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Abstract
Dental caries is a common infectious disease affecting young children living in low-income families
in the United States. Efficacious, safe, feasible and cost-effective caries prevention methods for these
children are essential. Several studies have shown the efficacy of fluoride varnish and xylitol to
improve the oral health of children. 

The efficiency of caries prevention programs including the use of fluoride varnish or xylitol
chewing gum in early childhood has not been well documented in communities with private dental
services. The purpose of this study was to determine the caries prevalence and distribution in the
primary dentition, and to evaluate the effectiveness of two prevention programs, including
applications of fluoride varnish and the use of xylitol chewing gum in randomized groups of
preschool children attending Head Start school programs in Northern Florida. 

The caries preventive effect of fluoride varnish in the primary dentition was evaluated in a sample
of 4–6 year-old Head Start schoolchildren in Alachua, Florida (n = 142). Caries progression after nine
months was analyzed using dmf(s/t) and ds values. A modified caries scoring system, which
differentiates between active and inactive carious lesions, was used to evaluate the effect of fluoride
on early noncavitated enamel lesions. The effect of xylitol gum was evaluated by measuring the levels
of salivary mutans streptococci before and after a three week chewing period in 3–5 year-old children
attending the Head Start school in Starke, Florida (n = 61).

This study is in line with earlier reports that caries prevalence is high in Head Start preschool
children. This study showed that active noncavitated enamel lesions were common in the primary
dentition and that applications of fluoride varnish may offer an effective means of arresting these
early enamel lesions. Chewing the xylitol gum reduced the levels of salivary mutans streptococci,
thereby possibly reducing the risk for dental caries in these children. 

While the detection and monitoring of early enamel lesions is critical in determining effectiveness
of prevention therapy, this study suggests that fluoride varnish applications may offer an efficient,
non-surgical treatment for decay in children. Also, the prevention program with xylitol may provide
an additional method to be used in situations where other prevention methods are difficult to
implement.
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 Abbreviations 

ADA  American Dental Association 
a.m.   ante meridiem, before noon 
C  celcius 
CDC  Center for Disease Control and Prevention 
CFU  colony forming unit 
dmfs  decayed, missing, filled primary teeth surfaces 
dmft  decayed, missing, filled primary teeth  
ds   decayed primary teeth surfaces 
dfs  decayed, filled primary teeth surfaces 
dt   decayed primary teeth 
dft  decayed, filled primary teeth 
ECC  early childhood caries  
F  fluoride 
FDA  Food and Drug Administration 
IRB  Institutional Review Board 
L  liter 
NHANES National Health and Nutrition Examination Surveys 
NIH   National Institute of Health 
NS  non significant 
MEPS  Medical Expenditures Panel Survey  
ml  milliliter 
p.m.  post meridiem, after noon 
S. mutans Mutans streptococci  
SEM  standard error of the mean 
SD  standard deviation 
USA   United States of America 
US DHHS United States Department of Health and Human Services 
WHO   World Health Organisation 
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1 Introduction 

Dental caries is the single most common chronic disease of childhood in industrialized 
countries (Edelstein & Douglass 1995, US DDHS 2000). Despite the decline in the 
incidence, this disease is unequally distributed among the population in the United States, 
with caries incidence, prevalence, and severity being greater among minority and 
economically disadvantaged children than among other groups. Head Start is a national 
program providing comprehensive developmental services primarily to low-income 
preschool children and their families in the United States and these children have been 
shown to experience high levels of caries. 

Prevention of dental caries in early childhood is important with respect to its future 
progression, to improve the quality of life, to reduce the costs of restorative treatment and 
to prevent operative-treatment-based dental anxiety. Different methods of prevention, 
such as topical applications of fluoride and use of xylitol products, have been studied 
mainly in older children and adopted for common use in Scandinavian countries in recent 
decades. These preventive measures are not widely in use in the United States, where 
dental care for children is mainly provided through private practice.  

There is a need for implementation of effective caries preventive strategies for young 
high-risk children. The effectiveness of caries prevention could be improved by 
deploying treatment at targeted risk subjects or groups. 



2 Review of the literature 

2.1  Dental caries 

Dental caries is an infectious and transmissible disease (Seow 1998). Current concept of 
dental caries center on the fermentation of carbohydrates by cariogenic plaque bacteria, 
producing organic acids, which dissolve the susceptible tooth minerals (Seow 1998). The 
carious lesion develops over a certain period, and is the result of dynamic, complex 
interactions of cariogenic bacteria and host defense mechanisms.  

The caries process is initiated in the biofilm or dental plaque (Kidd & Fejerskov 2004). 
Dental caries is a localized, progressive demineralization of the hard tissues of the crown 
(coronal enamel, dentin), and root surfaces of teeth (cement, dentin), and is a dynamic 
process since periods of demineralization alternate with periods of remineralization 
through the action of fluoride, calcium and phosphorous contained in oral fluids 
(Fejerskov & Kidd 2003). Progressed lesions in dentin are characterized also by 
destruction of the organic matrix and are considered irreversible, and once destroyed, the 
tissues cannot be regenerated, requiring operative treatment. 

2.1.1  Etiology of caries 

The main factors in etiology of the dental caries are cariogenic bacteria, fermentable 
carbohydrates, a susceptible tooth and host (Keyes 1960). In young children, bacterial 
flora and host defense systems are still developing so they have unique risk factors, as 
well as unique behavioral patterns associated with feeding and oral hygiene (Seow 1998). 
Lack of enamel maturation or the presence of developmental structural defects in enamel 
may increase the risk for caries in preschool children (Tinanoff et al. 2002). Enamel 
defects in the primary dentition are most associated with prenatal, perinatal or postnatal 
conditions such as low birth weight, and the child’s or mother’s malnutrition or illness 
(Seow 1998). Poor diet and pre-term and low birth weight increased the development of 
dental caries in primary teeth in a group of 3-4 year-old children in London (Davenport et 
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al. 2004). A number of behavioral, demographic, and clinically evident risk factors, 
which correlate with dental caries in young children have been identified; e.g., poor oral 
hygiene, feeding practices and the early colonization with mutans streptococci 
(Proceedings: Conference on early childhood caries 1998).  

Mutans streptococci are significant determinants of the cariogenity of plaque (Seow 
1998). Mutans streptococci have been associated mainly with the initial development of 
caries, and lactobacilli with the progression of carious lesions. Organisms are usually first 
detected when the first primary teeth emerge into the oral cavity (Seow 1998), which 
usually occurs at the age of about 6-10 months (Kreiborg et al. 1991). A window of 
infectivity by mutans streptococci from 19-31 months of age has been proposed (Caufield 
et al. 1993), though mutans streptococci have been detected in the predentate children 
also (Milgrom et al. 2000). Colonization of the oral cavity with mutans streptococci in 
children is generally the result of transmission of these organisms from the child’s 
primary caregiver, usually the mother (Tinanoff et al. 2002). 

Preschool children with high colonization of mutans streptococci have shown to have 
greater caries prevalence and greater risk for new lesions than children with lower levels 
(Thibodeau & O’Sullivan 1996). A highly significant correlation between the salivary 
numbers of mutans streptococci and their prevalence in the dentition, both in terms of the 
number of tooth surfaces colonized and the level of infection of tooth surfaces has been 
reported (Duchin & van Houte 1978, Lindquist 1991). The evidence points most 
consistently to young children being most likely to develop caries if they acquire mutans 
streptococci at a young age (Alaluusua & Renkonen 1983, Grindefjord 1995, Harris et al. 
2004) and are likely to develop caries in their permanent dentition (Greenwell et al. 
1990). Mutans streptococci are harboured by 33%-75% of 4-year-old children (Carlsson 
et al. 1975, Alaluusua & Renkonen 1983, Köhler et al. 1988, Caufield et al. 1993).  

Dietary sugars are the major dietary factor affecting dental caries prevalence and 
progression. After ingestion of carbohydrate, fermentation acids cause a drop in plaque 
pH, which may lead to demineralization of enamel and tooth destruction. The intensity of 
caries in preschool children may be due to frequent sugar consumption (Tinanoff et al. 
2002, Ruottinen et al. 2004). Dental caries at six years of age was associated with a 
higher daily sucrose intake that had started already at three years of age (Karjalainen et 
al. 2001). The sugar alcohols (e.g.; sorbitol and xylitol) are sweeteners that either are not 
metabolized by bacteria or are metabolized with lower rate. Reductions of levels of 
mutans streptococci have been achieved after the use of xylitol (Bánóczy et al. 1985, 
Mäkinen et al. 1989).  

2.1.2  Caries experience and development in the primary dentition 

Pit and fissure caries is the most common type of the caries in the primary teeth, the 
proportion being 80-88% (Ismail et al. 1992, Douglass et al. 2002) due to the narrow and 
inaccessible pits and fissures (Fejerskov & Kidd 2003). Therefore, the occlusal surfaces 
of the primary molars usually show the highest attack rates (Grindefjord 1995, Gizani et 
al. 1999) and the majority of new lesions are located on the occlusal surfaces of the 
second primary molars (Grindefjord 1995, Warren et al. 2002).  
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Studies have shown that decay in anterior primary teeth in young children is a risk 
factor for future caries progression (O’Sullivan & Tinanoff 1996, Greenwell et al. 1990, 
Johnsen et al. 1986). Children with early caries development exhibit high caries 
progression (Alaluusua & Renkonen 1983, Köhler et al. 1988), as well as high risk for 
further development of an extensive number of new carious lesions (O’Sullivan & 
Tinanoff 1996, Grindefjord 1995). They are also more likely to have caries in their 
permanent dentition (Greenwell et al. 1990, Kaste et al. 1996, Tinanoff et al. 2002).  

Caries progression in the primary dentition is reportedly rapid, and within one year, 
enamel caries may progress into the dentin (Peyron et al. 1992). Additionally, enamel and 
dentin in primary teeth are thinner and proximal contacts broader than in permanent teeth, 
leading to increased caries susceptibility and more rapid progression of caries. 
Progression rates for lesions through the enamel are extremely variable between 
individuals and even between lesions in the same individual (Fejerskov & Kidd 2003). 

2.1.3  Early childhood caries  

Early childhood caries (ECC) is a virulent form of caries that is associated with unusual 
dietary practices and usually affects toddlers and preschool children (Berkowitz 2003). 
Initially, ECC presents with smooth-surface carious lesions affecting the primary 
maxillary incisors and as the disease progresses, decay appears on the occlusal surfaces 
of the primary maxillary first molars, spreading to other primary teeth (Berkowitz 2003). 
According ADA (American Dental Association) statement, early childhood caries is 

defined as the presence of one or more decayed (noncavitated or cavitated lesions), 
missing (due to caries) or filled tooth surfaces in any primary tooth in a preschool-age 
child between birth and 71 months of age (ADA 2000). There is a great variety of 
definitions and diagnoses of ECC used worldwide, reflected in the variation in the 
prevalence data of ECC and a clear classification is still to be devised (De Grauwe et al. 
2004). High-risk populations for ECC in the United States include Hispanic and Native 
American children, and children enrolled in Head Start programs (Berkowitz 2003).  

2.2  Epidemiology of caries in young children 

Epidemiology studies disease and its determinants in populations and groups. There are 
remarkably few epidemiological studies of caries in preschool children, but a wealth of 
data is available from studies of school-aged children (Fejerskov & Kidd 2003).  

2.2.1  Global caries prevalence 

Dental caries is still a major oral health problem in most industrialized countries, 
affecting 60-90% of schoolchildren and the vast majority of adults. It is also a most 
prevalent oral disease in several Asian and Latin-American countries, while it appears to 
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be less common and less severe in most African countries (WHO 2004). Table 1 presents 
prevalence of dental caries for 3 and 6 year-old children in Finland and Table 2 for 3 and 
6 year-old children in the United States (WHO 2004).  

Table 1. Caries prevalence for 3 and 6 year-old children in Finland 

Age % affected dmft Year Source 
3 years - 0.2 1997 1) 
6 years 48.2* 1.5 1991 2) 
* Table represents both primary and permanent dentitions. 1) National Research and Development Center for 
Welfare and Health. 2) Nordblad A, Suominen-Taipale L, Rasilainen J. Suun terveys terveyskeskuksissa 1991 
(WHO 2004).  

Table 2. Caries prevalence for 3 and 6 year-old children in the United States 

Age % affected dft Year Source 
3 years 11.5 0.4 1988-1991 1) 
6 years 46.8 1.8 1988-1991 1) 
1) NHANES III; Courtesy by Dr. L.M. Kaste (WHO 2004). 

Caries in countries with good dental health is no longer evenly distributed (Vehkalahti et 
al. 1997). The increase of caries-free subjects has stabilized, accompanied by the 
continued presence of subjects with high caries experience, leading to a skewed 
distribution of caries prevalence in children (Vehkalahti et al. 1997). Eighty percent of 
dental caries identified in permanent teeth of children aged 5-17 years in the United 
States occur in 25% of children (Kaste et al. 1996, Brown et al. 2000). Among six year-
old Finnish children, 75% were caries-free (dmft=0), and half of all the decayed teeth 
belonged to six percent of all six year-old children (Vehkalahti et al. 1997). Teeth of 
preschool-aged children are generally healthy, but the improvement in the dmft index has 
halted in industrialized countries. Those few children who have caries, now have more of 
it than before (Mattila et al. 2000). In Sweden and other European countries, a higher 
prevalence of caries has been reported in ethnic or minority immigrant population groups 
(Grindefjord 1995). 

2.2.2  Caries prevalence of preschool children in the United States 

In the United States, despite the decline in the incidence of dental caries over the past 
several years, the condition remains a significant problem for the nation’s poor children 
(Litt et al. 1995). Based on the analyses of the data in the National Health and Nutrition 
Examination Surveys, or NHANES, which provides data from dental examinations of 
4,300 children aged 2-5 years, the mean number of decayed or filled primary teeth (dft), 
decreased from 1.2 (NHANES I, 1971-1974) to 1.0 (NHANES III, 1988-1994) (Brown 
2000). The percent affected with caries in 2-4 year-old children was 16.9 and at age of six 
it was 46.8 (NHANES III, Kaste et al. 1996). Surveys showed no reduction in untreated 
decay in children who were at or below the poverty level. In this data, mean dft value for 
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the poor and near poor five year-old children was 2.7 and for non-poor the mean dft was 
less than 1.0. For poor five year-old children with caries experience, the mean dft was 
4.8, and for non-poor it was 3.2.  

Data from the Medical Expenditures Panel Survey (MEPS) and the National Health 
and Nutrition Examination Survey (NHANES III) indicate that 20% of the children aged 
2-5 years had a dental visit in the past year, suggesting that the mean age at first dental 
visit is more likely between three and five years of age (Edelstein et al. 2000). 
Unfortunately, groups at highest risk for disease – the poor and minorities – have lower 
rates than average of using dental care (Public Health reports 1993). On average, almost 
20 percent of children aged 2-5 years have untreated dental caries (Bader et al. 2004). 
According to the Surgeon General’s Report on Oral Health in America, caries in children 
living in low-income families is more likely to be untreated than caries in those living 
above the poverty level (US DHHS 2000). In 1988–1994, 36.8 percent of poor children 
aged 2-9 years had one or more untreated decayed primary teeth, compared to 17.3 
percent of non-poor children (US DHHS 2000). The percentage of the population with 
untreated caries was smaller among persons with higher educational levels. Untreated 
dental decay can lead to severe tooth pain, infections, extensive and costly dental 
treatment or possible tooth loss (US DHHS 2000). 

Most published studies of preschool children in the United States have looked at 3-5 
year-old children enrolled in Head Start - A federally funded preschool education and 
child development program providing comprehensive developmental services primarily 
to low-income preschool children and their families in the country. These children suffer 
from higher caries experience compared to others (Berkowitz 2003) with high caries risk 
levels of at least a mean dft score of 2.0 (Tang et al. 1997). Studies in Head Start children 
have revealed different caries prevalence (Table 3). Louie et al. (1990) found a mean dft 
to range from 2.9 to 6.9 or a mean dfs from 4.8 to 16.6. The proportion of children 
affected with caries ranged from 16.9% to 76.4% (Table 3). The reasons for the wide 
variety of caries levels are several; overall decline of caries during the last decade, 
different diagnostic criteria and different geographic location of study population. When 
caries in these children was described as ECC, a survey of 1,230 children (3-5 years of 
age) in 37 Head Start programs, the prevalence of ECC was 18.5% for three year-old, 
22.4% for four year-old and 27.9% for five year-old children (Barnes et al. 1992). The 
percentage of children affected with caries based on the survey was 50.6% for non-rural 
children and 70.5% for rural children (Barnes et al. 1992). Overall ECC prevalence based 
on multiple studies in U.S. preschool children have been reported to range from 11 % to 
72% (Berkowitz 2003). 
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Table 3.  Level of dental caries and proportion of children affected with caries in U.S. 
preschool children as reported in studies published from 1990-2004    

Study Location  Population Age N Caries score % children 
Louie et al. 
1990 

California, 
Hawaii, 
Micronesia    

Head Start  3-5 1,796 4.8-16.6 dfs/ 
2.9-6.9 dft 

76.4% 

Barnes et al. 
1992 

Southwestern 
states 

Head Start  3-5 1,230 6.4 dfs  50.6-70.5% 

Kaste et al. 
1996 

NHANES III 
USA  

U.S. civilian 
children 

2-4 1,627 1.2 dfs/0.6 dft 16.9%  

Tang et al. 
1997 

Arizona  Head Start  3 144 1.4 dmft  35% 

Albert et al. 
2002 

Manhattan  Head Start  4 
3-4 

668 
1,605 

2.4 dmft  
1.1 dft/2.2 dfs 

49% 
34% 

Douglas et al. 
2002 

Connecticut Head Start  3-4 311 1.7 dmft  49% 

Montero et al. 
2003 

Connecticut Head Start  3-4 517 3.0 dmfs 38%   

Dye et al.  
2004 

NHANES III U.S. civilian 
children 

5 1,045 1.0 df  40.2 % 

Siegal et al. 
2004 

Ohio Head Start  3-5 2,555 - 38% 

2.3  Description of caries experience  

Tooth surfaces and teeth cluster in individuals and individuals cluster in populations. The 
disease severity of the individual is usually described by counting the number of caries 
lesions in the individual, or the number of lesions exceeding a certain stage of lesion 
progression. The disease severity of the population is typically also described using the 
average number of caries lesions (e.g. the mean DMFT or DMFS) or frequency 
distribution of people according the number of caries lesions (Fejerskov & Kidd 2003).  

Two commonly used indexes for describing dental caries include the DMFS index 
(Radike 1972) and the World Health Organization index (WHO 1997). Most caries data 
have been collected using the classical decayed, missing and filled teeth (DMFT) or tooth 
surfaces (DMFS) developed in the 1930s (Klein et al. 1938). Each method is based on the 
detection of untreated disease (D), even at various levels of measurement and scoring 
different manifestations of clinical symptoms. These methods also assess evidence of past 
disease, represented by restorations (F), or missing (M) teeth.  

Occurrence of past caries and changes in it, both on the population and on the 
individual level, are commonly described by these indexes (DMFT/S), and occurrence of 
present caries is usually described by decayed teeth (DT) or decayed surfaces (DS). 
These indexes are recorded for primary teeth (dmft, dmfs, dt, ds) below the age of six 
years. Although DMFS index has proven useful over a number of decades for the 
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assessment of dental caries, recent changes in the epidemiology of the disease and 
increasing advancement of new diagnostic tools for its measurements have stimulated 
development of improved methods for assessing dental caries.  

The world Health Organization index, which distinguishes four levels of active 
disease, allows for various levels of incipient decay as well. Both WHO and DMF 
indexes reflect the cumulative history of caries experience for the subject. WHO criteria 
include assessment of noncavitated lesions. Evidence of “carious involvement” of tooth 
structure before frank cavitation is noted as either initial caries (no clinically detectable 
loss of tooth substance) or enamel caries (demonstrable loss of tooth substance in pits, 
fissures, or smooth surfaces, but not softened floor or wall of undermined enamel). Caries 
of dentin is equivalent to frank cavitation traditionally scored with the DMFT index. A 
deep cavity with probable pulpal involvement is the final level. Caries experience of 
children has been described by using WHO criteria in several studies (Scheinin et al. 
1985, Twetman & Petersson 1996, Alanen et al. 2000, de Sousa et al. 2002, Assaf et al. 
2004, Klemme et al. 2004, Pieper & Schulte 2004). 

2.3.1  Caries diagnosis 

Diagnosis process is a procedure during which observations are classified according to 
what is known about the etiology, pathology, therapy, prevention, and prognosis of each 
type of lesion observed (Fejerskov & Kidd 2003). As far as the caries lesion is concerned, 
diagnosis implies detecting a caries lesion, estimating its depth and degree of 

demineralization, and making a decision about its activity (Nyvad & Fejerskov 1997). In 
order to deliver effective prevention, accurate diagnosis and monitoring of lesions over 
time is required. Arresting dental caries depends entirely on early and accurate diagnosis.  

2.3.2  Early enamel lesions 

Dental caries develops where microbial deposits are allowed to form biofilms that are not 
frequently removed. Dental caries is a dynamic process, which leads to a change in the 
equilibrium between tooth substance and surrounding plaque fluid, resulting in a net loss 
of tooth mineral (demineralization). The typical initial active caries lesion in the enamel 
exhibits a whitish opaque, matt, or ‘chalky’ appearance with a rough surface (Nyvad et al. 
1999, Fejerskov & Kidd 2003). This is due to increase in the internal enamel porosity, 
due to demineralization (Fejerskov & Kidd 2003). The classic description of the primary 
enamel lesion is the white-spot lesion, defined as the first macroscopic sign of caries-
induced demineralization (Bjørndal & Mjör 2001). A well-mineralized surface zone is 
seen overlying a subsurface demineralization (Bjørndal & Mjör 2001). 

Cycles of active disease and arrest of lesion progression in enamel are common 
(Fejerskov & Kidd 2003). The transition of an active lesion into arrested /inactive lesion 
is accompanied by characteristic changes of the surface features of the lesion. As lesion 
transforms into an inactive stage, they acquire a shiny, smooth/hard surface. During the 
redeposition of mineral (remineralization) through the surface layer into the internal 
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(subsurface) lesion, the surface layer itself forms a diffusion barrier against subsurface 
uptake of mineral (Larsen & Fejerskov 1989) and the arrested lesions with an intact 
surface layer remains as scars in the tissue (Fejerskov & Kidd 2003). The clinical 
distinction between active and arrested caries has been reported in several histological 
and histochemical studies (Nyvad and Fejerskov 1997). If an active lesion is subjected to 
efficacious preventive intervention, such as oral hygiene or topical fluorides, the activity 
of lesion is likely to change (Fejerskov & Kidd 2003).  

According the NIH panel on Diagnosis and Management of Dental Caries (NIH 
Consensus Statement 2001), science of identifying early signs of caries is still a 
developing field, one which is also the next crucial era in dental care. The strategies 
proven most effective as primary interventions often are also effective in reversing or 
arresting early lesions (NIH 2001).  

In the past it has been argued that enamel lesions could not be included in 
epidemiological assessments of caries as the reproducibility achieved would be inferior 
and insufficient (Burt 1997). However, it now appears that this is not the case as excellent 
reproducibility with kappa-values around 0.8 has been achieved by examiners using the 
D1 threshold (enamel lesions) in clinical studies (Deery et al. 2000, Forgie et al. 2000, 
Chesters et al. 2002). It has been demonstrated that the inter- and intra-examiner 
reliability is not necessarily reduced when noncavitated caries lesions are included in the 
recording system, provided that the examiners are thoroughly trained and calibrated 
before the study (Nyvad et al. 1999). Diagnostic criteria can be used to make distinctions 
in the activity status of lesions (Nyvad & Fejerskov 1997). Modified caries diagnostic 
criteria, which differentiate between active and inactive caries lesions at both cavitated 
and noncavitated sites, have been used with high reliability in the permanent dentition 
(Nyvad et al. 1999). However, differentiation of the activity of lesions has not been tested 
in the primary dentition (Nyvad & Fejerskov 1997). 

2.3.3  Dentinal lesions  

Caries lesion, when developing on smooth surface enamel, is as a cone-shaped defect, 
wide at the tooth surface and becoming narrow towards the dentin-enamel junction. At 
this point, the lesion becomes wider again, and may extend to the pulp. Broadening of the 
lesion in the junction is the result of the early stages of demineralization not being seen in 
the enamel, but visible in dentin in terms of brownish discoloration. Dental caries affects 
enamel and dentin to significant depth while the outer surface may remain intact 
(Fejerskov & Kidd 2003).  

Dentin, on the contrary to enamel, is a vital tissue containing odontoblast processes 
and it is capable of defending against the caries process through the physiological 
mechanism of sclerosis (Bjørndahl & Mjör 2001). The first sign of dentin reactions to the 
enamel lesion is tubular sclerosis, which is the deposition of mineral within the dentinal 
tubules (Fejerskov & Kidd 2003).  

Bacteria are rarely present within the lesion before cavitation of the enamel surface, 
although the dentin of noncavitated lesions may be soft and lightly infected (Ratledge et 
al. 2001). Once the cavity is directly exposed to the mass of bacteria, superficial tubular 
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invasion occurs. Now the most superficial part of the dentin becomes decomposed due to 
the action of acid on hydroxyapatite and proteolytic enzymes on the collagenous (type I) 
matrix, which results in the formation of the zone of destruction. Beneath this zone, 
tubular invasion of bacteria occur and with rapid lesion progression, the odontoblastic 
processes are first withdrawn and then destroyed without having produced tubular 
sclerosis. These empty tubules are invaded by bacteria, and the area is called the zone of 
bacterial penetration (Fejerskov & Kidd 2003).  

2.3.4  Identifying caries with mutans streptococci  

Salivary tests can be used to assess the presence of mutans streptococci colonization, 
caries activity and to identify individuals with caries disease. Assessment of 
microorganisms in saliva is based on the findings that there is an association between 
types and numbers of bacteria in dental plaque and those in saliva (Schaeken et al. 1987). 
Microbiological tests show close associations between odontopathogens and caries in 
subjects with high caries experience and conversely, low numbers or the absence of 
odontopathogens in low or caries-free subjects (Bowden 1997). The determination of 
salivary mutans streptococci has been found to be beneficial for evaluation of caries risk 
of an individual, for demonstration of highly cariogenic infection and for didactic 
purposes in health education (Larmas 1993, Vehkalahti et al. 1997).  

2.4  Risk of caries on population and individual level 

Risk is the probability that an event will occur. In epidemiology, it is most often used to 
express the probability that a particular outcome will occur following a particular 
exposure (Burt 2001). In dentistry, caries risk in a population level means the probability 
that new cases of caries will occur. Caries risk in an individual level means the 
probability that he or she will develop dental decay or experience a health-status change 
contributing to caries development over a specific period (Hausen et al. 1994). The term 
“risk factor” means an action or event that is related in some way to an outcome. A “risk 
factor” can be considered to play an essential role in producing an occurrence of the 
disease, while “risk indicators” are helpful in identifying groups at risk but give little 
information about the causes of the disease (Burt 2001). 

Caries risk assessment predicts if new carious lesions will develop, or if early lesions 
will continue to grow. Caries risk assessment fosters the treatment of the caries process 
itself instead of surgical treatment of cavities (Tinanoff 1995, Powell 1998). Declining 
and skewed distribution of caries prevalence challenge us to accurately identify subjects 
particularly at risk for developing carious lesions, and thus to assess the risk for caries. 
Caries risk assessment is a clinical evaluation method with which dental professionals 
can target tailored preventive treatment to the individuals at high risk for caries. A 
necessary first step in preventing dental caries in preschool children is to understand the 
caries risk.  
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2.4.1  Precavitated lesions in enamel  

The detection of precavitated carious lesions is crucial in order to prevent the progression 
of dental caries before the occurrence of cavitation (Ismail 1997). In addition to non-
surgical management of dental caries, there are other reasons to detect incipient lesions 
early: Precavitated lesions are more prevalent than cavitated lesions (Anderson et al. 
1993, Kingman 1997). Precavitated carious pits and fissures are three times more likely 
to be restored compared with sound tooth surfaces (Brown 1993). Previous caries 
experience and the presence of white spot lesions have been found to be the best 
indicators of future caries development (Wilson & Ashley 1989, Beck et al. 1992, Steiner 
et al. 1992, Hausen et al. 1994, Pienihäkkinen & Jokela 2002). 

While a large proportion of precavitated lesions on smooth surfaces in children regress 
or progress slowly during a one-year period, the pattern of progression early in life may 
be different, 64% of such lesions in young children progressed to cavitation between ages 
of 2.5 and 3.5 years (Kaste et al. 1996). Hence, detection of precavitated lesions in 
infants and young children may predict high caries activity (Anusavice 1992). It has been 
reported that discolored pits and fissures and the number of white carious lesions are 
significant predictors of high caries activity (Bader & Shugars 1993, 1995). 

2.4.2  Mutans streptococci 

The most cariogenic bacteria are mutans streptococci, especially S. mutans and S. 
sobrinus (Fejerskov & Kidd 2003). Preschool children with high colonization levels of 
mutans streptococci have been shown to have greater caries prevalence and greater risk 
for new lesions than children with lower levels of mutans streptococci (Thibodeau & 
O’Sullivan 1996). Because mutans streptococci are considered to be the predominant 
pathogens of dental caries disease, individuals heavily colonized by them were thought to 
automatically be at high risk for caries. Indeed, in young children, early mutans 
streptococci colonization on tooth surfaces has been recognized as an indicator of later 
high scores of decayed, missing and filled surfaces in deciduous teeth (Alaluusua and 
Renkonen 1983, Köhler et al. 1988, Jokela 1997). It has been shown that salivary mutans 
streptococci levels correlate with caries in 3-5 year-old Head Start preschool children 
(Thibodeau & O’Sullivan 1996). Microbial tests can be effective in the assessment of 
caries activity and caries prediction in groups of persons with high or low caries 
experience (Bowden 1997). The combination of mutans streptococci counts, incipient 
caries lesions and use of candies were found to provide valuable information for 
assessment of caries risk (Pienihäkkinen et al. 2004). 

The Dentocult-SM strip mutans–test was first introduced in 1989 (Jensen & Bratthall 
1989). Evaluating mutans streptococci levels by means of Dentocult-SM strip mutans-test 
has been used in several studies (Mäkinen et al. 1996a, 1996b, Pienihäkkinen & Jokela 
1995, 2002, Karjalainen et al. 2004). The practicability of the test in children has been 
evaluated and the test has been found to be accurate and the counts on the strip have been 
found to be a good indicator of colonization (Pienihäkkinen & Jokela 1995, 2002, 
Vehkalahti et al. 1996). Reductions in salivary levels of mutans streptococci (Mäkinen et 
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al. 1996a, 1996b) and in levels of mutans streptococci in plaque and saliva (Isotupa et al. 
1995) were found as determined by means of the Dentocult-tests.  

Salivary tests are generally more usable than tests based on plaque, since the collection 
and handling of plaque tests are often more demanding (Mäkinen et al. 1996b). However, 
significantly better detection of mutans streptococci was achieved using plaque from the 
four approximal surfaces at two inter-dental spaces than with saliva with Dentocult-SM 
strip mutans-test (Seki et al. 2002). Also in terms of sensitivity, accuracy and kappa 
values, the site strip plaque test surpassed the salivary chair-side test when the Dentocult-
test was used to evaluate the levels of mutans streptococci in plaque and saliva of 10 
year-old children (Karjalainen et al. 2004). Screening of children by salivary or tongue-
sampling methods is convenient, especially for field studies with dentally naive or fearful 
subjects for public health and population study purposes (Tanzer 1997). For validation of 
method, these chair-side techniques have been thoroughly compared with conventional 
selective agar plate culture. The comparison yields a good correlation between the 
methods with regard to detection of mutans streptococci, as well as counts on agar and 
score values (Alaluusua et al. 1984, Jensen & Bratthall 1989).  

2.4.3  Sociodemographic factors 

There is consistent evidence for association between sociodemographic risk factors, such 
as low-income, and caries prevalence (Tinanoff et al. 2002). Preschool children from 
low-income families are more likely to have caries (Beck et al. 1992, Vargas et al. 2000). 
In addition to poverty level, it has been suggested that ethnic minorities show an 
increased risk of caries (Kaste et al. 1996, Shiboski et al. 2003). However, it has been 
difficult to separate the cultural influences of ethnicity from the effects of low 
socioeconomic status or poverty status on the prevalence of dental caries (Reisine & 
Douglass 1998). Montero et al. (2003) did not find any significant differences in dmfs 
scores when analyzed by ethnicity. Immigrant background has been reported to have a 
significant association with caries prevalence in children (Stecksen-Blicks et al. 2004). 

2.4.4  Other risk factors 

Sleeping with a bottle containing sweetened liquids (and/or prolonged use of bottle or 
sippy cup during the day) is considered a risk factor for caries in young children, 
especially when combined with other risk factors (Kanellis 2000). Prolonged pacifier 
sucking (longer than two years) and use of a nursing bottle at night have been reported to 
increase the occurrence of salivary lactobacilli and candida, which can be considered to 
be risk factors for dental caries in children (Ollila et al. 1998). Based on data from the 
third National Health and Nutrition Examination Survey on children aged two to five 
years, no association was found between breast-feeding and caries in primary teeth, but 
young children with poor eating habits were more likely to experience caries (Dye et al. 
2004). The frequency of tooth brushing has been reported to have a significant 
association with caries prevalence (Stecksen-Blicks et al. 2004). 
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The presence of visible plaque on the teeth of young children can be used as an 
indicator of caries risk (Alaluusua & Malmivirta 1994, Kanellis 2000, Tinanoff et al. 
2002). Several studies have shown the correlation between visible plaque on the primary 
teeth and caries risk (Beck et al. 1992, Alaluusua & Malmivirta 1994). However, more 
studies are needed to establish the best method to measure plaque for prediction of dental 
caries (Tinanoff et al. 2002). The potential for visible plaque to be an accurate predictor 
of caries risk in young children is encouraging, because screening could be done easily 
with this method. 

In general, among children and adolescents, the most reliable predictor of future caries 
has been their caries experience (Downer 1978, Alaluusua et al. 1987, Demers et al. 
1990, Gray et al. 1991, Holt 1995, Vehkalahti et al. 1996). However, previous caries 
experience is not a useful caries risk predictor for young children because there may not 
have been enough time for carious lesion development. Furthermore, the goal is to 
prevent caries initiation before the first signs of disease. 

2.5  Prevention  

Preventive strategies are divided into two distinct groups: strategies aimed at the whole 
population and those aimed at groups or individuals at risk (Rose 2001). A population 
strategy, which focuses on health and the causes of the incidence of dental disease, is 
feasible in populations with high prevalence of oral diseases. Targeting individuals at risk 
attempts to protect susceptible individuals from developing further disease by changing 
their risk factors (Rose 2001). This approach is advocated in countries with decreased 
prevalence and skewed distribution of caries (Fejerskov & Kidd 2003).  

A high-risk approach seeks to identify through screening and protect susceptible 
individuals or sections of the population, either as a group or as individuals. In this 
approach, groups living in particular areas with higher rates of caries can be identified, 
and principles of population strategy can be used. In population strategy, efforts are made 
to shift the risk distribution of the entire population to a more favorable level.  

These concepts can be combined to use both the population approach, where measures 
are applied for everyone, and the individual risk approach, in which the groups of 
individuals are screened and targeted. Screening is used to detect those people at risk, for 
close monitoring and special preventive treatment.  

Caries prevention measures aim to prevent the onset of caries, to arrest progression of 
caries lesions manifesting both subclinically and clinically, and even to repair them. 
Prevention can be successfully carried out both by eliminating causal factors of caries 
and by improving the resistance of teeth to caries attacks, even under conditions of heavy 
demineralization (Ten Cate & Duijsters 1982, Winston & Bhaskar 1998). Dentistry has 
several caries preventive measures to offer, some of which emphasize the patient’s own 
responsibility in managing the disease, and the others rely on the dental professional for 
disease management. Patients at high risk for caries should be given the earliest 
opportunities for preventive treatment, either engaging the patient in managing the caries 
process or if not succeeding in this, providing intensified professional preventive 
measures (Tinanoff 1995, Winston and Bhaskar 1998).  



 28

From the beginning of the 1970s in Finland, all the children and adolescents under the 
age of 19 years have been entitled to free public dental care. During the 1970s and 1980s 
any preventive program was successful in preventing caries in Finland. Preventive 
dentistry in the United States has been poorly recognized (Tinanoff et al. 2002). There is 
a need in the United States to implement preventive strategies proven effective in Finland 
and other Nordic countries.  

2.5.1  Fluorides in caries prevention  

Although pit and fissure sealants, meticulous oral hygiene, and appropriate dietary 
practices contribute to caries prevention and control, the most effective and widely used 
approaches have included fluoride use (Bratthall et al. 1996). Fluoride's ability to inhibit 
or even reverse the initiation and progression of dental caries is well documented (Ten 
Cate 2004). However, if the bacterial challenge is too high, it is not possible for fluoride 
to overcome the challenge completely (Featherstone 2004).  

It is well documented that fluoride products, such as toothpaste, mouth rinse, and 
office topicals have been shown to reduce caries between 30% and 70% compared with 
no fluoride therapy (Jenkins 1985). Studies of two to three years in duration have 
reported that fluoride toothpaste reduces caries experience among children by a range of 
15%-30% (CDC 2001). The caries inhibition of fluoride mouth rinses is low (10-20%) 
when applied as an adjunct to unsupervised use of fluoride toothpaste (Disney et al. 
1989).  

Fluoride in the drinking water has been shown to be effective in reducing the severity 
of dental decay in entire populations (Featherstone 2004). Initial studies of community 
water fluoridation demonstrated that reductions in childhood dental caries attributable to 
fluoridation were approximately 50% to 60% (CDC 2001). More recent estimates are 
lower from 18% to 40%, likely caused by the increasing use of fluoride from other 
sources, and the widespread use of fluoride toothpaste, probably being the most important 
factor (Newbrun 1989). CDC Work Group on the Fluoride Use in the United States 
recommended that continuation of community water fluoridation and regular use of 
fluoridated toothpaste are the foundation for sound caries prevention programs (CDC 
2001). However, for persons at high risk for dental caries, additional fluoride measures 
might be needed. For children younger than six years of age, fluoride supplements should 
not be used in countries where fluoride toothpaste is widely available, due to increased 
risk of fluorosis (Fejerskov & Kidd 2003). Furthermore, since the primary mode of action 
of fluoride has been shown to be mainly topical and since there is little or no benefit of 
swallowing it, locally acting supplements are preferred (Fejerskov & Kidd 2003).  

2.5.2  Demineralisation - Remineralisation  

Dental caries lesion progression is a highly dynamic process characterized by alternating 
periods of dissolution and redeposition of minerals in the dental hard tissue (Fejerskov & 
Kidd 2003). When the outcome of these processes over time is a net loss of tooth mineral, 
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a caries lesion develops or progresses i.e. demineralization occurs (Fejerskov & Kidd 
2003). When redeposition of minerals predominates, the result may be an arrest of lesion 
progression or remineralization (Fejerskov & Kidd 2003). Clinical practice suggests that 
caries lesions can be arrested at any stage of lesion development – even at the cavitation 
level – provided that clinically plaque-free conditions are maintained (Nyvad et al. 1999). 

Fluoride works to control early dental caries in several ways. Fluoride concentrated in 
plaque and saliva inhibits the demineralization of sound enamel and enhances the 
remineralization (i.e., recovery) of demineralized enamel (Featherstone 2004). As 
cariogenic bacteria metabolize carbohydrates and produce acid, fluoride is released from 
dental plaque in response to lowered pH at the tooth-plaque interface (Fejerskov & Kidd, 
2003). The released fluoride and the fluoride present in saliva are taken up, along with 
calcium and phosphate, by demineralized enamel to establish an improved enamel crystal 
structure. This improved structure is more acid resistant and contains more fluoride and 
less carbonate (Fejerskov & Kidd, 2003). Fluoride is more readily taken up by 
demineralized enamel than by sound enamel (Fejerskov & Kidd, 2003). Cycles of 
demineralization and remineralization can continue throughout the lifetime of the tooth. 

During the past decade, scientists have identified the importance of remineralization of 
noncavitated caries lesions (Anusavice 1997, Pitts & Lond 1993). This finding is partially 
associated with the ability of fluoride to remineralize and arrest lesions (Pitts & Lond 
1993). Little attention has been focused on the identification and management of initial 
enamel lesions, because of the variability of the results in clinical studies reported in the 
literature (Anusavice 1997). Part of the variability in the caries increment reduction in 
clinical studies, may be associated with the diagnosis criteria used (Pitts & Lond 1993).  

2.5.3  Fluoride varnishes in caries prevention 

For over 30 years fluoride varnishes have been the standard of practice for the 
professional application of topical fluoride in Europe (Bawden 1998). In the United 
States, fluoride varnishes were introduced in 1991 (Tinanoff et al. 2002) and their use is 
increasing among the dental community. The primary reason for the wide acceptance of 
fluoride varnish is the easy, safe, convenient, and well-accepted application procedure 
(Øgaard et al. 1994), especially for young children. With fluoride varnishes, the amount 
of fluoride exposure to patients can be better controlled and less chair-time is required 
compared with conventional foams and gels (Øgaard et al. 1994). Fluoride varnish covers 
the teeth with an adherent film for a prolonged period of time, thereby enhancing the 
uptake of fluoride ions into the tooth structure. Fluoride is deposited as calcium fluoride, 
creating a reservoir of fluoride ions, which are slowly released (Ten Cate 1997). Thus the 
action of fluoride is related to its inhibition of the demineralization processes as well as 
its promotion of enamel remineralization.  

In numerous studies, fluoride varnishes have proved to be clinically effective (Øgaard 
et al. 1994, Sköld et al. 1994, Seppä et al. 1995, Holm 1979, Zimmer et al. 1999; Peyron 
et al. 1992). Duraphat® has been the most extensively studied fluoride varnish (Sköld et 
al. 1994, Seppä et al. 1995, Holm 1979, Zimmer et al. 1999, Peyron et al. 1992; 
Helfenstein & Steiner 1994, Grodzka et al. 1982, Beltran-Aguilar et al. 2000). Studies 



 30

conducted between 1968 and 1985 reported caries reductions in permanent teeth ranging 
from 18 to 77 percent (De Bruyn & Arends 1987). A meta-analysis by Helfenstein and 
Steiner (1994) estimated a 38 percent reduction in DMFS value. A study conducted in 
India against a negative control showed caries reduction of 70 to 75 percent (Tewari et al. 
1991). Children who received a minimum of two applications of fluoride varnish 
(Duraphat) per year in a community with a low socioeconomic status and generally high 
caries level showed a significantly lower caries increment in their permanent teeth when 
compared to the reference group, which received no professional fluoride application 
(Zimmer et al. 1999). 

Recommendations regarding the appropriate frequency of fluoride varnish applications 
for high caries risk children and adolescents vary from one application every three to six 
months per year (Modéer et al. 1984, Axelsson et al. 1987, Seppä & Tolonen 1990, 
Petersson et al. 1991) to three applications during one week per year (Petersson & 
Westerberg 1994). The type and extent of preventive measures must be adjusted 
according to each subject’s individual needs. For the high-caries patients with a heavy 
cariogenic challenge, topical application of fluorides as a sole preventive action might be 
insufficient, and thus could be supplemented with other preventive measures (Lindquist 
et al. 1989, Anusavice 1995, Krasse 1996, Burt 1998).  

2.5.4  Efficacy of fluoride varnish in the primary dentition 

The efficiency of fluoride varnish in the primary dentition has not been well documented 
and/or the results are inconclusive. According the NIH Consensus Statement on the 
Diagnosis and Management of Dental Caries (2001) the evidence for effectiveness of 
fluoride varnish applied to primary teeth is still incomplete and inconsistent. 

Grodzka et al. (1982) studied the efficacy of semiannual applications of Duraphat in 
3.5 year-old children, but did not find significant differences in caries increments after a 
two-year period. Holm (1979) evaluated semiannual applications of Duraphat in three 
year-old children and found 44% caries reduction after two years. Peyron et al. (1992) 
studied the progression of approximal caries in the primary dentition and the effect of 
Duraphat varnish in caries progression in 3-6 year-old children. After one year, 51% of 
the enamel lesions in the varnish group showed progression and 83% progressed without 
fluoride treatment. Frostell et al. (1991) studied the effect of semiannual applications of 
Duraphat varnish on caries development in the primary dentition in four year-old children 
and found 30% caries reduction. A study by a Lo et al. (2001) reported that children with 
early childhood caries who were treated with 5% NaF (Natrium fluoride) varnish every 
three months had half the number of new carious surfaces on the maxillary anterior teeth 
and one third more arrested caries as a comparable group after 18 months.  

2.5.5  Xylitol in caries prevention 

Several clinical studies have shown that the consumption of xylitol reduces the incidence 
of dental caries (Scheinin et al. 1975a, 1975b, Kandelman & Gagnon 1990, Scheinin et 
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al. 1985, review by Mäkinen et al. 1996, Isokangas et al. 1988, 1991, 1993, Alanen et al. 
2000). The first human trials were Turku Sugar Studies, which showed significant 
reductions in caries rates after consumption of xylitol chewing gum compared to sucrose 
gum (Scheinin et al. 1975). However, there is a lack of evidence of the effect of xylitol on 
caries reduction in the primary dentition. One of several xylitol studies conducted in 
Belize, children with high caries experience showed that consumption of xylitol gum was 
associated with arrest of carious lesions in the primary teeth and the highest dose of 
xylitol had the greatest effect (Mäkinen et al. 1996b). 

There is a considerable amount of evidence that the use of gum or candy with xylitol 
prevents dental caries in the permanent teeth when used several times daily and the 
effectiveness varied between 30% and 60% when compared to controls without the gum 
use (van Loveren 2004). According the NIH Consensus Statement on the Diagnosis and 
Management of Dental Caries (2001) the evidence for xylitol is strong as the primary 
prevention of dental caries. The preventive effect of xylitol seems to derive from the 
remineralization of decalcified surfaces of teeth, replacement of fermentable dietary 
sugars and reduction of the amount of dental plaque or the amount of mutans streptococci 
in plaque and saliva (Trahan 1995). 

2.5.6  Effect of xylitol on mutans streptococci and plaque 

The most significant effect demonstrated so far in caries reduction is its ability to reduce 
the growth and acid production of mutans streptococci (Bánóczy et al. 1985, Mäkinen et 
al. 1989, Trahan 1995), the primary bacteria responsible for caries. Growth retardation of 
mutans streptococci is thought to result from an energy-spending “futile xylitol cycle” 
and impaired glucose uptake and metabolism (Söderling & Pihlanto-Leppälä 1989, 
Trahan 1995). Accumulation of xylitol intracellularly in mutans streptococci was found to 
inhibit its growth contribution to a reduction of mutans streptococci levels in plaque and 
saliva (Trahan 1995). Most natural mutans streptococci are able to ingest xylitol into the 
cell, which is then phosphorylated to xylitol-5-phosphate, but bacteria are not able to 
utilize this end product and it has to be expelled from the cell (Söderling & Pihlanto-
Leppälä 1989).  

With regard to dental plaque, several studies have shown xylitol to reduce the amount, 
adhesiveness and acidogenic potential of it (Isotupa et al. 1995, Trahan 1995, Söderling 
et al. 1989, 1991, 1997, Mäkinen et al. 1989, 1996, Isokangas et al. 1991). Xylitol has 
the ability to reduce the number of mutans streptococci in plaque (Isokangas et al. 1991, 
Loesche et al. 1984, Mäkinen et al. 1989, Söderling et al. 1989, 1991, 1997) and loosen 
the plaque and mutans streptococci binding to the tooth surfaces (Söderling et al. 1991). 
This effect was found to depend on the frequency of chewing and the initial level of 
mutans streptococci (Mäkinen et al. 1989), and seemed to persist after the habitual use of 
xylitol had stopped (Isokangas et al. 1991).  

Long-term studies have shown xylitol gum to reduce mutans streptococci counts in 
saliva (Bánóczy et al. 1985, Loesche et al. 1984, Mäkinen et al. 1989, 1996, Isokangas et 
al. 1991). In a study by Mäkinen et al. (1996), the properties of whole saliva and dental 
plaque in relation to 40-month consumption of chewing gum containing xylitol, sorbitol 
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or sucrose were evaluated. At the endpoint, the groups that received 100% xylitol three or 
five times per day showed significantly lower plaque index and exhibited the lowest 
counts of salivary lactobacilli. All groups exhibited obviously an aging-related increase of 
salivary mutans streptococci scores, except the 100% xylitol groups, in which the mean 
scores did not change. Short-term studies have demonstrated a decrease in the levels of 
mutans streptococci in plaque or saliva (Söderling et al. 1997, Wennerholm et al. 1994, 
Söderling et al. 1989, Isotupa et al. 1995).  

Xylitol has shown to reduce the probability of mother-child transmission of mutans 
streptococci, when mothers chewed xylitol gum regularly for two years (Söderling et al. 
2000). Xylitol has also been shown to prevent acute otitis media, by growth retardation of 
S. pneumoniae and decreased adhesion of S. pneumoniae and H. influenzae (Kontiokari 
1998). 

2.6  Compliance of prevention program 

2.6.1  Compliance of children 

Caries preventive measures emphasize the patient’s own responsibility in managing the 
disease or the dental professional’s role in disease management. Only minimal 
compliance in caries preventive measures at home or in practice is reached in high-risk 
patients compared with out-reaching group programs (Splieth et al. 2004). Thus, group 
programs are instrumental in providing effective and efficient caries prevention measures 
in children. Patients at high risk for caries should be engaged in managing the caries 
process or, if not succeeding in this, providing intensified professional preventive 
measures (Tinanoff 1995, Winston & Bhaskar 1998).  

Long-term compliance of prevention programs is important for the treatment to be 
effective and to maintain the power in clinical studies. Treatment compliance needs to be 
evaluated since caries risk patients are often from socioeconomically disadvantaged 
families with low education level and poor self-efficacy. The acceptance and compliance 
of children in numerous xylitol studies have not been presented thoroughly. In two 
studies, a dietary questionnaire was used to follow the consumption of xylitol containing 
products to determine compliance of children, but the details were not described 
(Isokangas et al. 1988, Isotupa et al. 1995). In other studies, compliance has been 
assumed, since teachers and parents supervised the use of the gum (Kandelman et al. 
1987, 1988, 1990, Mäkinen et al. 1995, 1996, Isokangas et al. 1993) or a dental nurse 
controlled and registered the compliance at schools (Isokangas et al. 1988). Kandelman 
& Gagnon (1987) used a questionnaire to evaluate the side effects of chewing the gum. 
Mäkinen et al. (1996) did not report the details of acceptance or compliance of chewing 
in a study, which evaluated the effect of polyol chewing gums in the primary dentition of 
6 year-old preschool children.  

In studies to evaluate the effect of xylitol on otitis media of children in Finnish day 
care centers, compliance was concluded to be mainly good (Kontiokari 1998). According 
this research team, even 3-5 year-old children in day care centers can chew the xylitol 
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gum at least for two to three months (Uhari et al. 1998) and the sweet taste of xylitol can 
be easily accepted by children (Kontiokari 1998). 

Nordblad et al. (1995) organized a ‘smart habit’ campaign, which aimed to increase 
the consumption of xylitol chewing gum in 13 year-old schoolchildren in Finland. The 
xylitol campaign was conducted in elementary schools in the form of a quiz and a lesson 
related to xylitol. Almost half (41%) of the children used xylitol gum daily and the 
proportion increased during the campaign by 6% (Nordblad et al. 1995). An increase in 
the daily use of the xylitol gum and knowledge of the beneficial properties of xylitol was 
achieved by the campaign and oral health in children was positively promoted.  

2.6.2  Compliance of care-givers, parents, teachers and health personnel 

Most of the xylitol studies have been conducted within elementary schools, as they are 
well organized and may have existing prevention programs, such as fluoride rinsing 
(Kandelman et al. 1987, 1988, Kandelman & Gagnon 1990, Isokangas et al. 1988, 1993). 
However, the acceptance and compliance of teachers has not been presented thoroughly. 
Also studies analyzing the use of xylitol from a community perspective are lacking at 
present (Alanen et al. 2000).  

Low compliance can lead to the high dropout rate, which can weaken the outcome of 
the study. Dropout rates reported in a few of the xylitol studies of two or three years’ 
duration have been roughly 11-52 percent (Scheinin et al. 1985, Kandelman et al. 1988, 
Kandelman & Gagnon 1990, Mäkinen et al. 1996). In a study by Kandelman & Gagnon 
(1990) in 13 elementary schools in Montreal, Canada, the high dropout was due to very 
high mobility of the population in the low socioeconomic area and two schools withdrew 
from the project upon teachers’ requests to reduce their daily workload.  

Community intervention trials of chewing gum among schoolchildren can be subject 
to cluster effects (Machioulskiene et al. 2002). In a study by Machioulskiene et al. 
(2002), the high dropout rate was related to subclusters of classes within the school, 
which indicated that the intervention as such was not the reason to dropout, rather the 
norms within the local social network in the classes, which affected the behavior of a 
single individual. Also differences in the learning environment, such as teacher 
motivation and attitude may influence the children’s engagement in the program 
(Machioulskiene et al. 2002). 

Effective prevention programs can be achieved when schoolteachers are obligated to 
take an active role (Trummler & Weiss 2000). Positive results of a prevention program 
can be obtained in a situation where considerable efforts are made to maintain the 
interests of the subjects, school personnel, and parents (Mäkinen et al. 1996).  

Since 1991, the use of xylitol gum has increased in Finland and more than half of all 
schoolchildren benefit from it (Honkala et al. 1999). Dental personnel in Finland have 
adopted xylitol rapidly as an additional preventive method, and daily use of xylitol gum 
has been included in routine dental health education information (Honkala et al. 1999). 
Currently, almost all dental health educators (94-100%) include xylitol as a separate topic 
in their dental health education (Laiho et al. 1995). Overall, countries with nationally 
supported prevention programs have adopted xylitol.  
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2.7  Early oral health education 

Motivation, support and education are the key factors in prevention programs that need to 
be emphasized in the future. Early oral health education can be a valuable tool to prevent 
caries in young children. Counseling with regular follow-up provided by a person of 
similar background and culture to the participants was shown to be an effective way to 
facilitate adoption of healthy behaviors and to improve the oral health of children 
(Harrison & Wong 2003). Regular home visits to mothers with infants, commencing at or 
soon after the time of the eruption of the first deciduous teeth, was shown to be effective 
in preventing the occurrence of nursing caries (Kowash et al. 2000). 

Most educational messages are persuasive in nature and they attempt to persuade the 
listener to adopt healthy behaviors. Early health education can be difficult to implement 
in high-risk groups with sociodemographic risk factors. Educating parents of early 
childhood caries and the ways of preventing it has had minimal success in some programs 
(Berkowitz 2003, Kanellis 2000). Early health education may not be effective in altering 
inappropriate habits or improving preventive behaviors in some populations, but it 
remains an important component of preventive dental programs.  



3 Purpose of the study 

The purpose of this study was to determine the caries prevalence and to evaluate the 
effectiveness of two separate prevention programs, including applications of fluoride 
varnish and xylitol chewing gum on Head Start preschool children.  

 
Hypotheses 

1. Caries prevalence is high in preschool children living in low-income families in 
Northern Florida. 

2. Fluoride varnish applications and chewing the xylitol gum are feasible prevention 
methods for preschool children. 

3. Applications of fluoride varnish arrest incipient lesions and reduce caries progression 
in the primary dentition during a nine-month study period. 

4. Salivary level of mutans streptococci indicates caries risk. 
5. Use of xylitol chewing gum three times a day for three weeks reduces levels of 

salivary mutans streptococci. 



4 Materials and Methods 

4.1  Subjects 

Study subjects were selected to be 4-6 year-old Head Start schoolchildren in two separate 
counties in Northern Florida. Inclusion criteria were healthy children with guardian 
consent for participation. Exclusion criteria were medically compromised and 
uncooperative children. The research protocol and informed consent forms were reviewed 
and approved by the University of Florida Health Science Center Institutional Review 
Board (IRB) Involving Human Subjects. 

For the fluoride varnish study, 221 children enrolled in the Head Start preschool 
program in Gainesville, Florida, were invited to participate. At baseline, 183 children 
with parental consent, in ten schools, were randomly assigned to the varnish (n=68) and 
the control (n=115) groups. The mean age of children at baseline was 5.5 years (min 4.0 
yrs, max 6.0 yrs). Thirty-five subjects dropped out during the study and six were 
excluded due to extensive restorative treatment. The mean age of these children in the 
end of the study was 7.4 years (min 6.9 and max 7.8). The main reasons for the dropouts 
included family moves away from the area, withdrawal from the school program, or 
parental refusal to continue the study participation. After nine months, there were 59 
children in the varnish group and 83 in the control group; 49.3% were females and 50.7% 
were males. The mean age of children was 6.3 years (min 4.7, max 6.7). The children 
represented a racial mixture of African-Americans (67.0%), Whites (23.5%), and 9.5% 
were of other or unknown race/ethnicity (I, II).  

For the xylitol chewing gum study, 85 Head Start schoolchildren in Starke, Florida 
were invited to participate. Sixty-one healthy children (32 female, 29 male) with parental 
consent participated in the study. The mean age of the children was 4.3 years (min 3.3 
yrs, max 4.3 yrs). The children represented a racial mixture of African-Americans 
(77.8%), Whites (18.5%) and Hispanic (3.7%) (III, IV).  
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4.2  Methods 

In the fluoride varnish study, 142 randomly assigned children completed the study. In the 
varnish group (n=59), children received topical application of fluoride varnish 
(Duraphat®, 5%NaF, 22.6 mgF, Colgate-Palmolive) at baseline and after four months 
(two times). Children in the control group (n=83) received cleaning with fluoridated 
toothpaste by dental staff. The schools were located in areas where the fluoride in the 
drinking water was 0.80 mg F/L.  

Alachua County Health Department and Pediatric Dental Clinic at the University of 
Florida provided dental examinations and dental care for these children. These children 
were transported by bus from the multiple different Head Start schools to the clinic on 
different days. Baseline fluoride varnish applications were performed at the University of 
Florida dental clinic after dental examinations and second applications after four months 
in the Head Start school classes. The control group did not receive any professionally 
applied fluoride treatments, since other topical applications of fluoride, such as gel or 
foam applications, require trays, suction and means of expectoration. Therefore, tooth 
brushing at baseline was the only fluoride application for the control group. Acceptance 
of the school visits by teachers and children was good.  

Each fluoride application followed tooth brushing. After cotton roll isolation, teeth 
were dried and varnish was applied with a small brush to all surfaces of all teeth. In the 
school visits, each child placed his/her head in the investigator’s lap. The teeth were dried 
using sterile cotton sponges and varnish was applied using the brush. Each child was 
advised not to drink for at least two hours or chew for at least four hours and to avoid 
rough, hard food for the next 24 hours. Children were told they should brush their teeth 
next morning (II).  

In the xylitol study, children from five different Head Start classes were randomly 
assigned into the control or xylitol chewing gum group. Children in the xylitol group 
(n=33) chewed the gum sweetened only with xylitol (XyliFresh 100%, Hershey Food 
Corporation, USA) three times a day for three weeks during schooldays for 
approximately five minutes. Children in the control group (n=28) did not chew any gum. 
Detailed instructions for administering and monitoring the gum were distributed to 
teachers. Teachers delivered one pellet of gum to each study participant after breakfast (8 
a.m.), lunch (11 a.m.) and snack (1 p.m.). The daily consumption level of xylitol was 
around 4.05 g (3 x 1.35g) (III, IV). 

4.2.1  Clinical evaluation  

For the fluoride varnish study, dental examinations in supine position were carried out by 
two calibrated examiners in the dental clinic under the regular dental light. For visual 
examination, teeth were isolated with cotton rolls and the surfaces were dried with 
compressed air. The tip of the explorer was used gently to check for the loss of surface 
smoothness or the loss of tooth structure.  

Surface-specific coronal caries, including enamel and dentinal caries lesions, were 
recorded using WHO criteria (WHO, 1997). Differentiation between active and inactive 
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enamel caries lesions was made on the basis of a combination of visual and tactile 
criteria. Scoring criteria for clinical caries assessments are included in Table 4 based on 
the criteria published by Nyvad et al. (1997).  

Table 4. Description of the Caries Diagnostic Criteria 

Sound Sound, normal enamel translucency and texture. 
Active noncavitated enamel Active enamel caries, surface of enamel is 

whitish/yellowish opaque with loss of luster; feels soft 
or rough on probing. Presence of small porosity 
involving enamel only. 

Inactive noncavitated enamel Inactive enamel caries, surface of enamel is brownish 
or black. Enamel may be shiny and feels hard and 
smooth on probing. Small porosity involving enamel 
only. 

Cavitated enamel Enamel cavity easily visible with the naked eye; 
surface of cavity feels soft or leathery on probing. 

Cavitated dentinal Dentinal cavity easily visible with the naked eye; 
surface of cavity feels soft or leathery on probing. 

Pulpal involvement Dentinal cavity extending into the pulp. 

Two calibrated dentists performed examinations at baseline and after nine months. They 
were unaware of the treatment group. Preliminary discussions and clinical rehearsals on 
caries diagnosis and calibration between the examiners and two other clinicians were 
completed before the initial examinations. Inter-examiner reliability of the caries 
diagnostic criteria was assessed by re-examination of 8%-10% of the subjects at each 
examination period. The results were expressed as percentage agreement and Cohen’s 
Kappa. The percentage agreement for caries diagnoses was 79 % at baseline and 99 % 
after nine months. The Kappa values were 0.71 at baseline (substantial level of 
agreement) and 0.91 after nine months (excellent level of agreement) (I, II).  

In the xylitol study, baseline examinations to determine caries were carried out by two 
calibrated examiners in the dental clinic prior to the study. To mask the examiners, all the 
other children from the same Head Start school were simultaneously examined. The 
salivary mutans streptococci levels were tested at baseline and after three weeks of 
chewing (III, IV). 

4.2.2  Evaluation of the effect of fluoride varnish 

The cross-sectional analysis of the effect of fluoride varnish on the caries progression was 
evaluated using dmf(s/t) and ds values, which are average measures of the past and 
present caries at the onset of the study and at the end. In this evaluation, two separate 
comparisons were performed between the groups. The first comparison was made 
without noncavitated enamel lesions (dmfs, dmft, ds) and the second comparison was 
made including active noncavitated enamel lesions (dEmfs, dEmf, dEs). Additionally, the 
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distribution of active noncavitated enamel lesions and status of the lesion at nine months 
was presented (II).  

4.2.3  Evaluation of mutans streptococci in saliva  

The number of salivary mutans streptococci was determined by using a simple chair-side 
method (Dentocult SM® Strip mutans, Vivacare/Vivadent, Orion Diagnostica, Finland). 
After one minute of chewing the paraffin wax, a plastic strip was rotated five times on the 
dorsum of the tongue and then it was withdrawn through softly closed lips to remove 
excess saliva. The procedure was successful with these children. The strip was transferred 
to a selective culture medium in glass tubes and was incubated at 37°C for 48 hours. 
After drying, the number of mutans streptococci bacteria/ml saliva was obtained by 
comparing the test strip with an evaluation chart provided by the manufacturer. Two 
calibrated examiners evaluated the coded strips, and they were unaware of grouping. In 
cases of the different interpretations of the strip, discussion between two examiners was 
conducted to decide the final score. The estimated levels described as equivalent by a 
level of mutans streptococci of score 0 = <104, 1 = 104 - 105, 2 = 105 - 106, 3 = >106 CFU 
of mutans streptococci/ml of saliva. The baseline measurements were done at the dental 
clinic and follow-up measurements after three weeks in a school classroom (III).  

4.2.4  Identifying caries with mutans streptococci 

In the xylitol study, the association between the levels of mutans streptococci and caries 
lesions was evaluated at baseline using sensitivity (Sn), specificity (Sp), positive (Pv+) 
and negative (Pv-) predictive values to assess the predictive value of mutans streptococci 
in identifying children with caries. “Sensitivity” in this case meant the ability to identify 
cases of disease and “specificity” was the proportion of correctly found healthy subjects. 
The sensitivity of a test was the number of true positive test results as a percentage of the 
total sick subjects examined, while specificity was its logical opposite. The predictive 
value of a positive test result was the number of true positives as a percentage of all the 
individuals with positive results and similarly the predictive value of a negative test result 
was the number of true negatives as a percentage of all individuals who gave negative 
results. 

4.2.5  Evaluation of compliance and acceptance 

Teachers’ attitudes toward the xylitol study were measured using a questionnaire. The 
questionnaire consisted of six closed-ended questions regarding their attitude towards the 
chewing program and their opinion of children’s acceptance. Teachers followed their 
delivery and guidance of gum chewing by using a daily checklist. They reported any 
events concerning the usage of gum, for example if a child refused or was not able to 
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chew the gum. Children’s acceptance was measured in the end of the three-week chewing 
period by use of a picture selection test (IV).  

4.2.6  Statistical evaluation 

Data for the xylitol study were evaluated using STATVIEW 4.0 software. Regression 
model analysis was used to evaluate the relationship between mutans streptococci and ds-
values. Chi-square analysis was used to evaluate differences between the groups at 
baseline and after three weeks for salivary levels of mutans streptococci (III). 

For caries prevalence, data analyses were conducted at the person-level and the tooth-
level. For person-level analyses, SAS version 9.0 statistical software (SAS Institute, Inc., 
Cary, NC) was used. Chi-square analysis was used to test differences in the prevalence of 
enamel and dentin lesions by sex and race. The GLM procedure (generalized linear 
modeling) was used for analysis of variance (ANOVA) modeling to test differences 
between children who had cavitated dentinal lesions and those who did not in the mean 
number of enamel lesions. Linear regression modeling was used to test the association 
between the number of enamel lesions and the number of dentinal lesions at baseline, 
before fluoride treatment. Tooth-level analyses were conducted by using SUDAAN 7.50 
statistical software (Research Triangle Institute, Research Triangle Park, NC), which 
adjusts for the clustering effect of teeth within individuals when calculating standard 
errors. Tooth-level analysis tested differences in means and proportions by tooth type by 
using chi-square and t-tests based on standard errors that took into account the correlated 
nature of the data (I). 

Fluoride varnish data were analyzed using STATVIEW 4.0 software. Differences in 
caries prevalence between the groups were evaluated using the Mann Whitney U-test and 
within the groups using the Wilcoxon Signed Rank Test (repeated-measures). Differences 
in the enamel caries distribution were analyzed using the Fisher’s Exact Test (II). 



5 Results 

5.1  Prevalence and distribution of dental caries in the primary 
dentition 

Prevalence of children who have experienced cavitated or noncavitated caries lesions in 
the primary dentition was 86.0%. Prevalence of cavitated dentinal lesions was 48.4% and 
for active noncavitated enamel lesion it was 70.6%.  

Table 5 shows the mean number of decayed, missing, or filled primary teeth or tooth 
surfaces per child and prevalence of caries lesions, by lesion type for Whites and African-
Americans. The mean number of active noncavitated enamel lesions (2.9±0.2) was 
slightly higher than the mean number of cavitated dentinal lesions (2.5±0.3). The mean 
number of restored surfaces was 1.2±0.4 and only 8.1% of the children had one or more 
restored surfaces. When cavitated enamel or dentinal lesions and lesions with pulpal 
involvement and filled surfaces were combined, representing a traditional dfs score 
(decayed and filled surfaces), the mean number was 4.3±0.5.  

There were no significant differences between females and males in the prevalence of 
noncavitated or cavitated lesions. Some racial differences in the prevalence of 
noncavitated lesions were found. African-American children had a higher prevalence of 
active or inactive noncavitated lesions (80.4%) than Whites (69.2%) or others (33.3%); 
p<0.0001 (chi-square). The prevalence of cavitated lesions for African-American was 
49.3%, for Whites 46.2%, and for others 47.6% with no statistically significant 
differences (I).  
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Table 5. Mean number of decayed, missing, or filled primary teeth or tooth surfaces per 
child and prevalence of caries lesions, by race and lesion type. 

Race / Caries lesion type Mean (SEM) Median Range Prevalence of 
≥1 lesion (%) 

Total (n=221)     

Active noncavitated enamel surfaces 2.9 (0.2) 2.00 0–19 70.6 

Inactive noncavitated enamel surfaces 0.2 (0.1) 0.00 0–5 7.7 

Cavitated enamel surfaces 0.4 (0.1) 0.00 0–11 17.2 

Cavitated dentinal surfaces 2.5 (0.3) 0.00 0–30 48.4 

Pulpal involvement, surfaces 0.1 (0.0) 0.00 0–5 7.2 

Filled surfaces 1.2 (0.4) 0.00 0–55 8.1 

Missing surfaces 0.5 (0.2) 0.00 0–25 3.6 

dft* 2.4 (0.2) 1.00 0–12 56.1 

dfs† 4.3 (0.5) 1.00 0–55 56.1 

     

African American (n=148)     

Active noncavitated enamel surfaces 3.3 (0.3) 3.00 0–19 77.0 

Inactive noncavitated enamel surfaces 0.2 (0.1) 0.00 0–4 10.8 

Cavitated enamel surfaces 0.4 (0.1) 0.00 0–11 18.2 

Cavitated dentinal surfaces 2.3 (0.3) 0.00 0–29 49.3 

Pulpal involvement, surfaces 0.2 (0.1) 0.00 0–5 8.8 

Filled surfaces 1.4 (0.6) 0.00 0–55 8.1 

Missing surfaces 0.6 (0.3) 0.00 0–25 4.1 

dft* 2.3 (0.2) 1.00 0–12 56.8 

dfs† 4.23 (0.7) 1.00 0–55 56.8 

     

White (n=52)     

Active noncavitated enamel surfaces 2.4 (0.4) 2.00 0–11 69.2 

Inactive noncavitated enamel surfaces 0.0 (0.0) 0.00 N/A 0.0 

Cavitated enamel surfaces 0.5 (0.2) 0.00 0–4 19.2 

Cavitated dentinal surfaces 3.2 (0.8) 0.00 0–30 46.2 

Pulpal involvement, surfaces 0.1 (0.1) 0.00 0–2 5.8 

Filled surfaces 1.1 (0.7) 0.00 0–37 9.6 

Missing surfaces 0.2 (0.2) 0.00 0–10 3.9 

dft* 2.8 (0.5) 1.00 0–12 55.8 

dfs† 4.8 (1.1) 1.00 0–40 55.8 

SEM = standard error of the mean. * Decayed or filled primary teeth. Includes teeth with cavitated enamel 
lesions, cavitated dentinal lesions, pulpal involvement, or restorations. † Decayed or filled primary tooth 
surfaces. Includes surfaces with cavitated enamel lesions, cavitated dentinal lesions, pulpal involvement, or 
restorations. 
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Most of the noncavitated lesions occurred on the occlusal surfaces of the first and second 
primary molars. Buccal surfaces of the second mandible molars and lingual surfaces of 
the maxillary second molars exhibited more noncavitated lesions than other surfaces. 
Cavitated lesions were more common than noncavitated lesions on the maxillary primary 
incisors, and the mesial surface was the most common cavitated surface. Occlusal 
surfaces of the second primary molars had a higher number of cavitated lesions than other 
surfaces (I). 

Chi-square analysis tested the association between the presence of any noncavitated 
(active or inactive) enamel lesion and the presence of one or more cavitated enamel or 
dentinal lesions or lesions with pulpal involvement. There was a trend toward a 
significant association in this comparison (p<0.09).  

In linear regression analysis, the number of cavitated enamel or dentinal lesions was 
not significantly associated with the number of noncavitated lesions affecting primary 
molars (R-squared=0.0038; p=0.36), but was significantly associated with the number of 
noncavitated lesions on anterior teeth (R-squared=0.13; P <0.0001) (I). 

In the xylitol study, a mean dmfs value for the children was 5.7 (SD=10.4) and a mean 
ds value was 3.0 (SD=5.0) (III). 

5.2   Evaluating the efficacy of fluoride varnish treatment 

Distribution of active enamel lesions at the nine month study are presented in the Table 6. 
The percentage of active enamel lesions on the occlusal surfaces was 60.0 % in the 
varnish group and 78.6 % in the control group. In the varnish group, 81.2 % of the 
originally active enamel lesions were inactive or reversed after nine months (p<.001) 
compared to 37 % in the control group (Table 6). In the control group, 37.7 % of all 
surfaces were still active (p<.001) whereas only 8.1 % were active in the varnish group 
(Table 6). There were significantly more inactive lesions in the varnish group after nine 
months on all surfaces (P<.001). Clearly, remineralization in the control group was less 
evident. The probability of occlusal active enamel lesions to be reversed to inactive 
lesions was two times higher in the varnish group than in the control group (0.778/0.379) 
(II). 

Table 6. Distribution of originally active enamel lesions at nine months 

Tooth Surface Group No Change Inactive Progressed Filled Total 
Occlusal Varnish 10 (6.5)* 119 (77.8)* 6 (3.9) 18 (11.8)* 153 (60.0) 
 Control 63 (35.6) 67 (37.9) 8 (4.5) 39 (22.0) 173 (78.6) 
Buccal Varnish 7 (9.9) 62 (87.3)* 0 2 (2.8) 71 (27.8) 
 Control 10 (41.7) 9 (37.5) 0 5 (20.8) 24 (10.9) 
Lingual Varnish 4 (12.9) 26 (83.9)* 0 1 (3.2) 31 (12.2) 
 Control 10 (41.7) 9 (37.5) 0 5 (20.8) 24 (10.9) 
Total Varnish 21 (8.1) 207 (81.2)* 6 (2.3) 21 (8.1) 255 (100) 
 Control 83 (37.7)* 85 (38.6) 8 (3.3) 45 (19.9) 220 (100) 
* p<.001, percentages in parentheses 
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The efficacy in the fluoride study was reported by comparing the mean values of dmf(s/t) 
and ds for subjects in the study groups (Tables 7 and 8). Table 7 shows the mean values 
without noncavitated enamel lesions (dmfs, dmft, ds) and Table 8 including active 
noncavitated enamel lesions (dEmfs, dEmft, dEs).  

No statistically significant differences in dmfs, dmft and ds values between the varnish 
and control groups could be seen at baseline. Mean values were higher in the control 
group when compared to the varnish group at nine months (p<.01 for dmft and p<.05 for 
dmfs and ds, Mann Whitney U-test) (Table 7). The mean dmfs value was significantly 
higher in the control group at nine months than at baseline (p<.001, Wilcoxon test) (Table 
7). The mean ds value in the varnish group was significantly lower at nine months 
compared with the baseline value (p<.001, Wilcoxon test) (II).  

Table 7. Mean dmfs, dmft, ds values in the varnish and control groups at baseline and at 
nine months. 

Index Mean (SD) measure at baseline  Mean (SD) measure at nine months 
 

Varnish Group 
(n=59) 

Control Group
(n=83) 

Varnish vs. 
Control 
P value 

 
Varnish Group

(n=59) 
Control Group 

(n=83) 

Varnish vs. 
Control 
P value 

dmfs 2.5 (4.0) 2.6 (3.3) NS  3.1 (4.3)* 4.1 (4.4)** <.05 
dmft 1.6 (2.2) 2.1 (2.4) NS  1.7 (2.3) 2.6 (2.3)** <.01 
ds 2.0 (3.6) 2.0 (2.8) NS   0.8 (1.6)** 1.4 (2.2)** <.05 
dmfs = decayed, missing and filled surfaces; dmft = decayed, missing and filled teeth; ds = decayed surfaces. 
SD: Standard deviation. NS: non significant. *p<.05, **p<.001, when compared to the baseline values 

When active noncavitated enamel lesions were included in the analyses, the mean dEmfs, 
dEmft and dEs values were significantly lower in the varnish group after nine months than 
they were at baseline (p<.001, Wilcoxon test), while the mean dEmfs and dEmft values in 
the control group remained constant (Table 8). After nine months, the mean dEmfs value 
(p<.01) the mean dEmft value (p<.001) and the mean dEs value (p<.001) were higher in 
the control group than they were in the varnish group (p<.001, Mann Whitney U-test) 
(Table 8). These differences are significant because of the decrease in the mean values in 
the varnish group (II).  
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Table 8. Mean dEmfs, dEmft, dEs values including noncavitated enamel lesions, in the 
varnish and control groups at baseline and at nine months. 

Index Mean (SD) measure at baseline  Mean (SD) measure at nine months 
 

Varnish Group 
(n=59) 

Control Group
(n=83) 

Varnish vs. 
Control 
P value 

 
Varnish Group

(n=59) 
Control Group 

(n=83) 

Varnish vs. 
Control 
P value 

dEmfs 8.2 (7.2) 5.3 (4.0) <.05  4.6 (6.5)** 5.7 (5.0) <.01 
dEmft 5.2 (3.3) 4.2 (2.9) NS  2.5 (2.7)** 4.0 (2.9) <.001 
dEs 7.0 (5.7) 5.2 (4.0) NS  1.2 (2.0)** 13.0 (3.0)** <.001 
dEmfs = decayed, missing and filled surfaces; dEmft= decayed, missing and filled teeth; dEs = decayed surfaces. 
SD: Standard deviation. NS: non significant. *p<.05, **p<.001, when compared to the baseline values 

The race distribution was similar for the groups; in the varnish group 71.2% were 
African-American, 25.4% White, 1.7% Hispanic, 1.7% Asian, and in the control group 
72.8% were African-American, 24.7% White, 1.2% Hispanic and 1.2% Asian. No 
significant differences in caries prevalence between races were found at baseline or at 
nine months based on the comparison of the mean dmfs values (Mann Whitney U-test) 
(II).  

5.3  Evaluating the efficacy of xylitol on salivary  
mutans streptococci levels 

Data for caries prevalence, age, and mutans streptococci levels at baseline and after three 
weeks are presented in Table 9. There were no differences in the age or caries prevalence 
between these two groups. There was a significant correlation at baseline between ds 
values and mutans streptococci levels (p<.001, Regression analysis) (III).  

The overall change in mutans streptococci levels was evaluated. The shift to the lower 
levels in the xylitol group was greater than in the control group (p<.05, Chi-square). Most 
of the children (75%) in the control group kept the same level after three weeks, 22% had 
a decrease and only three percent had an increase in the level. In the xylitol group, 42% 
kept the same level, 10% had an increase and 48% decreased, in which 30% decreased 
only one level, but 15% decrease two levels and 3% decreased three levels (III). 

 
 
 
 
 
 
 
 



 46

Table 9. Distribution of salivary S. mutans scores and mean values for the ds-, dmfs-
index and age. 

Baseline 3 weeks Experimental 
group 

n Age S. mutans 
level S. mutans 

distribution
Mean 

ds(SD) 
Mean 

dmfs(SD) 
S. mutans 

distribution 
0 3 0.0 (0.0) 0.0 (0.0) 3 
1 2 1.0 (1.4) 2.0 (2.8) 5 
2 8 1.3 (2.4) 2.0 (3.2) 8 

Control group 28 4.2±0.6 

3 15 4.7 (5.8) 10.1 (12.2) 12 
0 4 0.5 (1.1) 0.8 (1.5) 10 
1 3 1.7 (2.9) 1.7 (2.9) 6 
2 12 1.1 (2.1) 3.1 (3.9) 7 

Xylitol group 33 4.4±0.6 

3 14 8.0 (6.4) 9.7 (6.6) 10 
Mutans streptococci scores are determined as described in the manufacturer's (Orion Diagnostica) manual on 
paraffin-stimulated whole saliva of all subjects in experimental groups. 

5.4  Identifying the presence of caries lesions with salivary tests 

Sensitivity, specificity, positive and negative predictive values for mutans streptococci 
and ds are presented in Table 10. Sensitivity or ability to identify cases of disease, was 
high (90%) when the cut-off point for the mutans streptococci was level 0 (= <104 CFU of 
mutans streptococci /ml of saliva) with caries-free children (ds=0), but specificity or 
ability to identify healthy subjects was low (33%). When the cut-off point for mutans 
streptococci was level 2 (= >10 5 CFU of mutans streptococci /ml of saliva), the 
sensitivity was low but the specificity i.e. the proportion of correctly found healthy 
subjects was higher (80%). The positive predictive value, the percentage of children 
diagnosed as having disease who actually did, was moderately high (77%) on children 
with high levels of mutans streptococci. The negative predictive value i.e. the percentage 
of those predicted not to have mutans streptococci infection who actually had disease was 
almost equal in all categories, the highest in level >0 (77%). 

Table 10. Sensitivity (Sn), specificity (Sp), Positive (Pv+) and negative (Pv-) predictive 
values of ds and mutans streptococci scores. 

Baseline S. mutans 
score 

Se (%) Sp (%) Pv+ Pv- 

>0 90 33 58 77 
>1 84 43 60 72 
>2 65 80 77 69 
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5.5  Compliance and acceptance of chewing the xylitol gum 

5.5.1  Compliance of children 

Children’s acceptance and compliance for chewing was excellent. Positive ratings were 
given for xylitol gum chewing (94.3%) and for taste (85.7%). Children chewed the gum 
at designated times and none of the children swallowed the gum (IV). 

5.5.2  Compliance of teachers 

Teachers’ acceptance of the chewing program was low. Three out of five participating 
teachers thought the gum chewing disturbed the classroom routine and four were not 
willing to participate in the program next year. Teachers’ compliance was good and they 
followed the instructions during a three-week period (IV). 



6 Discussion 

6.1  Materials and methods 

6.1.1  Subjects  

Head Start preschool children were selected to participate in this research due to their 
socioeconomic background and high level of caries. Head Start is a national program 
providing comprehensive developmental services primarily to low-income preschool 
children (birth through age five) and their families in the United States. Due to the 
structured Head Start program and school participation, these children can be provided 
prevention health programs in their early years. 

6.1.2  Dropout rate 

In the fluoride study, the dropout rate was high. The average age of dropouts was higher 
than the average age of participants in the end of the study. Age was found to be a 
significant individual predictor of dropout in a study by Machiulskiene et al. (2002), in 
which children dropped out since they moved to another school, which was the case also 
in this study. In fact, participating children were invited to the clinic for the dental 
examinations for the next nine month period, but due to the high dropout rate, the study 
was discontinued. The primary reasons for the high dropout rate were that children 
moved to different schools and the low motivation of parents to bring their children to the 
clinic. However, data from the first nine-month period was extensive enough to show the 
remineralizing effect of fluoride varnish on the noncavitated lesions in the primary teeth. 
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6.1.3  Caries measurements 

In the fluoride varnish study, a modified scoring system, which differentiated between the 
active and inactive carious lesions, was used to evaluate the effect of fluoride on early 
noncavitated and cavitated lesions in the primary dentition. Differentiation between 
active and inactive enamel caries in the primary dentition has not been documented, and 
only a few studies have used it in the permanent dentition. It has been argued that the 
reproducibility achieved would be inferior and insufficient when differentiation of 
activity of early enamel lesions occur (Burt 1997). However, it has been reported that use 
of criteria based on an activity assessment could be performed with high reliability, even 
when noncavitated caries lesions are included in the scoring system (Nyvad et al. 1999, 
Pitts & Fyfee 1988). This study showed that differentiation of activity of lesions can be 
used for evaluating the effect of fluoride varnish on early noncavitated lesions. 

In these studies, baseline caries measurements indicate that randomization was 
performed successfully. The Kappa-values indicate that calibration and standardization 
were performed successfully. The inter-examiner reliability has been assessed by 
examinations of approximately ten percent of the subjects in other studies as well 
(Warren et al. 2002, Ismail et al. 1992). 

Caries progression in the primary dentition is reportedly rapid, and within one year, 
enamel caries may progress into the dentin (Peyron et al. 1992). Therefore, nine months 
was regarded as a sufficient time to study the progression rate of enamel caries lesions. 
Because traditional restorative treatment decisions are often based on the enamel lesions, 
it was important to show that active enamel lesions can be arrested. 

6.2  Caries occurrence  

It has been shown that Head Start children suffer from high caries experience, which is 
also reported in this study. These children are susceptible to dental caries perhaps due to 
poorer nutrition, less emphasis on following good health practices, and insufficient access 
to dental care (Tinanoff et al. 2002). Since there are only few studies that have assessed 
the prevalence of noncavitated and cavitated caries lesions in the primary dentition, but 
none that specifically focused on children living in low-income families, the new 
information from this research was that active noncavitated lesions are common in the 
primary dentition in this underprivileged group. This study revealed that these children 
have a significant amount of untreated decay in their mouth, which is another common 
problem in this group (Albert et al. 2002, US DDHS 2000). There is a definite need for 
preventive measures including health education, promotion and treatment of decay in 
young children living in families of low economic status in the United States.  
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6.3  Effect of fluoride varnish on caries progression 

During the past decade, scientists have identified the importance of remineralization of 
non-cavitated caries lesions. This finding is partially associated with the ability of 
fluoride to remineralize and arrest lesions. Therefore, monitoring of early noncavitated 
enamel lesions in this study was essential to evaluate the effect of fluoride varnish.  

There are only few studies of the effect of fluoride varnish in the primary dentition and 
of which the results are inconclusive (Grodzka et al. 1982, Holm 1979, Peyron et al. 
1992, Frostell et al. 1991, Lo et al. 2001). This study showed that fluoride varnish is 
effective in arresting early active enamel lesions in the primary dentition. This work is in 
line with the earlier study by Zimmer et al. (1999) which showed that applications of 
fluoride varnish is a feasible and effective method of preventing caries in economically 
deprived children who are at high risk for developing future caries. This study proposes 
that varnish applications can be performed in the school environment, allowing more 
children with high risk for caries to be reached. Since the goal of prevention is either to 
ensure that a disease process never starts or to reverse the disease in its early stages, 
health authorities should recommend performing on-site prevention for caries-risk 
children, i.e. in kindergartens and elementary schools.  

6.4  Association of mutans streptococci and caries 

Due to skewed distribution of dental caries i.e. a small proportion of children have the 
highest number of carious lesions; risk assessment is a necessary step for effective 
preventive treatment. In order to find these at risk children, risk indicators must be 
established. The present study found a significant association between caries and mutans 
streptococci levels as shown earlier (Thibodeau & O’Sullivan 1996) and that the 
association was significant, when subjects were carrying higher levels of mutans 
streptococci. In this study, the highest ds and dmfs values were found in children with the 
highest salivary mutans streptococci levels. 

This study also assessed the sensitivity and specificity of saliva tests to identify 
children with caries. In cases with high levels of mutans streptococci, the sensitivity i.e. 
for saliva test to correctly identify diseased subjects was moderate, but the specificity i.e. 
the proportion of correctly identified healthy subjects was higher (80%). The positive 
predictive value, the percentage of children diagnosed as having disease who actually did, 
was moderately high (77%) on children with high levels of mutans streptococci, which 
indicates that testing mutans streptococci in saliva in young children at high risk for 
caries is a moderately good indicator of caries activity.  

Since the highest caries prevalence is seen in children with the highest mutans 
streptococci values, reducing mutans streptococci levels is important in high-risk groups 
(Zickert et al. 1983, Köhler et al. 1988). This study used a directed population strategy to 
evaluate the efficacy of prevention, in which the groups of individuals, i.e. Head Start 
schoolchildren, were identified as a high-risk group based on the high prevalence of 
dental caries. Mutans streptococci counts were used to assess the effect of xylitol, since in 
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high-risk groups the effect of reduction of cariogenic bacteria can be significant utilizing 
preventional measures. 

6.5  Effect of xylitol on salivary levels of mutans streptococci 

The reducing effect of chewing the xylitol gum on salivary mutans streptococci 
demonstrated in a number of earlier short-term studies (Trahan 1995, Isotupa et al. 1995, 
Wennerholm et al. 1994, Loesche et al. 1984, Söderling et al. 1989) was also noticed in 
this study. One of the reasons could be that mutans streptococci are not able to grow on 
xylitol (Mäkinen et al. 1996, Trahan 1995).  

The significance of reduction in mutans streptococci levels is that it may also lead to 
the lower caries prevalence. Since the highest caries prevalence is seen in children with 
the highest mutans streptococci levels, reducing the levels is important in high-risk 
groups (Zickert et al. 1983, Köhler et al. 1988). It has been stated that clinical relevance 
of reductions of mutans streptococci remains still to be shown (van Loveren 2004). 
However, there is strong evidence that xylitol gum or candy prevent dental caries when 
used several times daily (reviews: van Loveren 2004, Hayes 2001, Lynch & Milgrom 
2003). 

A weakness of this study was the omission of “placebo gum”. Chewing of any gum 
could have a mechanical cleaning effect. However, several studies have shown that 
placebo gum do not affect mutans streptococci levels and that polyols are active 
ingredients of chewing gums able to modulate the amount of plaque and its microbial 
composition (Söderling et al. 1997). Other studies have also shown that the gums 
containing sorbitol did not reduce mutans streptococci counts in saliva (Loesche et al. 
1984, Wennerholm et al. 1994). It has been demonstrated that the effect of xylitol is not a 
response of differential stimulation of salivary flow either (Mäkinen et al. 1989, Aguirro-
Zero et al. 1993, Söderling et al. 1989, Wennerholm et al. 1994, Hujoel et al. 1994, 
Hildebrandt & Sparks 2000, Isokangas et al. 1993). Xylitol’s ability to prevent the 
transmission of mutans streptococci from mother to child cannot be explained by 
chewing effect (Isokangas et al. 2000, Söderling et al. 2000, 2001). The claim that the 
preventive effect of chewing sugar-free gum is related only to the chewing process has 
been proposed (Edgar 1998, Machiulskiene et al. 2001).  

The other factor for omission of the placebo gum was that it is difficult to motivate 
very young children to chew the disagreeable gum base with the same frequency and 
duration as the sweetened gum, even in the short-term studies. The sorbitol gum was not 
accepted for the control group as chewing the gum was not widely accepted in this age 
group. The same beneficial effect on reducing the amount of germs in mouth could not 
been claimed with the sorbitol and that chewing gum containing sugar could induce 
harmful effect on teeth.  

The duration of this xylitol chewing gum study was short. However, this was a pilot 
study to test gum chewing programs and feasibility in this special high-risk group. Even 
after four weeks of chewing, the saliva levels of mutans streptococci were significantly 
reduced in groups receiving xylitol, but did not change in the group receiving sorbitol 
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(Isotupa et al. 1995). A large-scale clinical trial would require a large number of subjects 
and considerable resources to implement.  

6.5.1  Compliance of the xylitol program 

The compliance and acceptance of the xylitol gum by children was excellent in this study, 
which has also been reported in other studies (Isokangas et al. 1988, Lam et al. 2000). In 
studies that evaluate the effect of xylitol on otitis media in children attending day care 
centers, compliance was good, because children accept the sweet taste of xylitol 
(Kontiokari 1998). Even 3-5 year-old children in day care centers can chew the xylitol 
gum at least for two to three months (Uhari et al. 1998). Although the results in the 
current study suggest that children would chew xylitol gum if given to them, it is possible 
that children would not like to chew the xylitol gum for a longer period. Many studies of 
self-reported compliance have found that adult subjects overestimate their compliance 
(Besch 1995), which is likely to apply to children, especially in the situation where the 
teachers constantly would reinforce and monitor the gum use (Machiulskiene et al. 2001). 
Compliance was reported to decrease over time in the chewing program, which lasted for 
3 years (Machiulskiene et al. 2001). This is not surprising if the required daily dose is 
five pieces of gum.  

Teachers’ acceptance toward the gum program in this study was low, possibly because 
the chewing program may have required extra effort to control the class. In a study by 
Kandelman & Gagnon (1990), during the second year of the program 2 of 13 schools 
stopped their participation because some teachers had difficulties continuing to integrate 
this additional workload into their daily activities. Since chewing the gum is not accepted 
behavior in a school environment in the United States and teachers in this study were 
introducing the gum for the first time, it might have generated extra stress for the 
teachers. However, even three year-old children can quickly learn the technique of 
chewing and not to swallow the gum (Uhari et al. 1998). The chewing gum program was 
originally planned to include other schools, but the proposal was turned down due to the 
decision that chewing gum is not developmentally appropriate for 3-4 year-old children. 
This attitude prevailed in spite of introducing the literature on the success of xylitol 
programs in other studies. A teachers’ role in preventive chewing gum program is 
essential and motivating them must be emphasized in future programs. 

The use of xylitol chewing gum is recommended in Finland and many other countries 
as a “smart habit” on an individual level. Dental personnel in Finland have adopted 
xylitol rapidly as an additional preventive method, and daily use of xylitol gum has been 
included in routine dental health education information (Honkala et al. 1999). There are 
several reasons why the use of xylitol is high in Finland. Xylitol, for caries prevention, 
was initially tested in Finland. There have been commercial interests for several years 
since xylitol products were produced in Finland. Xylitol has the official endorsement of 
national dental organizations, and label statements that highlight the benefits of xylitol to 
boost consumer awareness. Advertizing has been active among manufacturers and 
Finnish dentists have been strong proponents of the use of xylitol. Currently, almost all 
dental health educators (94-100%) include xylitol as a separate topic in their dental health 
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education (Laiho et al. 1995). Overall, countries with nationally supported prevention 
programs have robustly adopted xylitol. 

Despite the overwhelming evidence ofsuperior dental benefits, commercial success of 
xylitol in the United States has developed sporadically. Gum chewing has been forbidden 
in schools in the United States and is generally culturally unacceptable among school 
administrators. Commercialization efforts in the United States have not yet received the 
kind of official recognition as in Finland. However, the Food and Drug Administration 
(FDA) has approved xylitol as a food additive for use in foods for special dietary uses 
and its use is increasing.  

6.6  General discussion 

Despite great achievements in oral health, problems still remain in many areas all over 
the world - particularly among underprivileged groups. At present, the distribution and 
severity of oral diseases vary among different parts of the world and within the same 
country or region (WHO 2004). The significant role of sociobehavioral and 
environmental factors in oral disease and health is evidenced in an extensive number of 
surveys (WHO 2004).  

There is insufficient emphasis on primary prevention of dental diseases in the United 
States, which poses a considerable challenge due to the privatized health system. Oral 
health care is not fully integrated into national, community or most private health 
programs. There are profound oral health disparities across regions. These may relate to 
socioeconomic status, ethnicity, age, gender or general health status.  

However, some opportunities exist to expand oral disease prevention and health 
promotion knowledge and practices through community health programs and in private 
health care settings. Major future challenges will be to translate knowledge and 
experiences about disease prevention into feasible action programs. Social, economic and 
cultural factors impact the delivery of oral health services and how people care for 
themselves. Reducing disparities requires extensive approaches that target populations at 
highest risk for specific oral diseases and involves improving access to existing care.  

Clinical and public health research has shown that a number of individual, 
professional and community preventive measures are effective in preventing dental caries 
(WHO 2004). Community water fluoridation, professional and individual measures, 
including the use of fluoride rinses, gels, varnishes, toothpastes and the application of 
dental sealants are common methods to prevent dental caries. With appropriate diet and 
nutrition, primary prevention of dental disease can be achieved. It is known, that children 
with a high risk for developing caries need extra protection and are often not compliant 
enough to undertake fluoride therapy themselves. Based on this research, fluoride varnish 
applications may be a practical prevention method that can be performed in the school 
environment, allowing more high-risk children to be reached.  

Xylitol-based interventions for dentistry have not been readily adopted in the United 
States. Research has concentrated mainly on the preventive effect of fluorides and has not 
focused on xylitol as a potential preventive agent. The oral biologic effects of xylitol 
suggest that the use of the xylitol gum can be considered a valuable tool in caries 
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prevention. It has been suggested that xylitol candy may be as effective as chewing gum 
as a xylitol delivery vehicle toward caries prevention (Alanen et al. 2000). Other 
alternatives, such as xylitol lozenges, tablets and candies should be investigated as 
potential tools for long-term prevention in young children. Prevention programs using 
xylitol products in well-regulated institutional programs, such as preschools, are very 
attractive. Major limitations to extending the xylitol gum use in the United States is that 
chewing gum is not considered safe for small children and is actively discouraged in 
schools. Thus xylitol lozenges, mints and tablets could offer acceptable choices for xylitol 
based prevention for young children in the United States. 

Chewing the xylitol gum should be promoted, as it may offer an efficacious and cost-
effective caries prevention strategy, which may greatly improve the quality of oral health 
for young children. It has been shown that habitual chewing of xylitol gum appears to 
have a long-term preventive effect by reducing caries risk for several years after habitual 
chewing has ended (Hujoel et al. 1999). Habitual chewing should be started at least one 
year before permanent teeth erupt.  

The prevention program with xylitol may provide an additional method to be used in 
situations where other prevention methods are difficult to implement. Also, it provides an 
easy and inexpensive distribution mechanism, since no specific equipment, health care 
facilities or personnel are needed. Furthermore, through the xylitol program, it is possible 
to educate and motivate children, parents and school personnel to promote oral health 
practices at schools. The systematic use of xylitol can help children to become conscious 
of their own health and of ways to actively improve it. Since the goal of prevention is 
either to ensure that a disease process never starts or to reverse the disease in its early 
stages, health authorities should recommend performing on-site prevention for caries-risk 
children, i.e. in kindergartens and elementary schools.  



7 Summary 

The purpose of this research work was to determine the caries prevalence and distribution 
in the primary dentition of preschool children in Northern Florida, USA and to evaluate 
the effect of fluoride varnish on caries progression and the effect of xylitol chewing gum 
on the salivary levels of mutans streptococci on two separate randomized studies.  

The caries preventive effect of fluoride varnish in the primary dentition was evaluated 
in a sample of 4-6 year-old Head Start schoolchildren in Alachua, Florida (n=142). Caries 
progression after nine months was analyzed using dmf(s/t) and ds values. The effect of 
xylitol gum was evaluated by measuring the levels of salivary mutans streptococci before 
and after three weeks chewing period in 3-5 year-old Head Start schoolchildren in Starke, 
Florida (n=61). 

This study is in line with earlier reports that caries prevalence is high in Head Start 
preschool children. This study showed that active noncavitated enamel lesions were 
common in the primary dentition and that applications of fluoride varnish reduced the 
progression of caries in these children. The use of xylitol gum reduced mutans 
streptococci levels in saliva thereby possibly reducing the risk for dental caries in these 
children. Acceptance of chewing by children was good, but by teachers low. Salivary 
mutans streptococci levels were found to be moderately good indicators of caries activity 
in these young children, which is in line with earlier studies.  

Fluoride varnish applications may be a practical prevention method for high-risk 
children living in low-income families in the United States. Also the prevention program 
with xylitol may provide an additional method to be used in situations where other 
prevention methods are difficult to implement.  



8 Conclusions  

There are few well-studied strategies available to prevent and control high rates of caries 
in young children in communities reliant on private dental care. Water fluoridation, 
fluoridated toothpaste and professionally applied fluoride gels and foams and sealants are 
the most common preventive methods for young children currently in the United States. 
This study showed the beneficial effect of fluoride varnish in preventing progression of 
dental caries and the effect of xylitol in reducing salivary mutans streptococci levels, 
thereby improving the oral health of young children.  

Use of xylitol chewing gum should be promoted, as it may offer an efficacious and 
cost-effective caries prevention strategy, which may greatly improve the quality of oral 
health for young children. Fluoride varnish applications may offer an effective means of 
arresting early noncavitated lesions in the primary dentition. While the detection and 
monitoring of these lesions is critical in determining effectiveness, this study suggests 
that fluoride varnish therapy may offer an efficient, non-surgical alternative for the 
treatment of decay in children. 



 References 

ADA: Statement on early childhood caries. Trans. (2000):454 //www.ada.org 
Aguirre-Zero O, Zero DT, Proskin HM (1993) Effect of chewing xylitol chewing gum on salivary 

flow rate and the acidogenic potential of dental plaque. Caries Res 27:55-59. 
Alanen P, Isokangas P, Gutman K (2000) Xylitol candies in caries prevention: results of a field 

study in Estonian children. Community Dent Oral Epidemiol 28:218-224. 
 Alaluusua S, Renkonen OV (1983) Streptococcus mutans establishment and dental caries 

experience in children from 2 to 4 years old. Scand J Dent Res 91:453-457. 
Alaluusua S, Savolainen J, Tuompo H, Grönroos L (1984) Slide-scoring method for estimation of 

Streptococcus mutans levels in saliva. Scand J Dent Res 92:127-133.  
Alaluusua S, Kleemola-Kujala E, Nyström M, Evälahti M, Grönroos L (1987) Caries in the primary 

teeth and salivary Streptococcus mutans and lactobacillus levels as indicators of caries in 
permanent teeth. Pediatr Dent 9:126-130. 

Alaluusua S, Malmivirta R (1994) Early plaque accumulation--a sign for caries risk in young 
children. Community Dent Oral Epidemiol 22:273-276. 

Albert DA, Findley S, Mitchell DA, Park K, McManus JM (2002) Dental caries among 
disadvantaged 3-to 4-year-old children in northern Manhattan. Pediatr Dent 24:229-233. 

Anderson MH, Bales DJ, Omnell KA (1993) Modern management of dental caries: the cutting edge 
is not the dental bur. J Am Dent Assoc 124:37-44. 

Anusavice KJ (1992) Decision analysis in restorative dentistry. J Dent Educ 56:812-822. 
Anusavice KJ (1995) Treatment regimens in preventive and restorative dentistry. J Am Dent Assoc 

126:727-743. 
Anusavice KJ (1997) Efficacy of nonsurgical management of the initial caries lesion. J Dent Educ 

61:895-905. 
Assaf AV, Meneghim Mde C, Zanin L, Mialhe FL, Pereira AC, Ambrosano GM (2004) 

Assessment of different methods for diagnosing dental caries in epidemiological surveys. 
Community Dent Oral Epidemiol 32:418-425.  

Axelsson P, Paulander J, Nordkvist K, Karlsson R (1987) Effect of fluoride containing dentifrice, 
mounthrinsing, and varnish on approximal dental caries in a 3-year clinical trial. Community 
Dent Oral Epidemiol 15:177-180. 

Bader JD, Shugars DA (1993) Need for change in standards of caries diagnosis – epidemiology and 
health services research perspective. J Dent Educ 57:415-421. 

Bader JD, Shugars DA (1995) Variation in dentist’s clinical decisions. J Public Health Dent 
55:181-188. 



 58

Bader JD, Rozier G, Lohr KN Frame PS (2004) Physicians' Roles in Preventing Dental Caries in 
Preschool Children. A summary of the evidence for the U.S. Preventive Services Task Force. 
Am J Prev Med 26:315-325.  

Bánóczy J, Orsos M, Pienihäkkinen K, Scheinin A (1985) Collaborative WHO xylitol field studies 
in Hungary. IV. Saliva levels of Streptococcus mutans. Acta Odontol Scand 43:367-370.  

Bawden JW (1998) Fluoride varnish: A better professionally applied topical fluoride. J 
Southeastern Soc of Ped Dent 4:20-21. 

Barnes GP, Parker WA, Lyon TC Jr, Drum MA, Coleman GC (1992) Ethnicity, location, age, and 
fluoridation factors in baby bottle tooth decay and caries prevalence of Head Start children. 
Public Health Rep 107:167-173. 

Beck JD, Weintraub JA, Disney JA, Graves RC, Stamm JW, Kaste LM, Bohannan HM (1992) 
University of North Carolina Caries Risk Assessment Study: comparisons of high risk 
prediction, any risk prediction, and any risk etiologic models. Community Dent Oral Epidemiol 
20:313-321. 

Beltrán-Aguilar ED, Goldstein JW, Lockwood SA (2000) Fluoride varnishes – A review of their 
clinical use, cariostatic mechanism, efficacy and safety. J Am Dent Assoc 131:589-596.  

Berkowitz RJ (2003) Causes, treatment and prevention of early childhood caries; A microbiologic 
perspective. J Can Dent Assoc 69:304-307. 

Besch CL (1995) Compliance in clinical trials. AIDS 9:1-10. 
Bjørndahl I, Mjör I (2001) Pulp-dentin biology in restorative dentistry. Part 4: Dental Caries – 

characteristics of lesion and pulpal reactions. Quintessence Int 32:717-735. 
Bowden GH (1997) Does assessment of microbial composition of plaque/saliva allow for diagnosis 

of disease activity of individuals? Community Dent Oral Epidemiol 25:76-81. 
Bratthall D, Hansel Petersson G, Sundberg H (1996) Reasons for the caries decline: what do the 

experts believe? Eur J Oral Sci 104:416-422. 
Brown LJ, Swango PA (1993) Trends in caries experience in US employed adults from 1971-74 

and to 1985; cross-sectional comparisons. Adv Dent Res 7:52-60. 
Brown LJ, Wall TP, Lazar V (2000) Trends in untreated caries in primary teeth of children 2 to 10 

years old. J Am Dent Assoc 131:93-100. 
Brown LJ, Wall TP, Lazar V (2000) Trends in total caries experience: permanent and primary 

teeth. J Am Dent Assoc 131:223-231. 
Burt BA (1997) How useful are cross-sectional data from surveys on dental caries? Community 

Dent Oral Epidemiol 25:36-41. 
Burt BA (1998) Prevention policies in the light of the changed distribution of dental caries. Acta 

Odontol Scand 56:179-186. 
Burt BA (2001) Definitions of risk. J Dent Educ 65:1007-1008. 
Carlsson J, Grahnén H, Jonsson G (1975) Lactobacilli and streptococci in the mouth of children. 

Caries Res 9:333-339. 
Caufield PW, Cutter GR, Dajanayake AP (1993) Initial acquisition of mutans streptococci in 

infants: evidence for a discrete window of infectivity. J Dent Res 72:37-45.  
Chesters RK, Pitts NB, Matuliene G, Kvedariene A, Huntington E, Bendinskaite R, Balciuniene I, 

Matheson JR, Nicholson JA, Gendvilyte A, Sabalaite R, Ramanauskiene J, Savage D, Mileriene 
J (2002) An abbreviated caries clinical trial design validated over 24 months. J Dent Res 
81:637-540. 

CDC (2001): Recommendations for using fluoride to prevent and control dental caries in the United 
States. Centers for Disease Control and Prevention. MMWR Recomm Rep 17;50:1-42. 

De Bruyn H, Arends J (1987) Fluoride varnishes--a review. J Biol Buccale 15:71-82. 
Davenport ES, Litenas C, Barbayiannis P, Williams CE (2004) The effects of diet, breast-feeding 

and weaning on caries risk for pre-term and low birth weight children. Int J Paediatr Dent 
14:251-259. 



 59

Deery CH, Care R, Chesters R, Huntington E, Stelmachonoka S, Gudkina Y (2000) Prevalence of 
dental caries in Latvian 1- to 15-year-old children and the enhanced diagnostic yield of 
temporary tooth separation, FOTI and electronic caries measurement. Caries Res 34:2-7.  

De Grauwe A, Aps JK, Martens LC (2004) Early Childhood Caries (ECC): what's in a name? Eur J 
Paediatr Dent 5:62-70. 

Demers M, Brodeur JM, Simard PL, Mouton C, Veilleux G, Frechette S (1990) Caries predictors 
suitable for mass-screenings in children: a literature review. Community Dent Health 7:11-21. 

De Sousa Mda L, Wagner M, Sheiham A (2002) Caries reductions related to the use of fluorides: a 
retrospective cohort study. Int Dent J 52:315-320. 

Disney JA, Graves RC, Stamm JW, Bohannan HM, Abernathy JR (1989) Comparative effects of a 
4-year fluoride mouthrinse program on high and low caries forming grade 1 children. 
Community Dent Oral Epidemiol 17:139-143. 

Douglass JM, Montero MJ, Thibodeau EA, Mathieu GM (2002) Dental caries experience in a 
Connecticut Head Start program in 1991 and 1999. Pediatr Dent 24:309-314. 

Downer MC (1978) Caries prediction from initial measurements in clinical trial subjects. 
Pharmacol Ther Dent 3:117-122. 

Duchin S, van Houte J (1978) Colonization of teeth in humans by Streptococcus mutans as related 
to its concentration in saliva and host age. Infect Immun 20:120-125. 

Dye BA, Shenkin JD, Ogden CL, Marshall TA, Levy SM, Kanellis MJ (2004) The relationship 
between healthful eating practices and dental caries in children aged 2-5 years in the United 
States, 1988-1994. J Am Dent Assoc 135:55-66. 

Edelstein BL, Douglass C (1995) Dispelling the myth that 50 percent of the U.S. schoolchildren 
have never had a cavity. Public Health Rep 110:522-530.  

Edelstein BL, Manski RJ, Moeller Moeller JF (2000) Pediatric dental visits during 1996; an 
analysis of the federal Medical Expenditure panel survey. Pediatr Dent 22:17-20.  

Edgar WM (1998) Sugar substitutes, chewing gum and dental caries - a review. Br Dent J 184:29-
32. 

Featherstone JD (2004) The Continuum of Dental Caries - Evidence for a Dynamic Disease 
Process. J Dent Res 83:C39-42. 

Fejerskov O, Kidd E (2003) Dental Caries – The disease and its clinical management. Ed Blackwell 
Munksgaard. 

Forgie AH, Paterson M, Pine CM, Pitts NB, Nugent ZJ (2000) A randomised controlled trial of the 
caries-preventive efficacy of a chlorhexidine-containing varnish in high-caries-risk adolescents. 
Caries Res 34:432-439. 

Frostell G, Birkhed D, Edwardsson S, Goldberg P, Petersson LG, Prowe C, Winholt A-S (1991) 
Effect of partial substitution of invert sugar for sucrose in combination with Duraphat treatment 
on caries development in preschool children: The Malmö study. Caries Res 25:304-310. 

Gizani S, Vinckier F, Declerck D (1999) Caries pattern and oral health habits in 2- to 6-year-old 
children exhibiting differing levels of caries. Clin Oral Investig 3:35-40. 

Gray MM, Marchment MD, Anderson RJ (1991) The relationship between caries experience in the 
deciduous molars at 5 years and in first permanent molars of the same child at 7 years. 
Community Dent Health 8:3-7. 

Greenwell AL, Johnsen D, DiSantis TA, Gerstenmaier J, Limbert N (1990) Longitudinal evaluation 
of caries patterns from the primary to the mixed dentition. Pediatr Dent 12:278-282. 

Grindefjord M (1995) Prediction and development of dental caries in young preschool children – A 
prospective cohort study in southern Stockholm. Thesis, Stockholm. ISBN: 91-628-1728-0. 

Grodzka K, Augustyniak L, Budny J, Czarnocka K, Janicha J, Mlosek K, Moszczenska B, 
Szpringer M, Wacinska M, Petersson L, Frostell G. (1982) Caries increment in primary teeth 
after application of Duraphat fluoride varnish. Community Dent Oral Epidemiol 10:55-59.  



 60

Hausen H, Seppä L, Fejerskov O (1994) Can caries be predicted? In: Thylstrup A, Fejerskov O, 
eds. Textbook of Clinical Cariology. Copenhagen: Munksgaard, pp. 393-411.  

Harris R, Nicoll AD, Adair PM, Pine CM (2004) Risk factors for dental caries in young children: a 
systematic review of the literature. Community Dent Health 21:71-85. 

Harrison RL, Wong T (2003) An oral health promotion program for an urban minority population 
of preschool children. Community Dent Oral Epidemiol 31:392-399. 

Hayes C (2001) The effect of non-cariogenic sweeteners on the prevention of dental caries; a 
review of the evidence. J Dent Educ 65:1106-1109.  

Helfenstein U, Steiner M (1994) Fluoride varnishes (Duraphat): A meta-analysis. Community Dent 
Oral Epidemiol 22:1-5. 

Hildebrandt GH, Sparks BS (2000) Maintaining mutans streptococci suppression with xylitol 
chewing gum. J Am Dent Assoc 131:909-916. 

Holm AK (1979) Effect of a fluoride varnish (Duraphat) in preschool children. Community Dent 
Oral Epidemiol 7:241-245.  

Holt RD (1995) The pattern of caries in a group of 5-year-old children and in the same cohort at 9 
years of age. Community Dent Health 12:93-99. 

Honkala S, Honkala E, Tynjälä J, Kannas L (1999) Use of xylitol chewing gum among Finnish 
schoolchildren. Acta Odontol Scand 57:306-309. 

Hujoel PP, Isokangas PJ, Tiekso J, Davis S, Lamont RJ, DeRouen TA, Mäkinen KK (1994) A re-
analysis of caries rates in a preventive trial using Poisson regression models. J Dent Res 73:573-
579. 

Hujoel PP, Mäkinen KK, Bennett CA, Isotupa KP, Isokangas PJ, Allen P, Mäkinen PL (1999) The 
optimum time to initiate habitual xylitol gum-chewing for obtaining long-term caries 
prevention. J Dent Res 78:797-803. 

Ismail AI, Brodeur JM, Gagnon P, Payette M, Picard D, Hamalian T, Olivier M, Eastwood BJ 
(1992) Prevalence of non-cavitated and cavitated carious lesions in a random sample of 7-9-
year-old schoolchildren in Montreal, Quebec. Community Dent Oral Epidemiol 20:250-255. 

Ismail AI (1997) Clinical diagnosis of precavitated carious lesions. Community Dent Oral 
Epidemiol 25:13-23. 

Isokangas P, Alanen P, Tiekso J, Mäkinen KK (1988) Xylitol chewing gum in caries prevention: a 
field study in children. J Am Dent Assoc 177:315-320. 

Isokangas P, Tenovuo J, Söderling E, Männistö H, Mäkinen KK (1991) Dental caries and mutans 
streptococci in the proximal areas of molars affected by the habitual use of xylitol chewing gum. 
Caries Res 25:444-448. 

Isokangas P, Mäkinen KK, Tiekso J, Alanen P (1993) Long-term effect of xylitol chewing gum in 
the prevention of dental caries: a follow-up 5 years after termination of a prevention program. 
Caries Res 27:495-498. 

Isokangas P, Söderling E, Pienihäkkinen K, Alanen P (2000) Occurrence of dental decay in 
children after maternal consumption of xylitol chewing gum, a follow-up from 0 to 5 years of 
age. J Dent Res 79:1885-1889. 

Isotupa KP, Gunn S, Chen C-Y, Lopatin D, Mäkinen KK (1995) Effect of polyol gums on dental 
plaque in orthodontic patients. Am J Orthod Dentofac Orthop 107:497-504. 

Jenkins GN (1985) Recent changes in dental caries. Br Med J 291:1297–1298. 
Jensen B, Bratthall D (1989) A new method for the estimation of mutans streptococci in human 

saliva. J Dent Res 68:468-471. 
Johnsen DC, Gerstenmeier JH, DiSantis TA, Berkowitz RJ (1986) Susceptibilty of nursing-caries 

children to future approximal decay. Pediatr Dent 8:168-170. 
Jokela J (1997) Kariesriskin arviointi ja prevention kohdentaminen alle kouluikäisillä. Thesis, 

University of Turku, Turku, Finland.  



 61

Kandelman D, Gagnon G (1987) Clinical results after 12 months from a study of the incidence and 
progression of dental caries in relation to consumption of chewing-gum containing xylitol in 
school preventive programs. J Dent Res 66:1407-1411. 

Kandelman D, Bär A, Hefti A (1988) Collaborative WHO xylitol field study in French Polynesia. I. 
Baseline prevalence and 32-month caries increment. Caries Res 22:55-62. 

Kandelman D, Gagnon G (1990) A 24-month clinical study of the incidence and progression of 
dental caries in relation to consumption of chewing gum containing xylitol in school preventive 
programs. J Dent Res 69:1771-1775.  

Kanellis MJ (2000) Caries risk assessment and prevention: strategies for Head Start, Early Head 
Start, and WIC. J Public Health Dent 60:210-217. 

Karjalainen S, Söderling E, Sewon L, Lapinleimu H, Simell O (2001) A prospective study on 
sucrose consumption, visible plaque and caries in children from 3 to 6 years of age. Community 
Dent Oral Epidemiol 29:136-142. 

Karjalainen S, Söderling E, Pienihäkkinen K (2004) Validation and inter-examiner agreement of 
mutans streptococci levels in plaque and saliva of 10-year-old children using simple chair-side 
tests. Acta Odontol Scand 62:153-157. 

Kaste LM, Selwitz RH, Oldakowski JA, Winn DM, Brown LJ (1996) Coronal caries in the primary 
and permanent dentition of children and adolescents 1-17 years of age: United States, 1988-
1991. J Dent Res 75:631-641. 

Keyes PH (1960) The infectious and transmissible nature of experimental dental caries. Findings 
and implications. Arch Oral Biol 1:304-320.  

Kidd EA, Fejerskov O (2004) What Constitutes Dental Caries? Histopathology of carious enamel 
and dentin related to the action of cariogenic biofilms. J Dent Res 83:35-38.  

Kingman A, Selwitwz RH (1997) Proposed methods for improving the effiency of the DMFS index 
in assessing initiation and progression of dental caries. Community Dent Oral Epidemiol 25:60-
68. 

Klein H, Palmer CE, Knutson JW (1938) Studies on dental caries. I. Dental status and dental needs 
of elementary school children. Public Health Rep 53:751-765.  

Klemme B, Tramini P, Niekusch U, Rossbach R, Schulte AG (2004) Relationship between caries 
prevalence and fissure sealants among 12-year-old German children at three educational strata. 
Soz Praventiv med 49:344-351. 

Kontiokari T (1998) Xylitol in preventing acute otitis media, Thesis. Acta Universitatis Ouluensis. 
Kovari H, Pienihäkkinen K, Alanen P (2003) Use of xylitol chewing gum in daycare centers: a 

follow-up study in Savonlinna, Finland. Acta Odontol Scand 61:367-370. 
Krasse B (1996) The caries decline: is the effect of fluoride toothpaste overrated? Eur J Oral Sci 

104:426-429. 
Kreiborg S, Rasmussen P, Thesleff I (1991) Normal dental and occlusal development. In: 

Pedodontics - A clinical approach. Koch G, Modéer T, Poulsen S, Rasmussen P, eds. 
Munksgaard: Copenhagen; p. 48. 

Kowash MB, Pinfield A, Smith J, Curzon ME (2000) Effectiveness on oral health of a long-term 
health education programme for mothers with young children. Br Dent J 26;188:201-205. 

Köhler B, Andréen I, Jonsson B (1988) The earlier the colonization by mutans streptococci, the 
higher the caries prevalence at 4 years of age. Oral Microbiol Immunol 3:14-17. 

Laiho M, Honkala E, Kannas L (1995) How is oral health education conducted in Finnish health 
centers? Community Dent Oral Epidemiol 23:119-124. 

Lam M, Coldwell Se, Milgrom P, Craig R (2000) Children’s acceptance of xylitol-based foods. 
Community Dent Oral Epidemiol 28:97-101. 

Larmas M (1993) Plaque-mediated disease. Basic and clinical studies on the value of salivary 
monitoring. Ann N Y Acad Sci 694:252-264. 



 62

Larsen MJ, Fejerskov O (1989) Chemical and structural challenges in remineralization of dental 
enamel lesions, Scand J Dent Res 97:285-296. 

Lindquist B, Edward S, Torell P, Krasse B (1989) Effect of different caries preventive measures in 
children highly infected with mutans streptococci. Scand J Dent Res 97:330-337. 

Lindquist B (1991) Mutans streptococci in human dentition. Thesis, Göteborg: University of 
Göteborg. 

Litt MD, Reisine S, Tinanoff N (1995) Multidimensional causal model of dental caries 
development in low-income preschool children. Public Health Rep 110:607-617. 

Lo ECM, Chu CH, Lin HC (2001) A community-based caries-control program for preschool 
children using topical fluorides: 18-month results. J Dent Res 80:2071-2074.  

Loesche WJ, Grossman NS, Earnest R, Corpron R (1984) The effect of chewing xylitol gum on the 
plaque and saliva levels of Streptococcus mutans. J Am Dent Assoc 108:587-592. 

Louie R, Brunelle JA, Maggiore ED, Beck RW (1990) Caries prevalence in Head Start children, 
1986-1987. J Public Health Dent 50:299-305.  

Lynch H, Milgrom P (2003) Xylitol and dental caries: an overview for clinicians. J Calif Dent 
Assoc 31:205-209. 

Machiulskiene V, Nyvad B, Baelum V (2001) Caries preventive effect of sugar-substituted 
chewing gum. Community Dent Oral Epidemiol 29:278-288. 

Machiulskiene V, Nyvad B, Baelum V (2002) Determinants of dropout in a community 
intervention trial on the caries-preventive effect of chewing gums. J Public Health Dent 62:21-7. 

Mattila ML, Rautava P, Sillanpää M, Paunio P (2000) Caries in five-year-old children and 
associations with family-related factors. J Dent Res 79:875-881. 

Mathiesen AT, Øgaard B, Rølla G (1996) Oral hygiene as a variable in dental caries experience in 
14-year-olds exposed to fluoride. Caries Res 30:29-33. 

Milgrom P, Riedy CA, Weinstein P, Tanner AC, Manibusan L, Bruss J (2000) Dental caries and its 
relationship to bacterial infection, hypoplasia, diet, and oral hygiene in 6- to 36-month-old 
children. Community Dent Oral Epidemiol 28:295-306.  

Modéer T, Twetman S, Bergstrand F (1984) Three-year study of the effect of fluoride varnish 
(Duraphat) on proximal caries progression in teenagers. Scand J Dent Res 92:400-407. 

Montero MJ, Douglass JM, Mathieu GM (2003) Prevalence of dental caries and enamel defects in 
Connecticut head start children. Pediatr Dent 25:235-239. 

Mäkinen KK, Söderling E, Isokangas P, Tenovuo J, Tiekso J (1989) Oral biochemical status and 
depression of Streptococcus mutans in children during 24- to 36-month use of xylitol chewing 
gum. Caries Res 23:261-267. 

Mäkinen KK, Mäkinen P-L, Pape HR Jr., Peldyak J, Hujoel P, Isotupa KP, Söderling E, Isokangas 
PJ, Allen P, Bennett C (1996) Conclusion and review of the "Michigan xyltiol programme" 
(1986-1995) for the prevention on dental caries. Int Dent J 46: 22-34. 

Mäkinen KK, Chen C-Y, Mäkinen P-L, Bennett CA, Isokangas PJ, Isotupa KP, Pape HR Jr. 
(1996a) Properties of whole saliva and dental plaque in relation to 40-month consumption of 
chewing gums containing xylitol, sorbitol or sucrose. Caries Res 30:180-188. 

Mäkinen KK, Hujoel PP, Bennett CA, Isotupa KP, Mäkinen P-L, Allen P (1996b) Polyol chewing 
gums and caries rates in primary dentition: a 24-month cohort study. Caries Res 30:408-417. 

National Board of Helsinki (1996) Official statistics in 1994. 
Newbrun E (1989) Effectiveness of water fluoridation. J Public Health Dent 49:279-289. 
NIH Consensus Statement Online (2001) Diagnosis and Management of Dental Caries Throughout 

Life. 26-28;18:1-24. 
Nordblad A, Suominen-Taipale L, Murtomaa H, Vartiainen E, Koskela K (1995) Smart Habit 

xylitol campaign, a new approach in oral health promotion. Community Dent Health 12:230-
234. 



 63

Nyvad B, Fejerskov O (1997) Assessing the stage of caries lesion activity on the basis of clinical 
and microbiological examination. Community Dent Oral Epidemiol 25:69-75.  

Nyvad B, Machiulskiene V, Baelum V (1999) Reliability of a new caries diagnostic system 
differentiating between active and inactive caries lesions. Caries Res 33:252-260. 

Øgaard B, Seppä L, Rølla G (1994) Professional topical fluoride applications - clinical efficacy and 
mechanism of action. Adv. Dent Res 8:190-201. 

Ollila P, Niemelä M, Uhari M, Larmas M (1998) Prolonged pacifier-sucking and use of a nursing 
bottle at night: possible risk factors for dental caries in children. Acta Odontol Scand 56:233-
237. 

O'Sullivan DM, Tinanoff N (1996) The association of early dental caries patterns with caries 
incidence in preschool children. J Public Health Dent 56:81-83. 

Petersson LG, Arthursson L, Östberg C, Jönsson G, Gleerup A (1991) Caries-inhibiting effects of 
different modes of Duraphat varnish reapplication: a 3-year radiographic study. Caries Res 
25:70-73. 

Petersson LG, Westerberg I (1994) Intensive fluoride varnish program in Swedish adolescents: 
economic assessment of a 7-year follow-up study on proximal caries incidence. Caries Res 
28:59-63. 

Peyron M, Matsson L, Birkhed D (1992) Progression of approximal caries in primary molars and 
the effect of Duraphat treatments. Scand J Dent Res 100:314-318. 

 Pienihäkkinen K, Jokela J (1995) A simple method for monitoring mutans streptococci in young 
children. Eur J Oral Sci 103:61-62.  

Pienihäkkinen K, Jokela J (2002) Clinical outcomes of risk-based caries prevention inpreschool-
aged children. Community Dentistry and Oral Epidemiol 30:143-150. 

Pienihäkkinen K, Jokela J, Alanen P (2004) Assessment of caries in preschool children. Caries Res 
38:156-162. 

Pitts N, Lond FR (1993) Current methods and criteria for caries diagnosis in Europe. J Dent Educ 
57:409-414. 

Pitts NB (2001) Clinical diagnosis of dental caries: a European perspective. J Dent Educ 65:973-
980. 

Pitts NB, Fyfee HE (1988) The effect of varying diagnostic thresholds upon clinical caries data for 
a low prevalence group. J Dent Res 67:592-596. 

Pieper K, Schulte AG (2004) The decline in dental caries among 12-year-old children in Germany 
between 1994 and 2000. Community Dent Health 21:199-206. 

Powell LV (1998) Caries risk assessment: relevance to the practitioner. J Am Dent Assoc 129:349-
353. 

Proceedings (1998): Conference on early childhood caries. Bethesda, Maryland, USA. Community 
Dent and Oral Epidemiol Suppl:26.  

Public Health Rep. (1993) Toward improving the oral health of Americans: an overview of oral 
health status, resources, and care delivery. Oral Health Coordinating Committee, Public Health 
Service 108:657-672. 

Radike AW (1972) Criteria for diagnosis of dental caries. In: Proceedings of the conference on the 
clinical testing of cariostatic agents, American Dental Association; Chigaco. 

Ratledge DK, Kidd EA, Beighton D (2001) A clinical and microbiological study of approximal 
carious lesions. Part 2: Efficacy of caries removal following tunnel and Class II cavity 
preparations. Caries Res 35:8–11. 

Reisine S, Douglass JM (1998) Psychosocial and behavioral issues in early childhood caries. 
Community Dent Oral Epidemiol 26:32-44. 

Rose G (2001) Sick individuals and sick populations. Int J Epidemiol 30:427-432. 



 64

Ruottinen S, Karjalainen S, Pienihäkkinen K, Lagström H, Niinikoski H, Salminen M, Rönnemaa 
T, Simell O (2004) Sucrose Intake since Infancy and Dental Health in 10-Year-Old Children. 
Caries Res 38:142-148. 

Schaeken MJ, Creugers TJ, Van der Hoeven JS (1987) Relationship between dental plaque indices 
and bacteria in dental plaque and those in saliva. J Dent Res 66:1499-1502. 

Scheinin A, Mäkinen KK, Ylitalo K (1975a) Turku sugar studies V. Final report on the effect of 
sucrose, fructose and xylitol on the caries incidence in man. Acta Odontol Scand 33:76-104.  

Scheinin A, Mäkinen KK, Tammisalo E (1975b) Turku sugar studies XVIII. Incidence of dental 
caries in relation to 1-year consumption of xylitol chewing gum. Acta Odontol Scand 33:269-
278. 

Scheinin A, Bánóczy J, Szoke J. Esztari I, Pienihäkkinen K, Scheinin U, Tiekso J, Zimmermann P, 
Hadas (1985) Collaborative WHO field studies in Hungary. I. Three-year caries activity in 
institutionalized children. Acta Odontol Scand 43:327-347. 

Seki M, Karakama F, Ozaki T, Yamashita Y (2002) An improved method for detecting mutans 
streptococci using a commercial kit. J Oral Sci 44:135-9. 

Seow WK (1998) Biological mechanisms of early childhood caries. Community Dent Oral 
Epidemiol 26:1:8-27.  

Seppä L, Leppänen T, Hausen H (1995) Fluoride varnish versus acidulated phosphate fluoride gel: 
a 3-year clinical trial. Caries Res 29:327-330.  

Seppä L, Tolonen T (1990) Caries preventive effect of fluoride varnish applications performed two 
or four times a year. Scand J Dent Res 98:102-105. 

Shiboski CH, Gansky SA, Ramos-Gomez F, Ngo L, Isman R, Pollick HF (2003) The association of 
early childhood caries and race/ethnicity among California preschool children. J Public Health 
Dent 63:38-46. 

Siegal MD, Yeager MS, Davis AM (2004) Oral health status and access to dental care for ohio head 
start children. Pediatr Dent 26:519-525. 

Sköld L, Sundquist B, Eriksson B, Edeland C (1994) Four-year study of caries inhibition of 
intensive Duraphat application in 11-15-year-old children. Community Dent Oral Epidemiol 
22:8-12. 

Splieth CH, Nourallah AW, Konig KG (2004) Caries prevention programs for groups: out of 
fashion or up to date? Clin Oral Investig 8:6-10.  

Söderling E, Pihlanto-Leppälä A (1989) Uptake and expulsion of 14C-xylitol by xylitol-cultured 
Streptococcus mutans ATCC in vitro. Scand J Dent 97:511-519. 

Söderling E, Mäkinen KK, Chen CY, Pape HR Jr, Loesche W, Mäkinen P-L (1989) Effect of 
sorbitol, xylitol, and xylitol/sorbitol chewing gums on dental plaque. Caries Res 23:378-384. 

Söderling E, Isokangas P, Tenovuo J, Mustakallio S, Mäkinen KK (1991) Long-term xylitol 
consumption and mutans streptococci in plaque and saliva. Caries Res 25:153-7. 

Söderling E, Trahan L, Tammiala-Salonen T, Häkkinen L (1997) Effects of xylitol, xylitol-sorbitol, 
and placebo chewing gums on the plaque of habitual xylitol consumers. Eur J Oral Sci 105:170-
177.  

Söderling E, Isokangas P, Pienihäkkinen K, Tenovuo J (2000) Influence of maternal xylitol 
consumption on acquisition of mutans streptococci by infants. J Dent Res 79:882-887. 

Söderling E, Isokangas P, Pienihäkkinen K, Tenovuo J, Alanen P (2001) Influence of maternal 
xylitol consumption on mother-child transmission of mutans streptococci: 6-year follow-up. 
Caries Res 35:173-177.  

Stecksen-Blicks C, Sunnegardh K, Borssen E (2004) Caries experience and background factors in 
4-year-old children: time trends 1967-2002. Caries Res 38:149-155. 

Steiner M, Helfenstein U, Marthaler TM (1992) Dental predictors of high caries increment in 
children. J Dent Res 71:1926-1933. 



 65

Tang JM, Altamn DS, Robertson DC, O’Sullivan DM, Douglas JM, Tinanoff N (1997) Dental 
caries prevalence and treatment levels in Arizona preschool children. Public Health Rep 
112:319-329. 

Tanzer J (1997) Salivary and plaque microbial tests and the management of dental caries. J of Dent 
Educ 61:866-875. 

Ten Cate JM (1997) Review on fluoride, with special emphasis on calcium fluoride mechanisms in 
caries prevention. Eur J Oral Sci 105:461-465.  

Ten Cate JM, Duijsters PP (1982) Alternating demineralization and remineralization of artificial 
enamel lesions. Caries Res 16:201-210. 

Ten Cate JM (2004) Fluorides in caries prevention and control: empiricism or science, Caries Res 
38:254-257. 

Tewari A, Chawla HS, Utreja A (1991) Comparative evaluation of the role of NaF, APF & 
Duraphat topical fluoride applications in the prevention of dental caries--a 2 1/2 years study. J 
Indian Soc Pedod Prev Dent 8:28-35. 

Thibodeau EA, O’Sullivan DM (1996) Salivary mutans streptococci and dental caries patterns in 
pre-school children. Community Dent Oral Epidemiol 24:164-168. 

Tinanoff N (1995) Dental caries risk assessment and prevention. Dent Clin North Am 39:709-719.  
Tinanoff N, Kanellis M, Vargas C (2002) Current understanding of the epidemiology, mechanisms, 

and prevention of dental caries in preschool children. Pediatr Dent 24:543-551.  
Trahan L (1995) Xylitol; a review of its action on mutans streptococci and dental plaque – its 

clinical significance. Int Dent J 45:77-92. 
Trummler A, Weiss V (2000) DMFT scores on 12-year-old school children in the city of St. 

Galleb. Oralprophylaxe 22:206-208. 
Twetman S, Petersson LG (1996) Prediction of caries in pre-school children in relation to fluoride 

exposure. Eur J Oral Sci 104:523-528.  
Uhari M, Kontiokari T, Koskela T, Niemelä M (1998) The novel use of xylitol sugar in preventing 

acute otitis media. Pediatrics 102: 879-884. 
U.S. Department of Health and Human Services (2000) Oral Health in America: A Report of the 

Surgeon General. Bethesda, MD: U.S. Department of Health and Human Services, National 
Institutes of Health, National Institute of Dental and Craniofacial Research. NIH Publication 
No. 00-4713.  

Van Loveren C (2004) Sugar alcohols; What is the evidence for caries-preventive and caries-
therapeutic effects? Caries Res 38:286-293. 

Vargas CM, Monajemy N, Khurana P, Tinanoff N (2002) Oral health status of preschool children 
attending Head Start in Maryland, 2000. Pediatr Dent 24:257-263.  

Vehkalahti M, Nikula-Sarakorpi E, Paunio I (1996) Evaluation of salivary tests and dental status in 
the prediction of caries increment in caries-susceptible teenagers. Caries Res 30:22-28. 

Vehkalahti M, Tarkkonen L, Varsio S, Heikkilä P (1997) Decrease in and polarization of dental 
caries occurrence among child and youth populations, 1967-1993. Caries Res 31:161-165. 

Warren JJ, Levy SM, Kanellis MJ (2002) Dental caries in the primary dentition: assessing 
prevalence of cavitated and noncavitated lesions. J Public Health Dent 62:109-114. 

Wennerholm K, Arends J, Birkhed D, Ruben J, Emilson CG, Dijkman AG (1994) Effect of xylitol 
and sorbitol in chewing gums on mutans Streptococci, plaque pH and mineral loss of enamel. 
Caries Res 28:48-54.  

World Health Organization (1997) Oral Health Surveys. Basic methods, 4th edition.  
World Health Organization (2004) URL: http://www.who.int/oral_health/en/ 
Wilson RF & Ashley FP (1989) Identification of caries risk in schoolchildren: salivary buffering 

capacity and bacterial counts, sugar intake and caries experience as predictors of 2-year and 3-
year caries increment. Br Dent J 167:99-102. 



 66

Winston AE, Bhaskar SN (1998) Caries Prevention in the 21st century. J of Am Dent Ass 
129:1579-1587.  

Zickert I, Emilson CG, Krasse B (1983) Correlation of level and duration of Streptococcus mutans 
infection with incidence of dental caries. Infect Immun 39:982-5.  

Zimmer S, Robke FJ, Roulet JF (1999) Caries prevention with fluoride varnish in a socially 
deprived community. Community Dent Oral Epidemiol 27:103-108. 


	Abstract
	Acknowledgements
	Abbreviations
	List of original publications
	Contents
	1 Introduction
	2 Review of the literature
	2.1 Dental caries
	2.1.1 Etiology of caries
	2.1.2 Caries experience and development in the primary dentition
	2.1.3 Early childhood caries

	2.2 Epidemiology of caries in young children
	2.2.1 Global caries prevalence
	2.2.2 Caries prevalence of preschool children in the United States

	2.3 Description of caries experience
	2.3.1 Caries diagnosis
	2.3.2 Early enamel lesions
	2.3.3 Dentinal lesions
	2.3.4 Identifying caries with mutans streptococci

	2.4 Risk of caries on population and individual level
	2.4.1 Precavitated lesions in enamel
	2.4.2 Mutans streptococci
	2.4.3 Sociodemographic factors
	2.4.4 Other risk factors

	2.5 Prevention
	2.5.1 Fluorides in caries prevention
	2.5.2 Demineralisation - Remineralisation
	2.5.3 Fluoride varnishes in caries prevention
	2.5.4 Efficacy of fluoride varnish in the primary dentition
	2.5.5 Xylitol in caries prevention
	2.5.6 Effect of xylitol on mutans streptococci and plaque

	2.6 Compliance of prevention program
	2.6.1 Compliance of children
	2.6.2 Compliance of care-givers, parents, teachers and health personnel

	2.7 Early oral health education

	3 Purpose of the study
	4 Materials and Methods
	4.1 Subjects
	4.2 Methods
	4.2.1 Clinical evaluation
	4.2.2 Evaluation of the effect of fluoride varnish
	4.2.3 Evaluation of mutans streptococci in saliva
	4.2.4 Identifying caries with mutans streptococci
	4.2.5 Evaluation of compliance and acceptance
	4.2.6 Statistical evaluation


	5 Results
	5.1 Prevalence and distribution of dental caries in the primarydentition
	5.2 Evaluating the efficacy of fluoride varnish treatment
	5.3 Evaluating the efficacy of xylitol on salivarymutans streptococci levels
	5.4 Identifying the presence of caries lesions with salivary tests
	5.5 Compliance and acceptance of chewing the xylitol gum
	5.5.1 Compliance of children
	5.5.2 Compliance of teachers


	6 Discussion
	6.1 Materials and methods
	6.1.1 Subjects
	6.1.2 Dropout rate
	6.1.3 Caries measurements

	6.2 Caries occurrence
	6.3 Effect of fluoride varnish on caries progression
	6.4 Association of mutans streptococci and caries
	6.5 Effect of xylitol on salivary levels of mutans streptococci
	6.5.1 Compliance of the xylitol program

	6.6 General discussion

	7 Summary
	8 Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




