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1 Introduction and Literature Review 

   
1.1 Definition of Dental caries 
Dental caries is the medical term for tooth decay (Latin: caries = putrescence, 

rottenness) (Dorland, 1985). Through the history of medicine and dentistry the 

definition of dental caries is changing relating to the progress in understanding this 

disease. Till now there is no unity about the definition of dental caries but many 

describing definitions, and that is understandable and acceptable in such a multi-

factorial disease. Still a sufficient definition of a disease is important to deal with it 

correctly.   

Clinically, dental caries is a chronic disease, a process that progresses very slowly in 

most individuals. The signs of the disease can be arranged on a scale ranging from 

initial loss of mineral at the ultra structural level to total tooth destruction.  

In the late 19th century, Miller (1890) implicated bacteria as the cause of human 

dental caries. Then at the turn of the 20th century, Black (1908) recognized that 

certain areas of the teeth are less prone to caries than others. The works and 

concepts of Miller and Black established dentistry and provided the impulse for 

important and continuing work in the fields of basic caries research.   

Biologically, dental caries is an infectious and transmissible disease caused by 

bacteria colonizing the tooth surfaces. Unlike most infectious diseases affecting 

humans, caries is the result of an imbalance of the indigenous oral biota rather than a 

non indigenous, exogenous pathogen (Caufield and Dasanayake, 2005).  

But actually, dental caries reflects symptoms of ongoing and past disease not the 

disease itself, there are patho-physiological processes leading to net loss of mineral, 

which occurs through imbalance between de- and re-mineralization (Steinberg, 

2007). 

 

1.2 History of dental caries 
In the most ancient hominids, the incidence of caries was less than 1%. Although 

many Neandertal specimens have been discovered, no carious lesions have been 

described except for a single root lesion in some Neandertal teeth (Koca et al., 

2007). In European material, there is a gradual increase from very low rates through 

the Paleolithic, Neolithic, Bronze and Iron Age, to a rapid rise through Medieval and 
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modern times. There has been sporadic, but generally increasing caries prevalence 

over the past 5,000 years. During the first 4,000 years there is a gradual increase in 

caries prevalence ranging from 2 to 10 carious teeth per 100 teeth, followed by a 

sharp rise at about the year 1000 A.D. to 24 carious teeth per 100 for 3 out of 4 

populations. The year 1000 A.D. is the approximate date for the introduction of sugar 

cane to the Western world. The introduction of refined sugar into modern society diet 

has tipped the balance from health to disease (Caufield and Dasanayake, 2005). 

 

1.3 Epidemiology of dental caries  
 An epidemiological description of a given health problem usually includes its 

prevalence, severity (morbidity, mortality) and age-adjusted distribution in the 

population. To understand the disease process and how caries presents in different 

groups in society, one needs to know about the disease in various populations or 

communities, as opposed to just at the individual patient level which normally 

concerns the clinician providing dental care. 

To obtain epidemiological caries data some instrument are needed such as indexes, 

diagnosis methods, and statistical analyses. 

It should be remembered that dental caries is a disease of lifestyle with strong 

regional differences. 

In the last four decades epidemiological studies demonstrated a remarkable 

decrease in caries severity in schoolchildren and adolescences in most industrialized 

societies (Petersen, 2003; Marthaler, 2004). This has been attributed to several 

factors such as a change in the understanding of the caries process, a slower 

progression rate of the carious lesions (Pitts et al., 2003), and a spread of oral 

hygiene procedures and fluoridated toothpaste (NIH, 2001). 

The epidemiological data suggest that in the permanent dentition of children dental 

caries continues to be seen, mainly on occlusal surfaces, particularly of first and 

second permanent molars (Dummer et al. 1988; Chestnut et al., 1996). In adults, 

approximal lesions are more common (Dummer et al. 1988; Chestnut et al., 1996; 

Marthaler et al. 1996; Mejare and Mjör, 2003), while in elderly root caries is a 

problem (Beck, 1990). 

 

1.4 Etiology of dental caries  
It is interesting to know how hums understood dental caries through its development. 
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According to ancient Sumarian text “The legend of worm” toothache was caused by a 

worm that drank the blood of teeth and fed on the root of the jaws. The ancient Greek 

believed that a person’s physical and mental constitution was determined by four 

elemental humours of the body- blood, phlegm, black bile and yellow bile. An 

imbalance in these humours is the cause of all diseases including dental caries. At 

the beginning of nineteenth century till the middle of the last century started the first 

main subjective caries’ theories. In 1819 Parmly proposed The Chemical (Acid) 

Theory. According to this theory, teeth were destroyed by the acids formed in the oral 

cavity by the putrefaction of protein which produced ammonia and was subsequently 

oxidized to nitric acid. In 1895 Robertson proposed that dental decay was caused by 

acids formed by fermentation of food particles around teeth (Ismail et al., 2001). 

According to the Chemo-Parasitic Theory by D. W. Miller (1890), microorganisms of 

the mouth, by secretion of enzymes or by their own metabolism, degrade 

fermentable carbohydrate food materials to form acids which demineralize the 

enamel and the disintegrated enamel is subsequently mechanically removed by force 

of mastication. Miller summarized his theory as follows: Dental decay is a 

chemoparasitic process consisting of 2 stages- decalcification or softening of the 

tissue and dissolution of the softened residue (Fejerskov and Kidd, 2003). 

The Proteolytic Theory (Gottlieb, 1947) proposed that microorganisms invade the 

organic pathways (lamellae) of the enamel and initiate caries by proteolytic action. 

Subsequently, the inorganic salts are dissolved by acidogenic bacteria. Pincus 

(1950) stated that the initial caries process in dental caries was due to the proteolytic 

breakdown of the dental cuticle. 

By the middle of twentieth century it was known that dental caries is a multifactorial 

disease that is caused by an interplay of three major factors, i.e., teeth, cariogenic 

bacteria, fermentable sugars and this process needs the last known factor, time. 

Epidemiological studies revealed the relationship between caries prevalence and 

sugar consumption (Fejerskov and Thylstrup, 1994). 

Microbiologically, dental caries is an infectious and transmissible disease initiated by 

mutans streptococci. Mutans streptococci include several different species, including 

Streptococcus mutans and S. sobrinus, which are found in human caries. As mutans 

streptococci require the tooth surface as a habitat, infants do not harbor these 

organisms until sometime after the teeth emerge. The major source of mutans 

streptococci is their mothers. The detection rate of mutans streptococci increases 
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with age. Dental plaque is a typical biofilm consisting of micro-organisms and their 

products such as adhesive glucan. Plaque bacteria produce a large quantity of acids 

such as lactic acid from fermentable carbohydrates. Acids are entrapped between the 

tooth surface and plaque biofilm, then the pH of the enamel easily falls below 5.6, 

and loss of mineral (demineralization) from enamel is induced (Foods Food 

Ingredients, 2005). 

Diet, saliva, fluoride and microbial species have been described as tooth and 

biological determinants influencing the caries progression rate, resulting in either a 

faster or slower progression rate. Various other factors such as behavioral and socio-

economic factors, known as the confounders, influence caries through the 

determinants (Fejerskov, 2004). 

Currently, it is obvious that for caries lesion to be developed, an interaction, or a 

disturbance of the equilibrium, between the plaque and the tooth substance at the 

surface and subsurface has to take place (Pitts and Stamm, 2004). 

With consideration to the re-mineralization process, the caries occurs when the 

imbalance between re- and de-mineralization takes place at the site of loss of 

minerals in tooth substance. 

 

1.5 Histology of dental caries  
The intact enamel is comprised of 95% by weight (86% by volume) mineral and 5% 

by weight (14% by volume) water and organic-matrix. Whereas the dentine is 

comprised of 70% by weight (50% by volume) mineral and 20% by weight (50% by 

volume) organic matrix (Cate et al., 2003). 

Light microscopic examinations showed that the enamel consist of rods. These rods 

consist of individual crystals (inorganic portion) separated by minute inter-crystalline 

spaces (organic portion). The enamel is considered a micro-porous solid composed 

of tightly packed crystals. 

Due to this arrangement of enamel structure, light that enters the enamel will in 

general pass through. 

 

1.5.1 Enamel changes during early carious lesion formation 
The earliest clinical evidence of dental caries appears as a loss of translucency, the 

so-called ‘white spot’ lesion. Histologically, by means of polarized light microscopy, 
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four distinguishable areas have been described within the enamel lesion (Silverston, 

1973). 

The first two zones, visible when water is used as imbibition media, are: 

1. the surface zone (width 20-50 µm), characterized by a pore volume on about 

1% and regarded as apparently relatively intact. 

2. the body of the lesion, that contains the greatest mass of the small lesion with 

wider pores and a pore volume of 5-25%. 

The other two zones are noted when Canada balsam or quinoline (identicate 

refractive index compared to enamel) are used. 

3. the dark zone, a demineralized zone below the body of lesion with pore 

volume of 2-4% 

4. the translucent zone of a width of 5-100 µm is a structure-less translucent 

zone at the advanced front of the lesion, which is not always apparent. 

The increased pore volume corresponds to loss of minerals on the microradiographs. 

Micrographs of enamel lesions under constant and high cariogenic challenge confirm 

the development of a more pronounced subsurface dissolution, compared to the 

dissolution on the surface. 

At the electron microscope level, this mineral loss spreads into the enamel following 

the rod directions. Under lower cariogenic challenges there is a fluctuation between 

remission and recurrence phases. These phenomena can be seen by irregular 

patterns of mineral distribution within the lesion on the microradiographs (Silverston, 

1973; Thylstrup et al., 1994). 

In situ studies (Holmen et al., 1985a,b and 1987a,b; Thylstrup et al., 1994) under 

cariogenic circumstances the changes on  and under the enamel surface were 

recorded using scanning electron microscope and polarized light. After one week, the 

outer enamel structure showed dissolution, mainly of the crystal’s peripheries, and 

there was an enlargement of the inter-crystalline spaces. At the polarized light level, 

the increase in enamel porosity indicated a loss mineral in the order of 20-100 µm 

from the surface. At this stage, no clinically visible signs of demineralization were 

recognized. 

The initial clinical visible signs were detectable after 2 weeks. An opaque lesion could 

be visually detected after thorough air-drying indicating a further loss of minerals. 
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 After 14 days it seemed that the dissolution which had taken place had preferentially 

been under the surface, confirming that a caries lesion consists of a subsurface zone 

which is more demineralized than the surface zone. 

After 3-4 weeks with external plaque-protected conditions, the enamel was further 

demineralized and eroded, causing loss of translucency and surface shine and giving 

rise to a diffuse reflection of light, allowing the visible signs of opacity to be 

recognized, even under wet conditions. The outermost microsurface exhibited 

complete dissolution of thin perikimata overlapping and more marked dissolution. 

The more extensive loss of mineral was constantly increasing beneath the outer 

surface. At this stage, at polarized light microscopy level, the classical zones of the 

‘white spot’ lesion were identifiable. 

The characteristics of approximal white-spot lesion differ slightly. The shape of 

approximal white-spot lesion is determined by the distribution of the microbial 

deposits between the contact facet and the gingival margin, which result in a kidney-

shaped appearance. The lesion extend buccally and lingually and stops where the 

natural cleaning occur. The examination of the surface of an approximal active white-

spot lesion showed irregular fissures and small defects along the periphery of the 

facet. In the opaque surface enamel cervical to the facet irregular holes are seen, 

which in other areas merge together, forming larger areas of irregularity and minor 

fractures of the perikymata edge. 

Typically, the lesion appears triangular in sections cut through the central lesion part. 

Carious dissolution follows the direction of the rods in a conically shape. 

Comparisons of surface-layer thickness within lesions showed that the peripheral part 

of the surface layer was always thinner than the central part, probably reflecting a 

less advanced stage of lesion progression in the lesion periphery (Cate et al., 2003).  

 

1.5.2 Dentine changes during early caries lesion formation 
The most common defense reaction by the pulpo-dentinal organ is tubular sclerosis, 

which is deposition of mineral along and within the dentinal tubules, resulting in their 

gradual occlusion (Stanley et al., 1983). Caries is a stimulus that accelerates the age-

related tubular sclerosis which is the result of mild stimuli from environment mediated 

through the enamel. 

With light microscope, caries-related tubular sclerosis is seen corresponding to the 

deepest part of the progressing enamel lesion. Initial tubular sclerosis is seen before 
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the enamel lesion reaches the enamel-dentinal junction, and when it extends to the 

enamel-dentinal junction, the first sign of dentin demineralization can be seen along 

the junction but never extend beyond the limits of the enamel lesion contact area with 

the enamel-dentinal junction (Cate et al., 2003). If the lesion still progresses, the 

enamel will break down and the micro-organism will reach the dentin. 

 

1.6 Diagnosis of dental caries 
In Merriam-Webster's Collegiate Dictionary (2003), diagnosis is ‘the art or act of 

identifying a disease from its signs and symptoms’.    

Caries diagnosis 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 to be able to choose the appropriate form of 

intervention. So, the caries diagnosis is not a goal but a tool. Ekstrand et al. (2001), 

divided caries diagnosis into three different steps: first to detect a caries lesion, then 

to assess its severity and the third to assess its activity. 

 There is no universal caries diagnostic threshold that can be used for all purposes, 

and the appropriate diagnostic threshold depends on the purpose of the examination. 

In the International Statistical Classification of Diseases and Related Health 

Problems (ICD) that introduced from WHO (2007), dental caries is classified to 

subclasses according to many criteria as shown in table 1. 

 

K02  Dental caries  

K02.0  Caries limited to enamel, (White spot lesions [initial caries]) 

K02.1  Caries of dentine  

K02.2  Caries of cementum  

K02.3  Arrested dental caries  

K02.4  Odontoclasia, Infantile melanodontia,  Melanodontoclasia 

K02.8  Other dental caries  

K02.9  Dental caries, unspecified  

 

Table1: Dental caries classification (ICD, WHO 2007) 
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WHO still recommend caries diagnosis at the level of cavitation as used in dmfs/t and 

DMFS/T, whereas several studies showed that at least half of the total caries 

experience will remain undetected if non-cavitated caries diagnoses are excluded 

from the recording system, and the examination reliability does not decrease when 

non-cavitated lesions are included (Pitts and Fyffe, 1988; Nyvad et al., 1999).  

The more diagnostic aids that are applied, and the more refined the methods, the 

more lesions will be identified (Pitts, 1997). Tooth cleaning, use of drying, 

magnification, and the careful use of probe are prerequisites for detection and 

diagnose. 

     

1.6.1 Clinical caries diagnosis 
Ekstrand et al. (1998) gave clinical criteria based on the extent of demineralization to 

be used in the visual examination as the following: 

0: no or slight change in enamel translucency after prolonged air drying (> 5 s) 

1: opacity or discoloration hardly visible on the wet surface, but distinctly visible after 

air-drying 

2: opacity or discoloration distinctly visible without air-drying 

3: localized enamel breakdown in opaque or discolored enamel and or grayish 

discoloration from the underlying dentin 

4: cavitation in opaque or discolored enamel exposing the dentin 

In addition to the prerequisites for detection and diagnose there are some aids to 

help the dentist (Verdonschot et al., 1999) such as: 

Light scattering: depending on the scattering of light by enamel crystals within the 

lesion. The increased scattering can be quantified by using optical-fiber technology 

which has been instrumented to be used clinically as Optical Caries Monitor.  

Fiber-optic transillumination (FOTI): this could almost double the detection that is 

achieved by clinical examination alone. FOTI can only used for detecting dentin 

lesions. 

Endoscopic Methods and Laser Fluorescence: the natural fluorescence of enamel is 

decreased in areas of reduced mineral content, so that carious lesions appear as 

dark spots against a fluorescent background. The addition of a camera allows images 

to be stored. This integration of the camera and endoscope is called a videoscope.  
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Using laser fluorescence, the excitation is performed with visible blue-green light from 

an argon-ion laser. 

Electrical Resistance: based on detecting the increase in electrical conductivity that 

occurs as a result of the reduction in mineral content of the carious enamel.     

Tooth separation: It distinguishes between cavitated and non-cavitated approximal 

lesions when that is difficult on bite-wing x-rays. This procedure is usually used in 

orthodontics by a 3-4 day application of elastic band to gain about 1 mm approximal 

space, so that the approximal surfaces could be inspected and be gently probed. 

Further more, an impression material can be pressed into the approximal space to 

assess cavitation (Kidd et al., 2003). 

 
1.6.2 Radiographic caries diagnosis 
Bite-wing x-rays 

Radiographs help to detect lesions that are clinically hidden especially on the 

approximal surfaces, and also to estimate the depth of the lesion, but they will not 

accurately determine whether a cavity is present. 

The most commonly used criteria for assessing the lesion depth of approximal caries 

on radiographs are as the following (Kidd et al., 2003): 

D0: no radiolucency 

D1: radiolucency confined to in the outer half of the enamel 

D2: radiolucency in the inner half of the enamel including lesions extending up to but 

not beyond the enamel-dentin junction 

D3: radiolucency with obvious spread in the outer half of the dentin  

D4: radiolucency with obvious spread in the inner half of the dentin 

The prediction of the depth of the lesion is related to the group caries risk and 

population prevalence of caries, being more likely to have false-positive diagnoses 

when in low caries prevalence and caries risk (Wenzel et al., 1993). It is 

recommended that radiographic examination should be under taken selectively on 

the basis of individual caries risk, taking in consideration, for example, past and 

current caries experience. 

Stephen et al. (1987) concluded that bitewing radiography was 5.8 times as sensitive 

as the fiber-optic transillumination method for detection of approximal lesions. Kidd 

and Pitts (1990) found that more than 50% of carious lesions were detected when 

bitewings were compared with clinical examination. A recent study demonstrated that 
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the efficacy of bitewing examination strongly depends on the refinement of the 

clinical caries diagnostic criteria (Machiulskiene et al., 1999). 

The value of the bitewing radiography for detection of approximal lesions is 

increasingly important in industrial world, because the apparent decrease in caries 

prevalence reflects a slower rate of lesion progression, but the disease has not 

disappeared, especially approximal caries (Mejare et al., 1999). 

  
Digital x-rays 

The 1980s saw the advent of digital dental radiography and various systems have 

proliferated since then. The main distinction between analog (conventional) and 

digital radiography involves the mechanism for image capture. Dental professionals 

often consider acquiring and implementing new health care technologies as they 

emerge.  

Digital radiography has many advantages such as:  

- dose reduction where the amount of total X-ray production may be reduced by 

50–90% per intra-oral exposure, 

-  image manipulation so software permits enrichment of digital radiographic 

images, 

-  contrast enhancement which  allows for compensation when exposure of 

digital radiographs is inadequate, 

-  software tools permit measurement of digital images, 

-  time reduction, 

-  storage on a variety of formats, including DVDs and CD-ROMs. These media 

provide convenient and inexpensive methods for safekeeping many images. 

And also has some disadvantages such as expensive cost of software, hardware, 

sensors, and other associated equipment must be purchased, sensor dimensions 

that are bulkier than conventional film; in addition, a cord that will connect the sensor 

to the computer requires additional space. Some patients may find the size of intra-

oral sensors objectionable but techniques exist to minimize this complication, in 

addition, the sensor area that is receptive to the image capture is smaller than the 

sensor itself, lack of standardization where no standardization requirement currently 

exists for image storage format and equipment (Wolfgang, 2001), and some authors 

have expressed concern that digital radiography may not be medicolegally 

acceptable (Wolfgang, 2001; Newman and Friedman, 2003). 
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1.6.3 Assessment of caries risk 

Bratthall et al. (2004) defined the term of caries risk as “probability that an individual 

will develop carious lesions, reaching a given stage of disease during a specified 

period of time, conditional that exposure status for risk will remain stable during the 

period in question. Thus, caries risk relates to the likelihood of a person developing 

caries or not”. 

There are many parameters to assess caries risk of which the best is previous caries 

experience (Hausen, 2003). Bratthall (1996) has developed a computer program 

“Cariogram” which uses ten parameters to predict caries risk in terms of low, 

medium, and high risk, and suggests preventive recommendations related to the 

individual’s risk. 

The amount and frequency of sugar intake, social status, general diseases, teeth 

abnormalities, malocclusion, and disability are some other predictors for the caries 

risk assessments. 

 

1.6.4 Assessment of caries activity 
The terms “active” and “inactive” caries play a central role in caries diagnosis and 

treatment. Active caries is characterized by chalky, opaque appearance and 

accumulation of plaque or presence of gingivitis, in contrast the inactive caries 

showing smooth shiny, often darker appearance and lying 1-2 mm far from the 

gingiva without plaque or gingivitis (Thylstrup et al., 1994).     

For the proximal surfaces of teeth, gingival papilla bleeding is a sign for microbial 

activity in plaque indicating caries activity (Thylstrup and Birkeland, 1994; Ekstrand et 

al., 1998).  

 

1.7 Prevention of dental caries 
 The next decades will show a shift in the attention given to diseases of the dental 

hard tissues. Clinical evidence on how to prevent dental caries is now available. More 

emphasis should be given to optimising the rational use of schemes of prevention. 

New methods of presenting caries prevalence and incidence data should be 

implemented to ensure that the diseases of the dental hard tissues continue to have 

an important place on the political and research agendas (Cate, 2001). 



 16 

According to the dynamics of dental caries, dental caries should not be considered a 

result of an infection with one specific type of microorganism, there are about 300 

different species in oral environment which can form a biofilm then dental plaque. 

The prevention of caries (primary prevention) and the control of disease progression 

(secondary prevention) concern biofilm formation and growth, or the modification of 

the dissolution kinetics of dental hard tissues, or both. There are many suggested 

strategies as: 

- mechanical and chemical removal of plaque (oral hygiene), 

- chemical (antimicrobial) modification of plaque, 

- use of fluorides, 

- modifying dietary behavior, and 

- modifying salivary composition and flow. 

 

1.7.1 Nutrition and diet 

Of the many factors that contribute to the development of dental caries, diet plays an 

important role (Karjalainen, 2007). Although sugars are undoubtedly the most 

important dietary factors in the etiology of dental caries, today’s diet contains an 

increasing range of fermentable carbohydrates, including highly processed starch- 

and novel synthetic carbohydrates-containing foods. The diet-caries relationship 

needs to be evaluated not only against the quantity and type of fermentable 

carbohydrate consumed, but also against several background factors including intake 

pattern, total food intake, salivary secretion, plaque composition and use of fluoride. 

Most studies point at frequency of eating as being of greater etiological importance 

for caries than the total consumption of sugar (Sreebny, 1982; Karlsbeek and Verrips, 

1994). 

Duggal et al. (2001) have studied in situ the relationship among the frequency of 

carbohydrate consumption, the use of fluoridated toothpaste and enamel 

demineralization. Demineralization was found to occur after a ≥7 intakes/day when 

the subjects used fluoridated toothpaste, while demineralization was already 

observed after 3 intakes/day during the use of fluoride-free toothpaste. 

 The use of non-sugar sweeteners such as xylitol, sorbitol, lycasin, maltitol and 

mannitol in drinks, sweets and chewing-gum was seen a caries-protective alternative 

of sugar. 
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There are many protective factors in food. Fluoride is the most effective one of these 

factors, milk products and cheese are indicated as anticariogenic because of the 

presence of calcium, phosphate, casein and lipids (Jenkins and Hargreaves, 1989). 

Gustafsson et al. (1954) found in the Vipeholm study that the group receiving 

chocolates developed fewer carious lesions than groups receiving similar amounts of 

sugars at similar frequencies.  

 
1.7.2 Oral hygiene (tooth brushing, flossing) 
Daily tooth brushing with fluoride toothpaste is believed to be the primary reason for 

the caries decline observed in many populations (Marthaler, 1990). The plaque 

control has been referred as the key factor in the prevention and control of dental 

caries (Axelsson, 1998; Thylstrup and Fejerskov, 1994). Other studies showed that 

improved oral hygiene, including daily use of fluoride toothpaste, favors the arrest of 

active enamel and dentin caries lesions (Årton and Thylstrup, 1986; Nyvad and 

Fejerskov, 1986; Lo et al., 1998). Lewis and Ismail (1995) claimed that the effect of 

tooth cleaning is primarily an effect of fluoride in the paste rather than an effect of 

plaque removal. Therefore, it is important to distinguish between the effect of 

cleaning and the effect of the toothpaste itself. Because of the multifactorial nature of 

dental caries there are many determinants, positive and negative, that influence the 

outcome of de- and re-mineralization. Thus, there is no standard level of oral hygiene 

to be recommended (Nyvad and Fejerskov, 1997). Firestone and Mühleman (1985) 

approved that cleaning of an approximal surface with dental floss reduces 

significantly the production of organic acids after a carbohydrate challenge but the 

residual plaque is yet able to elicit a moderate pH drop. Biologically, bacteria will 

often be retained in surface irregularities and in areas that are difficult to reach, such 

as approximal surfaces and fissures, even after carefully tooth brushing and flossing. 

Jensen (1998) advised motivating the population towards a more effective tooth 

brushing on the observation that the effectiveness of plaque removal has appeared 

to be more important to control dental caries than the frequency of tooth brushing. 

 The toothbrushing alone is not able to remove plaque cervical to the contact areas 

irrespective of the brushing technique (Bruun et al., 1998). Therefore, flossing is 

important and has proven as effective for interdental cleaning (Koch et al., 1994). 

Hotz (1998) claimed that meticulous mechanical dental plaque removal, including 

interdental cleaning, once every 24 hours is adequate to prevent the onset of 
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approximal caries or to control the progression of caries. Wooden toothpicks or 

interdental brushes are also advised as effective when interdental space is available. 

Professional toothcleaning has been proven to enhance the effectiveness of the 

preventive programs in high-caries risk subjects together with the other preventive 

components (Ekstrand et al., 2000; Thylstrup et al., 1997). 

It could be concluded, that the effectiveness of toothbrushing in caries control is 

related to the quality of toothbrushing. When toothbrushing be performed as it 

‘should’ be, it can be a very efficacious procedure. And to gain the additive effect of 

tooth cleaning and fluoride, tooth cleaning should be performed in conjunction with 

the use of fluoride toothpaste. 

 

1.7.3 Fluoride 
The discovery of the relationship between fluoride and dentistry was a long story and 

needed a period of time and many observations and investigations. Mc Kay and 

Dean (Dean, 1934) were the first investigators of the relationship between fluoride in 

drinking water and mottled enamel. Dean, (1934) developed a classification system 

for recording the severity of mottled enamel and related it to the fluoride 

concentration in the drinking water. He also identified a clear dose-response 

relationship of around 1 ppm fluoride. The association between the fluoride level in 

the drinking water and caries levels was then characterized in the ’21 city study’. 

Children  from cities with fluoride concentrations in their drinking water from around 0 

to 2.6 ppm F were examined, and the results of both fluorosis and caries experience 

are summarized (Dean, 1942). There was a dramatic reduction in caries as the 

fluoride level in the drinking water increased up to 1-1.2 ppm F which has been 

considered lately the ‘optimal’ fluoride level in drinking water. This ‘optimum level’ 

was determined as the level of concentration of fluoride in water supplies that gave 

maximum caries reduction while causing minimal dental fluorosis, but actually it 

determines the amount of fluoride that can be given in consort with other systemic 

fluoride regimens such as tablets and vitamin drops. 

Fejerskov et al. (1981) stressed that fluoride predominantly exerts its anticaries effect 

through its topical action on tooth surfaces in the oral cavity, and fluoride can be used 

in caries control based on modern scientific evidence of the mechanisms of the 

action and its toxicological effect. Thus, dental caries can nowadays be controlled 

with little risk of dental fluorosis. There are currently many methods of fluoride 
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delivery: “systemic” such as water, salt and milk, and “topical” such as toothpaste, 

gels, varnishes, paint-on applications and mouthrinses. Some of these topical 

methods could be performed by dentists as professional fluoride application with 

gels, varnishes and slow-released devices, bioadhesive tablets, or using dental 

restorative materials which provide fluoride delivery such as glass-ionomers. 

Whatever the fluoride-delivery methods are, to be successful it must insure that 

fluoride is topically available in the oral cavity at concentrations that can affect the 

ongoing de- and re-mineralization process, ingestion of fluoride is minimized, and the 

method is cost-effective. 

It is important to know that there is no single method of delivering fluoride that is 

appropriate for all. Yet fluoride toothpaste is the most successful fluoride-delivery 

system because the majority of the population uses it. 

Due to the effect of fluoride on the mechanism of de- and re-mineralization, fluoride 

can be seen as a therapeutic agent that controls the rate of caries lesion 

development. It must be remembered that fluoride therapy alone will not arrest caries 

development and progression at every site in every individual, but with proper oral 

hygiene for individual patient.  

 

1.7.4 Antimicrobial agents 
Antimicrobial agents act via many mechanisms, directly on the microbial cells to 

dissolve them, penetrate the cells and cause leakage or coagulation of cellular 

constituents of vital importance, or inactinate essential membrane transport systems 

or affect the metabolism.  

Chlorhexidine is the chemical antiplaque agent which is thoroughly studied and used 

as a standard against other agents. 

Chlorhexidine is broad spectrum and generally more effective against gram-positive 

than against gram-negative microorganisms (Scheie, 2003). At low concentrations 

e.g. 2% Chlorhexidine has a bacteriostatic effect, reducing plaque and salivary 

microbial flora by 80-95% by a single mouthrine (Schiött, 1973),  and at high 

concentrations it is bactericidal, causing leakage of low molecular weight cell 

constituents and precipitation of cell contents (Hennessey, 1973). 

Clinically, studies revealed good antiplaque and antigingivitis effects of 

Chlorhexidine, but no uniform cariostatic. Some studies found a very low cariostatic 

effect of Chlorhexidine as a part of the individual’s home care (Dolles and Gjermo, 
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1980), others a higher caries reducing’s effect of professional application of 

Chlorhexidine when included in professional dental prophylactic regimen (Zickert et 

al., 1982). In comparison with fluoride, a study showed that professional application 

of Chlorhexidine gel perform a better than fluoride varnish (Lindquist et al., 1989). 

Another study reported a similar caries-prophylactic effects of quarterly application on 

approximal sites of either a 0.1% fluoride varnish or a 1% Chlorhexidine varnish in 3-

year study (Petersson et al., 2000).  

 

1.8 Treatment of dental caries  
1.8.1 Making treatment decision 
Dentists vary in clinical treatment planning (Lussi, 1991; Mileman et al., 1992). 

Anusavice (2003) summarized the factors with relation to the variability reported 

among dentists on decisions of operative versus non-operative interventions: 

• Uncertainty in overall caries activity 

• Differences in classification of the patients’ caries risk level  

• Uncertainty in compliance of patients to suggested home-care protocols 

• Variability in the patients’ understanding of dental disease and their ability to 

commit to minimally invasive treatment plans 

• Variability in patients’ discretionary income 

• Differences in the treatment philosophy of the institution where the dentists 

were trained 

• The range of treatment options accepted within the standard of oral health 

care in the clinician’s community. 

 

The decision-making process consists of eight gradual steps: 

Step 1: Determining the patient’s chief complaint and identifying the principal caries 

management problem. The given diagnosis ranges from initial lesion (active or 

arrested) to cavity (primary or recurrent). 

Step 2: Recording all relevant medical and dental data resulting from a thorough 

health and dental history. 

Step 3: Selecting all potentially beneficial treatment options, e.g. for teeth with 

definite initial lesions, options may include one or more of the following procedures: 

assess and reduce caries risk, provide oral prophylaxis, seal pits and fissures, apply 

fluoride, and recall at intervals determined by risk. 
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Step 4: Estimating outcome probabilities of the most beneficial treatment options and 

the most likely adverse effect associated with each option, e.g. lesion progression 

versus lesion arrest. 

Step 5: Assigning values for treatment outcomes by both patient and dentist. 

Step 6: Calculation of expected values for each treatment option. The expected 

values are determined as: (probability of the most positive outcome – its value) + 

(probability of the most negative outcome – its value). 

Step 7: Assessment of treatment outcomes relative to preoperative predictions. 

Step 8: Analyzing treatment outcomes over time and modifying the treatment 

choices, if necessary, based on these results and the risk factors associated with 

each patient such as: caries risk level, cost versus benefit, and rate of caries 

progression. 

The dentist’s judgment which is based on dental school training influences the 

treatment decisions greatly (Anusavice, 2003). 

 

1.8.2 Operative treatment 
The trend to make the decision of “filling” the caries lesion stills sometimes a problem 

in dental practice (Sinclair, 2003). That was because for many years dental schools 

have taught operative dentistry as a synonym of caries treatment. It is well known 

now that the caries process is multifactorial and, therefore, the management 

strategies will reflect this. Thus, not every caries lesion or every demineralization on 

radiographs have to be treated with a filling. The actually reason for placing a 

restoration is to aid plaque control, restore function and esthetics, reduce tooth 

hypersensitivity, and prevent pulp degradation. Operative procedures should be 

considered as a part of a local treatment strategy to facilitate plaque control. 

 

1.8.3 Non-invasive treatment, de- and re-mineralization  
Non-invasive treatment questions the border between treatment and the prevention 

of dental caries because of its nature as a continuous process of de- and re-

mineralization. Besides fluoride and other preventive approaches which will be 

discussed in the next paragraph “Prevention of dental caries”, ozone application is 

considered also as non-invasive treatment of dental caries. 

The principle of non-invasive treatment is to alter the carioginic imbalance between 

de- and re-mineralization to the benefit of the late.  
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1.8.4 Minimal invasive treatment 

Minimally invasive treatment is concerned with the ultra conservative treatment of 

affected tooth hard tissue (Whitehouse, 2006). Minimally invasive treatment 

preserves a maximum amount of tooth tissue and provides least invasive intervention 

often regarded by patients as painless and atraumatic. This approach is often 

connected to ‘adhesive dentistry’ and ‘dynamic treatment concept’ also including 

atraumatic restorative treatment (ART), Laser, air abrasion, tunnel restoration, facial 

or lingual slot class II restorations, modified and extended sealing of pits and fissures 

and sealing of intact enamel.   

 
1.8.5 Sealants 
The strategies mentioned above such fluorides, dental plaque control and low-

frequency sugar intake inhibit caries formation or progression, but with active patient 

behavior being involved, compliance remains a problem. The approach of 

establishing a permanent barrier between the tooth and dental biofilm has been a 

tremendous success as preventive approach for pit and fissure caries using adhesive 

technique to seal the risk surfaces. Sealing of pits and fissures was introduced in the 

1960s not long after invention of enamel etching technique which led to a revolution 

in dental treatment and prevention. The big advantage of the bonding and sealing 

approach is that the tooth needs not to be cut for macro-mechanical retention. 

 Etching of enamel with phosphoric acid in a concentration range of 30-40% 

produces the most favorable surface for resin bonding. The etching of sound enamel 

results in 10 nm loss of the surface layer, leaving a porous enamel surface which 

promotes a micromechanical retention with a resin tag length of approximately 50 nm 

and the formation of a hybrid layer (Silverstone et al., 1975). The effectiveness of a 

sealing material depends upon its penetration capability, wear resistance, handling 

and insolubility in the oral environment, which can be assessed by means of micro-

leakage, bond strength or penetration rate (Witzel et al., 2000). The sealing materials 

used nowadays are resin or glass ionomer, chemical or light-cured, transparent or 

colored, with or without filling particles, and may contain fluoride. The sealing material 

is mostly applied directly on the etched enamel surface. 

Although pits and fissures are susceptible to caries because of their anatomy which 

favoring plaque accumulation and retention, many fissures remain caries free 
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throughout life without sealing and lesions can be preventive by tooth brushing alone. 

Thus, the indications of fissure sealants are active initial fissures lesions in high risk 

patients especially with ineffective plaque remove. Sealant application may be 

advised both in young children with erupting teeth and sometimes in older patients 

(Ripa et al. 1988). 

 Ismail et al. (1989) found in a 4-year pit and fissure sealant program that carious 

lesions appeared 46% less on sealed versus unsealed teeth. Sealants have shown a 

clear caries-preventive effects based on clinical studies, reviews and meta-analyses 

(Simonsen, 2002). After the caries decline a discussion started in which groups of 

caries-risk sealants are most effective? Systematic reviews have demonstrated that 

sealants are an effective preventive technique when used in high risk children 

(Locker et al. 2003). On other side, Heyduck et al. (2006) detected that in a long-term 

study under National Health conditions sealants on occlusal surfaces of first 

permanent molars were only protective in individuals with low or moderate caries 

activity, but failed in high risk adolescents, probably due to retention problems. This 

stresses that the integrity and the retention of the sealant throughout the time are the 

most important factors for their success (Weintraub, 1989, 2001; Wendt et al., 2001), 

calling for accurate application and control of the sealant at recalls. Bravo et al. 

(1997) reported a relative reduction in caries risk of 69% after 4 years of sealant 

application with replacement of defective sealants.  

Handelman (1991) already used sealants in 1977 as a therapeutic approach for initial 

lesions to prevent the entry of microorganisms and their nutrients. After 2 years, he 

found a considerable decrease in the number of microorganisms, even in lesions 

extending into the first half of the dentine. Furthermore, the lesions did not progress 

radiographically within 2-5 years. Mertz-Farhurst et al. (1986) also found 

bacteriological inactivity under the sealants of occlusal caries lesions and no 

progression on radiographs after 1-17 months. In a follow-up after 10 years, no caries 

progression and no pulpal necrosis could be detected in these dentinal occlusal 

lesions (Mertz-Farhurst et al., 1998). 

Based on these findings, the sealing of initial enamel lesions in occlusal surfaces is 

widely recommended (Locker et al., 2003; Academy of Operative Dentistry, 2001; 

National Institutes of Health, 2001; Ekstrand et al., 2001; Robinson et al., 2001).  

Extending this approach to other tooth surfaces, the idea of sealing proximal surfaces 

arose as they still have a relatively high risk of caries development and progression.  
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The first attempts to seal proximal surfaces were performed by Daliva et al. (1975, 

1977) who published articles on proximal sealing concerning the conditioning and the 

penetration behavior of the sealant on sound and demineralized enamel. In an in-vivo 

study, Davila (1978) reported difficulties in etching and obtaining a uniform coat on 

the proximal surfaces which were sealed. These early trials showed the feasibility of 

applying sealants on proximal surfaces but also problems such as imperfect etching, 

incomplete layer of sealant and difficulties in the clinical application. 

During the last 30 years, dentistry developed with wide steps especially in the field of 

adhesive dentistry, opening the door to continue the efforts to achieve an effective 

and practice sealing of proximal caries.  

In 2002, Gray and Shellis stressed the chance for extending the approach of sealing 

initial lesions to approximal surfaces. The studies on the safety of slow teeth 

separation, a technique which used widely in orthodontics, helped to obtain access to 

interproximal areas in order to allow the controlled application of sealants (Schmidlin 

and Besek, 2003). 

Up to now, very few clinical studies have evaluated proximal sealants. Martignon et 

al. (2006) reported that sealing of proximal early active lesions reduced the 

progression rate rather than arresting the lesions. Another clinical study concluded 

that 2 years after sealing non-cavitated proximal lesions, 93% of the lesions had 

shown no progression (Gomez et al., 2005). 

A critical question in proximal sealants is the smooth surface sealant per se which 

offers less retention than fissures. Apparently, unfilled resin alone does not fulfill 

these demands completely (Schmidlin et al., 2002). In addition, the application of a 

highly flowable material is very hard to control in proximal areas. Therefore, a pre-

cured adhesive monomer-patch could offer the ideal physico-mechanical properties 

for smooth surface sealing, including the proximal area. Another benefit of this pre-

cured patch is to counteract the oxygen inhibition layer. In a series of in-vitro studies 

on this new approach, Schmidlin et al. (2005) demonstrated that bonding material 

was significantly less effective against lactic acid exposure than the adhesive patch 

or filled composite. After thermomechanical loading and demineralization in a 

microbial-based artificial mouth model, the adhesive patch showed complete 

protection for the underlying enamel from demineralization, and provided an excellent 

protection against caries (Schmidlin et al., 2006). 
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Figure 1 illustrates the chemical and spatial structure of the adhesive polyurethane-

dimethacrylate-patch before and after light curing (Schmidlin, 2006). 

 

 
Fig.1: The adhesive polyurethane-dimethacrylate-patch (Schmidlin, 2006) 

 

 

2 Aim of the study 
The current literature shows that proximal sealing using a pre-cured adhesive 

monomer-patch offers an interesting approach for further clinical investigations. Thus, 

the aim of this investigation was to test the safety and clinical efficacy of this 

technique in initial non-cavitated carious lesions. 
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3 Material and methods 
3.1 Sample 
After an approval of the ethics committee, the bitewing radiographs of all patients at 

the University Dental Clinics in Greifswald/Germany were screened from January to 

December 2004. All patients with two proximal carious lesions (D1, D2, or D3 without 

cavitation, Table 1) in vital teeth were asked to participate in the study.  

 

Table 1: Radiographic classification for caries (Kidd et al., 2003)  

D0: no radiolucency 

D1: radiolucency confined to in the outer half of the enamel 

D2: radiolucency in the inner half of the enamel including lesions extending up  

       to but not beyond the enamel-dentin junction 

D3: radiolucency with obvious spread in the outer half of the dentin  

D4: radiolucency with obvious spread in the inner half of the dentin 

 

All patients participating in the investigation had to give written informed consent on 

the background and risks of the investigation. Additionally, patients were offered full 

dental care during the study period.  

Exclusion criteria were relevant general disease or allergies, especially to composite 

materials, and pregnancy. 

The first 50 patients who were asked (27 male, 23 female, mean age 21.3 ± 5.6 

years) all gave their informed consent and they were admitted to the baseline 

examination. 

 

3.2 Materials and study design  

Before the study, one dentist had been trained to apply proximal sealants on models 

of extracted teeth. All sealants were performed by this dentist. The other 3 dentists in 

the study team were trained in the clinical evaluation of the sealants in order to 

standardize the clinical evaluation at the recall visits.  

 

Baseline examination 

The baseline examination consisted of the medical history, dental status (DMFT/S), 

plaque, gingival status, and vitality of test and control teeth (thermal sensitivity test 

using cold spray, dichotomized recording of visible plaque (yes/no) after the use of a 
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plaque detector (Mira-2-Tone, Hager & Werken, Duisburg/Germany) and gingival 

bleeding on probing with WHO probe). 

The bitewing x-rays were made with conventional film (Kodak® INSIGHT-F E-Speed, 

x-ray unit: SIEMENS®-HELIODENT MD, D, automatic x-ray developer: DÜRR 

DENTAL® XR 24 Nova, Bietigheim-Bissingen, D) with holder (KKD RWT 

FILMHALTERSYSTEME). The x-ray diagnosis was performed under 2.5x 

magnification on a negatoscope (Dentaurum, D).  

If all selection criteria were fulfilled, the patient was included in the study (Fig. 1).  

At the end of the first visit, an orthodontic separating rubber ring (Fig. 2a/b) was 

inserted into the proximal contact area of one randomly selected of the two lesions 

with the help of dental floss or rubber dam pliers.  

After 3-5 days, 1mm interproximal space was gained for a final assessment of the 

status of the carious lesion under direct vision excluding cavitation (Fig. 3a/b). 

 

Proximal sealing 

After the removal of the rubber ring and cleaning the initial lesion on one randomly 

(by throwing a coin) selected proximal surface with fluoride-free paste and dental 

floss. Then rubber dam (HYGENIC, Coltene/Whaledent Inc., OH, USA) was placed 

including neighbouring teeth.  

The proximal sealing and additional occlusal sealants on both teeth of the according 

proximal space were performed under the following guidelines: 

- Isolation of the neighbouring tooth with a metal matrix band (Demedis, D) 

- Etching of proximal surface of test tooth (60 sec), and occlusal surfaces of test and 

control teeth (15-30 sec) with 37% phosphoric acid (Email Preparator, Ivoclar-

Vivadent, Schaan, FL) (Fig. 4a/b) 

- Application of bonding agent (Heliobond, Ivoclar-Vivadent, Schaan, FL) on the 

proximal surface of test tooth with extra fine brush (Fig.5a) 

- Application and adaptation of the adhesive patch (thin polyurethane-dimetacrylate 

foil, Ivoclar-Vivadent) on the proximal surface of test tooth (Fig. 6a/b and 7) 

- Light curing (20 sec lingual and 20 sec vestibular)  

- Occlusal sealing of test and control teeth (Helioseal, Ivoclar-Vivadent, Schaan, FL) 

(Fig.5b and 7) 

- Removal of rubber dam 

- Check of occlusion with foil  
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- Finishing and polishing of the contour of proximal sealant with finishing discs 

(middle, fine, extra fine) and polishing strips (Sof-Lex, 3M ESPE, MN, USA) (Fig.8) 

The other proximal lesion on a different tooth was left as control and the patient was 

instructed for oral home-care with dental floss and fluoridated toothpaste. At every 

recall visit, a professional dental prophylaxis with dental floss and subsequent 

fluoride application was performed on all proximal surfaces. 

 

 
Fig. 1: Bitewings radiograph with 2 initial lesions at baseline 

 

 

      
Fig. 2a/b: Application of a rubber separating ring for 4-5 days 

 

      
Fig. 3a/b: Removal of the ring, cleaning and inspection to insure “non-cavitation” 
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Fig. 4a/b: Isolation of neighbouring tooth, etching of proximal and occlusal surfaces of test tooth 14 

and occlusal surface of neighbouring tooth 

 

 

       
Fig. 5a/b: Materials for proximal bonding and occlusal sealing. 

 

      
Fig. 6a/b: Adhesive patch for proximal sealant (Ivoclar-Vivadent, Schaan, FL) 
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Fig.7: Proximal sealant on distal surface of test tooth 14. Also occlusal sealants on test and control 

teeth.  

 

 

 
Fig.8: Proximal sealant after finishing (distal surface of tooth 14) 

 

 

Recall and evaluation 

Recall appointments were scheduled 1-2 weeks, 6, 12 and 24 months after sealant 

application. In the recall visits, the following parameters were included: 

- Medical and dental history 

- Dental examination  

- Examination of the tooth with proximal sealant (vitality test, plaque, bleeding, 

sealant) 

- Examination of control tooth (vitality test, plaque, bleeding analog to the baseline 

examination). 

 

The quality of sealant was assessed with modified Ryge criteria (Cvar et al., 2005) on 

retention, discoloration, and marginal adaptation of both adhesive patch and 
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underlying bonding (Table 2). In addition, surface roughness of the patch was 

assessed.   

 

Table 2: Criteria for sealant quality 

Evaluations Criteria 

Retention of proximal patch 1: no loss 
2: partial loss (circular retention around the contact 
    point <1mm) 
3: partial loss(circular retention around the contact 
    point >1mm) 
4: total loss 

Retention of the underlying 
sealant 

1: no discoloration 
2: partial discoloration at the margins 
3: discoloration of the whole patch 

Discoloration of the patch 

1: no discoloration 
2: partial discoloration at the margins 
3: discoloration of the whole bond  

Discoloration of the underlying 
bond 

1: smooth transition of the patch-enamel interface 
   (can not be probed) 
2: sharp-edged margins (evaluation with a probe 
     possible) 
3: steplike loss of retention: patch-bond-enamel 
4: open margins: aliform elevation of the patch 
    or the bond 

Marginal adaptation 

1: no discoloration 
2: dotted marginal discoloration 
3: marginal discoloration represented as a thin line 
4: undermined discoloration (interface patch-bond) 
5: undermined discoloration (interface bond-
enamel) 

Marginal discoloration of the 
proximal patch 

1: smooth surface, no alterations 
2: surface roughness increased 
3: scratches 
4: grooves(partial internal loss) 

Surface roughness of the patch 

 

The evaluation of the clinical quality of the sealants was made by 3 other dentists 

than the dentist in charge of the study. 

The recall ended with professional tooth cleaning for all teeth and a fluoride 

application (Elmex Fluid, GABA, Münchenstein, CH) including flossing the proximal 

control lesion and motivation for oral home care with flossing. 

At the 24-month recall, a bitewing radiograph was taken including the sealed and the 

control lesion.  

 

X-ray evaluation  

The radiographic evaluation was performed with the same criteria as the baseline 

examination (Table 1).  
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Five dentists were asked for testing the reliability of reading bitewing radiographs. 

Each dentist had to evaluate ten radiographs twice at different points of time, and 

intra-examiner reliability was assessed for each dentist. The gold standard was 

defined as the most frequent readings of these five dentists, and inter-examiner 

reliabilities were calculated. The two dentists, who had the best intra- and inter-

examiner reliability values, were chosen for the radiographic examination in this 

study. They assessed the radiographs separately, then compared their readings and 

in case of a conflict, they discussed it on the basis of the evaluation criteria to find an 

unanimous vote. 

Intra-examiner reproducibilities of the two examiners were 92% and 82%. And the 

agreements of each examiner with the gold standard were 92% and 80%. Inter-

examiner agreement was 90%.   

 

Statistical analysis  

Intra-examiner reproducibilities of radiographic assessments of the two examiners 

were 92% and 82%. And the agreements of each examiner with the gold standard 

were 92% and 80%. Inter-examiner agreement was 90%. 

All data of the baseline and recall examinations were entered into Microsoft Office 

Excel 2003 and transferred into SPSS11.5 for further statistical analysis. The 

outcome variables were clinical retention of proximal tape and the underlying sealant, 

marginal adaptation, discoloration, tooth vitality, proximal plaque, gingivitis and caries 

assessed clinically as well as radiographically.  

The first null hypothesis (H0a) for testing clinical safety was: there are no differences 

between sealed and control surfaces in plaque accumulation and gingival bleeding 

and the two-sided Fisher exact test was used. The second null hypothesis (H0b) for 

the clinical effect of proximal sealants was: there is no difference in lesion’s 

development on radiographs between sealed and control lesions which was analysed 

with a Wilcoxon test.  
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4 Results 

 
4.1 Baseline data 

In May 2005, 50 proximal sealants were completed, which determined the end of the 
recruiting phase and the completion of the baseline examination. The following 
sections contain a description of the characteristics of the study sample, the sealed 
and control teeth, and the results of the recall appointment after 1-2 weeks for the 
first control.  
 

4.1.1 Distribution of sample with respect to gender and age 
There was an even distribution between males (27) and females (23).  

 

As D1, D2 and D3 lesions without cavitation were mostly found in adolescents and 

young adults, these patients were recruited for the study. Thus, the majority of the 

participants were between 16 and 25 years of age (Table 3). 
 

Table 3: Age distribution of the sample 
        

   

 

 
 
4.1.2 Distributions of proximally sealed teeth 

The total number of proximally sealed teeth was 50, including 23 molars, 23 

premolars and one canine (Table 4). 

According to the radiographic caries diagnosis, the sample consisted of 24 teeth with 

D1 lesions, 23 teeth with D2 lesions and only 3 teeth with D3 caries without 

cavitation. 

There were four teeth which were classified as D1 or D2 with cavitation. 
 

 

 

 

   

 

Total Mean  age  

(yrs± SD) 

26-31 (yrs) 

 

16-25 (yrs) 8-15 

(yrs)  

Age groups 

50 21.28± 5.6 12 31 7 Number 
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Table 4: Distribution of proximally sealed teeth  

1 canine 26 premolars 23 molars Number of proximally sealed 

teeth 

3 teeth with D3 23 teeth with D2 24 teeth with D1 X-ray diagnosis 

 46 teeth without 

cavitation 

4 teeth with 

cavitation 

Cavitation (only in D1, D2) 

 

 
4.1.3 Distribution of control teeth 

The total number of control teeth was 50, consisting of 15 molars and 35 premolars. 

According to the radiographic caries diagnosis, the sample consisted of 35 teeth with 

D1 lesions, 14 teeth with D2 lesions and only one tooth with D3 lesions, but without 

cavitation. 

There was no cavitation in the control tooth group (Table 5). 

 
Table 5: Distribution of control teeth 

0 canine 35 premolars 15 molars Number of control teeth 

1 tooth with D3 14 teeth with D2 35 teeth with D1 Radiographic caries diagnosis 

 50 teeth without 

cavitation 

0 teeth with 

cavitation 

Cavitation (only with D1, D2) 

 

Thus, the distribution of test and control teeth was comparable. 
 

4.1.4 Medical history 

The medical history of the participants in the study was generally short due to the 

young age of the sample and the selection criteria of individuals without severe 

medical problems (Table 6). 

 

Table 6: Distribution of findings in the medical history of the study sample (number) 
    none (50) 

 
Mental retardation 

 Epilepsy (1) Asthma (1) Neurodermatitis (2) none (46) General diseases 

Tegretal 400 

(1) 

Thyroxin 25 mg 

(1) 

Asthma 

spray (1) 

Oral Contraceptive 

(3) 

none (44) Medication 

Paracetamol 

(1) 

Bee Stings (1) Animal 

Hair (1) 

Hay Fever (1) no allergy 

(46) 
Allergy 
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4.1.5 Dental examination  
 

 DMFT/S (dmft/s) indices 

The DMFT/S (dmft/s) data of the sample show standard values for central Europe 

with low caries prevalence in children, adolescents, and young adults (Table 7). The 

standard deviation is in the range of the mean value, indicating a considerable 

amount of variation, which is also typical for the current caries distribution in Europe. 

 
Table 7: Distribution of DMFT/S (dmft/s) indices in study sample 

 

 
Vitality tests of test, control and adjacent teeth  
All test and control teeth responded positively to the vitality test with cold spray or, if 

necessary, additional electric vitality test. 

There was only one adjacent tooth which did not respond to the vitality test due to 

endodontic treatment. 

 
The distribution of plaque and bleeding in the sample 
At baseline showed booth sealed and control teeth similar patterns of distribution in a 

considerable amount of plaque but a little gingival bleeding indicating light gingivitis (Fig. 8 

and 9).  

 Minimum Maximum Mean Standard 

deviation 

DMFT 0 18 4.86 ± 4.571 

DMFS 0 41 8.44 ± 9.435 

dmft 4 6 5 ± 1.4 

dmfs 6 7 6.5 ± 0.7 
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Fig.8: The distribution of plaque for sealed and control teeth at baseline 
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Fig.9: The distribution of gingival bleeding for sealed and control teeth at baseline 

 
4.2 Changes in medical history, DMFT/S, plaque, gingival bleeding and tooth 
vitality through out the study 
No changes in the medical history could be detected and no local or systemic effect 

was observed with respect to the proximal sealants. 

The overall caries experience of the study sample (baseline: 4.88 DMFT ± 4.54, 8.53 

DMFS ± 9.44) increased marginally throughout the study time (at two-year recall: 

5.75 DMFT±4.72, 10.19 DMFS±10.55) (Fig. 11). 
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Fig.11: Caries prevalence (DMFT) (left), and (DMFS) (right) at baseline (start) and 6-, 12-, and 24-

month recalls 

 

Plaque and gingival bleeding at the sealed and control teeth did not differ significantly 

between proximal spaces with sealants and control teeth (Fig.12, 12a, 13 and 13a). 

Plaque accumulation had very consistent values with tendency for slightly low in 

control teeth. 

Gingival bleeding had low values with little change and slightly reduction after two 

years. 

Fisher exact test (2-way) showed no significant differences in plaque accumulation 

and gingival bleeding between sealed and control surfaces at baseline and during the 

study (Table 9).  
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Fig. 12: The distribution of plaque at baseline (start), 6-, 12-, and 24-month recalls 
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Fig. 12a: Distribution of plaque at start and at 2-year follow-up 
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Fig. 13: The distribution of gingival bleeding at baseline (start), 6-, 12-, and 24-month recalls 
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Fig. 13a: Distribution of gingival bleeding at start and at 2-year follow-up 

 

 

Table 9: Plaque accumulation and gingival bleeding in sealed and control surfaces at 

baseline and during the study in percentage (Fisher exact test, 2-way). 

 
 

 

No changes in the vitality of the teeth were found, all sealed and control teeth 

remained vital. 
 

4. 3 Clinical results throughout the study 

The first clinical evaluation after 2 weeks showed excellent results for retention 

(Fig.14) and colour. One sealant was lost, eight sealants had sharp-edged margins in 

the evaluation with a probe. All other sealants were hardly detectable. 

After 6 months, the quality of the sealants was high. Most of the sealants were hard 

to detect. The few deviations from “perfect” sealants were: total loss of the patch with 

recall  Baseline 6-month  12-month  Two-year  
 Sealed surfaces 56% 55% 60% 53% 

Plaque  p=1.00 p=0.66 p=0.65 p=0.81 
 Control sufaces 54% 48% 55% 47% 
      
 Sealed surfaces 28% 26% 36% 25% 

Ging. Bleeding  p=0.65 p=0.28 p=1.00 p=0.78 
 Control sufaces 22% 14% 26% 19% 

Distribution of gingival bleeding
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the underlying bond being still detectable (n = 2) (Fig.14), partial loss of the patch (1), 

partial discoloration of the patch (3) itself or at the margins (3). In 12 sealants, a 

sharp-edged margin was found in the evaluation with a probe, mostly at the gingival 

proximal area (Fig.15). At the 12-month recall, no relevant changes were recorded in 

comparison with the 6-month results (Fig.14,15). 
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Fig. 14: Retention of sealant at recalls 
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 Fig. 15: Marginal adaptation of sealant at recalls 
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After 2 years, 36 sealants could be examined. Most of the sealants could only be 

found when the examiner was informed about its location (Fig.16). 

7 sealant patches (19%) were lost completely and two partially (Fig.14), but the 

underlying bond was still detectable. In 9 sealants, a sharp-edged margin was found, 

due to the difficulty of finishing in gingival proximal area (Fig.15). In one sealant, a 

step-like loss of retention between patch-bond-enamel was found. 

Two sealed lesions progressed and had to be filled. Discoloration was a minor 

problem. 
 

         
Fig.16: Proximal sealant at 2-year follow-up on tooth16 mesial surface (buccal and lingual view) 

 

 

4.4 Radiographic evaluation after 2 years  
In 35 patients who have been radiographically examined at the 24-month follow-up, 9 

(26%) sealed lesions showed regression, while two progressed. In contrast, only 4 

(11%) control lesions regressed and also two showed progression. All other 24 (69%) 

sealed and 29 (83%) control lesions were stable indicating an arrest of the lesion 

(Fig.17, 18, 19). Wilcoxon-Test (two-way) showed no significant difference in the 

development of lesions on radiographs between sealed and control surfaces 

(p=0.78). 
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Fig.17: Radiographic development after 2 years in sealed proximal surfaces and fluoridated control 

surfaces  
 

              
 
Fig.18: Regression of proximal sealed lesion (26 m) from D2 (left) to D1(right)  
 
 

            
 
Fig. 19: Stabilization of sealed (35 m) and control (34 d) lesion in a high caries risk patient 
 

 

4.5 Drop-out analysis 
The reasons for a drop-out were not associated with the study. At the end of the 

study, ten patients could not be contacted by telephone or mail. Two patients told the 

examiner that they would move away. One non-cavitated D3-lesion was filling by 
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another dentist almost immediately after the placement of the sealant. One patient 

received an orthodontic band on a sealed tooth, which made the clinical and 

radiographic examination impossible. One patient was pregnant at the 24-month 

recall, so only a clinical examination could be performed but no radiographs were 

taken.  
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5 Discussion  
The controlled clinical trial offers the highest level of evidence for the evaluation of 

clinical procedures. Thus, the aim of the present study was to assess the feasibility 

and the clinical effects of proximal sealants in initial carious lesions in comparison 

with a standard non-invasive approach of plaque removal and fluoride use. The 

clinical procedure of the proximal sealant was in line with the well established 

techniques in adhesive dentistry. The cleaning, etching (60 sec, 35-38 % phosphoric 

acid) and application of the sealant followed the current guidelines on sealants 

(Leitlinie Fissurenversiegelung, 2006). The sealant agent (Heliobond/Ivoclar 

Vivadent), which has been used for many years in occlusal sealant, has shown 

excellent clinical success, that it can almost be considered “gold standards” (De 

Munck J et al., 2005). In-vitro studies have proven that the modification of adding an 

adhesive patch offers good chemomechanical properties (Schmidlin et al., 2005 and 

2007).  

Other clinical studies on proximal sealant, used bonding agent or conventional 

sealant materials only (Martignon et al., 2006, Gomez, 2005, Tanaka et al., 2000). 

Martignon et al. (2006), who applied the sealant without foil, described the problem 

that the sealant material tended to accumulate cervically due to gravity. The elastic 

urethane foil allows an even layer of bonding/sealant under the patch, a more 

controllable application and the removal of excess cervical bonding prior to light-

curing. It solves the problem of thin sealant layers and oxygen inhibition and the 

thickness of 80-100 µm is tolerable when not all proximal surfaces are sealed in one 

quadrant.  

In addition, the new adhesive patch approach seems to be statistically more resistant 

to lactic acid exposure than two layers of enamel bonding, at least in-vitro, (Schmidlin 

et al., 2005). The continuous patch also provides excellent protection in a cariogenic 

environment (Schmidlin et al., 2006). 

The in-vitro training of the dentist applying the proximal sealants ensured a high 

quality of this new technique which is supported by the very good rating for the 

sealant quality during the study. The use of rubber dam was very important to isolate 

the work field from moisture and blood contamination and to hinder exceed bonding 

from going into the proximal gingival sulcus. It also helped to retract the gingiva, to 

provide a good overall view and to avoid disturbance by tongue or cheek in this 

technique-sensitive procedure. The time of proximal sealants was comparable to the 
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time for a two surface composite filling, but the patients needed no local anaesthesia 

or tooth preparation and all patients prefered the procedure over a filling. 

In the clinical evaluation, employing other dentists than the one who had applied the 

sealants reduced the risk of an examiner bias. In general, the sealants were hard to 

detect and hardly distinguishable from normal enamel. Anatomical form, surface 

roughness and colour were far superior to composite restorations assessed with the 

similar Ryge-criteria (Ryge, 1980) and remained stable throughout the study. 

Marignal adaptation with mostly perfect margins and 20-30 % minor steps was 

equivalent to composite fillings after 2 years (Turkun & Aktener, 2001; Raskin et al., 

1999). Sometimes a differentiation between a “perfect” proximal sealant and a total 

loss was difficult. Minor marginal steps which could be detected with an explorer 

were actually helpful for the assessment.  

Retention of the patches decreased slightly throughout the study. Incomplete 

isolation from moisture could be the main reason for an early loss which underlines 

the importance of using the rubber dam in this technique-sensitive procedure. 

Another reason for loss of the patch could be the mechanical stress of proximal 

flossing especially when the floss catches under the gingival edge of the patch. In 

total, seven patches were totally lost and one partially lost within 2 years, probably 

due to incomplete adhesion between patch and bonding agent, because the 

underlying bond was still detectable in most patients. Caries was not associated with 

loss of the patch. The partial loss of patch might be worse as it may enhance plaque 

accumulation.  

The x-ray diagnostic criteria from D1 to D4 are widely used and the training and 

calibration for 2 examiners resulted in excellent inter- and intra-examiner reliability of 

80 to 92%. The inter-examiner agreement of 90% and the subsequent discussion on 

different rating should allow a very valid diagnosis of the lesions and their 

progression. These data are equivalent to a similar study by Martignon et al. (2006) 

who reported 84 to 96% agreement for visual bitewing readings and no better values 

for the subtraction radiography with 87% to 92% agreement. 

As the use of proximal sealants is a completely new technique, the safety of the 

method was an important variable beside its effectiveness. No adverse effect on 

general or dental health could be recorded. One problematic factor in dental 

restorations is increased plaque accumulation and gingivitis (Lang et al., 1983), but 

plaque accumulation and gingivitis at the sealed and neighbouring teeth were 
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normal. No changes in vitality due to separation or sealing could be detected. These 

findings are in accordance with Martignon et al. (2006) who also found no medical or 

dental problems associated with proximal sealants. Separating teeth with elastic 

bands which has been used for many years in orthodontics and in diagnostic and 

therapeutic studies is a safe technique with minimal discomfort (Pitts and 

Longbottom, 1987). Only one of 50 patients complained about the pressure of the 

rubber ring. In two patients the rubber ring had to be re-applied due to loss before the 

next appointment. In five patients, the gained spaces was less than <1mm which 

made the sealant application difficult. 

In contrast to the study by Martignon et al. (2006) where 22 % and 47 % in the 

sealed and control group progressed, the radiographic evaluation after 2 years 

showed very little caries progression after 2 years. Only 2 (5.7 %) of the control teeth 

with oral home care and 2 of the sealed teeth progressed and were subsequently 

filled. One of the two progressed lesions with sealants was in a high caries-risk 

patient, the other lesion followed a partial loss of the adhesive patch. Most of the 

lesions - 24 sealed and 29 controls - showed stabilisation and both proximal sealing 

and motivation for oral home care and professional dental care including fluoride 

arrested initial non-cavitated lesions for 2 years. In 9 sealed lesions and in 4 control 

lesions a regression was diagnosed in the bitewing radiographs. The motivation for 

dental home care through the recalls of this study may have played a role in the 

improvement of oral health between the patients of the study. The regression which 

was also reported in the study by Gomez et al. (2005) was mainly in enamel lesions 

(D1, D2). This could have resulted from actual remineralisation of the control lesions, 

from an infiltration of the sealed lesions or simply from minor difference in the 

angulation of the x-rays.  

The overall development of sealed and control lesions did not differ significantly 

(Wilcoxon-test, p=0.78). The reason for this could be very high level of prevention 

and the low caries risk of the participants, as they all received semi-annual 

professional tooth cleaning, fluoride applications and additional motivation for dental 

home care.  

For ethical reasons, a sample size for the study was large enough to assess the 

performance of the proximal sealant with an adhesive patch. The number of 50 

patients is in equivalent to a similar study by Gomez et al. (2005) and in the range of 

studies on the performance of new composite materials. In the recruitment of the 
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participants of the study, the criteria were constructed to reduce the risk of a selection 

bias. Mostly young adults were enrolled in the study, as they often exhibit initial 

carious lesion which commonly progress and are filled in older adults. About 5 DMFT 

at the mean age of 21 can be considered low caries prevalence and is a common 

value for young adults after the caries decline (Mejare et al., 2004; Hopcraft & 

Morgan 2005). Still, regular dental attendance, the decision to take part in a 

preventive study and to comply with recall exams tends to select participants with 

higher dental awareness. This might be the reason for the very few teeth with caries 

progression, even in control teeth with only home care of flossing and fluoride. 

Normally patients tend to comply little with flossing which results in a higher 

progression rate of proximal caries, especially at the D3-level. Thus, in a more caries 

active population the difference between the effectiveness of proximal sealant and 

flossing plus fluoride could be more pronounced as more caries occurs and can be 

prevented.  

In conclusion, sealing initial proximal lesions with new adhesive patch and bonding 

agent offers a new technique in preventive dentistry which shows no clinical 

problems and mostly stabilization of the lesions after two years. 
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6 Summary 
The diagnosis, prevention and treatment of proximal carious lesions comprise a 

constant problem in clinical dentistry. The purpose of this investigation was to test the 

safety and clinical effect of a new treatment for proximal caries. In 50 patients with 

two proximal initial lesions (D1-3 without cavitation, bitewing X-ray), orthodontic 

rubber rings were applied to gain access to the interproximal space. One of the 

lesions was sealed with a thin polyurethane-dimethacrylate foil using a bonding agent 

(Heliobond®, Vivadent, Schaan/Liechtenstein); the other lesion received oral home-

care with dental floss and fluoridated toothpaste and was left as control. In clinical 

follow-ups after 6 and 12 months and X-ray evaluation after two years, clinical 

retention of proximal tape and the underlying sealant, marginal adaptation, 

discoloration, tooth vitality, proximal plaque and gingivitis were checked. In addition, 

caries was assessed clinically and radiographically. 

The sealants showed good retention, marginal adaptation and colour. After two 

years, vitality of all teeth was still positive and no relevant differences in plaque 

accumulation or gingival status were found between sealed and control teeth. Two 

sealed surface had to be filled due to caries progression (D3 with cavitation). 9 

sealed lesions showed caries regression. In contrast, only 4 control lesions regressed 

and also two showed progression. The loss of tape had no significant influence on 

the lesion progression indicating the effect of the underlying bond. All other sealants 

and control lesions were stable indicating an arrest of the lesion. In conclusion, 

sealing initial proximal lesions showed no clinical problems and mostly arrest of initial 

carious lesions on bitewing X-rays.
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Zusammenfassung 
Das Ziel dieser Studie war, die Sicherheit und klinische Wirkung einer neuen 

Therapie für approximale Karies zu prüfen. Bei 50 Patienten mit zwei approximalen 

kariösen Initialläsionen (D1-3 ohne cavitation, Bissflügelröntgenaufnahme) wurden 

kieferorthopädische Separiergummis eingesetzt, um Zugang zum Approximalraum zu 

gewinnen. Eine der Läsionen wurde mit Bonding (Heliobond®, Vivadent, 

Schaan/Liechtenstein) und einer dünnen Folie aus Polyurethandimethacrylat 

versiegelt. Für die andere Läsion erfolgte eine Mundhygieneinstruktion des Patienten 

mit Zahnseide und fluoridierte Zahnpasta, was als Kontrolle diente. 

In klinischen (1/2, 1, 2 Jahre) und röntgenologischen Kontrollen (2 Jahre) wurden die 

klinische Retention der approximalen Versiegelung, marginale Adaptation, Farbe, 

Vitalität der Zähne, approximale Plaque und Gingiva überprüft. Zusätzlich wurde 

Karies klinisch und radiologisch bewertet. 

Die Versiegelungen zeigten sehr gute Retention, gute marginale Adaptation und 

Farbe nach zwei Jahren. Die Vitalität aller Zähne war positiv und keine relevanten 

Unterschiede wurden bezüglich Plaque bzw. Gingivitis zwischen versiegelten und 

Kontrollzähnen gefunden. Zwei versiegelte Approximalfläche mussten wegen des 

Kariesprogression (D3 mit Kavitation) gefüllt werden. 9 versiegelte Läsionen zeigten 

Kariesregression. Bei den Kontrollläsionen traten 4 Regression und ebenfalls zwei 

Progression auf. Der Totalverlust der Folie hatte keinen Einfluss auf den 

Kariesprogression, was an der Wirkung des Bondings liegen könnte. Alle anderen 

versiegelten und Kontrollläsionen waren stabil, was eine Arretierung der Läsionen 

vermuten lässt. 

Schlussfolgernd ergibt sich, dass die Versiegelung der initialen approximalen 

Lesionen keine klinischen Probleme und mehrheitlich Arretierung von kariösen 

Initialläsionen auf Bissflügelröntgenaufnahmen zeigte. 
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8 Appendixes 

 

Appendix 1: study’s consent. 
 

Patienten-/Elternaufklärung     
                     

Studie „Approximale Versiegelung" 
 

Abteilung für Zahnerhaltung, Parodontologie und Kinderzahnheilkunde  
Direktor: Prof. G. Meyer, Rotgerberstr. 8, 17487 Greifswald 

 
 
Ziel der Studie/Studienaufbau 

Bei Ihnen/Ihrem Kind wurde beginnende Karies zwischen den Backenzähnen festgestellt. Im 

Anfangsstadium kann mit Fluoridanwendungen versucht werden, die Karies zum Stehen zu 

bringen, was eine von nun an perfekte häusliche Plaqueentfernung einschließlich Zahnseide 

nötig macht. Wenn das Dentin mit betroffen ist, ist normalerweise eine Füllung nötig. Auf den 

Kaufflächen wird die Versiegelung seit 20 Jahren erfolgreich zur Kariesprävention und 

Therapie von Initialläsionen eingesetzt. Mit einem neuartigen Verfahren ist es möglich, 

ähnliche Materialien zwischen den Zähnen einzusetzen. Dazu müssen die Zähne leicht 

auseinander bewegt werden, was bereits in der kieferorthopädischen Behandlung 

routinemäßig mit Separiergummis innerhalb eines Tages geschieht. Weiterhin werden bei 

dem Besuch zur Versiegelung (i. d. R. ein Tag später) die Zähne mit einem Spreizer fixiert, 

damit sich während der Behandlung der Spalt nicht schließt. Die Materialien sind die 

normalen für Versiegelungen und Füllungen eingesetzten Kunststoffen und eine ähnliche 

Folie.  

Dieses neuartige Verfahren wird erstmalig in Deutschland angeboten. Sie/Ihr Kind können an 

der Studie teilnehmen, wenn 

• Backenzähne beginnende Karies haben 
• Sie/Ihr Kind für 3 Jahre voraussichtlich im Raum Greifswald für Nachuntersuchungen 

zur Verfügung stehen (1/2 Jahr, 1, 2 und 3 Jahre nach Versiegelung) 
• keine Allgemeinerkrankungen oder Allergien (z.B. gegen Kunststoffe) bestehen 
• keine zahnbezogenen Gründe (Lockerung, Krone, kein Nachbarzahn, etc.) 

dagegensprechen. 
 
Die Kontrolle erfolgt z. T. durch Röntgenaufnahmen, da zwischen den Zähnen normalerweise 

Karies nur so festgestellt werden kann, wahrscheinlich wurde auch so die bestehende Karies 

gefunden. Nach 2 Jahren ist eine Röntgenkontrolle verpflichtend, was aber der individuellen, 

zahnärztlichen Indikation entspricht.  
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Risiken/bekannte Nebenwirkungen 

- Sehr selten treten allergische Reaktionen auf Kunststoffe auf.  

- Trotz Füllungen und Versiegelungen ist kein absoluter Schutz gegen Karies gegeben, wenn 

weiterhin Kohlenhydrate von dentaler Plaque verstoffwechselt wird.  

 

Vorteile für Teilnehmer an der Studie 

Die Teilnehmer werden vorab gründlich zahnärztlich untersucht erhalten und auch weiterhin 

regelmäßig auf die Kariesentwicklung hin kontrolliert. Die approximale Versiegelung bietet 

die Chance, eine spätere Füllung zu ersparen.  

 

Meldepflicht  

Es ist unbedingt erforderlich, dass Sie den Prüfarzt vor Beginn der Prüfung über bisherige 
Erkrankungen und eingenommene Medikamente informieren. Geben Sie an, ob und wogegen 
Sie/Ihr Kind allergisch ist. Ebenso ist es notwendig, dass  Sie alle während der Studie 
auftretenden Gesundheitsbeeinträchtigungen und Störungen des Wohlbefindens dem Prüfarzt 
mitteilen, auch wenn Sie einen Zusammenhang mit Wirkung des Prüfpräparates für 
unwahrscheinlich halten. Dies geschieht zum einen zur Ihrer/Ihres Kindes Sicherheit, zum 
anderen aus versicherungsrechtlichen Gründen.  
 

Versicherungsschutz  

Teilnehmer an der Studie sind entsprechend den gesetzlichen Bestimmungen gegen etwaige 
im Zusammenhang mit der Studie auftretende gesundheitsbedingte Vermögensschäden 
versichert.  Eine Gesundheitsschädigung, die als Folge der klinischen Prüfung eingetreten sein 
könnte, ist dem Prüfarzt oder dem Leiter der klinischen Studie unverzüglich anzuzeigen.  
 

Datenschutz 

Gemäß Arzneimittelgesetz dürfen nur solche Personen an einer klinischen Prüfung 
teilnehmen, die der Datenaufzeichnung und der Einsichtnahme in personenbezogenen Daten 
ausdrücklich zustimmen. Während der Prüfung werden Daten (Untersuchungsbefunde, etc.) 
aufgezeichnet, nach Verschlüsselung gespeichert und zur wissenschaftlichen Auswertung 
weiterverarbeitet. Zur Überprüfung der ordnungsgemäßen Durchführung der klinischen 
Studie ist es notwendig, dass  entsprechend befugte Mitarbeiter der zuständigen 
Überwachungsbehörde Einblick in die personenbezogenen Daten Ihres Kindes nehmen. Die 
Personen unterliegen der Schweigepflicht und müssen Ihre Daten streng vertraulich 
behandeln. Eine Publikation der Daten geschieht nur in anonymisierter Form. Die gesetzlich 
geltenden Datenschutzbestimmungen werden hierbei befolgt.  
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Allgemeines 

Die Teilnahme an dieser Studie ist freiwillig. Sie können jederzeit Ihr Einverständnis zur 

Teilnahme an der Studie widerrufen, ohne dass Ihnen daraus ein Nachteil entsteht oder dies 

Ihr Verhältnis zum Sie betreuenden Zahnarzt negativ beeinflusst. 

Der Prüfarzt hat das Recht, die Teilnahme an der Studie jederzeit zu beenden, falls die Ihre/ 

Ihres Kindes Sicherheit oder die ordnungsgemäße Durchführung der Prüfung dieses erfordern 

oder andere Gründe eingetreten sind, die Prüfung vorzeitig abzubrechen. 

Vor Einschluss in die jetzige Studie darf Ihr Kind/Sie an einer anderen Studie zuletzt vor 

einem Monat teilgenommen haben. Nach Ende der Studie müssen Sie eine Pause von einem 

Monat bis zur nächsten Studien einhalten. 

 

Notfalladressen 

 Zentrum für Zahn-, Mund- und Kieferheilkunde, Kinderabteilung, Rotgerberstr. 8, 17487 

Greifswald  (Tel. 03848 867112) oder als Notdienst Mund-, Kiefer-, Gesichtschirurgie, 

Klinikum Sauerbruchstr. (Tel. 867170) 
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Einverständniserklärung 

Ja, ich bin damit einverstanden, dass ich/mein Kind _______________________________ an 

der Studie „Approximale Versiegelung“ teilnehme/teilnimmt. Ich wurde über Wesen, 

Bedeutung und Tragweite der Studie sowie den bestehenden Versicherungsschutz informiert 

worden. Eine Kopie dieses Informationsblattes und der Einwilligungserklärung habe ich 

erhalten. Ich fühle mich über die vorliegende Prüfung ausreichend informiert, kann aber 

jederzeit weiter Fragen an den Prüfarzt stellen. Alle meine Angaben werde ich nach bestem 

Wissen machen und erkläre, dass ich mich nach den Anweisungen des Prüfarztes richten 

werde. Ich weiß, dass ich  mein Einverständnis zur Teilnahme and der Studie jederzeit 

zurückziehen kann und auch dass der Prüfarzt meine Studienteilnahme beenden kann. 

 
Ich bin mit der Aufzeichnung der personenbezogenen Daten meines Kindes und ihrer 
Weitergabe zur Auswertung und Überprüfung an zuständige Überwachungsbehörden 
einverstanden. 
 
Es besteht keine bekannte Allergie gegen Kunststoffe. 

Es bestehen folgende Allgemeinerkrankungen:  

___________________________________. 

Es werden keine Medikamente eingenommen. 

Ich/mein Kind befinde(t) sich zur Zeit wegen ___________________ in ärztlicher 

Behandlung. 

 

 
Greifswald, den______ _______________________________________ 
    Unterschrift des Patienten/Erziehungsberechtigen  
 
 

__________________________________ 
ggf. Unterschrift des Kindes 

 
Der oben genannte Patient wurde von mir gemäß AMG § 40 (1) 2 aufgeklärt. 
 
 
Greifswald, den______  __________________________________ 
      Unterschrift des Arztes 
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Appendix 2:  
Data sheet: Baseline  examiner:_________        date:________  

________________________      ___________   _____________   left-handed  □ 
name          first name                     birthday          year of birth        right-handed □ 

________________          _______________      ________________   ____________ 
general diseases                allergies esp. resin       medication                 retardation 

 
STOP: Admission to study only if no general diseases etc. present ! 

 
28 27 26 25 24 23 22 21  11 12 13 14 15 16 17 18 

        M         
        O         
        D         
        B         
        L         

    
        M         
        O         
        D         
        B         
        L         

38 37 36 35 34 33 32 31  41 42 43 44 45 46 47 48 
0:healthy, 1:carious defect, 2:filled, 3:missing due to caries, 4:other missing, 5:sealant 

 
D___  M____  F_____  S_____                         D____  M_____  F______  T______ 

 
Bitewing x-ray performed by: _____________ 

 
Vitality: side to be sealed  4 □   5 □   6 □        control side  4 □   5 □   6 □    (+ or -, excluded if -) 

 
Patient in study included: Informed consent for study by:_____________ (name of dentist) 

 
Proximal sealant tooth_____ surface____ plaque_____ bleeding______ clinical status__________         

x-ray______ after spreading_______ 
 

Control tooth____________ surface____ plaque_____ bleeding______ clinical status__________           
x-ray______ after spreading_______ 

 
(plaque and bleeding:+ or -), (clin.stat/after spread: 0:healthy, 1:stain, rest→exclude),(x-ray: 

0:healthy,D1,D2,D3without cavity,rest→exclude) 
 

possibility of use rubber dam: yes □      no □ 
 

possibility of use the spreader: yes □      no □ 
 

Further treatment for dentition: 
Occlusal sealant for all test and control teeth! ……… and in addition: 

Tooth______ lesion_______ treatment _______________ performed by___________ 
Tooth______ lesion_______ treatment _______________ performed by___________ 
Tooth______ lesion_______ treatment _______________ performed by___________ 
Tooth______ lesion_______ treatment _______________ performed by___________ 

 
 

Please make appointment for baseline ІІ to check sealants:  Date________!! 
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Baseline Part ІІ:  date________   examiner_____________ 
 

Clinical quality control of proximal sealants 1-2 weeks after placement: 
 

Therap.prox.sealant on 
tooth___ surf.____ 

  

 Retention of proximal tape 

 

1: no loss 
2: partial loss (circular retention 

around the contact point â‰¥ 
1mm) 

3:partial loss(circular retention 
around the contact point â‰¤ 

1mm) 
4:total loss 

Retention of the underlying 
sealant 

 1: no discoloration 
2: partial discoloration at the 

margins 
3: discoloration of the whole tape 

Discoloration of the tape 

 1: no discoloration 
2: partial discoloration at the 

margins 
3: discoloration of the whole bond  

Discoloration of the 
underlying bond 

 1: smooth transition of the tape-
enamel interface (can not be 

probed) 
2: sharp-edged margins 

(evaluation with a probe possible) 
3: steplike loss of retention: tape-

bond-enamel 
4: open margins: aliform elevation 

of the tape or the bond 

Marginal adaptation 

 1: no discoloration 
2: dotted marginal discoloration 

3: marginal discoloration 
represented as a thin line 

4: undermined 
discoloration(interface tape-bond) 

5: undermined 
discoloration(interface bond-

enamel) 

Marginal discoloration of 
the proximal tape 

 1: smooth surface, no alterations 
2: surface roughness increased 

3: scratches 
4: grooves(partial internal loss) 

Surface roughness of the 
tape 

 
 
 

Data transferred to databank: date__________     name____________ 
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Appendix 3: 
Recall sheet:  ½ y □    1 y □    2y □     3y □     examiner:_________        date:________  
 
________________________      ___________   _____________  
name          first name                     birthday          year of birth        
 
________________          _______________      ________________   ____________ 
general diseases                allergies esp. resin       medication                 retardation 
 
 

28 27 26 25 24 23 22 21  11 12 13 14 15 16 17 18 
        M         
        O         
        D         
        B         
        L         

    
        M         
        O         
        D         
        B         
        L         
38 37 36 35 34 33 32 31  41 42 43 44 45 46 47 48 

                0:healthy, 1:carious defect, 2:filled, 3:missing due to caries, 4:other missing, 5:sealant     
 
D___  M ____  F_____  S_____                         D____  M_____  F______  T______ 
 

d___  m ____  f _____   s_____                          d ____  m_____  f  _____    t  _____ 

 

  

Approximal sealant tooth ____  surface ___           Control  tooth  ____  surface ___   

  

vitality test:  4□ 5□ 6□                                              vitality test:  4□ 5□ 6□                                     [+ , -] 

 

Plaque____ Bleeding____                                        Plaque_____ Bleeding____                             [+ , -]  

 
Clin. Status ___                        Clin. Status ___          [0:healthy, 1:stain/initial lesion, 2:carious defect] 
 
x-ray ___                                            x-ray ___                   [0:healthy,D1,D2,D3,when cavity:plus c] 
 
[x-ray: after 2 and 3 yrs always and after 1 year for D1, D2 and high caries risk] 
 
Bitewing x-ray performed by: _____________ 
 
Further treatment for dentition: 
Occlusal sealant for all test and control teeth! ……… and in addition: 
Tooth______ lesion_______ treatment _______________ performed by___________ 
Tooth______ lesion_______ treatment _______________ performed by___________ 
Tooth______ lesion_______ treatment _______________ performed by___________ 
Tooth______ lesion_______ treatment _______________ performed by___________ 
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Therap.prox.sealant on 
tooth___ surf.____ 

  

 Retention of proximal tape 

 

1: no loss 
2: partial loss (circular retention 
around the contact point < 1mm) 
3: partial loss(circular retention 
around the contact point > 1mm) 
4:total loss 

Retention of the underlying 
sealant 

 1: no discoloration 
2: partial discoloration at the margins 
3: discoloration of the whole tape 

Discoloration of the tape 

 1: no discoloration 
2: partial discoloration at the margins 
3: discoloration of the whole bond  

Discoloration of the 
underlying bond 

 1: smooth transition of the tape-
enamel interface (can not be probed) 
2: sharp-edged margins (evaluation 
with a probe possible) 
3: steplike loss of retention: tape-
bond-enamel 
4: open margins: aliform elevation of 
the tape or the bond 

Marginal adaptation 

 1: no discoloration 
2: dotted marginal discoloration 
3: marginal discoloration represented 
as a thin line 
4: undermined 
discoloration(interface tape-bond) 
5: undermined 
discoloration(interface bond-enamel) 

Marginal discoloration of the 
proximal tape 

 1: smooth surface, no alterations 
2: surface roughness increased 
3: scratches 
4: grooves(partial internal loss) 

Surface roughness of the tape 

 
 
 
 
Data transferred to databank: date__________     name____________ 
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