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1. Introduction 

Secondary caries, the lesion at the margin of a restoration, has been widely considered as the 
most important and common reason for restoration replacement, regardless of the 
restorative material type [Collins et al., 1998; Dahl and Eriksen, 1978; Deligeorgi et al., 2001; 
Friedl et al., 1995; Mjör, 2005; Mjör and Toffenetti, 2000;]. As it develops after the initial 
caries has been removed and replaced by a restoration, 'secondary caries', which is often 
referred to as 'recurrent caries' by practitioners in North America, is used more commonly in 
Europe[Mjör, 2005]. The Fédération Dentaire Internationale defined secondary caries as a 
‘positively diagnosed carious lesion, which occurs at the margins of an existing restoration’ 
[Fédération Dentaire Internationale, 1962]. Then two kinds of lesion may exist adjacent to 
the restorations: secondary caries and residual caries (remaining caries). The latter one is 
residual demineralized tissue left, due to the failure of eliminating all infected dentine 
or/and enamel during the cavity preparation. Therefore it is very difficult for clinicians to 
make an accurate diagnosis of secondary caries and provide a clear terminology. Nowadays 
it is generally acknowledged that secondary caries or recurrent caries is a primary carious 
lesion of tooth at the margin of an existing restoration, which occurs after the restoration has 
been used for some time [Mjör and Toffenetti, 2000]. 

Due to its importance to the longevity of the restorations and human oral health, over the past 
few decades, multiple of studies have been conducted both in vivo and in vitro to understand 
and prevent secondary caries, including the etiology and histopathology of secondary caries, 
the detective and diagnostic methods of secondary caries, the relationship between 
microleakage and secondary caries, as well as the cariostatic effects of various restorative 
materials. The purpose of this chapter is to present a systematic and brief review of secondary 
caries in order to draw people's attention to this common but also complicated dental disease. 

2. Diagnosis of secondary caries 

2.1 Histology of secondary caries 

In the 1970s, Hals et al. did a comprehensive investigation of the secondary caries lesions 
around various restorative materials both in vitro and in vivo, and  natural secondary caries 
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on the extracted restored human teeth [Hals, 1975a, 1975b; Hals et al., 1974; Hals and 
Nernaes, 1971; Hals and Norderval, 1973; Hals and Simonsen1972]. According to their 
studies, whatever the restorative material type is, the secondary carious lesion displayed 
histologically the same basic pattern (Fig. 1): 1) an outer lesion, which is caused by the a new 
primary attack on the outer surface of the tooth; 2) a wall lesion, might be the consequence 
of the diffusion of bacteria, fluids or hydrogen ions between the restorations and the cavity 
wall. It is also supposed in their study that the fluoride released from the silicate material 
would be taken by both the cavity wall and the tooth surface around the restoration, which 
might reduce glycolysis and induce the remineralization [Hals, 1975a]. Thus, the individual 
caries patterns between the teeth with silicate materials and amalgam are different more or 
less. However, this described pattern of secondary caries including the outer lesion and wall 
lesion has been confirmed in later experiments [Diercke et al., 2009; Thomas et al., 2007; 
Totiam et al., 2007]. 

 
Fig. 1. A diagrammatic representation of secondary caries 

The secondary caries lesion may occur in two parts: an outer lesion, formed on the surface of 
the tooth as a result of primary attack and a wall lesion formed as a result of diffusion of 
bacteria, fluids or hydrogen ions between the restorations and the cavity wall (From Kidd, 
1990). 

2.2 Frequency and location of diagnosed secondary caries 

Since the early days of restorative dentistry, the phenomenon of secondary caries has been 
known and considered as the basis for the extension-for-prevention concept, the well-
known principles of cavity preparation established by G.V. Black in the last century [Black, 
1908]. The clinical diagnosed secondary caries has been shown to be principal cause for the 
replacement of all types of restorations both in permanent and primary teeth, 50%-60% of 
restorations are replaced as a result of the diagnosis of secondary caries [Mjör and 
Toffenetti, 2000]. As the development of restorative materials, some literatures regarding 
secondary caries indicated that the prevalence of secondary caries is associated with the 
restorative material type, although it may occur with all restorative materials [Burke et al., 
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1999b; Forss and Widström E, 2004; Mjör, 1997; Mjör and Jokstadt, 1993]. Some published 
researches showed that compared to amalgam restorations, resin-based composite 
restorations represented a higher percentage of replacement because of the diagnosed 
secondary caries [Mjör and Jokstadt, 1993; Bernardo et al., 2007]. On the contrary, others 
reported that the amalgam was replaced because of the secondary caries more often than 
composite resin [Wilson et al., 1997; Burke et al., 1999a]. Compared with those studies, 
which acclaimed that a large proportion of restorations replaced as a result of diagnosis of 
secondary caries in general dental practice, one controlled clinical trials showed secondary 
caries represented in less than 1 percent of the restoration failures [Letzel et al., 1989], 
inversely, another controlled clinical trials by Bernardo et al. reported that secondary caries 
accounted for 66.7 percent and 87.6 percent of the failures that occurred in amalgam and 
composite restorations, respectively [Bernardo et al., 2007]. These controversies might be 
explained that the statistic results could be influenced by many factors, including the age of 
the population, the status of patients' oral health and dental care, examiner calibration and 
the duration of the experiment, etc. 

Secondary caries, like other dental caries, is initially caused by the activities of 
microorganisms in dental plaque, so it is possible for any site on the restored teeth where is 
prone to the bacterial stagnation to develop secondary caries. General practitioners 
indicated that secondary caries was detected predominately on the gingival margins of 
Class II and Class I restorations, while seldom on the Class I restorations and the occlusal  
part of Class II restorations [Mjör, 1998; Mjör and Qvist, 1997]. A number of factors 
contribute to the more frequent occurrence of secondary caries on the gingival surface. First 
of all, the gingival aspect of any restorations is more difficult for patient to keep plaque free 
than any other parts, especially if it is located interproximally, while the occlusal surface is 
not a generally a plaque stagnation area and toothbrushing can easily reach this area to 
clean the plaque [Kidd, 2001; Mjör, 2005]. Secondly, during the restorative operation, the 
gingival surface is prone to contamination by gingival fluid and saliva, which causes the 
impossible visual inspection of the gingival floor and the deficiencies of insertion of 
restorative materials. And these deficiencies may lead to secondary caries more easily [Mjör, 
2005]. Meanwhile, the less effective bonding of resin composite and the polymerization 
shrinkage at the gingival cavosurface may also influence the integrity of restoration at the 
gingival section and result in the development of secondary caries [Mjör, 2005].  

2.3 The specific diagnostic problem and the diagnostic methods 

As it was described above, while secondary caries accounts for more than half of  replacing 
restorations regardless of the different materials in the general practice, around 50 percent, 
this high prevalence is not found in one controlled clinical trial in which only 2 among 2660 
Class I or II restorations were replaced due to secondary caries [Letzel et al., 1989]. On the 
contrary, in another randomized controlled clinical trial 66.7% and 87.6% of the failures that 
occurred in amalgam and composite restorations because of the diagnosed secondary caries, 
respectively [Bernardo et al., 2007]. Are they correct or wrong? Why are there are huge 
differences between these studies? Are the practitioners involved in these studies poorly 
trained or ignorant about the criteria of secondary caries diagnosis? Indeed, until now it is 
very difficult to explain the above questions reasonably, however, except the variation 
between those studies themselves, it should be acknowledged that there are some specific 
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diagnostic problems for secondary caries and it is very crucial to understand secondary 
caries correctly in order to make an accurate diagnosis.   

In 1990 Kidd pointed out that there are several main specific diagnostic problems for 
secondary caries, including  the difficulty of detecting the wall lesion; the relevance of a 
defective margin(e.g. ditched margin) to the longevity of a restoration and the difficulty of 
distinguishing secondary from residual caries [Kidd, 1990]. It is suggested that only frankly 
caries lesion at the margin of the restoration constitutes a dependable diagnosis of 
secondary caries [Kidd and Bieghton, 1996], whereas it is impossible to detect or see the wall 
lesion until it is so advanced that the overlying tissue collapses to reveal a large hole or the 
tooth tissue over it becomes grossly discoloured [Kidd, 1990]. Consequently, dentists often 
cannot detect or diagnose a secondary caries when a wall lesion is in progress under a 
sound surface.  

Traditionally, the presence of clinically detectable defects in restoration margins has been 
associated with an increased risk of secondary caries occurring beneath such restorations 
[Hewlett et al., 1993]. Besides, marginal defects present between a restoration and the cavity 
wall, such as those occur in occlusal pits and fissures, may act as gathering points for 
bacterial plaque [Pimenta et al., 1995].  Surveys in which dental practitioners determine 
reasons for replacing restoration indicate that clinical evidence of defective margins is a 
commonly used criterion for replacing restorations [Boyd and Richardson, 1985; Qvist et al., 
1986]. On the other hand, other studies showed the low relevance of defective margin to 
restoration replacement and secondary caries which supported the conclusion that the 
defective margin only can not be the reason to replace a restoration. Söderholm et al. 
suggested that the use of defected margin as the criterion for restoration replacement would 
have resulted in the unnecessary treatment of 34% of the teeth examined [Söderholm, 1989]. 
Kidd and O'Hara reported that caries incidence on the cavity wall adjacent to the margins 
was the same for both in the intact and defective restoration [Kidd and O'Hara, 1990].  
Although, Hewelett et al. found the likelihood of radiographic secondary caries was much 
higher for defective restorations than for intact restorations through the investigation of 
radiographic secondary caries prevalence in 6285 teeth clinically defective restorations, it 
was still suggested that defective restoration status should be combined with radiographic 
examination [Hewlett et al., 1993]. Therefore, the presence of ditched margins where are 
plaque stagnation areas which might enhance the prevalence of secondary caries 
development, however, is not a sufficient factor to determine a possible process of 
secondary caries formation [Pimenta et al., 1995]. Furthermore, the progression of caries is 
determined by the dynamic balance between pathological factors that lead to 
demineralization and protective factors that lead to remineralization. If either the 
pathological factors are not sufficient or protective factor are present, caries will not develop 
regardless of tooth morphology [Featherstone, 2004].   

According to the definition, secondary caries is a new primary caries and should be 
differentiated from residual caries. In the past, on the basis of the extension-for-prevention 
concept, the cavity preparation principles established by G.V. Black, students were taught to 
prepare the cavity as clean as possible. Nowadays, as the development of conservative 
dentistry and minimal intervention dentistry and remineralization, it is recommended that 
dentists should distinguish the affected tissue which could be healed by remineralization 
and infected tissue, only infected should be removed to preserve more dental tissue and 
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increase the longevity of the teeth [Fusayama, 1988; Kidd, 2010; Massler, 1967; ]. However, it 
is impossible to predict whether these residual lesions will progress.  Thus, it is thought-
provoking that the modern dentistry might increase the difficulty of distinguishing the 
secondary and residual caries. Or it might not be so important to differentiate the secondary 
and residual caries. 

To diagnose the carious lesion, either primary or secondary, the dentists need good lighting, 
clean teeth, sharp eyes and even good bitewing radiography [kidd, 1984]. Secondary caries 
develops more frequently at the cervical and interproximal margins [Mjör, 1985; Mjör, 2005], 
more attention must be paid to find better methods or techniques to detect the secondary 
caries, despite of those difficulties to make an accurate diagnosis of secondary caries. The 
conventional visual and tactile methods using a sharp explorer have been advocated in the 
diagnosis of primary and secondary caries [kidd, 1990]. However, in recent years it has been 
shown that the sharp explorer seems to be an unwise instrument to detect secondary caries. 
On one hand, a sharp explorer could cause cavitation of an outer lesion, damage the margin 
of a restoration, or even become impacted in a marginal discrepancy which might then be 
misinterpreted as a carious lesion [Bergman and Lindén, 1969; Ekstrand et al, 1987]. On the 
other hand, wall lesions of secondary caries can not easily be detected until they have 
reached an advanced stage [Kidd, 1990], it is very difficult for explorer to contact the lesion 
and detect it at the early stage. And it is important to keep in mind that a sharp explorer will 
stick in any crevice, regardless of whether there is carious lesion [Mjör, 2005]. Additionally, 
discoloration around dental restorations may be due to the variety of factors such as the 
physical presence of amalgam, corrosion products, or secondary caries. It could be 
concluded that colors or stains next to restorations are not always predictive of secondary 
caries and not useful for the detection of secondary caries [kidd et al., 1995, Rudoolphy, 
1995], whereas, it is very difficult to distinguish whether the discoloration originated from 
the restoration or was to due the demineralization [Ando et al., 2004].  Until now, besides 
the most common and traditional method of visual examination with a tactile instrument, 
there are some several other methods available to measure the mineral loss, such as 
microradiograph [Arends et al., 1987] and CLSM (confocal laser scanning microscopy), 
which measures the fluorescence area to determine the secondary caries [Fontana et al., 
1996]. It is reported that QLF (light-induced fluorescence) might be a suitable technique for 
detection of early secondary carious lesions less than 400μm meanwhile LF (infrared laser 
fluorescence) might be a suitable technique for the detection of secondary caries, especially 
for lesions over 400μm or dentinal lesions [Ando et al., 2004]. 

3. Etiology of secondary caries 

3.1 Microbiology of secondary caries 

Dental caries is determined by the dynamic balance between pathological factors that lead 
to demineralization and protective factors that lead to remineralization [Featherstone, 2004]. 
As a major pathological factor, oral bacteria, especially acidogenic bacteria, can dissolve the 
tooth mineral. Those acidogenic bacteria are also aciduric and can live preferentially under 
acid conditions [Loesche, 1986].  

Hitherto, it is unclear about the microbiology of secondary caries yet. Although secondary 
caries is described alike primary caries in histopathology, whether the etiology of secondary 
caries is the same as that of primary caries is a matter in dispute. Kidd et al. found no 
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significant differences between the microflora in samples from cavity walls involving primary 
and secondary caries next to the amalgam [Kidd et al., 1993]. However, Thomas et al. 
investigated bacterial composition in relation to primary and secondary caries via an in situ 
model, and found a phenomenon of higher proportion of caries-associated bacteria on 
composite surfaces. Then they indicated that the microbiology on the surface of the primary 
caries differs from that on the surface of lesion around composite, and secondary caries around 
composite may differ from the primary lesions process [Thomas et al., 2008]. In addition, some 
studies focused on the ecology under the restorations. Mejàre et al. found the bacterial 
colonization beneath composite similar to that observed in dental plaque mainly including 
Streptococci and Actinomyces spp. [Mejàre et al., 1979]. Nevertheless, according to the 
experiment conducted by Splieth et al., it was the other way around [Splieth et al., 2003]. They 
compared the microbial spectrum under composite and amalgam fillings with special 
attention to the anaerobic flora. The results showed that bacterial composition under amalgam 
was similar to the flora of carious dentin and carious plaque, with anaerobic and facultative 
anaerobic gram-positive rods dominating. On the contrary, huge amounts of Bacteroides and 
Prevotella spp. were detected under many composite fillings, similar to the microflora of 
infected root canals with potentially pulpopathogenic microbes. Thus, the study suggested 
that the types of restorative materials seemed to have an effect on the composition of the 
microflora on the surface of secondary caries, and that beneath the restorations, and then the 
differences might exist between the microbial flora of secondary caries and primary caries. In 
this study, it was indicated that inadequate composite fillings might stimulate the growth of 
cariogenic as well as obligate anaerobic and potentially pulpopathogenic bacteria. This could 
be explained as follows: 1) The microspace between the restoration and the cavity floor favors 
the obligate anaerobic, and then leads to the detection of those bacteria; 2) It is not surprising 
to discover many obligate anaerobic normally colonize in human oral, even in oral of people 
without obvious endodontic diseases. 3) It doesn't mean that people without clinical 
symptoms of toothaches or pulpitis don't have chronic or arrested tooth diseases, so it is 
possible to detect those anaerobic bacteria. However, existence does not mean participation, so 
it is necessary to certify the participation of those obligate anaerobic in the progress of 
secondary caries in further studies. 

According to the viewpoint of Marsh that any species with the ability producing acids and 
tolerating the cariogenic environment can contribute to the dental caries process [Marsh, 
2006]. Streptococci mutans (S. mutans), Lactobacilli and Actinomyces naeslundii have been used 
by various models in vitro studying secondary caries for a long time. S. mutants and 
lactobacilli can produce a series of acid and stay in a low pH environment for a long time, 
leading to demineralization of teeth and caries lesion. It has been shown that the three 
bacteria were widely present and might play an important role in the development of 
secondary caries around amalgam [González-Cabezas, 1999]. However, in a recent in situ 
study, S. mutants were not detected in each sample, but Lactobacilli. Meanwhile, A. 
Odontolyticus and Candida spp. were also found in most samples [Thomas et al., 2008]. In 
addition, in recent years, Beighton put forward a point of view — S. mutants might be good 
makers of secondary caries but not necessarily the etiological agents [Beighton, 2005]. The 
experiment by Thomas et al. described before, in which S. mutants was not found in every 
sample, but Lactobacilli and A. Odontolyticus, seemed to support Beighton's view. And 
scientists conjectured that there might be unknown caries-associated bacteria, which can not 
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grow on blood agar [Thomas et al., 2008].  In the past decade, the detection of A. 
Odontolyticus and Candida spp. has caused the serious concern to researchers. It has been 
found that Candida albicans can dissolve hydroxyapatite in a liquid culture at a 20-fold 
higher rate than S. mutants, despite the much lower growth rate [Nikawa et al., 2003]. Klinke 
et al. assumed that Candida albicans might make a significant contribution to caries 
pathogenesis in caries-active children, and it could be taken into account Candida albicans as 
an appraisal of caries pathogenicity [Klinke et al, 2009]. Besides, it should be noted that 
some people may have serious caries activities without S. mutants dominating in dental 
plaque. Therefore, further research need to be carried out to determine the microbiology of 
secondary caries, such as the role of S. mutants, A. Odontolyticus and Candida spp. in the 
development of secondary caries and the relationship between restorations and 
microorganism of secondary caries. 

3.2 The relevance of microleakage to secondary caries 

Microleakage refers to the clinically undetectable leakage between the cavity wall and the 
filling [Kidd, 1976]. Irie et al. found that a gap of 6-10µm formed immediately even after 
applying an acid etch and a bonding agent [Irie et al., 2002]. Iwami et al. have confirmed 
that any restorative material can completely eliminate the microleakage between restoration 
and the cavity wall [Iwami et al., 2005], supported by other researches [Irie and Suzuki, 
1999; Huang et al., 2002; Piwowarczyk et al, 2005]. A study in vitro showed that there was 
no significant difference in the degree of microleakage between conventional caries removal 
and chemo-mechanical removal [Mousavinenasab and Jafary, 2004]. Those above all show 
us that microleakage is inevitable.  

The microspace between the restoration wall and tooth can allow salivary pellicle 
accumulation and bacterial invasion [González-Cabezas et al., 1999; González-Cabezas et al., 
2002; Splieth et al., 2003]. In a sense, it provides a favorable environment for the oral 
bacteria, especially cariogenic bacteria, such as S. mutants and Lacotobacilli, to demineralize 
the tooth structure along the cavity wall, as long as conditions are adequate and suitable. 
The histopathological appearance of the wall lesion in the secondary caries is also  explained 
by hydrogen ions due to the diffusion of bacteria into the space between restoration and 
cavity wall and its acdiogenic activities afterwards [Hals and Nernaes, 1971]. So 
microleakage has been considered as a potential predictor for secondary caries and has 
caused serious concern to many researchers. In some article, the wall lesion was described as 
the consequence of microleakge [Diercke et al., 2009]. 

Up to now, there has been no conclusive statement about the relationship between 
microleakage and secondary caries. Several studies in vitro have shown a positive 
relationship between the two things. Jørgensen and Wakumoto in a 1968 research found that 
there was an increasing likelihood of secondary caries with the increasing size of the 
microspace [Jørgensen and Wakumoto, 1968], which is in agreement with that reported by  
some other researches [Goldbeg et al., 1981; Dérand et al., 1991]. In a recent in vitro study on 
relationship of gap size and secondary caries, the findings suggested that the gap size 
between tooth and restoration affected the development of secondary caries along the cavity 
wall [Totiam et al., 2007], for which the rationale was that bigger gaps would provide 
necessary space for bacterial colonization and enough nutrients for cariogenic 
microorganisms leading to the creation of larger wall lesions. On the other hand, within 
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smaller spaces, minerals dissolved from the tooth structure due to the acid attacks would 
supersaturate the space immediately and create the remineralization of tooth tissue and 
smaller wall lesions. 

In contrast, other studies have not stated any association between gap presence and 
secondary caries [Kidd and O'Hara, 1990; Pimenta et al., 1995]. Some suggested that there 
was no caries lesion along the cavity wall, unless large voids or gaps of ≥ 250μm [Ozer and 
Thylstrup, 1995] or even ≥400μm [Kidd et al., 1995]. Jørgensen and Wakumoto found poor 
correlation between the two only when gaps was ≥50μm [Jørgensen and Wakumoto, 1968]. 
Thomas et al. found no clear caries along the cavity wall next to composite, but to acrylic 
resin through an in situ study [Thomas et al., 2007]. Besides, observed cracks in teeth might 
be the best clinical evidence for microleakage does not lead to dental caries. These cracks 
and the adjacent areas can be stained over time, however, there is no caries development. 
The stained component is considered to be the proteinaceous material in the crack or 
crevice, and similar in composition to that of the biofilm which normally covers all teeth and 
restorations [Mjör, 2005]. 

Recently, a few studies have been conducted concerning the relationship between gap size 
and secondary caries in the presence or absence of fluoride. Cenci et al. in 2008 suggested 
that microleakage did not seem to influence secondary caries while the presence of fluoride 
in the plaque like biofilm (PLB) provided either by glass ionomer cement (GIC) or fluoride 
dentifrice (FD) [Cenci et al., 2008]. In 2009, Cenci et al. demonstrated that carious lesion 
depth increased with gap size for composite resin (CR) and suggested that the gap width 
affected secondary caries formation at the cavity wall, but only in the absence of fluoride 
released from fluoride-containing materials, such as GIC [Cenci et al., 2009]. Thus, these 
findings give implications for clinical caries treatment choices and further studies in vivo or 
clinical experiments are needed to investigate the relationship between the gap size, fluoride 
presence and secondary caries. 

In sum, up to the present, there is no specific conclusion on the relationship between 
microleakage and secondary caries, specially the wall lesion of the cavity. The possible 
reasons are as follows: 1) Oral cavity is such an extremely complex that it is impossible to 
simulate completely, so the research results may be not all-inclusive. 2) Secondary caries is 
caused by various factors, so it might be difficult for researchers to consider fully when 
designing their experiments. Thus, in consequence, different experiments bring out different 
results, and sometimes those results are even conflicting. 3) For individual differences, 
people have varying degrees of susceptibility to caries. Therefore, different clinical studies 
may lead to different results and conclusions. 4) Some clinical studies may lack reasonable 
designs, which lead to incomprehensive results. However, there is a consensus that 
microleakage is indeed associated with secondary caries due to the existence of bacteria. It 
seems that microleakage is just a necessary but not a sufficient condition for the formation of 
a wall lesion [Kidd et al., 1995; Thomas et al., 2007], although in 2009, Diercke et al. carried 
out a pure in vitro  experiment, in which the development of the outer lesion in the 
secondary caries was inhibited to study the relation between  the gap size and the wall 
lesion independently, and confirmed the occurrence of wall lesions without the presence of 
outer lesion and indicated the extent of wall lesion increased with increasing gap width 
ranging from 50 to 250μm [Diercke et al., 2009]. Therefore, more in-depth studies are needed 
to get a thorough understanding about the relationship between microleakage and 
secondary caries.  
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4. Prevention and treatment of secondary caries 

4.1 Prevention of secondary caries 

As secondary caries is one of the major reasons for restoration replacement, a large number 
of clinical dentists and scientists have placed great emphasis on preventing or slowing down 
the procession of secondary caries lesion from many aspects, so as to increase clinical 
restoration durability. Secondary caries, the same as other types of dental caries, is 
determined by the dynamic balance between pathological factors that lead to 
demineralization and protective factors that lead to remineralization. It is also considered 
that bacteria are an important etiologic factor leading to demineralization for secondary 
caries. Generally, the rationales of all the modification of restorative material or prevention 
of secondary caries normally include two fundamental points: one is the decrease of 
demineralization and/or increase of remineralization of the hard tooth tissues; the other is 
to interfere the metabolism of caries-related bacteria and/or to decrease the amount of 
bacteria/inhibit bacteria growth in the plaque or /and the carious dentin under restorations. 
Thus, in all the past years, most scientists and clinical dentists focused on adding anticaries 
substance into restorative materials. 

It has been well-known such restorative materials can release copper, Ag–Cu alloy, zinc, 
calcium, aluminum and fluoride, which are able to inhibit bacteria growth or decrease 
colonization and acidogenicity of oral plaque, play antibacterial activities and reduce the 
rate of restoration replacement. The followings are several basic fillings used and researched 
by clinical dentists and scientists throughout the world: amalgam restorations, zinc oxide 
eugenol cement; common composite resin (CR); common glass ionomer cement (GIC); and 
different ion-released restorative materials containing fluoride-containing materials.  

Clemens Boeckh et al. investigated the antimicrobial effects of five restorative materials and 
showed that the most remarkable inhibitory activity was observed with ZOE [Boeckh et al., 
2002]. The antimicrobial effects of zinc oxide and ZOE are well recognized [Podbielski et al., 
2000; Yap et al., 1999]. Unfortunately, ZOE cannot be widely used except for temporary 
filling due to its high solubility and insufficient mechanical properties. Different types of 
amalgam may have different effects on S. mutans growth and bacterial penetration [Fayyad 
and Ball, 1987]. For instance, a low-copper amalgam can decrease the lesion size 
significantly [Grossman and Matejka, 1995], non-gamma-2 amalgam can inhibit the 
metabolic activity of microorganisms due to the release of copper [Wallman-Björklund et al., 
1987]. 

It has been widely shown in long term studies that CR have higher rate of restorations 
replacement than GIC and amalgam [Leinfelder,et al., 1987; Collins et al., 1998]. An in situ 
study showed that the percentage of streptococci in plaque on different materials was to be 
13.7% on composite, 4.3% on amalgam and 1.1% on glass ionomer cement [Svanberg et al., 
1990]. Another study showed up to eight times more microbes beneath composite 
restorations compared to amalgam and suggested the type of restorative material may have 
influence on the composition of the microflora [Splieth et al., 2003]. The high rate 
replacement of CR occurred might be due to its shrinkage and non-fluoride release 
[Savarino et al., 2004]. Thus, scientists have been making great efforts to improve CR, such 
as reducing the polymerization shrinkage of composite, increasing the adhesion stress. 
Remarkably, a modified ion-releasing resin composite (IRCR) has been invented, which can 
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release hydroxyl, calcium, and fluoride ions at low pH [Boeckh et al., 2002]. The rationales of 
anticaries effect of IRCR include: OH¯ ions can neutralize the organic acids produced by the 
plaque bacteria [Heintze, 1999], and the calcium and fluoride ions released from IRCR can 
prevent demineralization and promote remineralization [ten Cate, 1990; ten Cate and van 
Duinen, 1995; Featherstone, 1994; Forss and Seppä, 1990; Kraft and Hoyer, 1999]. Thus, the 
restoration can perform anticaries activities. Studies have shown the release of hydroxyl and 
calcium can exist for a long period [Heintze, 1999]. Persson and his colleagues showed that 
IRCR could counter the plaque pH fall and maintain it at levels where less enamel and 
dentin demineralization can occur [Persson et al., 2004], however, the precious research did 
not consider IRCR could present significant antibacterial effects [Boeckh et al., 2002]. 

The inhibition of fluoride at acidic pH is due to the effect of hydrogen fluoride, which can 
penetrate into the bacteria cell membrane [Nakajo et al., 2009]. The HF can dissociate into 
hydrogen ion and fluoride ion. Some researchers confirmed that the fluoride can reduce the 
activities of enolase and proton-extruding ATPase, which are very important for metabolism 
of bacteria [Hayacibara et al., 2003]. Besides, the hydrogen ion can promote cytoplasmic 
acidification, which is critical for enzymes of the glycolytic pathway [Hüther et al., 1990]. So 
the combination effects of hydrogen ion and fluoride can have negative influence on the 
glycolytic acid production and the metabolism of caries-related bacteria. As a result, 
fluoride-containing restorative material can inhibit bacteria growth and decrease the 
demineralization of tooth tissue and the occurrence of secondary caries around restorations. 
However, these antimicrobial effects in caries prevention are often regarded as little or of no 
importance as compared to the direct interactions of fluoride with the hard tissue during 
caries development and progression [Wiegand et al., 2007]. Recent observations have found 
fluoride in the aqueous phase surrounding the carbonated apatite crystals is much more 
effective in inhibiting demineralization than fluoride incorporated into the crystal [Rølla and 
Ekstand, 1996]. Fluoride may precipitate onto tooth surfaces as calcium fluoride-like layer, 
which serves as a reservoir for fluoride when the pH drops [Rølla et al., 1993]. While 
amount of in vitro studies showed the inhibitive effect of fluoride on the demineralization of 
both enamel and dentin around the restoration in primary and permanent teeth[Attar and 
Önen, 2002;  Donly and Gomez, 1994; Francci et al., 1999; Hicks et al., 2002; Tam et al., 1997; 
Yaman, 2004], the results from some in situ studies are not consistent with that in vitro, 
which have not confirmed the preventive  ability of fluoride to secondary caries[Kielbassa et 
al., 1999, 2003; Papagiannouslis et al., 2002]. And this conflict is also showed among varieties 
of clinical studies. In a six-year follow-up assessment, class I restorations in permanent 
molars exhibited significantly less secondary caries for glass-ionomers(2%) compared to 
amalgam(10%) [Mandari et al., 2003]. Another five-year evaluation showed the glass-
ionomer had a lower survival time and greater loss of anatomic form and marginal integrity, 
but less secondary caries compared to amalgam [Welbury et al., 1991]. Instead, Van Dijken 
found no difference in secondary caries development of class III cavities restored with two 
fluoride-containing materials and one composite in a three-year observation period [van 
Dijken, 1996]. Moreover, there is no clear evidence for inhibition of secondary caries by 
glass-ionomer cements as shown in a recent review summarizing extensive literature 
research [Randall and Wilson, 1999].  

The above conflicts might be explained by the following factors: 1) the intrinsic formulation 
of fluoride-containing materials, the duration of fluoride releasing may influence its effect. 
The antibacterial effect of dentin is obtained only when the fluoride release is very large 
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[Kawai et al., 1998]. 2) The ability of fluoride uptake by different dental hard tissue. Due to 
differences in micro-structure and porosities, the amount of fluoride uptake from restorations 
and the depth of fluoride penetration are higher for both dentin and cementum than for 
enamel [Souganidis et al., 1981; Retief et al., 1984]. 3) Other environmental conditions. A 
decrease in pH increases the dissolution of the material leading to a higher fluoride level and 
the highest fluoride release is found in acidic and demineralizing-remineralizing regimes and 
lowest in saliva [Karantakis et al., 2000]. A pellicle forming by the components from saliva on 
the surface of the restorative material and various bleaching agents can impede fluoride ion 
release [Behrend and Geurtsen, 2001; Bell at al., 1999; Levallois et al., 1998]. 4) Extra application 
of fluoride. In a recent research, Cenci et al. found that the fluoride provided either by GI or 
fluoride dentifrice might be important to decrease demineralization adjacent to fillings, and by 
using fluoride dentifrice, demineralization adjacent to the restorations were similar [Cenci et 
al., 2008], which was testified by the previous study [Hara et al., 2006]. 5) In some cases, cavity 
type may play a significant role in the development of secondary caries [da Rosa Rodolpho et 
al., 2006], for example class II restorations involve the marginal ridges and significantly reduce 
the tooth resistance to fracture [Mondelli et al., 1980], and is susceptible to the biodegradation 
of saliva esterase activity [Finer and Santerre, 2004]. 

Since the final formation of caries is influenced by multiple factors, the prevention of 
secondary caries beginning at the time of restoration replacement contains a variety of 
aspects including the excavation of carious tissue; wise choice of restorative materials; 
fluoride regimen implementation(rinses, gels, fluoridated toothpastes); salivary flow rate 
assessment; healthy dietary; oral health or medical education and so on. Therefore, the 
prevention of secondary cares not only depends on the clinical operation by dentists, but 
also is influenced by other significant aspects from patients themselves.    

4.2 Treatment of secondary caries 

Restoration replacement has been invariably deemed as the sequela of clinically diagnosed 
secondary caries. Although practitioners are suggested should pay attention to the 
differentiation between secondary caries and discoloration, defective margin and residual 
caries, generally, a localized surface defect adjacent to restoration features clinically 
diagnosed secondary carious lesion [Mjör, 2005]. However, Some dental teaching programs 
related to localized defects on restorations including secondary caries , indicate that repair, 
rather than replacement, of the restoration is adopted frequently as an alternative to total 
replacement [Mjör and Gordan, 2002; Blum et al., 2002; Blum et al., 2003; Gordan et al., 
2003]. Moreover, the modern conservative dentistry and minimal intervention dentistry call 
for repairing and refurbishing any localized defects at restoration margins, clinically 
diagnosed secondary caries rather than total replacement of restoration [Ericson et al., 2003]. 
Despite of the difficulties of detection and diagnosis of secondary caries, dentists should be 
trained and should be deliberate in making the decision of total replacement of restoration.  

5. Conclusion 

Secondary caries has been considered to account for majority of restoration failures and 
result in restoration replacement. It plays a significant role in human oral health and the 
longevity of restorations. Until now, there is no standardized criterion for diagnosis of 
secondary caries, although it is possible to detect the tiny carious lesions using advanced 
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techniques such as QLF and LF. Further experiments and clinical studies are needed to 
clarify those specific problems. Regardless of those difficulties and conflicts related to 
secondary caries, the key point is that more care need to be taken to prevent secondary 
caries and dentists should be cautious when they decide to replace the restoration 
completely. Besides, patients should be educated to protect the restoration through good 
oral hygiene and caries-preventive approaches.  
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