correlate well with organoleptic assessment of malodor. In addition, it 

may be possible to differentiate between possible causes of malodor in individuals based 

on the profile of substances identified in the samples analyzed. It separates and analyzes 

compounds that can be vaporized without decomposition; samples are collected from 

saliva, tongue coating or expired breath. In this method, measurements are performed and 

equipped with a flame photometric detector or by producing mass spectra. The 

concentration of each VSC was determined based on a standard of hydrogen sulfide and 

methyl mercaptan gas prepared with a permeater (van den Velde, Quirynen, van Hee, & 

van Steenberghe, 2007). 

In the gas chromatography method, the patient closes the mouth and holds air for 

30 seconds and then mouth air is aspirated using a gas-tight syringe. After collections of 

samples, it is injected into the gas chromatograph column at 70°C. The results are precise 

and reliable, but this method takes a long time to run. Moreover, it is expensive and not 

used commonly in chairside, and requires a skilled operator (van den Velde et al., 2007). 

Mostly, the results of the gas chromatography method show high correlation to 

organoleptic measurements but gas chromatography has high sensitivity and it can detect 

low concentration molecules. Therefore, sometimes low correlations between gas 

chromatography and organoleptic measurements exist (Persson, Claesson, & Carlsson, 

1989). 

Gas chromatography has high accuracy and sensitivity, but its application using 

chair-side methods is difficult and expensive. In order to avoid these disadvantages, the 

portable sulfide monitor has been used. In this method before taking measurement, 

patients should close the mouth and refrain from taking food for 5 min prior to 
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measurement, then a disposable tube of the sulfide monitor is inserted into the patient's 

mouth to collect mouth air. Meanwhile, the patient is breathing through the nose and the 

disposable tube is connected to the monitor. Sulfur-containing compounds in the breath 

can generate an electro-chemical reaction. This reaction related directly with levels of 

volatile sulfur-containing compounds but cannot distinguish between them (Loesche & 

Gibbons, 1965; Scully & Greenman, 2008). The sensitivity and specificity of the sulfide 

monitor is less than the gas chromatography but correlations of measurements are highly 

significant (Rosenberg et al., 1991).  

In addition to these methods of assessment, microbial testing of tongue coatings 

or salivary microbial load has been proposed as possible research methods for assessment 

of oral malodor. The use of incubated patient’s saliva sample as an indirect breath test has 

also been advocated. In this method, unstimulated saliva is tested for its production of 

VSC following incubation in an anaerobic chamber for controlled time periods, and is 

reported to correlate well with direct intra-oral assessments of VSC (Loesche & Gibbons, 

1965). 

A more sophisticated assessment of oral malodor is the BANA test, which is an 

alternative strategy to detect VSC in plaque or in the tongue coating taken from 

individuals with oral malodor. Many cultivable anaerobic bacteria associated with the sub 

gingival plaque produce both volatile sulfur compounds (Persson et al., 1989) and foul-

smelling fatty acids (Loesche & Gibbons, 1965). Three species that are associated with 

periodontal disease (Treponema denticola, Porphyromonas gingivalis and Bacteroides 

forsythus) produce both volatile sulfur compounds and volatile fatty acids so that their 

detection in plaque and/or tongue samples might provide additional information 
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concerning factors contributing to the individual’s malodor (Persson et al., 1990). These 

organisms can be detected in plaque samples by the presence of an enzyme that degrades 

benzoyl-DL-arginine-a-naphthylamide (BANA), a synthetic trypsin substrate forming a 

colored compound (Loesche et al., 1990). 

The BANA test is practical for chair-side usage. It is a test strip which is 

composed of benzoyl-DL-arginine-a-naphthylamide and detects short-chain fatty acids 

and proteolytic obligate gram-negative anaerobes, which hydrolyze the synthetic trypsin 

substrate and cause halitosis (De Boever, De Uzeda, & Loesche, 1994). To detect 

halitosis, the tongue is wiped with a cotton swab and the samples are placed on the 

BANA test strip, which is then inserted into a slot on a small toaster-sized incubator. The 

incubator automatically heats the sample to 55° for 5 min. If T. denticola, P. gingivalis, 

or B. forsythus are present, the test strip turns blue. Deepening of the blue color shows 

existence of a higher concentration and a greater number of organisms (Aylikci & Colak, 

2013). 

Because of difficulties of gas chromatography and less sensitivity of sulfide 

monitors, a more sensitive and easy device was made. Chemical sensors have an 

integrated probe to measure sulfur compounds from periodontal pockets and on the 

tongue surface. The working principle of chemical sensors is similar to sulfide monitors. 

Through the sulfide-sensing probe, sulfide compounds generate an electrochemical 

voltage and this voltage is measured by an electronic unit. The measurement is shown on 

the device screen as a digital score (Morita, Musinski, & Wang, 2001). 

Using the new chemical sensors, ammonia and methyl mercaptan compounds can 

be measured from breath air and some new types of sensors measure each volatile sulfur-



 13 

containing compound separately. The sensitivity is similar to gas chromatography and 

results of the measures are highly close to organoleptic scores so chemical sensors are 

called the electronic nose (Nonaka et al., 2005; Rosenberg et al., 1991; Tanaka et al., 

2004). 

Another laboratory test is the salivary incubation, which is one of the assessment 

methods to measure halitosis indirectly. To measure halitosis with the salivary incubation 

test, saliva is collected in a glass tube and then incubating the tube at 37°C in an 

anaerobic chamber under an atmosphere of 80% nitrogen, 10% carbon dioxide and 10% 

hydrogen for 3-6 hours. After incubation, an examiner evaluates the odor. Although this 

method has some similarities with the organoleptic measurements, it has some 

advantages over them. The most important advantage is that the salivary incubation test is 

much less influenced by external parameters such as smoking, drinking coffee, eating 

garlic, onion, spicy food, and scented cosmetics. However, in organoleptic measurements, 

external parameters have negative effects on the result so the patient and the examiner 

should avoid some odiferous food and drinks before 48 hours. The other advantage is the 

unpleasant conditions of these measurements compared to organoleptic methods (Aylikci 

& Colak, 2013). The results of the salivary incubation test have shown a strong 

correlation with the organoleptic measurement. If the difficulty of the incubation process 

was disregarded, the salivary incubation test could be a valuable test for halitosis 

measurements (Quirynen et al., 2003). 

Studies have shown that besides VSC, ammonia is another important factor in 

halitosis. Sulfur compounds can be detected by a portable sulfide monitor, but 
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unfortunately ammonia cannot be measured using this method which is the major basic 

gas in a variety of important sample matrices (Toda, Li, & Dasgupta, 2006). 

To measure halitosis, a newly portable monitor has been developed. This monitor 

detects ammonia quantity, which is produced by oral bacteria. At least 2 hours before 

measurements, the patients should refrain from eating and drinking. Then patients use 

special mouth rinse for 30 seconds and close the mouth for 5 min. This rinse includes 

urea solution and the bacteria produce ammonia from urea. To measure the concentration 

of ammonia, a disposable mouth piece which is part of the device is placed inside the 

patient's mouth. This disposable part is connected to an ammonia gas detector, which 

contains a pump that draws 50 mL of air through a tube and the concentration of 

ammonia is noted directly from the scale on the detector tube (Amano, Yoshida, Oho, & 

Koga, 2002; Aylikci & Colak, 2013). 

There is no correlation between the organoleptic score and the ammonia level 

measured with ammonia monitoring, but measurements of the ammonia level with 

ammonia monitoring show significant correlation with the total level of VSC measured 

with gas chromatography (Amano et al., 2002). 

Volatile Malodorous Compounds Emanating from the Mouth 

Hydrogen sulfide and methyl mercaptan comprise about 90% of the volatile sulfur 

compounds found in exhaled air (Tonzetich, 1971), and would be major contributors to 

the objectionable odors that are present in bad breath. These gases are detected by the 

Halimeter and hence the success of the portable sulfide monitors in correlating with 

organoleptic scores. But bad breath does not always have the signature odor of sulfur 

compounds, so that other malodorous molecules are contributing to this distinct odor. 
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Cadaverine, which is produced in vivo by the decarboxylation of lysine, was shown to be 

significantly associated with the organoleptic scores derived from the saliva and tongue, 

whereas a positive tongue BANA Test, possibly reflecting the contribution of volatile 

fatty acids, was associated with the organoleptic score (Goldberg et al., 1994) and the 

volatile sulfur compounds levels in exhaled air (Morita & Wang, 2001). But so many 

other malodorous compounds are produced by the oral bacteria that it is difficult to 

identify the actual malodorants, other than the above mentioned. For example, more than 

85 volatile organic compounds, representing seven chemical groups, were identified 

when six tongue coating samples and five saliva samples were incubated for 24 hours. 

When the tongue coatings were incubated with casein, the levels of certain compounds 

increased and new ones appeared, including nine additional sulfur-containing compounds. 

As thorough as this analysis was, it did not detect the diamines, cadaverine or putrescine, 

nor most of the malodorous fatty acids, such as isobutyric, propionic, isopropionic, and 

valeric acids that are produced by the anaerobic flora characteristic of the tongue and 

periodontal pockets (Loesche & Kazor, 2002). But what was most interesting is the 

observation that the production of malodorous molecules was inhibited by an acid 

environment, which occurred when glucose was added to the mixture (Kleinberg & 

Codipilly, 1995). This observation, which has implications for the control of malodor, can 

be explained by the rapidity by which glucose is fermented by the saccharolytic flora to 

form the acidic pH values that would inhibit the metabolic activity of many proteolytic 

species. For example, the trypsin-like enzyme possessed by some of the BANA positive 

species found in the tongue flora, is repressed by glucose. This suggests that in vivo, in 

the absence of glucose or sucrose, this enzyme would be fully expressed, and thereby 
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capable of degrading salivary peptides that could result in malodorous compounds. But if 

these carbohydrates were present, as would occur during eating or snacking, then this 

enzyme would not be expressed, plus the lower pH resulting from carbohydrate 

fermentation would result in reduced production of malodorous compounds. This 

scenario would suggest that individuals with malodor might have a lower caries rate, as 

they would be less likely to be consuming carbohydrate-containing snacks. While this 

possibility has not been tested, it has been noted that ten children (average age 4.1 years) 

with oral malodor had no carious lesions or dental restorations, whereas ten age-matched 

control children without malodor exhibited moderate to high caries activity (Loesche, 

1968; Paryavi-Gholami, Minah, & Turng, 1999). 

Origins and Sites of Malodor 

Organoleptic studies indicate that the oral cavity is usually the main source of 

physiologic malodor associated with early morning halitosis. In all individuals, regardless 

of the age and the health status of the oral tissues, the most intense oral malodor is 

exhibited after prolonged periods of reduced saliva flow and the abstinence from food 

and liquid (Bogdasarian, 1986). During the day, the movement of the tongue and cheeks 

help to remove unwanted and trapped deposits from the mouth (Hawkins, 1987). 

Physiologic oral malodor is transient in duration as it can be controlled to varying degrees 

in most individuals by oral hygiene measures such as tooth brushing, dental prophylaxis, 

tongue scraping and rinsing with antiseptic mouth wash (Bogdasarian, 1986).  

About 80% to 90% of the oral malodor originates locally in the mouth; with the 

remainder arising from more distant points in the digestive and respiratory systems 

(Scully, el-Maaytah, Porter, & Greenman, 1997; Tonzetich, 1977). The evidence for the 
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oral origin is twofold. First, in vitro, many oral bacteria, as well as oral specimens such as 

saliva, plaque and tongue coatings can produce the volatile sulfur compounds, especially 

methyl mercaptan and hydrogen sulfide, short-chain fatty acids such as butyric, propionic, 

valeric acids, as well as cadaverine (Goldberg et al., 1994), that contribute to the complex 

mixture of odorous molecules found in the exhaled air. In vivo, these same bacteria 

would degrade the sulfur-containing peptides and amino acids that are found in saliva, 

gingival crevicular fluid, blood, retained food and desquamated epithelial cells. When 

mouth rinses containing cysteine are given to volunteers, or when cysteine is applied to 

the dorsum of the tongue, to the buccal sulcus or in the sublingual area, large amounts of 

volatile sulfur compounds are produced, demonstrating the immediate ability of the 

microbial flora resident in these sites to produce volatile sulfur compounds (Tonzetich, 

1977). Second, these odors can be immediately reduced by debridement procedures, such 

as brushing of the teeth and tongue, which would not be possible if the odors originated 

in the nasal passages, tonsils, lobes of the lung, or stomach (Tonzetich & Ng, 1976). 

Several studies indicate that malodor occurs when there is poor oral hygiene 

resulting in either periodontal disease and/ or an increase in tongue coating. When saliva 

or sub-gingival plaque is allowed to putrify in vitro, gram-negative anaerobic organisms 

become dominant, and the process, at least in the case of saliva, can be inhibited by the 

addition of metronidazole which is an antimicrobial agent specific for anaerobes 

(Loesche, 1999). 

Childhood Oral Malodor 

 Several studies were done to investigate the difference of oral malodor among 

children and adults. One study suggested that bad breath in children is generally similar 
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to that found in adults and that the types of odors encountered were highly reminiscent of 

analogous odors in adults. This was explained by the fact that putative periodontal 

pathogens, considered important in the formation of oral malodor in adults, are present in 

the dental plaque of most children. They concluded that oral malodor in children is 

related to both nasal and oral odor, with posterior tongue odor appearing to be very 

important, and that malodor parameters were generally improved by an increased 

awareness of the importance of oral hygiene (Amir, Shimonov, & Rosenberg, 1999).  

 Mouth breathing was one of the major factors contributing to oral malodor in 

children. One study focused on the prevalence of oral malodor and the relationship with 

habitual mouth breathing and they found that mouth breathing was the factor that 

contributed most significantly to both oral malodor and volatile sulfur compounds 

(Kanehira, Takehara, Takahashi, Honda, & Morita, 2004). In circumstances such as 

allergic or chronic rhinitis, which causes mouth breathing, oral malodor related to tongue 

odor might occur as a result of putrefaction of postnasal drip that accumulates on the 

back of the tongue (Rosenberg, 1996). In addition, mouth breathing leads to tongue and 

palate moisture loss, thus possibly enabling escape of malodor volatiles into mouth air 

(Kleinberg, Wolff, & Codipilly, 2002). 

The impact of chronic sinusitis on children has become more apparent. Symptoms 

of chronic sinusitis may include postnasal drip, chronic cough, obstruction, halitosis, 

allergies and asthma symptoms. Functional endoscopic sinus surgery has been reported to 

be effective in treating medically recalcitrant cases in severe chronic sinusitis (Parsons & 

Phillips, 1993). 



 19 

The tonsils may be involved in the pathogenesis of oral malodor in a small 

percentage of cases (Delanghe et al., 1997). Some patients complain of small stones on 

their tonsils which are called tonsilloliths. They contain anaerobic bacteria including 

Eubacterium, Fusobacterium, Prevotella and Porphyromonas, which produce volatile 

sulfides and are the same bacteria implicated in periodontal diseases (Ferguson, Aydin, & 

Mickel, 2014). 

Other local causes of halitosis in children include dental caries with irreversible 

pulpitis or stagnant food in open lesions, extraction wounds and herpetic ulcers (Nally, 

1990). 

 Although 90% of all bad breath odors originate in the mouth, one study found that 

only 2 of 30 subjects with the complaint of oral malodor visited dentists about the 

problem and only a few of them thought that oral problems caused the malodor (Nalcaci 

& Sonmez, 2008). If these people were provided adequate education concerning the 

causes of oral malodor, they might have been motivated to visit the dentist and receive 

dental-oral treatment and oral hygiene instructions. To improve oral health, instructions 

for the prevention of oral malodor should be included in oral health promotion activities.  

 Oral malodor has been extensively studied in the adult population but the 

literature is deficient in studies focusing on young children. Most studies that have 

addressed oral malodor in children included older children and patients up to 18 or 21 

years old. This study focuses on younger children with an age range of 4-7 years. In 

addition, previous studies have used one method in the diagnosis of oral malodor and 

focused on limited number of causes. The present study aims to explore different causes 

of oral malodor using multiple objective tests.  
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PURPOSE  

The aim of this investigation is to evaluate oral malodor in young children using a 

questionnaire, clinical examination and laboratory tests and provide diagnostic 

recommendations based on the validity of the tests.  

Our research approach was to enroll child patients at the Pediatric Dental Clinic 

of the University of Maryland Dental School who presented with a complaint of bad 

breath or ones who agreed to be examined for oral malodor. The caregiver completed a 

questionnaire, which included the child’s medical history, oral hygiene practices and 

questions related to the occurrence of the child’s malodor or cessation of odor. This was 

followed by a clinical examination of the subject by a research team member, and 

objective diagnostic tests, which involved collection of oral microbial and saliva samples 

and a breath sample with a breath monitor. 

The evaluation of the diagnostic protocol will be by selective statistical tests 

between the objective diagnostic tests and between the objective tests and clinical or 

questionnaire data. 
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SPECIFIC OBJECTIVES 

• Using statistical evaluations, associate objective measurements of oral malodor 

with each other, and with objective tests that are possibly related to causes of 

malodor. 

• Using statistical evaluations, associate objective measurements of oral malodor 

with medical history of the subjects. 

• Using statistical evaluations, associate objective measurements of oral malodor 

with questionnaire responses related to oral malodor. 

• Using statistical evaluations, associate objective measurements of oral malodor 

with clinical findings. 

• From compilation of all data, propose recommendations for the diagnosis and 

evaluation of oral malodor in young children.  

 

HYPOTHESES 

• Null hypothesis: Caregivers’ responses to a questionnaire about the children’s 

breath odor, oral clinical findings and microbial laboratory tests using oral plaque 

and saliva specimens will show no significant association.  

• Alternative hypothesis: Caregivers’ responses to a questionnaire about the 

children’s breath odor, oral clinical findings and microbial laboratory tests using 

oral plaque and saliva specimens will be significantly associated with each other.  
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MATERIALS AND METHODS 

Research Subjects 

Sample size was calculated based on two studies of oral malodor in children and 

was found to be between 39 and 53 subjects. A total of 40 subjects were included in the 

present study due to difficulties that were faced in collecting more samples such as 

patients’ limited cooperation, caregivers’ disinterest in participation and children taking 

antibiotics within two weeks of the examination, which exclude participation.  

Each parent or caregiver of a 4-7 year-old child who visited the Pediatric Dental 

Clinic at the University of Maryland was approached by a project team member. The 

research project was explained to the caregiver and the child, and then the child was 

enrolled following the signing of a consent form and HIPAA form by the child’s 

caregiver. The consent and HIPAA documents (Appendices 1 and 2) were approved by 

the University of Maryland School of Medicine Human Research Protections Office 

(Protocol HP-00060118). The caregivers of the study subjects were informed that non-

participation in the investigation will not cause penalty or loss of privileges or benefits to 

which they are otherwise entitled at the School of Dentistry.  

Inclusion Criteria: 

• Children between the ages of 4-7 

• Presence of the primary or early mixed dentition  

• ASA (American Society of Anesthesiologists) physical status 

classification of I (healthy patient) or II (controlled mild systemic disease)  

Exclusion Criteria:  

• The use of antibiotics within the previous two weeks 
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Questionnaire 

The study included a questionnaire (Appendix 3) responded to by the caregiver 

which included demographics and medical history and inquiries about oral malodor of the 

child. This was followed by clinical examination and laboratory tests (Al-Ansari et al., 

2006; Amir et al., 1999; Lin, Flaitz, Moretti, Seybold, & Chen, 2003; Nalcaci & Sonmez, 

2008; Nwhator & Uhunmwangho, 2013). 

Demographic data and medical history:  

• Date of birth/ age 

• Race: African American, Hispanic, Caucasian or others 

• Gender 

• Socioeconomic status 

• A comprehensive medical history including prescription medications 

and/or over the counter medications, doses and frequency  

History related to oral malodor:  

• Frequent stuffy nose 

• Frequent sinusitis  

• History of postnasal drip  

• Breathing pattern as assessed by the caregiver (nasal, mouth, both) 

       Oral hygiene practices:  

• Frequency of tooth brushing 

• Supervision of proper brushing 

• Flossing and its frequency 

• Tongue cleaning  
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• The use of mouth rinses  

• Use/ frequency of chewing gum if applicable  

Oral malodor questions:  

• When the malodor was noticed 

• Intensity of the malodor on a scale of 1-10, judged by the caregiver 

• Time of the day when it is mostly noticed 

• If brushing, tongue cleaning or eating reduce the malodor 

• Association of the oral malodor with specific foods 

• Remedies that have been used to control the oral malodor 

• Complaint of a dry mouth by the child 

Clinical Examination 

     Overall oral hygiene:  

The majority of the research subjects were evaluated during their recall visits. 

As part of this visit, the overall oral hygiene was assessed and discussed with 

caregiver and divided into good, fair and poor oral hygiene based on brushing, 

flossing, tongue cleaning and gingival health.  

• Good: No plaque visible clinically 

• Fair: Minimal plaque visible clinically 

• Poor: Heavy plaque visible clinically and/or presence of calculus 

Amount of plaque accumulation:  

The amount of plaque accumulation was evaluated and further discussed 

with the caregivers to motivate them into engaging with their children’s oral 
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hygiene practices. This was scored as minimal, moderate or heavy depending on 

the amount of plaque deposit and the surface area covered by it.  

• Minimal: Small amount of plaque present on some surfaces 

• Moderate: Small amount of plaque present on all surfaces or moderate 

amount of plaque present on some surfaces  

• Heavy: All teeth are covered with plaque deposits 

Tongue coating:  

Before performing dental prophylaxis, if the research subject was seen at 

the recall visit, each child was asked to protrude the tongue for evaluation of the 

amount of tongue coating using a scale developed by Oho et al. (Oho, Yoshida, 

Shimazaki, Yamashita, & Koga, 2001), which evaluates the thickness of the 

tongue coating and the surface area covered. 

• Grade 0: No tongue coating present 

• Grade 1: Thin coating on 1/3rd of the tongue 

• Grade 2: Thin coating on more than 1/3rd of the tongue or thick 

coating on only 1/3rd of the tongue 

• Grade 3: Thick coating on more than 1/3rd of the tongue 

Bleeding upon flossing:  

All interproximal areas were flossed and assessed for any bleeding and/ or 

gingival inflammation.  
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Crowding:  

Some of the research subjects, especially those in the early mixed 

dentition, had crowding which might interfere with proper oral hygiene leading to 

plaque accumulation. Crowding was estimated in millimeters. 

Tongue anatomy:  

Research subjects were examined for the presence of tongue fissures and 

were categorized as having normal tongue or fissured tongue. 

Presence of ulcers and/or abscesses: 

A thorough soft-tissue examination was performed and the presence of 

ulcers and/ or abscess was noted.  

Presence of open dental cavities and/or food impaction: 

Open cavities due to caries or missing restorations and the presence of 

food impaction were all noted.  

Presence of intra-oral appliances:  

Such appliances might be space maintainers or a habit breaking appliance. 

Tonsils: 

• Normal: Tonsils within the tonsillar fossa or just outside of the 

tonsillar fossa and occupy ≤25% of the oropharyngeal width 

• Enlarged: Tonsils occupying >25% of the oropharyngeal width 

Presence of tonsil crypts and/or tonsil stones: 

In some instances, the visualization of tonsil crypts and stones might be 

difficult. In this study, the subjects were asked to open their mouths wide and a 

small flashlight was used for better visualization of the tonsil area.  
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Breathing pattern:  

This was categorized as mouth breather, nasal breather or both. It was 

assessed by placing a double sided mirror at the nasolabial angle for one minute 

and observing the formation of vapor on the upper and lower part of the mirror, 

denoting either nasal or mouth breathing respectively, or on both sides (Motta, 

Bachiega, Guedes, Laranja, & Bussadori, 2011). 

Dry mouth:  

This was assessed by placing a tongue blade on the dorsum of the tongue 

and the buccal mucosa of the cheeks. If the tongue blade sticks to either the 

tongue or the buccal mucosa, the patient will be categorized as having a dry 

mouth. 

Saliva viscosity:  

During the clinical examination and saliva sample collection, viscosity 

was subjectively assessed as either normal or thick saliva. 

Dental charting:  

Oral examination of the teeth and soft tissue were examined in a dental 

operatory using a mirror, explorer and an air-water syringe. Presence of teeth, 

caries, restorations including stainless steel crowns, white spot lesions, missing 

teeth due to caries and soft-tissue pathology were charted.  

Oral Malodor Clinical and Laboratory Tests  

Breath tester (Breath checker TANITA™ portable blue HC-212M-BL breath 

tester, Amazon):  
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The hand held device was placed about 1cm away from the patient’s 

mouth (Figure 1). The patient was asked to exhale (Figure 2) until the device 

beeps and the breath odor score appears on the display screen as follows 

• Score of 0: No odor   

• Score of 1: Slight odor 

• Score of 2: Moderate odor 

• Score of 3: Heavy odor 

• Score of 4: Strong odor 

• Score of 5: Intense odor  

• Score of E: Error 

A similar device was used to assess the association between halitosis and 

mouth breathing in children (Motta et al., 2011).  

  

Figure 1- Tanita™ breath tester 
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Figure 2- Research subject using the Tanita™ breath tester 

BANA test (BANA™ processor. OraTec Corporation, 12181 Balls Ford Rd., 

Manassas, VA) (De Boever & Loesche, 1995): 

This uses simple smears of tongue coatings or subgingival plaque to detect 

three malodorous anaerobic bacteria; Porphyromonas gingivalis, Treponema 

denticola and Bacteroides forsythus. Anaerobic bacteria contain enzymes that can 

hydrolyze peptides. Only the three former bacteria possess significant amounts of 

a unique enzyme for which a synthetic peptide, Benzoyl-DL-arginine-B-

naphthylamide (BANA) was developed to detect the presence of the shared 

enzyme. When samples containing any of the three bacteria are placed on a 

BANA impregnated test strip, a hydrolytic reaction turns the strip a distinctive 

blue color. The darker the blue, the more organisms present. Blood and saliva do 

not hydrolyze BANA and do not interfere with the test, but blood in the sample 

may obscure the visualization of the blue color. In this study, a sample of the 

tongue coating was obtained from the posterior third of the tongue. In an effort to 
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standardize all samples, they were taken from the same area. The patient was 

asked to protrude the tongue, an imaginary line was drawn just distal to the 

second primary molars and the sample was obtained from the right and left sides 

of the midline (Figure 3) by using a sterilized spoon shaped surgical curette 

(Figure 4). The plaque sample was then placed on the lower half of the strip and 

the top half was moistened with distilled water using a sterilized cotton swab. The 

strip was then folded at the designated area and inserted into the special incubator 

(Figure 5) for 5 minutes. The incubator then beeps indicating removal of the strip. 

Evaluation of the BANA test results was done by comparing the upper pad with 

the color guide sample chart on the BANA test bottle label (Figure 6) and 

recorded as follows:  

• Positive reaction: This appears as a distinct blue color in very small zones 

or over the entire contact area of the tongue plaque sample. A positive 

reaction indicates that > 10,000 colony-forming units (CFUs) of the 

BANA-anaerobes are present in the sample. These levels are often seen in 

patients with oral malodor. 

• Weak positive reaction: This appears as a faint blue color in small zones 

or over the entire contact area of the tongue plaque sample. A faint 

intensity indicates the presence of one or more of the BANA positive 

species at low levels. 

• Negative reaction:  No color indicates that the BANA anaerobes cannot be 

detected in the plaque tongue sample, i.e., below 10,000 CFUs at the 

sampled site. A negative BANA test usually indicates no oral malodor. If 



 31 

the BANA test is negative in the presence of oral malodor, two 

possibilities exist. It might be a technical error due to poor sampling 

technique or handling or it is possible that the malodor involves non-

BANA bacterial species. In these cases, the BANA test should be repeated 

making sure that an adequate plaque sample has been taken and carefully 

tested. 

 

 Figure 3- Obtaining sample of tongue coating (arrow) for the BANA test. 

 

 

Figure 4- Double-ended curette used for obtaining the tongue sample 
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Figure 5- BANA-Zyme™ processor and reagent strip  

 

Figure 6- BANA-Zyme™ Test interpretation  
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Figure 7- BANA-Zyme™ reagent strips showing negative (left) and positive results 

(right) 

Tongue microbial sample:  

This was obtained by asking the patient to protrude the tongue and swab it 

with a sterilized cotton swab at the same area in which the plaque sample was 

obtained for the BANA test (Figure 8). The cotton swab was then placed in a 

sterilized vial containing 1ml of sterilized saline (Figure 9) and kept in an 

incubator set at 37o C for 2 hours.  
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Figure 8- Obtaining tongue plaque sample for the organoleptic and lead acetate 

strip test 

            

Figure 9- Vial containing the tongue swab  
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Lead acetate strip test (Lead acetate strips AP7893, Flinn Scientific Inc.    

Batavia, IL): 

 After incubating the tongue microbial sample for two hours, the strip was 

lightly damped by the incubated cotton swab and allowed to dry for two hours. 

The strip was then examined for any color changes (Figure 10). Grey/ brown 

discoloration on the strip indicates the presence of H2S producing bacteria 

(Washio, Sato, Koseki, & Takahashi, 2005). 

 

Figure 10- Lead acetate strip with different degrees of stain related to the 

concentration of the H2S tubes 

Organoleptic test:  

Organoleptic evaluation of the incubated tongue microbial sample was 

assessed by two investigators with one being unaware of the patient or the 

procedure. All vials were numbered by the same number that was assigned to the 

patient at the beginning of the study. Each investigator separately uncapped the 

specimen vial and judged the odor intensity as a 1 to 4 score with 4 being the 

highest intensity. Serial dilutions (Figure 11) of hydrogen sulfide solution 

(Hydrogen sulfide water. #LC 154701, The Lab Depot, Dawsonville, GA) were 

prepared to assist evaluations of the organoleptic assay. Intensity of odor from 

incubated oral microbial specimens was compared with odor strengths in each 

H2S tube to assist numerical determination of odor strengths. 
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• Vial #1: Contained 0.042% of H2S  

• Vial #2: Contained 0.063% of H2S 

• Vial #3: Contained 0.094% of H2S 

• Vial #4: Contained 0.14% of H2S 

The vials were changed every two weeks to exclude results due to 

hydrogen sulfide evaporation.  

 

Figure 11- Serial dilutions of H2S solution  

Saliva viscosity test:  

This test was done by obtaining about 1ml of patient’s saliva in a 

disposable cup and comparing it to water’s viscosity. The control water test was 

performed by placing 25 µl of water, measured by a digital adjustable pipettor, at 

one end of a paper strip (6mm x 4.5cm) held vertically. The diffusion up the strip 

was measured in millimeters over a period of 20 seconds. The same procedure 

was performed with the patient’s saliva (Figure 12).  
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Figure 12- Example of saliva viscosity test between water (left) and research 

subject (right) 
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Statistical Analysis: 

The main objective of this study is to statistically evaluate the association of the 

objective measurements and tests of oral malodor with the subjects’ medical history, 

questionnaire responses and clinical findings and evaluate the association of the tests with 

each other. From compilation of all data, propose diagnostic recommendations for the 

evaluation of oral malodor in young children.  

Data was entered into Microsoft Excel 2010 by one researcher and verified by a 

second researcher for data entry accuracy. The data were analyzed using SPSS version 23 

(SPSS Inc, Chicago, IL) and STATA/SE version 13. Chi-square test was used for most of 

the analysis; and for the data that did not meet the assumptions of the chi-square test, the 

Fisher’s exact test was used. Some variables were further analyzed using Spearman’s 

Rho correlation, all with a confidence interval of 95%.  

Kappa test was used to measure the degree of agreement between the two judges 

for the organoleptic test. The kappa value was calculated to be 0.687 with a P-value       

of < 0.05, which is significant.    

Because of low numbers representing various questionnaire and clinical findings 

data, some of the clinical/ laboratory tests data had to be combined together as follows: 

• Breath test: The highest score registered was 2 with a given scale of 0-5. 

The outcome was divided into two, no odor detected for scores of 0 and 

odor detected for scores of 1 and 2 combined together.  

• BANA test: The results were divided into negative and positive. 
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• Lead acetate strip test: Outcomes were divided into two categories 

depending on whether microbial sample stained the strip or not. 

• Organoleptic test: On a scale of 1-4, no participant scores higher than 3. 

The results of this test were divided into two groups, 1 as having slight 

malodor and 2 as having moderate malodor.  
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RESULTS 

Research Subjects 

Forty children were recruited from the Pediatric Department at University of 

Maryland School of Dentistry. All the subjects had either a complaint of oral malodor    

(n = 32) or agreed to be examined for the presence of oral malodor (n=8). All of the 

research subjects were between the age of 4-7 years, in the primary or early mixed 

dentition and an ASA (American Society of Anesthesiologists) I or II. The use of 

antibiotics within 2 weeks of the procedure excluded participation.  

The age range of the research subjects was from 4 to 7 years, 14 subjects were 

females and 26 were males with different racial and ethnic backgrounds. The 

demographic distribution of the study subjects is summarized in Table 1.  

Table 1- Demographic Data of Research Subjects 

  

Ethnicity  

 

 

Total 

African 

American Hispanic Caucasian Others 

Gender Gender Gender Gender 

Male Female Male Female Male Female Male Female 

Age 4 - <5 3 3 1 0 0 1 1 0 9 

5 - <6 11 7 1 0 1 1 0 0 21 

6 - <7 6 2 0 0 0 0 2 0 10 

Total 20 12 2 0 1 2 3 0 40 

 

Association between Questionnaire Responses and Clinical/ Laboratory Tests 

Medications:  

When the caregivers were asked about the children’s medical history, 18 (45%) 

reported taking medications (Table 2). Medications were mostly asthma inhalers and 

allergy medications.  
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Taking medications was statistically evaluated with regard to clinical and 

laboratory tests which included the breath test, BANA test, lead acetate strip test and the 

organoleptic test. All have shown no statistically significant results (Tables 3a-3d). 

Table 2- Frequency of Patients Taking Medications 

 

Taking Medications Frequency (%) 

Yes 18 (45%) 

No 22 (55%) 

Total 40 (100%) 

 

Table 3a- Medications versus Breath Test 

Taking Medications 
Breath Test 

Total P-value a 

No Odor Detected Odor Detected 

Yes 14 4 18 

1.000 b No 16 6 22 

Total 30 10 40 
    a Significant if <0.05 
    b Fisher's Exact Test    

                                                       

Table 3b- Medications versus BANA Test 

Taking Medications 
BANA Test 

Total P-value a 

Negative Positive 

Yes 8 10 18  

0.949 b 

No 10 12 22 

Total 18 22 40 
    a Significant if <0.05 
    b Chi-Square Test                                                                

 

Table 3c- Medications versus Lead Acetate Strip Test 

Taking Medications 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 13 5 18  

0.154 b 

No 11 11 22 

Total 24 16 40 
   a Significant if <0.05 
   b Chi-Square Test 
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Table 3d- Medications versus Organoleptic Test 

 

Taking Medications 
Organoleptic Test 

Total P-value a 

Slight Odor Moderate Odor 

Yes 10 8 18  

0.949 b 

No 12 10 22 

Total 22 18 40 
   a Significant if <0.05 
   b Chi-Square Test                                                           

 

Sinusitis: 

Four subjects (10%) had a history of frequent sinusitis according to the caregivers’ 

responses (Table 4), which might affect oral malodor especially if it leads to postnasal 

drip. None of the subjects were taking antibiotics.  

The association between sinusitis and the breath test, BANA test, and the lead 

acetate strip test was not statistically significant (Tables 5a-5c). Statistically significant 

association was found for sinusitis versus the organoleptic test (P=0.033; Table 5d). 

Table 4- Frequency of Research Subjects with Sinusitis  

 
 

Sinusitis 

 

Frequency (%) 

Yes 4 (10%) 

No 36 (90%) 

Total 40 (100%) 

 

Table 5a- Sinusitis versus Breath Test 

   a Significant if <0.05 
   b Fisher's Exact Test 

 

Sinusitis 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 3 1 4  

1.000 b 

No 27 9 36 

Total 30 10 40 
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Table 5b- Sinusitis versus BANA Test 

 

Sinusitis 
BANA Test 

Total 
 

P-value a 

Negative  Positive  

Yes  0 18 18  

0.114 b 

No  4 18 22 

Total 4 36 40 
   a Significant if <0.05 
   b Fisher's Exact Test                               

 

Table 5c- Sinusitis versus Lead Acetate Strip Test 

 

Sinusitis 
Lead Acetate Strip Test  

Total 

 

P-value a 
No Stain Noted  Stain Noted 

Yes 4 0 4  

0.136 b 
No 20 16 36 

Total 24 16 40 
   a Significant if <0.05 
   b Fisher's Exact Test  

 

Table 5d- Sinusitis versus Organoleptic Test 

 
      

Sinusitis 

                      Organoleptic Test         

Total 

 

 P-value a 
       Slight Odor       Moderate Odor 

        Yes      0       4           4  

0.033 b 
        No     22      14          36 

       Total               22      18            40  
   a Significant if <0.05        
   b Fisher's Exact Test 

 

Postnasal Drip: 

 Postnasal drip occurs when excessive mucus is produced by the nasal mucosa and 

accumulates in the throat or back of the nose. Cold, flu, sinusitis and allergies are some 

causes of postnasal drip, which has been associated with oral malodor. 

 In the present study, only 3 out of the 40 participants reported having a history of 

postnasal drip (Table 6). The effect of postnasal drip on oral malodor using the clinical/ 

laboratory tests showed no statistically significant results (Tables 7a-7d).  
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Table 6- Frequency of Research Subjects with Postnasal Drip 

 

Postnasal Drip 

 

Frequency (%) 

 

Yes 3 (7.5%) 

No 37 (92.5%) 

Total 40 (100%) 

 

Table 7a- Postnasal Drip versus Breath Test 

 

Postnasal Drip 

Breath Test  

Total 

 

P-value a 
No Odor Detected Odor Detected 

Yes 2 1 3  

1.000 b 
No 28 9 37 

Total 30 10 40 
    a Significant if <0.05 
    b Fisher’s Exact Test 

 

Table 7b- Postnasal Drip versus BANA Test 

 

Postnasal Drip 

BANA Score  

Total 

 

P-value a 
Negative Positive 

Yes 0 3 3  

0.238 b 
No  18 19 37 

Total 18 22 40 
    a Significant if <0.05 
    b Fisher’s Exact Test 

 

Table 7c- Postnasal Drip versus Lead Acetate Strip Test 

    a Significant if <0.05 
    b Fisher’s Exact Test 

 

 

 

 

Postnasal Drip 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 2 1 3  

1.000 b 

No 22 15 37 

Total 24 16 40 
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Table 7d- Postnasal Drip versus Organoleptic Test 

Postnasal Drip 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 0 3 3  

0.083 b 

No 22 15 37 

Total 22 18 40 
    a Significant if <0.05 
    b Fisher’s Exact Test 

 

Association between Oral Hygiene Practices and Clinical/ Laboratory Tests 

Frequency of Brushing: 

When the caregivers were asked about the number of times the children brush 

their teeth, the majority (87.5%) reported twice (Table 8).  Bad oral hygiene is known to 

be one of the main causes of oral malodor, yet this can be reversible especially with 

morning breath. No statistically significant results were found between frequency of 

brushing and the clinical/ laboratory tests (Tables 9a-9d).  

Table 8- Frequency of Tooth Brushing 

 

Brushing/ Day 

 
Frequency (%) 

Once 5 (12.5%) 

Twice 35 (87.5%) 

Total 40 (100%) 

 

Table 9a- Frequency of Brushing versus Breath Test 

Frequency of 

Brushing 

Breath Test  

Total 

 

P-value a 
No Odor Detected Odor Detected 

Once 5 0 5  

0.306 b 
Twice  25 10 35 

Total 30 10 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 
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Table 9b- Frequency of Brushing versus BANA Test 

Frequency of 

Brushing 

BANA Test  

Total 

 

P-value a 
Negative Positive 

Once 2 3 5  

1.000 b 
Twice  16 19 35 

Total 18 22 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 9c- Frequency of Brushing versus Lead Acetate Strip Test 

Frequency of 

Brushing 

Lead Acetate Strip Test  

Total 

 

P-value a 
No Stain Noted Stain Noted 

Once 2 3 5  

0.373 b 
Twice  22 13 35 

Total 24 16 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 9d- Frequency of Brushing versus Organoleptic Test 

Frequency of 

Brushing 

Organoleptic Test  

Total 

 

P-value a 
Slight  Odor Moderate Odor 

Once 3 2 5  

1.000 b 
Twice  19 16 35 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Tongue Cleaning: 

 Thirty four (85%) of the caregivers answered yes when asked about tongue 

cleaning (Table 10), which was performed by the patients or their caregivers. All reported 

using the toothbrush to clean the tongue. Tongue cleaning is crucial to oral malodor 

because of the bacterial stagnation on tongue coating. However, none of the clinical/ 

laboratory tests showed statistically significant association with tongue cleaning (Tables 

11a-11d).  
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Table 10- Frequency of Tongue Cleaning 

Tongue Cleaning Frequency (%) 

Yes 34 (85%) 

No 6 (15%) 

Total 40 (100%) 

 

Table 11a- Tongue Cleaning versus Breath Test 

 

Tongue Cleaning 

Breath Test  

Total 

 

P-value a 
No Odor Detected Odor Detected 

Yes 24 10 34  

0.307 b 

No 6 0 6 

Total 30 10 40 
   a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 11b- Tongue Cleaning versus BANA Test 

 
 

Tongue Cleaning 

BANA Test  

Total 

 

P-value a 
Negative Positive 

Yes 15 19 34  

1.000 b 
No 3 3 6 

Total 18 22 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 11c- Tongue Cleaning versus Lead Acetate Strip Test 

   a Significant if <0.05  

   b Fisher’s Exact Test 

 

 

 

 

 

 

 

Tongue Cleaning 

Lead Acetate Strip Test  

Total 

 

P-value a 
No Stain Noted Stain Noted 

Yes 20 14 34  

1.000 b 
No 4 2 6 

Total 24 16 40 
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 Table 11d- Tongue Cleaning versus Organoleptic Test 

   a Significant if <0.05 
   b Fisher’s Exact Test 

 

Association between Oral Malodor Questions and Clinical/ Laboratory Tests 

Presence of Bad Breath: 

Each caregiver was asked if he/she thinks the child has oral malodor and 32 

(80%) of them answered yes. Of all the clinical/ laboratory tests, the lead acetate strip test 

was the only one that showed statistically significant association (P=0.042; Table 13c of 

Tables 13a-13d).  

Table 12- Presence of Bad Breath 

 

Having Bad Breath 

 

Frequency (%) 

Yes 32 (80%) 

No 8 (20%) 

Total 40 (100%) 

 

Table 13a- Presence of Bad Breath versus Breath Test 

Presence of 

Bad Breath 

Breath Test  

Total 

 

P-value a 
No Odor Detected  Odor Detected  

Yes  24 8 32   

1.000 b 
No 6 2 8 

Total 30 10 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

 

 

Tongue Cleaning 
Organoleptic  Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 20 14 34  

0.381 b 

No 2 4 6 

Total 22 18 40 
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Table 13b- Presence of Bad Breath versus BANA Test 

Presence of 

Bad Breath 

BANA Test  

Total 

 

P-value a 
Negative Positive 

Yes 13 19 33  

0.43 b 
No 5 3 8 

Total 18 22 40 
       a Significant if <0.05  
    b Fisher’s Exact Test 

 

Table 13c- Presence of Bad Breath versus Lead Acetate Strip Test 

Presence of 

Bad Breath 

Lead Acetate Strip Test  

Total 

 

P-value a 
No Stain Noted Stain Noted 

Yes 22 10 32  

0.042 b 
No 2 6 8 

Total 24 16 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 13d- Presence of Bad Breath versus Organoleptic Test 

Presence of 

Bad Breath 

Organoleptic  Test  

Total 

 

P-value a 
Slight Odor Moderate Odor 

Yes 17 15 32  

0.709 b 
No 5 3 8 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Bad Breath Intensity: 

The caregivers with a complaint of their child’s oral malodor were asked to score 

the bad breath on a scale of 1-10. Excluding those who did not complain of oral malodor 

(n=8), more than half of the research subjects scored above 5 (Table 14). No statistically 

significant association was found with any of the clinical/ laboratory tests (Tables 15a-

15d).  
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The caregivers were further asked if anything reduces the malodor. Twenty four 

(60%) believe that brushing reduces the odor, 18 (45%) believe that tongue cleaning 

reduces oral malodor and 16 (40%) believe that oral malodor improves after eating. 

However, some of the caregivers (n=7) still complained of the malodor returning even 

after brushing and tongue cleaning.  

Table 14- Frequency of Bad Breath Intensity 

Intensity Frequency (%) 

0 8 (20%) 

3 2 (5%) 

4 7 (17.5%) 

5 3 (7.5%) 

6 5 (12.5%) 

7 8 (20%) 

8 2 (5%) 

9 1 (2.5%) 

10 4 (10%) 

Total 40 (100%) 

 

Table 15a- Bad Breath Intensity versus Breath Test 

Breath 

Intensity 

Breath Test 
Total 

 

P-value a 

No Odor Detected Odor Detected 

0 6 2 8  

 

 

 

 

0.3 b 

3 2 0 2 

4 3 4 7 

5 3 0 3 

6 5 0 5 

7 6 2 8 

8 2 0 2 

9 1 0 1 

10 2 2 4 

Total 30 10 40 

  a Significant if <0.05 

  b Chi-Square Test 
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Table 15b- Bad Breath Intensity versus BANA Test 

Breath 

Intensity 

BANA Test 
Total 

 

P-value a 

Negative Positive 

0 5 3 8  

 

 

 

 

0.553 b 

3 0 2 2 

4 3 4 7 

5 2 1 3 

6 3 2 5 

7 4 4 8 

8 0 2 2 

9 0 3 1 

10 1 1 4 

Total 18 22 40 

  a Significant if <0.05 

  b Chi-Square Test 

 

Table 15c- Bad Breath Intensity versus Lead Acetate Strip Test 

 

 

 

 

 

 

 

 

 

 

 

 

  a Significant if <0.05 

  b Chi-Square Test 

 

 

 

 

 

Breath 

Intensity 

Lead Acetate Strip Test 
Total 

 

P-value a 

No Stain Noted Stain Noted 

0 2 6 8  

 

 

 

 

0.378 b 

3 2 0 2 

4 4 3 7 

5 3 0 3 

6 3 2 5 

7 5 3 8 

8 1 1 2 

9 1 0 1 

10 3 1 4 

Total 24 16 40 
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Table 15d- Bad Breath Intensity versus Organoleptic Test 

Breath 

Intensity 

Organoleptic Test  

Total 

 

P-value a 
Slight Odor Moderate Odor 

0 5 3 8  

 

 

 

 

0.591 b 

3 0 2 2 

4 3 4 7 

5 3 0 3 

6 3 2 5 

7 4 4 8 

8 1 1 2 

9 1 0 1 

10 2 2 4 

Total 22 18 40 

  a Significant if <0.05 

  b Chi-Square Test 

 

Association between Clinical Examination Data and Clinical/ Laboratory Tests 

Plaque Accumulation: 

Plaque accumulation was assessed by the amount of plaque deposit on the teeth 

during examination. Twenty four (60%) had minimal plaque accumulation, 13 (32.5%) 

had moderate plaque deposit and only 3 (7.5%) had heavy plaque deposit (Table 16). 

None of the clinical/ laboratory tests showed significant association with the amount of 

plaque accumulation (Tables 17a-17d). 

Table 16- Amount of Plaque Accumulation in Research Subjects 

Plaque 

Accumulation 
Frequency (%) 

Minimal  24 (60%) 

Moderate  13 (32.5%) 

Heavy  3 (7.5%) 

Total 40 (100%) 
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Table 17a- Plaque Accumulation versus Breath Test 

Plaque 

Accumulation 

Breath Test  

Total 

 

P-value a 
No Odor Detected Odor Detected 

Minimal  17 7 24  

0.536 b 
Moderate 10 3 13 

Heavy  3 0 3 

Total 30 10 40 
    a Significant if <0.05 
    b Chi-Square Test 

 

Table 17b- Plaque Accumulation versus BANA Test 

Plaque 

Accumulation 

BANA Test  

Total 

 

P-value a 
Negative  Positive  

Minimal  13 11 24 

0.174 b 
Moderate 5 8 13 

Heavy  0 3 3 

Total 18 22 40 

   a Significant if <0.05 

   b Chi-Square Test 

 

Table 17c- Plaque Accumulation versus Lead Acetate Strip Test 

Plaque 

Accumulation 

Lead Acetate Strip Test  

Total 

 

P-value a 
No Stain Noted Stain Noted 

Minimal  16 8 24  

0.463 b 
Moderate 7 6 13 

Heavy 1 2 3 

Total 24 16 40 

   a Significant if <0.05 

   b Chi-Square Test 

 

Table 17d- Plaque Accumulation versus Organoleptic Test 

Plaque 

Accumulation 

Organoleptic Test  

Total 

 

P-value a 
Slight Odor Moderate Odor 

Minimal  14 10 24  

0.710 b 
Moderate 7 6 13 

Heavy  1 2 3 

Total 22 18 40 

   a Significant if <0.05 

   b Chi-Square Test 



 54 

Tongue Coating: 

 

Tongue coating was clinically assessed on a scale of 0-3 and ranging from no 

coating to heavy coating. Six subjects (15%) had no tongue coating, 16 (40%) had slight 

coating and the remaining had moderate and heavy coating (Table 18). The breath test 

showed significant association with the amount of tongue coating (P=0.003) whereas the 

other tests were not statistically significant (Tables 19a-19d).  

Tongue coating was further analyzed for any correlation with the clinical/ 

laboratory tests and significant correlation was found with both the breath test (P=0.023) 

and the BANA test (P=0.017) based on Spearman Rho correlation test. 

Table 18- Amount of Tongue Coating in Research Subjects 

Tongue Coating 

 

Frequency (%) 

 

No coating 6 (15%) 

Slight 16 (40%) 

Moderate 9 (22.5%) 

Heavy 9 (22.5%) 

Total 40 (100%) 

 

Table 19a- Tongue Coating versus Breath Test 

Tongue Coating 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

No coating 5 1 6  

 

.003 b 
Slight 16 0 16 

Moderate 3 6 9 

Heavy 6 3 9 

Total 30 10 40 
   a Significant if <0.05 
   b Chi-Square Test 
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Table 19b- Tongue Coating versus BANA Test 

 

Tongue Coating 
BANA Test 

Total 
 

P-value a 

Negative Positive 

No coating 5 1 6  

 

.107 b 
Slight 8 8 16 

Moderate 3 6 9 

Heavy 2 7 9 

Total 18 22 40 
    a Significant if <0.05 

   b Chi-Square Test 

 

Table 19c- Tongue Coating versus Lead Acetate Strip Test 

Tongue Coating 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

No coating 4 2 6  

 

0.226 b 
Slight 12 4 16 

Moderate 5 4 9 

Heavy 3 6 9 

Total 24 16 40 
    a Significant if <0.05 

   b Chi-Square Test 

Table 19d- Tongue Coating versus Organoleptic Test 

Tongue Coating 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

No coating 6 0 6  

 

0.118 b 
Slight 8 8 16 

Moderate 4 5 9 

Heavy 4 5 9 

Total 22 18 40 

  a Significant if <0.05 

  b Chi-Square Test 

Bleeding Upon Flossing: 

Bleeding upon flossing is mostly indicative of gingival and periodontal 

inflammation which has a direct effect on oral malodor. Periodontal disease is not as 

common in children as seen with adult patients but gingivitis is commonly seen in 
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children. In the present study, only 4 (10%) have shown to have bleeding upon flossing 

(Table 20). The organoleptic test was the only one that showed significant association 

(P=0.033; Table 21d of Tables 21a-21d).  

Table 20- Bleeding Upon Flossing among Research Subjects 

Bleeding Upon 

Flossing 

Frequency (%) 

 

Yes 4 (10%) 

No 36 (90%) 

Total 40 (100%) 

 

Table 21a- Bleeding Upon Flossing versus Breath Test  

Bleeding Upon 

Flossing 

Breath Test 
Total 

 

P-value a 

No Odor Detected Odor Detected 

Yes  3 1 4  

1.000 b 

No 27 9 36 

Total 30 10 40 
      a Significant if <0.05 
      b Fisher’s Exact Test 

Table 21b- Bleeding Upon Flossing versus BANA Test 

Bleeding Upon 

Flossing 

BANA Test 
Total 

 

P-value a 

Negative Positive 

Yes 0 4 4  

0.114 b 

No 18 18 36 

Total 18 22 40 
      a Significant if <0.05 
      b Fisher’s Exact Test 
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Table 21c- Bleeding Upon Flossing versus Lead Acetate Strip Test 

Bleeding Upon 

Flossing 

Lead Acetate Strip Test 

Total 

 

P-value a 

No Stain Noted Stain Noted 

Yes 2 2 4  

1.000 b 

No 22 14 36 

Total 24 16 40 
    a Significant if <0.05 
    b Fisher’s Exact Test 

Table 21d- Bleeding Upon Flossing versus Organoleptic Test 

Bleeding Upon 

Flossing 

Organoleptic Test 
Total 

 

P-value a 

Slight Odor Moderate Odor 

Yes 0 4 4  

0.033 b 

No 22 14 36 

Total 22 18 40 
     a Significant if <0.05 
     b Fisher’s Exact Test 

Crowding of Teeth: 

Some of the research subjects had minimal dental crowding; especially those in 

the early mixed dentition stage (Table 22). The association between crowding and the 

clinical/ laboratory tests is shown below (Tables 23a-23d).  

Table 22- Frequency of Crowding in Research Subjects 

Crowding 

 

Frequency (%) 

 

Yes 5 (12.5%) 

No 35 (87.5%) 

Total 40 (100%) 
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Table 23a- Crowding versus Breath Test 

Crowding 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 3 2 5  

0.584 b 

No 27 8 35 

Total 30 10 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Table 23b- Crowding versus BANA Test 

Crowding 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 1 4 5  

0.355 b 

No 17 18 35 

Total 18 22 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Table 23c- Crowding versus Lead Acetate Strip Test 

Crowding 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 3 2 5  

1.000 b 

No 21 14 35 

Total 24 16 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Table 23d- Crowding versus Organoleptic Test 

Crowding 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 0 5 5  

0.013 b 

No 22 13 35 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 
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Tongue Anatomy: 

The tongue plays an important role in harboring bacteria. Not just the amount of 

tongue coating that is crucial, but also the presence of fissures which could harbor more 

bacteria and make it more difficult for cleaning. Research subjects were classified as 

having a normal or fissured tongue. Only 1 subject was found to have a fissured tongue 

(Table 24). The statistical association between tongue anatomy and the clinical/ 

laboratory tests were non-significant (Tables 25a-25d).  

Table 24- Tongue Anatomy in Research Subjects 

 

Tongue Anatomy 

 

Frequency (%) 

Normal 39 (97.5%) 

Fissured 1 (2.5%) 

Total 40 (100%) 

 

Table 25a- Tongue Anatomy versus Breath Test 

Tongue Anatomy 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Normal 29 10 39  

1.000 b 

Fissured 1 0 1 

Total 30 10 40 
       a Significant if <0.05 
       b Fisher’s Exact Test 

Table 25b- Tongue Anatomy versus BANA Test 

Tongue Anatomy 
BANA 

Total 
 

P-value a 

Negative Positive 

Normal 17 22 39  

0.45 b 

Fissured 1 0 1 

Total 18 22 40 

      a Significant if <0.05 

      b Fisher’s Exact Test 
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Table 25c- Tongue Anatomy versus Lead Acetate Strip Test 

Tongue Anatomy 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Normal 24 15 39  

0.4 b 

Fissured 0 1 1 

Total 24 16 40 

      a Significant if <0.05 

      b Fisher’s Exact Test 

Table 25d- Tongue Anatomy versus Organoleptic Test 

Tongue Anatomy 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Normal 21 18 39  

1.000 b 

Fissured 1 0 1 

Total 22 18 40 

       a Significant if <0.05 

       b Fisher’s Exact Test 

Presence of Ulcers: 

Only one research subject was found to have an ulcer during the clinical 

examination (Table 26). The BANA test for that subject showed positive result but the 

statistical association of all the clinical/ laboratory tests were not significant (Tables 27a-

27d). 

Table 26- Presence of Ulcers in Research Subjects 

Ulcers 

 

Frequency (%) 

Yes 1 (2.5%) 

No 39 (97.5%) 

Total 40 (100%) 
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Table 27a- Ulcers versus Breath Test 

Ulcers 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 1 0 1  

1.000 b 

No 29 10 39 

Total 30 10 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

Table 27b- Ulcers versus BANA Test 

Ulcers 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 0 1 1  

1.000 b 

No 18 21 39 

Total 18 22 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

Table 27c- Ulcers versus Lead Acetate Strip Test 

Ulcers 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 1 0 1  

1.000 b 

No 23 16 39 

Total 24 16 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 

 

Table 27d- Ulcers versus Organoleptic Test 

Ulcers 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 1 0 1  

1.000 b 

No 21 18 39 

Total 22 18 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 
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Presence of Abscesses: 

During the clinical examination, one research subject had a dental abscess related 

to a primary tooth (Table 28). No significant association was found with any of the 

clinical/ laboratory tests (Table 29a-29d). 

Table 28- Presence of Abscesses in Research Subjects 

Abscess 

 

Frequency (%) 

Yes 1 (2.5%) 

No 39 (97.5%) 

Total 40 (100%) 

 

Table 29a- Abscesses versus Breath Test 

Abscess 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 0 1 1  

0.25 b 

No 30 9 39 

Total 30 10 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Table 29b- Abscesses versus BANA Test 

Abscess 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 0 1 1  

1.000 b 

No 18 21 39 

Total 18 22 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 
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Table 29c- Abscesses versus Lead Acetate Strip Test 

Abscess 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 1 0 1  

1.000 b 

No 23 16 39 

Total 24 16 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

Table 29d- Abscesses versus Organoleptic Test 

Abscess 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 0 1 1  

0.45 b 

No 22 17 39 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Presence of Open Dental Cavities: 

Nine (22.5%) of the research subjects had open cavities due to either caries or 

missing restorations (Table 30). The association with the clinical/ laboratory tests showed 

no statistically significant results (Tables 31a-31d).  

Table 30- Presence of Open Cavities among Research Subjects 

Open Cavities 

 

Frequency (%) 

Yes 9 (22.5%) 

No 31 (77.5%) 

Total 40 (100%) 
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Table 31a- Presence of Open Cavities versus Breath Test 

Open Cavities 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 7 2 9  

1.000 b 

No 23 8 31 

Total 30 10 40 

    a Significant if <0.05 

    b Fisher’s Exact Test 

Table 31b- Open Cavities versus BANA Test 

Open Cavities 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 4 5 9  

1.000 b 

No 14 17 31 

Total 18 22 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

Table 31c- Open Cavities versus Lead Acetate Strip Test 

Open Cavities 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 5 4 9  

1.000 b 

No 19 12 31 

Total 24 16 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 31d- Open Cavities versus Organoleptic Test 

Open Cavities 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 3 6 9  

.253 b 

No 19 12 31 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 
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Presence of Food Impaction: 

Food impaction is usually associated with open carious lesions. This was found in 

3 (7.5%) of the research subjects (Table 32) but was not statistically significant with the 

clinical/ laboratory tests (Table 33a-33d). 

Table 32- Presence of Food Impaction among Research Subjects 

Food Impaction Frequency (%) 

 

Yes 3 (7.5%) 

No 37 (92.5%) 

Total 40 (100%) 

 

Table 33a- Food Impaction versus Breath Test 

Food Impaction 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 1 2 3  

0.149 b 

No 29 8 37 

Total 30 10 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 33b- Food Impaction versus BANA Test 

Food Impaction 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 1 2 3  

1.000 b 

No 17 20 37 

Total 18 22 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 
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Table 33c- Food Impaction versus Lead Acetate Strip Test 

Food Impaction 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 1 2 3  

0.553 b 

No 23 14 37 

Total 24 16 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Table 33d- Food Impaction versus Organoleptic Test 

Food Impaction 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 1 2 3  

0.579 b 

No 21 16 37 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

 

Presence of Intraoral Appliances:  

During the clinical examination, any intraoral appliance was noted. Two (5%) 

study subjects had intraoral appliances; a space maintainer and a habit breaking appliance 

(Table 34). The association between intraoral appliances and oral malodor using the 

clinical/ laboratory tests was not statistically significant (Tables 35a-35d). 

Table 34- Frequency of Research Subjects with Intraoral Appliances  

Intraoral Appliance  

 

Frequency (%) 

Yes 2 (5%) 

No 38 (95%) 

Total 40 (100%) 
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Table 35a- Intraoral Appliances versus Breath Test 

Intraoral Appliances 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 2 0 2  

1.000 b 

No 28 10 38 

Total 30 10 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 

Table 35b- Intraoral Appliances versus BANA Test 

Intraoral Appliances 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 0 2 2  

0.492 b 

No 18 20 38 

Total 18 22 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

 

Table 35c- Intraoral Appliances versus Lead Acetate Strip Test 

Intraoral Appliances 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 2 0 2  

0.508 b 

No 22 16 38 

Total 24 16 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

 

Table 35d- Intraoral Appliances versus Organoleptic Test  

Intraoral Appliances 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 1 1 2  

1.000 b 

No 21 17 38 

Total 22 18 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 
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Tonsils Size: 

Tonsil size was clinically assessed based on the oropharyngeal space they occupy. 

Seventeen (42.5%) of the research subjects had enlarged tonsils (Table 36) but no 

statistically significant association with the clinical/ laboratory tests was found (Tables 

37a-37b). All study subjects were also examined for the presence of tonsil crypts and 

stones but none had either.  

Table 36- Tonsils Size among Research Subjects 

Size Frequency (%) 

 

Normal  23 (57.5%) 

Enlarged 17 (42.5) 

Total 40 (100%) 

 

Table 37a- Tonsils Size versus Breath Test 

Tonsils Size 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Normal 19 4 23  

0.274 b 

Enlarged 11 6 17 

Total 30 10 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 

 

Table 37b- Tonsils Size versus BANA Test  

Tonsils Size 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Normal 13 10 13  

0.088 b 

Enlarged 5 12 17 

Total 18 22 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 
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Table 37c- Tonsils Size versus Lead Acetate Strip Test 

Tonsils Size 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 15 8 23  

0.433 b 

No 9 8 17 

Total 24 16 40 
    a Significant if <0.05 

   b Fisher’s Exact Test 

Table 37d- Tonsils Size versus Organoleptic Test 

Tonsils Size 
Organoleptic Test 

Total 
P-value a 

Slight Odor Moderate Odor 

Yes 13 10 23  

0.822 b 

No 9 8 17 

Total 22 18 40 
  a Significant if <0.05 

  b Fisher’s Exact Test 

Breathing Pattern: 

Breathing pattern was clinically assessed by placing a double sided mirror at the 

nasolabial angle and evaluating the fogginess. Mouth breathers showed no fogginess on 

the mirror from the nares.  About half of the research subjects were nasal breathers and 

the remaining were nasal/mouth breathers or mouth breathers (Table 38). There was no 

significant association between the breathing pattern and the clinical/ laboratory tests 

(Tables 39a-39d).  

Table 38- Breathing Pattern among Research Subjects 

Breathing Pattern 

 

Frequency (%) 

Mouth Breather 5 (12.5%) 

Nasal Breather 21 (52.5%) 

Both 14 (35%) 

Total 40 (100%) 
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Table 39a- Breathing Pattern versus Breath Test 

Breathing Pattern 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Mouth 3 2 5  

 

0.701 b 

 

Nasal 16 5 21 

Both 11 3 14 

Total 30 10 40 
   a Significant if <0.05 

  b Chi-Square Test 

 

Table 39b- Breathing Pattern versus BANA Test 

Breathing Pattern 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Mouth 1 4 5  

 

0.223 b 
Nasal 12 9 21 

Both 5 9 14 

Total 18 22 40 
   a Significant if <0.05 

  b Chi-Square Test 

 

Table 39c- Breathing Pattern versus Lead Acetate Strip Test 

Breathing Pattern 

Lead Acetate Strip Test 

Total 

 

P-value a 

No Stain Noted Stain Noted 

Mouth 4 1 5  

 

0.230 b 
Nasal 10 11 21 

Both 10 4 14 

Total 24 16 40 
   a Significant if <0.05 

  b Chi-Square Test 

 

Table 39d- Breathing Pattern versus Organoleptic Test 

Breathing Pattern 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Mouth 1 4 5  

 

0.131 b 
Nasal 11 10 21 

Both 10 4 14 

Total 22 18 40 

  a Significant if <0.05 

  b Chi-Square Test 
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Dry Mouth: 

This was assessed by placing a tongue blade on the dorsum of the tongue and the 

buccal mucosa of the cheeks. If the tongue blade sticks to either one, the research subject 

will be categorized as having a dry mouth.  

During examination, 9 (22.5%) of the research subjects had a dry mouth (Table 

40) but none was associated with the clinical/ laboratory tests that were performed 

(Tables 41a-41d).  

Table 40- Dry Mouth among Research Subjects 

Dry Mouth 

 

Frequency (%) 

Yes 9 (22.5%) 

No 31 (77.5%) 

Total 40 (100%) 

 

Table 41a- Dry Mouth versus Breath Test 

Dry Mouth 
Breath Test 

Total 
 

P-value a 

No Odor Detected Odor Detected 

Yes 7 2 9  

0.601 b 

No 23 8 31 

Total 30 10 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 

Table 41b- Dry Mouth versus BANA Test 

Dry Mouth 
BANA Test 

Total 
 

P-value a 

Negative Positive 

Yes 5 4 9  

0.705 b 

No 13 18 31 

Total 18 22 40 

   a Significant if <0.05 

   b Fisher’s Exact Test 
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Table 41c- Dry Mouth versus Lead Acetate Strip Test 

Dry Mouth 
Lead Acetate Strip Test 

Total 
 

P-value a 

No Stain Noted Stain Noted 

Yes 7 2 9  

0.272 b 

No 17 14 31 

Total 24 16 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Table 41d- Dry Mouth versus Organoleptic Test 

Dry Mouth 
Organoleptic Test 

Total 
 

P-value a 

Slight Odor Moderate Odor 

Yes 6 3 9  

0.476 b 

No 16 15 31 

Total 22 18 40 

  a Significant if <0.05 

  b Fisher’s Exact Test 

Statistical Association between the Clinical/ Laboratory Tests 

The breath test, BANA test, lead acetate strip test and the organoleptic test were 

further analyzed for any association among each other. Statistically significant 

associations were found between the organoleptic test with the breath test and the BANA 

test. The P-values are presented in Table 42.  No statistically significant association was 

found between these tests and the viscosity test, medications taken, number of carious 

lesions and white spot lesions. However, the breath test approached significance with the 

number of restored teeth (P= 0.056). 
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Table 42- Analysis of the Association between the Clinical/ Laboratory Tests 

 Breath Test BANA Test Lead Acetate 

Strip Test 

Organoleptic 

Test 

 

Breath Test 

 

___ 

 

0.082 a 

 

0.456 b 

 

0.025 a 

Lead Acetate 

Strip Test 

 

0.456 b 

 

0.154 b 

 

___ 

 

0.604 b 

Organoleptic 

Test 

 

0.025 a 

 

0.002 a 

 

0.604 b 

 

___ 

   a Fisher’s Exact Test 
   b Chi-Square Test 
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DISCUSSION 

The aim of this investigation was to evaluate oral malodor in young children who 

present in clinic with the chief complaint of bad breath as per the child’s caregiver, and 

provide diagnostic recommendations to aid in such diagnosis. Relative to adult oral 

malodor studies, only a few have addressed this problem in young children, despite the 

relatively high number of children who are affected. The research design was to procure 

caregiver responses to a detailed questionnaire about the children’s medical history, 

history related to oral malodor and oral hygiene practices and to conduct a clinical 

examination of the child subjects. These data were then statistically evaluated for 

significant association with clinical/ laboratory testing. 

Research Subjects 

Forty children participated in the study with an age range of 4-7 years and a 

complaint of oral malodor or showing interest in participation for a diagnosis of oral 

malodor.  

Many caregivers, when approached, refused to participate due to lack of interest, 

not enough time to wait and some asked for compensations. Other reasons were that 

several children were sick, especially during the winter season, and were taking 

antibiotics which was an exclusion criterion and that some of the children whose 

caregivers agreed to participate were not cooperative enough with the clinical 

examination and the clinical/ laboratory tests.   

In the present study, the complaint of oral malodor was noticed and reported by 

the caregivers rather than the children. The majority of the children examined were 
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cooperative enough for the clinical examination and the tests. Some difficulties were 

faced during the breath test in which some of the younger subjects were not exhaling into 

the device as instructed and the procedure had to be repeated.  

Association between Questionnaire Responses and Clinical/ Laboratory Tests 

 In the present study, 18 (45%) of the research subjects were taking medications but 

this failed to show any statistically significant association with the tests. Other studies 

have clearly showed association between some medications and oral malodor but none 

included the medications our subjects were taking (Attia & Marshall, 1982; Sapone, 

Basaglia, & Biagi, 1992). Those medications included amyl nitrate, chloral hydrate and 

iodine based medications. Other drugs that were thought to be associated with oral 

malodor were lithium salts, penicillamine, griseofulvin and thiocarbamide due to their 

effect in altering the senses of taste and smell causing subjective halitosis (Sapone et al., 

1992). None of the children in the present study were taking medications which intended 

to inhibit oral malodor (e.g. mouth rinses or breath fresheners, with the exception of 

toothpastes) or indirectly inhibited malodor (e.g. antibiotics).  

 Sinusitis and postnasal drip related to oral malodor has been extensively studied   

(Parsons & Phillips, 1993). However, one study reported that even though halitosis was 

listed as a minor criterion for sinusitis, the use of objective methods such as organoleptic 

assessment or gas chromatography have not been used to validate a correlation between 

objective (genuine) halitosis and sinusitis (Ferguson, 2014) .Other investigations have 

associated sinusitis with oral malodor and in a Kuwaiti study of 1551 patients, history of 

sinusitis was associated with self-perceived halitosis (Al-Ansari et al., 2006). In the 

present project, sinusitis, as reported by the caregivers, was significantly associated with 
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the organoleptic test (Table 5d, P= 0.033). Due to the small sample size, this needs to be 

confirmed with another study and a larger sample size. 

Association between Oral Hygiene Practices and Clinical/ Laboratory Tests 

Neither the frequency of reported tooth-brushing nor tongue cleaning showed 

significant associations with the clinical/ laboratory tests in our population.  This is in 

agreement with previous studies that included older children. (Ileri Keceli, Gulmez, 

Dolgun, & Tekcicek, 2015; Kanehira, Takehara, Takahashi, Honda, & Morita, 2004; 

Nalcaci & Sonmez, 2008). On the contrary, Al-Ansari et al (Al-Ansari et al., 2006) found 

that brushing was strongly associated with halitosis but their study was based on self-

perception of halitosis with an age range of 14-74 years. Other adult studies found a 

relationship between tongue cleaning with oral malodor and the reduction of organoleptic 

scores and oral levels of VSC (Seemann, Kison, Bizhang, & Zimmer, 2001; Suarez, 

Furne, Springfield, & Levitt, 2000). The difference between the present study and the 

other studies might be attributed to different brushing techniques, inconsistent 

questionnaire responses given by the caregivers with respect to oral hygiene practices and 

differences in the oral microbiota between adults and young children. Some studies have 

focused on the development of oral microbiota through different age groups and found 

that in increasing age the proportions of periodontal pathogens also increase (Crielaard et 

al., 2011; Kimura et al., 2002; Papaioannou et al., 2009). 

Association between Oral Malodor Questions and Clinical/ Laboratory Tests 

Thirty two (80%) of the caregivers stated that their children had oral malodor and 

their responses were significantly associated with the lead acetate strip test. This test 



 77 

verifies that VSC were present in oral microbial specimens from these subjects. In a 

study at the University of Maryland Dental School, saliva samples from pre-school 

children who presented at the Pediatric Dental clinic with the chief complaint of bad 

breath from the child’s caregiver were incubated and plated on anaerobic agar containing 

lead acetate. VSC-forming colonies turned black from lead sulfate precipitates which 

were identified. Versus control non-oral malodor children, test children harbored 

significantly more Prevotella oralis which were VSC-positive (Paryavi-Gholami, Minah, 

& Turng, 1999). 

In a similar study done in Japan, tongue plaque samples were obtained from 

adults and spread onto agar plates containing lead acetate, cysteine and glutathione and 

were then incubated for 2 weeks. They were then evaluated for the formation of any 

black or grey colonies indicating the presence of H2S producing bacteria and concluded 

that the number of H2S bacteria in the odor group was significantly larger than the non-

odor group (Washio, Sato, Koseki, & Takahashi, 2005).  

In one of the questions, caregivers were asked to estimate the intensity of their 

children’s oral malodor on a scale of 1-10, but no significant associations were found 

with the clinical/ laboratory tests. This could be related to the fact that human perception 

of oral malodor may be subjective in some caregivers or based on a variety of emotional 

influences, such as the realization that his or her child is affected by a disagreeable 

problem. Some of the caregivers still complained of the malodor even after tooth-

brushing and tongue cleaning by them or the child.  
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The caregiver’s concern about the odor returning might be linked to such reasons 

as inadequate brushing and tongue cleaning and the possibility that the origin of the odor 

is outside the mouth (eg. the lungs), which makes it more difficult and confusing for the 

caregiver and the practitioner to accurately diagnose the source of the malodor.  

Association between Clinical Examination Data and Clinical/ Laboratory Tests 

When plaque accumulation was assessed in the research subjects, no statistical 

association with oral malodor was found. This is in agreement with a study that included 

119 children which showed that oral malodor was not significantly correlated with plaque 

index (Kanehira et al., 2004). However, the use of an objective method, such as plaque 

index, would allow for a better assessment and hence more accurate results. 

In contrast to the amount of plaque accumulation, most studies of tongue coating 

have agreed that it is by far the most common source of malodor production within the 

oral cavity (Delanghe, Ghyselen, Feenstra, & van Steenberghe, 1997; Quirynen et al., 

2009; Seemann, Bizhang, Djamchidi, Kage, & Nachnani, 2006). Another study 

evaluating oral malodor in children concluded that it’s related to tongue coating, which 

was significantly correlated with VSC levels in mouth air (Nalcaci & Sonmez, 2008). In 

the present study, significant correlation was found between tongue coating and the 

breath test and BANA test.  

Not only is tongue coating important, but deep fissures of the tongue have also 

been explored. In a study focusing on the tongue and tongue coating, it was found that 

individuals with deep fissures, compared to those without fissures, had twice the total 

counts of bacteria and had significantly higher oral malodor scores (De Boever & 
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Loesche, 1995). The present study did not show any significant association between 

tongue anatomy and the clinical/ laboratory tests but this might be attributed to the fact 

that only one of the research subjects had fissured tongue.  

Bleeding upon flossing might be indicative of gingival inflammation, which has 

shown to be associated with oral malodor and this was supported by the statistically 

significant association that was found in the present study between the organoleptic test 

and bleeding upon flossing (Table 21d). Kleinberg and Westbay reported that salivary 

putrefaction and malodor production are both greater in the presence of gingivitis/ 

periodontitis (Kleinberg & Westbay, 1990). In another study, focusing on the effect of 

oral hygiene instructions on oral malodor in children, have shown that gingival/ 

periodontal health and oral malodor are associated with one another and that oral malodor 

levels were significantly reduced after treating gingival inflammation (Kara, Tezel, & 

Orbak, 2006).   

Even though 42% of the research subjects had enlarged tonsils during the 

examination, no significant association was found with the clinical/ laboratory tests and 

none has been found to have tonsillar crypts and/or stones. Many researchers have 

focused on the role of tonsils and tonsil stones and their implication as a source of oral 

malodor (Ansai & Takehara, 2005; Fletcher & Blair, 1988). A case study showed that 

tonsillectomy is significantly effective for the treatment of halitosis caused by chronic 

tonsillitis (Al-Abbasi, 2009). In contrast, Ferguson et al. reported that there are 

insufficient high-quality studies on this topic and that less invasive techniques such as 

laser cryptolysis may be preferable to tonsillectomy (Ferguson, Aydin, & Mickel, 2014). 
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When breathing pattern was evaluated, no association was found with the clinical/ 

laboratory tests. However, other studies have shown significant association between 

halitosis and mouth breathing. Motta et al. included 55 children with an age range of 3-14 

and a mean age of 7 and focused solely on mouth breathing and its association with oral 

malodor (Motta, Bachiega, Guedes, Laranja, & Bussadori, 2011). Another study found 

that the mean VSC of children with habitual mouth breathing was significantly higher 

than that of children without habitual mouth breathing (Kanehira et al., 2004). 

Statistical Association between the Clinical/ Laboratory Tests 

Some of the tests have shown statistically significant associations among each 

other such as the organoleptic test with the breath test (P=0.025) and the BANA test 

(P=0.002). Others have shown no statistical associations and some have shown tendency 

towards significance as in the case of the breath test and the BANA test (P= 0.08), which 

might show significant association with larger sample size. One reason behind this might 

be that different tests focus on different aspects of oral malodor. The portable breath test 

focuses on the VSC, the BANA test involves the microbial aspects of tongue coating or 

subgingival plaque, particularly the Gram negative microflora, and organoleptic test 

combines saliva odor and tongue plaque as well as other oral sites.  

A study correlating between the BANA test and oral malodor parameters have 

supported that BANA scores were significantly associated with odor-judge ratings but 

were independent of volatile sulfide measurements (Kozlovsky, Gordon, Gelernter, 

Loesche, & Rosenberg, 1994). In another study a new VSC monitor with zinc-oxide 
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sensor demonstrated a highly significant correlation between the measures obtained with 

the new monitor and the organoleptic assessment (Shimura et al., 1997).  

Other elements in the clinical examination were statistically evaluated for an 

association with oral malodor but a lot have failed to show any statistically significant 

results and that might be attributed to the small sample size. Future studies with larger 

sample size are needed to evaluate those variables and their association with oral 

malodor.  

Summary of Research Findings Related to Diagnostic Recommendations for Oral 

Malodor in Young Children  

At the first session with the child and the caregiver, caregiver’s concerns should 

be expressed and a detailed history of the oral malodor problem recorded. After 

concluding preliminary categorization of the child’s condition, the child will be 

scheduled for a comprehensive examination and treatment options of the malodor.  

During the first visit, patients can be initially screened for oral malodor by using 

simple chair-side tests such as the BANA test and the breath test. If the findings of these 

tests are positive, more sophisticated tests as gas chromatography, microbiology and the 

Halimeter can be carried out in another appointment to confirm diagnosis. The 

questionnaire can be used to allow for a systematic approach to a diagnosis. Positive 

findings can be further investigated for association with oral malodor.  

If a diagnosis of oral malodor is confirmed, starting the treatment with simple 

measures will be the first line of treatment. This includes tooth brushing, flossing, tongue 

cleaning concentrating on the posterior third, and when a child is capable of 

expectorating, the use of a mouth rinse can be suggested. Children will be scheduled for 3 
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months recall appointments and then every 6 months. Re-evaluation of the oral malodor 

will performed at each recall visit. Caregivers should be informed of childhood 

conditions which may be related to oral malodor such as tonsillitis, sinusitis, mouth 

breathing and inept oral hygiene skills which often resolve when they are older. If 

halitosis is thought to be of an extra-oral origin, referral to a specialist will be 

recommended. 

Limitations of the Study  

• The sample size should have been larger. 

• Limited cooperation of very young children, making it difficult to obtain the 

specimens. 

• Access to laboratory facilities should have been more convenient. Specimens 

had to be processed three floors away. 

• Recruitment protocols could have been more selective for the enrollees. We 

were bound to the approved IRB authorization. 

Future Studies 

• Investigations using larger sample sizes would make findings more definitive. 

• Inclusion of a control group would allow different parameters of oral 

malodor to be explored. The objective tests employed in this project could be 

used to recruit control and test populations.   

• Designing a simple screening system which could help researchers recruit 

more subjects and to identify subjects with severe oral malodor.  
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• Use of testing equipment which would be more accessible to young patients. 

The breath tester, for example, was frequently difficult for very young 

patients to use. 

• Follow-up examination of the subjects for long term oral malodor evaluations.  

• Studies designed for treatment options to use for various diagnoses of oral 

malodor.   

• Offer a compensation for the parents who agree to include their children in 

the study. 

• For those who are initially diagnosed as having bad breath, schedule a 

separate appointment for comprehensive examination, diagnosis and 

treatment options.  
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CONCLUSION 

• Analysis of all the clinical/ laboratory tests showed significant association 

between the organoleptic test with BANA and the breath test, whereas the lead 

acetate strip test did not show any significant association. These methods were 

simple chair-side tests that reinforced various diagnoses of oral malodor.   

• Medications being taken by the child subject and the presence of postnasal drip 

were not associated significantly with any of the clinical/ laboratory test.  

• Presence of sinusitis was not significantly related to the BANA, breath tester or 

lead acetate strip test, but was significantly associated with the organoleptic test.  

• Neither tongue cleaning nor frequency of brushing had any association with oral 

malodor clinical/ laboratory tests.  

• Presence of bad breath, as reported by the caregivers, was only associated with 

the lead acetate strip test. 

• Plaque accumulation, presence of ulcers and abscesses, presence of open cavities, 

presence of food impaction, presence of an intraoral appliances, dry mouth, tonsil 

size and breathing pattern failed to show significant association with the 

clinical/laboratory tests.  

• Tongue coating was significantly correlated with BANA test and the breath test. 

• Bleeding upon flossing has shown significant association with the organoleptic 

test. 
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APPENDIX 2 

Health Insurance Portability and Accountability Act (HIPAA) 

AUTHORIZATION TO OBTAIN, USE AND DISCLOSE 

PROTECTED HEALTH INFORMATION FOR RESEARCH 

 

Name of Study Volunteer:    

__________________________________________________________________ 

Date of Birth:  ________                       Medical Record Number: ___________ 

NAME OF THIS RESEARCH STUDY:    Oral Malodor in Young Children   

 

UMB IRB APPROVAL NUMBER:   UMB IRB Number: HP-00060118 

Researcher’s Name:                 Dr. Glenn E. Minah  

 

Researcher’s Contact Information:   Department of Microbial Pathogenesis, 

UMB Dental School 

      650 W. Baltimore Street 

      410 706-7539 

 

This research study will use health information that identifies you/your child. If 

you/your child agree to participate, this researcher will use just the health information 

listed below. 

THE SPECIFIC HEALTH INFORMATION TO BE USED OR SHARED: 

• Health-related information you/your child have been asked to provide for the study 

during interviews, via questionnaires. 

• You/your child’s medical records from University of Maryland Medical Center 

(UMMC) relating to eligibility for the study and participation in the study including: 

doctors’ notes or summaries, records of medications and other treatments, laboratory 

results, reports of x-rays and other diagnostic tests 

• Results of medical tests, laboratory tests, x-rays, research procedures carried out for 

the purposes of the study 

• Health information about you/your child obtained from your clinical care providers 

• Medical records from another health care facility that may be needed to determine 

whether a side effect or other problem is related to the study.   

 

Federal laws require this researcher to protect the privacy of this health information. He/she 

will share it only with the people and groups described here. 

 

PEOPLE AND ORGANIZATIONS WHO WILL USE OR SHARE THIS INFORMATION: 

• Dr. Glenn Minah and his research team. 
 
THIS AUTHORIZATION WILL NOT EXPIRE.  BUT YOU CAN REVOKE IT AT ANY TIME. 
To revoke this Authorization, send a letter to this researcher stating your decision. He/she 
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will stop collecting health information about you/your child. This researcher might not 
allow you/your child to continue in this study. He/she can use or share health information 
already gathered.  
 
There is no scheduled date at which this information will be destroyed or no longer used. 
This is because information that is collected for research purposes may be analyzed for many 
more years and it not possible to determine when analysis will be complete. 
ADDITIONAL INFORMATION: 
 

• You can refuse to sign this form. If you do not sign it, you cannot participate in 

this study. This will not affect the care you/your child receive at: 

o University Physicians, Inc. (UPI) 

o University of Maryland Medical System (UMMS) 

 It will not cause any loss of benefits to which you/your child are otherwise 

entitled. 

• Sometimes, government agencies such as the Food and Drug Administration or 

the Department of Social Services request copies of health information. The law 

may require this researcher, the UMSOM, UPI or UMMS to give it to them. 

• This researcher will take reasonable steps to protect your/your child’s health 

information. However, federal protection laws may not apply to people or groups 

outside the UMSOM, UMB, UPI or UMMS.  
• Except for certain special cases, you/your child have the right to a copy of 

your/your child’s health information created during this research study. You may 
have to wait until the study ends. Ask this research how to get a copy of this 
information from him/her. 

 

My signature indicates that I authorize the use and sharing of my/my child’s protected 

health information for the purposes described above. I also permit my doctors and 

other health care providers to share my/my child’s protected health information with 

this researcher for the purposes described above.  

 

Signature:  _______________________Date: _______________________ 

 

Name (printed) ______________________________________ 

 

Privacy Questions? Call the UMSOM Privacy Official (410-706-0337) with questions 

about your/your child’s rights and protections under privacy rules. 

Other Questions? Call the researcher named on this form with any other questions. 
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APPENDIX 3 

Oral Malodor in Young Children  

 

 

DEMOGRAPHIC DATA 

Patient #: 

Date:  

DOB/ Age: 

Sex:  

Race: 

SES: 

Parent: 

Address: 

Home phone number:  

Cell phone number:  
 

 

 

MEDICAL HISTORY 
 

List significant findings from Axium 

 

 

Does your child take any medications? o Yes. Please specify…  

o No  

Does your child have a stuffy nose 

frequently? 

o Yes 

o No  

Does the child suffer from sinusitis? 

 

o Yes 

o No  

Does the child experience post-nasal drip? o Yes 

o No 

Is your child a nasal breather, mouth 

breather, or both?  

o Nasal 

o Mouth 

o Both  

o Not sure  

SAMPLE #  
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ORAL HYGIENE PRACTICES  

 

 
How many times does the child brush?    ….. times per day 

 

Do you assist in brushing?  

 

 

o Yes 

o No  

Does the child floss?  o Yes, how often?  

o No 

Does the child or you clean the tongue? 

If yes, How? 

o Yes (child/parent) 

o No 

o Technique ……….. 

Does the child chew gum? o Yes, how often? 

o No 

Does the child use mouth rinse? o Yes, how often? 

o No 

 

ORAL MALODOR 
• When did you first notice your child had bad breath? 

 

• How intense do you think your child’s bad breath is? (from a scale 1-10) 

 

• Is mouth odor seasonal, for example, like being mainly in the winter? 

 

 
Does your child have bad breath? o Yes  

o No  

When is malodor/ bad breath mostly 

noticed? 

 

o In the morning 

o At night 

o After eating 

o All the time 
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o other 

Do non-caregivers notice malodor? o Yes 

o No  

Does your child mention his/her malodor? o Yes 

o No  

Does tooth brushing alone reduce odor? 

 

o Yes 

o No 

o sometimes 

Does tongue cleaning reduce odor? o Yes 

o No 

o sometimes 

Does eating reduce odor? o Yes 

o No 

o sometimes 

Is malodor associated with specific type of 

food? 

o Yes, what exactly? 

o No  

Does anything else reduce odor? o Yes, what exactly? 

o No  

Does the odor return shortly after dental or 

tongue cleaning? 

o Yes 

o No  

Have you sought professional help?  o Yes 

o No  

Have you used any remedies to control 

your child’s bad breath?  

o Yes, what exactly? 

o No  

Does your child complain of dry mouth? o Yes, how often? 

o No  
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CLINICAL EXAMINATION  
 

Have you or your child brush the tongue 

before coming to this appointment?  

o Yes  

o No 

Overall oral hygiene o Good 

o Fair 

o Poor  

Plaque accumulation o Minimal  

o Moderate 

o Heavy  

Tongue coating  o Grade 0: no tongue coating present 

o Grade 1: thin coating on 1/3 of the 

tongue 

o Grade 2: thin coating on more than 

1/3 of the tongue, or thick coating 

on only 1/3 of the tongue 

o Grade 3: thick coating on more than 

1/3 of the tongue  

 

Bleeding upon flossing o Yes 

o No  

o N/A  

Crowding o Yes, ……… mm 

o No  

Tongue anatomy o WNL 

o Fissured 

Presence of ulcers o Yes 

o No  
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Presence of abscesses  

 

 

 

o Yes 

o No  

Presence of open cavities  o Yes  

o No  

Presence of food impaction o Yes 

o No  

Intra-oral appliances  o Yes 

o No  

Tonsils  o WNL 

o Enlarged.  

Presence of tonsil crypts o Yes 

o No  

Presence of tonsil stones o Yes  

o No  

Breathing pattern  o Mouth breather  

o Nasal breather 

o Both 

Dry mouth  o Yes  

o No  

Saliva viscosity o Normal 

o Thick 
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DENTAL CHARTING 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

INVESTIGATOR:  

 

 

 

 

-Circle teeth present 

-Caries: C 

-Missing due to caries: X 

-Restoration: R 

-White lesion: W 

-Appliance: indicate 

  

          

  

          

  3      A       B       C       D       E   F       G       H       I         J      14 

  30     T        S       R      Q        P O       N       M      L       K     19 

    

    

24      23   26      25  

  9       10      7        8 
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1.   ANTIBIOTICS WITHIN 14 DAYS: YES/ NO  

 

2.   MEDICATIONS (FREQUENCY): 

 

3.   BREATH TEST SCORE: 

 

4.   BANA SCORE: 

 

5.   LEAD ACETATE STRIP SCORE: 

 

6. ORGANOLEPTIC SCORE: 

 

7. SALIVA VISCOSITY SCORE: 
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